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ABSTRACT

A study vas made of the application of methods of physiological
exanination of human performance whthin the field of Physical Education.
These methods embrace electrocardiogrsphy, electromyography, respiro-
metry and thermometry, The specific activities concerned were
cycling, roving, swimuing, basketball, trampolining, canoeing and
velghtlifting, It was found that significant adaptions of normal
techniques for physiological examination were neceasary.

Detailled and controlled mlys.ea vere made of two of these
sctivities. |

1) An investigation into the effects of several factors

upon leg muscle co-ordination in bicycle pedalling.
Statistically significant differences in co-ordination
patterns were discovered due to the effects of load,
between muscles, and between subjects.

11) A deep kinesbological end physiological snalysis of
the 11fting of & very heavy weight by a world champion
velght lifter, A reliable tekhnigque of measuring and
presenting dsta was devised,

The use. of such information es can be found by these methods
vas explored, and specific spplications made in advising seversl
international standard sportamen during their preparation for
competitions.
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INTRODUCTICN

Phyolcael Education may be defined es "Education of the human in and
through the performanc® of physical skills®™. A physiocel skill is ono
offcoted by motor activity, though not accessarily producing movenent,
and undor a certain dogree of nervous control. Such skills form the twial
chysical activity potential of the human. Tho ways in which skills arc
cevalo-od, and tho effects u on sirlllas  corforsanee by axtrancsus factors.
are oimilar whatever tho reasons for performing the skills.

This view of Physical Rducation esioblishes o differenco betwcen it
and 'Payeical Pitncss' or 'Paysical Training', whose aims are linked moro
eclosely with organic and losal muscular endurance, or with morc or less
formalised methods of cohdeving these. It encommassos pursopes of
suciological, p}ulqso;'hual. psycholegical and physical natura. It glvea
risc to & concest of tho ‘domdlete’ Phyaieél B voator, who is avarc of DG
total rosconsibllitics and “rectised in the a plication of fundamontol
priani;:lés within cach feoet of ;hysical cducation. This is a vory broed
conee, v, which beoomes narrower if the word 'educator' is teken 1in its
1li¢cral cense. Anyone uko docs not educate is not a shysical educator; th.
if the soclioiogleal ani hflosohical agpeots are talien ap being resent, ithen
tho ;.zwﬁical euucator is loft with thrce main funotions:

1) ‘o should bo competent to analyse the ;hysical demands

of a situations

2) He should bo copable of dovisius tho most suiteblo physical mothod

of oo ing with these demands.

3) Heo should bz able to educate the human cperator o perform

this suill os officlently as tho attendant circumstanece

demaad and allowy.
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Hence, tho £1icld of acticn éhould extond Jrem tho workboneh to tho budliding
site, from the kitchen to the aspartafiold - in short, overywhoro thore 1o
purposcful’ humen physical asti-n. In thin casoe, physical cdusatord - €t
in, educators of the physical - should bo ablo to learn from and o-ntridbutsd
to the gemeral pool of knowled§e concorping the acquisition of _phgcical arills,
Bpacials in cortain £iolds of physical ctusati-n such as acolimaticatica,
irdustrial fitness, 1ifting tochniques, oporativo ekills, fatigus macictanco,
remcdial gyemastics oto. eto., should co-oporato uith ono anathor to ashiove
a cohent n of information and techniquos, Such 1o alrcady boing don> by such
organisations as tho Ergonomies Renoearch Soed ty end the British Asccoointion
of Sport and Madicino, which must lesd to o broadening of the old oimd of
physical education and a dovelopment of tho capbbilitics of physical cducators.
Taking this throefold function of tho Physical Educator, then ho will
nocd cquipment (both intellectual and mechanical) to fulfil his iptonticno,
His intellectunl armoury will include such woapons as anatomy, phwrsiolagy,
bio-chemistry, kinosiology, mechanics and physies, cybernotics, coaching
oxperience, statistios, gpecific technical knewledge of tho activity, ote. oto.
His mechantical noceds aro moans of cbsarving, measuring and computing, and
hercin lie many of tho pitfalls for tho Fnysical Educator. In acquizing tha
knowledge and teoimiques ho nceds, he will-come into contact fithk people with
purposes far different to his own. Thoro will bo those to whom tho dovolopment
of apparatus 15 virtually an end in its2lf; and those whose obsoeooion ulth the
cophintication of tochniquos of observation and moasurement provonts thon from
obsorving and maasuring in ordor to produce practicable rosults, Tho zﬁﬁoiéal
cdugator must teke from those 'mentors' that valch vill be of prastical uca to
him in cducating th> human operator. H2 chould not be cyor concormzd that hio

techniqu2e arc not as epparantly sophicticatcd or asocurate as oth ©o.
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Provided that there is sufficient reliability and acocuraoy in his teelmiques
to give him useful data, then he can begin to fulfil this 'threefold function'.
There is, of course, a continuing demand for the further development of
experimental techniques, a demand which will be gatisfied by experimental
technioians, amongst whose ranks will bo some who are well versed in physical
educatiocn. But deve.opment is a continulng proceas, and scmewhere along
the line someone has to step off the treadmill and actually uma thoaso
instruments of research - and having disgnosed, then aot upon the diagnosis,
This is th> physical educator - analysis - synthesis - education.
The Contribution of Sportsmen

Research into many aspects of human physical porformance is very ofton
handicapped by a lack of subjeots who are highly skilled and efficient,
possegsing a high degree of motivation, and well trained to resist va.rious
unplezsant manifestations of fatigue. Bowever, the sportsman usually
possesses thess qualities to a gireater or lesser extent, and is usually vory
happy to act as & subjeot, especially in rosponse to a challenge, or whon
the resulting inf rpation can be of value to him in his training or compatiti-n
programne, Sportamen are also more or less acoustomed to regular training
routines, thus lending themselves suitably to longitudinal physiological
studies. This very suitability of the sportsman qubject doas, hawever, poso'
scme AifficHlt problems. Not the least of thess is the diffioculty of
experimental apparatus. The majority of physiological apparatus is designed
to accommodate the normal (sedentary) and sub-normal (clinical) subjcot even
though the demands of work study nndrl.zﬂuatrial fitness are leading to the
development of highor rangs apparatus. It is the author's experience that
the reliability and validity of such apparatus during 'tests-to-destruction'

is always open to serious doubts. Certainly duwring recent investigations



parameters such ag Hoart Rate

252 boats por minute
Ventilaticn BHRato

100+ pem minato

Ventilation Vol.

Lung Capacity
Work Output

200+ 1litros por minute

1

7 litros

_ 2 homse power
' 0.;. Consumption - 6+ litres per minute
have strained apparetus boyond breaking point. Mich work is necded on
the development of ‘high capacity' physiclogical apparatus beforo voliability
will be sufficiont to permit a high degree of experiment sophisgtication.

A second problem lies in the applicaticn of experim:ntal concluoicno.
The eportsman is an alnormal human being, and it would bo foolich to Dlindly
apply the rulea governing the sportsman to normal and sub-normal subjcots,

a point reinfoficed by Haggard (1), who G&Y0 ....... ... 'the so coilcd fatiguo
of the {ndustrial worker indicated as progrossively diminished porf-pmanco

and e feeling of tircdness i1s not the samm a9 tho fatigue of the athiloto,

and tha attempt to oxplain it and remedy it by practioces carried over Crom
strenuoue athletics leads cnly to cnroncous axplanations amd wrong ccnelusions'.
The reverse is also truo - witness the dsvclopment of sub-maxfmal isnnotele
muscle training for hospital patients, vhich mothod was eagerly dovoured by
athletes sceking en Casy phth to supremo fitnogs. The cubsajucnt rogulto

did not bear out thoir optimism.

Tho author's preosont studies have “ollon into two main f10ldo, T
first wan to devise, with the apparatus that was immediately available,
metheds of recording physiological paramotors during strenuous ez, Thio
aspect cmbraced cleotro cardiography, elootro syography, and somd 1ittlo
regpiromotry and thoermomotry. The sceecond aopoet was to make closo: and
controlled examination of two types of motor porformance, observing tho
cffects of various extrancous faotora upsn mucculer co-ordination ond cardiac

rceaction,



These varied studies have been reported in various ways, and & list
of relevant publications by the author, and coples of the work, are contained
in Appendices. '



METHODOLOGY

(1) Elcotrocardiogravhy
To the extent of using electrocardiograply in measuring tho performance

of the human, and at extrem_ ly high heart rates, the author beliovoo that
analysis of the E.C.G. wave by normal clinfcal criteria will givo miolcading
results. The normal clinical placing of E.C.0. lecads is such that rolatively
large £ield distmmbanccs can be set up botweon the leads by gross musclo
movementa. Even using tho wrists when tho hands are fixed in a positisn
awvay from tho body's main muscular effort (o.g. the normal cycling pcsiticn),
gives severe problems of artefact when suprome efforts bring the arm guincles
gtrongly into play (Fig.l). In such casos tho author's experiencd hao boon
that seleotion of elect.roée placements caould be such that:
a) The elecctrodes are as cloce as possible together without
giving problems of cross conduction
b) The electrodes ere near enough to tho heart to obtain
- maximum signal/noise ratio with tho glven intra-elcotrods
distancc .
¢) The aieotrodes are not direoﬁlv abovo musole fibres
d) The earth electrode is at any convenient bony prominznco
vwhere there is little suboutancous g>ft tissue
Using this electroda placement aystem thie rosultant E.C.G. wavoe in
i1ts normal form gives rolatively large amplitude R and S compononts;, twidch
makes heart rate counting easier, and a cufficiently large (if clightly
skewed) T wave to domanstrate inversicn offocts. From tho clinical diagosis
aspect, it 18 possiblc for even a rolativoly unckilled obmerver to dotcct
inversion of parts of the wave, alteraticns in tamporal phasing of vovo
components, gainzd or lost impulsss during ovor or undexr compensatiocn, and

rhythmic alterations of heart rate (Fig.2). ‘Those are discussed in dxtail in
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varicus papers by Hyman(2). More tmportant howaever to the physical cducator,
is heart rate - and this ;s generally vory casy to evaluate undor g wida
varicty of conditicns. Espeeially valucble 5 the possibility of mracurcment
of rate as aocuratoly as it fluctuates ©roem ono bzoat to the next, and
continuous monitering of B.C.0, has produccd gomo extremoly Intoroating
information during dynamic short duration pwiror output.

Electrodo' Fixing

1) ‘hen the cxporimenter has to roly upon the voluntary and
repeated poodwill of his subjcets, hic methodas should bo
such as to minimfise the pesychorlogical and physiological
effects of his ocxperimental tcchaiquoo, When theso
subjJoots are sportsmen, many ¢f vhom have a pathologioal
distrust of wounds (howover slight) and to whom production
of maximum effort is impossiblec uhen inhibited by paintul,
claustrophobic, or restrictive apparatus, then methods havoe
to bo simple, pain Oree, quick and psychologically acqoptable,
Such conditions preoclude th? use of nocdle eleotrodes, pla
elaotrodes, strong adhesive, prolonged and/or deep skin
abrasion ote. |

i1) Massive ouccle movements, heavy sticating and high periphoral
| temperature orcato diffioult conditions, vhich can only bo
solved by vory light and small clcetrodes (Pig.3).
111) For long duration experiments on high cadenco a.o;.lvities W
. electrode attachment to the wiro nocds to be very robust.
iv) For exporin nts involving many cubjcets in a short spaco of

time clootrodon sust be easy to clean.
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Wire Placing
Hyperventilation, gross trunk movenr:nts and manual disturbance

by subjects can cause large artefasts in the E.C,0., The path tekon
by the wire muat be such as to minimise those e¢ffects. It is somotimes
heipful to use such artefacts as signalo of tho onset and cessaticn of
certain movements (Pig.3).

Poripheral R sistange .

The strength of E,C.G. signal when using the preceding kethods 1o
relatively great, and the problems of poriphoral registance elmost negligiblo.
Merely shaving the area of akin involved, anxd cleaning with aloohol, is
sufficient, However, the mothod used 15 so olose to that developsd Jer
E.M.0. (pages 9,10,11) that the skin ploreing aspect is rotained cven for
B.C.G. .

Monttoring of Signals

The ciroumstances controlling signal monitoring fall into threo broad
categories:

1) where physical contact with the subject is either impossibio

or undesirable

i1)  ‘here fairly close contact 18 possible, but not undor
'laboratory' conditions

114) ‘hers subject contact is compleotoly controllable, as in tho
laboratory.

1) In activities such as running, playing tcam or individual games of a
violent and/or ensrgatio nature, or rook ciimbing eto., 'wireless' trancmicsion
must be used. Many more or less efficient transmitters hava bacn devolopcd
which give a pulse signal, reliable over rolatively ehort ranges. Tho
precoding mothods apply, and tho transmittor is usually fixed at Gomo part
of the body where it 18 least likely to suffer physical interfercnco - or

is pleced in a vehicle ncar to the sudbjcot. The B.C.G. 1is rarely useblo as
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a vave form, especially over longer distances, but ie very reliable as a
pulse counter, these pulses being seen as needle deflections, heard as
short tones, or printed on s trace. Nearly instantaneous read-cut of rate
can be given, and recorded. Ths prime disadventage of such telemetering
spparatus is that, ﬂﬂ.ns vialent activity, 1t becomes almost impossible
to distinguish Letween pulse and artefsct, if the amplitude and duraticn
of the artefact is sinmilar to that of & pulke. A great advantage of the
sudible signal §s that minor sliterations in heart rhythm are more easily
detected by the sar than the eye. Such sudible signals can easily de
tape recorded, plus caments by the operator, for later ananlysis.

11) In many sctivities undertaken outside the laboratory feirly close
contact 1s possible vith subjects, even though their gross movement may be
considersble, provided that pestable apparatus is used. Buch activities under
present examination are cycling, svimming and canoeing. Using the methods
previously descrided for electrode fixing etc., portable electrocardiographic
apparatus has produced sdme quite godd E.C.Gp, vhere some analysis of the
vave is possible, and vhere pulse counting 4s very accurate even in the
presence of major artefacts (Fig.M). The B.C.G. apparatus is carried by
the vehtcl_.o vhichamay be propelled by the subject, or by both. Continuous
monitoring over extended periods is aiffiuult vith portable spparatus because
recording paper rolls are not large encugh, and collection of the paper
trace may pose difficulties especially in tnclement weather conditicus.

111) Under controlded lsboretory conditicns, provided the preceding
electrode fixing method is used, the problems of obtaining B.C.G.'s during
even the most viclent exercise are minor, It is true that there may still
be artefact due to E.M.0., electrode displacement, or skin movements - but
these can be mininmiged oy prevented coxpletely. The exercise has to de
restrictad in mature - of locomction bR using stationary bicycle, treadmill
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or roving machine; snd of other types of work dy keeping it within & close
area, such as weight 1lifting, Though the resultant E.C.G. is the deat
available, the fact that it is obtained under laboratory conditions dictates
extrems care in the analysis and generalised application of the results.
Hovever, from an intra-subject test - retest point of view, and even on an
inter gubject basis yrovided encugh readings have been cbtained to give some
idea of norms, the lhboratory E.C.G. is probably the most useful Atagnostic
veapon for the physical educator. |

1) Rlectromyography | ,

The problems of monitoring gross end violent muscle activity are such
that, using present available techniques, several aspects of electro-
myogrephy sre impracticable or misleading. Foremost amgst these are
quantitative evaluation of trace, and its development to integraticn. Bver
incressing sophistication of signal receivers, lincluﬂing oscilloscopes and
ultrs violet recorders, are making the procelai.ns of signals into something
of an art. '!hm seens to be far less concentration an the elimination of
artefact at the electrode site, acl:l.t.tedly beum there is et present very
little research into viclent muscle activity, The suthor bas not succeeded
in el'iminating artefact from this type of E.N.G., and for that reason does
not attempt any quantitative evaluation of K.M.G. traces.

In 1959 Davis mmde the point that the movements of the trunk grosaly
disturbs the record and make it nearly useless (3). HNovever, progress in
techniques kas been such that the B.M.0. is nov a very useful tool to the
*viclent movement' kinesiologist, and the following principles have been
Geveloped so that \v:l.t.',h tha equipment available at ‘pretent. sone insight can
be gained into the workings of muscle. |

n@m the genersl comments made on pp. 5, 6, 7 ecnce;nins
electrode fixing in B.C.G., these also apply to BM.G.



Rlectrode Fositioning
This is probably the most criticel facet of this type of electro-

myography, the major pitfalls being:
1) skin movement relsaive to muscle (Fig.5)
11) optimisstion of B.H.G. atgoal
111) avoidance of strsy E.M.G. from other muscles (#1g.6)
iv) total movement of electrode (¥ig.7)

| If each of these are considered as possible sources of srtefact, than
it can be: seen that the selection of slectrode site is not only critical,
but also specific to each ﬁbjoct and sach activity., Points (1), (111)
and (1v) can only be treated on & specific individusl besis, by observation
ofthaﬁuntofthmbjcctmd selecting & site at vhich the total
artefact is minimised. Point (11), the optimisation of signal, is again
an individual facet, dut a genersl rule regarding electrode spscing can de
posited, The total electrical 'sctivity of the muscle being examined ig
usually so grest as to make vide spacing of electrodes unnecessary. Using
close spacing factors (1), (111) and (iv) can be minimised and signal strength
still be optimised by positioning the electrodes near the delly of the muscle,
end 4n line with the general line of the muscle fidbres,
Peripheral Resistance

lengthy and painful preparation of the skin is not desiradle for

reasons vhich have been stated earlier (page 6 ). A sufficiently low
periphersl resistance ( 7k) can be obtained by shewing the area, cleaning
with alcohol, snd by piercing the epidermis with a serrated needle. This
soall hole is then filled with electrode jelly. It 4is not certain that the
B.M.0. recordings from a relatively saall area of a muscle faithfully record
the total activity of that muscle, The intermittent firing of motor end
plates gives a co-ordinsted activity that could be nmigleading if viewed from
only cne part of the muscle. However, the type of gross muscle activity with
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which these studies are concermed probably millifies this as a significant
source. Stepenov (4) has observed en 'ameingly even, reguler form of
action potential, re:;:intaemt. of a sinusoidal curve' and attributes this

to & ‘high degres of asdaptation of tho motor units far synchronous
aotivity'., Hia olectrode positioning used a 2-3 cm. specing. IP a
gkilled performer possesses an intra puscular motor emd plata co-ordination
pattern of a regular nature, then it could be expeoted that tho cmplitudo
of potentials rcoorded by one electrode pair might change in o regulor
pattem.

Signal Monitoring

With the pressnt apparatus, signal sonitoring has bsen pessible only
under laboratory or pssudo laboratory conditions. Apparatus ¢an bo
transported to excercise’s sites, always indoors and near a poucr cupply,
but an AC power supply and relatively elestrically disturbanzo froee
environment is advigable, In this wiy tho author Ias heen assooictod
with E.M,0, of oance rolling (Aldwinklo ot 81, 5) gymnastio aectivitios
(Ramon 6), and has personally performed E.M.G., of weight lifting,
6y011ns, roving end trampolining. Oreat difficulties have hocn axpericnced
in overcoming artefact eet up by movomont in the wires conmecting subject
to B.M.0. (Fig.8). Thess difficultics have not yet been solved, but seem
to vary betwean ;nkes of E.M.0. apparatus, cach make bhoing different in
its reaation to curative measures. The problems are magnificd thicn the
sovemsnt being exsmined is gross, violeht, and reopetitive ova a long
time pertod. Howevor, the solution would ceem to 1ie in eithor or both
of two main approaches.

(1) To minimise the total displacement of the electrods sriron

{11) To us> screened cablos (Pig.o)

In most activities the artsfact dus to wire movement is no groat
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hindrance to muscle co-ordination evalustion, and cen sometimes be of
assistance in superimposing the phasing of e movenent over the B.!M.G. -
treces (Fig.10). It does prevent one major analysic - that of preliable
integration,
(111) Regpircmetry

A variety of rore or less relisble methods exist for neasuring cuch
parsneters es ventilation, stroke end minute volumes, On uptake, ventilstion
rete. The suthor hss used such epperatus as Kofranyi-Michedis, Godart
spiraneter, Jseger ergo spirotest, Vitalogryeph, Wrighte flov meters. only
to find that at hm vork rates grest errors are incurred either because
the gpparutus has too low a capacity or becsuse the mesk or mouthplece is
inadequate. The greatest problem is certainly posed by the nmesking method.
1f the nmask is gsaled to the face to prevent leakage, then the restriction
6n jav movenent prevents gubjects from opening mouths wide encugh for
sufficient flow rates. If very plicble masks are used, then movement within
the mask crestes false volumetric displacemcuts. Problems of lvulve
resistance irpose extra losds both physical and psychological on the gubject.

Respiration rate is easy to evaluate, methods used by the suthor
including visual counting, themistor cmnﬁnn, valve closure counting,
pen deflections, E.C.G, weve fluctustions (Fig.ll), aural counting.

