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ABSTRACT

Analysis of training for endurance sport is a topic which has been studied in the literature
increasingly over the last decade. Analysis and planning of training, however, has
historically been described as far back as the early 20" century. As technology has
improved and the means to monitor training have increased the concepts of training
intensity distribution (TID) and periodisation have emerged. Training intensity
distribution refers to proportion of training performed at different intensity levels. In order
to make this more straightforward intensity zones have appeared in the literature. These
zones have been delineated by various methods, most commonly lactate/ventilatory
thresholds. Traditionally 3 zones have been described. TID, thus refers to the proportion
of training performed in each of these zones. A number of TID models have been

recognised:

e Pyramidal: the volume of training performed decreases in higher intensity zones

e Polarised: the volume of training performed in higher intensity zones is greater
than in moderate intensity zones

o Threshold: the volume of training performed in moderate intensity zones is

higher.

Periodisation then refers to the degree of change of training volume and TID over the
course of a sport season. In recent years the recommendation of a polarised type TID has
gained popularity because of research demonstrating its positive effects on physiological
determinants associated with endurance performance. This fact serves as the background
to this thesis. Anecdotally, it was observed that the best athletes in the world trained in a
manner at odds with this contention and this thesis set out to examine this apparent
contradiction, determine whether this was in fact the case, and then to attempt to
understand reasons for this. We also presented a novel method to create training intensity
zones, based on percentage of target race pace, which we felt reflected some of the

practices being employed by the worlds’ best coaches and athletes.

The thesis commences with a systematic review, which aimed to examine the current

evidence for three primary training intensity distribution types: 1) Pyramidal training, 2)
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Polarised Training and 3) Threshold Training. Where possible, we calculated training
intensity zones relative to the goal race pace, rather than physiological or subjective
variables. We searched three electronic databases in May 2017 (PubMed, Scopus, and
Web of Science) for original research articles. After analysing 493 resultant original
articles, studies were included if they met the following criteria: a) participants were
middle- or long-distance runners; b) studies analysed training intensity distribution in the
form of observational reports, case studies or interventions; c) studies were published in
peer-reviewed journals and d) studies analysed training programs with a duration of 4
weeks or greater. Sixteen studies met the inclusion criteria, which included 6
observational reports, 3 case studies, 6 interventions and 1 review. According to the
results of this analysis, pyramidal and polarised training are more effective than threshold
training, although the latest is used by some of the best marathon runners in the world.
Despite these apparent contradictory findings, this review presents evidence for the
organisation of training into zones based on a percentage of race pace which allow for
different periodisation types to be compatible. This approach requires further
development to assess whether specific percentages above and below race pace are key

to inducing optimal changes.

Based on this analysis we proceeded with an observational study of a group of world-
class middle and long-distance runners, comparing the race-pace approach we propose to
the traditional method of TID analysis via physiological metrics. The study aimed to
analyse the training intensity distribution (TID) of a group of 7 world-class middle- and
long-distance runners over 50 weeks using two different approaches to organise TID
zones: 1) based on individual specific race pace and; 2) based on physiological
parameters. Analysed training data included training volume, intensity and frequency.
The average weekly volume for the group was 135.4 +29.4 km-week™!. Training volumes
for Z1, Z2 and Z3 were 88.5 = 1.1%, 7.4 = 0.8% and 4.1 + 0.7% respectively for race-
pace based approach, and 87.2 £ 1.2%, 6.1 = 0.7% and 6.6 = 0.9% respectively for the
physiological approach. Differences were found between the approaches in Z2 (large
effect, ES=1.20) and Z3 (moderate effect, ES=0.93). The approach based on race-pace
zones produced pyramidal distributions in both middle- and long-distance runners across
all phases of the season. The physiological approach produced polarised and pyramidal

distributions depending of the phase of the season in the middle-distance runners, and
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pyramidal type TID across all phases of the season in the long-distance runners. The
results of this study demonstrate that the training analysis in a world-class group of
runners shows different TID when assessed relative to race pace versus to physiological
zones. This highlights a potential deficiency in training analysis and prescription methods
which do not make reference to specific performance. An approach which makes
reference to both physiological and performance measures may allow for a more

consistent and logical analysis.

We, therefore, saw that there was indeed some discrepancy between scientific
recommendations and training methods of a group of world class athletes. However, it
was clear that using a race pace approach in the manner we did would always lead to a
more extensive Zone 2, incorporating a much wider range of paces than traditional
physiological methods. We then looked deeper in our third article, using the training of
an athlete who is world-class at distances from 1500m to 10000m, so spanned the
"middle"- and "long"- distance track distances. 5000m was chosen as his reference target
pace, as this was his preferred distance in the year of analysis, and also because it sat

between middle- and long-distance.

