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ABSTRACT

The purpose of this study was to examine the control of endurance training, using heart
rate (HR) and blood lactate (La) analysis. This was done using three experiments
covering the sports of endurance running, rowing and triathlon. The first aimed to
establish a time efficient, incremental protocol for determining blood lactate profiles.
The second examined control of training using running speed or HR in the laboratory and
field. The third compared lactate threshold (Tlac) HRs between cycling and running in
triathletes.

A continuous 4 minute incremental (41) protocol was compared with discontinuous 6 and
8 minute protocols. ANOVA with repeated measures revealed that there was no
significant difference in HR and La measurements between the protocols. Subsequently,
41 was compared with a similar 3 minute (31) version. Despite higher HR and La noted
during the later stages of 41, the HR - La relationship was unaffected by the protocol
used. The 31is a suitable, time efficient method of assessment.

HR prescribed from 31 was compared with running speed to control training at maximal
steady state blood lactate (MSS) in well-trained runners. HR appeared the better means
of training control, where increased lactate within training sessions was less frequent than
in the speed controlled sessions. The process of HR control during MSS training in the
laboratory was also examined in elite junior rowers. In 9 out of 10 sessions MSS was not
exceeded. A total of 80 other training sessions were also analysed. Thirty training
sessions were performed by trained runners and 50 by trained rowers. Thirty four
sessions were aimed at base endurance (BE) and 46 aimed at MSS intensity. In 20% of
cases, athletes exceeded their prescribed HR. In all, 96% of the sessions were predicted
correctly as either steady state or non-steady state on the basis of observed HR. HR from
31 was deemed an acceptable means of intensity control to avoid non-stable La.

HR at Tlac and 2 mmol.I'1 of blood La during 31 of both running and cycling exercise
was compared in well-trained triathletes. In both cases mean HR was higher during
running (t= 7.6, d.f= 15, p<0.001 and t = 7.6, d.f= 15, p<0.05, respectively). The mean
difference in HR at Tlac was 13.4 b.min’1with a range of 0 to 26. Separate tests should,
therefore, be used for each mode of exercise in triathletes.

In summary, it was concluded that a 3 minute incremental protocol is valid for the
determination of blood lactate profiles and the prescription of HR for subsequent training
prescription. Also, HR can predict blood lactate conditions during training sessions in
well-trained runners and rowers. The HR for set training zones is likely to vary
according to the mode of exercise employed.



The Control of training has fascinated me for some time. Yet, at the age of sixteen | was
lazily under-performing academically and, in hindsight, mixing with the wrong company.
By the age of seventeen | had started running and this was taken seriously from the first
day that | trained with a coach at my local athletics track. From that day | stopped
smoking cigarettes and trained on a daily basis in commitment to that coach. Within a
few years | had competed internationally and run a mile in under four minutes. Yet the
influence of that coach went further than my performances on the athletics track. Many
car journeys were spent discussing training philosophy, preparation for competition and
running in general. The self-discipline instilled in my running also filtered through to
other circles. | studied my A-levels, read a sport science degree and ended up working in
a sports science department, before working as a consultant in sport.

There is never a “right time” to explain to that coach what a positive influence he had on
both my running and my professional work. Perhaps it is for this reason that | dedicate
this thesis to George Harrison, with thanks for all he has done for me over the last 15

years.



AKNOWLEDGEMENTS

The writing of a postgraduate thesis must seem the most selfish thing in the world to the
family living with the author. | gratefully thank those living with me for their tolerance

and patience during these past years.

My parents supported me through college and after; naturally | offer them thanks and
love for this unequivocal support.

Dr. John White supervised my undergraduate thesis and years later agreed to guide me
during this one. | cannot remember a day when | could not speak to him on the telephone
for expert advice, but always in a calm and reassuring manner. As always, | am indebted
to him in helping me get through.

Professor Stubbs, similarly has always been there, probably frustrated with the somewhat
intermittent nature of my contact. | am grateful for his continued patience and, of course,
his continued support.

Richard Fisher brought me to St. Mary’s and gave me the opportunity to develop a career
and start this research. | am grateful to him and the Sport Science department at that
institute for their role in the early stages.

Naturally none of this would have taken place if athletes were not trying to improve
performances. Therefore, | thank not only all of the subjects involved in this study, but
also any other athlete | have worked with. It is continued work in the field that helps to
enhance my understanding of preparation for competition.



List of Contents

Abstract
Dedication
Acknowledgements
List of Tables

List of Figures

Glossary ofterms

Chapter One: Introduction and overview

Chapter Two: Review of Literature

Chapter Three: Statement of the Problem and Purpose

Null Hypotheses

Chapter Four: Experiment One: Establishing a lactate profile
for subsequent training prescription.

Chapter Five: Do heart rates in training workouts for Base Endurance
and Maximal Steady State, elicit blood lactate values
predicted from blood lactate profiles in (i) runners and

(i) rowers, in the laboratory and the field?

Chapter Six: How do blood lactate profiles vary between running and

cycling in triathletes?

Chapter Seven: General summary and practical implications

Chapter Eight: Further Research

14

42

44

o7

82

90

103



References

Appendices

Appendix One:  Pre-test questionnaire

Appendix Two:  Form of Informed Consent

Appendix Three: Dietary recall sheet

Appendix Four:  Training Log

Appendix Five: Abstract: The effects of different protocols on heart rate and
lactate values during graded exercise tests for middle distance
runners. (Journal of Sports Sciences (1995) 13:25-26)

Appendix Six:  Abstract: A comparison of running speed and heart rate to
control training at threshold intensity (Journal of Sports Sciences
(1997) 15: 47-48)

Appendix Seven: Abstract: Training prescription for junior rowers using blood
lactate and heart rate (Journal of Sports Sciences (1997) 15: 47)

106

125
126
127
128

130

131

133



List of Tables

2.1

22

2.3
41
4.2
4.3

4.4

4.5

5.1

5.2

5.3

5.4

5.5

6.1
6.2

The relative contribution (%) of different energy sources to maximal

exercise, utilising large muscle groups over different durations.

Some one mile running performances and VOChmax values measured
this century (adapted from Snell, 1990)

A description of different methodological protocols

Physical characteristics of subjects in Experiment One

Mean heart rate and blood lactate values obtained in each protocol
Correlation of blood lactate and heart rate values between different
protocols

Mean blood lactate and heart rate values obtained in the 3 and 4 minute
protocols

Mean heart rate at 2 mmol.I'1 of blood lactate and lactate threshold in
each protocol

Federation Internationale se Societes d’Aviron (FISA) guidelines for
prescription of training intensities (Adapted)

Physical characteristics of subjects in studies one and two

Physical characteristics of subjects in study three

Mean heart rate and blood lactate values during MSS sessions (N=10)
Mean heart rate, blood lactate and distance rowed through E25 sessions
(N=7)

Physical characteristics of subjects (N=16)

Mean heart rate at 2 and lactate threshold during running and cycling
tests (N=16)

14

15

32
46
49
49

50

52

58

61

61

65
67

85



List of Figures

21

2.2

2.3

2.4

4.1

4.2

4.3

4.4

5.1
5.2

5.3
5.4

5.5

6.1

6.2

IAT as determined by Stegmann et al., (1981)

Calculation of MSS according to La Fontaine et al., (1981)

Lactate Turnpoint as described by Noakes et al., (1991)

Change in position and shape of a lactate curve after 4 months of
endurance training in ajunior rower

Example of a lactate profile, showing HR at 2 mmol. I'Lof blood lactate
and at lactate threshold.

Relationships of (a) blood lactate and (b) heart rate values between 3
and 4 minute protocols

Levels of agreement for (a) blood lactate (b) heart rate values between
3 and 4 minute protocols

Levels of agreement for the heart rate - blood lactate relationship at (a)
2 mmol.I'land (b) lactate threshold

Mean HR and blood lactate values during MSS sessions (N =10)

A comparison of predicted and observed blood lactate response during
(@) T25 sessions and (b) F25 sessions (N=T0)

Mean blood lactate and distance rowed during the E25 sessions (N=7)

A comparison of observed and predicted blood lactate responses during
training sessions in runners (N=30)

A comparison of observed and predicted blood lactate responses during
training sessions in rowers (N=50)

Relationships between heart rate in running and cycling at (a) 2
mmol.f1 and (b) Tlac during incremental tests (N=16)

Histogram demonstrating the range of difference in heart rate at Tlac

24

26

27

35

48

50

51

52

65
66

68
69

70

86

86



Glossary of Terms

The field of study of the bllood lectate response to eercise saworldwide phenamenon,
with a plettora of protoools, methodologies and termimolagy.  For diarity within this
document, the folloving terminology isadhered to.

Base Endurance (BE)- A trainirg intasity conmonly employed by endurance athlietes.
Typically the work s of log duation and low intesity, where the blood lectate
aocentration remains simillar to restirg \valles.  The upper Iimit of such a trainirg zone
in this research B determined by the first rice in blood ledtate above beselire leels
during incraratal work (previausly referred to as lectate threstolld by Weltman (1995).

Blood lectate profile.  The plottarg ofblood lectate values in response 1o an incrarental
=t The values may be plotted agpirst intesity and /or heart riate. Values are joined by
lirear inteolatao.

Lactate thredhold (Tled). The point during increamental testarg where a sarp inoreese
inblood ledate Bwitnessed inrespose to an inreese N inlesity and /or heart rite. it
B sugested tet this InE sty rgoresats steedy State blood lediate during continuous
eade.

Maximal steady state (MSS). A key mntasity for endurance trainirg, Wwhere blood
lectate values are high but steblle during contiinuous eercise (@lso noted asMLaSS) -

Observed steedy state ledtate. The aitaria for steble blood ledtate values in this
docurent arewhere ttere the Inareesewas no greater then 0.5 mol - 1" 1through a trainirg
sssinor 25 minute rel.

Observed non-steady state lectate. Where blood lediate inoressed by more then 0.5
mmoll . F1through a training ssssian or 25 minute trel.



1.0 Introduction and Overview

1.1 Background

World gort becanes more aorpetaitive with each ad every year.  Not onlly are more
retias participgting in ort, the aontributian from developing retias cotinles at a
pee. This spartaailady tte cese inthe world of endurance athletics, where ruTers
fran an Inoressig number of African retias have become more suocessful at major
denpianships.  Inthe iragural Wor ld Athletics Chanpionships inHelsirki in 1983, it
was European athletes who dominated events like tre 1500m.  OF the entries for tret
et only 4 rurers had run the distance nunder 3:34.  In the 1999 Championships in
Sille, African athletes won gold and silhver and 31 of the 44 enrats had ran irsice
3. Thus tre number of conpetitors achieving sorting ecellee B raoidly
sy

Such improvement in tre stardard of conpetaition aotinues in other goorts at tre same
tre. Inrovng, medals are now won atWorld Championship leel by ratias such as
Qmatia, Sloenia, kraire, Belarus and Rissia.  Such retians did not edst tenyears ago;
inceed the bresk up of the former Soviet Union means thetmany more netias are SYias
apetitors attte tp led.  The goort of triathlon is il developing both atan dliteand
mass particiat lked. It B one of the nenest Olympic Soorts, first included in the
Games nAtanta 19%6. The stacard, isthus sall mproving.

Training for intematicel gort B s=Eriass busiress, most aompetitors who make World
Champiionship firels train eclusiely as Ul tine athletes. The investrent in time and
the persoal ssaThie sgeat. However, suocess srnot sinply aresuttoftramnimg herd. It
hes been esteblided thet athletes can train 1o hard 1o attain gotimal inprovements in
physical fitress and conpetitive performance (Hartmamn et dl., 1990).  This means ttet
trainirg needs some element of antrol, whether fram the advice of a coach, or the
internantdon of gort sciae.

Soort sciee carot provice dll of the ansers and there are more agpects to this study
then physiology alae. Honever, the introdlction of rapid assay blood analysers hes



alloned tre determiration of blood ledtate cocatratios during trainiing SSssIOs.
Forteble heart rate telaeretry deviaes allow the athlete and coach to monitor heart rate
during ssssias and review the intesity and duration of trainirng sessias on a persoral
conputer with greait acourecy straigt after tre evait

Such infomation was not aaillcble 1o the likes of Sir Roger Bamister tre first man t©
bresk 4 minutes forttre mile inthe 1950°s. Indeed ts0nly ntre kst 10 15 years et
this tedology hes started o influence trainirg methods and regimes. However, despite
volumes of ressarch examining conogpts such as aeerdbic thresold ad tre ledtate
response 10 eacise, thare B\ery itk advice aaildble to the athlete and coach as O
how tO use parareters such as heart rate ad blood ledate ©© inprove fittess N an
gotinal fashion.

12 Overview

Although the presant study camnot provice dll the ansiners to questias about the use of
heart rate and blood lectate to positively influence the trainirg prooesss, it B gplied In
reture and Baimed at Inproving the uderstanding ofhow training can be antrolled
help the athlete and ccech.  In redlity, itwall merelly end by asking more guestias, which
intumneed further ressardh, butt el esteblish some srall ground rules along thevay .
The saries of studies examines antrol of training N a rage of gorts et intarest the
auttor. Thus exaniration In the gorts of runing, roving and triathlon are inclucd.
Although idividally differat in reture, the three qorts dll require the same besic
trainirg principles in preparation for copetitian. They are dll predominently endurance
gorts, with much of the codrtioning aimed at Inproving aardoic edurance. it sthe
development of this partiallar festure, by a variety of means tret s the foas of this
work.

The principle of aantrol ling training using heart rate and or blood ledtate measurements B
not new (Jassen 1987, Weltman, 19%6). However, where blood kctate kiretics are
inohed, there sBwide aoaroersy, due to a plethora of definitias, terminology and
populations used in epirical ressardh. Such aonroversy surearthed intie folloving
review of Iitaatue.



The saries of studies In this presat ressarch starts from the begimiing, by examiining
differat protoools for determining blood lectatepohiles. Such profiles are used forboth
the monitoring of training (Jacds, 1986) as vell as the presoription of trainig

g sies.

An gorgoriate incrematal protoool was esteblised far the aostruction of a blood
lectate profile InBxqoeriment One. The amalysis moved on to assessig differat methods
of antrolling training inasity inBxperiment Two examining ubject sanples from both
roving ad ruming.  An in depth analysis of some 80 trainirg S=ssI0s using heart rate
trainirg zones prescribed from incramental protoomolswas achieved inthe third of a series
of studiies inthis eqerimnt.

Arelly, Bxperiment Three examined differaes in trainirg heart rates between runing
and ocling intriathlon copetators.

The three equerinents ae rgorted and disosssd indgpadantly, with an oerall
disassion and practical inplicatias copleted at tte ad.  This shons, In @t te
develgomental reture of the work, as both BExqperiments One and Two amtain two and
three stiudies, regctinely. Naturally, alog the way varioss fedors requiring furtter
ressarchwere esteblided and these too are summarised atthe end of the tresis.

15 Delimrtatdios

= All abjects in the study were from a homogenous grayp: vell-trained, of at lesst
county stacard, includingmany intermaetiaels.

= The sty foossed on etirely physiological agects of trainirg, although it B
aocoepted thet other factors such as tedmiqe, bianechaniics and psydhology dll have
an inportant role to play intraining and aopetrtaon.

= Indoor ruing triaks took place on a rumiing machine and indoor roving trisls on an
roving ergoneter to acourately starchrdise trewordoed.

= Inrowving trigks individLal athlietes, ratier then boat crens werre aallysad.



e Only Base Endurance and MSS workouts were aslyssd, but it i acoepted thet
athletes alo use other training N sities Inpregaratian for apetraon.

e Steady dale kdtates were the aim In MSS s=ssias, althaugh it B yet o be
unequivocal ly estebllished tret thiss s indeed gptimall for improvement of edurance.

1.6 Limtatdas

= Although rowving ergoreters ad runing mechines do replicate tre regectve
gorting actimMities, it is noted thet tednigue may vary inthe ladoratory settarg from
that inthe normal training eviroment.

= Only young, highly traired, male athletes have been examined inthis study, ths the
inplicatias fran this homogenous sample cavot mecessarily be relatled o a
heterogeneous pooulatian.

e Blood kdate can be influeced by a nunber of factors including dietary
menipulations and dages In the bodys acid bese balace priar t© eade.
Although diet and trainirgwere logged prior to testirg, itwas not possible to antrol
these directly and the study rellies on the honesty and aocuracy of tre loging by the
athlietes.

13



2.0 Review of Literature

2.10 Erergy Systems inrelaticnto gort

Performance of endurance goort reguires a great aontributaan from aerdbic metabolism.

Indsd, the rellative antributaon from various energy systans depends on tre interplay of
both tre duration and intesity of eacie. A gaeral overview of how the duration of
maximal eercise (presunsbly the intasity nomal ly associated wirth the race Sceario)
has been documented by Astrand and Rodahl (1986) and sadapted inTable 2.1

Table 2.1- The relatine cottrilutaan (%) of differat energy souross tomaximal eatise,
utaalisig large muscle groys, over differet duratias.

Barcise Time, Maximal Effort
Process 10sc 1Imin 2min 4min 10min 30min 60min 120 min

Aneeradbic &b 66-0 S0 30 1015 5 2 1
Aerdbic 5 3B 2O 70 89D B B N9

This shows thetthe performance of middle to lag distance runing (ane mille and above)
or rgatta roving 2000m (6 to 8 minutes depending upon boat type and ality) ae
flelled by a predoninantly aercbic energy yply.  Training performances a a loner
inesity oer any of te dratias noted n Teble 2.1 dowe, reguire an incressed
antributaon from aerdbic prooesses.

2.20 AerobicMetabolisn

The early dlassicwork of Hilll and co-workers some 70-80 years ago rgaresats tre slart
of a huge wave of research into nusclle physiolayy, eergetics and biodemistry @i,
1913; Hill and Lupton, 1923; Hilll, Long and Lupton, 1924). The arigiral fardings from
their collectian of expired air into Douglas Bags, camied on the back of albjects runing
around a ruming tradk at a veriety of 9o, esteblided a number of key physiolagical
phenomena (Hill and Lupton, 1923).

14



2.21 Maximum Oxygen Uptake

Not anly had they establishad that oxygen consurption inareesd in relation to increesd
muscullar work, they also found thaet there isa point beyond which no inoreese inoxygen
consurption coors.  This maximum leel of oxygen consumption (VChmax) hes been
known for years 1o be a key \aridble, indead a predictor of suooess of, performance n
endurance gort. It isperhgps this alae, that hes led 1o the Index beiing used as a golld
stavhard in the assessment of human performance.  High values in dite athletes have
been seen sine tre 1930°s, where values in excess of 80 ml_kg-Lmind have been
witnessed in charpion athletes (Robinsn, Edwards and Dill, 1937). Yet, while
performances inessily measurable endurance eatts, such as distance rumirg, have been
seen o Inprove dramatically In subsequent years (See Teble 22), there hes been littke
change intre reportedvallues of V 0 2« inthe anent athliete.

centurv (edgpted from Sell. 1990)

BestMile V 0 2hax

Athlete Year Time ml.kg-4mind Reference
Archie San
Romani 1937 4:07.2 74.2 Dill etd. (1967)
Don Lash 1937 4:0r5 8L.5 Dilletd. (1967)
John Landy 194 3:57.9 76.6 Astrand (1955)
Peter Sell 1962 3541 .3 Carter etd., (1966)
JimRyun 1966 3513 8.0 Ceniels (1974)
Steve Sott 1977 3477 8.1 Conley etd. (1934)
Steve Cram 1985 3:46.36 (594 Persoral Communiication

Honever, the process of measuring VChmax hes been avalugble ol in categorising and
nmonirtoring the training responsss of dlite endurance athletes (Dunbar and Faulmam,
1996; Svedenhag and Sjadin , 1984: Svedenhag and Sjadin, 1965).

Ithas lag been estebllised that V 0 Zvax \allles vary with adtivity, age, gander, garetics
ad trainirg satts.  Mode of adtimvity s Inportant, as this rgoresants the nuscullature

15



inohad inoerall adtmity. Wirthout douot, wholle body eercise using tre major nuscle
groups s resaansible for dlicitirg the hignest V0 2iax \valles, due to both cantral and
The antral fectors are associiated wirth the suply ofbload ad, therefore axygen, to tre
working musaulature.  Seecifically cardiec output (tre product of heart rate and strde
wlue) strekey catral fector and it s indeed tre limitataon of thes fector et can leed
toaplateau effect inmany, but ot dll, VO2max tests (Sedhard, 1992; Noskes, 1983).
Feriphreral factors such as Goilllary supply (ad more inportantly the apilllary to muscle
fibre rati0), number and siz of mitochondria and the leel of cartain aerdbic enzymes
@trate synthese and succirate dehydrogenese) iInnmuscular tiss e, dl greatly Influanoe
tre rate of oxygen edtraction at tisse ked. There isgobtate & o whether aatral or
peripderal fectors are resoorsible for tre Iimitataon to VChmax |, but Noakes favaurs the
influence of peripgeral fedos.

A review of VChmax values found in dliite aompetitors of varios gorts and atiMites,
gives an irdication of tre iInfluance of mode of earaie.  Itcan be seen et oorts such
as atss country skiing and middle and lag distace runing are frequatly the qorts
boesting aonpetators with the highest values when exoressad as a ratio of bodymess.
Slightly below this would be roving and gcling, where the bodymass B supported
during the adtimity.  Perfomers of field games such as hockey and soocer ted to show
more modest \alles. (Astrad & Rocehl, 1985; Shephard, 1992). Despite whole body
atmity In tree kst eaples, te nature of the games do not reguire a sustainsd high
leel of activity aswoulld be seen inracing goorts.

Age B avther faotor tret hes an Influence on VChimx values and similarly on
perfomance. Typically VChmax vallues are highest between the ages 0f20-30 years inan
utrained pgulation.  After these years there s a steedy declire 'n\e/Chnax with
Incressing ae, 0 a6b year old male may typically have avalle tet 570 % oftret fora
25 year old (Astrad & Rocehl, 1986). This can in part be atiributed 1© a dearease N
actmity wirth age, but s also elained by a dearease in maximal heart rate (Green ad
Orouse, 1993), which hes detrimental inplicatias for cardiac autput

It s also wicely documented thet women ted 1o have loner VChmax vallues then men.
On the face of &, when expressad as a ratio of bodyness,  tmay gpear trat this ssinply
due 1o tre geater leel of adipose tisse ttet women bear and the loner oerall ness.
However when the bodymass fector 5 removed, by eoressing the VO2max valle o the

16



power 2/3, differaes dill coor.  Most liely, this s acoounted for by the loner
haemoglobin concentration of women (Astrad & Rodehl, 1986), thus redcing the
oxygen syply otre tiss es.

Although in the untrained persm, danges In VChimx can be quite aosidarable, n te
orter of 10-20%, (Sedard, 1992), intre highly traired athliete, Inoreesss can be rarg,
cespite futter Improvements N performance (Barbeau et d., 191; Svedenhag and
Sadin, 1985). Clearly there s a strag gaetac component settirg an individal ceilling
tat an individal can achiee with training Klissuss, 1971). Furtrermore, in a
heterogeneous population tre relatiaship between VChmax and rumiing performance s
thet of a strag arnrelatian, whereas when a homogenous group of people s aalysd,
such as dliite athlietes, such conrelationno lager eddts. (Teble 22).

Despite being an inportant physiolagical varicble, tre inplication of tre above s tet
other factors are Indead regosible for suocess In endurance eats.  More regat
research hes attanpted © uderstad the aforementioned improvements in performance
cesoite steble V 0 Ziax vallues.

2.22 Peradoic Caoecity and Running Economy

Ithad alreedy been esteblised during the work of Hill (1924), thet submaexximal oxygen
consumption \arieswith ruming oeed orwork Nt sity, yet intre 190°s and 1980 s tre
inplicatias of this hed justbegun to be fully realisd.