Grase changes in Oz content ere more or lesa efficiently evaluated
under almost any experimental conditions using Beckman D#S o 777
snd thongh not of great accuracy, sre probably the rcet deperndable of the
respiration messurements oade by thisc suthese. The leck of time end
fac{lities led to u Qeeper investigation of respircoetry being pestponed -
indefinitely.
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(1v) Therwomotry

Recent work in the Dapartment of Ergonomica at Loughborough University
has gravitated towards tho use of thormometry, combined with t)2 uptake
amd blood lactate estimations, in assessing subjest response to uork,
The author has used rectal thermometry on subjects riding a bicyclo
ergometer and colleborated with work done on surface thermomotry during
canoeing (Pmale 27). The spparatus uscd was 8 ILight Laborstoricn
thermistor which proved easy and relieble in operation. No discomfort
was experienced by subjects, even during roctal thermcmetry.

A A R T e g e v

In developing and practising tcchniques of measuring physiological
m:'a. the author has performed a nueber of pllot studies over a
wido range of activities. These have boen treated as such, evon though
the data has been of uso in advising various athletes in their training
and compotition. Some of the data obtained is of sufficient rollability
and quantity to be treated statistically, and will be used in the noar
future as bases for several minor papers, Tho athletes being adviced
inolude?

1) World Champion Weightitfter

25 National Coxless Fowrs Rowving Crow

3) HNational Sprint Cyaling Champion

8) Coumty Fast Bowl r

5) Olympic Basketball Toam

6) Univepsities long Distance Canos Champion
75 Universitics Raco Walking Chaspion
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S8ame of these pilot studies are presented, very bLriefly, to demonstrate
varistions in teclmiques, end depth of applicadbility. They are not
presented as controlled experiments in an explicit snd detalled format.
They illustrate the suthor's atteapts to fulfil the concept of a 'complete!
Fhysical ECucator a¢ discuswed on pege 3.

l. B B Test

Over s period of sowe years at loughborough University, Departuent
of Ergoncmice, Dr. Ernest Hamley hes develcped & test of cardio respirstory
assesgnent using 6 bicycle ergometer ss a method of epplying & work load.
The methodology end performence norms of this test have been establighed
using rucing cycliets as subjects, in conjunction with the British Cycling
Federation. A high Gegree of reliability is attaineble on both between
subjecta end within subjects bases, becsuse of the inherent relisbility
of the subjects being extremely highly akilled in the epctivity. The test
is described in the literature, (8, 9) and has also been used vith other
types of sportemen es a mathod of cardio respiratory disgnosis and prognosis.

The author has collaborauted with Dr. Hamley over the last few years,
to report results of various investigations (5, 10,11) and to stendardise
the posturel calidration of the bicycle ergzometer (12). During this time
the author has developed slight variations of test procedure, and also
expanded the test to cover a larger renge of physiological psraneters and
accamzodate a vider varisty of sudbjects.

The basic problexs of such remedisl testing of subjects fall into
tihree categories:

(1) Applicsticn of a work losd
(11) ¥easurements of physiologzical parsmeters
(111) Interpretation and application of results
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Application of Work load
One of the bugbears of work load spplication has been to stsndardise

the amount of vork done by the subject., The most sccurate mmasures of
the smount of work ere to determine the amount of 0, consumed, or to
peasure the heat production of the subject. The first method involves
respirometry eng the second invelves celorimetry, both of viich are
unsuitgble in that their precise evalustion demunds exparinentsl technigues
vhitch are unreliabls st extremely high work rates, especially because the
methods impose en extra work load which 1s not stanfard between subjects,
and a psychological bturden of verying effects betuvwen subjects.

If subject performance is to be messured in texms of work load, then
work efficiency becomes the critical factor. Efficiency in thia case is
defined as effective work done as & percentage of effort{or internal vork)

Effect
i.e. X 100 = Efficiency $

sl———

Effort

HEIWEEN SURJECTS COMPARISONS

On a2 betveen subjects basis, then valid comparisons of physiological
parsmeters can only be mads i1f the subjects have similar efficiencies at
thes particular work task being perforned, %Teasts of work capacity for
between sudjects analysis have, therefore, usually been designed around
types of work in vhich subjects have gll btecome optimally efficient i.e.
heavily overlearned skills - usually loccmotor ckills. Hence step-tests,
bicycle ergometers, treafmills etc., vhich ugse the comuon and overlearned
skills of mounting stepd, bicyele riding, welking and mmning. Hyoan
describes the Harvard steps, tie Master 8tair, the Dalke Tresdnill, and the

tolffe Bicycle tests (2). On the cther hsnd, the ssme epproach tey be made
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%0 subjects having & comwon skill ¢t axy other work task, de (t industrisl
or sporsing. It 1s agpied that even vith this approsch there are alwveys
sush differences in effisimncy ss to meke results uarelisble, and such
argonsnts have led to doubis Baing expresssd comeerning the reliadility
of sush o widely used test as the Narvard Step tast, and other sests using
waricus ergometers (13, 1N, 15, 16, 17, 18, 19, 20).

Emmley and Thomes have also made attempto t0 standardise the celibration
otbmmmﬁ(m)a such work hgving besw prowpted by similar eoncern
to that expressed in (21), end atlewpted by cther workars (22, 23, &h).
The treatsill hes alsc deen sudjectad to similar scalysis (25, 26, 27).
fiach wessures may eventually cptimise the ccnditions and work rate for
sbjects. They vill mot, hovever, 4o such to affect tie Gifferenses in
individual efficisccées Datwveen sudjects, If the ressareh is attampting
to Satemmine linkp Detvesn effort and effect, then individual subject
efficisncy must e evalusted - a process vhich is extremely difficult,
sxd i some cases lmpowsidle. As an exmple, ocnsider the oardisc resction
to a steady state wark losd, If the load is gufficiently high to demand
snaarohbic work, then it is uniikely that heart mate will achieve a steedy
state. If the load Gemands earvdic work, then the heart rate should echiwve
steudy stata - hut as work peogresses various faticue elmmonts will tend
to alter subject efficiency, snd thus altar basrt rate, Increases in heart
rsts allied to ineressss in fatigne and/or incresses in vork loed may be
&ie ia part to alterutions in subject efficiency. That heart rate is
1inearly relsted to work load seems to have heen estadlished, wp to certain
lavals. Brooke ot el (98) have Asscostrated that there 1s uo clear
pattern of heart rate rescticon heyond work loads csusing heart rates of
about 150/min. (P4g.12), mis mey be Gua as mueh to aléersticns in
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gubject efficiency a8 to any other effect. Merely because vork load
remains constant, or varies according to scme predetermined function, 3t
is not gufficient to presur® that the internal worik done follows the same
pattern - in fact, such en occurrence would geem to be mogt unlikely, In
this case, tests vhich presume the exigtence of any given gtate of effort
vithin the body es & functicn of & given external wark losd must be open
t0 gerious édoubts concerning their validity.

On the other hend, if testing is being used as a dlggnostic tool,
in s specific spplied ‘situation, then subject efficiency (though varigble
gnd indeterminable) could form a part of the total evaluation. For example;
1f rscing cyolists vere to bte tested on their payaiological reactions to e
work load, then thsting them on s bicycle erpometer could allow thet their
variations in efficiency on ¢the ergometer vould be reflecting ainiler
variations 1n efficiency Guring their recing - anf as such their cffect
upon ths intemnal work loed cen be ignored, providing thet linearity or eny
other functicnal relationship is not presumed., In this cese, a runner needs
to be tested on e tresfmill, an carsman on e roving nechine, a evimmer in
a pool etc. ete, For use in tests such as these, sn ergometer becomes
terely e method of epplying 8 loed or resistance. Its calidbration end
accuracy become relatively unimportant.
VITHIN SUEHECTS COMPARIEONS

In e test-retest gituation, provided that the subject hes nob
pimificantly altered hio ekill level betuween the tests, then it couid bo
essumed that sudject efficiency will not have chenged. In this cose, the
internal effort/externel work relationship is of much grester reliability.
It ves noticesble in the present test-retest of unsliilled epblésts, that
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although intervening training had affceted various physiologlcsl paramaters, -
the subjeots' efficiency at pedalling, end the tctal work load, had
remaincd significantly unchanged. HNono of tho subjeots had riddon a
biloycle batwoen tests. |

In this particular use of ergometry, it 1s very importsent thnt
ergoemoter calibration and measurement chould bo precise, becaunoc ¢ho very
presumption of constant efficlency proposes that all other mvasuroen aro -
valid and reitable.
Moasurement of Fhysiological Parametorss

Some of tho fastors affecting tho measurcment of physiologleal
paramaters have boen menticnad elsevwhore.. Only t.hoap apecific to bicyole
ergomatry will be covered hers.
Work losd, Tho stendard bioycle ergomoetor as designed by Muller, was
used, having a varieble cam magnetic risistance (manual or automatic),
internal calibration and adjustablo podaliing rate monitor. Tho erga;mate:-
was modified hur fitting racing pedals with togclips, extra-long saddle
pillar and racing saddle, dropped racing handlebars with brake units
for gripping (Fig.13).
E.C.0, A Kaigor 8 chennel pen rccorder, uith extension plug box and
electrods cables 24 inches long, 1.5 em. silver domed electrodo cupn
were soldercd to the cables, Two of thooo were fixed in such o positien
immediately inforior to the attachment of pectoralis major and antorior
to the heart as to have as little soft tisoue between them and tho ribo
as poasible. The cables were run loosoly to the anterior suporior iliao
crost, where a third olectrode was attached as an earth, Tha cablog were

then joinad with tgpe and Allowed to hang loosely to the plug., bazx.
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Rospiromotry, A pnsumatic foeo £z oo £A%ted %0 a Y Jumatisa ond
cormoated o o mffan.)u:r‘hchﬁzlm oo ootora.  Complon fean ﬁ:’i:: frine!
enalyced on o Ecokmon Heg 02 analyosr. Rztonygon wad admingdtoxcd by
£illing 230 1143 Douglas bago with <2>2 ol cormooting thenm 0 Ou dnlot
porto ¢f tho ¥ junction (Pig.13).

Elood leootoden more ostimatcd fron droplota teXen:: firan $ho Cingleo,
using the cothod Goseribod ki Strdn (29). Thio Coature o2 tho Tarls g
umdortoicn by Dr. Rabintdre Uath Ocon, Doporiocat of Dregeasmios, Loudborcush
Univorcity.

Thormomotry. A Licht Loborotorics tnopnmictor wao uscd with o pidabl.
thormeastor noopted 15 on. dnte tho reotun (Fig.15).
Proccdura

The gubjeot chonccd into chorto, vost, ooako ond ohaos, ond won
coasured for oceddlo hoight adfustaocnt cocorddng to tha oathed of Hatioy
and Thooao (12). H> thea lay down ¢ 0 coush for 30 minutos, Gwdps
vaich imo B.O;G. olcotroden wore 7incd, W0 leucot pulco pato, tehen
ovar 21 guloopn, cehdoved during tho iost £4v0 cdnuteo of thio voal s
taken ao hia Lying Rooting Rato.

Tho oubjoot then moumted the bloyolo orgsmotor and ung T488.d mith
tho 'f@o cacht,. He thea raoted dn tho contcd position for 5 odnutusg,
Quring vhich tird hic Sitting Rogting pulco moto wao cbtaincd,

B> then pedalled tho maching ot ©0 £.p.m. cnd 200 watto Cor $iwo
minutes, this o.atﬂx;g 23 o propamtery moa. Tho work lood o o
raicod to 250 wattn, whioh tho ouwdbjost coiotodned For oln afmurco. - Tho
loed tap agadn radced, to 800 watto, thien teo padntatnsd £ p o St

ofiz odnutoo. Tho-oubjoet then rootzd Zop £ivo alnuten, mcoaladnn ¢ tho
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crgemator, and tho faco mapk was oovad., The ergometor londingz was
reduced to 200 watts, and tho subjoct bogan pedalling, with tho autematic
cam cngoged to continually raise t.hf:-.; tork lood at a rato of 50 w. popr
minuto. Thio continucd, with vocal mtivation from the oporator, unbil
tho cubject was uxmble to continus %o modntain tho work rato. T publeot
then rested, cupported an the maching by asoictants, for £ivo m‘l‘nut'.oo.
The mask was rofitted and conncotod to on 02 cupply, and f.ha com dipongaged.
The subjeet thon padalled against tho resistones atwhich he had Cindchsd
his previous bout (botwosn 405 and 475 wat¥o) 'again to oxhaustion (Fe.16).
The mask was ranoved and the subjeet ronted f":;x' fivo minutes. During tho
expariment tho following physiological orasuremcnts vere maddys-
1) Continuous E.C.Q. (P18.17)
11) Continuous thermomstry '

111) Rospiration rato
at cech lovel of work

Nt Nt ln® Nmnit

iv) 02 uptako

v) Blood lactio acid lovel 3
The tc;ste wore raopented after oight t-chkD of very strenuoun training,
following a schedule devised by thic author. This data was then tabulated
(Pig.18).
Int'emtation and_Application of Rioults

.The condition of the heart is widoly acdepted as tho mont rolichlo
inder of general fitnoss, and cardiac reation to excercise has hasn chasan
for many years in attempts to ovaluato thie fitness level by such divorss
organisations os Armed Forces, the Intornational Olymplo Committec, many
insuranco coopanics ond industrial concorno. Due to difficultics of

dontinuous monitoring of cardiac regponso, norms have boen tootly
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estahlisdbed eomcerning cardiac resevery sharacteristies - vhich are
oevertheless Scmgpvhat worelishle dus to the yrobleme of work lced
standardisation nentioned earlicr. Oue fault of these methods is that
cardisc reecvery charactaristics may mot scsurstely reflset eardisc
performanse Quring streswous work. It is conceiveble that eardice
fitness eculd be similar to skelatal musclo £itness in being specifis
to the sstivity. Praining methods vhich aim st daveloping the ability
of the heart to recover quiskly from strenucus exereise axd be reasly
for aove stremious work (sush as Interval Traiuning), sy ahhieve very
difforent results to tresining vhich aims at developing the hoert's ability
6 vithatand ecntinuous and protractsd high vorking rates (such as
Cireuit Training) or Pure Enduracce Training (30). The cardise function
characteristies of the six-day sycls reter may be very different to
thase of & 1500 metre svismer. It seend prodebls that certais types of
sctivity oreate s degree of corcaary anciis (31), end dewand a specific
Lype of eardisc musele training,

In the assessment of eardise fivness, the suthor has used tiiree
main cardiss charecteristies:-

1) Time taken for heart rats to drop from maximua €0

s rescvary plstean
11) Recovery platesu: level, a8 & § of saximum heart. rete
111) Increass in heart Tete due to emercise

The first tve are recovery eharsstaristics, eud as euch are used
prisarily is the sssessment of repetitive high sstivity sudjects.
Iasufficiens data has been scllscted at this time to establish rellstle
ROIMS sueh a8 peresntiles and stasdard deviaticns, ub vhat dats is



available suggests that sportamen of international standard will tako
between 45 and 120 scconds to recover to a plateau at 60% of maximum
heart rate, tho average being about 90 sec nds.

The third characteristic ie sne of cardiac performance during
exercise, and as such scems more relcvant to this author. In an offort
to overcome ths unrelisbility of set work lozds, s Cardiac Asscssmont
Paotor has bhean devised which takes tho two extremss of cardies p.orformance
and compares them. If the lying r-sting pulse rate is taken ao being
nicely adjusted toc a certain level of work, i.e, maintenance o? minimum
funotion, then the total avallebility of blood for work to bo dono can
be represented as a multiple of that level. This total avatiability will

be required at mamtmum function, thorofors
Maximn Pulso

Cardiac Assessment Pactor (CAP) o
- Hesting Pulse

The author 1s aware that this relationchip is not linear, in that
cardiac stroke volume varies thr:ughout the range of heart rates, and
that oxtreme care gust be taken in tho measurement of reating hoart rate
vhich is casily affected by many variables. Even so, at ite early otages
of devolopment the CAF seems to bz a valunble ald to diagnosis. Somo

interesting CAP's are showns
N
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Name Lsvel of Resting Maximum C.A.P.
Ability H/R
Vaughan Thomas National Chempion
(1) {Triple Inter- 35 215 6.1
: national)
Jim Ryan Horld mile record
(2) holder 32 185 5.7
Tom Simpson World Cyoling _
(3) Champion 47 200 4.25
Geoff Coale Hational Cyeling
) Champion 62 205 G5
Louis Martin World Weight
(s) Lirting Champicn 64 192 3.0
Average Person ‘
6) S 72 180 2.5

With these few examples, it is interesting to note the different

CAP's between endurance athletes (1 end 2),. endurance cyelist (33)

sprine oyclist (4) and strength Lifter (5). The eight international

ocaprsmen who were tho subjects of this presant test demonstrated CAR's

bsetween 3.3 and 4.0
A great deal of work is required to establish the methoed, validity

and reliability of such cardias asnessment.. The author hopes to have

the opportunity of undertaking this task in the near fulure.



0, Uptsle In collsborotion with Dr. Drncst Hamley, the suthor

bhes over same years estebliahed noxus ofoeupthke for hich per-
forrence eportamen Quring testing in these loboratories. Somo
results bove been glven (9), end these form o besis for essessmemt
of 02 Disgocintion efficiency. The dlagpesis i wainly éubscctive,.
but is especinlly eignificsnt an cn intra-subject test-retest besio.
Values obteined scem ¢o be fnversely relsted to respirsticn rate,
though there is 8 yet insufficient dﬁta on respiretion for any
ecouregte relaticonship to be estinated.

Therponetry  Only one group of eight subjects hes been cubjected
to thermsometry, tut epn assurphtion that the noot efficient porformers
are thoge vhose therno-remilatory syntecs maintain the lovest teip~
croture " -, mokes s corparison betwveen end vithin gubjects posoible.
Thogse vho vere relatively efficicnt unfertook ouch of their training
vhilst vnmmly cled, or in wvam envlmienté. The rosults can be
seen in the dats table.



2. B.C.C. During Swimming

There appear. to have been few B.C.3. studies of cmﬁw
swvimers, and these have been of & pre- or post-exercise type (32).
The author's assoctation with Aldwinkle et al (5) during electro-
myography of cence relling led to the ides that B.M.G. and B.C.0. could
become valuable tools for the researcher into equatic ectivities.
Aldvinkles ‘B.M.G. vss ¢one cn a paddler performing one manoeuvre in a
confined area. It could therefore use mains electrical supply. Most
agquatic activities are performed during locomotion, which mesns that
unless the activities are perfomed in a specially constructed treining
tank with controllable water flow rutes (a water ergameter :), then
apparatus needs to bLe portadble, !'Mfoummsnpermmtm;per'fome
merely to establish the feasibility of swimming E.C.G.
Equiiment,  Cardette porteble battery single channel B.C.C. 20 £t.
of screened triple cable, 1.5 cm. silver domed electrodes, adhesive
dlecs, elactréde jelly, serrated syring. waterproof Klastoplast, Copidex
waterproof adhesive.
Method,  The surface electrodes vere sttached by the method afscribed
earlier. Two were positioned 2.5 cm. epart vertically on the lover aspect
of menubrium stermum. The esrth electrode was positicned ou the spincus
procesaoftheht!hmciciwm. The sites vere covered firgt with
vaterproof plester, then vith a lideral costing of Copidex. The cables
were run up the sternum and over the ghoulder, to leave the hody near
the 'earth electrode, running up to and slong & pole beld atove the
subject, thence to the portable E.C.G. As the sudbject swam through the
vater the operator valked alongside the bathgide.



mo‘

The sublect gave lying resting end weter foersed resting traces.
Than the subject ewam st various speeds and using varicus etrukes, until
fin0l1y swimaing viclently to exhsustion, standing tamedistely end
resting at the bethside, The resultant E.C.G.'s are presented 4n
712.19. They demonstrate the feasibility of the method, end the pos-
sibility of accurste pulse counting. The groas srtefacts wlilch ocourred
at higher vork retes are atadlar to those which have hesn odviated
during other activities by using subpectoral elsctrode placings.

Amongat the many interesting points in these traces the most
importent is prodably the illustretion of how quickly pulse rate can
érop Guring the first few eeconds after maximal effort,
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3. Roving Bxperiments
" The problems of applying a work 1oad have been previcusly menticnsd.

For skilled oarcmen it is probablp that the groeatest work lsed of which

they are capable will be during the actual rowing action, vith its very

great involvsent of most of the musculature. "
 Two experiments vere performed. '

Stationary Rowing:-

Agparstus: A roving machins with s)iding eeat and adjustedble
hydraulic resistance, A Eaiser E.M.G. and accoutrements
as described earlier. MNetronome,

Method: The B.M.G. method descrided earlier was used. The
subject roved {n time with the matronome at & variety
of rates and against a variety of resistances. It was
found that the rowing machine wes incapadble of providing
suffictent resistance to infuce very high heart rates.