In this case study the training of a world-class middle/long distance runner over a years’
duration is presented. The training is analysed via 2 methods to define training intensity
distribution (TID), 1) by physiological zones and; 2) zones based on race-pace. TID was
analysed over the full season, but also over the final 6, 12 and 26 weeks to allow for
consideration of periodization/phases of season. The results of both methods are

compared. Other training data measured include volume and number of sessions.

The average weekly volume for the athlete was 145.8 + 24.8 km-week!. TID by
physiological analysis was polarised for the last 6 weeks of the season, but was pyramidal
when analysed over the final 12, 26 and 52 weeks of the season. TID by race-pace analysis
was pyramidal across all time points. The athlete finished 12" in the final of the World
Championship 5000m and made the semi-final of the 1500m. He was ranked in the top
16 in the world for 1500m, 5000m and 10000m.

The results of this study demonstrate a potential flaw with recent work suggesting

13



polarised training as the most effective means to improve endurance performance. Here

different analysis methods produced 2 different types of TID. A polarised distribution

was only seen when analysed by physiological approach, and only during the last 6 weeks

of a 52 weeks season. Longer term prospective studies, relating performance and

physiological changes are suggested.

The main conclusion drawn from this thesis was that there is a gap between science and

practice with regard to optimal training for performance in endurance running. A number

of potential reasons were identified:

Interventional studies examining this topic were often 6-12 weeks in duration. It
was recognised that elite performance in endurance sport required years of
consecutive of training phases, so conclusions drawn short interventional studies
were likely to be of lower value.

Many of the interventional studies did not examine running performance as an
outcome, focussing on determinants of endurance performance. While these
determinants are correlated with endurance performance, it is not precise, and
there is an interaction effect between determinants which was not accounted for
in many of these studies.

Some of the evidence for polarised type distributions drew on interventions
examining other sports, such as cycling or cross-country skiing. It is argued that
the weight-bearing nature of running, as well as the standardised course and
distances differentiated running, and facilitated training which focussed on

specific paces.

Key words: Training Intensity Distribution; periodisation; distance running; race pace

approach; lactate threshold; pyramidal; polarised; threshold
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RESUMEN

El analisis del entrenamiento para deportes de resistencia es un tema que se ha estudiado
cada vez mas en la literatura durante la Gltima década. El andlisis y la planificacion del
entrenamiento, sin embargo, se han descrito histéricamente desde principios del siglo
XX. A medida que la tecnologia ha mejorado y los medios para monitorear el
entrenamiento han aumentado, han surgido los conceptos de distribucion de la intensidad
del entrenamiento (TID) y la periodizacion. La distribucion de la intensidad del
entrenamiento se refiere a la proporcion de entrenamiento realizado en diferentes niveles
de intensidad. Para hacer esto mas sencillo, se han propuesto zonas de intensidad en la
literatura. Estas zonas han sido delineadas por varios métodos, mas comunmente
umbrales de lactato/ventilacion. Tradicionalmente se han descrito 3 zonas. TID, por lo
tanto, se refiere a la proporcion de entrenamiento realizado en cada una de estas zonas.

Se han reconocido varios modelos TID:

* Piramidal: el volumen de entrenamiento realizado disminuye en las zonas de mayor
intensidad

* Polarizado: el volumen de entrenamiento realizado en las zonas de mayor intensidad es
mayor que en las zonas de intensidad moderada

* Umbral: el volumen de entrenamiento realizado en zonas de intensidad moderada es

mayor.

Entonces, la periodizacion se refiere al grado de cambio del volumen de entrenamiento y
TID en el transcurso de una temporada deportiva. En los tltimos afios, la recomendacion
de un TID de tipo polarizado ha ganado popularidad debido a la investigacion que
demuestra sus efectos positivos sobre los determinantes fisiologicos asociados con el
rendimiento de resistencia. Este hecho sirve de base para esta tesis. Como anécdota, se
observo que los mejores atletas del mundo entrenaban de una manera contraria a esta
afirmacion y esta tesis se propuso examinar esta aparente contradiccion; determinar si
este era realmente el caso y luego intentar comprender las razones. También presentamos
un método novedoso para crear zonas de intensidad de entrenamiento, basado en el
porcentaje del ritmo de carrera objetivo, que sentimos que refleja algunas de las practicas