It hes been noted thet the submaximall oxygen aosst of runing at cartain goeeds \aries
amongst abjets.  Conley and Krahenbuhl (1980) examined dite athletes In tems of
both physiology and performance, inthis case 10-km racirg.  They found thet axygen
consumption at st submaximal goeeds, also termed ruming econony, corelated
reesorebly vell wirth race performance (= 0.72-0.83). Similarly Ih examining marathon
rurers of a similar stathrd, Sjadin and Svedenhag (1985) found variatian in glrnir’g
economy at submaximal nasities. Being able to utilise a high peroattage of VChnm

for log duatias s dearty more advantageous to performance then sinply possessing a
high V 0 2axvale @still etd., 1973). The pghysiolagical acbptatias tret alloss this
higrer fractiaal utalisation of oxygen consumptiion are predoninantly confired to tre
goeecrfic muscullature involved inwork, partiaulary tre Gpilllary network; but the fector
that smost regosible for dicating the higest speed to be maintained at a steedy State
sthe aserdbic thredold.
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2.23 The Aneerabic Threshold

The aneerdbic thresdold (AT) was farst determined from respiratory values (Wasserman
et d, 1973), ad more reomtdy tre blood ledate response o earciee (Jaads, 1985;
Weltman, 196).

There are few aress inthe field of orts physiology thet have attracted such aontroversy
and debate as the ledtate respose 1o e@rcise and the associatsd develgoment ofvariaus
thredold conopots.  This sa reault of avariety of fecars; differae interminology for
the same or smilar physiolagical eats, varied protools used N assess|att, a lage
\ariety of sarples used inressarch pgers, and awide range inmethodology -

However, there sawealth of literalure to sypport tre fact ttet AT and tte blood ledtate
resporee o inorerental earcise are for better then \Omex, o indeed the fractiarel
utalisataon of this \erieble, In predictiing endurance performance N runing (Duggan ad
Tedutt, 1990; Farell et d., 19/9; Fay et d., 1989; Gass, Mclellan ad Gass, 1991;
Jecds, 195%6; Lehmann et d., 1983; Maffulli et d., 1991; Sjadin and Jaads, 1981;
Tanaka and Matswura, 1984), and roving (Di Pampero etd., 1971; Doherty et d., 1994;
Vermulst etd., 191; Womack etd., 199).

The term AT was farst introduoed by Wasserman and Mcllroy (1954), when desaribing
the aset of metabolic acidsis, not in a soortang pooullation, but N a group of patiats
with heart dissese. It s the future \variety In sarple poullatiaos ttetwas o cause some
anplication through tte Iiterature in future yaars.  Vollumes of research have been
published on the topic, but differant saples have been used as algjedts.  This tes, &
times lad o coclusias being drawn from research on some studies, being gplied ©
anpletely differait saple grayss. It B oL, tarefoe, suprsirg thet anflicag
goinias have daveloped.

The eartywork ofiWasserman and Mcliroy (1964) linked measurements of expired air (i
particular carbon dioxice ad repiratry godet) t© ataEl blood ledae
aattratas. They used the point of a nonHlinear Inoreese Invantillation, wirth respect
10 an Inoeese N Oxygen consunption, as e AT, Later te theory was refird to the
argunent thet at some point during Incremetal earase, there B IUfficiat oxygen
yplied to active nusaulature, 1 cope with the demand aardoically. This imalance was
purported t© aoelerate the conversion of pyrwvate fron ghaolysis, o bBoae. The
required inoreese I bicarbonate buffering was assumed 1o leed 1o the production of
carbon diadce, over ad above tat of normal carbon diaxice production thet was

18



assciated with aardbic netalolisn. At ths point of inoreesed carbon diaxice
prodlctian, the anaerobic threshold was said to edast (Wasserman et d., 19/3), aterm
tratwas repidly adopted intematicelly. itsprtrat o tetnote e AT was associated
with the kel oxygen consunption where there san raufficet supply of oxygen tothe
working muscles.

It B uderstandeble why such a conogpt was <0 gopealing at the tire. e must be
remembered ttet during this aa, there was no method for rgpid determiretiaon of blood
lctate tet gave auitable precisian; thus a surteble non-invesinve metthod  of detectang
changeswithin the musclle was useful.

In the few years preceding the work ofWasserman and co-workers, modem ressarch hed
allreedy begun examining the blood lectate response to eaae.  In a historical review,
Hol Iman (1985) published cetails of the work that had been carried aut inGermany up t©
the year of 1956. In factwork had started inthis area as early as tre e 1980°s.  This
work, tm, had noted ttet during Iincremental eercise a bregqoint easts, where
e lation rate inoreesss at a gregier rate to oxygen consunption. At this stag, itwas
thought thet this siftwas related o tre inoreese inblood ledtate prodlcdon. The term
used by these authors was trepoint of optimum ventilatojy efficiency , to defire tre
oxygen uptake which could be syplied by eclusively aerdbic metabolian.

The work of Wasserman et d. (1973) was supported by futter work of Davis et d.
(197/6),, who also found high correlatian (r= 0.95) between respiratory markers of tte AT
ad blood kedate measurements, In three modes of eease, namely arm aaking,
ocling ad treschill walking /rumirng.

A similar crrelation (r= 0.87) between AT and lectate thredold was found a few years
e by Yoshida et d. (1BD), who Inestigated responses to incramatal bigcle
eaue.

In the 1990"s aosiderable controversy surrounded the daatte as o whether respiratory
measures do indead acorately pradict events ocourring within the muscle.  Heated
exchanges took place between Davis (1985a; 1985b) and Brooks (1985a; 19830). Brooks
argued thet the AT conogpt was too sinplistic and dismissed the AT conogpt on tre
folloving three grounds.

1 Muscle tisse B ot hypoxic during sub-meximal eerae.  Brooks (198%) atd
work by Pimay et d. (1972) who found thet during maximal eercise, the famoral Pv02
did not &l belov 10 Torr and thet during submaximal eercise of a leel of 50%
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VChmax, Pv02 was between 20 and 40 Tarr. This was evidence thet anple oxygen B
awsilable atthe tiss ebed and an aneerdhic state does ot edast.

2. The theory States tret an inoreese In ledtate conoatration results Inan Inoreese N
minute ventalabion. Honever, examination of sbjects suffering glyoogen deplletaion show
thisnottobe the ae.  Segall and Brooks (197/9) doserved ttetmuch lover lectate ledls,
yet higer minute ventallation vallues ooourred ingllyoogen deplleted abjects.  Also adding
doubt to the conoceptwas referace toHagoery™s amalysis ofVicArdle™s Syndrome patients
(Hegoerg, 1982). McArdle™s Syndrome patiants ladk the enzyme phosphoryllase and thus
canot produce ledate, honever, they do produce ATs.  This irdicates et the two events
of lectate thresold and AT are distirct entiities and inalicates the argurent et K sthe
buffering of lectate tret causes tre vt latory AT.

3. The fwrdal argument of Brooks relates to radio isotgee studies used to examine lectate
production in respose o incremental eacie.  These have leed 1o the raalisation tret
blood lectate cooatratias are a ret relt of the prooesses which add ledtate o, ad
remove itfran, aradaton. In effiect, blood ledate values are sinply a realt of tre
balance of the rate of gopearance (RY) ad rate of disgpearance (RM)-.  This had been
overlooked by syporters of the AT, who gave tre iInpression ttet blood ledtate
aoatratios reflected ledtate prodctian. Work by Donovan and Brooks (1983)
idicated tret srall increvents in blood lectate can belie lage incraments in ledtate
production raes.  Indesd, it is now uderstood thet steble or minor Inoreeses N blood
lectate leels intre early stages of an incremental test in the endurance trained athliete,
aremaintained by a fest rate of clesrane.

The conogpt of lectate being more then the product of oxygen Timited metabolism during
earcise hes been desaribad 1n some detail by Brooks (1991) when communicating his
"Lectate duttle” hypotresis, which hes gained great sygort from Isotpe tracer stuoes,
as well as studies based upon arterialnans ledtate concentration differacess.  Brooks
hes also shown thet the fectors antrolling the balance of lectate fomatian, uptake and
relesse are farmore complex then sinply nuscle tiss e hypoxia.  Tissues such as muscle
are cgpeblle of simultaneous lectate production and consurption. It s der et ledtate
exchange ooours between muscle and blood (Welch and Stairdy, 1967), blood ad
muscle Stanley etd., 19565), active and irective muscles (Ahlborg, 1965; Brooks, 1985),
between blood and heart (Certz et d., 1981) and blood and Inar Qavis, Williams ad
Crermington,  189).



In additaon 1o the aforementioned argurents by Brooks, otter evidence edasts to disute
tre lirkbetween blood ledtate inflectics and e AT. - Simon et d. (1983) found ttet AT
corresponded to about 52% of VChmaxx ,whereas lediate thresold was seen at aoout 63%
of VCh max. This, honever, was ina limited sanple siz of 5 abjects of a normal healthy
satis, who performed incramental work on a ocle ergoreter with 30 W increeses In
workload every 2 minutes.

Other work using the glyoogen depleted state also found differances between e AT ad
lctate thredold.  Hughes, Tumer and Brooks (1982) foud tret the lectate thresold
ooaurred ata highervorklioad and % V O2mex inthe

glyoogen depletad date, whereas tre AT was seen to ooour at loner workload and oxygen
consunption.. The effects of glyoogen deplletaon on the lediate respose to eerase, does
have practical inplicatiaswhichwill be disoussaed Ha-

Use of caffeire hes alo helpad ©© amaly=e tre differae between the AT and blood
lctate response to eacie. Berry et d. (1991) found thet the ingestian of 7. mg  per kg
body mass altered tre AT wirthout affectirg the ledtate thredold.

it 5 trerefore, concluded thet there s arsicerable differae betveen the treditic el AT
ad tre ledtate response o eaaie.  This review ddll now concentrate on tre lectate
rejoose toeatie.

2.24 The Lactate Response toBercise

Ithes allreedy been stated tret blood lectate values are not so much a reflection of lectate
production, but a ret result of the balance of production and elimiration. When plotted
apinst workload or ruming speed In response o an increratal e, there stypically a
arvilirear response (Jaadss, 1986; Weltman, 196).

A dassic kelief held was tret lectate s produced by muscles as a reault of a ladk of
oxygen in the mitodhodria, even in submaximal codtdas (Katz ad Shlin, 1990).
This in twm led muscles o resort o aneerdoic metabolisn for telr Inmediate ATP
requirerats.  Such inoeese iIn glyolysis was said o inareese otosolic NADH, which
shifts tre kectate dehydrogenase equillibrium tonards an increesed production of ldtate.
Honever, more recait work would digute tis. Qumantly, it B thought tet lectate
production isnot Solely a reaulit of musclle hypoxia (Staingby and Brooks, 1990; Sournay,
199). ItE liely tat tre Gadraamic stinulation of deletal muscle inoreesss the rate



of ghyaogeolysis. NADH huilds up within the mitochondria with a high rate of flux
alog the electran tragoort dain, whillst syoplying much of the required ATP to fiel
aotinued muscular antrection. As tte mitodordrial NADH  inoressss, <o does e
oytoplasnicNADH pool (Corettetd., 1990). This ntum eleates the rate of reducion
ofpruvate, resultirg in increesed kectate prodlction.. This inoreese in lectate productaon,
therefare, does not have 1o be a direct resutt of a low partsal pressure of oxygen intre
mrtodhodria. The sygply of ATP tothe muscle s satashied predominantlly viaan aerabic
raite, evenwith the production of ledate. Training may reduce the production of lectate
at any givenwork rae, as trere isa diminished need fTorNADH builld up indrivirg tte
electron trargort.

Early German did not always use Increrental tests o determire the ledtate response
eadx. Earlywork by Mader etd. (19/6), whichwas ke summarised inExglish by
Heck et d. (1985) examined ruming performed by 16 normal healthy males (four of
whom were lag distae rurers) ata\arety of soeeds on sgoarate cocesias, each far
25 minutes duation.  Blood ledtate measurements were taken from tre earlde every 5
minutes.  Iledtates incressed by no more then 1 ol . 17 1between minutes 5 and 5, then
a Steady dtate was said to east.  Fester gpeeds were encountered utall an Inoreese In
lectate above 1 mmo 1 Tawas found through the 25 minute . The hignest steedy State
Speedwas determined, aswas the ledtatevalue associated with this speed (e mean value
of the kst four ledate measurenents on the ). The ledate values at this maximal
steedy state (MLaSS), similar in essence but determined differatly to MSS  in this
poject, for the sixiean abjects ranged between 3.6 and 5.52 mol 171, but the oeralll
mean value was 4.2 10.70 mol.1"L This, as tte tatke of tre paper suested, was
Justifiatinofa4 mol . 1"1 Lactate Thresold.  Honever, itshould be noted here tret the
sample of abjects was not highly traired endurance athletes, but gorts stuthts.
Furthemore, therewas awide range inboth the speads and ledtate levels associated wirth
theMLaSS inthissject grayp.  This clearly hes inplicatias for the dsolute leels of
kctate seen atttemaximal steedy S,

Due to tre enirical raeture of the establidnent of this thredold by Heck and co-
workers, many other authors have adopted tre use of tre lectate value of 4 mol . I'"1as



both ameans of idkntafyig AT and as an gotimal aerdbic training g sity. Reoantdly, i
hes been shown tret tre ledtate leel atMLaSS oould vell be related to the mode of
eatie (Beneke et d., 19%6). In comparing roving R), occling (O and speed datirg
(), twas foud tret differaces were found inboth treworkload R: 316.2 + 29.9W;
C: 257.8+ 34.6/; SS: 305+ 43.8W) and lectate ledl R 3.1+ 05mmol .¥1;C 54+
1.0 mmol .1 SS: 6.6+ 0.9 mmoll . ¥1) asxociated with MLaSS.  The suggestion was thet
the differae In goort gecificnuscle sresoasible fortte variation in lectatevaluss.

Sine the early work of Mader et d. (19/6), ad Heck et d. (19%5), many other
ressarders around the world have tried 1o inprove on this aneerdbic thresold oot
It B here thet the \aniety of cehintaos hes filled tre litaaiure, adding aonfusion, ut
doing hittleto address tre key 1Is9.6s.

The farstdeveloprent was © tryand icntafy the lectate thresold via just one &t ratter
then aseries of rus on sgarate dys.  The gopeal sdwviass, intems of saving tine and
resucss.  This lead o progressive incremental &ts, which are more common place
tohy.

Kindermann et d. (1979) introduoad the term of aercbic-aneerdbic trarsitian analysing 7
atss country saas, firstly by means of a progressive increnental protoool and thenwirth
supplementary steedy state rus. A gradient of 5% was used throughout tre increnental
testand tre means of antrol for the steedy State rus was eftter the heart rate associated
with4 mmol . Flor the rumiing speed associated with the same hysiolagical marker. This
was In acocordance of the work of Mader (1976) covered more in cetail i the peper by
Heck etal., (1985).

ltwas foud iftre heart rate was the means of arol, the speed had © be reduced
through the thirty minute periad; whereas when the speed was the means of antrol, heart
rate rose a little through the test and kectate remaiined hiigh but steblle (Close to 4 mmoll . D).
The authors concluded tret heart rate could be used as a regullating parareter, when
presoribing trainirg from an incraretal st on an ergoreter. They also foud 4
mmol .flwas a auitsble ledl for trainig intEsity for the developrent of aerdbic

GecHty.

However, onlly two years lier a more individalised gpproach was attenpted, again in
Germany, by Stegnan, Kindermann and Sdrabel (1981) in treir study examining
lectate kiretics and irdividlal aneerdbiic thresold (IAT).  The conoept of an irdividLel
thresold was allso gpealiing, because thework ofHeck etal .(1985), although proposing
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a gaeral recamendation of 4 mol.1"1 as an AT from tre reaults of teir grap,
acknovledged, that individal variation in responses edstad.

The increrental testhere, rellied upon work untal edaustion o ereble the aastructaon of
a diffusian-elimiration model based around te ledtate kiretics both during and after the
eaux. The clalation oftre thresold also uses the tagant of the aunve (Figure 2.0).

Figure 2.1- 1AT as determined bv Stegmann etd. (1981)

Despite being gpgoiate, n tet tis process coarates on esteblishing the
gopropriate kel fortre indivad al, ratier then sinply relyirg on an arbrtrary fixed bllood
ldaie cooration, tere hes been it syport for tis, or other methods of
methemattical models for tre prediction of thredolds, sudch as 1Gul et d., (190) ad
Simon etd., (1983).

Scandinavian ressarders such as Sjadin and Jaodss (1981); Svedenhag and Sjadin
198 ad Jaods (1986) have arsistatly used the foed blood ledtate marker of 4
mmol . 1"1to nonitor and presarite trainirg.. Since tre early 19807, lirear intexpolation of
lectate values plotted agairst runing speed In response o an incrametal treechilll
runing &t hes been used o idnafy the speed associated with 4 nmol 171 Quriously
(§jadin and Jacds 1981) used tre term aset of blood kectate acounullation (OBLA) in
the fast pgper of a great many on the tqoic.  The term VOBLA s used o cefire tre
runing speed associated with 4 ol .71, which N essance was exectly the same as the
prooess used by the Germans Heck et d., (1985) when using an increrental protoool.
The one bareft of this work was thet it came away from using thre AT K=, which
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traditicelly was assooiated with respiratory phenomena. Therefore this goproach was
perhgps more sound intermirolayy, IFlittiedrfferant inpractace.

Work by Tanaka and Masuura (1984) used virtially idsntical protoools and aitaia to
Sjadin and Jacds (1981) in teirwork, but il preferred the term aneerabic thredold,
for runing speed or ocling Inesity assciatsd with a ledtate concentration of 4
mmol . 171 Yet the confusion over nomenclature does not end trare, with other terms such
as o=t ofplasma lectate acounulation (OPLA) by (el etd., 19M), ledtate thredold
(w et d., 1980) maximum steedy state (La Fotaire, Londeree and Sath, 1981) and
lectate tunmpoint Qavis et d., 1983) coourring throughout the intermaticel Iiteaiure, for
The use of plasma ledtate nthe OPLA methad, was used to corelate performance ina
series of suomaximal rus, with V 0 2ax and distance recing performance in eightean
traired distane rurers (@mrel et d., 190). The runing speed at OPLA correlated
well with distance ruming performence (r= Bfar42.2kmand r= B foar 19.3km ad
15 km performances) whilst V 0 2ax conrelated rearly as vell for the same distace n
performances (r= 9, 9l and .8, regectinvely). The testirg procedure did not use an
incramental e, but a series of submaximal rus, each of ten minutes duaation.  Delta
lectate (post minus pre test kedate) was plotted epirst both rumning speed and oxygen
conaunption.  The OPLA was determined as the point of rie of celta lectate ertter by
vidal Ingoection or regressian aalysis (ith little diffferace between the two methods),
examining an increese of 1.0mmol . I"*1above eselire.

Iwetd. (18D, preferrad tre term ledate thredold, when examining tre effect of
strate aaikbility on te blood lectate cocentratios during subomaximal eercise.
The mode of eercise iIn this case was gcling on an ergoreter and the threshold was
deemed as the point just below the anset of blood lectate acoumulation, when blood
lectatewas plotted agpirst % V O Zrax. This in ilsown right isaurias, because 4 mol 171
was not used as tre OBLA, ratter an inaeese fraom keselire ledls, without geecrfic
aiail.  ltwould be essy © aofuse tteir intarpretataan of OBLA, with tet of tte
aforementioned Scandinavianwork.

There hes been a\variety of cehintias of tte lectate ttvedold.  Coyle et d., (1933) ad
Hagberg and Coyle (1983) dehinad tte kedtate thredold to be the point where a 1
mmoll . 1™ linoreese above beselire leels of lectate coourad. Stragely, honever, Hagberg
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and collesges have also cefined lectate threstold as the intesity thet dliaits 2.5 nmol 171
after 10 minutes of steedy State eercise (Hgoery, 19%5).-

The maximum steedy state (MSS) term used by La Fottaire et d. (1981) was quite
differat to e MLaSS proposed by aconcurrant German work.  In rumers, the rumning
\elacrty on a treechilll associatsd with ablood  ledtate aconoentration of 2.2 ol . 1" 1was
usd, Inresponse to aprotoool oftwo submaximal 10 minute rurs.

Figure 22- Galaulatian ofMSS  acoording to La Fotaire. Londeree and Spath (1981)

TREADMILL VELOCITY

m /m | n

Lactate tumpint, first introduced by Davis et d., (1983) s another definiion thet hes
been used interdagesbly with other terms such as AT.  Lactate tumpoint s waally
refamirg o upnard sifts of tre ledtate aune In response o progressine incrarental
earcise (\oakes, 191).
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Figure 2.3: The Lactate Turnpoint as described bv Noakes (1991)
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Other Inestagators have notiiced that there can be two difts nablood lectate ane, with
an inoreese In Nl Eity.  Aunolla and Rusko (1986) and Rusko etd. (1986) have entatied
the firstthe aerdbic thresold, where blood lectate inoreesss a littleabove beselire ledls,
whilst tre second stermed AT, where the acaunulation of ledtate smore rgad.  This
aoproach seems kagical in dll bar the terminollogy and the fact et the authors assciate
these points wirth the fxed blood ledtate concentratians of 2 and 4 nmol . L Rersoral
desenation of ledate anves of highly traired rumars and roners hes shown tet
athletes, do often - but ot always- show these two points duriing increrental eercie.
The farstwould gopear 1o represant the upper limit for high rates of fatmetabolisn, vhilst
the second would be tonards the peak clearance rate of kedtate (Brodks, 1991).
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To sumarise the above sscdm

1
2

The term AT was firstdetermined on the besis of respiratoly cila.

The intraclctaan of blood lectate sanpling and more inportantly rgpid methods far
determining the assays hes leed 0 an Inreese N the poulariity of using this method
for monitoring and presaribing tramnirg.

Many different tems do edast to defire similar phenamena, eftter on the besis of a
sies of oontinuous rus to determine MLaSS, or via increnerntall protoools.

The incremattal protoools gyear more favourable In terms of savig tine far
esteblishirg some type of thresholld and pradiicting steedy Stete.

The use of Individal profiles B far more prefarsble then using foed blood kctate
aatratias.

The term ledtate thresold (Tlec) sthe term prefarrad inthis document for the point
during increnental testarg thet rgoresants the Maximal Steedy State (MSS)  duriing
antinos eace. It distrguides =t from thresold conogpts based on
respiratory chla.

The Tlac need not rely on foed blood lectate aocentratias, but use irdividal leels
that oocour due to diffferaces nnuscle morphology -

It B adeomledged, honever, tret the Tlac does ot pirpoint a fived workloaed or
OXygen consunption associated with a sarp inareese in lectateproduction; rather an
inoreese nblood bedtate accumulation 15 98en as a result of the Imbalance between
the rate of gopearance and disgpearance.

2.30 Methodollogical Corsideratians

A number of factors can be seen 1o effect tre Tlac measured inthe ldooratory.  These
gl be disaussd irdividally bellow, but incluce the mode of assay of the blood saplle,
gte of blood saple, sustrate aaikhility, eqerimental protoool and the mode of
egu<x.

2.31 Mode of Assay

The \ariety In aalytical tedmige used in determining blood ledtate conoentratios B
perhgps the stragest argument for ot wsing foed blood ledate cootratios ©
determire Tlec. It B likely thet researders using differetmodes of assay inone part of
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the world, yet using the aitaria of foed blood lectate values st in another part of the
world, have leed O Irecorate assessment of tte Tlac and worse dill, ot gnven
goorgoriate guidance for eercise presripbon.

A kg to the British Joural of Sorts Medicine (Farest, Morton and Larbardarios,

1990) gave a good gyoreciation of tre prablen.  ltnoted thet those in dinial practice
wLally cllect blood saplles in tubes cotaining a fluorice-oalate or fluorice EDTA
preenative and ati-aegulant.  These are nomally aantrifuged and the supermatant
plasta examined for ldate.  In tte eacie ldoatory in the UK, whole blood B
normally amalysed in rgpid assay aalysars such as Yellow Sorings Instrurents or
Analax. Although trere E littledifferae nthe values at ret, there are diear dirfferaces
inegarcisim \aluss, with plasma sarples alvays giving higervallles.

Plasma values are oftenused Intre USA (Farell et d., 19/9; La Fottaire et d., 1981)
and tre dinial proocedure noted by Forrest, Morton and Lambardarios (1990) above B
most commonly used in Germany. This means ttet when foed blood ledate
aaentratias, such as 4 mmol.I'"Lor 2.2 mmol .1, are used 1o assess performance or
prescribe trainirg, differances willl oocur 1 someone trying © replicate work uses a
differat mode of assay. Usiing whole blood values wirth the aitaria of German work,

would didiate thre presoription of trainirg intesities trat are fartoo hidh.