Conclusions: Vith suffi=i=nt care in electrode placing a relatively
artefact free E.M.G. 1s posaible Guring staticoary
roving (Fig.20). There 15 at present no sultadle
owing mchine‘ for epplying heavy work loeds to skilled
oersmen, though Midlands NHautilus Rowing Club hope to
Msmnequrmﬂymmmw
future, It 4s prodeble thst sufficiently Beavy work
rates could be irnduced by using a rowing tznk rather
than o rouing machine. The sutbor hecpes to verify thds
hypothesis quite coon.

Kormal Rowing:«

Apparatus: An H,B.C. 'Spurt! portzdle pulee telemeter, Tepe
recorder. leunch, and en elghtnen roving boet.
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Method: Subject was cleaned and prepared according to the
method described eerlier, Two 3 cm. siiver electrodes
vere taped into the gub pectoral position, with an esrth
electrode on the 5th Thorscic vertebra. The cables wvere
run loozely tocheni’et, vhere & radio tranmaitter uas
strapped at the reary, vell sway from the moving arms of
both the subject and the next wan in the boat, The pulse
wep telemetered from 8 following lsunch which never
exceeded thttly yardlr distance from the subject, The
sudible pulse vas tape recordsd, with sultable serker
signals and operator comments, for later enalysis.

Conclusions: This particular experiment was made in en attempt to

' correlate pulse rates during roving vith pulse retes
on thas some gubject during the Bicycle ergumster test
nentioned earlier. 7The crew including the gudject
roved fer tvanty‘n.m‘xte; of waxming up, and then 4id
mmmwm-nmw. In neither
of these 414 the sudject's pulge rate got within ten
beats of his dicycle ergometer test pulse - though his
recovery characteristics were very similsr, It 1s
posaible that in locoastor activitiss demanding great
ekill and/or maintensnce of balance (e.g. rowing,
canoeing and cycling), subjects vill be limited by thage
factors from mchtns acute exhaustian, Pulse trens-
mission end telemetering is an efficient techniqus in
these circumstances. )



Canceing Expertment

As 8 part of the préparation of competitive paddlers for & long
distance canoe rece, a tesa of investigators from the University and
the College of Educaticn at Loughborough have been conducting controlled
experiments nto cance paddling. The primary aims have been to
establigh the energy costs end scme physiclogical reactions to long
digtance paddling. This information was used as a basis for sdvice
on diet, clothing and training methods to the competitors. ¥he author
vas copletely vesponsible for obtaining E.M.G. and collaborated with
Dr. Rabindra Nath Ben n‘.umce and core thermometry, and respiration
analysis. Blood lactic acid snalysis vas also mede. Due to the fact
that the activity vas long distance canceing, it Vas necessary to take |
continuous readings over a period of an hour. mmmoze_ntmthoa
of doing this demanded that most spparatus and readings be in the canoe,
which is at best a very wnstable vehicle, Another difficulty was that,
mmw-wt-mm,maummmmm
around 0° Centigrade, A strong breers ensured that sprey from the
paddles constently ghowered the operatur. It eays much for the experi-
mm techniques that reliable dats was ocblained in almost all cases.
It 15 extremely important that both subject and operator be well skilled
in handling s doudble canos - even though most apparatus vas wvaterproofed,
the consequences of a capsize could still be vary sericus.
Apparatus: “Two man open canoe with bouysucy chambers, Kofiunyi -
| Mit:dis gan meter, four football bladders, battery
operated respiration counter, thermowster, derometer,
vet and dry buld thermcmeter, whirling hygrometer,
Beckman 777 gas snalyeer, (lancets ripettes collecting
tubes ete, ), light Lebaratories thermistor thermometer,

e
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6

‘pules stopvathh, databoard, Cardette portable E.C.0.

lightweight screensd cables, vaterproof tape, 1.5 cam,
silver domed electrodes, electrode jJelly, serrated
syringe )tm tent, Bpurt telemster.
Tent vas erected st river side, and all apparatus not
needed during subject preparstion installed. Eubject
vas prepared at laboratory five miles from river. Rested
reclining for syproximmtely one hour vhile B.C.0. and
telanstering electrodes fixed by method described

~

earlier. Then surfuce thermistors were fized an fore-
head, postericr aspect of wrists, sternmum, ebdcmen and
dorssl aspect of feet using waterproof adhesive. Rectal
thermoneter wvas inserted as described earlier. Readings
were taken of all meters, and of asmbient lsboratory
conditicas.

fudject and apparatus vere transported to
riverside, vhere gsubject preparation and local amdient
resdings vere coxpleted. Eubject rested seated for
approximately 50 minutes. Mask and all other apparatus
wvas connscted; and subject, Oopsrator amad apparatus
installed in the cance. m—mrclnmdinssmmﬁc.
Apparatus in the cance wvas: 6 volt bettery, respirstion
counter, Kof: renyl Nitinlis mask and elephant tubes,
thermometer , cardettes, Spurt trsnssitter, stopwatches,)
collection bladders, data board. All cance borne
syparetus vas protected vith polythens shests, either
loosely egainst spray, or tightly egainst immersion.
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Subject and operator wore canvas shoes with socks, .
wvoollen track suit trousers, svimming grunks, thick.
gshort anorak (nylon, for subject), and leather gloves
for the subject. "

The subject then paddled for ane hour at a work
rate camparabls to his normal long distance rate, Other
than two reversals of direction the paddling was regular
and continuous. Readings were taken every five minutes
of respiration rate ani volume, gas temperature, heart
rate {using stopwatch end pen deflections), E.C.G. wave,
Gas camples were collected at four equal i.ntervals, and
thrown to the riverside at convenient times, After one
hour the subject siopped and immediate post exeréise
readings vere taken of all parameters. The subject .and
operator left the cance, and recoversg B.C.O0, was taken
over 15 minutes. (Fig. 21).

Data: Insufficient subjects m treated to provide enough
-data for statistical analysis. A total of six experiments
vere made, only tvo of which achieved the preceding
detail. A typical dsta sheet is shown (Fig.22) with
some of the analysis. '

Conclusions: Certain parts of the experiment could be improved by
having e following launch e.g. gas collection, pulse
telemetry. Within the limits of apparstus and conditions,
the methods proved very successful in obtaining useful
data. However, the work rate was at such a level as
could be maintained for at least 20 hours. It 4s doubt-
ful if the methods would be as successful 1f the work
rate spproached maximal levels,
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Cycling Recavery
The typical pattern of track cyvls racing is that competitors

vill enter in several races, vhich say involve them in heats and

repechages, and many short durstion high sctivity bursts within e few

hours, Their ebility to recover quickly VGetwean these burets of

ectivity 1s an important factor in their cversll performance. In an

sttexpt to gain same informetion on cayrdisc recovery, the suthor

performed the following iovestigations at the Mecting of Chempions,

Nottinghen) gsalsted by Mr. Korman Bhesil, the British Cycling Fedsration

Kational Coech, and with the collgboration of geveral internstional

cyclists.

Apparatus:

Method:

Cardette portable single chmnnel battery E.M.G.

Screnned lesde to 1 8qQ. in. plate electrodes saldered

to 3" dism. spring clips (Pig. 23) Stopwstch, Tooth-

brush, cotton wool, electrods jelly.

Just before the start of the race, the posterior
aspect of the wrist wvas ecrubbed vith the toothbrush
fapreganted with electrode Jelly until a mild erythyns
wes profuced. Immedistely after crossing the finishing
ling at the end of the race the subject would slow down
88 much as possible, This $6 a 4ifficult operaticn
becsuse gudjects might be travelling st nearly 40 m.p.h.,
end as track bicycles have no brskes it is necessary to
DUS backwanls pressure on the fized vheel nd grip the
front vheel with a hand. However, skilled subjects can
stop vithin 200 yards (approximstely 20 secs.). The
subject them disaounted and sat on a chair, at the eane
tine having the vrigts rudbbed a few tives with cotton
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wvool impregnated with electrode jelly, The
electrodes vere then ¢lipped in position. With
this nmethod 1t was possible €0 obtain gquite gnod
E.C.G's vithin 30 seconds of crossing the finighing
line. This E.C.G. can then be continuous during
recovery. (Fig.zh)

Conclusions: At the time of performing these tests there wvas no
telemeter availabla, Yithin ihe restricted rsdius
of track & pulse tranemitter would be of greater use
in disgnoses of cardisc performsmce, The suthor
knovs of no telemetering apparatus vhich could glve
aen B.C.G. over these rangss, and gome cambination of
telematering and direet B.C.G. sonitoring vould be
the best method of achieving & full pictise of caxdisc
reaction to0 this form of sthletic performance,

Basketball Investigations

Becsuse of an interest in the cardisc demands of a tesn gans such

82 basketdall, and to investigate the prodiems of pulse telemetering in

8 styemicus and 'shock-full' enviromsent, the author collsborated with

Mr. Tom Corser, College of Education, Yori:, wio has similar Mmu._

Using the N.BE.C. Spurt transmitter and telsmeter, and the tremonitter

adjustment, described earlier, very reliabls Gatn wvas obtained. The

transmitter end aerial were covered by o vest, with the serial vertical
and close to the depression betveen the opinal erector muscles. Two

investigations were made. The first was s continuous tepes recording of
the enviromsentsl sounds superirposed upon ths pulse best sounds during



a b5 minute training sesgion. The second vas & continucus tepe
recoyding of pulse beat sounds with merlzposeﬂopentorému
vhile the subjedt tock part in en intemational basketdall match.
smaotthemismmmm.ahe.. '
- Comclusions: 'The Spurt apparatus is guite relisble in this kind
of sctivity, vith the folloving exceptions:
1) Blovs cn the tranmitter somstimes cause extra-
pulses to be transmitted. When 1istening to the tape
recording these digturbances to the nomal rhythm: are
quite easily detectable, '
2) mtmimémmmmnaaorrwmmm
3) Unless swest can be regalarly dispersed from the
electrode sites, extended periods of work tend to
destroy the adhesion, '

Ve ifti riment I ¢

The suthor hes recently been engaged in the planning of truining
schediles for & world wveightlifting champion, in preparation for the
Mexico Olympic Gsmes. Welght lifting in competitions is ~essentially.
8 short duration explosive power event, and &5 such makes elatively
fev Qemanids cn the cariio-respiratory system. The training sessions
wvhich weightlifters hsve to perform in order to dsvelop their pover
and technigue for cowpetitions are, however, extremely dessnding on
both local muscular and cardisc endurance. The weightlifter needs
stanina in ordsr to be able to truin,

The subject had previcusly undertaken the normal bdicycle ergmeter
test, similar to that descrided earlier, This gave valusble information



FIG. 2ba.

Heart Rate During a Basketdall Trsining Bepton
The rates represent the sctual mumbder of heu't beats during the mimte
concerned, '.I.'he total training sessicn was split into three periods,
each at & erer vork rate than ite pradge_eum, vith no rest bomen _

sessions.
wuite File NG Bilse Mt Tlae

1 LY 1 157 1 157
2 164 2 1535 e 152
3 160 3 a62 5 153
4 161 b 149 b 153
5 161 5 154 5 147
6 161 é aho 6 1k9
7 159 7 157 7 148
8 160 8 158 8 146
) 163 9 b L2 9 151

10 160 10 150 10 143

1 162
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vhich could be used on & test-retest basis as & measure of improvement,

Ite relevance to cardisc demands of weightlifting had not been
established, and go the following experiment wvas made,

Apparatus:

Results:
Conclusions:

Kaioer B.0.G., 10 £t. light cables, 1.5 cm.

silver domed slectrodes, adhesive discs, adhegive
tape, electrode jelly, serrated syringp N.E.C.

Spurt pulse telemter, stopclock, Olympic dar ¢

450 1bs, velights, weightlifting platform,.

The subject was prepared by the method described
esriier, Continucus E.C.G. and pulse telemetry

vap performed during a complete weightlifting
treining session lasting nearly two hours, wvhich

vas folloved by a Copp Test.

The data is showvn in FPigs. 25 and 26.
During the session the sudbject, who 1s a Begro,
sweated profusely. There was no displecemsnt of
electrodes, The movements being performed were in
most cases extremely violent, and resgulted in e
certain degres of movement and E.M.0. artefact,

This 414 not @estroy the B.C.('s usefulness as a
pulse counter, ani gave a good signal of the occurrence
of moveaents. However, the precise fora of the E.C.G.
at this point was list. Ths sudibhle pulse telanpeter
vaa especlally interesting, end if anplified could
mke an excellent tesching aid in that the tremendous
adaptation of the subject's pulge to different phases
of sctivity vas best appreciated by the ear and eye
in conjunction. This adsptation showed patterns of
cardiec response which could have great significance
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in the treining of seportsmen, and also in the under-
standing of cardiac function. Though the reactions
of cne subject cannot be taken as relisble dats,

it 1s interuting to consider scme ispocta of this
cardiac response.

A typical patterun of response can be seen by teking the mean
values of all paraasters. During s 1ift the heart rate rose to 160,
ﬂlmgctm'ﬁmmtotwkorzﬁﬁctaammnmmenﬁ
ceased, The rate then dropped over the next L0 seconds to 125, and
then rose gradually over the next 1b seccnds to the start of the

The variaticn in retes st each stage reflected either the length
oftimmntmuchnm.wmmnned. Lovest rates wvere
recorded vhile the subject was standing preparing for the next lift,
ar during prolonged seated rest pauses. They 414 not occur in the
stopped or crouched position. At times vhen the subject dent dowm to
adjust weighte not as a part of a Jift, thexe wvae no &rop in hesrt rate,
At times vhen there was s prolonged rest period decelerstion of heart
rate vas achieved less quickly.

The highest hsart rate recorded wves dufing the performance of a
405 1b. complete 1lift above the head, to a rate of 188, At this point,
and at the two other highest heart rate points vhere the 1lift wms the
last of a peries, the heart rate 4id not continue to rise on Aift
caxphetion.

During & sub-maximal step test done at the end of the sessicd,
the heart rate reachad 188, The rate then took 35 mimites to recover

T
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to the mean recovery level of 125 that had been reached in a mean
tims of 40 seconds during veightlifting.

E.M.G. &

Coaching methods in trampolining have for many years had to
rely on sublective kinesiclogical analyses for the development of

technical performance, In order to essess the possible value of

B.N.G. in this type of activity, bdoth the Baticnal Men's Trampolining
Chanpion and a camplete beginner, acted as subjects in the following

experinent.
Apparatus:

Hethod:

Conclusione:

Offner 8 channel B.E.G. 10 ft. leads vith 1.5 cm.
silver dcmed electrodes and banana plugs. Elasto-
Dlast tape, electrods jelly, Bokls razor, cotton
wool, alcohol, marker pen, serrsted needle syringe,
Kissen trampoline.

The subjects vere prepared by the method described
earlier for RE.M.G. of Tibialis m, Lateral
Gastrocnemius, Vastus Medialis and lateral Biceps
Yemoris, BPBoth uub.iec‘tl perforned erect bouncing

on the trampoline. The skilied subject then per
formed consecutive back somersaults in the straight
position. Ths operstor stood cn the edge of the
traegpoline, holdtng the leads end ensuring that
thay 14 not interfere with the subjects® movemants.
Some of the E.M.G. traces obtained are ghown in
Fige. 27 and 28, They demcnstrate the complete
possidility of R.M.G. snalyeis during trampolining
movemsnts., Unfortunately, the ink wvas old, and the
traces became smudged and feint in places.



Fig. 27

EMG during. trampoline bouncing
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Points of especisl interest which ewsrge from
the traces ares
1) The process of muscular sdaptation during

ckill scquisition

31) The differmnce in muscle co-ordination
betveen skilled and unskilled gubjects.
111) The schievement of musculer relexation during
violent activity

iv) The maintenance of certain aesthetic postures
during flight

v) ¥The occurrence of large movement artefacts at
certain stages in trampolining manoeuvres,

Conculsions (Pilot studtes)

The foregoing tests allow a picture to be bullt wp of an individual's
state of 'fitness', especially i in comjuncticn with other tests, of
ekill, pover and personality etc. In the present etate of the art,
physical educstors must examine such overall pictures meinly foom a
background of experience and sudbjective interpretation. This is an
unsatisfactory state of sffairs £rom many points of view, especially
since the relative fmportance of each piece of the Jigsaw 1s not known,
The final criterion ia muésn;ns individuals must be their performance
at any given activity. Unfortunately, this is not a sixple task vhen
selection of teams depends upon a predicticn of eventual péz-romnca,'
and in such cases assessment: of the separate parameters is of great
use < even if the correlation of allthese paramcters is st an unsatis-
factory level. Ths suthor has been recently concerned with giving such



.

advice to the selutors of the Amateur Rowing Association, the British
Cycling Federatfon, and the Great Pritain Olympic Basketball Committee.
These associstions, and others, are using such advice in the advance
gelection of national tesms.

In en environment where facilities, time and energy for training
are limited, then guch assessments of various athletic paremeters can
give some indication of thoge which would bdbe likely to give greatest
performance gains, if concentrated upon during training, In this way,
the most efficient utilisation of training time can be echieved. If
the tests are relidble, then they can also ect as comparstors of
informution from retesting, end be used to gauge the efficiency of
treining methods.

An Blectromyographic Analysis of a Repetitive
Locomotor Skill

Sumaary

Three subjects esch pedalled g dbicycle ergometer at various
rates against verious resistances. Electromyographic anslysis of
three major leg muscles shoved that there were significant variations
in the patterns of muscular co-crdination involved.
Introduction

Munrow (33) quotes the following definition of ekill ~ "The
Ab111LY seeevees tO innervete the right muscles to the right degree
with the right emount of speed at the right moment,® Where the skill
under excmination can be described as 'closed’, that is to say virtually
the same hovever meny times it is performed, there 1s a tendency emongst



physical educators and kinesiologists to regard the muscular patterns
ani co-ordinations involved as highly reproducible both within end
between subjects. Houte and Flscher (34) discovered a 'high degree
of vepeatebility emong subjects nd for anybme subject’, vhich may
in part have been csused by their non-inclusion of atypical suscle
records in the overall anslysis. In another experiment (35) the
same guthops present evidence that 'the pattern of muscle ection
potentiale.... was consigtent', end illustrate their evidence vith a
dlagrum of the precise co-ordination end time phasing of mejor leg
musoles during bicycle pedalling, Xsmon (36) 4in an anslyeis of a
nonwrepetitive closed ekill, agrees vith Houts (37) that the muscular
patterns shov & *high degree of reproduc!.bmty: Hovever, Kamon ignored
‘atypical’ reco:rﬁn and discarded records of 'incorrect movements sccording
to campetitive aesthetic, critam: Battye and Joseph {38) followed the
practice of disregerding cbservations which 414 not fit into *typical
phases' in erriving st their conclusion that subjects shov ‘remarkedly
similay' patterns of muscular activity during normal gait, Theae and
other observetions indicate that skilds, especially beavily over-learned
closed skille, demand quite precise phasing snd co-ordination of the
muscles concerned in movement,

On the other hand Docherty (39) expressed the philosophy that
our cspacities for sdaption are enormous, vhich would seem to agree
more closely with present knovledge that reinforcement ip a character-.
istic of muscle f£ibre performance. Lippold et. el. (40) demonstrate

migration of activity from one muscle to cnother after prolonged
activity, end the suthor has demonstrated voluntary grogs changes in
muscular co-ordination to the Fhysiological Boclety (11) P4g.29. The
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rehabilitation of petisnts having physical disability hasffor meny
years dspanded to a great extent on the human's ability to adept

his museulature to differmnt pattemms of mcvement - to develop
‘'trick' movements., That voluntary effort can result in changes in
muscle co-ordination, vhilet retaining the basic movement patterns
required, secens 3o be well established. Coustant preactice of sltered
muscle patterns can also lead to the estabdlishment of 'new' nethods
of perforaing o skill - vwhich co-ordination begcomes less and less
conscious as learning proceeds. There does not appear to have been
an attempt to Qiscover if changen in mustle co-ordination oceur
involuntartly es quickiy as during succeasive repetitions of s heavily
over-learned repetitive locomotor skill,

Early in the development of the bicycle, enthusiasts attempted
to devise the maot efficient interfuce between the rider and bis
wechiue, lIever systams and machine dimensions of varying degrees of
coeplexity were subjectad to what could be descrided as 'ergonomic
assessment’ ~ gome of & guite highly spphisticated mathemetical and
mechanical type (k1, 42, 43). The cosdined effects of such invest-
igations and of cupirieism rxesulted in the evolution c¢f the present
chign vheel and circular pedal path systes, vhich has aeventually
veached a gtege of such nmechanical efficianey as to pemmit the highly
truined perforper to achieve gpeeds of 120 m.p.h. behind motorpace, or to
cover cvar 30 miles in one heur unpeced, or 500 miles in cne day similarly
unpacsd. The physical paramoaters of this amn-machine interface have
not received sugch closs scrutiny over the years, altheugh the 'ankling'
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action vas discussed in some detail in 1889 (44), and in 1888 by
Lord Bury apd G. Lecy Biilier wvho went into great detail reaarding
Joint engles cnd-nmb positions (45). The etudies of A.V, Hill
thmuopﬁBoroptmmby-mmmmnnm
investigaticns into the rate of bdicycle pedalling, His optimal
contraction time of just under 1 second seemed to it very _mtly
into the findings of Benedtct and Cathcart (46) who suggested
greatest efficiency of pedalling st 70 r.p.m. However, a pedalling
rate of TO per minute is achieved by combined muscle movements, any
individual muscle hardly being capable of working normally for longer
than 50% of & single revolution ¢ giving a contraction time of

i"go » 0.h5 seconds. Dickenson (47), who worked closely with Professor
Hi1l, éddcovered that the optimum tine for cne foot movement (half a
pedal revolution) was 0.9 sec. This gave an optimum pedelling rate
of 33 r.p.m. Ifrthh finding were to reinforce Hill'es optimm cone-
traction rate it wvould need to be established that each muscle was
working for 50% of each revolution,

Thess two sugzested rates of 70 r.pum. &nd 33 r,p.m. differed
very greatly, and Cathcart suggested to Garry and Wishart that they
re-examine the guestion (48), the result being e figure of 52 r.p.n.
(balfvay between the two previous figures) and a conclusion that ‘it
is inpossible to obtain .eses the rea) efficlency of effector muscles,.®
Buch videly Aiffering results, vhen allied vith the almost universal
prerereﬁce of racing cyclists for pedalling rates dbetween 90 and 120
TaDely, unggelt that there are other facters than optimel muscle fibre
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contraction rate which affect the efficiency of gross muscle movement.