The work of Willliars, Armstrong and Kirby (1992) examined tre differane inearcise
ledate conotratias between whole blood (WB), Iysed blood (LB) (which ergbles
celayed aalysis, due to heeolysis preverting glyaolysis tekig place ad elevatarg the
values) and plasma P) saiples.  The P samples were significantly higher then the WB

adLB (4.7+x2.7WB; 5.0+ 3.0LB; ad 7.0+£3.8 mol.I"].

Bishop etd. (192a; 19920) looked abtwo agpects of the values gained through differatt
methods.  The first study compared the results of a rpid assay machiine (YSI) with tre
more conventacral tednigues (Boehringer autonated Auoraretric assay). A comparison
was also made between lyssd and unlysed sarplles.  Reaults found that the unlysed YSI

saples differed from tre lysd YSI sanples and therewere al<o differances between the
mechines. This shows caution should be eercised in interpretirg values when refermirg
to work from otrer ldooxatories.  The second study examined diffferaces between WB

ad P saples, which foud although the relatiaehip between the sarplles was good,
therewere sigificant differaes.
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2.2 Siteof Saple

It snot only show tre blood sanple samalysed thet s inportant, the point of extraction
from the body also makes adifferaxe. This Iss.ewas also addressed by Willlians et d,
(1992) who campared ledtate values taken from tre brachial artery (B), anteabital vein
() ad firgartip cpillary (©) during aontiinuous treechilll ruming. They found good
axrelation between atama ad venous blood (= 0.88), sygortang the work of
McLoughlin etd., (1992) who alo found agood relatiaship between the two(r = 0.97).
These values also arelated well with the apillary blood saples (= 0.983), this
giving the recommendatiion thet cpilllary blood be used due 1o the ease of this method.
Honever, previasly Yoshida, Takeuchi and Suda (1982) had foud sigwficait
drffera=s between venous and arteril blood ke values In tte e&rcise mode of
ocling. The reesn for such a differae B utkrstatkble, as thare B a tine Ig
between the gopearance of ledtate In the blood from edrcising musculature In this
e@arcie mode and the gpearance In venous bllood specimes.  Lactate formed In the
quedriogps nuscles during oclimgwall have been through tre aepilllary beds of the lug
and forearm, with the potentaal for slstanial decrease aosidering the aforementioned
lectate duttde proposed by Brooks (1990).

It aopears tret there willl be differaces in the vallues dotained depending on how the
blood 5 cllected and neesured.  However, N an gplied sy, thes may not be of
sighificae provided tet () tre results are ot interpreted and used in the it of
research based on Ted blood ledate cocentratias; (i) there s aosistacy over tine
with the methods utaliszl

The saries of studies In the aurant research project use earldee Gpillary blood.  The
raticele for tte mode i tat Gpillary blood 15 used for the rgpid assay machine of
Amalax, which gives reedings, after 2-3 minutes of mixing, within 45 ssaods.  The
earlde B the doice of sarpling Site, because In a laooratory incremental protoool or
during field testirg, nulitiplle saples are requirad. With an earldee saple s essy O
oet nulaple sarples from one pucture, whereas firgartap sanples reuire a syarate
puncture eech tine.

2.38 Qibstrate Aailability

It hes alreedy been mentioned in pessing thet sustrate asikability B Inportant to the
lectate response o eaaise. One of the key papers examining this topicwas by Iwy etd.
(1981) who examined 9 active male \olutsars under three codrtias when performing
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an incrematal gcle et The three coditiaswere antrol, Ingestiirng 75 g of glucose n
300ml ofwater, 30 minutes before the tagk, or with elevated free fatty ecids (required ©
eat a fatty meal 4.04.5 hours befordrard).  They found thet the Tllac coulld be altered,
because when the free fatty acid leels were raised during muscular adtimvity, the fatty
acid axichtion rate inaressd, whilch gave decreasad ledtate procbcian.. With an inoresse
in blood gluose, te blood ledtaie was seen o Inoreese above tte leels inthe aonrol
i attre same worklload and % V O Zax . However, therewas no differance in change
in lectate between pre and post e@rcise aatss tte two riels. The coclusians were et
@ can be alterad by sustrate aaikbility and (i) trat muscle tiss e anaxia i ot Olely
regoorsible for ledtate production during submaximal work.

Another study a littke later by Yoshida (1984b) also examined the effect of diet on Tlac
and OBLA. A mixed, carbdhydrate rid), and low cartdhydrate strategy was used each
for three days before a pragressive ocle &=t Although there were no dirfferacss
between Tlac In any of the Gees, at the higher intesity of OBLA, there were. The
oxygen consunption atOBLA was sigificatdy loner after a high carbdhydrate regine,
then aftera low carbohydrate neal .

The practical inplicatias of these two studiies are that diet can have an effect upon te
blood ledate leelks diatad in regponse o eadie. With this being tre a2, diear
guicelires need 1o be given 1o athletes before testarg, to make sure that glyoogen stores
are Tl before testrg.  This would also have the advantage of maintaining performance,
as low glyoogen leels have been seen to affect endurance performance (@stall, 19/0).

2.3 Bqerimental Protoool

It hes already been seen ttet a \ariety of protoools edst i assessing the blood lectate
response o e@rcise as Table 2.3 idicates. The protoool used wailll depend upon the
purpcse for testrg.  HF sinplle monitoring s required, makes  littke differae what
protoool Busd, as lag as there saasistacy on a lagrtudiral kesis.
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Table 2.3: A description of different methodological protocols

Author Subjects Mode of exercise ~ Protocol
Aunola & Rusko (1992) 17 healthy males Cycling 2 min incremental
Beaver etal. (1985) 10 healthy males Cycling 1 min incremental
Beneke (1995) 9 male rowers Rowing 3 min incremental
Bird and Davison (1997) (BASES Guidelines) Running 4 min incremental
Cheng et al. (1992) 8 male cyclists Cycling 5 min incremental
Farrell et al. (1979) 18 male athletes Running Series of 10 min runs
Ferry et al. (1988) 5 healthy males Cyling 4 min incremental
Foxdall et al. (1996) 8 male firemen Running 4,6, 8min

6 male athletes incremental
Lehman et al (1983) 11 male athletes Running 3 min incremental
McLellan (1985) 10 healthy males Cycling 1,3.5 mill

incremental

Sjodin and Jacobs (1981) 18 healthy males Running 4 min incremental
Stegmann et al. (1981) 6 male athletes Running 3 min incremental

6 female athletes
Weltman (1990b) 15 male athletes Running 3 min incremental
Womack et al (1996) 10 male rowers Rowing 3 min incremental

(@ min pauses)

Yoshida (1984a) 8 healthy males Circling 4 nun incremental

For the presaripion of eercise (Lawally for kctate thresold, deemed 1o be the gptinal
aerdbic trainirg stmulus ((eadss, 1956)) the sittatian B kess dleer al The use of a
series of runs may vell yvield the most relicble resulits, but is extrarely tine consuning.
Furthermore, the athlete and coach often requiire prescriptaian of more then one trainirg
zone (Jassn, 1967; Foster et d., 198). Due to these reesas, the incrematal protoool
softenmost practacal, espscial ly for the purposes of training presorptaan.

The gecific detailks of a protoool thet can potatally alter tre blood kdtate values are
whether the protoool s cotinuous or disoondnuous, the duration of tre stages and tre
leel of Inoreese of rumiing speed or worrldoad between the differant stages.

Hagberg (1986) isamgjor supporter ofusing 10 minute stages of sarate eerdse, so &
o acarately reoresat the steady State aodtias. This process hes also been used
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elsanrere (La Fotaire, 1981) akthough interpreted in a differat mamer, as mentioned
previasly. Honever, more recat research by Weltman et d., (19900) foud Iittle
dirfferae between the ledtate profilles of sixtean male rumers who performed a three
minute Incremental st and a test aasistng of ten minute discottinuous rus. The
\elacrty and oxygen consunption of Tlac and fixad blood lectate concentratias of both
25 and 4 nmol . flwas seen to be similar in both types of tet.  The authors sumarised
by statarg thet a 3 minute incremantal test of horzontal treedhilll runing gave relicole
and vallid measurements for determinatiion of Tlec.

A more common stage duration for incremental tests in Britain s for minutes as
opposed to three minutes, as statad In the Briitash Association of Soorts and Bercise
Sciences positian statenent regarding testarg of the dite corpetaitor Bird and Davison,

19P). This policy pracebly origirated from the previosly mentioned Scandinaviian
work In esteblishing OBLA, where four minute increnents are alo used (§jadin ad
Jeods, 1981). The four minute duration diffars sligy from tre German incremental

tests tat use three minutes (Heck et d., 1985; Stegrann and Kindermamn, 1989).

Yoshida (1984a) had compared a4 minute duration with a sorter incremental protoool,

where one minute duratias were used In ocling. He foud thet the dorter version
resulited Innon=siteady State oxygen consunption and ahigerworkload foragivenVv O .
In Germany, for the testirg of roners, Hartmann uses an eight minute protool, but his
parsoal feelimg was ttet a 6 minute discontinuous protoool s gotinal (persoal
comunication).  An inestigatian into the diffferances between such protools s the
foous of the farstexperinent inthe arent study. Fodhll, Sjadinand Sjodin (1996) have
examined these protoool gotias (5x4 minute, 5x6 minute and 5xX8 minute) na
camparison o 50 minute steedy state rus. They found that the 5x4 minute and 5x6

minute gave a nisk of over-estimating the maximal lectate steedy Sate, but they used
OBLA &s a referae point. It s dexr, honever, ttat when using foed lectates as a
reference point;, there lsadanger tret tie Individeal lectate thvesold walll be missed Bird
and Davison, 1997). For this reason it s pertirent for this study to examine tre differatt
protocol duratiaswithout using OBL A asthe point of referate.

Jacds (1986) hes also shown thet tre rate of inoreese of speed or work will affect the
depe oftte ledtate pofike. Partiallarly intre lessvell traired, 1fthe incranenits are too
get, tre rate of ledate accumulation s far quider.  In this ressarch runing speed



increrats are ulaally 1.1knw/h and rowing increnents about 27 vatts.  These inoreesss
gopear aurteble for gplied work and are auraidy in lire wirth the procedures used attire
BritashOlympic Medical Centre and thisusLal ly erebles a range 0f4-6 work stegeswhen
threeminute duratians are used.

For the ruming tets, there sa gquestion ofhow the runing speed on a treechilll relates
tothat autsice.  Recently Jones and Doust (1996) demonstrated treta 1% gradienton a
machine refledts tre e|rgetaic aost of runing autthors, due t© the fector of wind
resistae. This s in lirewith the work ofHeck et d. (19%5), who also examined this
with two treednill nocels, as well as examining tte influace of differant outdoor
runing sufaces on physiological regoses.  They found thet ruming on grass was
equnalatt to an agle of about 2% on atreedhill, as opposed to the 1% associated with
tamec.

2.3 Mode ofbercise

The mode of eercise hes Important mplicatias for Tlac and MSS.  Beneke and von
Dwillard (1996) examined MSS  invell traired athletes from the soorts of roving, speed
datirg, occling ad triathion, during three differatt earcise modes (roming, ocling and
Seeed datig)-  They foud thet the maximal workload was higher in rowving then n
ocling and speed dating and tret MSS worklload was higher in roving and speed
dating then moclig. Furthermore, the blood lectate concentration aaMSS was higher
in speed sating 6.6+ 0.9 mol . 1"D) then ocling 6.4 +1.0 nmol . 1) and rowing (.1 +
0.5mol.1"]). The heartrate rgoresentimgMS S | Ineach e@rcise mode was not rgorted.
In the goort of triathlon, there hes been limited research examining Tllac inthe modes of
runi.ng ad odling. Ithes been d%mrstrated thet Tlac @ mol.1"D) ooours &t 72-
88%\VChmax in gcling and 80-85%V 0 2ax in treedhilll ruming (Kohrt et d., 1967;
O “Toole, Douglas and Hillier, 1989). The heart rate represantang Tlac inthese caases was
not reported.

2.0 Logrtudinal Monrtoring

The review aticke by Jaodbs (1986) s quite dear In suggesting et the blood lectate
rejooee 1 e@cie B the most gygoriate way of monitoring trainirg statts on a
logrtudiral kesis.  Itisa farmore sasitive marker then V Ghmex and due 1o the fact thet
it suaally submaximal In rature, makes tmore gyealing as a method of assessent.



In tarms of examining the responsss o an Increretal e, te ledate ane, ifplotted
agpirst workloed, or runing soeed, would ted to duft © tte gt n tte case of an
improvemnent naardoic Ggecity. Simillarly, ftrainirg status hes declired, tre cunve will
duft to tre Ht. Willmore and Gstall (19838) have alsb shown ttet the Tlac ooours et a
gregter peroentage of VChmw after endurance trainrg.  The shepe of tte ledtate aune
can also change with trainirg, giving a reoonse et s kess lilke a diagoal e, when
blood ledtate s plotted apirst Soeed or in@sity, 0 a flttla ane with a damper
inflection Bsan. (Figure 249).

Figure 24: Change i positian and shepe of a lediate aune after 4 months of endurance
trainirg na juniar roner.
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2.9 Training Prescriptaian

Despite tte wealth of lrterature asbout tre kedaie resoonse o eadise, there s relatinely
hittle thet hes addressad the process of presaribing trainig N sites, paraalady for tte
srias endurance aopetitor. it sthisarea ttet sunder study ntte aunrent researdh.

Many training programes rely on earcise pesxiptoan uwsing relaine parcent
tedniges, S0 peroattages of maximum heart rate (HRmax), heart rate resene (HRR) or
V0 2x are used in acoordance with ACSM guicklines (ACSM, 1930). There ae,
hovever, problens associated with this type of methodology, n ttet kwas designed
more for the development of health related fitress, where the pinpointirg, or fire twning



of geecific training zones may not be as aitical s In the diite endurance aonpetator, who
wants 1o train herd, without oertrainirg.  Furthermore, research programmes have shown
that such methodology can also be irecarate.  Dwyer and Bybee (1983) showed trat the
broed training zones recommended by the ACSM,  such as 50-85% VChmax and 70-90 %

of HRmax can led © enormous differaes in netaolic sress, in terms  of te
vaalatory thredold.  The authors did, honvever, show tret heart ratewas quite useful far
the regulation of trainirg at Tlec; a key point for training presorpbion.

Weltman et d. (1908) attically examined tre use oF ACSM recommended zoes, n
examining 31 vell traired malle rumers (mean VChmax 63.5 + 64). The authors found
that 20 of the 31 ruers had not reached Tlac by 90% ofmaximal heert rate. Thiswould
inply an ukerestimation of trainirg intesity by the ACSM method; which may mean
trat highly trained athlletes require higher peraentages of maximal heart rate o attain
Tlec. Although ttere was clearly individLal variataon within the group of 31 G rurers
hed bllood ledtate cocentratias above 4 mol . 171a 95 % HRmax), ths gareral farding
hes allso been supported by Dunbar and Faulmann (1996) who examined 30 ditemiddle
ad loyg distaxe rurers (mean VChmax 76.2 + 52). They foud thet MLaSS was
associated wirth 93 . 2% HR maxx or 83.2%VChmax .

It had previosly been shown thet ttere was \ariatin In the associatian between
%HRmax and % VChmax (Swain etd., 1994), who found tret fitmen (gs determined by

V Chnaxvalues) averaged 2% higher inperoaritage ofHRmax then men ofa loner fitrtess

led, atany ginvenvalue of% VO 2max.

Furthemore, DiCarlo et d. (1991) foud sigwhicant differaes between the peak ad
trainirg heart rates in Sbjects during two difffaret modes of earcise, thus highlightirng
the need for geEarficity when it comes to assessment and training presariptian. This
leaes tre gotion of using blood lectate values o presorile trainig inesites for
ahletes. Weltman (19965) described a number of methods far doing this but stated thet
there are few referances 1o back up the methodology -

Research hes, honvever, examined varias methods of antrolling Tlec, but due to a
\ariety of methodologies Inesteblishig tre Tlac or AT intte firstplace; it sdifficitto
choose tre gotinal ae. However, there N0 evidence of stralegies to presorite trainirg
for otrer training zones employed by athletes.  For exaple, Weltman et d (1990b)
concluded thet tre use of heart rates for loger duration trainirg (L hour or more)
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common o endurance ruTers, hes not been examined. This B one gap intre litaaue
tratwill be addressed by the aurent study.

This revievwill now examine otherwork that hes attenpted 1 presarile trainig at Tlac
or related\arisbles.

Perhgps the diassic work inthe field isby Sjadin, Jaodos and Svedenhag  (1982) who
exanined dhanges INOBLA and muscle enzymes after training at OBLA.  The purpose
of the study was to examine the effect the addtaon of one session ofOBL A trainirg per
week in8middle and lag distance rurers.  lowas unigue innot anly thatt: it inestaigated
dlite athletes In tteir normal trainiry, unlike most studies tat ted to examine the
intraclcon of Tlac trainig 3-5 tines per week in the previosly uttraingd, this also
addressad tre inpect of Tlac trainirg during the normal trainirgweek.

The one weakness of the paper from a research methods point of view was thet the
Sbjects acted as tteir own antrolls, ratier then having a ssarate aonroll group stuoied
anourentdy @t sunlikely trat this aompetitive group of rumers would have kept to the
same trainirg programme throughout the whole study periad, as periadisaticnwould have
led to change In enphesis tonards apetiticn).  During the 14 weeks of tre study, tte
Sjects added a 20 minute treedhilll run to ttelr programme, the speed of which was
asciated with 4 mol 171 (OBLA) during a previasly performed incramrental &t
During each nn, blood samples were taken a5 and 20 minutes, wirth the treednilll speed
being adjustad acoording o the 5 minute \alle.  Despite this, tterewas dill an increese In
blood ledate through the sessionwith a mean inoreese from 4.1 + 0.3 mol . Plat fne
minutes t© 59 1.0 mol.1"1 a 20 minutes. This In s own right inplies thet tre
worklload associated with 4 mmol . 1" 1was oo fest o naintain steedy State codrtias n
thesevellHtrained ruTers.  The reaults of the study showed ttetthe 14 week periad gave
great inoreeses inthe speed aOBLA (4@ m.seC'1pre OBLA 1©4.89 m.seC"1post OBLA
trainig, p <0.00), which had not been enjoyed In tre 18 week periad eftter before or
after tre 14 week OBLA trainirg periad.  There was a signiificant relatiaship between
the danges N oxygen consunptiion at 15knvh and dhanges in tre relative activity of H-
LDH (<0.55, p0.(6), which the authors toodk 1 be an imdicataon tret the improved
runing economy was at lesst partly due to an inproved intracelular oxadative Gecity.
It isthis finding that hes leed to the much herallded world-wiide keliefttet OBLA trainirg
a4 mol . 1" 1lsesstal for the developrent of edurance.  However, many authors have
mistakenly used the 4 mmol_I"*1conospt anly, ratter then examine the Irterature a itk
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more deply. Itwas foud thet the greatest Inoreese In Speed at OBLA, oocurred inthe
abjects who had a smller inoeese n blood ledtate through the s=ssios. Thus
individLal steedy State codirtias are far more ggargoriate for endurance condirtioning in
dite rumers, then a pace associated wirth ablood lectate leel of 4 mmol . FL

Stegmann and Kindermann (1982) had al<o found difficilties in esteblishing steedy State
aodrtaas when 4 mmol .flwas used as the means of intesity arol.  The study
examined 19 roners who performed two 50 minute workouts in response 1o a previas
incranetal et The roners were required towork atan intesity ertter associated with
IAT, or4 mmol . 1. FAfteen of tre 19 abjects had stable ledtates at 1AT, but inoreesd
lectate accumulation at the inlesity associated with 4 mmol .fL Three of the 19 had
coincident 1AT and 4 mmol . Flvalues and 1 abject had ledtates higer &t IAT, then 4
mmol . 1. The authors concluded thet the higher the aerdbic poner, the more theMLaSS
would be oerestimated ifdetermined by 4 mmol . 1, which inplies thet an individal
gpproach must be considerad for eercise presriptaon.

Henritze et d (1985) examined trainig eftter &, or 69 vatts aove, Tlac during gcling
eacie In previosly sstentary abjets.  They foud ttet tte albjects above Tlac
enjoyed an Inreese h\O/O 2ax as vell as the oxygen consumptiion associated with Tlac,
changes ttet were ot seen In tte Tlac trainilg grap. The Tlac in this study was
determined by an elevatian in blood kecdtate above restarg leels during an incremental
=, a led tat would reoresat the ypper Iimit for Base Endurance trainirg in this
ausrait study, where the aim of which 'Bmttoele\ale\e/mmx, ratter develgp te
aerdbic cgeecity oftreworking musaulature.

Ancther study examining IAT trainirg, but again N uttrained abjects, conpared 8
weeks of trainirg N a group performing cotinuous 1AT trainirg, with a group which
divided the 30 minute periad into 7.5 minute blodks both below and above 1AT and with
aantrol growp (Kerth, Jaodos and McLel lan 199). By assessirg responsss atboth 4 ad
8 weeks, the authors found Inoreesss In \O/Chmox in both training grayps, with greater
adgptatias coourring during the farstfour weeks. A similar pattermwas also notaced for
the poner assooiated with Tlec.  The faot tet there was no diffferae between
inprovements inthe two previausly untrained groups, leed the authors 1o suggest tret the
mean INEsity during the training s=ssion determines the exdtat of the acgptation
regardless of whether the trainilg was performed intemittentdly or coanuasly.
Whether, thiswould be the case intraired athlletes, who would perform greater volumes
of trainirg athigner relative peroateges, remains o be reohad.

38



Work by Coen etd. (1991) fooused on whether trainirg recamendaitions aould be made
in differet rages of e sity using percatages of the spead associated with IAT.  In
examining the trainirg of dlirte rumers and triathietes, the study also assessad the inpect
of climatic coditaans and terrain inmodifying the recamendatiions based on laooratory
==

Endurance ruming on a flattarrain G lgs ofa 2,200 metre araut) or graded tarrain G-7
laos of 2060 metres) was amalysad with blood ledtate saples taken before, after kg 2
and atthe end oftreworkouts.  Similarly, intenal sessias of 5 x 1000m were assessd
N ertter good, or poor clinataic codrtaias, with blood saples taken durirg tre 4.5
minute recovery periad al loned between each rgetitian.  The blood kectate saples were
used to examine whether the sessias were performed atthe corect niesitiess. Previos
work with marathon rurers, by Forenbach Mader and Hol Iman (1987) hed previasly
recommended trat lag distance ruing trainirg be performed at inesities inthe range
of 85-92% of 1AT to awid oertrainirg.  The work of Coen et d. (1991) foud ttet the
gregter the tarrain and clinatic codirtias \varied, the less acourate becane tre attenpts to
achieve defired blood lectate values on the besis of 1AT guead.  The authors allso found
that individLalls coulld vary enormously intie values dotained during the sessias and thet
abload ldtate leAl of 3.2 mol "1 intwo athletes could mean two differat thirgs.  In
one rurer, withan 1AT lectate of 2.6 mmol 171, the work would be hard, whereas another
dahlete, who's 1AT kdatewas 3.8mmol . 171, the sessicnwould have been much essier.
The paper honever, gave training recomendations, N tems of peroaitage gpeed of
IAT, for differat types ofworkout. The problem here strat itrelied on runing \velocity
o be monitored and fed badk, which does not allov trainirg i a variety of terrairs ad
vaes. The Htar point B Inportant, because many athletes use a \ariety of training
rautes, which are unlikely 1 be marked for the purposes of providing ruming speed
Teededk.

2.60 Heart Rate Monitoring

A more satisfectory means of training anrol B suggested by Jassen (1987), where
trainig s antrollad in the field by heart rate, determined from a lectate pofike.  This
method sgpealing, as ituses abiolagical varieble, whichwill be sssitive to danges in
climate and more nportantly taran. Han athlete rus up ahill, the Inoreassd metalolic
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work will be reflecdted by an Inoeese In heart rale. The strategy of Janssen does,
honever, have two prablers.  Arstly, the principle suggested rellies on the presoripaian of
trainirg using foed ledtate values, such a4 mol 1" 1for Tlac trainiig. A similar, but
modified goproach willl therefore be used N the aurantwork, whereby irdividlal lectate
pofiles will presoile tre trainilg sy, rater ten abitary foed boaies.
Seoodly, the efficoy of the prooess hes ot been examined epinically, which B
another agpect of the aurant stLoy.

The use of heart rate to antrol trainirg hes gathered momentum, with the Inoeese n
aalldality of porteble teleretry devicss, which ae acorate and ginve Imediate
Teadadk, asvell as having the aallity to store data for subsequent pllay back (Gilmen,
1956). However, the Gi Iman review artacke examining the use of heart rate to monitor the
intesity of endurance trainiry, hes ot examined tre potentaal of using heart rates
presoribad from a lectate profile - te foous ofthe aurent study.

One element the Gilman review articdke mentioned i ttet of cardiovesaular drift during
endurance earcise, Which stated thet heart rate willl driftupnards N ssssias where the
duation B lager then 20 minutes.  This phenomenon may alter the heart rate - lectate
relaticehip seen Inan Incramatal e, or Indeed a subseguent varrfication run ofa ot
duration.  Cardiovescular driftwas first rotioad and documerntted by Saltin (1964) and B
accompanied by a dearease in strde volume (Goodman, et d., 1989), asvell as fadors
such as a progressive inreese I core tanperature and progressinve dehydration due to
flund loss from both sweating and vatilatory ks,

Other autihors have also notacad simillar trats In response 1o earcise inthe heat (\ecel,
1983; Ravell, 1999). The cardioesaular dift susally greater intresdhilll rumning then
runing autcoors, due to the fact thet there N0 convectiion to aid coolling (Forenbach et
d., 1987). This was syported inwork by Adams et d., (1992) when gcling for 60
minutes at 56%\VChmax was performed in\varied evirometal codiias. Heart rate
was sighficantly higher ina dill air condirtion at 35°C as opposed o airflovof 3 nvs &
this tenperature and both airflos at24°C.

Work by Cempla et d., (1987) hes also noticad tet, under laboratory coditias, tre
heart rate iInoreeses during 30 minutes ofhigh intesity rumiing 8L %V02mK (Ccloeto
Tleo) In trared distane rurers.  They foud tet redal temperature inoreesad by
1.96°C, with progressinve inoreesss inboth heart rate and minute \ventallation.
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2.70 Summary

1 Performance of edurance ot rauiress a geat antribuaan fran aardoic
metabolian.

2. When blood lectate measurements are plottad egainst worklload or runing speed in
regponse 0 an inceental protoool a arviliresr e B seen wilth inareesing
img—b’

3 Such incramantal t&sts can be used to monitor codrtion and predict MSS,  although
the methodology, aitaria and terminology can vary aosiderably between authors
worldvice.

4. Attention must, ttaerefoe, be given t© nmethodological aosiceratias when
determining blood lectate profilles, ot lesst ofwhich the type of protoool used.

5 Although the examination of trainirg aimed aEMSS hes been pooular, littlework hes
previasly examined training ssssias of diffferat inesities, which are diearty used
by athletes preparing for corpetitive ot

6. Heart rate has become a popullar means of trainirg monitoring and aontrol.  Inded,
prescribing heart rate establided during an incremretal protoool hes become a

popullar means of pradicting steedy state blood boate.  There s auratdly little
enpirical evidence to ygport such amethodology -
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3.0Statement of the Problem and Purpose of study

3.1 Statement of the probllem

Performance in aompetitive soort B aosiderad regoasive o a Systeatic trainirg
regine. To chie, qentatative models exanining the respose 0 \variatios In trainirg
inlesity and dration of trainirg within a programme do not east. Honvever, k£ B
commonly kelievad that training intesity sa key fedtor to gotimise training aceptatias.
Heart rate i one method of presoription and antrol of trainig iNesity.  The presant
study hes sought to examine tre use of heart rate o anrol trainirg N sity invell-
traingd athletes from the goorts of rumiing and roming.

Previous uypublished work in our ldoratory, as well as dosenation of physiological
resposes during trainirg, hes shown drfferences n heart rates used for MSS trainig n
differat eacie modes.  This can cause anfusion for athletes in nulti-event gorts
such as triathlon and duathilan, when tryirg to select the goorgoriate heart rate to aontrol
training INMSS s=ssIas.

3.2 Purpose of the study

The purpose of the study was to examine the aontrol of trainirg invel l-trained endurance
dhletes. Arstly, esteblishirg an increrental protoool tret was acogpteble far te
determination ofabllood lectate profile, that coulld be used to esteblish ledtate threghold, a
key trainirg intlasity where blood lectates are high but stieble, giving maximal  steedy
state (VSS). Seaodly, 1o compare heart rate and rumiing Speed as methods of training
antrol dring MSS s=ssias In ruming. Thirdly, examining heart rale as a means of
antrol durilgMSS sessias roving.  Faurthly, 1o assess the method of using heart rate
prescribad from a blood ledtate pofile, to antrol trainirg s=ssias aimed aEMSS ad
Base Bxurance. Arally, t© aalyse the differass n heart rate a Tlec, a key trainirg
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N sity, between runing and oycling invel l-traind tristhietes, Inan attenpt to idenafy
the megnitude of any dirfferance seen between exercise modes.

3.3 Null Hypotheses

1 Heart rate ad blood ledtate values remain ualtered with varied stege duratian, or
time periad between steges, during incrarental treednilll runing in traired middlle
ad log distane rurers.

2. There sno differae between runing speed and heart rate as ameans of anrolllirg
training s=ssias aimed at the development of bese endurance and MSS  Invell-
traind rurers.

3 Lactate values dosenved during ergoveter roving canot be predicted from te
desenation of ert rate invel l-traired roners.

4. lactate values dosenved In the training enviroment canot be pradicted from the
dsenation of training heart rates during BE and MSS training s=ssias in vell-
traired rumers and roners.

5 There Bno diffaaxe nleart rate acfoed blood lectaie markers and at Tlec, between
the e@rcise modes of rumiing and oycling intrained tristhietes.



4.0 Experiment One: Establishing a lactate profile for subsequent

training prescription.

410 Inbodcaan

The blood ledate response 10 a graded eertise test can be used far avariety of purposss,
including soreening, the monirtoring of training and e@rcise presaripaon (Jaads, 1956).
Honever, there Bwidespread \ariation throughout the releant literalure as racards the
rature of protoools uilisal  Protoools may be eftter continuous or discottinuos n
reture and may have a stage duration ranging between as littkas 1 (Yoshida, 1984) ad
as lag as 10 minutes (Weltmann 1990b; Hagbery, 1986). Inthe case of disoottinuous
protools, the legth of the pause between stages may alo be seen o vary. Sjadin ad
Jaodbs (1981) and Sjodin and Svedenhag (1981) used a disssic continuous protoool when

examining dite rurers, who ran at an it \elocity associated wirth 45-50% VChmax
for Sminutes.  Thiswas folloned by at kesst 4 stages of 4 minutes induratian, where the
subseguent \elacity was between 0.5 and 2.0 km -l festarthen the previass lbdl.
Yoshida (1984) examined the differae inbload ledate leels between 1 and 4 minute
workloads of ocling in 8 healtty males. He foud ttet the 1 minute increnental
protoool resultsd N non=steedy state coditias far oxygen and a higher worklload for a
given leel of axygen consunption; this leed to a kess acourate determiration of lectate
thresold (Tled) and OBLA (tre worklload associated with 4 mmol - F1ofblood  EOtEE).
When examining Aneerdbic Thresold (AT, Mclellan (198%5) foud a differae
between 1 minute, as opposed © 3 and 5 minute duratias when testirg 10 male odists
with a 30 Watt incramental method.

Previasly, Hagberg (1986) had suggested that a disoontainuous protoool using 10 minute
rus, althaugh kess time efficiant then a Sorter cotinuous method, provided more \alid
cata for tre determiration of lectate thresold (Tled) and prediction of performance.
Later, Weltmann et d. (1990b) found a cottinuous increnerttall protoool with 3 minute
stages tobe both valid and reliolewhen compared with a series of 3 ten minute rus and
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the associated disadvantage of 2 or 3 exdtraviats o tre ldooratory, each of goproximately
two hours testarg tne.

In an gplied sttiy, where blood lectate profiles are used far subseguent trainig
presriptian, there isa requirenent for acaurate, but tine efficent methodollogy.  The use
of a sries of rus may vwell yield the most relisble realts, but B extrerely tine
consuming.  Furthemore, the athlete and coach often require prescrptaan of more then
one trainirg zone ((Jassy, 1987; Foster et d., 196). Due t© thee reesos, tte
increnertal protoool s often most practial, egpscially for the purposes of trainig
Therefore, the purpose of this study was 1 examine differant types of protoool, which
may alter heart rate and blood ledtate values dotaired during the routare assessmant of
middle and lag distance rurers.

4_20 Methods

The owerall scheme of studywas sub-divided into totwo distirct sctios:

1 Two disoontanuous methods were compared with a commonly used 4 minute stage
cotinuous mocel .

2. The 4 minute protoool was canpared with a dorter 3 minute version inan attenpt to
keep the testarg protoool as tine efficiat as possible.

4.21 Sbjects

In Study One, the agjects were exgit male middle and log distae rurers, who were
of at lesst conty statird.  In Study Two, the Slbjects were eight malle middle and lag
distance rurers of at lesst conty staclrd. Two sbjedts partacipated in both studies.
The pthysical daederistics of both sbject groups are displayed in Table 4.1,  Each
abject was fully informed of tre purpose of the study, as well as the potential healltth
rnids before conpleting a medical history screening guestiamaire (Appendix One) ad
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sighing awrrtten consent form (Appendix Two) . Approval far the studywas givenby an
intermal Ethics Commirttee tamporarily inplace at X Mary sGollege, Stranberry Hill.

4.2 Testing Structure

In Study One, slbjects were required to perform three graded incramantal testswithin a
threeweek periad. The arder of testswas randomised, but testing took place on the same
day ofeachweek, S0 asto fit in arsistently with the trainirg sdhedule.  Testing folloned
eitter a rest day or day of ligt ruming t© conbat the potantaial problem of glyoogen
dpletion.  S.bjects produced both dietary reall Seets (Appendix Three) and trainirg
lags (Appendix Four) during the study periad.  In Study Two, both testswerre performed
48 hours goart Ina randomised fashion, wirth sbjedts restrictsd o rest or easy runing the
day before testirg-

Table 4.1 Physical GaracteristicsMean (S.E) of Sbbjects

Age (years) Mass (Kg) Height (an)
Study One 22.0@Q0 7.3 20 180.7 24D
Study Two 2.7 (B 25049 188.5(1.7)

All ruming took place on a Powerjog M30 ruming machine (§oort Bgineering Ltd,
Birmingham) with a leel gadiet. The runing speads during the testarg saries were
<lected for each abject on the besis of aratt ruming form and /or fram previaus
earcie tests during routire physiolagical monitoring. The aim of the speed selection
was to reach a sigficat inreese inblood lectate by the end of the kst runiing goed.
Typically, the nitiEl speed would be 15.9 km.h"1 (4.2 m.s"D with the lonest being 14.8
km.1TL, but the Inoreese N runiing speed between stages would always be 11 loh™l
(QJIm_s™D. Al tests were preceded by a aatrolled warm up of 5 minutes ruming at
12,6 km.h"L@B5m.s™) ad stretchirg as required.  Indll cases tre laooratory tenperature
was within atamperature range of 18-22°C.
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4.23 Testang Protoools

a Study Ore:

D Protoool One was a modified version of the BASES protoool (Bird and Davison,
1997), axsistirg of four 4 minute runing soeads, intergeersad with very dort
pauses (<20 s.) forthe collection ofblood sanples.

D) Protoocol Two was disoontanuous I an attenpt o olate the rumiing gosacs.
Running duration was six minutes on each of the four goeads, sgoarated by 10
minute pauses.

m) Protoool Three was similar to protoool Two, exogpt 8 minute ruming dratias
were used giving a loger total testand runing tne.

b) Study Two:
D Protoool One axsistad of 5 rumiing oeeds inthe same formatt as Protoool One in
Study One

)] Protoool Two arsisted of 5 runing speeds as inProtoool One, but the rumiing
durataionwas 3 irsteed of4 minutes.

4.24 Measurements

At tte end of each ruming goead, abjects stood estrick of the moving treechilll el
vhillst heart rate was recorted viia radio telenetry (Rolar, Ainlad).  Blood sanplles were
taken from the earlde for subseguent ledate determination from whole blood (Analax
GM7, Hammersmith). The bllood aalyser was Glibrated using both 3 and 8 mmol . F1
stachrd solutios and also dhecked wirth a Qal ity Gontrol Serum (Ccentratian 2.32.S
mmol .f1). Standard precautias were taken gairst blood bom viruses N acoordance
wWithBASES guicelines Bird and Davison, 1997).

4.25 Data Analysis

For more cetailed corparison nstudy two, irdividlal blood ledtate profiles were pllotted
agpirst both runiing speed and heart rate, wirth poiints joined via lirear inlerolatian. The
hearrt rate associated wirth 2 mmol . F1 of blood lectatie was esteblided, as was the heart
rate asscciated wirth lectate thresthold (Tled), the point where therewas a sarp inoreese in
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blood Edate, N resoonse o an Indreese N runiing speed and /orheart e, Thils smore
essily determined when blood lectate s plotted agpinst heart rate as shovn inFigure 4.1
belovwhere the 2 mol . 1"1heart rate 5 161 ad tte Tlac valle B 16.

Figure 4.1- Exanmple of a ledate prohile showing tre heart rate a2 nmol . 171 of blood
lectate and atLactate Threshold

135 140 145 150 155 160 165 170 1/5

Heart Rate (beats/min)

4.5 Satstial Aalysis

To tet for differaes between the three protoools N study ae, ANOVA with repeated
measures was ussd, whilst pairad tiestswere used nstudy o, Correllation aefhicients
were also used to examine the relatiaship of the variables between protools. A p valle
of kess or eqal 1 0.6 was aooepted as sigwficat for these aalysss.  In asse=ssig tre
ledl of agreament of the two protoools in study two the grgdhical and sinplle calaulataan
methods of Bland and Altman (1986) were ussd.



4.0 Results

Study One: Table 4.2 shows the mean values for blood ledtate and heart rate &t each
runing seeed. ANOVA revealed thet ttrerewas no sigwhicant dirfferance aaooss tre three
protoools for ertrter heart rate or blood ledtate atany ofthe four runing Stages.

Table 42: Mean (S.E.) blood lectate and heart ratevalues dotained ineach protool.

Protoocol One @min)  Protoool Two (Gmin) Protoool Three 8min)
Stage La HR La HR La HR
mmol.f1  bmin"1l  mol.1"1 b.min' "1 mmol .1"1 b.min"1

one 116(1H 1%6G 11719 8@ 16(H BLE
Two 180(2) 16@ 19D 120 18D 18206
Three 216(H 1@ 203D 10E@ 260D 111G
Four 3.40(H 177@® 29 177@® 33 10O

There was good corelation between the protools for heart rate and blood lectate
measurenents at each stage during the increnerntal &sts, as shown inTable 4.3, Indl
s p0.01.

Table 4.3 Corelation axfficats of kectale and heart rate values between diffarant
nrotomls.

Protoools One and Two One and Three Two and Three
Lactate mol 171 r=0.% r=0. r=0.%
HR b.min"1 r=0.3 r=0.86 r=091

Study Two: A comparison of both heart rate and blood ledtate responses at each speed
between the 3 and 4 minute continuous protools Bdiplayed nTable 44. A paired t
st revealed sigirficant differaces blood ledtate values during steges 3 and 4 asvelll as
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heart rate values during stages 3 and 4. At eech rumiing gosad, tre mean heart rate ad
blood kectate values were higher during the 4 minute protoool. - Such arsistant dirfferae
was not ssen between the three protoools n Study Oe. The rature of the bias BShown
alo by tre individal cases inFigures 4.2(3) and 420).

Table 4.4: Mean (SET blood lectate and heart rate values ntie 3 and 4 minute protomls.

Protoocol One (3 min) Protoool Two (4 min)
Stege La(mol I'D) HR (b.min"D) La (mol D HR (b-minD)
One 0.8 (® 146 4.7 0.9 .13 150(5.1D)
Two 106 0.2 155(4.0) 1.16(0.19) 160 @2
Three 128 01D e @7 1.63 O.-2)* 168 (4.6)
Four 2.8 0-0) 173 36) 2.48 0.2D 178 4.3y

* Significantly differat 0 3 min p<0.06  ** Significantdy differat 3 min p<0.006

Figure 42 Relatioships of @) blood lectate and (0) heart rate values between the 3 ad
4 minute protools.

@ Blood kdate r= 0.89 (p0.00L) © Heart Rate r= 0.90 (p<0.001)



inin) mmol/1

(3min - 4

Despite tte strag correlation between the two protoools far both heart rate and blood
ledtate resoses, tre leels of agreement between the two protoools can be seen to be
poor when viened as respanses at each gpeed (Figure 4.3@) and Figure 4.30)). The
mean differace between protoools farbllood kdatewas -0.23 mmoll . fland for heart rate
—531 b.min"L

Figure 4.3: Leels of agrearent for @) bloaod kctate ad (0) heart rate values between the
3 and 4 minute protomls.
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When tre heart rate - blood ledtate relatiaship sexamined, comparison between the two
protoools, shows better agrearent. Teble 4.5 displays tre mean heart rate attaired at

both 2 mmol . fland LT for both protomols.  There was no sighirficant dirfferance between
tre protoools for eftter of these \aricbles.
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- 4min) a 2mmol/l

Dill n Heart Rate @ min

Table 4.5: Mean (xSD) heart rate at 2 mmol.I'1blood lactate and LT in each protocol.

Protoool HR at2mmol .11 HR atLT
3 Minute Stage 170.949.8 12.84¥9.5
4 Minute Stage 1/0.749.1 174.3+12.0

Whether tte heart rate at a foed ledate conoentratian 2 ol 17D susd, or te heart
rate associated with LT, there s letter agreament between tre two protoools (Figuare
4.4@) and 4.40))- The mean differaxe between protoools far HR a2 nmol .17 1was 0.19
ad LT -15.

Figure 44: Levels of agreament far tte heart rate - bllood ledtate relatiaship & @ 2
mmol . 11and (b) Lactate Threshold.

@ 2mol 11 ©) Lectate Threshold

Average Heart Rate of both protocols Average Heart Rate of both protocols
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4.40 Discussion

441 Camparing discottinuouswith cormtinuous protoools

The good agreement between the protoools N stdy ae, comparing te two
discontinuous, loger stage protoools with tre dorter 4 minute incremental protoool 5
arsistait with the firdings of Weltman et d (1990), who compared a 3 minute
increnental protocoll wirth 10 minute stages and found no differaes. Although minor
drfferaes exsted between the mean heart rate and blood lectate vallues at each rumning
sed, there was no sigiificant differae at any s, Furthemore, there was no
arsistat differae o idicte any bias tonards higer reedings in any one protool.
The inplication ofthis finding sttat as there sNo diffferaee between the methodollogies
and thet the dorter Incremental protoool can be aocogptad as surteble It reporesding the
heart rate and blood lectate values associated with any partiaullar ruming ged. For the
sake of tine and efficiety, the Incremental protoool would be dhosen as there Ba oA
testtime of about 15 minutes with a five stage tet, as opposed to 70 minutes inthe six
minute versicnand 80 minutes inthe 8 minute \arsion.

The fardings do dissgree with Fadall, Sjodin and Sjadin (1996) who found that 8 minute
Stages Ina aontinuous protocol better represanted the heart rate and blood  lectate values
Seen during 50 minute steedy State runs in firemen and marathon rurers.  However, the
amterian measurement in thet work was OBLA, which does not recessarily relate o
steady state ledtate in log duration adtivMity.  In irdividlals whose Tllac s at an adsolute
bload lectate leel below 4 nol 171, it s expected ttetbllood lectatewill aotinee o rie
through steedy State eercice at this high intesity.  Inobad, the dlassic work by Sjadin,
Jaodbs and Svedenhag (1982) found that vell-traired middle and long distane rurers,
who trained at a runing speed associated with OBLA far 20 minutes sufferad inoressed
lectates throughout the rin.. The mean bload lectate after 5 minutes was 4.1 moll 171, but
thished nisshto amean of 5.9mol . I"*1by the end of the 20 minute nn.

Furthermore, the protoools invohved inthe Fodall, Sjadin and Sjodin (1996) study also
compared three contanuous protoools, adnrttedly with the same rumiing duration es tre
three inthis aurant study, but may have suffered a aumullative effect. That 1o say et
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the work in a previous stege oould cause an Inoeese In tre blood lectate &t a higner
runing §d, praaulardy when rumning at speeds cloese toor above LT,  Intre aurant
study, the lager stageswere more isolated, to avoid such aanullative effect

4_42 Comparing contiinuous protoools

It was more suprising 1o see tre gredter differae In heart rate and blood lectate
respoonse between the two aontiinuous protoools of 3 and 4 minute stage dratian. Inthis
regect, the aurent firdilg s more in lire with the firdings of Fochall et d (19%5).
When both the heart rate and blood lectate response at differant goeeds was compared
between the two protoools it can be seen thet the 4 minute version often gave higer
reedings then the dorter 3 minute version (Figare 42).  For blood lectate 24 of the 32
(75%) oftre reedings were on the Efthand sick oftre lireY = X, vwhilst 4 were actially
onthis lireand 4 totre Ht. For heart rate, the sittationwas similarwith 24 (75%) totre
rigitofY =X, 5 (16%) on tre lireand 3 (9%) tothe gt Not only was tre gareral
tred for tte 4 minute protoool o give higer kdates then the 3 minute varsion, it
gppeared to be more the case at tre higher intasity.  ltoould vell be thet this s furtter
evidence of the aforementioned aumullative effect of preceding rumning staces, possibly a
result of cardiovesaullar drift Ronelll, 1989; Necel, 1983).

4.43 Inplicatias for lagitudiral monitoring

Such differaxe inthe blood ledtate and heart rate measurements at each speed between
protoools does have inportant inplicatias ifthe esteblidhed blood lectate profile isused
for loprtudirel nonitoring. It s diear et eectly the same stege duration shoulld be
used ina lagrtudirel mamer, due to tre ladk of agreement shown by the two methods,
better grgchically displayed inFigure 4.3 aand b, Indeed, not dll vallues were wirthin 2
stahrd deviatias of the mean differae between the two methods.  Therefore, for
purposes of lagitudiral monitoring, the 3 and 4 minute stage duratias camot be used
interdrergeebly.



424 Inplicaios for training presarapan

When arsidering the use of tre ledtate profilke for training presriptian, in partiaullar by
use of heart rale, it can be seen tet the differae between the two protoools B
asicerably ks The heart rate - blood ledtate relatiaehip gopears more radast
between the two methods, whether determined by the heart rate at a foed blood lectate
acetration (ofa leel inthe realms of normal endurance trainig) of 2 mmol .17, or
indeed et Tlec.  Teblle 4.5 shows ttet the mean heart rate at eftter marker i similar in
both protools.  Whereas the mean differae in heart rate ateach rumiing Speed between
the two protomls was just over 5 beats, the differae inheart rate for tre lectate related
varicbles was 0.2 for 2 mmol . 11and 1.5 for Tlec.  Figure 4.4 shows thet dll cases fitted
aarfortzbly within 2 stadard deviatias of the mean differae, idicatig tet ttere B
good agreement between the two methods for these two heart rate - blood ledtate
\aricoles.

4.5 Conclusios

It i clear thet the protoool used does have some beariing on the blood ledtate and heart
rate measurements attaind In castructing an idividal blood lectate pohike.  There
gopears Iittke differace between the heart rate and blood ledtate values dotained when
camparing an incremetal protoool with 4 minute ruming steges o disoondnuous
protoools with 6 or 8 minute stagss. As the dorter incremental protoool smuch dorter
in oerall duatian, it s recommended that such a protoool be utilisal  Although the
camparison of heart rate and blood ledtate response 1 3 ad 4 minute incrematal
protoools shows higher reedings in the i, there gopears litte differae i tre heart
rateblood ledtate relatiaehip between the two.  Therefore, itisrecommended thet ertrer
gotion coulld be used for training prescrptianwhen using heart rate as ameans of ool
and once agpin, it likely that the sorter gotiion i1 be prefernred on the grounds of time
effiaey. When aosidering lagrtudiral monrtoring of athletic codirtion by means ofa
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blood lectate pohlke, it inportant that the same protoool BUsed on each cocesian, as a
differant duration of runing speed can affect the hysiological response meesured.
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5.0 Experiment Two: Do heart rates in training workouts for Base
Endurance and Maximal Steady State* elicit blood lactate values
predicted from blood lactate profiles in (@) runners and () rowers, In
both the laboratory and the field?