Previocus investigations by the suthor into cyeling saddle height,

and by Hamiey into trunk positica (12) have demcnstrated the

significance of postural effects, It was decided to investigate

other parameters (subjects, loads, pedalling rates, muscles) using
electromyozraphy and statistical snalysis of variance,

Bubjexta:

Apparstus:

Three male subjects, aged I 25, II 25 and IIX 33 were
used, Bubjects I and II vere active sportmaen, vho haed
been using a bicycle ergometer as a method of applying
vork lomd for sardio-respiratory training, but were not
racing cyclists. Sudject IIX vas » first category
Tacing cyclist in hig 'off seagon!, lvho had also used
this ergometer for regular training,
(1) A standard bicycle ergometer as designed by Miller
vith variable cam magnetic resistance, and pedalling
rate indicator. The ergometer was modified by additions
of:-

a) Rucing saddle, pedals, toeclips, and handlebars.

b) A photo electric device registering a 1.5 voit

© output as the left pedsl passed the front
boricontsl point,

(14) An efight channel pen oscillogreph (Offner Type T)
camprising e d-c axplifier and miltisvitching system
suitable for electroencphalogrephy.
(144) 6 electrode lesd psirs, with banana plugs end
1 cm. circular domed electrofes pressed from 1 mm.
silver sheet.



Method:
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(1v) 20 ml. syringewith No. 1 serrated tip needle,
1 cm. circulsyr double aide sdhesive discs, Cambridge
electrods jelly, 1" elastoplast strips, Rolls resor,
cotton wool, alcohol.

{v) I.B.M. 1620 digitsl computer,

Rquipment Preperation, The blcycle ergmeter was

levelled and callibrated according to the msrufacturer's
handbook, Baddle height wvas adjusted accarding to
Hemley end Thomas (12). The oscillogreph was serviced
and caléhreted according to its handdook. Faper spped
vas checked and found to be 28,1 mm. per second., Fhoto
electyic pedal position marker was checked,
Subject Preparation. Each subject lay on a clinical
couch or plinth and the skin surface of the four rmscles
on the left leg -(Tibialis Anterior, Lateral Gastrocnemmis,
Vastus Medialis, end Lateral Biceps Femoris) was cleaned
using cotton vwool impremeted vith alcbhaol. The subject
then aat an the ergometer and the muscles were palpated
while he pedalled. The electrode positions were marked
on the skin eurface using & ball.pen, with circles ca.
1.9 cm. 4iam. Positions were gselected wiich lay directly
over the mein muscle belly for the majority of the leg
movenent and vhich 414 not lie too closely to other
miscles, The inter-electrode space for each pair wvas
a5 em.

The subject then lay on the plinth and the electrodes
vere attached, An area ca. 3" square vas sisved sround
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the electrode site, An adhepive disc was placed
vithin the marked circle on the skin. The serrated
tipped needle of a syringe filled with electrode jelly
vas rotated a fev times in the centre of the circle,
to plerce the cornified layer of the epidermis. Thie
emall bole wvas then £illed with electrode jellv. The
AGomed elefztrode wvas £illed with electrode jelly, and
cmﬁnl.vbutﬂmlyappnedtothoadhanveduc. Any
mmswemtwmm_mmmof
the electrode was removed. m»m‘trodevasthgnv;ry
firmly taped with an elastoplest etrip, and heavy pressure
applied digitally to the electroge to cbtain meximm
edhesion, %The same mothod vas used in £izing a cingle
earth electrode to the patellar curface.

The electrode resisctance wis checked end in all cases
found to vary between & - 7 K, Ammm‘mmm
ergometer, and pedslled slowly, vhile the path of leanot
Wntmthegunforﬂuleadlmdem.
Tte leads were then taped to run to a common point
(hmzamtwm),mmmMsmm
together as @ single cable to the E.M.0. juacticn box.

In eddition, a pair of sub-pectoral B.C.G. electrodes
vare attached, to provide 1nifanmtm for another series
of experiments., Fiq 30
Procedure Each subject pedalled ths bicycle ercometer
et 60 r.p.m. ogainst a S0 wotts resigtence for 5 minuteo
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Results:

T8

with the E4M.G. continuously running, During this

time the traces obf.ained vere checked and amplifications
edjusted to give & minimm of ca. lp, total pen
deflection sxplitude for sach muscle,

It vas discovered :that the resdings given by
Tibialis Anterior were unreliable, in that occgnionﬂ.l.y
there would dbe no electromyographic activity trm the
muscle during pedalling. Mmclowlﬂnre_rm
excluled from the statisticsl analysis, though traces
obtained at heavier losds were reliahle enough to suggest
s typical pattern of ‘action for the Tibialis Anterior.

| The resistance wvas then raised gredually over a
period of s minute to 150 vatts, The subject then
remained pedalling sgainst this resistance for @ further
minite. This wvas repsated to & resistance of 250 vetts.
mmaectthenetoppednﬁdremrwsumte-.

This procedure vas repeated with the subject
pedalling et 75 r.p.m., and again at 90 r.p.m. The
total experiment tock 37 minutes, durtng\lhtchtiu|
subjects 414 not experience éreut fatigue

The conditions of pedalling for each of the three
subjects can be shown thus. |
load in watts

60 {l 150 | 150 | 250
TPy 75 50 150 250
90 || 50 |250 | 250
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Under each of these nine conditions, measurements
vere made of the Quration of activity of each of the
three muscles, for ten consecutive pedal) revolutions.
These ten revolutions were taken at the end of the
minute gépot under the specific conditions. A muscle
vas considered as being active as soon as there was &ny
discernable change in the B.M.0. thace from the noise
level during inactivity (Pig.31). Bach messurement
vas then compared with the total time for one pedal
revolution &t the particular r.p.m. rate; thus each
reading represented the fraction of s totel pedal
revoluticn time that e particular suscle was wpeking.
With 3 subjects(8), 3 pedalling rates (V), 3 reste-
tance loads(*), 3 muscies (%), ana 10 tras1a(?), there
were a total of 810 measurements vhich were subjected
to Anslysis of Variance using an I.B.M. 1620 digital
computer programmed by David (11). The complete dats
19 shown in Fig. 32, and the Analysis of Varience,
(r1g.33).
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G, 32
3.M.0 sis of Bicycle Peda ta

Bach figure represents the % of a totsl revalution that the muscle
was vorking.

SUMECY 3 - Run T - €0 rip.m.
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h‘s‘a 5ats 60.0
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Gestrocnemius
watt

Sk - 255
19,5
16.9
ib.b
21.2
18.2
16.9
16.9
2.6
17.3

Vastus Medislis
5 kgm. 29.2

15 kan.

15 ken.

25 kgu.

25 kegm.
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- Bun IXE - 90 r.p.o

Gestrocnentus

wvattis
5 kgme = &5
25.0
23.9
26.0
2.k
25.0
2.9
2h.5
26.0
25,0

Vostus Medialis
5 kem. 29,1
28.6

i)
§§:5
30.6

2.6
ot
2.1

Biceps Femoris
5 koo 54.9

48.5
4945
57.6
905
59.2
52,0
5446
55e1

150 wvatte
19 m. - 20.

15 kgm.

15 kem.

0.7
0.7
N7
31.7
27.3
3.2
323
3243
5245

36.4
35.8
%
3.8
33.3
5.8

379
40,4

51.9

57.9
&35
60.9

6l.b4
o1.3
53.8

25 kap. -

25 kgm.

25 ko

69.1
62,0
60.9
6h.0
65.0
67.1
65.5
6h.0
71.2
.7



BUBJEC? IT - Bun I « GO r.p.m.

Gastrocnenius
0 wattn 150 vatln 220 watts
5 keme - 1.3 15 kgm. - 2 25 keme - 47,
) £D.2 0.8 50.7

hlog hso? . hs.s
39.06 41.9 48,3
575 38.8 8.6
k2.6 b5,0 5.9
5.3 hs.0 b7.6
379 Li.2 k8,5
36,8 9.8 3h.bk
%6.8 .2 k8.3

Vastus Medialge

5 kome 15.3 15 kcm. 28.7 25 ko, 58.8
17.7 53.6 40,8
18.8 1.8 3.7
1G5 33,9 41.1
8.8 29.1 35.0
1.1 25.0 36.0
1%.3 25.6 35.7
1b.T 28.0 353.3
1503 500!3 32'3
18.5 31.5 33

Biceps Femorio

S kom. %5.8 15 kem. 48.1 25 kem, (6.3
53,4 38.4 66.6
1.5 k5.7 61.2
32,7 €0.9 €5.6
35.5 bh.3 2.9
3805 bs.o 5902
36.1 53.3 G3.2
31.b 9.1 01.9
30.7 hl1.5 gh,bL

31.7 56.h 58,1



BUBJECT II - Run IT - 75 r.p.m.

Gastrocnemius
22 wvatts 122 satte §9 watts

5 kgs, - 6.2 15 kgn. - 52.5 @ xgm. -~ 47.8
53.0 63.2 52.5
50.9 2.7 53,4
56,0 50.4 52.1
56,5 55.4 5a.1
53.0 55.1 Sh.T
55.6 59.% $8.5
55.2 5505 317.8
$8.2 47.8 50.b
%8.6 55.2 k9,1

Vastus Medielis

5 m- 26-7 15 mc ».6 25 mo hh.a
32.3 n.a2 36.3
7.2 39.3 43,6
52.5 3. k2.7
25.9 57.1 58.4
30.2 53.7 38.9
3.2 35.0 5T.1
29.7 30.7 39.3
5"“5 5706 Beoh
24.1 54,2 38.4
Biceps Femoris
5 kem. L. 7 15 kgn. 52.1 25 xgm. 58,9
2h.1 51.2 62.%
16.5 Sh,T T2.6
18.5 48,3 67.9
ig.’f h5.7 T2.6
3 Wb 73.0
22.8 52.5 Th.7
20.7 k8,7 €:.9
19.b 57.8 70.5

20.5 53.4 €8.3



SUBJECT? XTI - Rum ITI - 90 r.p.m.

Gantrocoemius
30 watts 150 vatts 250 vatts

5kgm. - 58.5 15 Ngm. - 5b4.% 25 kgm, -~ MB.3
4.5 55.% 3.2
56.0 52,3 ha,7
55.0 50.3 hs.7
54.0 52.8 k1.7
53.4 59.3 k7.2
53.4 46.8 45.7
49.9 LS.5 k9.8
S1.h 4.8 k0.8
Sh.5 2.3 37.1

Vastus Medialis

5 kem. 35.1 15 kanm. 30.2 25 xgm. 5h.5
26.5 5‘-2 3205
29.5 33.7 30.5
35.1 31.2 33.0
27.5 57.7 32.5
15.3 %0.2 31.5
29.5 35.7 32.0
24,9 28.7 33.0
5.6 3.7 29.5
LR 36.2 30,0

Blcm Yenoris

5 Xgm. 31.6 15 kga. b1.2 25 kgn. 55.9
7.5 b5.8 58,4
38,2 a8 65.0
2.9 55.5 : 68.6
58.2 47.8 63.5
50.5 51.53 68.6
.2 55.% 66.0
29.5 51.3 61.0
26.5 57.8 62,0
5TiT 48.8 55.9



SUMECT IXT - Bun I - & _r.En-o

Gant us
watts 150 wattas wvatts

9 kem. - 67-7 15 kga. - 77.0 25 kgm. - .6
65.9 75.3 642
65.9 76.3 ah.o
69.& “ao : 7506
65.9 76.0 78.1
7.1 TT.b4 7.0
T2.9 T1.0 69.4
€T.7 78.0 & .0
66.6 69.0 65 0
€5.9 T7.0 .5

5 xgm. 38.2 15 kgm. W3.8 25 kgn. A3,

k8.6 bha.S k2.3
8.6 5%.9 ' bS5.1
7.1 %8.% 45.1
39.9 49.0 46.2
o 3.8 h5.1
39.9 &5.5 45.1
2 k2.0 k2,3
20,9 49.0 M9
55.7 47.3 b3.5
Biceps Famoris
S kgm. 50.3 15 kgm. 66.5 25 xgm. 9.1
46.8 63.0 79.8
58,2 61.3 7.1
h5.8 68.3 86.8
53.8 70.0 72.9
65.9 68.3 5.6
7.3 €5.0 73.8
8.8 64,8 6
45.8 70.0 73.6

53.8 71.8 8.5



SUBJEC? XIT - Run IT - 75 &.p.m.

Cuctrocnaniug
50 watts 1& wvatts 250 writs

] mo - 60"2 1% Kgm. -6753 a5 k@- - 78o6
€1.5 68.6 7811
62.b 66,0 78.1
61.1 68.6 T1.6
€0.6 69.0 82.5
£0.2 59.9 73.8
59.9 72.5 75.%
55.9 €2.1 78.1
0.0 60.8 78va
593 0.8 65.9

Vastus Medialls

5 kga. 30.1 15 kome U566 25 kgm. 3.5
32.7 43.8 55.6
%0.5 %6.0 %1.2
7.8 42.5 hg.g
32.3 35 k6,
31.0 39.5 Lh,3
335 b3.4% k3.4
51.0 k1.2 h2.5
36.0 h2,5 45,6
32.3 hb,7 k1.2

Jicepo Femoris

9 kom. 51.6 15 kgm. 62.9 25 kea. 78.¢
0.7 6.8 Th.6
53.§ €0.8 68,1
52.9 5'8.6 71-
2.9 56.h 65,1
595 Sh.3 (R
49.5 : 65.1 79.0

5.9 5.1 70.3

T €0.8 78.6

58.1 62.9 75.3



Mm'mxg'ﬁ'.e.‘.

Gastrocnenius
0 vatts 150 wvatts 250 vatts
S mo - 61.8 15 mn - 50.5 25 mq - 65.6
€2.3 g.? TT7
57.1 2 T2.5
58.6 6h .6 T5.5
57T.1 58.4 79.8
5k.5 63.1 76.2
59.5 - &-s 7603‘
5€.6 £9.5 74.0
$9.7 €3.1 Tt.T
61.2 62.6 70.9
Yas Medialis
S kom. k1.5 15 kgm. Bl 25 kem. U7.3
%9 393 X
8.9 l.z ]
5.8 %6.5 kg.9
39.4 43.9 u7.3%
55.3 40,3 52.5
38.h 55.8 YIS
kl.s w.s ugag
31.1 k5.5 55.1
Bicm Famoris
5 kem. 61.2 15 kgm. 54,3 25 kgm. 5k,
5%.1 &k .6 7%.0
52.9 58.4 5.0
54.5 64,1 €7.7
STl 62,0 75.6
W7.7 56.9 755
57.1 (298 § R
57.6 61.0 754.0
51.9 5T.% 67.7
5505 6501 69.3



TaBLE 1. Analysis of variance - e

Duration = (percentage of revolution muscle is active)
. Variance ‘Bignifi-

Bource of variation . 8.8. dF . M.9.8. ratio cance
§ = subjects .43,8850 2 21,0425 14230 019 L , o
P = pedalling ratcs 63-8 .2 31-9 — w - e
- L = loads 29,608-8 -2 14,834-4 96-20 019 : . ! {
M = muscles 40,8874 2 24,943-7 161-76 0-1% ) 1
5 x P interaction 2,113-9 4 ’ 528-56 343 59, . g ' H
§ x L internction 80-6 4 20-1 — N.S. : ¥
8 x M interaction 36,022-3 4 9,005-6 5840 0-19% .
P x L interaction ‘ 491-4 4 122-8 — N.B. I
P x M interaction : 299-9 4t 75-0 —_ N.8. . :
L x M interaction 4,720-3 " ‘1,181-6 766 19 , !
8x P xL interastion -~ 1,148-5 8 143-3 — N.B. 1
8 x P x M interaction 2,660-4 8 3324 216 N.8. i Ty
Sx L x M interaction . ; 8,341:6 T8 1,167-7 781 0-1% ! l
P x L x M interaction 548-8 8 ©. 686 —_— ‘N.8B. ”. P
Residual ) 2,467 16 154-2 - = S |
Total 183,402-8 80 f— — — ‘ : . ‘
‘ TaBLE 2. Moan durations [ 3 i ;
" Subjects Load {watts) .
‘ - — - r T —* N : f
Muscle I I - - IIL All - 50 150 250 ‘ 1
Vimed 486 686 31-4 495 442 490 55-3 :
Gaatroc 312 424 381 372 . 813 388 418 ' ;
. B.fem. 47-3 63-2 58-0 56-2 44-4 56-8 67-3 - . N
Al 423 881 - 426 47-6. 40-0 482 54-8 b ;
Pedalling . ' : DR B
roto . ' ' ‘ B | :
{rev/min) . .
80 '39-5 60-6° 21 474 o ‘
75 44-7 656-7 427 480 ' . Not significant i . :
80 428 569 428 476 ) o :
- - * o :
. 1 :
. Ty ;
. [ . ' ' !
! .

PR id




Discussiony

The enalysis of varisnce table shovs that the veristion in
+ musele acticn times between succeasive pedal revolutions has &
probabllity of O,40h. Though this 1s not at the same dagree of
stadpistical significance as other parameters, it is wvorth mninins
the actusl meagurements more closely. These ghov that for the 61
cets of 10 consecutive pedsl revolution messurements there was & mean
action time of 47.6i% of s revolution, snd an 6.D. of 15.k6%. If the
individual sets of 10 revoluticns are examined they each ghov & yange
of values between the xinimm and maximm measurement recorded, The
smallest of these ranges vas 5.8%4, eg. the actual 10 messurements wvere:
m:e, h2,3, 4h.b, k2,3, 44,0, B2,3, %3.6, ba2.7, u:o. 51.8 and the
range of vulues wae 41,0 to 4h.08%, |
The largest of’the Tanges recoﬁ:a was!
50,3, k6.8, 38.2, 3.8, 53.8, 65.9, 57.3, ns.a,.us.a. 53.8 giving a
range of values of 38.2 to 65.9% 1.e. 27.7%
The mean extent of the 81 ranges for 10 cansecutive recordings was
 10,2f. Therefore, in spite of the high probability associsted with
these resfings, WWbMMMMﬂMMW showed that,
wvithin these, a muscle was active on Mm for just under half the
time, but would vary thig proportion by 10%. This does not seem to
reinforce the comments concerning the 'high reproducidility® of
muscular co-ordinstion patterns meAfiloned esrlier.

Trough of grester statistical significance (p » 0.076), the
effects of pedslling rate upon muscle coe-ordination are very asall,
At ths three rates the mean proportional activityrecordings were:



k9.

0 r.p.m. 4T.4%
75 ropmie 108.01
90 l'b.ﬂo §755$

The othey: ° : major paremeters under investigation (sudjects,

1osds and muscles) had extremely bigh significance levels (70.1%)

ANOVA

The analysis also shows in its interaction values:

REVERENCE
&V 1) Cudjects varted significantly in their rescticns
(2] to changes in pedalling rate, and m.the_co-
ordination of mscle grows.
VI, 11) The effects of c:anges in pedalling rate were
R adifferent for diffepent loads, and also for.
different muscles,
IN  111) Muscles reccthd differently to varistions in loed.
1v) Subjects rescted very differentdy to:-
8VL a) the way thely velocit; effects wvere altered by losd,
SVH b) the wvay their velocit; effects differer Uetwesn muscles.
g1M, ¢c) the way the load effects varied between muscles.
v) m: varied very significantly in their resction
s to the {ifferent effects of velocity upon chances
in load,
EVIM V) Cubjects varied significantly 4n the way their suscle:

co-ordination edapted through the effects of different
losds upon changes in pedalling rate!