5.10 Inrodction

Performance of endurance goort B determined by three key physiological \arisbles:
maximal aerdbic porer, ladate thresold and economy (Pate and Branch, 199). As
trainirng adgptatias are gecific o the trainirg proosss utilisd, tmakes sase et
improvement of endurance performance raguires attention o these three ghysiolagical
\aidles. Unlike haalth related fitress, where one gareral intesity may be used to
develop and maintain cardio+espiratory fitress (ACSM 1978; 1990), endurance athlletes
use a \ariety of trainirg elements In an oaall programme to address these three
daadeistics.  The use of trainirg s=ssias designed to diat high but steble blood
ledtate leels ae inaessingly popular In endurance oot (Qycer, 199). However the
conogpt of using just one type of workout for the preparation for copetition B
qestiaeble. ltsmore common for a range of training INEsities 1 be used to form a
balanced programme (Hartmamn, Mader and Hollman, 1990; Jassen, 1987; Jores
19965). Although tre gareral prirciplles of the range of trainirg sessias within a
programme are similar in differait modes of eatse, there B \ariatdn In both
nomenclature and disssthicaton fron gortto ot

Three gereral disssificatios are (1) log duratian low /moderate intesity (@) moderate
cduratian, high intasity training (i) and dort duration, high intesity trainirg (Pate and
Branch, 19). An exanple of a ot gearfic diesstfication in the soort of roving B
Gategorised inTable 5.1
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Table 5.1: Federation Internationale des Societes d’Aviron (FISA) guidelines for
prescription of trainirg intesities (adspted)

Session Example Approx. % ofHRmax
ualissaan 1 60 - 120 mill continuous 65-75
ualisatian | 60 -90 min continuous 75-85
Aneerobic Threshold 2 - 3 x 15 minutes 85-90
Trangoortation 4x3 minutes PDV-%5
Aneerdbic/ Intersive Intenal 6x1 minute >05

The diassificatinn 1o be used inthis paper isbased on the input of coadhes from a\veriety
of gorts who required assistance with the antrol of trainirg inesity In some of tre
desifictios. It alo tdes ino arsideration desenatias from peer reviened
menuscripts (Oderty, 1992; Pate and Bradh, 1992; Sjadin & Swvedenheg, 1985;
Shephard and Astrad, 1999).

1 Base Bndurance (BE)- This sthe trainig zone used for log duratian low N sity
workouts.  Duration of such workouts woulld typically be 30 - 120 minutes and the
intasity i low to allov such dration.  The traiining adgptatias enjoyed from such
workouts would be inoreesed fat metabolism Ggebility and inoreesed  axidatinve
cgeecity of deletal nuscle Gollnidk, 1988) as vell as Inoreesd tolerane o heat
stress (\eckel et d., 1974). Itisnomal to have blood ledtate coontratios thet are
similar to restirg \alues, 0 the upper It far this zone may be determined by the
first rize inbload kectate above keselire leels during incramental work, a point thet
hes previasly been refarred 1o as ledtate thresold (leltman, 19%6).  In practical
tams, this hes shown for kdtates o be bellov 2 mmol .1 for plasma sanples
(Hartmvan, Mader and Hollman, 1990), tre equnalatt of 1.5 mmol . f1 using the
methodology employed In the presat study, where whole blood ledtates gnve loner
values then plasma sarplles.
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2. Aerobic Maintenance (AV). This satrainirg zone used for log durataon moderate
inesity workouts.  Due to the slightly higer inasity, the duration ofworkouts B
dotar, tpically 30-60 minutes on the grounds of awileble abstrate (Hartmam,
1990). This and Base endurance workouts would corprise the major portion of the
athlete’s trainirg lced, without a high leel of stress to eitter musculo-deletal or
physiolagic systams (Pate and Branch, 1992).

3 Maximum Steady State (MSS). Although the cehintaas of this trainirg zone are
wide raging, the prirciple of sstaind high intesity aerdbic eercie for the
development of endurance i \very much invogue (Jassen, 1987). The prirciple
inolves high, but steblle, blood ledtates for a duration of 20-30 minutes in eitter
cotinuous or intemittent adtiMity.  The hysiological berefits associated with this
form of e@rcise B Inaessiny the Soeed associated with the maximum steedy Stale
ad B deemed prticulady inportat in vell-trained endurance athletes whose
max imum oxygen consunption may have alreedy readed its gaetically determined
ceilirg (Pate and Branch, 199).

4. Speed Bdurance.  This trainirg zone s that above the maximum steedy State and
requires a grester aontrilbuaan fram areerdbic metabolism (Sourvey, 1992).  This
higher qallity work s resoaonsiblle for incressing max imum oxygen consunption and
5 dessially performed In intenal trainirg o eeble a greater volume of higer
intesity work then could nomally be maintained In costant lced performance
(Wenger ad B, 1956). Also known as ledate olaae, it s by dshintaan an
intesity above MSS, where blood lectate ontinues 1o e, despirte aostant work at
thishich nasity.

The purpose of tre folloming series of exanirations was o s ifa lectate profilke can be
used 1o prescrilbe training inasities for the aforementioned training z2oes. Two doviious
means of antrol of trainig can be wsed.  Arstly, tte runing speed or workload
asociated wirth ginven physiolagical codrtians s one goaan, altarrataely tre heart rate
asxciated with those same physiolagical aodirtios s aotter.  Given tret four broad
trainirg catagories have been hicghligtted aove, antrol of bese endurance (BE) ad

59



maximum steedy state (MSS) are the aim, because the other two training zones dovetail
around these 12 aardbic maintenance fitsbetween BE and MSS, whillst speed endurance
sabove the MSS.  Such trainirg presariiptian from ledtate profilles has been shown to be
possible inthe pest (Jassn, 1967), where trainig heart rates far a \ariety of trainirg
zones were prescribed; honever, ttaetwork used fived blood kectate conontratias to st
the trainirg Nasities. The aurantwork diffars intrat ituses the shepe of tre individLal
blood ledtate profile 1o st the trainirg inlgsity, rather then Toad blood lectate markers.
Although acoepted practice inthe goplied settirg (Joes, 19980), such practice hes yet o
be examined.

5.2 Methods

The owerall experimentwas sub-dividad Into three distinct st s:

Study 1- A carparison of heart rate and runing speed to antrol trainirg Intesity
invell-traaned middle distanoe rurers.

Study 2 An eanination of heart rate antrolled MSS  s=ssias on a rowing
ergareter in inEamatasal junior roers.

Study X A review of both BE and MSS training ssssias performed by highly
traired rurers and roners intreirusual training erviroment.

5.21 Sbjects

Study One 1Involved ten male middlle distance rurers of at lesst county stacard.  Study
Two examined 7 highly traired male junior roners from tre reticel squed.  Study Three
inestigated trainirg responses in 47 shjedts: 11 Rumers G middle distae, 4 lag
distane and 2 trirathlietes) and 36 roners (21 junior retiaal soued and 15 dite smiars)
who performed atolal of 80 monitored training sessias.  The physical daradenistacs of
the slbjects are presentad in Tables 5.2 and 53, Before any testarg commenced, each
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sbject was fully informed of the purpose of the study, as vell as the potentaal health
rnds before anpleting a medical history screening guestiaraire goproved by the tester
(Appendix One) and signing awrrtten consent form (Appendix Two) -

Table 5.2 Fysical daeradenistics of sbjects in StudiesOne and Two (Mean+ SE)

Study Sample Age () Mass (KQ)
One County stacerd middle distane rurers (\=10) 204821 0.644.6
Two National soued junior roners (N=7) 17.4+0.6 76.7+4.8

Table 52 Frysical Geradteristics of sbjects in Study Three (Mean £ SE)

Group N Age (o) Mass (KQ)
Runners n 5.7H.3 ®.3+1.8
Junior Rovers 2 17.740.1 7P8+l.1
SeniorRowers 15 6.3+1.3 76.2+1.3

5.2 Testing Structure

Study One:The rumers rgoorted o the laoratory on three aocesias. The fistwas an
increratal run on the treedhilll © determine an irdividal blood lectate pohile. From
this, the heart rate and rumiing peed associated wirth Tlac were determined inthe same
manner as In Bqeriment One (Chepter 4). On two subsequent oocesios tte ruTers
performed a 25 minute “Threshold Sessiat” aiming for maximal steedy state (MSS)
blood kdate, narandomised ader. Ertter a treechill se=ssion (T25) was performed ata
aostant ruming speed associated with Tlac, or an autdoor rEl (F25) was performed at
tre heart ratle assciatsd with Tlec.  Intre F25 s=ssiias, athletes wore heart rate nonitors
wirth alarm Imits o indicate the suggested training zone and cata realll feality (Accurex
Plus, Rolar, Ainlad). Blood lectatewas deemed steble iftrerewas an increese inblood
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lectate throughout the sessian of no greater then 05 mmoll . L. The order of tests was
randomised, but testing took place on the same day of each week at the same tine of day
for each ajact, S0 as 1o fit in arsistantly with the training sdedule.  Testing folloned
eftter a rest day or day of Iight runing to canbat the potenaal problem of glyocogen
dpleticn. Sbjects produced both dietary reall sests (Appendix Three) and trainirg
los (Appendix Four) during the study periad.  These were used t© check thet hard
trainirg was not performed the previous day and ttet tre carbohydrate and caladafic
consurptionwas sufficat for the recant energy eqaditure.  Checks were alsomade to
exure ttat trerewas aosistancy in both trainirg and dietwathin indivadLalls throughout
the study periad.

The ncremental protoool was the same 3 minute continuous Incrametal used n
Bxperiment One (Chepter 4, Study 2). The aontdinuous MSS rus have been used as
\alication trisks In nomal practice when testilg and nonitoring athletes N this
Idoratory.  Both runs folloned a 5 minute periad of jogging towarm uo.

Study Two: The roners rgorted to tre ldoratory on two aossias.  The fast et
inohed a 3 minute increrental protool, as In Beriment One, but work was
performed on an air braked rowing ergoneter (Conogpt 1, Nottingham) with power
autput being calaulated from the daceleration of the fiynheel and displayed on an LCD
syem. Work rate increessd by 28.4 + 8.4 Watts between each stage from a startirg
workload of 175 Watts.  Ina similar fashion to the ruiing tests inprevious eqernngtts,
ikwas normal far each athlete to camplete e work stages, but could In fact vary
between four and six, depending on individal adility and training stalts. The
increrertal testwas concluded once a sharp Inoreese Inblood  lediate had been rotaced,
but did not necessarilly aotine to edaustion.

The second wisit (eectly one week i o fit In tte same place within the trainirg
sdedule) involved a 25 minute steedy StaleMSS sessian on the same ergoneter (E5)
using the heart rate associated wirth Tlac from tre incremental tests as the means of
inesity arol.  Heart rate and blood ledtate were measured in the same fashion as
above every five minutes during briefjpauses throughout the 25 min MSS sessian. Blood
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lectates were deemed stable provided there was a nise of no greater then 05 nmol 171
between minutes 5 and 5.

Study Three:

Increnental testirg was frst performed during runing or roving and irdividlal blood
lctate pohikess astnucted as dowe.  Training heart rates for MSS  s=ssias were
determined as in Study Two.  Training heart rates for Base Endurance ssssiaswere alo
determined by esteblishirg tre heart rate associated wirth the first rice in blood lectate
above kecelire leels during incremental eercise.  This hes previassly been referred to
asLT (Weltman, 195).

A toal of 80 susequent trainirng sessias performed In the athllete™s nomal trainirg
enviroment were monrtored by means of heart rate and blood lectate measurements.  In
most Gases s=ssias ook place within one week of tte increnerttall &, but never further
then threeweeks. The exact duration and sarpling intenals during the s=ssias varied a
littke acoording t© geograchical and lastical fedas.  For rurers, itwas normal to
analy=e blood ledtate attie end of a trainirg logppwithinarn.  The MSS sessiaswould
kst between 20 and 30 minutes and at lesst two blood saples would be taken ©
examine whether treblood lectatewas steble, thus the loop would typically be between 6
and 8 minutes of ruming.  Once aain, a e ofno more then 0.5 ol . 1™ 1throughout the
s=ssimwould deem the session o be steble interms of tre lectate regoose.

During bese endurance workouts the duraticnwould typically be ofa 60 minute duratian,
with measurements taken at ertter 30 and 60 minutes, or 0, 40 and 60 minutes,
depending on the distance of the trainilg draat. A e inbllood lectate of no more then
0.5 during the session and an dsolute blood ledate of kess then 1.5 mol_ 11 was
arsiderad guogoriate to satasly the demands of the s=ssian. Thils was based on both
asultato with coadhes and acoording o the plasma ledtate of 2 mmol 171 arted by
Hartmann (1990) for utillisation/bese endurance work.

Rowing sessiaswere dl performed on a purpose lult lde at the National Water Sorts
Centre aNottingham. The distae of the man made lde was 2 000m. During MSS
s=ssias the boat woulld pull into a lading stage within 60 seconds of corpletion of a
rgetition. A tpial MSS ssssicnwoulld be 3 x 2000m with a blood saple taken after



the first and third rigetitio.  Base Endurance workouts would kst between 60 and 90
minutes. Measurements woulld be takenevery 4 or 8 km.

A total of 30 s=ssias by the 11 rurerswere analysd; 11 were base endurance workouts
and 19were MSS workouts. A total of 50 sessias were performed by the 36 roners, of
which 27 were MSS workouts and 23 base enduranceworkouts. It isdeer, ttarefare, tret
some athletes performed more then one training sessicnwithin the project.

In all Gases athletes wore heart rate monitors for intesity anrol and data reall intre

same fashin as the F25 trEl In Study Ore.  In dll laooratory ks, the tanperature was
between 18-22°C.

5.23 Data and Satastical Aalysis

Descriptive statastics were used 1o desaribe the physical daradteristics in dll three
stioies. Repeated Measures ANOVA was used in studies one and two to aaly=e the
change In heart rate and blood ledtate response through the duration of the 25 minute
MSS sssias. In study two, the percentage declire in metres rowed during the E25
s=ssias Were calaulated for each augject ad a mean value for the group percantage
dclire was also determined. I study three, carparison was made of the blood lectate
response doserved during the training s=ssias compared 1o that predicted from tre
incrarental ets.

5.30 Reults

Study One: The mean heart rate and blood lectate vallues at 5 and 25 minutes during the
T25 and F25 MSS sessias are shown in Teble 54, where can be ssen tret the two
methods of intasity antrol resulted in significeantly differet tracs inblood bdate.
This s furtter ilkstraied indetaal nFigure 5.1aand 5.1b.  In dll cGasss during the F25
=51, athlletes adhered to trelr prescrribed heart rates, vhillst during T25 rus, therewas
a sighcant ne inheart raie between 5 and 25 minutes (P < 0(b). lewas noted trat the
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mean axolute kedate at 5 minutes was sigificanty higer then the mean lectate value
recorced &t Tlac during tre incrametal et 4.1 + 1.4 mmol . F1, as compared with 2.3 +
0.51 mmol.f1L However, tte mean blood ledate was seen 1o drop ad then stebilise
through tte 25 minute run with the steble heart 1. During tte treednilll n, tre
Inoreese Nmean heart rate gave nie to an indreese intte mean blood  lectate throughout
the s=ssion.

Table 54Mean + SE Heart Rate and Blood Lectate values duringMSS  sessias (N=10V

Time (min) F25 HR F25 La T25HR T25 La
b.min1 mmol .11 b.min1 Mmol . 11

5 174+9 41+ 1.4 170+9 1940.4

5 1777 3.7+ 12 1R + 10 24+0.8

* significantly greater than incremental Tlac P < 0.05. ** significantly different than 5 min P < 0.05

Figure 51 Mean Heart Rate and Blood Lactate values during MSS s=ssias @) on tre
treechill and () nthe field (N=10V
@715 © F5

5 10 15 20 25 5 10 15 20 25
Time (MiInutes) Time (Minutes)
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Rediced ronsteedy  edtates

When individal caseswere analysad blood lectatewas noted to riise in6 aut of 10 Gases
during tre treednill rus. This B shown In Figure 5.2(@) where non-steady Gases are
shown intre loner halfof the giid.  Four of these six non-steady s=ssiias N the T25
saple, were predicted from the dosenved heart rate during the s=ssias and are plottsd
ontre Htsiceoftregid. The 2 caseswhere predicted blood kedtatewas steble from the
heart rate respose are plotted on the right hand sick of the grid in the loner ssction.
Figure 5.2 (0) shons tret in9 aut of 10 cases the pradictad steedy State kediates from the
antrolled heart rate response actially gave dosernved steedy State blood bdate.  These
nire are plotied N the upper right hand zone of the quedrant, whereas the one case ttet
gave non steedy state blood ledtate through the session isplotted inthe loner halfof the
gl

Figure 52 A camparison of predicted and dosenved bllood kectate resposes during tre
@ T25 ad @ F25MSS s=sias.

@ TreednilI MSS sessias (T25) © ReldMSS s=ssias (FS)

Cosenved steedy State bdiates

2 I S

Chsernved mn-steedy bdates Cosenved mn-steedy bdietes



Study Two: During e E25 MSS s=ssias, dll roners were eblle to maintain tre heart rate

prescribed from Tlac during trelr incremental t&sts, thus heart ratiewas steble. The mean

bload lectate throughout the E25 sessimwas hiigher then the mean bllood ledtate vallue of
3.7 £ 1.0mol _1"1at Tlac during the incremental tests, hutwas steble. A tred ofa sligt
drgp in mean blood ledate was roticed through the E25 sessian, but this was not

satistically significant (Teblle 5.5 and Figure 5.3). Furthemore, tokeep the heart rate &
a steble leel throughout e E25 s=ssias, the mean work intasity (shoan by the metres

ronved ineach 5 minute sectian) declined sigiificantly between 5 and 25 mirutes.  The

mean declire inmetres rowed In peroaitage terms was 5.4%.  In anly one aut of tte

saven E25 sessias did blood lectate rise by more then 0.5 mmol . 1™1between 5 and 25

minutes.  Inthis case tre blood ledtate rose from 5.3 1 6.2 between 5 and 25 mirutes.  In

one other e, bllood lectate dropped significantly through the session, stlartirgat 6.0 and

ceclining stedily 10 3.0.  The peroattage declire innetres rowed i this sLbject was

11.4%, much greater then the mean declire for the group of 5.4%. To put this furtter
Into aotext the range In peraatage declire for the otter six sLbjects In the group was

3.1% t©5.1%.

Table 55: Mean £ SE) HR La and distanee rowed through the E25 sessias iSEY)

Time (min) HR (b-minD La (minoUD Distance (M)
5 174+5.4 53+0.7 1343+ 20
10 178+4.7 56+1.3 1327 £31
15 177+5.1 52+19 1284 + 46
20 177£5.9 48+ 19 1279+ 45
25 177+#5.5 46+2.0 1265 + 41*

*sigificantly loner then 5 minutes (p<0.01)
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Figure 5.3 Mean & SE) Blood ledtate and distance roned during each 5 minutes of the
E25 s=ssias (\=7).

1400
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Uy 1300 £
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0 1150
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Study Three: Unllike in tte laboratory sessias in the previous two stidies, ot dll ceses
during this asalysis saw te tatet heart rates achieved during nonitored  trainirg
E==106.  Itwas seen ttet atotal of 16 trainirg s=ssias (20°%) were performed above the
et heart rates st from tre Increental ests. Onlly 3 trainirg ssssias aut of tre oAl
of 80 (4%) did not diatblood ledtates trat would have been pradicted; therefore 96% of
the s=ssias were aonrectly predictad as steedy State or nonssteedy Stete. The pradiiction
failue toachiee tre requirad leel ofblood ledtate came intie roving MSS s=ssias ()
ad the runing MSS s=sion.  Inno case of the BE trainirg ssssias did the dosened
blood lectate exoeed trat predicted from the incremental et

A summary of the firdirgs inrumning and roving Sessias can be seen nFigures 5 4and
55 regectnely.



Rediced rostesdy  bdates

Figure 5.4: A comparison of the observed and predicted blood lactate responses during

training sessions in runners (N=30).

(@ Base Endurance Sessias (-1 D) OMSS Sessias (F19)
Cosernved steedy Stete botetes
%
Coserved non-steedy botetes Coserved mn-steedy otEes

It can be seen thet during bese endurance (6.4 @) anly one of the 11 training s=ssias
saw bload ledtate inoreese significanty through the session. Inobad, thiswas pradiicted
fron the heart rate regoose; Inefiedt, te athllete had been working above the target heart
rae. This case splotted inthe bottom Ethand part of the grid, where the dbserved non-
steedy State lectate was pradicted from the monitored heart rate rejose. Intte MSS
sessias (Figure 5.2 (9), 12 training sessians produced steedy State blood lectate vallues
which were predicted from tre heart rate resoose. One Gase showed steedy State blood
ledateswhere the subject exceeded tre tartet heart rake. Six sessias showed non-steedy
state blood kectate through the sessian, but thiswas agaiin pradictad to be the case with
the monitored heart rate resose.
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Rediced ronstesdy  bdetes

Figure 5.5: A comparison of the observed and predicted blood lactate responses during

training sessions in rowers (N=50Y

(® Base Bndurance s=ssias (-23) OMSS Sessias (F27)

Cbserved steedy Stete botates Ooserved steedy State botates

F=m ozt
&

3B @Y

QOQB

Coserved mn-steedy botates Coserved nn-steedy bdates

In the roving trainirg, 23 base endurance s=ssias were nonitored and 21 showed
ldates thet gave steble blood ledtates thet werre predicted from the heart rates respose
Gtigue 55). Two sessias gave ledates thet inoreessd through the session and were
higher then those nomal ly expected inbase endurance workouts, but thiswas predicted
fron the fact et tre athlleteswerre working above treir prescrilbad training heart rates.

In the MSS s=ssias (Figure 54 ©), 25 ssssias gave bload ledtate leels thet were
predicted from the heart rate regoese. Four of these gave non-steedy bllood  lectate
ledls, where the athletes had exceed tteir prescribed heart rale zoe. Two Sbjects
displayed steble blood ldtates, depite working et a heart rate leel above teir
presoribed trainig 20e.
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5.40 Discussion

5.41 Differences inblood lectate between incremertal tests and constant laed.

ltwas observed during theMSS sessias inthe firsttwo studies that sLbjects were alvays
able to maintain the heart rates or work intersities prescribed from treir incremetal &is.
Although this has previassly been shown to be the case with Individal Anaerobic
Thresolds, it B ot always the case when fixed blood ledtates, from incramental
protocols are used o antrol aostant loed performance (Stegnann and Kindermann,
1982). The use of fixed blood lectates concentrations to presoribe training iInasitieswas
Tavoured by eardier German research (Heck etd., 1985) but s guestiaeble, praaladly
invell trained endurance anpetitors, where the asolute blood lectate leel aEMSS B
seento be low.

In this aurrent ressarch, the absolute blood lectate level at Tlac has been seen 1o be loner
than 4 mol _1"1at 2.3 mmol . 1*1in the rumers In study one and 3.6 In the junior roners.
The fact that the junior roners have a higher mean blood lectate at Tlac then the older
rurers, snot auprsing.  lowould seem that greater levels of endurance training teds
loner the absolute conoartration of blood lectate during training, due to the Increesed
axacative caecity as a reault of training and the associated greater leel of lactate
removal at tisse leel (Donovan and Brooks, 1983; MacRae etd, 199°).