50.

Txis investigation has been concesned meind; vith the duration
of time that each muscle bas worked. Due £o 1sck of calculsticn time
the temporal relationship betvesn the muscles has not been enelysed,
a2 to that extast the use of the vor8 ‘co-crdinstion’ dn the text kas
5Ot been strictly sccurste. In establishing the large end vy Mgy
nmummmamiumucntmﬁsei&&hm,m
that thess verieticas sre nob standard between pedalling rates, 1osds
and subjects it :éan reasonably de postilsted that there must be
dirferences 1in tamporsl co-oprdimstion of ths muscles igvclved. With
the extating dats it vill be possidle to consider the precies temporal
pettern of the muscles in esxch gpecific revolution and verify this
Wpothests (Pig.5h); and muscle co-oréinstion diagrsms can be dravn
Tor sversge and trpical conditicas for sach sudject, and compared with
Eouts and FSscher (35), vbc bave done similar work (¥4g.35). Eors of
the differences hetveen thaze will te dus to the fact that different
ssddle béight edjustments were ugsd, that toeclips were used, and %o
other experimsrtal varishles. Even 1f all experimantal conditions sre
standardised, there will still Le gross changes in muscle co-oxdinatica
betvesn subjects, and predominently stvoluntery changes witkin mbjects.

Any examination of muscle energy expenditure during locomotar
activities nesds to establish the precise langth of time that muscle
15 working, rether than to premurrzuch inforwation (46, 47, A8).
Exsminstions of muscle co-crdinaticn in kinegtologtoel investigations
ahould give ful) sccounts of exparimentsl cooditions, eand of the runge
of results cbtained (3h, 35, §5, 37, 33) CR should specify the dejres
of ‘reprofucidility’ betvesn suscessive performances of o skill.

For the practicel kinssidogist, the rangs «nd pover of muscle sction
neods to be known in Gevising training methods cod technique sdsptaticns.
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Summary of musc'c-a.ct.:on potentials during one eycle ?laccd on & schematic t..me T
course, Greatest activity is confined within doub.e lines, esser acnv-'.v continues as
singie line {(ir, grucilis; 5. and T.I.F, sartorius and tessor foscize fomeris (temsor

fase: ae intae); Qu qund.*ccps, T.A., “tibialis :mt,cr-or, Gl,, glutacus maximus and
medius; C.z,:c's.rocncmm Ha,, hamssriz nzsl. .

Houtz (35) - _ :

Biceps

femoris

\

i

. ¢ 1

Fig. 1. Diagram to illustrate muscula.r uct.wlty phases during the rotary move. - ‘
ment (shaded). {6} Most experienced, (b) least expenenced sub]ect. compared -

thh Houtz & Fischer (1959) -

S - —_——— ———

- o Thomas (11)
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5.

It 1s of intsrest (o scusider the ressoms for sweh varistioms
in vhat might logically have bean aXpastod $0 Le & vary preecisely
lesrmed physisal skill. Overtrainieg ¢f locomotor and other mctcr
skills has been Justified cn the g unds that it ‘grooves pathways’
of neurcsuscular funstiom (b). BSuek effeets may be justified by the
apyparent sinilarity betvesn moversats - the 'reprodueidility’ of
movenants; ad mey not be due to the intrineic mneuromussulsar eo-
ordination. In the suthor's experience, sthletes have for meny yesrs
maintsined the techaiqus of ecmtinmuing loscmotor setivity whilst varyisg
their ausels eo-ordination voluntarily; the preseat work reiaforees
the viev of involuntary ghanges in e¢o-crdinatiom. When done voluntarily,
ti:ese changes allow o sertain degree of rescvery from speeifie musele
fatigue, and this is possidly sshieved alsc by imvolustary shanges.
However, voluntery shanges of e¢o-ordination & m st gilving almost
ccuplote rest 10 & susele, vheress Involumtary ehanges spparently do
not. In repetitive locomotor astivities, mussles schisve yost pericds
of varying gqualities and quantitiss during eseh sycle, and these
involuntary ¢hangss in muscle activisy merely alter the qumatity {(and
peThape the guality) vishout affecting the freguemty. Bilodesu (50)
Bas studisd 4he effects on pover ocuthut of scotinuous eranking as
against intersittant ersnking, aod hes shovn that ecatimueus eyelie
vork is the mcst profustive v th regard ¢to pover ocutyut. Thess results
vere vith untrained subjeets, pesrforaing hand grenking, and may not
be direotly applicable t0 the general situation. There does not seem
to be suffieient information to come %0 any eomelusion sbout tie
veasons for changes in museular eo-cordinatiom,



52,

Certainly the views of soms ‘skill’ psychologists are pertinent.
Poulton has described the *closed gkill' as the buildding up of
pattern of movemant ..... and practising this pattern so that 4t wvill
become virtually a habit (51). Knapp describes ‘grooved patbways'
in the formation of such habits ..... learnsd sterentyped responses’
(49). These can be desoribed as the ‘associationist' viewpoint, which
vouid be most applicable to such & skill as bicycle pedalling, Thia,
Poflton would call 'a 2losed skill with predictadle requirements’.
The skilful performer . will be sble to vary his method of schieving
a highly reproducible locomotor action as a variety of responses to

a variety of stimuli. EHowever, the associationist sttitude s that
the perforser learns a great mumber of habits of pedalling in order
to cater for these variations in stimull, _

On the other hand Olafield takes the viewpoint that ‘in a akill
the effectiveness of the bhehaviour is dependant ypon the absence of
stereoctyping. The motor activity must be regulated by, and appropriate
to, the external situation.” (ref.53). cermniy éuring bicycle pedalling
the external situation regulates the skill to such an extent that it
could be considered an *open 4kill®, With reference to another loco-
motor skill (evimming) Hurtman has said 'It 1s alvays the total
orgaAnidm csese not Ju-sf. those outer mechanisms that are most con-
splcususly involved', These protaganists of ‘field theory' of hummn
performance say that doth learning and performance of -kulsdeugdnn
insightful spproach (54).

As moﬂmhppeﬁnﬂthlnmnperfmetheﬂmlphceot
locomotor skills will lie somevhere alopg the continunm between ‘opent
and !closed!, Certainly, some aspects of the skill of bicycle



B

pedelling will reun'n sterectyped end cloeed - the ‘cuter recirniers’
(cp.cit.). Just cs certuindy, t e neurczuseulop cechanisss . nvolved
yrduce an infin‘te variety of effeetor co-criinoticne €0 cope with
the infinitely verlghle requirwxents of cyeling. The feet tey
coptonue €0 co.e In o eirculer path, and thé Lneas {p e reeiprocatingg

are, but the perwutetlons cf neurcrusculer cc-opdinction ere
Lureasureble,

The wkole position {6 nleely swmerised by Halletrendt ()
n bis review f litercture conterning woOtor lecyninj. ‘'There cre
neny wags dn vioeh the same goel csn be reachied and ¢ pan unéonscicusly
{erd ecnscicusly.... cuthor) pic s ond ehccses (mong the gamut of
those gvrpiloble, ecsing the turden of fetigue .....J end ¢ius extending
the range ond pensitivity of Lis move ent voectulery., Ths physical
% .erapist, s op forencn, physicel educatcr op coech ray vieh to
npose upon te atsen suljeot soue precise gnd specific tsclmique
of ucverent, but cn infinitely wise living Loeehne s.... wBkes ts
cwn sutonomous edjustaents. Instend of gurprossing these, we woald
do well o study thew'.



Connlusioma

1)

11)

111)

54,

There are highly significant differences in the
muscular co=crdination of subjects during bicycle
pedalling st various rates and sgainst different

wvork loads,

. Btudies of specific dblo-chemical and kinesiological

paremeters during bicycle pedalling should refer to
the precise muscular co-ordination of individual

subjects and muscles.

Training for bicycle pedalling should inclule
developmental elemémts for neuromuscular adaptation
t0o envirommental and fatigue changes,



Crrd se end Other Misculer Responses to Heooy ' edrttl gt.ng

Loz earw e 5N AE,

Dur ni ¢ @ perd ouce of o Cly ple 2 £ (¢

nend clesn end f645k) & W.ru8 €UBRDPL D WOl Tte

3 feer (Ur Lous Hart n) wues stud’ed by electro-
cerdicgrsphy, electriiycurapuy, cine phctograply,
seuental wovesent anslysis,

Introduetion: There sects ¢o have Leen littie publisied wiri to
examine cardiac end uuscular perf.r.ance during
ve atlifting es & sport, though there are Lony
refercnces perteining to Lifting teciniques in
cecupetional enviroments - susnarised by Dovid et el
(55). tlectrasyogrephy hbos been used by Stepuncv in
o physi icgy-srientated study ¢f tihe cffects (f training
¢n wesght lifters (53), wio reatricts hie cunclusi.ne
apin’y to the peurayolcey of trasning. tno (Y7) bas
gine 80 fer 68 €0 say that his E.BH.G. stuly of welght-
1$fting ves toe £irst to hove been Gone. e used his
pesults to cae e Kineslolcpicsel eveluaticn of too
varizus 1ifting techniques. Louwever, Etepengy
Bakharicnts (52) ond Beam (5.) would ccntest
this etatenent. Ono experdenced souio Giffculties of
preeision 4n thet Ue vos unnbie to define tieo ectual
boGy preiti'n at by us.ent In tice, to ¢ rrelcte wita
his T.5.6. treces. Poyme ((.0) has secentiy cuiplotef
& foree pletfionm onn yeis of welchtlifting choeh is
+f (xent coslgtence i cny coplete anolysis of o ALifL.



56.

B rlier investigations by the author into
cardlac function during veight training suggected
that a closer exsmination of & single lift might
give valuable wesults, At this time the veight
lifter concernsd in these tests vas experiencing
difficulties during certain phases of his 1ift, and
the author decided to make a full kinesiological
invesatigation of the major leg muscles involved in
lifting,

1) An 8 channel pen oscillograph (Offner Type ?7)
can—;rising & d.c. amplifier and sultisvitching system
suitable for electro encephalography.

11) 12 electrode lead paire, vith banana plugs
and 1 cm, circular domed electrodes pressed from
1 mm. silver sheet.
111) 20 ml. syringe vith No. 1 serrated tip needle,
1l cm, circular double side adbesive discs, Cembridge
electrode Jelly, 1" elastoplast strips, Rolls racor
cotbon wool, alcbbol, 1" circular adhesive plasters.
iv) Olympic veight lifting bar and 165 kg. of
wvelights,

v) Bolex 16 ma. cine camera, with 16 mm,
1cn§, 1/52 sec. shutter speed and Kodak Tri X reversal
film, mounted on a tripod vith camera locking device,

vi) 1.5 volt input sigmal from ebfitter closures amto
oscillograph trace.

vii) Begmental analysis 'Speedframe' marked in 1 £t.
diviasions.

viii) 1 esec. stopclock, 1 winute stopwatch.



4.

e cpeillcprph wons serviced ond colibrnted
ceccrding to canufecturer's hon@ioctl. Paper apeed
wes checked and fomd to be 20.1 m. per seosnd.
Suutter clcsure sirnals and 1/10 ses. tizing aicnals

vere chected. Camera ves mounted, alicned, focussed
cnd 1-cied io guch @ voy ew to inclule the ¢ iplete
sgzittal plane of thie lifter cnd segrental enslysis
frome. Cacers wgs fully wound tefore each 1ft.
Stopwated and stocpelosi were both cuecked cnd found
ts be correct cver e time range «f 55 seccnds., Syringe
wes Pilled with electrode jelly, care beiny ¢takem ¢
exclude alr btubbles. 24 efles ve disvs were prepoved,
end Ch 2% x 1" str.pa f clastcplsst.

Hetiod IX Subject Preparation end Procedure. T.0 subjeet ves o
32 years 014 expetriete Jamdicsn Fegrc, and hed nellg bie
hair cn tue 8kin over t . e cuscles being lnvestigeted -
ghoving wes not pecessary. Theo akin was rutbed £imly
vith eodton word impregnated with alechol to clean
the surfece, The subject ley cn a plinth end each
ruscle electrude wite wea eterined by eontracting
the ruscle over & yenre sizilcy to that doine Quring
e 1ift. Two edhes.ve G 608 vere fixed ot the site f
noxirum peal on the rusele bvelly, 2.5 ¢u, opart end
sling t.e generel Line of the runcle fitres. The
surrated needle syr.uge wis rotated ‘n the eentre Cf

each A'sc o pierce tue epldemis, end th's &:nll Dicle
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vae £illed with electrode Jelly. The dome electrode
vas filled vith electrode Jelly, snd carefully but
Lirnly applied to the adhesive Bdwc. Any electrode
Jelly escaping through tie hole in the centre of the
. electrofe vas removed. The elecimrode vas then very
firmly taped with an elsstoplaest strip, and heavy
prossure gpjliied digitally to the electzode to chbtain
naxisun sdhesion. The ssme procedure was used in
fixing an earth electrode to the anterior superior
ilisc crest.
T™he R.C.G. eleetrodes were attached in a similer
fachion imsediately infarior th the Pectoral mmscle
in » positicn vhere there was least subcutanecus
eoft tissue, All slectrode rescistances wers checked,
and found to vary between 5 « 7 X. The leads were
than taped to run to a common point at the left hip,
-and then taped together tc run to the cecillograph
plug box.
The muscles concerned in this preparation vere:
le2t lag: Tiblalis Aunterior, leteral Gustrocnsmius,
Yastus Nediplis, Lateral Biceps Femoris,
Gluteus Maxinus

Trunk: Heart, Rectus Abddainis, Esector Bpinse,
Pectoralis Najor, Middle Deltoid.

White circular sdhesive éiscs were placed on the
right side at the extemrasl malleolus, tibial platesu,
greater femoral trochanter, deltoid in line with head
of humerus, lateral cundyle cf humerus and the end

of the Olympic ber.



9.

The subject did two preparstary 1ifts with 140 kg.
During this tims the oscmograph traces wvere checkad
on all channels, and for all muscles Ly celector
wvitching, Zhe total movement time was chedked, and
the positioning of segmentel analysis freme.

The subject then étd four atrict Olympic style
11fto, at 140, 147.5, 160 end 167.5 ke. The
procedure for each of these was:

1) SBubject MabM? ft. from the bar until
he t‘élt ready to lift.

11) Buhaict said 'Nov' at vhich time the comere
was etartou.i,‘eﬁch shutter closure belng merked on
the oscillograph trece.

111) The prepuration, 1if¢, replacement ard recovery
mwﬂmmmmm'auecmtimmﬂly
monitored. .

iv) The camers was stopped after ca. 45 seconds, and
recording ceased,

The ieg muscles and E.C.0. vere monitored during
all four 1ifts. The other muscles were sampled at
Jeast ance each, Figs. 36~ 37.



FIG. 36




FIG. 37




9. .

Results, An exsyple of the results availsble from such
. experiments is shovn in P1g.38%.  Here, the cinefilm
has been projected via an angled mirror onto .-draﬂ.ns
board, and line tracings made (subnﬁmntly scaled
down) of the lifter's exact position at certsin
k-oy iiointl during ths lift, The segaental analysis
has muleﬁ the path of the bar, vhich is shown as
a perpendicular hetght in this diagram. The mumbering
of the shutter slosures then permits an accurate \
natching of the oscillograph trece to thess drawings. f
The time merkers ellow very sccurate measurements of
the times duration ¢f each heart beat, and the con-
ﬂmtim of the uave 18 eignificant et certain ‘stages
of the lift. These heart rate messuraments are shown
in Fig. bo _
Using this data, it is possible to develop a

kinesiological picture of the major lover leg muscles
during the laft. (Pdg. 39) .

4 I an grateful to ¥Mr. Brian Saville, Camncnwvealth 8cholar,
Department of Ergonbmics and Cybernetics, lLoughborough University
of Technology, vho made the line drawvingas,.
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resictance

Gluteus aximis
Vagtus Hedislis
_Gastrocnenius

Biceps Femoris
Tibialis Anterior

~ Sacrospinalis

Gluteus Maximns

Vastus Medialis
Gastrocoentius

- Biceps Femoris
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1 Sacrospinalis

- Gluteus Maxims
" Vaotus Medialls

Biceps Femoris
Tibislis Anterior
Rectus Abdominas
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- Strong cpinal hyper-extension
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“Control of hip flexlom.- - -

, ": S ‘Vu-y- little activity -

7 radua): inckeass in. control. ozt,fm R *‘i“* play an importaintpert's: Th
¥ 0 L flexion. Govh to- full squat

| Maintenance of ankle darsifiexion

" Regligidble effect
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Maintenance of hip angle

Extension of knee, raising hip

Slight ankle extension, then
maintenance of lover leg posium

Maintcnance of hip angle

Very slight postural effect.

Regligible eféect i

Maintenance of spi.ml atens:lon

Sone bdody momentun is
absordbed by s bending of the
bar dy 2-3", so that the
Centre of Gravity of the der
has ctarted to move before
the discs breek contact

The bar is given as much
gpeard momentun as possible,
so that it continues to move
upwards afiter the miscles
relax. 7The majority of thig
phase is echieved by hip
extension, ard some gpinsl
hyper-extension

FMoal extension of kKnee

Extension of ankle, reising heel

Ixtension of hip, strong at all steges

Burst. of postural activity befiore
relexing as heel raises .

Regligible effect

Begligible effect
Begiigible effect
Hegligible effect
Segligible effect

This movement is produced by
gravity, end also by the
resction impetus given to
the body by the avms pulling
the bar upwards. ZThe Bectus
Abdominas activity 'is pro-
bably to achieve the initial
pelvic tilt vhich allovs the
lower limbs to fold under
the wvelght of the body.
. _‘inis mmlent s l;@ldﬂl
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. recoil from this

The 'sticking point', at
vhich this lifter would
pormally fuil, is shown at
frames 289-291 vhere Vestus
Medialio asctivity decreases
maentarily. This muscle's
activity is prolonged while
the knee is locked in the
erect position..

A good example.-of a ekilful

Hip extension

Enee extension

Blight postural activity (wit.h
Pidbialis mm@)

Hpsaktpusion

Blight postural activity (vith
Gastrocnenius

Begligible effect

Haintenance of spinal exbensicn

Eil

Hi) : . performerts ability to

Maintenance of slight ankle abhieve muscular relaxaticn.
doreiflexion Co-ordination of Tibialis

1 (opart from cne isolated Anterior, Gastrocnemius and
postural burst) Biceps Zemoris deing :

H1l (spart from ane icolated sufficlent to mxintsin a
postural burst). total of ca, 600 1lbs. in

Hegligidle effect- balance.
m:lntemnceorspi.mlextenston - - - me s

bt s e a b e ke -

e —_

Eip extenaicn ' The mgbt. is lovered
Controlled knee flexicn, then sufficiently to ellow
extansion wpward momentun to be

developed,: Very fine
- -CO=arAination -here. —cw

Postural co-ordinstion with Gastroc.
.. &
Bpim; hyper-extension A
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FIG, &0

Cerdice Pulse Frequency Meaourements during o 167.9 kg. Life

Rach pulse ie exprecsed as en equivalent r.p.m. if 1% were meintained

for 1 ninute.

Time PPl Timo ,onomo Tine
0 eecs. _1%_ 10 seco. 119 20 cece.

i
132
132 _
129

17 )* 0o,
i1y !

5 secs. ®a, 15 secs. 123

123 25 secs,

BEEREEEEEEERRRERRRRE
&

30 secs.

Difference in rate betveen guccesaive pulse x = 5.4 r.p.no.
S-D. - 605. l’.P-m.

4. Hos been in ercuch position 2.5. seconds

b. Sinke back to lowest squat and be;ins to lift:.
c. Erect posttion reached, bar on shoulders

d. B.C.C. inverted, erect position, ems sbove kend
e. Bar reaches ghoulders on wvay down, erect

£. Bar reaches floor, stooped position

e Btand up, no wveight

s e b



Discussion

In hie E.M.G. analysis of the arm and pectorsl girdle in weight
1ifters Zakhariants (58) concluded that top grede performers schieve
better co-o?ainauon of movements &s a result of their rich motor
experience; they are sble to concentrate considersble muscular effort
at the right moment and to relsx their muscles during individual phases
in the exscution of & movement. This has been observed by this suthor
in esrlier work on trempolining, and is nicelyshhown in the present
velghtlifting traces (913.58), see stages 2 (260), 4} (350)» (566).
7 (386). Indtvidusl muscles Gemonstrate the facility of interposing
sulden and complets periods of E.M.0G, eilencs of only 1/10 th. scecond within
periods of very great sctivity. Ellaxation periods of longer duration,
e.8. 5 seconis for Gluteus Maximus, are probedbly inteagrsl to the
performer's resting snd marshalling of forces in preparation for
another mssive effort, It is unlikely that the very short pauses
have this main function, snd 1t is more likely that tho relagaticn of
tension 15 eimed st facilitating the initistion of sudden end/or power-
ful movements Ly antagonist muscles and/or gravity., As socn as this
initiaticn has been made, the muscles sre then called into eccentric
action to control the movement which by then has gravity as tte prime
mover. It is possible that this KEMM.G. silence is only epperent, and
that electromuscular activity bpyond the frequency rangs and ocutside
the axplification level of this particulay electromyograph is i{n fact
taking place. The preciss phasing of the recorded E.M.G. fits the
mechanical analysis so well that {t is probable that even 4if scow
E.M.C. activity is being missed, it 1s unlikely to be of significance
in thie gross muscular movement analysis.
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Davis (62) 1in his discussion of lifting mechanics, noted that
‘tabove certein weights (of the order of %0 kg.), the lifter may
convert from a knees bent to a stocping posture during the 147%.
Indeed there may be ¢ weight limit of about this wmegnitude sbove vhich
veighta cannct be 1lifted in the squatting or knees bent posture.' These
remarks wvere relevant to general vorking donditions, and 30 kg. to @
norms) vorkeér would probadly have the gume effect as perhaps 100 kg.
o an tmmensely strong veight lifter, However, the principles may
epply equally well to both when lifting at or near maximal weights,
Certainly vith this subacéf., the majority of the preliminary knse -
fhxion'haﬂ ieappeared before the veight left the floor EVEN TBOUGH
THE SUBJECT'S NROFESSED TECHNIQUE WAS DESIGEED TO AVOID THIS. Cloge
analysis of the cine £ilm shovs that the spinsl extensor muscles still
plaﬁcd 8 miinly stsbilising function, in meinteining the flat or
hyper-axtended epinsl configuration, The pain part of the body movement,
and thus the wveight movemant, comses from hip extension. ¥The E.M,.G.
trace at this stege (1 - 2) shows & decressing effort by Vastus
Medialie, and fairly constant Biceps and Gluteus Moximus activity. It
EAy 8ls0 be that pasumatic mechanisne are important at this stage, &
point made by Davis (3). The decreased E.C,G. amplitude is probably
indicative of increased intra-thoracic pressure, and the next series
of experiments vith this subject will include sbdcminal pressure
telemetry to $llumingte the problem,

In the lifting of such massive weights, it 1is more likely that
the very nearly straightening of the legs is @ maoésary BANOSUVYS
to rexove the knees from the path of the ascending bar. The



€a.

origioal bar inettic ie certeinly overcoms (vhilst the bar 15 bending)
vith the aid of strong knee extension (this point being shovn Guite
clearly 4in a force plstform snalysis of tihds movemsnt by Payne -
personcl commmicstion Fig.h1); but ade almost exactly vertical bar
path, vwhich is also clozely coincident with subject Centre of Cravity
path, dictates the early witilraval of the knwmes. In doing very

hesvy squst movements, much ae Getveen stoges 5 ~ U, the achievenent
of full koee extension 15 a much mcre gradual process, Here, of course,
the ascexiing bar path Coes not necessitate withdrawal sovemsnto of
tho knees. However, this is the point at vhich tke 1&fter would
normally fall, end the acceleration of the bar s indiceted by the
vartical beight/time graph 16 much emaller during this stcge, The
body positions and kose snd hip extension charmcteristics are very
sinilar betwvwen ¢hese two 11fting movessnts, and the sbilit; of the
lifter to achieve approximately twice (he pover dwring the First stcge
that he can in the secand may be a Lortuitous result of the posturally
Decessary knes then hip extensicn techniquse used.

Plo;¢ end Silver (63, G4) have shown electromyographicelly that
there 1s little musculsr activity in maintaining the erect balanced
positicn. The present work indicates that this 15 trus even when the
subject 4s balsncing a total of well over 200 kg., shown in stage
h =5 < at least for the muscles of thin investigriion.

The reproducidiiity of musculsr coe-ordination has already been
discussed @b length c.p. {pages of previcus cycling puper). Ueicht
11fting can be descridbed as a closed ekill, vith predictadls reguire-
ments, and es such 4t could be anticipated that the patterns of
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muscular co-ordination wculd be quite reproduc:dble. Ono (S8)

notices the d4.fference .n E.}M.G, anplitudes between repet tioms of

the same lift using different wve.ghits, in line with generclly he:id
cpinions that integrated E.M.G, 1s preportional t0 the level cf
musculer esctivity. The present study shovs, in additicn to enpl.tude
changes, quite garited variations n pattern of get vity at different
resistances; not cnly of e temporal nature but alsc cf a phasing
nature. These are quite different to thcse observed for loccmoter
activity io sn esrlier work (10,11), end con be seen in Pig.bi b ond
represent actunl eltercticns in body covement pattemms, shown in

cipe analysis. This agrees v th Ono's statement that ’the co-ordinoct ¢n
of act ng ruscles cccuy’ng on lift.ng to cpe's 100% capso. ty ia
observed caly at this very s:tuation, but not ot eny other ccndit cms'.
Furt. er to this, the co-ordlnat cns vill elso vary between -succgsniv_e
repet_.ticus of lifts w th any given weight. Az S.unders (55) has eaid,
"hen considered in detail, the afaptaticn cf an individusl even %o

8 sirple highly defined task, is unique to that individual with respect
to his oocpab:lities end limitations”,

The pulse rate records (Fig.430) demonetrate great cardisc
tolersnce. Eorxiier experiments had rovealed that this subject hod
typical cordiec react.cns to var cus phoses of his ve:ght 1.fting,
part culerly in varying his pulse rate reasticns to different types
of effort, different lengths of rest end different prepareti ns f.r
1ifting (pagely ). This study ehcuved thet:

1) bernding dcm Gi@ not frmed ately offeet rate
1i) rate lowvered et eritical preparct ¢n points

227} significant rote inocrecse ¢n echieving erect pesitien
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iv) no slgnif cent increases during effort

v) inversion of vave as arms and ve.ght vere elevated
above‘shuuldﬂrl

vi) signifieant rate increase as subject atoops to replase
har

vii) escillating pletesu of rate for 10 seconds efter exercise

The unusual fors of the trece ment cned in V. vas almost ceftainly
due to the slectrdds placing. Previocus invest.gations had not revealed
E.C.G. wave lnversion dur ng similar act vity. Dur ng such aetivity, |
the heart's positicnal relaticnship v th the electrode sites vill
change, end cause such reversals of polerity. It is not certain
vhether vave flugtuat ons at variocus points are artefact or extrs
systolic effects. Hovever this subject had no previcus history of
such effects during extensive pericds of contimucus B.C.G. monitoring
in ve. ghtlifting sessions, or vork capacity tests on 8 bdbicycle ergometer;
and the reasons are probadbly artefoetual, The information content of
the present recoyds is very great, end only e fev pojnts have besn
discussed in any detail. The systeam of scqQuiring and presenting the
inforuation es in Fig.30, has lent itself to easy duplication and
distribution of the record. As such, many kinesiologists and gosches,
have been able to use the inforsation for theoretical snslysis, and
practical field application.

The subject and his oocach vere able, with the author, to undertake
an exhaustive and valusble analysis of the lifting technigque, vhich led
to some alteration in technique (particulsrly of foot placing end effort
phasing), vhich were folloved by incressed lifting performance. It
should also be mentioned that the sudject reacted deneficlally to the

paychological effeets of such scientific enguiry.



Conchlisions ¢

a.

3.

5.

6.

7.

65.

Simultanecus E.M.G., BE.C.G., oine filz end
segermtal enalysis is & valuable aid to the
uSderstanding of human motor perforvance.

Ths skilled subject is copeble of echieving very
shcrt perlods of E.M.G. silence during extended

-pericds of great activity.

Great wveights may be lifted fyrom a stooped
position very efficiently by a skilled performer
vhose spine is mainteined in hyper-extension
throughout the lift.

Very heavy weights are lifted most easily if the
path of tbe Centre of Gravity of the welght is
closely colucident with the perpendicular line of
force of the lifter.

There is little musgular sctivity vhen a skilled
subject maintains an erect standing position
carrying & very heavy weight.

Muscle co-ordination patterns are not chosely
reprofucible between successiva repetitions of o |
lift using constent loads, oy betveen sibiller
lifts using different loads.

Caxrdiac rete responses to work dons vhile lifting
heavy wveights are subjest to varying time lags end
follov different correlation constants. These ere
dependant upon the type, duretion, periodicity end
loed of the lift - apd upon physiological factors
such as beld inspPration, intra~thorecic pressures,
enotomioal dispositicnm, ete.



Bpilogue
Thig work has scusht to eptablish o tuo woy link bLetueen
ergonomics cmd physical educaticon within the f£ield of phyatolom
apsesgnent. Its euthor hes covered o dbrocd spectrunm of physical
rotor perforcence end diecovered o fascinating infinity of avonues
of research; olso he hes beccne convinced thot (xent edvances in tho
unferstonding and doveloprent of hursn motor perforoence will occur
in the near ruture ce these gvenues becone insightfully explorsd.
Due to the ehortness of time evailcble £or such vork, sore topics
aid not receive tho fuller excoination thot thelr importance warrcuted,
especiolly:
1) Effecots on ruscle co-crdination petterns by
extrenccus factors
i1) ILetkods of obtaining evaluating ond presenting date
concemning hu-en rotor perforronce.
11i) Cardige recotions to exercise, anfl the esteblishrent

of relieble cardice performance tests.

The cuthor hopes to have the opportunity of developing his worl
in these fiolds, especially eince there is a groving need for such
{nformation within tho ccope of Physical Déucation.
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_ELECTROMYOGRAPHIC ANALYSIS' OF. LEG MUSCLE COORDINATION DURING BICYCLE PEDALLING. o w. w
' E.J.Hamley--and Vaughan Thomas, Dept.Ergoneomics, Loughborough University, England. ‘ ‘
Analysis.of skilled and unskilled subjects pedalling a bicycle ergometer showed ) ) '

significant differences in the pattern ‘and duration of agtivity of their four main
leg muscles (Tibialis anterior, Gastrocnemius ~ medial head, Vastus medialis and
" Biceps-femoris - long head). -The results indicate that unskilled performers show
.imore consistent repetition of fhe myogram but utilize their muscles in a markedly
- i{different pattern from the skilled performers who show considerable variation in
muscle interplay. This interplay produced good augmentation between muscles and !
marked ‘economy of high activity duration when working against higher loads. Three |
loads- (50, 150, 250 watts) and three pedalling rates (60, 75, 90 rpm) were tested.
In general increased loads resulted in increased duration of activity. Skilled
| | performers showed more obvious economy of activity at higher loads and pedalling
| l.rates. Their myograms were more closely related to loads; different pedalling
’ rates for handling the same load caused little change in pattern. The myogram °
is1aleo altered with:posture. Changes in saddle to pedal distance above or below - B
1109% of leg length (Hamley & Thomas, J.Physiol.1967, v 191, 55-57P.) caused more ' .
! activity and changed both duration and relative position of activity in the cycle e SR
e action. Our records indicate that there are considerable skill and posture factors; ;. ;= 7 ieul
: ¢= in the dynamics of the bicycle ergometer. These must be considered when assessing | 'y, -~ - |
L ‘the work output of unskilled performers,> - .- . F.° - o IR V£ R - L
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CYCLING Februr.lw 26, 1966 . L.

:'-.fi'fm SEARCH OF A DEFINITION. -

l!E sport of cycllng Is full ot gammlcks :nd olﬂ wtrcs lalcs -.md thcrc is' no u-:pccl

' v_ of the game that is clanded in more mystery and sbout which more rubbish is talked

th:n “souplesse ™ in Englnh wordt, smoothness, or fuidity of movement.
. The first dillicuily one encountcrs Is kn defining the term, and I have ul.cn snmc troubll:

Anquchl tn turning his big goars, a8 by (,h"nrly
Gaul in twiddling like a clockwork Loy T for
cach Ix operating at & high level of emcicm_y
. It used 0 He widely thought that amq:lrs,xc
wax Lo o great extent dependent on ™ ancling ®

=1 products

" g~k nbout which racing cyclists shoul

The most common reaction is a- vague aplut-

+ tering, and then some indeterminate waflle
about' linw aouplesse is oblained rother than
*what it is. .
1 shall allempt 10 overcome the difficully by
. discussing the mechanics of cyclmf from first
principles. hoping to arrive at souplesse beloro |

very long.
As with the ¢, we feed fuel Into the bady,
. which buens Tusl to make power, giving by-
(heal, water, carbon-dioxide or -
. monoxide and residual substances, ete.). .
This cambustion I3 a fascinatin oporatlon.
he well in- .
fnrmed Gul 1L is nol the subiect of Lhis article.:
© Qur concern Iy wilh the teanxmission of this
. power into moving the vehicle.

Through a svstem of Jevers, both the car -
and the body convert this power into move.
ment,  flowever. the RATE at which fuel ix

. burmt up depends vpon {he speed, mechanical
cMiciency nnd gearmz of the engine and
vehicle. -

In general, hl;:hcr gears and fowar revs
mean a saving of fuel, but this doesn’t provide

-t quick acegleration and nevds 8 slrnnger pro- ‘
pulsne unit, .

1 . ' . - .

l':'.'[he;t Us. study! . . . -0

Where the machine is being designed for

racinz, mechantcal cfficiency with regard to
« fuelicousumption becomes of less impertance, -
with quick acceleration and  high  cruixing

speeds Leing obiained from  eflicient gear- .:.

ralioy and high power-to-weizht rating,
“These are all simplified facts which arp'ly
} equaily well 10 molor car and racing cyclis
1_ it is there that the similarily tends to become
. obscured by old wives™ tales.
»¥ &1 Whereas we.can pul @ molor racing enping -
on a test hed and, through experiment, work'.
“out the wost suitable gears and the most

.j+efficient rate of revolving The drive shaft, this ' '
. Is a lont and arduous business with cyﬂnu.

Studlies have been done in the Unifed o
 States with non-racing cyclists, which sug.

Ecv.l that the most efficient pedalling vaté

s just under 40 revs per minute—hy com-

parlion wilh the racing cnllsts' 50-140
phn per minute ]

Obviously, to he of any use lo raclmz cyclists,
any cxperiment on pedalling rate necds to bo
very carrfully designed to take account of all
the varitlies of pedalling requnrcd in this very
varled snnrl

" "as you wish 1),
" orlesa eficiently to transmit power from the

to ask eminent cyclists and coaches what the word means. ' -

However, the suprcme ohslnde I the-
variability of physique  and
found amongxt cyclists. Thore is ho ONE
- mapic farmuta of gear ratios, ctle., nnd efforts
to restrict pear ratios, hoth here and in other -

countrics, is hound to result in injustice,

The restrictions might have no clfcet on the |

Lype of rider whi functions best at high rove,
~but be a-severe lmitalinn {n the rider who fs.
at his most eMctent on high gears.

Beeause of Lhis varfability in human per-
- formance,” subjective npintons  on  pdaring
become even less reliable. 1 will go sp
“1o xay that with our limlied knowledpe of .
cyeling mechanics, il is aot possible for gear-
ing_or pudalling rates lo be specified for any
individual an an a priori basts.

By this T mean that in order to determine ;

his most miitable gearing, the rider (and his -

coach, if he hax one) must ¢xperiment over a

full range of pear ratios and over a varlety of .-
inal .,

conditiong, using a step:watch ‘as the
, criterion,
The similariticx hetween motor and rider

having diverzed a litlle, we must now strain

the tikenesy still further, Transmission systems-
“can be designed for the car Lo give as high a

. mechanica) ciliciency a5 18 possible with the

techiniaues ot hand,

Nature has taken a long tlme to reach

the present siage of human design, and
. we have to make do with our bLudles as
thev exist.

The evolution of the bleyele liseil is an
example of man's cfloris to achicve even
mote eflicient sell-propulsion.

Having reached what must be near optimiam

dovuupmont of his vehicle, the only course -
-left fur ihe racing cyclist is 1o drvelop those .

other aspects of propulsion that I mentioned *

. earjier—eflicien! gearing, high power-to-weight

. ratia, and mechanical efficiency.

The gearlng witl be solved by personal
experiment, power-do-wolzht  ratie by
buiding up power and keeplng down
url-hl- bul mechanteal efficleney Is per-*
haps the definition we hme been sceking
- for “ souplesse”

To expand this definitlen {which; may | say
. Is mine—s0 you are free to adopt or discard |t
souplesse {3 the abillty more

human Dody into the bicvele. Souplesse is, .
thorefore. a skill, And like any ather skili it -
is dependent in part on natura ah“uy and in -
part on learning (practice).

Souplesse is dcmonstratcd just al much by

temperament

ar as .

o ability, but viticient ancivrs fike Peler Gordon,
Arthur Metealfe and Tommy Simpson woul
hing it a dificult ioh lo ennvert t:l[ldcnt non~
anclers like Erie Thampson,

A part of the learning process lics in adopts
ihyg one’s most suitable riding position.  Lven',
'In considering feg action alone, factors such as .
crank lenpth, -loe-clip leagth, horizontal and |
rcrpmdu.ular saddlie ld]uskmcnl are of [.ren

mporiance
T, Bxperiments T have tust concluded shaw
a highly signlficant effect an pawer oulput- ;
cof saddle helght—I wouid expect somes.
what stinifar ciTects from thc 1 :r adjust- .|
ments meationed, . , o .

Don t be shocked S

The permutations’ of these factors (and
olher\. i¢ Teach and ruke) one very muanorous,
and the only hupe of a rider discovering his
most eflicient riding position is, as with gears,
Lby inlelligent and careful prcnmcnlailwm

A further factor involved in saagdesse is Lhat
of suppleness, _Here the position 15 com-

ficaled one.  Co-ordination can be achleved

y practice, but it Is important to note thal
:’gy praclice of a co-ordinating action should

- {2} nt the revolution rate required in racing ;
(b} in the same position as In racing @
(c) with the same resistance, le gear ratio,
as in mcing.
. I know that Llhe wise heads will shake nt
- this, hut these are the facts of skifl learning,

.~ and 1 belicve that they are ox applicable (o

cycle racing as Lo any olher skill,

Having #aid this, § must clse aay llnl the”

abilily to rev quickly will come fram low-gear.
training—and that power will be developed hy
hizzh-gear training,  Training schedules should
contain an clement of each. but the co-ordinm..

- tmn will oniy come from {raining on tho

“happy medium ™ pear.

Jnint mobility and muscle viscosity for the
 cyclist, who docs not require extreme ranges
-of mavement in his joints, may be obtained in”

. geveral v.aer

Firstly, H the rider ﬂrmly helloves In (t,”
almm\t. anything could be effective—even
cmbrocation! There are. however, strong
tchaols of thourht which suggest that warmih,

. massage, avoidance of long periods of sland.
Ingr. cte., are efMicient mclhods of heightening’
u:h kind of supplencss, .

Latt even here, the elder is best advised
ta discover for himself what sults hinye '
and rlktm‘cry will only comie [rom cxperi.
ment, .

Toao mrm}' seem Lo sl:ukhlv l'oIlmr the .-~
.techniques of the “fast man"™ whhont |
givlag any comidcrmlon to thelr sult- .
ahlliiy. T
To be sure much that h valuahle can be*

learned (rom. the expericnce of others in the
sport, bul the recent fantastic success' of
. “Russlan sprinters who train and race on very -
big gears are but one indication 'of the benclits
of an original and personal approach to cycte
. raging and training.

1~

Vaughan Thomas
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JOW .much do you know about salt? How much do you
care T If the answer to cither of these questions s near--
2ero, then you may not be obtammg as much benefit from
your training, or as much success in your racing, as you could,
“3% Recent comments in the Cycting, and conversation with
;' racing cyclists of all categories, have revealed a surprising

lack of knowledge on one of the basic facts of cycling fitness.
Now don't get me wrong chcwmg your way through a bdlock of

Shut m':my a race has been lost thruugh™ an inexplicable attack of tha
" bonk,”
‘miysterious weaknésses.

First i1 would bk as well to cover the basie principles of the salt-
and-water balance in humans. "1 rhall describe an extremely-come *
plicated sysiem in a very-much-simplified way, and in layman's terms.
1 hope that the more scienlifically minded reader will skip the ncat
“couple of paragraphs, rather than become bored.

a fuid.
. tenance of good \mrklng conditions, and onc important aspect of

. in the body.
Under normal condmons of mlnlmum work the kidneys cope quite .
adequalely - with the mainlenance of (his balance.

' bhady’s workingg parls,
For eyelisis thera are two miajor changes in ‘canditfons, Gne=—

temperature orf humldity.
s an Jaesvuse I sweallng. .

. there Is as usual & very pgood reason
-rsaltavater balance, the body must also maintain a nearwonstant -
‘i':; temperature, and tho mc(h-mmn of sweating is designed to do just

TV ahat, I use the lerm “ sweating ™ In ity physiological sense, meaning
-the secrction of the sweat glands.  Perspiration, on the other hand,-
refers to the constant mila permeation of fuid through the skin,

: or the external temperature rising, the sweat glands auiomatically !
" cover the skin with fluid (a mixture of salt and water}, Heat from the®,
surrounding area of the.body is then used up In covaporating the:
fluid, giving a cooling effect to the body as a whole, and leaving the’
salt on the surface of the skin. One important point here is that
the Auid must evaporale, .and not just be mopped off or fall off in -
droplets, otherwise the.cooling eflect is lost. The: whole procedure
gives us l.wo vzcmus cu'cles i . .