The fact that the mean absolute blood lectate at Tlac s loner then during the sessias at
the same aostatt runing speed B ot suprisig eftter. Urhausen et d. (1990)
demonstrated thet blood lectates during aostait leed performance produced higher
lectates then at the same level during incremental work.  Invell-trained rumers the mean
blood lectate at treir 1AT during an incremental test was 2.44 mol . 171, similar o tre
leel of 2.3 mol .1"1at Tlac inthe rurers inthisstudy. During cotinued runing at the
same spead, blood ledtate was 3.06 and 3.69 mmol_1"1at 15 and 45 minutes of runing
respectively in the Urhausen et d. (19903) study.  In vell-trainad oclists they found a
mean value of 3.46 mol.1"1at 1AT during the incramrental &, but 4.20 and 4.16
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mol.1"1at 15 and 45 minutes of ocling regectnely.  Similar firdings had been
documented by Orok etd. (1989) In investigating moderately trained gdists.

5.42 Comparing heart rate and workload or rumning speed as ameans of trainirng cottrol
In the arrent work, during the treedhill T25 sessias the mean blood lectate started
loner then, and increesed through the sessiion to aoove, the blood lectate level associated
with Tlac in tte incremetal tests. At the same tine, the heart rate alo increesd
signfiantdy.  In the outdoor F25 s=ssian, where heart rate was antrolled, the mean
blood lectate started high and decreased throughout the 25 minutes. A similar pattem
was dbserved during the E25 sessias performed by the roners where, antrolled by heart
rae, the workload and bllood lectate declined as the session progressed. Such a
phenomenon hes also been dbserved In atss country skiiers who also suffered a declire
in workload during heart rate aotrolled sessias on a treadnilll (Kindermann, 19/).
One likely casative fector suggested s that of cardioesoular aift; a nise In core
terperature and drop in plasma volume seen in continuous eercise (\ecel, 1977,
Ronell, 1909).

5.43 Pacing strategy INMSS s=ssias

The high blood lectate leels seen in the il phases of heart rate aotrolled s=ssias in
the rurers (F25) and roners (E25) spossibly a cause of the athlletes working at a leel
above Tlac in the early stages 1o raise heart rate nitElly.  Although the rumning speed
was not measured inthe F25 trHEl, such an eplaation seems plausible in ligt of the
highworkload seen intre early stages of the E25 rowing trial and the subsequent dsclire.
The mean intasity ofthe first 5 minute portion of the E25 sessicnwas equinvalent to 4.48
m.sec™1, which B crtainly above the work Intasity assceiated with Tlac in the
increrental tests.  During the kst 5 minute portion the mean intasity declined to 4.21
m.sec™1Iwhich sjust below thetworkload associated with Tlac inthe incramental tests.

Itwould be of interest to see ifamore circunspect pacing strategy during the early steges
of the heart rate aontrolled workouts, would give loner il lectates and such values
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more in lirewith the ledate leel seen In tte Increrettal st This s an agpect taet
would varrant further ressarch.

ltwas noted thet during the treedhill s=sias, the target heart rate was gererally not
achieved unal after tre frstblood sanple, so itmay take a lager than 5 minutes to reach
a steady state plateau in heart rate and blood lectate during constant rumniing \elacity.  In
the Kindermann (1979) study, peak ledtates were seen after 10 minutes of the 30 minute
heart rate aontrolled workouts, which s the same as in the present E25 study. It B
interesting to note that not only did blood lectate drop through time In the Kindermann
(1979) antrolled study, there was also a drop in oxygen consunption, but thiswas not
statistically sighificat.  Guidance 1o athletes therefore, may be to take langer in reaching
thetarget heart rale. This may keep the training intasity slighdy loner at the st rather
then to stlart offat an intasity above thatwhich produces steedy state lectate ina quest
quidkly reach the target heart rate.

5.44Warm up beforeMSS s=ssias

The athletes inthe present study were alloned warm up before te MSS sessias, sO itB
not possible thet a ladk of warm up s a casative fadtar.  However, the intesity and
duration ofwarm up Bsanother factor ttet may warrant further inestigation.

5.45 Blood ledtate throughout MSS sessias

The reaults of the mean blood lectate leels during the intesity antrolled sessias (T25)
compared t© the heart rate antrolled s=ssios (F5) and (BE25) may suggest thaet the
inasity method B best at aarollig MSS  kedates.  The mean asolute ledtates are
lorer iInthe T25 and closer o tie leel at Tlac inthe Incremental s=ssias.  Intre heart
rate aontrolled sessias during both exercise modes, the blood lectate inftiated at a higher
leel but sthen scen to d.  Itmay well be that the work intarsity needs to drop
ergblle this to heppen.

The mean blood lectatewas doserved to Increese through the T25 session and just fitsthe
aiteria for MSS, as the mean inoease 5 0.5 mol.I'"L  In tre heart rate cottolled
£=ssias, the mean blood lectate was steble or even fallirg.  This point s of relevance,



because ifthe blood lectate & inoessirg, the inplication s thet the athlete s ot In
Steedy date.  The classic work by Sjadin, Jacobs and Svedenhag (1982) examined a
sbject group of elite middle and long distance rurers, assessirng lagrtudiral change In
aerdbic fitress In response to the addition of treechill training at OBLA.  The authors
found thet those athletes who had the greater inoreese in bllood lectate during these
s=ssias enjoyed the kesst lagitudiral improvement in performance.  Thus it s possible
10 over-train using this method of coditioning and some element of cotrol s of Lse.
This has also been suypported by the work of Noack cited in Heck et d. (1985) who
trained middle distance rurers using lectate cottrolled treedmilll sessias. Only after
reducing the intesity of these workouts, with no change in wvolure, could an iyt
bareficial logitudiral change i treir anserdbic threshold and corpetitive performance
be doserved.

5.46 Amalysing individial cases inTreednill MSS sessias

BExamination of individal MSS cases inthe presat study wirth rumers smore revealing
than doservation of group means.  OF the 10 sessias antrolled by intasity (125

sssias), only 4 gave predicted and dosenved steedy state blood kdtates.  The other 6
cases produced non-steady state ledtates through the sessin, although 4 of these were
predicted by analysing the associated heart rate response (Figure 5.23).  This, honever,

may be fittle conpensation to the athlete and coech, strivirg to achieve steady state
lectate inthe training enviroment.

Furthemore, the other 2 cases produced nonsteedy state ledtates thet could not be
predicted on the besis of dbserved heart rate. When theMSS sessians antrolled by heart
rate were exanined, 9 of the 10 s=ssias produced doserved and predicted steedy state
lectates (Figure 5.20).  The one slbject who did notwas an athlete thet had the onset of
an upper respiratory trect infection, whiich developed fully seeral days BHa. However,

this sbject was not excluded from the study, because itseemed reesoreble trat the heart
ratewould be elevated and would dictate loner training intasity and sl maintain steedy
state blood kdate. The area of the heart rate blood lectate relatiaehip under extreme
aodrdas, such astenperature, altatice and infectian, warrants further inestagation.
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5.47 Analysing individial cases Inrowing ergoneter MSS sessias

Inthe roners inthe E25 s=ssias, anly one subject demonstrated a blood ledtate rise by
more than 0.5 mol . 171, the aitaria st for steady Sate.  Once again, therefore, when
individlal sLbjectswere amalysad, using heart rate from an incremental test seems avalid
means of aattrolling steedy state condirtians inthe training sessias. Not onlly does heart
rate seem amore valid means of intasity control from the evidence above, consideration
shauld also be given o the pracacaliies. It sunlilkely trat athletes are going to perform
dl trainirg sessias on atreechill or rowing ergoreter under laboratory codirtias.  This
leaves the gotion of aorolling the runiing or rowing speed in the training enviroment,
which sdiffiailt.

5.48 Practicalities of pace judgement

it sunlikely thet rumers are going to achere to runing on a trakk, or even a few trainirg
ocourses wirth acourately measured distancess.  In such a field situatian, good pacing would
be a prerequisite for aotrolled training ssssias.  This s samnething that camot always
be guaranteed, because ruming leel pace B a dill tet varies between athletes.
Furthemore, aostant feedback would have to be provided regarding the pacing during
each trainirg eatt, which may not always be possible. Even ifthiswas the e, other
problems aie.  Ithes clearly been demonstrated thet other factors altar the physiolagical
response to runing. Heck etd. (1985) have shown quite clearly that the ruming surface
alters tre blood ledtate response t© ruming at sst geads.  More recentdy Coen et dl.
(1991) have shown thet well trained middle and long distance rurers demonstrated
differant lectate response 1o training sessias ingood as opposed 1o poor enviromental
aditias. This would be the same In roners, where a change Ih wind and water
aodrtias, would make a dramatic differace to the relative work intasity required to
maintain a given boat gosed.

Such probllems can be reduced using heart rate as a means of axrol, as this method -
likeblood lectate monitoring - gives an indication of the relative intesity a given athlete
sworldng at during a given worklload or training gosed.  As mentioned above, itisclear
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that further work is required 1 see how raoust this heart rate - blood ledtate relatiaehip
5 under a\ariety of given coditias. However, evidence suggests tret heart rate will
reflect changes In enviromental coditios and also cater for cardiovesaular drift
(Gnyder et d., 199), rerther of which woulld be reflected when intasity or rumning
speed sthe antrolling fctor.

5.49 Decreasing blood lectate throughout training sessias

It snot clearwhether the drop inmean bllood ledtates isdesirable or not inthese S=SI0B.

In the one sLbjectwhere blood lectate dropped significantly through the E25 session, the
declire inworkload through the sessionwas far greater then the average for the group.

The drop inbllood lectate from 6 mmol . <1t 3 mmol . I"*1was by far the greatest drop In
blood lectate of any subject in dll of the studies here.  The blood lectate at Tlac in the
incremerttal testwas 2.8 ol 171, so the session finished with blood lectate close to this
lkeel. The heart ratewas virtually unchanged from 5 minutes to the end of the session at
173. Despite the large declire inworkload through the session, it isclear thet the athlete
did not dat abnormally st The average speed during the first 5 minutes was 4.56
m.sec™1, which was remarkably similar t© the intasity seen at Tlac in the subject’™s
incramental test (4.38n.sec™D.

The wider iss.e ofwhether declining blood ledtates during heart rate cotrolled s=ssias
can be gptinal, il needs further inestiggin. Clearly, the fact thet there isno Increese
in blood lectate s cesirable, but the question s then Kt as © whether the session B
performed at a truly maximal steedy State. It s possible that In some cases a truly
maximal state did not edast, inwhich case the session coulld have perhaps been performed
at ahigher inlesity. However, because subsequent rus were not performed at slightly
higher intesities, it i inpossible © jude. The study by Urhausen et d. (1993)

examined a series of continuous runs iIn response o Incremental work, using trelr IAT.

The rus were performed at &, b, 100 and 105% of IAT ntasity. They found thet
despite stable lectates at 100% 1AT, most subjects coulld not complete the work at 105%.

They it tret, for methodological reesrs, it is hardlly possible to delineate the range of
MSS more precisely than steps of 5%.
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In 3 of the 4 sLbjects in the present study wherre both predicted and obsernved non-steedy
state codrtions were noted during the T25 sessias, the heart ratewas ertter 2 or 3 beats
above tre target rage st for tre F25 s=ssias.  This sall inoreese In heart rate above
the target zoe, did give nice to non=steady blood lectate codirttias. When tre heart rate
was antrolled just these 2 or 3 beats per minute loner, stebleblood lectate was dosenved.
In these sbjedts, there was itk scope for greater intasity with steble ledtates.
However , this cannot be guaranteed to alvays be the caese.

5.410 Summary of studies one and two

What isclear from the firsttwo stidies, stratwhen irdividal cases were amallysd, by
evaluating the change inblood lectate through the sessias (Figures 5.2a and 5.20), heart
ratewas the better means of cotrolling steedy state blood lectates then rumiing goead. It
may be that the methodollogy enrs on the sice of cautian, but given thet the avoidance of
an inareese inbllood ledtate sthe aim, heart rate isthe better means of aonrol.-

5.411 Adherence to target heart rates intraining

When examining the 80 training sessias autsice of laboratory coditions in study three,
it can be seen that the prooess B suoosssful I predicting the presence or absence of
steady state blood lectate codrtias on the besis of heart rate during the sessias.  The
first point of rote, honvever, steat unlike the laoratory sessias in studies one and two,
where dl athletes performed training at the prescribed workload, speed or heart rate, 16
training sessias (20%) were observed to be above the individuals” recommended target
heart rates.  Although the athlletes were educated 1o the berefit of such aontrol by both
physiolagist and coech, it is clear trat some athletes il have the tendency to do work
above the suggested heart rate race.

5.412 Predicting training lactates from cosened heart rate

There was a high rate of suocoess (96%) In predicting the presence or absence of steedy
state blood lectates on the grounds of heart rate noted and reference o the incremental
=t Intarestgly, this isa similar suooess rate (in terms of percentage) o that seen by



Urhausen et d. (1998), who used differait methodology In trelr testirg procedure
(establishirg I1AT). Al tteir continuous tests at 100% of 1AT were performed on the
treechilll, antrolled by soeed, rather then using heart rate as a means of aotrol In the
field The authors did fird that when 105% of IAT was used for the cotinuous
workouts, more than half of the sbjects showed progressive acidosis and a premature
break of fin the s=ssias.  Thelir 96% suocess rate shoulld be put in the cotext tret only
14 sessias examined in thet study.  Their findings did however concur with previous
research by Schrabel et d. (1982) and Jacabs and Mcllelan (1983), which both used 1AT
from incrarental teststo st the intasity for continuous work.

When heart rate hes been used to antrol the Intersity to achieve steedy state blood
lectates in the field, other methods have not been as suoeessful.  In an examination of
elite speed saters Foster et d., (19%) compared predicted and observed responses
during steady state trainirg, on the besis of a direct blood lectate profile (in a similar
fashion to the aurrant study), using rellative \elocity and %HRmax .  The authors found an
81% suocess rate of prediction in the direct blood lectate profille method, as opposed ©
78% and 68% Inthe othertwo methods resectively. The 81% accuracy intreir methods
also includd, inthe author’sters, “‘conservative” mistakes.  This swhere blood lectate
was steady date, but predicted monsteedy. This was deemed more favoureble than
predicting steedy state blood lectate when a non-steedy state easts.  In the %HRmax
method, the authors found the mistakes were not onlly greater (32%0), they were also of a
more random ratLre.

Previausly, Snyder etd. (1994) had examined tre ahility to use %WHRmax invell-traind
rurers and odists, although not as highly trained as the sLbjects in the presant study.
They found 76% and 81% accuracy in the rumears and odlists resectively and
concluded ttet the sinple heart rate models may predict MSS with sufficient acouracy.
They als0 stated thet this was suocessful, given the relative sinplicity for athletes to
defire treir maximal heart rate. However, this prooess s brought into question by the
work of Ingjer (1991), who investigated a series of methods and warm up strategies used
by well-trainad aross-coutry skiers in establishing maximal heart rate. The firding was
thatthe maximal heart rate recorded coulld vary significantly dependiing upon the protocol
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used to esteblish such an index.  Maximal testaing also requires great notivatdaon, which s
difficiit tomeasure in athletes, so there isalways the guestion as to whether the heart rate
achieved, sagenuine maximal valle.

5.413 Analysing Base Endurance workouts

The present study differs from previous work in thet ithes analysed sessias other then
those attenpting to achieve MSS.  The BE workouts often occupy the greatest trainirng
volume in the athletes year (Hartmannn, Mader and Hollman, 1990; Pate and Branch,
192), yet have received littkeattention inthe published litaature. There are two possible
reesons fortis. Arstly, MSS  sessias have been the foous of most attention because it
believed thet these are gptaimal in enhancing aercbic fitress (Jaodos, 1986). Even ifthis
B ot tre G, these sessiaos shauld at lesst represent the most tine effective way  of
integrating vollume and intesity (Syder et d., 194). The second reeson ttet BE
sessias may not have received much attention s tre difficulty In sstig the ateria for
both the presaription from the Increrental test and tre evaluation of the workouts
tharselves.

The furst nie in blood lectate from beselire leels during an increretal test B less
antroersial than esteblishing Tlac and hes indeed previously been referrad to as Lectate
Threshold in some work (Weltman, 19%6). the blood lectate ot incressing above
beselire leels, then fat metabolisn s predominantly resposible for the energy supply
Spunay, 1992). This B inportat, because if greater intesity s usd, there B
restrictian inthe volume of trainirg thet can be performed in a training week, due to the
limited amount of suyply of carbdhydrate (Hartmann, Mader and Hollmann 1990).
Judging whether the blood lectates seen in the field are goprgpriate s a little more
difficit.  ltmakes sense that there should be littke increese in blood lectate through the
s=ssidn.  Usiing the inareese of more then 0.5 mol . 1"1as intheMSS sessias may be too
gererous, but to loner the allonsblle increese inblood lectate through the sessionwould
bring tre leel too close to the limits of measurement error ofthe amallyser. To rigidly use
fixed blood lectate leels s alo qestiaeble, as it ks clear that a given blood lectate
concentration can represant uinte dirfferant relative intasity In two differat athletes.



This could be due to garetic fectors such as muscle filre composition and trainirg statLs
(wetd., 1990), or glycogen status within the muscle Qavis, Willlians and Cherrington,
1984; Hughes, Turmer and Brooks, 1982).

5.414 OriteriaforMSS s=ssias

The aiteriafor steedy state lectate inthe MS S sessias inthe aurent work could also be

questioced. An inareese of no more than 0.5 mmol. 1™ 1 through the session has been st

The work by Urhausen et d. (1993) used an increese of 1 mmoll . 1™ 1between minutes 10

and 30, which cited German research that hes used both 0.2 and 1 mmol . 1" 1 through the
E=sin. To have the aitaria sst o 0.2 mol _1"1would reguire inaredible precision in
measurement and leave littke room for fluctuatios that often gppear during the 100 or <0

s=ssias here with steady state aoditias.  The use of 1 mmol _1"1 offers a wide range

when put in the aontext of tre low lactate leels often seen both during training and

edeaustion in highly trained endurance athletes.  Unpublished firdings from the subject
pool used In the present study have seen ablood lectate leel of 2 at Tlac and as low at
4.6 mol.1"latedeustion. There isthus a small gap between Tlac /MSS blood lectate
and extaustion ifa rise of 0.9 mol . 1" 1through aMSS session isaooptable.  Itmay well

be that in less trained athletes, or sports people not of an endurance reture, that 1. ol 1®

1samore acogptable Iimit

5.415 The wolume, duration and balance of training inthe schedule

Ancther fector open 1o question swhat balance of the types of training sessian sgptimal
for improvement in athletac performance.  Also the gptimal  legth of sessian, be KBE or
MSS, or others not addressed inthis scheme of study, warrants further eanination. It
normal for the athletes inthis study to performMS S sessias for about 25 minutes, or in
rgetatios toallig about the sare.  BE workouts terd to Estaminimum of 1 hour and
can kstdable thistine. Clearly the lattar depends upon the demands of the event being
trained for (@ marathon rumer wvill typically do more and loger BE workouts then a
middle distance ruter). As yet, the duration of the workouts haes been coach driven and
syet to be examined epirically.



The problem, aswith many of the questios raisd dove, st it sdifficilt to do te
depth of aalysis requirad to make definftive stataments about the conrect way 1o train.
Hite athletes are rarely prepared to alter treir training for tre purpose of ressardh. This
leaves two gotias: eitter dsenatioal ressardh, as seen iIn study three, or examining
populations more willing t© adgpt treir training for the sake of ressard. The problem
with the latter B that findings from one popullation camot always be trasfarad to
avtter. Indeed this s One of the factors thet hes caused much controversy and
antradiction inthe literature rellated to the concept of aneerdbic thresold.

5.50 Conclusions

Insummary, thes been noted that heart ratemay be a better means of maintaining steedy
state lectates during training for MSS, than runiing speed - partiaularly when individlal
sessias are analysed and plotted in grids (Figures 5.2a and 5.20). The methodology of
precribing heart rates from a blood lectate profille has been demonstrated to be an
acourate means of antrolling steedy state blood lectate InMSS workouts and a valid
means of aatrolling blood lectate INBE workouts.  Such antrol may be conservative in
reture, but given that awidance of an Increese In blood lectate was the aim, the
methodology was considered gopropriate inthis instance.



6.0 Experiment Three: How do blood lactate profiles vary between

running and cycling in Tri-athletes?

6.10 Intboduction

It is clear thet energy demands vary between differait eercie modes (ACSM, 1991).
Athletes who compete In activilties which requiire two earcise modes (dathlan: ocling
and ruming) or three e@rcise modes (trathlon: swimming, ocling and runing) may
vell require training presaription goecific to each eercise mode.  For some tine, ithes
been established that peak values for oxygen consumption are higher during rumning then
ocling Qiaz et d. 197/8), as a reault of higher cardiac output at both submaximal and
maximal leels inrumning (Hermanssen, Ekblom and Saltin, (1970). More recatly ithes

been shown thet ocle ergaretry In triathletes produced VOC>2maX values 3-6% loner than
those seen on a treaedhilll (Kohrt et d., 1987; O “Toole et d., 1987). This s a smaller
difference than reported for simglle goort athletes, where the dirfference isbetween 9-11%
(Astrad and Rodahll, 19665).

Secificity of trainirg s inportant for gotimal development of triathletes Ceniels, 1992)
and that training should be aimed at improving lectate threshold in both runing and
oclig (Kohrt et d., 1999). It i u=ful © establish whether there B a arsistat
difference inthe heart rate blood - lectate relatiaship across these two e rcise modes.
a aorsistent differace inheart rate for various training zones edsts, itmay be tret only
one Incranemtal test s necessary o pradict tre trainirg heart rate for both earcise
modes. The purpose of this study, tterefore, was to examine the heart rate and blood
lectate response during incremental tests of runing and geling in athletes involved In
multi-event aorpetation.



6.20 Methods

6.21 Sbjects

Sixteen male athletes were examined iIn this study during routire physiological
assessrent. All were competative athletes in triathlon (F14) or duathlon (=2) with
between 2 and 8 years of competition eqeriee. A summary of the physicl
daracteristics of the sLbjects sprovided inTable 6.1. Each subjectwas informed of the
fact thet data would be used in this study, with treir right of privecy retaired.  Each
sbject also completed a medical history guestioraire (Appendix One), recart training
log (Appendix Faur), dietary raall seets (Appendix Three) and a written consent form
(Appendix Two) .

Table 6.1- Physical Graracteristics of sbjects (\=T6).

Age (years) Height (m) Mass (Kg) Years of experience
Mean 30.30 1.79 76.43 5.36
S.E. 1.22 0.01 1.29 0.58

6.22 Testing Structure

Supjects performed both a oycling and ruing incrarental test in a randomised orcer.
The testswere performed one week gart, on the same day of each week at the same time
gopointment, 0 as o fit arsistatly within training programmes.  On each oocasion,
testirg folloned eitter a rest day of a day of light trainirg, in each case confirmed by
wrtten trainirg las.

6.23 Testing Protoools
Running Testc A three minute continuous increvental protoool was used on a rumning
machine as inprevious exeriments (Chapter 4, study o).



Cycling Test: A continuous Incremental protoool was used with athlletes riding their own
bicycle on aKingeycle (EDS Portaprarnpt, High Wycombe, UK) g interfaced to aPC
withworkload inveatts calaulated by the deceleration of the fiynheel. A aontrolled warm
up of fnveminutes was given. A series of three minute workloads folloned with 20 Watt
increments.  As with other tests in the presant series of inestigatia s, athlletes performed
at lesst four stages, but as many as seven, dependiing upon individlal abillity and aurrent
leel aditicming. The leel of the il worklload was based erther upon previaus
testing experience or recant training / racing perfomaences.

6-24 Measurements

Running Test: At the end of each rumning spead, subjects stood astrice of the moving
treedhill keltvhilst heart ratewas recorded via radio teleretry (Follar, Finlad). Blood
saples were taken from the earldoe for subsequent lectate determinattion from whole
blood (Anallox GM7, Hammersmith). The pause for sampling was usually 20 seconds,
but Inno case did this exceed 26 secods. The bllood amalyser was calibrated using both
3 and 8 mmol.1"1 standard solutias and also checked with a Quality Control Serum
(concentration 2.3-2.5mol . 1" D).

Cycling Test: During the st ten seconds of each workload, blood sarples were taken
and analysed inthe same manner as the rumning test and heart rate was recorded in the
same fashion. Once the blood was oolllected the athlletes moved straigtt to the next
workload, by erther increasing cadence or selecting an altermative gear.