T Soltl - " Feeling
L, waler - of . .
* st - e thirst -

'SWEAT
PRODUCED

~

|

. T sen

- . " Salt b
Bedy . water .. wolter
n-ll ""3'&‘" . - teken -

(54 ) [ .- . in

> The conneeting link Is lho sweat produccd. but the vital link for ',
T"the cycllst s the only one over which he has voluntary ¢ontrol (other
ihan the fact that he deliberately causes the Increass in body tempera-,
..turé in the first place).

eychst, in his natural ipnerance, merely takes in water {in uny of it

cooking salt evory .day lsn't going to turn you Into a world beater— |

and -salt; could very weli bo the rool of some of thesc |

The body Is composed of microscopically-simail ¢clls, suspended m
The correct function of these cells depends on the main. -~

Ahis environment is the halancc kept between the salt and he water -

But as soon as. -
; conditions become unusually hot or humid, other faciors are inirg-
dm el which may upscel Lhe balance and cuuse im.mcuncy in l.ho !

an nercose in the rate uf work, and (wo=—an increase in external -':
In both these cascs (hie. normal resuly %
: ’\jow. lhough it scems jllogical for the body 1o start upselling this -.f

delicate balance just at a time when it needs to be at peak elfficiency, -
In addition to maintaining the...

As body temperature increases,. either due to muscles working hard -

: urnpp!n up well—" Long Johns "

« of the possible cffects of salt water imbalance, and take some stcps
o .wiu no loncer wrn tho form beok upsldn dov.n.

ST A Lo e e oL (Longhborough Collcce)
"= The bedy, In its natural innocence, has sweated 4 salt salition--tho i

“morc-or-loss pleasant forins) and neglects 1o replace tho saltt For -
‘oA :han while the n:sull.mg salt waler nmbniancc has a ncghg;hlc eft’cct." '

but as the activily is extended over a pcrlod of hours, or the hot."
weather Keeps up. the Imbalance becomes serious—being assoclated

. Awith increasing degrees of lethargy, cramps, or other signy of body

fncfMiciency. o

Al tLhis pnmt 1 must refute a leliter written by Doctor Chrlslopher A
T Woodard in the Decomber 11 lssue of Cycurng, which criticles soma .
of Lhe stalements 1 made I a previous lelier ubout sall uullmalimo +
;tion.. . ‘

More or less recent rescacch (1, 2, 3 und miny other’ snndard '
wexts) bas shown that the Jhwanan body will adjust to prolonged
sweattug hy saherlng the “proportion' of salt fn the luld secreted.
In fact, an International bible of medical praclitioncrs (4) glves -
tables showing the rale of alteration of this proportion. .
* The body, helm, the wonderful mechanlsm that it is, will gradually.
acclimalise itself to regular sweating by decreasing the amount of
. salt given up per unit volumo of gwveat, It alse alters this propor- -

tion from minutc to minule as the dur.nion of a penod of sweating ;
1ncrcascs.

These are the physiological facts, and upon theso facu 1 must bage '
my consideration of ‘the preparatlion racing cyclists should under;’o
_to prevent salt deficiencies aceurring. .

There seem to be two ways ot taLan" the salt-water balance proh-
Jdem. The first is to acclimatise the body to heavy and prolonged
sweating (as the furnace worker or stoker does); the second is to,
ensure immediate replacement of salt loss. .The second method
.would seam to, be the easiest, especially if the salt is taken in a-
_palatable form; but the methed must be a rough and rcady cne in:
that the rider can never be sure Just how much salt he is going to
lose, and it would tend to be a case of replacing somclhmz already
losl rather than not lesing it in the Arstplace. - .

* The first method might give the best results in the long run,
and I have first-hand cmmlcnce of the efticlency of acclimatisa.,
tion” under ardfical econditions (boiling Kettles ete. in imth-
+ room 4 %) to strengthen my oplnion.

4 Acelimatisation in training should not have the aim of reducing tho
Cyclists tendeney to sweat, because this is part of his temperatures”
;iregulating system.  Rather should his training cenditions be such as ',
~10 praduce constant sweating=—-even in m:dwmtcr | - E

Of course, I refer to specific tramlng scssions—profuse s“calml,
curing a prcdornmantly-soclal rida .in very cold conditions should
be avoided other than perhaps over the last sectlon of the ride. During’
training - sessions riders should follow _the Continental practice of
are ideal 1 | Of courso the result
" ing warmth wm also do no harm to muscle vascosny ‘and joint supplo-
ness. -

\Whichaver me:hod one chooses, or even if one uses both methods
simuhnncuusly, matters little.” As long as racing eyclists-are oware,

~ to combat the problem, then gno of tho possiblo causes of. bunk
VAUGHAN TIIO\I'AS

Rel’crmcca Lo ' .. iy

R 1847, A|lnillh—P|llulalﬂpl o.r Nmu Jnhe num. .o
‘--r. ma. Medicul Bescurch Cownti) Spveat iteport ul-i"kslldlook‘nl nmmun t

'

Mot Buyirouments.
-~ B MY, Amcritan Joural of Prusiology—Reiors of Climatic nuumﬁ uhmmn.
4 1562, Dncmmln Gdar. $th Editbon,. nnc m. -
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- BRITISH ASSOCIATION OF sponr AND MEDICINE o

P AND THE SOCIETY' OF REMEDIAL GYMNASTS s - b

A method of calculat 9 stride leng from anthropometrlc data in . ;.. 4
race walkers. . o, e - RN A

t:sl . . . L.

et .
' . . ey G

Farley, G.R. Loughborough College of Education, and. : C e

Thomas, V., Loughborough University of Technology. - - n

The total population of internatignal race walkers currently
competing in Great Britain (N = 19) was studied in an attempt to
discover the existance of a relationship between stride length in . ...
racing and leg length. The subjecta' leg measurements were taken, . o
usxng a standard 'Abawerk' anthropometer, from floor to inferior publc
ramus, the subjects standing unshed on ‘the floor in the anatomical
position. Stride length was measured physically, from indentations
made by the feet within a specially marked piste during an actual race.
Cine film was taken of all subjects, a) to ensure that their walking
action remained within the definition laid down by the Race Walking
Association, and b) to assist in the‘analysis of the -individual subjects.

The statistical analysis included the calculatxon of a product
moment coefficient of correlatlon,'and a regression ‘coefficient to
obtain a prediction formula for stride length.

The results vere:

a.) There is a correlation between 129 'length and- racing stride

.
'

" léngth of international race walkers (r = 0,556) which is significant

at 0.01. ) . .

b.) The racing stride length of international race walkers can
be predicted within a mean error of 5% from the formula

Y =' 1.31* X = 2.15 cms
where Y = stride length and X = leg length. -

21" %
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_ Some physiological methods of aséessingﬁthe performance of racing cyclist:sr
DA "HAMLEY, E.J. and-THOMAS, V. : - .
‘ o . g C Nyt d
o ' Department of Ergonomics and Cybernetics, Y
.- ' : " Loughborough University of Technology - S o :
Leicg. «¥ R
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I _ Physiological assessments'aréibeing'made of racing cyclists (i) at. 4
! rest, (ii) during a gradually increased work load test, (iii) during a ’
| constant load test at high rate of power output maintained to exhaustion.
;. ! The physiological parameters being investigated are:. N
P - {a) Electrocardiogram , . .. , . -
S (b) Oxygen uptake o ’ ' . !
' O (c) Total ventilation. "
] "
.[' Together with an investigation into the subjects' racing and training habits,
« , the results of test-retest in the laboratory allow an assessment to be
, made of the subjects' racing fitness, a guide given ag to future training
and a prognosis of racing performance. .. . . '
o ' Norms have been established of central tendency and dispersion of :
! these physiological parameters amongst ‘racing cyclists. {'
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‘Where should the team coach be?

by Vaughan Thomas

Ask the players — if they are a
losing team the answer will be
a warm one ! If they are winners,
then they will probably accept
that the coach is a handy man to
call substitutions and timeouts,
and launder the team uniforms!!
There are a few, however, who
believe the coaches' functions to
extend far beyond these limits.
It is interesting to trace in the.
evolution of team games a chang-
ing attitude towards coaching.
Very soon in the development of
any team game the players dis-
cover what Gestallt psychologists
. have formulated, that is, ‘the
whole is greater than the sum
of the parts’., A team has attrib-
utes that are not simply the total
of players attributes, and to
achieve this it is necessary that
the players have some common
purpose. The purpose could
merely be to play basketball for
fun, or to satisfy self assertive
tendencies at all levels of the
conscious or sub-conscious, or
many other combinations of
motives. Whatever their purpose,
the players find a need to estab-
lish common methods of achiev-
ing their aims, and the idea of
the team captain and/or commit-
tee evolves. There is then ab
ultimate authority to govern the
methods of the team, this auth-
ority being more or less demo-
cratic depending on the type of
team.

In the team captain we see the
embryo of the coach; indeed,
some team games never go be-
yond this stage — but as the de-
mands on the captain/coach
develop, then we find in some
games that different people will .
take over some functions. They
g0 under many titles — manager,
trainer, coach, non-playing cap--
tain etc. — and examples can be
currently seen of all these in the
international sporting scene e.p.
soccer, rugger, basketball, tennis,
ete.

The main point of this article,
however, is to discuss how a
coach can be best placed to dis-
charge his duties to the team.
Firstly, what are these duties?
Neglecting the trivial or purely
administrative, they approxi-
mately comprise 1— .

Pre-Game : Physical Prepara-
tion: Technical Preparation;
Psychological Preparation.

Game : Tactical Direction;

eam  Administration; Team
Motivation.

These basic headings are not

clear cut, and form many sub-
divisions. The point is, how
many could be better done as
a player, and’ how many as a
non-player 7 As far as pre-game
preparation is concerned, a team
captain with the game qualifica-
tions could achieve as much or
more than a coach, in that he
can set an example to inspire his
team in their efforts. The sitva-
tion is more complicated regard-
ing ‘game’ leadership. Opinions

-are sharpely diviged about tac-

tical direction. If takes an un-
usually perceptive and experienc-
ed player to make good tactical
assessments during a  ‘clutch’
situation, and many player-
coaches have found either their
playing or their coaching (or
both) suffer under the strain.
There are some players, however,
whose close involvement with
the situation does net lead to an
inability to ‘see the wood for the
trees’, and whose close proximity
to their team mates enables them
to more efficiently control the
play. How many times has a
coach sat grinding his teeth on
the bench, just dying to get on
court and make the thing work!

Team administration is a
different problem. There is much
that a bench coach can do that
is impossible for a player-coach.
Paramount is the preparation of
a substitute for entry to the
game, but also :- spot analysis of
statistics, time elapsed checks,
treatment of minor injuries, etc.,
etc. Much of this could be carried
out by a good team follower
(or manager), but the analytic
preparation of a substitute, espec-

ially in man for man, is a matter

for a bench coach.

Team motivation is certainly
easier from the floor than from
the bench. And in a game where
motivation and confidence play
the major part in the perform-
ance of skills, the direct contact
of the player coach can make the
most significant difference to a
teamn’s performance. Wales' inter-
national .victories both in this
country and the continent over
the last couple of years have been
due to this massive morale and
confidence, which can overcome
even the most talented of oppon-
ents.

Before coming to any con-
clusions on this issue, consider
the situation in this country in
senior men's basketball at the
start of this season :

International Champions : Wales;

Nineteen ' .
~. -

Naticnal  Club  Champions :
Oxford; London League Cham-
pions: Vauxhall, Inter " ‘Area
Champions : Bedfordshires run-
ners-up East Midlands; Inter-
mediate  Champions: Lough-
borough,
Panthers;  Universities  Ath.
Union Champions: Birmingham,
runners-up Loughborough. (All
Player Coached). R
The majority of the major titles
are won by player coached
teams. It may be that the environ-
ment is different here — but an
American report says that the
coach of the world's top pro.

team, Boston Celtics, has become

team manager, and that in future
they will be player.coached by
Bill Russell I't

So what ? There is, as yet, no
proof on this issue, If there has
to be a decision between a good
player-coach, and an equally good
coach, then hopefully the issue
will be decided as objectively as
possible. In this country the
situation is, however, very rarel
What is more common is when
the best coach available is also
a star player. The issue here can
only be settled by balancing the
loss to the team on either count
if the person does not fulfil both
functions, or by equating the
relative loss of efficiency on one
count with the gain on the other
if the person does fill both roles!
Decisions where the issue is not
in balance, due to gross deficien-
cies as player and/or coach, are
relatively easy to make.

" Accepting that such paragons
as good player-coaches exist,
under what conditions should
they operate 7

(1) They must hold their place
in the squad easily on playing
merit.

(2) They should play in such
positions that they can control
both offence and defence, e.g.
guarter-back  (playmaker) on
offence, and (if possible) pivot on

defence; whether zone, man for

man or combination,

(3) They must adhere to the
code they set the players, but
also act so as to command res-

‘pect as a coach. Herein lies per-

haps the greatest difficulty, to be
‘one of the boys’ whilst remain-
ing something the others are not.

There is no doubt that the
player-coach system will remain
for many years in this country —
certainly until coaching becomes
a sufficiently attractive vocation
to get the services of the best
men. Whilst it remains, there will
be more harmony and success if
all concerned consider the prob-
lems of the player-coach, as the
benefits the system can bring.” -

runners-up Doncaster -
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The tragic death of former World Champion Tom Simpson in the 1967 Tour
. de France startled the athletic world. Vaughan Thomas, our English research
scientist correspondent from Longbrough University, has sent us this explanation
of some of the modes of operation of the “Human Engine” — which will be
of interest to all cyclists, and of particular interest to top riders, end 1o

sometimes over-zealous coaches, We ho

; in this country.

 THE HUMAN MACHINE

by VAUGHAN. THOMAS

.

Recent occurences in the varjous
fields of sport, particularly in_ cycle
racing, have posed some intriguing
and vital questions to those who are
concerned with the development of
the human'’s ability to produce power.
This aspect of human performance is

usually measured in sport by the _

ability to move an object such as a
barbell, a discus, a javelin, or to move

the body with or without a vehicle—

in locomotion. The most vital prob-
lems arise in the locomotor sports
such as running, walking, cy(Sing,
rowing, *canoeing, sking, swimming,
etc. especially when these are con-
tinued for ~extended distances. In
their efforts to improve performance,
cyclists have pushed themselves to
serious collapse, and even to death.
The coach or the cyclist if he has no
coach, has a tremendous responsi-
bility to understand how the human
{loco)-motor works, because he is
literally playing a game of life and
death, "
An Anology
Desirable though it may be, very
few ‘coaches and performers have a
-more than sketchy knowledge of hu-
man phgsiology and body mechanies.
It has been my experience that the

basic concepts can best be grasped

by an anclogy between the human
machine and the motor car, though
one can often run into difficulties if
the analogy-is carried too far. Es-
pecidlly, one .must be continually,
aware 'that the higher mental proces-
ses of. the human provide control
mechanjsms that cannot be applied to
the interial combustion engine. Still,
with these provisions in mind, we can
begin to examine our analog.
.+ No engine can do work without fuel,
and the human processes the food

he eats into a sugar substances called -

glucose, which is the basic fuel of the
human engine. The liver acts as a
fuel tank, from which glucose is taken
by the blood to wherever combustion

Pace 14

pe it may prevent a similar tragedy

—Fred DeLong

is to take place. The fuel pump is the
heart, which has an automatic inbuilt
ticking-over rate, this rate being
speeded or slowed by impulses from
the nervous system.

The glucose cannot bum wiIimut
oxygen, which is filtered from th
in the lungs, and then joins the glu-
cose in the blood. This fuel oxygen

mixture is then taken to the combus- |

tion chamber of the muscle fibre.
However, the human engine has far
more than six cylinders, in fact there
are millions, though they do not all
fire synchronously. This fine control

" is mainly a feedback mechanism ac-

tivated by demand at particular
site{s).

The actual chemical combustion in
the muscle is extremely complex, and
even yet not fully understood. How-
ever, a broad view shows that the
ignition is sparked by a nervous im-
pulse to the muscle fibre, which then
uses the energy released to contract—

thus exerting a force and tending to

shorten the muscle. If enough cylin- |

ders are firing, then resistance to
movement will be overcome, and the
muscle will produce movement. The
rate of this nervous ‘sparking’ is

iagain under the control of the ner--

vous system and the timipg is such
ithat one spark is followed by a short
recovery piase' {similar to the cylin-
der refilling phase) during which time
the fibre cannot be re-used. The
smoothness and strength of the pow-
er output of .a given muscle, and of
the total body output, is & product of
the timing (coordination) and force
of all the collective muscle fibres, as
is the running of the automobile en-

- gine. The development of skilled and

efficient locomotion is very much a
matter of ensuring that when power
is desired that it is in the correct
direction, unopposed by power exer-

ted in another direction, at just the

right power output, and that the mus-
cles concerned are the most efficient

" forward of in formation by the opera- |

air

for the job, and acting within their .|

most efficient range.

The combustion in the'muscle fibre i

gives waste products, some of which
are resynthesized within the muscle,
but the remainder have to be elimi-

nate through the body’s exhaust sys-

tem, in that this level is monitored
at varicus control centers which then
assess the demand for more fuel and
oxygen. They then alter the rate of
the heart and lung operation. Here is, -
then, the first fundamental difference
between the human engine and the
intemal combustion engine. Human

motor car control is basically -feed’

tor (who, being human, is still opera- .
ting on his own feedback mecha-

nisms!) |

The Cooling System l
Virtually all machines have an op-1
erating temperature at which theyi

function most efficiently, and a dan-‘]i
i

ger temperature at which the ma-’
chine will seize up. The human is no

exception to this rule. One of the pro- |

ducts of combustion in the engine is

. heat, and machines usually have cool- |4

ing systems which operate on the.

basis of feedback control. The desired 1
operating temperature is used as a |
. ‘set point’, and the actual temperature

N S
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control is basically by feedback of i
information from within the organism, " |

compared with this. If the actual tem-

perature is too high, then the cooling |

system comes into operation. In the

automobile, this “set point’ and com- I
" parator is a thermostat; the human is

|

a kind of living thermostat, where i
each locality operates its own cooling _
system depending Gpon its own tem-

perature, and where the whole bedy |,

can assist in the general dispersal of
heat.

The Control System [

We have previously seen that the
basic difference between the human
and the'automobile machine is the
type of control. The motorist can dis-
regard, if he wishes, the signals which
reach him that all is not well with this
machine, and thrash the machine un-
til it breaks without suffering any
direct inhibitory factors himself. Of
course, most cars have a govemor,
which prevents over reving the en- J
éine., but the human responses’to all
the stresses on his own various sys-
tems are virtually automatic — they
are virtually all govemors: More.
over, these governors are- all inter-
connected in a complex manner,

« which normally prevent the human .

from “harming his ‘engine’ by loco-
motor activity. This can be illustrated
by a diagram. :

Nbvzm_sn 1967 |
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- pation  defects,

Psychological Limit: This phrase
describes the subjective feelings of
fatigue (pain, stiffness, heat, breath-
ing difficulty, visual acuity, coordi-
etc.) which will
eventually cause the human to either
stop” or decrease activity. At that
point, the psychological limit for that
individual has been reached. This
limit can change under a variety of

stimuli (e.g. Yraining; acclimatization, -

motivation, drugs) and is the main

point of attack for the locomotor

athlete’s coach, attempting to get as
close as

Control Limit: At this point,
where body systems are being stres-

sed to dangerous levels, some measure

of ‘cut out” contral will be established.
Museles may fail to contract, -move-
ments become totally uncoordinated,
or, most commenly, so much blood
will be diverted to the working mus-

cles that the brain. will receive slightly .

less than it needs and become un-

conscious. It is possible that training

and acclimitazation can alter these

levels, and it is certain that some ;

- ever, it shoul

ossible to the control limit. .

drugs can overcome these controls.
The moral and ethical aspects of this
kind of athletic preparation are be-
yond the séoFe of this article. How-

d be pointed out that
some of the deaths in locomotor sport,
particularly in tour cycle racing, have

( resulted from attempts to artifically

alter this contro), limit.

Physiclogical Limit: At this stage,
complete control of some functions
is lost, particularly respiration and
circulation, resulting in system col.
lapse and death, The normal, healthy,
human being cannot reach this limit.
By delaying the psychological limit
by some means such as stimulant
drugs, the extra-ofdinarily’ fit eyelist
runs the risk of reaching this limit.