6.25 Data and Statistical Analysis

Irdividial blood lectate profilles were plotted agairst both ruming speed, or gcling
workloaed, and heart raie, with points joined via lireer interolation.  The heart rate
asxociated with 2 ol 171 of blood lectate was esteblided, as was the heart rate
asociated with lectate threshold (T1ec) as inexqueriment ae. Mean values and standard
deviatias were calaulated for tre heart rate a2 mmol . 11 and Tlac for each mode of
e|rciee, aswas themean difference between those modes.  For statastical conpariisons, a
paired tiestwas used using SPSS with a leel of signrficance of p < 0.(b.



6.30 Results

The mean heart rate at a blood lectate leel of 2 mol_1"1and at Tlac for both earcise
modes are shown itTable 62. Inboth cases the mean heart ratewas sighificantdy higher
during rumning then gcling. At 2 mol . 1" 1the mean differencewas 19.1 + 12.0, with a
range of-3 1o 44 beats. At Tlac the mean differencewas 13.4+ 7.0 and a range of O
26 bets.

Table 6.2 Mean + (SE) heart rate at 2 mmol.1"1 and Tlac during runing and oycling
incramental tests (N = 16).

Heart Rate Cycling (b.minl) Running (b.minl)
2 mmol.I'1 141.4@3.3) 1680.5 2.5*
Tlac 152.6(2.8) 165.9 (2.0)**

*t- 6.4, d.f= 15, p<0.05 **t= 7.6, d.f= 15, p<0.001

At both 2 mmol.1"1 and Tlac, the relatiaship between the ocling and ruming
demonstrated moderate correlatias of r=0.50 and r=0.78, regectively. The relatiaship
between the heart rate at each of these markers in the two exercise modes s illustrated in
Figures 6. laand b. Furthemore, the range intre diffarae in heart rate between the two
eercise modes at Tlac i illustrated inFigure 62
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6.40 Discussion

6.41 Differences in heart rate between cycling and ruming

The higher mean heart rate during rumning at Tlac and 2 mmol . 1"1was expected in ligitof
the previossly published research comparing the differace in maximal heart rate on
ocling and runing intriathletes. O “Toole et d., (1939) found that maximal heart rates
in gcling are 96 + 5% of treechill maximal heart rale.  However, there hes been little
other work previassly published examining differaoess in submaximal or training heart
rates between the two earcise modes intriathlon.

Although there has been investigation into differeces in the workload and blood lectate
conoatratios at maximal lectate steedy state invarioss eercise modes (Beneke, 196),
this did not address the disciplires in triathlon.  For triathletes, Sdreider, La Croix and

(0]
Atkinson (1920) found vetalatory thresold (VT) to be 61-81%VCbmax in cycling and

0
70~720/Cfrtrnax in runing, whilst Khort et d. (1987) found lectate thresold to be

9 e
between 72-88%\CHmix incyclingand 80-85%V0zmu intreschilll ruming.

The change in lactate threshold and maximal oxygen consumption during both eercise
modes iIn response 1o either ruiing or gycle trainirg hes also been examined (Pierce et
d. 190). Itwas seen treat mn training boosted both runing and ocling lectate
thredhold, whilst ocle training boosted ocle lactate threshold but ket the same marker in
rumning unchanged. As maximum oxygen consumption was increesed as a result of
training in eftrer eercise mode, the goecificity of the training response senphesised.

The loner heart rate during gycling in the present study would reflect the loner oxygen
consumption and cardiac output during this eercise mode.  This woulld concur with the
findings of Jacobs and Sjodin (1985), who found that a blood lectate leel of 4 nmol .11
(OBLA) ocaurs at a higher steedy state oxygen consunption during treednilll rumning
than ocling.  This would be due to the sralller demand by the working musculature in
the ocling mode as opposed to ruming.  The clear differance in heart rates for tre two
physiological markers of 2 mmol.1""1and Tlac in the present study, indicate thet for the
same physiological effect, trainirg heart rates can be differat.  However, despite the

87



large difference in mean heart rate for the group, Figure 6.2 shows awide range intre
extent of the diffarae in heart rate between the two earcise modes at Tlec.

6.42 An exeptical case

In one partiaular athlete, the heart rate at Tlac was the same Inboth eercise modes.  This
athlete was the highest trained of the group; a former world champion triathlete, whose
strogest disciplire socling.  This sibject’s trainirg diary revealed nearly 60% of his
training volume taken by ocling, which s higher then normal for triathletes, who
typically plit training volumes to 50% oycling, 32% rumning and 18% swimming (Zhou
et d., 199). Ithes been shown tet in highly traired odists, maximum oxygen
consumption and aneerdbic thresold can actually be higher in the gcling mode then in
rumning Withersetal, 1981).

6.43 The relataaehip between heart rate during runing and gcling

The ladk of a aosistant difference in heart rate, at eitrer fixed blood ledtates, or at Tlec,
(Figure 6.1) and the associated moderate aorrelation between the two modes, leads to the
recommendation that rfguidance 1o gecific trainimg heart rates in each eercise mode B
recuirad, then increrental testirg in both eercise modes srecsssary. it sclear e, In
ozeral, maximal and training heart rates will be loner during ocling then ruming.
Such a differae (nean 13 beats per minute) hes been shown t be statistially
sighrficat in this group of vell-trained triathlietes.  However, giving a gareral guiceline
of a difference inheart rate of about 15 beats per minute coulld leed to gross over or under
estination of the goprgpriate training heart rate.  Indeed, anlly 9 of the 16 sbjects had a
drfference in heart rate between the two modes at Tlac of between 10-15 beats, thus a
oereralised zone Balso unecogptable.  Furthermore, thework of Pierce et d. (1990) hes
alreedy shown tret for logrtudinal monitoring, testairg in each mode of e@rcie B
necessary.



6.50 Conclusions

In summary ithes been shown that trere s clear difference intraining heart rates between
rumning and cycling in vell-trained triathletes.  Runniing gives higher heart rates, but
there N0 cosistancy In the magnitude of such diffference across a range of individials
in a homogenous group of traired athletes. It B, tterefore, recommended thet If tri-
athlletes seek physiolagical nonitoring, they do so indll e&rcise modes.



7.0 General Summary and Practical Implications

7.1 Incremental Protoools to determine blood lectate profilles

Hardly imovative in its retue, the present ressarch hes found thet an incremental
protoool, with relatively sort duration work stages, s aoogptable for determining blood
lectate pofikes. The detailed disaussion of the present firdings in light of previous work
hes already taken place In section 4.40. It is clear that the rature of the protoool used
does have aosiderable influence upon the physiolagical responses roted.  Although not
examined here, other agpects of the protoool, such as intenal between exercise stages and
the size of the increment (Jecdss, 1986), can affect the results dotained.

The early stage of the presant study did not try 1o reinvent the wheel, ittried to fird the
most time efficient method for gettirg the necessary information thet the coach, athllete
and physiologist require. This s uslally a picture of tre aurent fitress leel, which
where guorgoriate, can be st in context with previous results for the same indivadLal.
Also prescripion of training heart rates are required ©© give some guidance as 1O
gopropriate intesities for a range of training workouts usally enployed to further
develop fitress.

The startirg pointwas the BASES protoool, an incremental protoool with a stege duration
of four minutes.  Personal communication with Ulrich Hartmann of the German Soorts
University in Cologne, revealed tret it was nomal for tte German system to
submaximal ly test athletes using a discotinuous method of 8 minute stage datdon. It
was Hartmannselief, honever, that thiswas unecessary and that a stege duration of 6
minutes was goprapriate to gleen the required information.  Norneteless, Hartmann et
unable to change 1o the dorter method, as so many athletes had previously been tested
with 8 minute version and to change to a differait method might lose confidence the of
the athletes.

ltwas the disoussion with Hartmann that motivated the first study inBxeriment One in
the present prgject. The findings here showed  litte difference in heart rate and blood
lectate response between the BASES method and the method of Hartmann, or indeed
Hartmannshunch ofthe dorter stage duration.



The second study In BExperiment One was an effot t© fire-tue this cotinuous
incrarental protoool.  The presant author was aware thet practiticers at the Briitish
Olympic Medical Cemre (BOMC) were using a stage duration of 3 minutes when
as=ssing intematiaal roners.  This method, although only saving some 5 minutes per
test iInantrast to the BASES method, could areate a sighrficant reduction of testirg time
in the squad assesstent sittaticn.  Thus a camparison of these two methods was
employed instudy thwo.

ltwas surprising that there appeared more differace in the measurements between the
two continuous methods, then between the continuous and longer stage disoontinuous
methods. However, when examining the heart rate - bllood lectate relatiaship, the factor
used for training prescriptian, itwas seen that littde difference gppeared between the two
continuous protomls.

The practical inplicatios are clear and twofold. Arstly, the sorter incremental protoool
1S acoeptzble for determining the heart rate blood lectate relatiaehip.  This would be
furtrer supported by the high rate of suocess in predicting the presence or absence of
Steady state blood lediates during training ssssias, purelly on the besis of dbserved heart
rales during these training sessias and with referece to data from the 3 minute
increental et Secondly, the protoools can not be used  interchangeebly when
aosidering lagitudinal monitoring.  Adjustments to the stage duration do affect the
heart rate and blood lectate at any given runing Speed or workload, thus a direct
conparison of the acodition of tre athlete camot be made wless the protoool B
replicated idntacally.

Because it isthe heart rate thet s subsequently used to antrol training intarsity and not
the ruming soead, the isse of treadhilll gradient hes not been an isse In the presant
study. It hes been shown ttat unless enviromental coditias €g- runing surfax)
during trainirg match those from the test sittation 1. runing surface, then tedmiques
thet predict blood ledtate codirtians using trainirg \elocity are subject to errar (Coen et
d., 1991, Heck etal., 1985).



What hes become clear s that iftreednill speed s o match the eergetics of outdoor
runirng, a 1% gradiet should be administered (Joes and Doust, 199%6). The MSS

sessias InBxperiment Two, study ane, aontrollled by running speed were allso performed
on the treedhill, 0 the gradient was inrelevatt inthis irstance.  Although, the argument
for using a 1% gradient during incremrental testirg s stray, the aurentt author s Intre
same trgp asHartmann above. Al athletes previously testaed have used a flat treedhill, so
ifa 1% gradient sadded, lagitudinal monitoring would be affected.

In light of the fact that other enviromental fectors (such as clinate) have also been seen
1o altathe abillity to pradict the outcome of tralining sessias, interms ofthe blood lectate
response (Coen etd., 191; Heck etd., 1985), itremains open to question as to how this
might affect the heart ratebllood - lectate relatiaship. It isclear that the workload -heart
rate and workload - blood lectate relatiaehip can be alterad (Coen et d., 1991; Heck et
d., 19%).

In summary, a3 minute stage incremental protoool s\valid for the determination ofblood
lectate pofiles.  This methodology may be used both for logrtudinal monitoring
(provided the method B repeated eactly) and the prescription of heart rates for
Subsequent training SsssIas.

7.2 Heart ratev intasity to antrol training S=ssias.

It hes been shown iIn Experiment Two thet heart rate may well be a better means of
antrolling training sessias, then using the Inlesity.  This did not appear cbvious at first
in the first study of Experiment Two, where MSS runing sessias on the treedhill saw
the mean blood lectate increese by 0.5 nmol . 1”1 between minutes 5 and 5. However,
examination of the irdividial cases showed that 60% of the sLbjects (Figure 5.23) noted
incressed blood lectate through the session over and above the 0.5 mol . 1" 1 aitaria<set in
thisstudy. This illstrates tret mean vallues do not &l the whole stary, irdividal cases
follow differet Etterrs.  The dite athlete s little concermed about the gereral tred
expected when adopting means of training antrol; they are concermed merely with
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e@arcising at an intasity ttat s most likely to lead © parsoal gotimal gains N
performance.

The heart rate corolled MSS sessias gaerally produced steble lectates provided
athlletes adhered to treir target heart rate zoes. This was the case indll three studies In
Bxperiment Two. Aside of this important finding within the framework of Experiment
Two, one hes to axsider the practical agect.  Even ifan intasity antrolled regine
worked perfectdly in the field, other limitatias would still be gest.  In ruming, athletes
would have 1o use acaurately pre-measured rautes, with little change to terrain or surface,
as it is Clear that variation In these fadtors can cause prediction enars for the lectate
response (Coen et d., 191; Heck et d., 1985). In tte raal world, this would be
unacoeptable t© many rurers, whose enjoyment s often runing in varied parklad.
Many rurers do trainon road or agdelt, but the injury nik of cortiinued rumning on such
surfaces as opposed o grass sseen o rnise (\oalass, 191).

In roving, training venues ted to be kess varied and are ertter man-made laes, or
stretdes of nvar.  In this case the use of measured ssectias s more vieble and varied
terrain s ot a fedor, but two other cosideratias come o place.  Arstly, weather
aoditions alter the workload.  This s seen in racing sittatias, where finish tines are
stragly influenced by windspeed and directian.  Secodly, rowing s not always an
individal gort, thus a sauller can be with a partrer (double) or three other crew
members (qued), whilst a sweep carsmanwall eftrer row inapair, afor, or aneigit. In
such crew boats, the boat—speed B also Influenced by other crew members, thus
boatspeed isnot avalid means of antrol for irdividLal training N sity.

Once again, for practical ressos, heart rate offers a more vieble means of trainirng
antrol, as this takes into acocount the relative intesity at which any given irdividal s
working. Ha rurer goes up ahill, the heart rate s elevatsd, so In order t mairntain the
sane relatie intesity, the runing speed must drp. Similarly, iFboat speed s slaw,
individal oarsmen may not necessarily be below telr desired training intEsity
according o tteir heart rate. Honever, ifthe oarsman isbelow the desired heart raie, he
can always pull harder to inareese the relative INEEIty.



In summary, therefore, the presant study proposes that heart rate may be a better means
of training intesity antrol, than runiing speed or INEsity Inroving.  This supon the
grounds of both the firdings In Experiment Two and the lagistical / prectical reesons
mentioned above.

7.3 The use ofheart rateto aontrol trainirg

The concept of using heart rate, prescribed from incramental protoools, s ot new.

Kindermann, Simon and Keul (1979) used this prirciple when cottrolling training
s=ssias of aoss-country skiers on a treedhilll in the laooratory.  They obsenved thet
steble heart rates during training gave rise to a drop inworkload, a factor he attributed to
cardiovesaular dift.  However, the presait work differs in thet individial blood lectate
profilles were used 1O st the training heart raes, rather then an arbitrary fixed blood
lactate marker.  Furthemore, the present work haes gone aosiderably furtter, by
analysing a large number of training sessias intre fiekd

In the laboratory aotrolled sessias in tre present work, as well as the work by
Kindermann, Simon and Keul (19/9), sujects adhered to the target heart raies. The
present study analysed training sessias in the field and noted thet 20% of the sUbject
sessias were performed above the prescriibed heart rates.  This was more understandeble
in roners who, in crew boats, often comment that they need 1o keep the boatt speed W,

cepite the fact thet they exceed their target heart rle.  However, gpinions” of the
coaches 1o these athletes gopears to diffa.  Itwas the kelief of the Chief Coach of the
roners, that athletes should concentrate on keeping 1 the presoribed heart rate during
training sessians and worry less about the aosollute boatt gpsed.  Whether, this s indeed In
the best interest of the athllete on a long-term besis isyet o be enpirical ly esteblished and
was beyond the soope of the present study.

The present study has provided evidence that heart rate can predict the presence or
absence of steady state blood lectates during training sessias, in the light of heart rate
from ablood lectate profile. The 96% suooess rate in BExperiment Two, study three, B
high compared to sinply using %HRmax or a bloodless lectate profile (Foster et d.



19%6). The use of percantage of HRmax s likely to be problematic considering the
dirfficulty in attaining a genuine maximal valuve (Igjer, 191).

The present study hes not addressed factors that affect heart rate. A leading review
article of heart rate and endurance trainirg (Gilmen, 1996) hes highligtted saveral of
these fadtrs.  Cardiovesaular dift, often mentioned In the disoussion of the present
sy, s one such fedtor. It is clear thet heart rate does indeed rie, despite steble
worklload or ruming speaed, once the duration of exercise exceeds 20 minutes. Not only
hes this been shown by the aforementioned work of Kindermann, Simon and Keul
(19M); ithaes also been demonstrated elsenere. Mognoni et d. (1990) and Scheen et
d., (1981) have shown heart rate to driftby up 1o 20 beats per minute between 20 and 60
minutes of aorstat leed earcise.

Heart rate s also excessively elevated for a given work intesity when enviromental
heatt stress iselevated (Astrand and Rodahl, 1986; Claremont etd., 19/5). tisclear thet
both acclimatisation and incressed fitress, minimise the affect of incressed anbient heait
upon the heart rate response (Gillmen, 1996).  One ofthe major adgptatios o an inoreese
in endurance fitress, shetter heat tolerance (Astrand and Rodahl, 1986).

It has also been established that Tlac oocours at higher workloads when performed in
oolder enviromments than nomal.  Therminarias et d., (1939) found clear differaoss In
the physiolagical resposes between a ocold enviroment (-2°C) and a normal
enviroment (4°0). Although Tlac occurred at aworkload some 30 watts greater inthe
oold enviroment, the mean heart rate at Tlac was not sighrficantly differat (147 v 159).
Thus, whilst itisclear trat terperature affects the heart rate at any givenworkload, ithes
yet to be apirically estsblished how this affects the heart rate - blood lectate
relatiasnip. Itmay be that this relatiaship s uaffected by tarperature, in the same
way that changes in tre incremental protoool had littke effect In the second study of
Bxperiment One inthe current research.

The i1sse of the Influence of tenperature and indeed other enviromental codrtions
upon the heart rate - blood lectate relatioehip s the Iagical extension of the present
ressarch, whiich due to time and resources was beyond the aurrent sogee. It isvery much
an avenue of future research for this autior, because Iffectors such as tenperature and



humidity irhibit the bility © predict the lactate response during trainirng ssssias, the
\alidity of the aurent methodollogy as well as many others (Jassen, 1987; Weltman,
1995) sbrought into gestdon.

Altitice s another fector trat clearly affects heart rate for a given worldoed.  Qurrently
athlletes use heart rates prescribed from incrarental &sts at ssa-leel, 1h an attenpt ©
safely aontrol trainirg at altitice.  The validity of such methodology s open to guestion
in ligt of the dearth of research inthisarea,

Despite the doubt about the \alidity of heart rate acourately representing metabolic
atavity In a range of enviromental coditias, it dalll remains a popular means of
monitoring training in athletes (Gilman, 1996). Other gotions of such monitoring are
based on the athletes perogption of iNEsity (Hokins, 1991) or volume of training
(Noakes, 191). Although coaches traditiaally favour these two monitoring methods,
Gilman (1996) questions whether these can Indeed acourately ass=ss tre metabolic stress
eqerienced by the athlete even innormal codirtias.

With the adillity to download heart rate information from porteble telenetry devices o a
persoral computer, it s possible o kuild a trainirg diary of heart rate infomation to
quentafy the work achieved by an athlete in any given trainig ocle. This B a
aorsiderable advancement to the logging and assessrent of trainirg, the barefits of
which have yet to be evaluated.

In sumary, when used in conjunction with an incremental test, heart rate hes been
shown to predict blood lectate coditios during trainirg sessias. Although other
research has shown thet the heart rate associated with a given worldoad can vary with
enviromental coditias, itremains uclear as to how enviromental coditios affect
the heart rate - blood lectate relatioship and the use of heart rate as a valid means of
antrolling trainirg iNesity.

7.4 The use ofblood lectate to aontrol trainirg
Blood lectate values are not an irdication of the production rate of kedate, ratter a net
balance of the rate of production and elimination (Donovan and Brooks, 1983). Such



values are widely acoepted as a means of training prescripon in athlletes (Coen et d.,
1991; Forenbach, Mader and Hollman, 1987; Heck et d., 1985; Jaods, 1986;

Kinderemann, Simon and Keul, 1979; McLellan and Simer, 1981; Sjadin, Jacobs and
Svedenhag, 1982). The consensus of gpinion sthat duriing, what are aurantly invogue,

“thresold” or MSS sessias, the blood lectate should be high but steblle for gptimal

development of aerdbic endurance.  Ithes previausly been shown that in healithy males &
does not matter whether such sessias are continuous or Intermitttant in reture, provided
thet the average power oautput s equivalent to the individal Tlac (Kerth, Jaocdbs and

McLellan, 192), However, itis)et to be determined whether this ik also the case In
vell-traired athlietes.

The differace sttt In mMm-athletes, training frequency s often loner, in the realns of
ACSM guicelines for the development and mairntenance of aerdbic fitress (3 times per
week), thus the training week may axrsist of eclusively MSS trainig.  In athletes
preparing for acompetition, a \ariety of training intasity and duration may form the
training week, with MSS training aontributing no more then 30% (Forensbach et d.,
1987; Jas=n, 1987).

Despite the gereral world-wide acoeptance of the requirement for steble blood lactates
during training s=ssias for gotinal logrtudiral improvements in fitress, the justification
s limited.  Most authors refer to the work of Sjadin, Jaocdbs and Svedenhag (1982) who

examined changes iIn aerabic fitress In elite athletes, I response o the Introduction of
OBLA training- It shauld be mentioned thet the study was not well antrolled, as
Sbjects acted as tteir own arols.  The firdings were trat fitress improved In response
toan 8week periocd of OB LA training and such improvements were kost after reerting to
the previous trainirng regine.

The Sjadin, Jaocdbs and Svedenahg (1982) work demonstrated thet the more blood lectate
increesed through the OBLA s=ssias, tre kess lagitudinral improvement in fittess
ocourred. It sbecause of this thaet the aim of the MSS  sessians in the present study was
for steble, not Incressing blood ledates. However, it isyet to be more clearly idantafied
how damaging incressing ledtates are to an athlete’s fittess.
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In some of the heart rate aontrolled sessions during the presant study, blood lectate was
seen to d. It seems likely that training was not gotimal in these Gases, because tre
oerall intasity could presumably have been higher had the lectates remained steble.
Such a drop in lectate ispossibly to be a resukt ofone or more of four fadtars.

Arstly, the pecing strategy may have been imorect.  The athlete may have started to
fost o raise the heart rate o the target zone initially and subsequently had to slow inthe
remaining part of the sessin.  Such was the case In some of the artss-country skiers In
the study by Kindermann etd., (19/).

Secondly, related to the above, warm up may have been insufficiet. It ispossible ttet a
more thorough warm-up could have given loner nitial blood lectates and thus given
more stable lactate through the session.

Thirdly, enviromental fectors could have varied, giving rise to an abnormal ly high heart
rate for the given work intasity. This could have lead to a reduction inworkload and
blood lectate to keep within the aonfines of the target heart rakle. Although anbilent
tenperature in the outdoor training sessias was garerally between 16-22°C, there may
have been some minor flucttatias. Once again, this stragthens the demand for further
rescarch intothis area.

Firelly, it could be thet the trainirg intesity st from the incremental st under—
estimated the heart rate required for high but steble blood lectate through the training
s=ssias.  This could only have been confirmed had a series of training sessias eftter
sick of the target heart rate been performed.

The prescription of training for base endurance (BE) trainirg in study three of
BExperiment Two, isthe most inmovative agpect of the presant study.  Despite that fect thet
athlletes perform the bulk of their training iIn this zore, little research has been In this
directicn. Clearly, it B essier o as=ss MSS s=ssias, where high but steble blood
lactates are the aim. The purpose of these BE s=ssias, also commonly known as
Utalisataan 11 (UTI) training in roving, 510 work using predominantly fat metabolism
for besic endurance training and economisation (Alterburg, 1992). Because trainirg
volumes in this zone are high, the intasity hes to be lav, due to the limited glycogen
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stores within the muscles and Iner (Hartmamn, 1990).  Indeed when measurements of
blood lectate were taken in the field during training sessias performed at intasities
selectad by athletes (Using Subjective reesas), itwas seen that values were loner than 2
mmol . 1"1ofplasma ledtate, loner than those desired by coedes.

Ithaes been shown trat there does not necessari ly have 1o be elevation inblood lectate for
an endurance training effect to take place (Casaburi et d., 196). However, the abject
pool In thet study was 27 sedentary men performing gcle earcise 5 times per week.