One probable example of this risk
is the recent tragedy of the death of
ex-world road champion — Tom
Simpson., Without intimate access to
the French documentation of his
death, it is impossible to speak with
complete certainty, but I had given
Tom some intense physiological .ex-
perimentation during the previous
winter and base my comments on my

personal knowledge of his physical

condition and habits. Here was an

" ‘imfensely strong and—experienced

rider, in good general health and with
a very sound heart, who succumbed
to a variety of control over-riders, and

died. His basic prepatation was quite -

sound, though it is doubtful if it in-
cluded enough acclimitization to
fierce heat and high altitudes. He,
unfortunately, did not take a great

deal of salt, which indicated a pos- -

sibility of salt-water imbalance. How-
ever, these slight defects would nor-

nially have resulted ouly in a per-

formance decrement or a blackout,
quite within the capabilities of his

normal mechanisms. The critical com- -

bination of:
{a) intense motiviation
{(b) drugs -
(¢} aleohol -
which over-rode his- normal responses

-
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Yom Simpsen undergoing heort and breothing

checks during eycling 1o exhaoustion Long-
' brough University

to intense heat, altitude, exhaustion

~and salt-water imbalance — allowed

him to reach his physiological limit. .
It seems farily certain that other - -
deaths have resulted from similar .
circumstances, both in the world of
cycling and in other locomotor events
—not only deaths, but also collapses -
resulting in physiological damage.
We have considered just a few
facets of the complex machine that is
a cyclist. Such an article can do no
more than scratch the surface of the

‘subject. It is my fervent hope that

these words may lend some caution
to the activities of coaches and cy-
clists in their search for ever-improv-
ing performances.

10080 Randy Lane

FOR YOUR CYCLING ENJOYMENT 1967!

. . . [, .
Custom-built racing and touring frames and bicycles by
CINELLI and HETCHIN'S.| JACK TAYLOR Tandems. _
Wheels -built to your requirements. Reshaped and softened saddles.
B Prompt attention to mail orders. . -
Recent additions to our stock:
. CAMPAGNOLO NUOVO RECORD DERAILLEURS
CAMPAGNOLO SPECIAL RECORD CRANKSETS — HURET LUXE DERAILLEUR
© AMA. & SUPER CHAMPION COMPETITION RIMS
T.A. CRITERIUM CRANK SETS AND CYCLO-TOURISTE.
TRIPLE CHAINWHEELS . .
CLEMENT ELVEZIA & GRAND SPORT TUBULARS WITH BUTYL
INNERTUBES

CUPERTINO| BIKE ‘SHOP
Phone: (408) 252-2073

Cupertino, California 95014

HOME TRAINERS or
ROLLERS

AH Types in Stock
Frepch - ltalian

COMPETITION
DIALS

Yobuler Steel
Folding Frame
Silent Running

Write fgr free pamphlet to:
MEL PINTO IMPORTS
P.O. Box 1714, Washingten, D.C. 20013
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exclusively for our readers deserves
fling for future reference. I am sure
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P American Cycling’s Technical Sectiow’s aim is to bring its rcaders the
1 the facts on bicycling as a “Space Age” sport. The following article, written

your careful attention, re-reading, and
you will find it worth carcful study.

I've followed the author’s instructions and have altered soddle hcights

.. that scemed. correct 10 me for ycars on many tours. In a very short time those
' bikes that were not yet oltered then
“appear applicable for both racing and touring cyclists. . o .

“ . Vaughn Thomas is presently doing research for his doctorate at Longh-

borough University, England. He was

felt amiss. The recommendations below

National Cyclo-Cross Champion in 1955,

played Olympic basketball in 1960 and 1964, was English National Champion
and International Racewalker in 1963, has coached six sporis -ranging from
volleyball to mountaineering, and is widely known for his writings on prepara-
‘tion of cyclists and athletes for competition, tactical coaching and sports

- physiology.

" " Scientific Setting

1

" Dipl.

Tue DEPARTMENT OF Ergonomics -

‘md  Cybemetics of Loughborough
University, England, is concerned
with an overall examination into the

*  factors affecting human performance
.on the bicycle. This research em-
brac es physiological, psychological,
mechanical, kinetic and other factors.
Our work is furthered by the willing
co-operation of many’ British racing

eyclists — a two way benefit — who,

by acting as experimental subjects,
allow experimentation to extend to
- the limits of both human and machine
performunce. It is our hope to
eventually build an analog of cycling
performance, in order that a com-
puter may be programmed to give
camplete insight into all the- para-
meters of cycling,

The most critical factor of cycling
is, of course, the leg action, This may
be considered as a co-ordination. of
many factors:-—

_{a} Toeclip length,

(b}, Degree of ankling.

(¢} Crank length.

(d} Pedal path. .

(e) Degree and position of knee
. {lexion. .
o {F) Amount of limb movement.
*7 {g) Saddle position (horizontal or
angle}. T
{h) Saddle composition
{ Nexibility).

(i} Pedalling rate.

These are all inter-reluted to vary-
ing degrees of complexity, and we
decided that it would be better, at

" first, ' to “standardise the mechanical
variables {(a.cd.g. and h.), and to
. Pace 12

* Fred DeLong,.TechnicaI ‘Editor
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of Saddle Position

By VAUGHN THOMAS

Phys. Ed.

. combine the averall effect into one.
parameter — saddle height. One of
the principle problems of this type of
experiment is that of standardising or
eliminating variables which will af-
fect the item being measured. There
were the problems of fatigue, position,
warm-up, learning, motivation, etc., in
addition to these already mentioned.
Consequently, the experiment design
became one of a short duration, maxi-
mal power test, with all variables, ex-
cept the saddle height, standardised
or accounted for in the statistical
analysis. :

The Experiment

A Mueller bicycle ergometer. was
adapted with racing equipment. all
dimensions being standardised except
saddle height. A hamess was designed
which, (a) ensured that. the cyclist
sat on the saddle in a position which
put his ‘axis of hip rotation as near as
possible to the saddle pillar, and (b)
prevented him moving from this
position. (See Illustration 1). '

Blustration ¥ i
Vaughan Thomos on tha Mueiler Ergometer

long toeclips, BX” cranks, circular |
pedal path, Unica plastic saddle. :

different saddle heights. One hundred
subjects, ranging from beginners to. t;
world champion Tommy Simpson, k
thus gave 400 readings which were
subjected to statistical analysis. -

. The saddle heights were respective-
ly 105, 109, 113 and 117% of inside’!
leg, the measurements being obtained : .

(a) of saddle height from pedal '
spindle to top of saddle, along the |
line of the seat tube. (See Ilustration
2)) ' . - T

H
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.
!
i
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llistration 2 ¥
Maeasuring saddle heighy

{b) of inside leg from floor to the
. bone in the crotch, known as pubic
symphasis palpation, subject standing
without shoes. (See Hlustration 3). -

Results

The experiment showed very con-
clusively (significance level of better
thau 0.1%} that for a short duration
task of power output on a bicycle —

(a} Alterations in saddle height of |
4% of inside leg measurement affected
power output by approximately 5%.

{h) The most elficient saddle
height is 109% of inside leg measure-
ment,

These values were average figures,
and there 'will be variation between
eyclists due to individual build and
idiosyncracies. However, recent |
studies have shown- that the Detter |
the rider (in terms of his rucing
ability) the nearer does he tend to
have his saddie to this recommended
height {rho = 0.6685). Large varia- |
tious tend to be compensated by |
: i

JuNe 1967

e
o

The equipment was: — Christophe [ : '\':3:, l F

|

A heavy work load was set (500 ! , L
kg/m) and the subject timed' in." "
performing this work load at four |
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| Hustration 3
Measuring leg length

alterations in the degree and even
the directign of ankling,

Discussion

Having obtained these results, of .

what use are they? The experiment
was highly specific —. to racing
«cyclists, to ergometer performance, to

.. short duration power cutput. We are

wary of reading too much general ap-
plication into specific facts, but in the
absence of other information then we
can look for leads and possibilities in
what facts we have. Firstly, for short
duration events such as sprints and
pursuit the formula height is the one
most likely to enhance power output.
We believe that this likelihood will also
extend to longer events, the only valid
facter against this extension of appli-
cation being one of comfort. How-
ever, comfort is more a case of what
the rider becomes accustomed to.
The skill of pedalling a bicycle is
leamt by very miny repetitions of a
very similar movement, and the most
skillful eyclists usually take great care
in maintaining their saddle height at
the levelito which they have -ac-
customed  fhemselves. Any alteration
to this height will tend to lead to
discomfort, which will become more
manifest as the duration of effort is
extended. The beginner cyelist will
not experierice this problem of altera-
tion discomfort if he sets hig saddle
initially at his nost efficient height.
The experienced cyclist will need to

"~ make any changes in small amounts

and at long intervals. For instance,
the average cyclist could make up the

distance between his present saddle.

height and the formula’ height by
four or five adjustments of X" at
monthly intervals. .

AMERICAN CycLing
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Secondly, this fonﬁula-height was
determined after standardising the

other parameters of leg action. Indi- -

vidual riders can make adjustments to
the formula height by " considering
their own pecularities — short feet on

-, long legs, placing of shoe plates, posi-

tion of saddle clip, “give” in saddle
material etc. We are not yet in a
position to derive a formula to em-
brace all these details, though we are
at present working on electromyo-
graphic strabophatic assessments ~of
leg and ankle action. _

Most researchers like to not -only
discover ‘what’, but also ‘why’. Qur
opinions at the .moment on the ‘why’
may be summarised:

{a) Changing saddle height results
in alterations of the amount of angular
movement made by the thigh. We

have no precise figures for this as -

yet, but it seems that the following

_graph approximates to the situation. |

MORE ~

LEss
100 105 110 115 120

SADDLE HEIGHT (§ OF INSIDE LEG LENGTH)

" Allustration 4

Angular ‘Displacement of Thigh in Pedalling

(b} Muscles -in particular move-
ments have optimum strength ranges.
These ranges are highly specific to
the activity, and it is probable that
the leg is capable of exerting more
power when it approaches the fulir

extended position. On the other hand, -

fluidity of movement {suplesse) is also
important. The cyclist is concerned

1965 World Champion Tom Simpson
undergoing tests

with converting angular oscillation of |

. the thigh to almost linear reciproca: |

tion of the lower leg, and then into |
an elliptical path of the ankle joint .
and circular motion of the toes. Any

. complete straightening of the knee

proves a disruptive factor. The formula
height seems to provide the optimum
conditions for both power duput. and °
quplesse.

The results of this research have
arcused fierce controversy in Britain.
After the initial scepticism had died
down, the position is now emerging as
one of strong support from the ranks
of international cyclists, divided opin-
Jons from the - coaches and a variety - - =~ =
of informed support from the scientists )
in the field. This position is a
favourable one in which to pursue
our research. We hope that readers
of American Cycling will voice their
opinions, either through the magazine
or directly. We, in our turn, hope to ‘ '
keep our American colleagues inform- :
ed of any progress we make in this
field.

.

TOUGHEST ONE-DAY RACE IN AMERICA

Two Stages - Over 70 miles of high altitude torture

New Mexico’s Sandia Crest
OLYMPIC DEVELOPMENT ROAD RACE

JULY 16, 1967

ALTITUDES: 5000 to over 10000 feet
. TERRAIN: Mountainous

Entry Fees: LL.S. Cyclist $5.25, Military $2.75, Foreign $2.50

i Post entries double L .

FREE ACCOMMODATIONS )

Over $1000,00 in prizes - including: First Prize
An automobile with full tank of gasoline

ALL ENTRIES MUST BE IN BY JULY 8, 1967
For information and entry blanks write:

COURSE: Paved

HUNTER P. JONES, Chairman
Sandio Crest Road Race
13203 Westview Ct, N.E,

" Albugquerque, New Maxico

Pace .13
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nelics,” University of Loughborough

and oxygen uptake related to work calibrated in kg.m/sec or watts, it has
become a standard method for assessing physical work in other activities’

fied by using the progressive load increase device designed by Miiller which
gives a continuous correlation between physiological and physical para-
meters, The calibration curves shown were constructed from data using

;| skilled eyclist-athletes instructed to use the ergometer without changes in -
|style during the experiment. Unskilled performérs gave much more varied ,
results. From the demonstration it will bs seen that precise adjustmenta of - -

the ergometer to suit the performer are essential.
Three main points were examined. . '
(1) The effect of saddle to pedal distance on power output is most

morked. Statistical analysis gave a significance level of 0-1 between .
{saddle heights and between the 100 performers, In & few cases habitual

use of shorter heights by & performer altered the curve to the left. The test
involved the time required to complete a preset load of 500 kg.m. Leg
length was measured from floor to symphysis pubis palpation on the
standing performer. Saddle height was measured from saddle surface to
pedal axle surface in a straight line along saddle pillar and crank. The

chnngea with change in work-load. Styles ooncerned with an ‘upright

stance ie. no aupport. from the arms or mmp]e support without extens;on-
of the shoulders, result in lower heart rates for lower work-loads than styles

set as in (1), the handlebar surface at the same height and pedal rate at

anal ysers

Physiologlcal and postural factors in the calibration of the bicycle'
Jergometer

By E.J. Haxwey and \2 Tuoms Department of Ergmwmm and Cyber-,-.

Because performance on the bicycle ergometer is measured by heart rate-

where only physiclogical observations can be made. This has been simpli-*

resultsshow thatin a , power output test the most effective distance is 1099,.
(2) Different styles in use of the handlebars alter the eﬁ‘iclency of doing
the test work. This is more marked in heart rate than in oxygen-uptake -

using the full extension of the racing position allowing ‘grip and pull’ action - :
by the hands. At high work-loads the grip and pull stance caused lower -
heart rates and lower oxygen uptakes. In these tests saddle heights were ~: =

90 r.p.m. Heart rate was recorded continuously b}( e.c.g. and oxygen up-
take by multl—mlet. fa,cema.sks resplrometers and continuous oxygen

=
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(3) Prehmma.ry -myogmphw and photographic studies of pedalhng ac-

- tion show that much of the movement of the ankle compensates for
changes in saddle height. There is minimum movement when the optlmum _

saddle to pedal distance is ‘used: The effect on performance of changes in

_- cadence varies with the range of work-load such that pedallm g  rates below’
- 60 r.p.m. give irregular data when the load is above 10 kg.m/sec but at

lower loads low cadence is preferential. For higher work-loads, pedalhng
rates over 60r.p.m. give better linearity of data, but it may be that our
results are related to the gkill of our performers who habitually use

ca.dencesonOtomOrpm. . PRI ¥ o
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Analysis of leg muscle action in a repetitive locomotor skill

By H.Davip,.E.J. Hamrey and V. THOMAS. Department. of Ergonomm
and Cybernetics, University of Loughborough v

L}

Skills may be divided into those which are repetitive and }ughly repro-

ducible and those which are not. Locomotor skills are amongst the most -
repetitive and there is s common pattern of muscular co-ordination which
is overlearned and therefore- efficiently utilized. Electromyographie
analysis of three major leg muscles {vastué medialis, gastrocnemius and
biceps femoris) was made during pedalling on & bicycle ergometer. Three

subjects of different eycling experience were used and tested on three loads | -,

(50, 150 and 250 W) and at three pedalling rates (80, 75 and 90 rev/min), . -
the results being related to the rotary movement (Fig 1). This diagram -

shows there are greatly dlffermg muscular pattems in the skill of bmycla

. pedalling.
- 'The muscle interaction was also analysed statlstwally For cach of the

.twenty-seven trials the percentage of time during which each muscle was
active (duration) was obtained by averaging over ten successive pedal
revolutions, The cighty-one means so obtained were analysed by factorial

analysis of variance, Table 1. The statistically significant means are given .
in Table 2.

There are st,a.tlstmally very mgmﬁcnnt d:ﬁ'erences between eub]ecta

between loads and between muscles in duration. Variations in pedalling '

rate produced no change in duration averaged over all individuals, but
individuals dlﬂ'ered mgmﬁc&ntly in their responses to different peda.llmg

' Biceps
* femoris

Fig. 1. Disgram to illustrate muscular activity phases during the rotary move-
ment {shaded). (a) Most experienced, (b) least oxpenoncod sub]ect comparod Coe
with Houtz & Fischor (19569). . !

W

L]

-

" other significant interactions. _ “

; accommodate to varying conditions are important factors in thm ekill. " :

T.un.z 1. Anslynis of variance O NI

.. ' Duration = (percentage of revolution muscle is actwe)
Variance  Signifi.
can

.‘:’»oume of variation 8.8, " dF - M.8.8. ratio c
8§ = subjecta 43,8860 2 210425 142:30 01%
P ing ratos 638" 2 319 — —_
L % loads - ¢« 29,6688 .2 14,5344 9620 01
M = musclos 49,887-4 2 24,043-7  161-78 01
" 8 x P interaction 2,113-9 o4 522,3 5 343 g“}g
5 x L interaction - 80-6 4 . —_ .N.8.
5 x M interaction 36,022-3 4 . 8,005-6 i 58-40 - 0-1%
P x L interaction - 491-4 4 122-8 ot -_— N8, ]
P x M interaction 20097 - 4 7650 — N.B.
L x M interaction 4,723 4 1,181-6 7-68 1%
8 % P % L interaction 1,146-8 . 8 143-3 — .. N8
8 x P x M internction 2,850-4 8- . 8324 2:15 N.B.
8 x L x M interaction '+ 8,341-8 - 1,167-7 - . 7-87 - 01% -
P x L x M interaction - 548:8° - 8 . 686 ,  — .. N.B.
Residual =~~~ 24071 © 18 . 1542 .o — Co—
) Total I 1334023_--.80' Tl — -
v . . ' Tum 2. Moun dumhom . e L .
ro SubjOBtl . ’ S Lood {watts) '
- Muscls 1 e m AlCD - 60 160 . 250
V. med 486 08-6 314 . 4908 442 490 - 653
Gestroo 312 42.4 38-1 372 -31-3 3-8 41-6
B.fem. 473 63-2 58-0 562 444 68 . 673
All 42-3 581 426 . 478 T 400 48-2 548
Podalling , . :
rate -
(rov/min}) : " : |
60 39-5 " 808, - 42:1 47-4 . :
18 47 58T 42:7 48-0 ‘ Not significant

90 42-8 58-89 42-3 47-6

rates. Muiscle co-ordination differed greatly between md1v1duala It -was
affected by load but was not’ aﬁ'ected by peda.Ilmg rat.e There were nol |
. It is probable that some of these. djﬂ'erenees were due to t.he skill of t.he
performer. It can be demonstrated that both selection of an efficient range,
of contraction for the muscles and the ability to shift within this range to

i
-

-c

'u_ R ‘REFERENCE -
Hovrrz, 8. J & Fiscaer, F. J, (1059) J. Bam Jt Sury 414, 125-131.
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Card:ac and other muscular responses to heavy weight liftlng
By T. CorsEr, E. J. HAMLEY B. SaviLLE and V. Tnonus Departmerw
of Ergonomws, University of Loughborough o

The activity involved in heavy weight lifting tasks presents problems of
skill as well as cardiac tolerance. Analysis of this skill is difficult in cases
where the load is very great as the duration of the lift may frequently be
determined by the need to prevent injury, or too great compression of the
thorax. In an attempt to develop suitable methods co-operation was
offered by an international weight lifter. The recordings taken afford an’
interesting demonstration of the information obtained by standard elght-:
channel pen-oscillography and synchronized cmephot-ography

“ The figure shows the recordings with traced outlines from the relevant’

"cine frames taken of a standard Olympie lift of 167-5 kg. It will be seen’

that a complete analysis can be made of the exercise in spite of the very.
short phases of actual activity. The muscular co-ordination was highly
skilled and has guite discrete periods of almost complete e.m.g. silence
from the major leg muscles at several stages in the lift. The total ekercise
was completed in 33 sec.

The e.c.g. was from chest lea.ds on the left seventh rib aboub 7 cm from
sternum, Analysns of the trace shows several distinct changes in”cardiao
function.

{a) Marked slowing occurred in a.ntlclpn.tlon of the lift while bent
forward.

{b) Changes in hecart-rate from beat to beat were markedly constant

during the lift; caleulated as beats/min the mean difference between

consecutive beats was 5 4, 8.0. 6-5 with only one beat algmﬁcantly
different. This occurred at the *clean’ position (no. 4) where the consecu-
tive beats calculated to ratefmin were 134, 157, 137, and may have beet

) caused by the very sudden inhalation at this stage.

{c) Inversion of q.r.8. complex occurred in the full arm extenalon {(no. 8) "
during the period of high intrathoracic pressure. Probably this also :

. caused the apparent missed beat as the weight waa lowered,

(d) Full elevation of heart-rate to maximum values only occurred after
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While it: can be demonstra.ted that a large part of the skill in hftmg
heavy weights is concerned with achieving periods of e.m.g. silence, it is
probable that this also minimizes the conditions which ‘might potentiate
cardiac embarrassment. No signs of cardiac intolerance were debected in
this partmular performer during hea.vy weight lifting. .

We are most grateful. to Mr Louis Mn.rtm, world mld-hoa.vy weight hft.mg ohmnp:on for
hw wﬂlmg co-operation. . .
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