The Impact of BE training and the desired minimum and maximal intasity for athletes s
yet o be establided.

Although not perfect, the presant study hes atterpted to make a start in analysing BE

trainirg. It sVviewed as a point from which further research can enhance understanding
of such trainirg and refire knowledge as regards both the desired intarsity and duration
of such workouts for gptimal lagrtudiral development.  The diffiailty, of course, lissin
actually assessing the inpact of such sessiaos in the highly traired athlete. It seems the
best way 0 assess such sessiaos B o menipulate them in some way, with two or more
groups performing slightly differant versias.  Yet highly trained athletes are reluctant to
altertreir own trainirg for the purposes of ressardh, despirte the fact that there saumantdy
no emirical evidence t© support the notion thet what they are auratly doing, s the
gptimal way to prepare for aompetition.  Greater foaus on Base Endurance trainilng 5
Clearly an agpect tretvarrants further ressarch.

The aiteriaused in this study for the existence of stable ledtates INMSS, or BE sessias
s perhaps the most atroversial. An increese inbllood lectate of 0.5 mmol . 171 gopears
littke in light of the 1 mol . 1"1used nitially by Heck et d., (1985) and adopted by others
(Coen et d., 191; Forenbach et d., 1987; Soebel et d., 1982). The raticele for tre
aiteria in BExperiment Two hes been argued In its disoussion (Section 5.414). With
whole blood lectates an inoresse as much as 1 mmol . 1"1can be substataal invell-trained
endurance athlietes, whose peak lediates can be below 6 mmol . I'"L. As the wholle process
ofevaluating BE sessias ispreviassly unresearched inhighly trainaed athlletes, its likely
that ariteria for these sessias maly be refined wirth future analysis inyears to care.
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In summary, itgopears thaet much of the popularity surrounding MSS trainirg and the
requirement ofhigh but steble blood lectates stens from the work of Sjadin, Jacobs and
Svedenhag (1982). The present study has shown that blood lectate can actually decresse
in such sessias and four potentiial causes have be postulated.  The long term inpact of
such declire through training sessias hes yet 1o be determined.  Blood lectate hes also
been used 1o determine training intesities for BE.  Research into this area isnew, which
sauprising inthat this type ofwork forms the bulk of most training programes.

7.6 Balance of the trainiry

The presant study has examined just two types of training session commonly used by the
endurance athlete.  In the Introduction © Bxperiment Two, one examplle of a range of
intasities used by athletes Bdisplayed (Teble 5.1). Governing bodies of differat gorts
have similar training guicelires, using treir own definfdos or cotaining features
pertinent © partiadlar gorts.  ltmust be remembered that the purpose of such tebles B
usLally for coach education, but such literature does illstrate the variety of methods used
1o bring the athlete to peak coditian. There I NO one correct way to codition thet
ahlete. Ithes long been establided tret iftwo athletes are given the same trainirg
programme, they may well improve fitress at differant rates (&lan, 1983). In essace,
training isa combination of atand sciee.  Science shoulld underpin the besic pranciples
usad, yet the artusuallly comes from the coach who tries to blend a variety of sessias in
a fashion thet sgppropriate to the physical and physiological demands of the campettion
eatt, asvell asto ergble peaking atthe most important tine.

The gooropriate fractaian of any given intasity within the oerall training programme
remains an unansiered guestian.  Once agpin, because wel l-trained athletes are reluctant
o participate i research at the expense of trelr preferred training phillosophy, the isste B
not likely to be resohved for some cosiderable tine.

A camprehensive review of studies by Wenger and Bell (1986) established guidelines for
the Improvement of maximum oxygen consurption. They suggested that trainirg

0
intersity shoulld be between 50 and 100% VOimox. They further suggest that an intasity
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between 90-100% VChmax gives most improvement in this endurance inoex.  However,
not all of the research cited rellated 1o vel l-trained athlletes and gave little cosideration to
mixed INtEasity training regimes.

Clearly intasity isa key factor to the improvement of endurance fitress, but ithes been
established thet too much trainirg can leed o overtraining (Kuipers and Keizer, 1983;
Hartmann, 1990, Noakes, 1985). Hollman et d., (1981) demonstrated thet trainirg at
OBLA for 30 minutes 5 times per week in low traired sbjects gave improvement in

endurance, whilst training at a higher intesity of 95%\7 Chino* wirth a simillar duration
and frequency reautted Inno change Infiress.  The Sjadin, Jacdbs and Svedenhag (1982)
research showed thet the introclction oF MSS  (in trelr terms OBLA trainin) to the
normal programmes of dite athletes gave greater improvement in aercbic endurance.
The athletes with the smallest inoreese In blood ledtate through the MSS  sessias
improved fittessthe nost.  The authors did not statewhat the normal training programme
wes, hut it i inconceiveble thet it did not contain at kesst some training above MSS.
Ancther interestirg finding of this study was that the two 800m rumers included inthe
study, berefited less from the MSS trainirg then the endurance athletes.  Once acpin
there isclearly an individlal element asto how much inoreese intraining iNtesity can be
tolerated by differat athletes.

Sleamaker (1989) recommends that the bulk of training (over 80%) for athletes be at an
easy intasity, which would be the equinvalent of BE s=ssias in the presant study.  He
furtter sugoests thet high intasity training should incresse 1 30%  in the copetitive
ssesmn. Hartmann (1990) hes demonstrated tret BE or UTIH training should form 90-
94% of the volume In the winter period for roners and 70-77% of volume in the
caompetition periad. Thus there isapproximate agreement between the two authors here.
It seems reasoreble that although an increese In training vollume can boost endurance
fitress (Foster, Deniels and Yarborough, 1977; Hagan, Smith and Gettman, 1981), such
volumes should not be too exaessive.  This ssbecause ithes been shown thet this too can
leed 1o overtraining syndrome (Fry, Morton and Keast, 1992; Lehmann, Foster and Keul,
198).
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In summary, ithes been shown elsewhere et duringMSS sessias, aottrolled training i
of barefrt for gotimal improvements infittess. Furthermore, aotrolled intasity may be
Inportant for the avoidance of overtrainirg.  The exact nature of the balance of sessios
within a trainirg programme for gotimal improvement in endurance fitress remains
uclear, but s likely tovary among irdividLals.

7.7 Wiltiple eveit gort

Given that there are often aostraints upon time and resources, itwould have been useful

ifthe training heart rate prescriptian from one mode of e&rcise, could also be used ©
predict training heart rates for differat earcise modes.  Physiological monitoring isnot
cheap and for those Involved In goorts such as triathlon, where three exercise modes are
utilissd, three laboratory visitswould be required for acourate training infomation. This
requires greater intermyption to the training process, because not onlly s a day of trainirng
Iost as a reautt of the ldboratory visit, the day before the test also demands low Intesity
work or rest.  In light of tre incressing incidence of overtraining in elite gort, itocould be
argued that such training recuction for the purpose of physiolagical monitoring could be
advantageous; however it s inlikely to be viewed this way by the motivated athlete,

rarely keen to miss hard training days!

Clear differancss intraining heart rates have been demonstrated between earcise modes

in Bxperiment Three. Utforturately, although the mean difference in heart rate at Tlac
between gcling and ruming s 13 beats per minute, trere s a wide range In this
difference inthe group ofvell-trained triathletes.  This means thet it is unsafe to give a
ogereralised guidance of a range of 10-15 beats per minute difference between modes
when athletes have had just one test. This would be simillar to athletes using the 220-age
formula for estimating maximal heart rale; itmay be aocourate for some subjects but B
inecourate for nost.

In sumary, ftriathletes require guidance as to goorgoriate training heart rates Inmore
than one mode of earcise, sgarate mode goecrfic lectate profiles are required.
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8.0 Further Research

The course of disoussion through the present research hes brought to ligt a number of
isses thet requiire future research o furtter our understanding of training atrol, 1N
order 1o give the coach and athlete better guidance in a quest for gotimal performance.
These are summarised below.

8.1 The effect of enviromental coditions on the heart rate-bload lectate relatiaehip.

It remains uclear as t© what effect differat ewviromental coditios such &s
taperature, humidity and altituoe have upon the heart rate - blood lectate relatiaehip.

It B clear trat these enviromental fectors alter the heart rate and blood ledtate
measurements noted for any given workload or ruming geesd.  Such research B tre
lagical progression of the aurrert work and woulld have been addressed ifthe soope of
this study, time and resources allloned.

It is sugpested firstly thet incremental protoools are performed by subjects in a range of
temperatures O, 18-22 and >30°C). Not anly walll itbe seen that the workload of Tlac B
lilkely 1o alter, investigation shoulld analyse how the heart rate -blood lectate relatiaship
is affected by different terperatures.  Secondlly the effect ofhumidity should be analysed
inthe same mamer. Thirdly, s=ssias trainirg in the differant enviroments should be
monitored In a similar fashion © tat in Exeriment Two, study three In the aurent
resardh.  This will evaluate how athletes may need to adjust treir prescribed trainirg
heart rateswhen experiencing varied enviromental codrtaas.

Arally, the assessment of training sessios similar to tret inthe aurent research shauld
be employed ataltatice. Further inestigatiocnmay be warrarnted to produce training zone
aorrection fectorswhen training insuch an enviroment.



8.2 Pacing Strategy during heart rate controlled MSS sessions

It 5 recommended that a range of pacing strategies be used during MSS s=ssias, ©
evaluate whether the manner inwhich the target heart rate s attainad affects the blood
lactate response through the session. it iB suggested thet a more gentle approach o the
nitial stages of the session be assessad In comparison 1o the raturally adopted method
employed by athletes. Such a gertle approach may involve ertter incressing heart rate to
80% of the target heart rate for the first 5-8 minutes and then stepping W, or by
incressing heart rate Ina ramped proosdure, say by 5 beats per minute every minute. The
profile ofblood lectate through the sessian, allong wirth the associiated speed or workload
should be monitored and compared across method employed.

8.3Warm-up before sessias

In a similar manner to the assessment of pace judgement forMSS sessias, evaluation of
warm-up procedure s also recommended. Both the intasity and duration ofwarm up
shauld be in light of the behaviour ofblood lectate through controlled MSS s=ssias.  In
this irstace, the MSS sessias should be aontrolled by workload / running speed under
laboratory acorditios, rather then heart rate aontrollled intre field

8. ADiffaratt tarainused INMSS s=ssias

As itisunlikely that rumers will train onlly on flat training routes, a comparison of hilly
and flat terrain during heart rate control led training sessias svarratted. Naturally heart
rate will rise on the ychill part of a training route given a partiadlar rumning soesd.  In
normal circunstances a ruer will slow down in order to remain within the target heart
rate zore. The inplication of such variation in pace and gradient should be assessed in
lightoftre blood lectate behaviour through such sessias.

14



8.5 Base Endurance Training

Given thet this s the training zone that forms the bulk of training for the endurance
anpetitor, much research Into this type of training B praret.  Assessment of the
gptimal duration and intersity of such trainirg s required to give better quidance and

Teedback o the athllete and acoech.  The difficulty s in antrolling other training \ariicoles,

such as the other training sessias that take place within a training programme. IF
providing information for tre athlete s tre key, there s littke point in analysing these
$=ssios In Iolata, a8 B 0 often done for “thredold s=ssios” or In mn-athlete
populatias, where sigle intasity trainirg s often enployed for the development and

maintenance ofgeneral cardio+espiratory fitrtess.
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Appendix One

PRE-TEST QUESTIONNAIRE

NAME
DOB.

DATE
AGE:

As you are going to perform test an incremetal tet, we would be grateful if you

corplete tre folloving qestioraire. It s inportant for our purposes and that of safety.
Please ansier as aoourately as possible. Al irformation sSCONFIDENTIAL .

L How do you rateyour present fitress leel?
Very uifit/moderately fit/ trained Zhighly trained.
2 How do you rate your presart body weight?
Underneight / ical / slightly overveight /very overweight
3 Do you, or have you inthe pestbeen asmoker? Yes /No
IfYes, regular/ oocasional/ ex—smoker
4. Have you had to consult your doctor inthe kst sixmonths? Yes /No
Ihyes, please cetail here or oerledf.
5 Do you axratdy take any form of medication? Yes/No
fyes pleese give details
6. Please circle any codirtions you have suffered:
Asthma Diabetes Epilepsy Brachitas
7. Do you, or have you, suffered a heart caorplaint? Yes /No
8 Do you aurantdy have any muscle or joint injury? Yes /No
9. Have you had to halt your training inthe lesttwo weeks? Yes /No
10. Do you fed vell rested? Yes /No
1. Time ofyour kstmeal? Please give cHailks.
2. Isthere any other reesm, not mentioned, that shoulld prevent you canfortably
performing this eercise test? Yes /No
Signature of subject
Signature of test supervisor




Appendix Two

INFORMED CONSENT FOR
ABLOOD LACTATE PROFILE

I am being asked to participate in a test where | will be performing a progressive incremental test on a

ergometer to determine a lactate profile. Hie test will begin at an intensity that is very easy
to accomplish. The intensity will then increase every three minutes and will terminate on the instruction of
the test administrator, or when ever | choose. During the test small blood samples will be taken from a tiny
puncture in my earlobe. These samples will be subsequently analysed. The purpose of the test is to assess
and monitor my present level of aerobic fitness. The test will last approximately 15 minutes.

I understand that potential risks do exist during the performance of this test, such as loss of balance on the
ergometer, disorders of heart beats, abnormal blood pressure, fainting and in extremely rare instances heart

attack, or death. | may experience dizziness or light headedness associated with whole body exercise,
particularly if I am not well conditioned.

Every effort will be made by the test administrator to minimise such risks and discomforts, through the
provision of complete instructions and by observations of signs and symptoms throughout the test. All
health and safety precautions will be taken during blood sampling to avoid chances of contamination.

The benefits of the test include:

(i) An assessment and comparison of my present state of fitness with those of
other people.
(ii) The monitoring of training adaptations and thereby evaluating the

conditioning programme effectiveness,
(iii) The provision of an educational setting where | may be better able to
miderstand the relationship between fitness and health.

The information obtained is treated as privileged and confidential and will not be released to unauthorised
personnel, without my expressed permission. The information may, however, be used for statistical
purposes, with my right of privacy retained.

Further details of the test have been discussed with the test administrator and any questions | have, have
been answered to my satisfaction. Permission for this test is voluntary and | understand that | am able to
withdraw from the test at any time | should so desire, whatever the reason, with no penalty.

I have read and fully understand this form and hereby give my consent to participate in the aforementioned
incremental test.

Signed (subject)
Signed (test administrator)
Date [



Appendix Three

Athlete daily food log

Name.......ccocvevvennnen. Day Date
Composition Quantity

Meal One

Meal Two

Meal Three

Meal Four

Meal Five

Snacks

Fluid intake
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Appendix Four
Training Log

Monday

Tuesday

Wednesday

Thursday

Fricay

Saturday

Sunday

am.

p-m.

a.m.

p-m.

am.

p-m.

a.m.

a.m.

p-m.

am.

p-m.

Week ending



Appendix Five

(Published in Journal of Sports Sciences (1995) 13: 25-26

THE EFFECTS OF DIFFERENT PROTOCOLS ON HEART RATE AND LACTATE
VALUES DURING GRADED EXERCISE TESTS FOR MIDDLE DISTANCE
RUNNERS

G.M.J.Dunbarl,R. Heagartyl,G. Warrington2and J.A_\\White3

1Human Performance Latoratory, StMary sOllege, StranbervyHiIll, Twickenham TW1 4SX
2NCTC, UniversityofLimeridk, Lineridk, Eireand

3 Department of Rblic Health Medicine and Epidemiology, Uhinversity Hepital, Queens
Medical Gatre, NottinghemNG7 2UH

Blood lectate measurements are frequantly used both t© monirtor the condirtion of, and
prescribe training intesities far, endurance athletes. The auratt BASES gquicelines
suggest a faur-stage, 4 min continuous incremental protoool for such assessment (Hale et
d., 1988, Rosition Statement on the Physiological Testing of the Elite Conpetitor . Leeds:

BASS). Not dl ldoatories do adhere o these quicelires; ratter, the protoool B
modified to gecificnesds.  The purpose ofthis study, trerefare, was to examine differat
types of protoool which may alter lectate values dotained during the assessment of
middle- and log- distance rurers.

Eight county standard male middle and long distance rurers (height 1.83 + 0.05m, body
mass 72.5+4.1 kg) performed three graded earcise tests ina random order. Al testarg
took place within a 20 day period and each testwas performed on the same day of each
week, In conseautive weeks, In order to fit arsistatly within irdividal training
programmes. The three protoools aasisted of four submaximal exercise stages, with the
same individlal rumning speeds on each oocasian.  The three protoools were as Tolloas:



(D4 min steges with no more than 20 s In between for blood collectian, givirg a rearly
continuous method; () 6 min stages separated by a 10 min recovery periad, inorder
isolate the rumiing speaeds; () 8 min stages sgparated by a 10 min recovery periad. At
the end of each runing spead, heart rate was recorded and blood sanples were taken
from an earldee to determine lediate concentration (Analox GM6 blood aralyser).
An ANOVA with repeated measures revealed thet there was no sighrficant difference
(P<0.05) between the mean heart rates and blood lectates values recorded with each
protoool (Teble D).
Table 1Mean (+ SE) blood lectate and heart rate values dotained in each protoool
Protocol One (4 min)  Protocol Two (6 min) Protocol Three (8 min)
Stage La HR La HR La HR
mol 171 b.min"1 mol . 171 b.min"1 mmol_171 b.min"1
One 116(1) 160G 11719 153 @& 1.16 (.16) 151 G
Two l0(2) 16660 19D 162 @ 163 (D 162 B
Three 2.16(¥H) 171 @ 2.00(D) 170 @& 2.26 (4) 171 @
Four 340(®» 17®@ 220D 177(4) 3.13(%H) 19 Q)

Further trerewas good aorrelation between the values dotained (Teble 2).

Table 2= Correlation of lactate and heart rate values between different protoools.

Protocols One and Two One and Three Two and Three
Lactate mmol.I'1 0.% 0. 0.%
HR b.min"1 0.3 0.8 0.91

ltwas concluded thet there sno difference between the 4 min protoool with very dort
pauses and the 6 and 8 min protoools with 10 min pauses between the ruming seads. It
s therefore recommended that 6 min rumning will give the same data as 8 min during a
disoontinuous protoool ad, iftime s a arstraint, the contiinuous 4 min protoocol s an
acoeptable altaratie.



Appendix Six

(Published in Journal of Sports Sciences (1997) 15: 47-48)

A COMPARISON OF SPEED AND HEART RATE TO CONTROL RUNNING AT
THRESHOLD INTENSITY.

G.M.J Dunbarx, A. Renfree™ and JA.White?

1Human Performance,Unit 1Brands Hatch Park, Fawkham, Kent DA3 8PU,

2 & Mary™s University College, Stranberry Hill, Twickenham, Middx. TW1 4SX and
3 Department of Public Health Medicine & Epidemiology, Queen™s Medical Catre,
Nottingham, NG7 2UH

The purpose of this study was t examine two methods of cottrolling trainirg at a
thredold intesity in vell-trained middle distane rurers.  Ten male middle distance
rurers of a lesst county stadard (age 204 + 2.1 years and mass 70.6 + 4.6 kg)
performed a cortinuous 3 min incramental protoool as described by Dunbar et al. (1995,
Journal ofSports Sciences, 13, 25-26) on a leel motor driven treecnill (Ponerjog M30,

Soorts Bgineering Ltd, Birmingham). Heart rate (HR) was monitored contiruously
throughout the test (Baumann and Haldi BHL 6000, Switzerlad) and cpillarised earldoe
blood sanples were taken at the end of each speed for the determination ofblood lectate
(@ oconcentration by means of an Analox GM6 blood aalyser (Analox Instrurants,
Hammersmith). Visual doservation by two independent revieners esteblided the
runing speed and heart rate at the lectate threshold (Tlec), for the purpose of subsequent
eercise presxiptian. The mean asolute ledtate ak Tlacwas 2.3+ 0.51 mM.

On two susequent visits 1o the laoratory rumers performed 25 min thresold ssssias,
aiming for Maximal Lactate Steady State (MLaSS), ina randomised arder. A treechill
ssssin (T25) was performed at the runing speed associated with Tlec; whillst an
outdioor triEl (F5) was performed attre HR associated with Tlec. BothHR and La were
recorded every 5 min during these tridlsand trevalues at 5 and 25 min are listed inTable
1

Table 1Mean = SE HR (sts, min*D) and La (mM) values during threshold ssssias.

Time (ir) F25HR F25 La T25 La T25HR
5 174+ 9 4.1+1.4* 1.9+0.4 170+9
25 177 +7 33+ 12 2.4+0.8 182+ 10%*

*sigifientlygester trenLa at Tlac P < 0.0b. ** sigiifiently grester tren 5min P <0.(6

ltwas seen tret after 5 min INF25, La was higher then La at Tlac during the incremental
t=t, However La declined during the session and HR remained steble.  In this cee,
where HR was the means of antrol, 9 ofthe 10 sessias saw no rie inla. During T25,
HR rose throughout the sessian, possibly through inoreese In body tenperature and



recuction inplasma volure.  Furthermore, only 4 ofthe 10 sessias denonstrated steedy
staiela.

When individlal caseswere amalysed, HR was amore suooessful then runiing speed as a
means of atrolling steedy state codrtias for thresold (MLaSS) training in middle
distanee rurers. ltsproposed ttetHR |samore sasitive means of training antrol, as
ithetter reflectsLa conditions then prescrriibed rumniing soed.



Appendix Seven

(Published in Jourmal of Sports Sciences (1997) 15: 47)

TRAINING PRESCRIPTION FOR JUNIOR ROWERS USING BLOOD LACTATE
AND HEART RATES.

G.M.J. Dunbar*, G.D Warrington™ and J.A.White3

1 Human Performance,Unit 1 Brands Hatch Park, Fawkham, Kent DA3 8PU, UK

2 National Coaching & Training Centre, University of Limerick, Limerick, Ireland
3 Department of Public Health Medicine & Epidemiology, Queen's Medical Centre,
Nottingham, NG7 2UH, UK

The purpose of this study was to examine the efficacy of using heart rates prescribed
from a blood lactate profile, to control the training intensity required to attain Maximal
Lactate Steady State (MLaSS) in subsequent training sessions. Seven well-trained junior
rowers (mean £ SD) age 17.4 + 0.6 years and mass 76.7 * 4.8 kg visited the laboratory on
two occasions. During the first, a progressive incremental protocol was performed on a
rowing ergometer (Concept n, Nottingham), whereby the work rate increased every 3
min by 28.4 + 8.4 W. Heart rate (HR) was monitored continuously throughout the test
(Baumann and Haldi BHL 6000, Switzerland) and capillarised earlobe blood samples
were taken at the end of each work rate for the determination of blood lactate (La)
concentration by means of an Analox GM6 blood analyser (Analox Instruments,
Hammersmith). Visual observation by two independent reviewers established the work
intensity and heart rate at the lactate threshold (Tlac), for the purpose of subsequent
exercise prescription.

A second test involved constant steady state exercise on the same ergometer for 25 min at
the intensity associated with the HR at Tlac. This was used as a verification trial for the
prescribed threshold session from the incremental test. Both HR and La were recorded
every 5 min, as was the distance rowed (m).

Table 1 shows HR was stable throughout the 25 min session corresponded to the
prescribed level for each subject. During the session La tended to decline, but this was
not significant; and the mean lactate throughout the sessions remained above 4 mM, The
distance rowed in each 5 min portion of the session reduced as the session progressed. It
was concluded that such methodology for the prescription of training HR prevented La
rising through the session, but dictated lower work rates. The decline in work rate
through the session, despite stable HR is likely to be a function of cardiovascular drift,
due to arise in core temperature and reduction in plasma volume.



Table 1. Mean (+ S.E) HR, La and distance rowed through the 25 min session.

Time (min) HR (beats, min"1) La (niM) Distance (m)
5 174 +5 53+0.7 1343 £20
10 178 £5 56+1.3 1327 £31
15 177 £5 52+ 19 1284 + 46
20 177 +6 48+ 19 1279 + 45
25 177 +6 46+2.0 1265 +41*

*significantly lower t lan 5 min (P < 0.01)