empleadas por los mejores entrenadores y atletas del mundo.
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La tesis comienza con una revision sistematica, cuyo objetivo es examinar la evidencia
actual de tres tipos principales de distribucion de la intensidad del entrenamiento: 1)
Entrenamiento piramidal, 2) Entrenamiento polarizado y 3) Entrenamiento de umbral.
Siempre que fue posible, calculamos las zonas de intensidad de entrenamiento en relacion
con el ritmo de carrera objetivo, en lugar de las variables fisiologicas o subjetivas. Se
realizaron busquedas en tres bases de datos electronicas en mayo de 2017 (PubMed,
Scopus y Web of Science) en busca de articulos de investigacion originales. Después de
analizar 493 articulos originales resultantes, los estudios se incluyeron si cumplian con
los siguientes criterios: a) los participantes eran corredores de media o larga distancia; b)
estudios que analizaron la distribucion de la intensidad del entrenamiento en forma de
informes de observacion, estudios de casos o intervenciones; ¢) los estudios se publicaron
en revistas revisadas por pares y d) los estudios analizaron programas de entrenamiento
con una duracién de 4 semanas o mas. Dieciséis estudios cumplieron con los criterios de
inclusion, que incluyeron 6 informes observacionales, 3 estudios de casos, 6
intervenciones y 1 revision. Este enfoque requiere un mayor desarrollo para evaluar si los
porcentajes especificos por encima y por debajo del ritmo de carrera son clave para
inducir cambios oOptimos. Segun los resultados de este andlisis, el entrenamiento
piramidal y polarizado son mds efectivos que el entrenamiento de umbral, aunque este
ultimo es utilizado por algunos de los mejores corredores de maraton del mundo. A pesar
de estos hallazgos aparentemente contradictorios, esta revision presenta evidencia para la
organizacion del entrenamiento en zonas basadas en un porcentaje de ritmo de carrera
que permite que diferentes tipos de periodizacion sean compatibles. Con base en este
analisis, procedimos con un estudio observacional de un grupo de corredores de media y
larga distancia de clase mundial, comparando el enfoque de ritmo de carrera que

proponemos con el método tradicional de andlisis TID a través de métricas fisiologicas.

El estudio tuvo como objetivo analizar la distribucion de la intensidad del entrenamiento
(TID) de un grupo de 7 corredores de media y larga distancia de clase mundial durante
50 semanas utilizando dos enfoques diferentes para organizar las zonas TID: 1) basado

en el ritmo de carrera especifico individual y; 2) basado en pardmetros fisiologicos.
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Los datos de entrenamiento analizados incluyeron el volumen, la intensidad y la
frecuencia del entrenamiento. El volumen promedio semanal del grupo fue de 135.4 +
29.4 km-semana’!. Los volumenes de entrenamiento para Z1, Z2 y Z3 fueron 88.5 + 1,1
%, 7.4 £ 0.8 % y 4.1 £ 0.7 % respectivamente para el enfoque basado en el ritmo de
carrera, y 87.2 + 1.2 %, 6.1 £ 0.7 % y 6.6 £ 0.9 % respectivamente para el enfoque
fisiologico. Se encontraron diferencias entre los enfoques en Z2 (efecto grande, ES=1.20)

y Z3 (efecto moderado, ES=0.93).

El enfoque basado en zonas de ritmo de carrera produjo distribuciones piramidales en
corredores de media y larga distancia en todas las fases de la temporada. El enfoque
fisiologico produjo distribuciones polarizadas y piramidales dependiendo de la fase de la
temporada. en los corredores de medio fondo, y TID de tipo piramidal a lo largo de todas
las fases de la temporada en los corredores de fondo. Los resultados de este estudio
demuestran que el anélisis del entrenamiento en un grupo de corredores de clase mundial
muestra diferentes TID cuando se evalua en relacion con el ritmo de carrera frente a las
zonas fisiologicas. Esto pone de manifiesto una deficiencia potencial en el andlisis del
entrenamiento y los métodos de prescripcion que no hacen referencia a un rendimiento
especifico. Un enfoque que haga referencia tanto a medidas fisiologicas como de
rendimiento puede permitir un andlisis mas coherente y logico. Por lo tanto, vimos que
efectivamente habia cierta discrepancia entre las recomendaciones cientificas y los
métodos de entrenamiento de un grupo de atletas de clase mundial. Sin embargo, estaba
claro que usar un enfoque de ritmo de carrera como lo hicimos siempre conduciria a una
zona 2 mas extensa, incorporando una gama mucho mas amplia de ritmos que los métodos
fisiologicos tradicionales. Luego profundizamos en nuestro tercer articulo, utilizando el
entrenamiento de un atleta de clase mundial en distancias de 1500 m a 10000 m, por lo
que abarcamos las distancias de pista de distancia "media" y "larga". Se eligieron los 5000
m como su ritmo objetivo de referencia, ya que esta era su distancia preferida en el afio

de andlisis, y también porque se encontraba entre media y larga distancia.

En este estudio de caso se presenta el entrenamiento de un corredor de media/larga
distancia de clase mundial durante un afio. El entrenamiento se analiza a través de 2
métodos para definir la distribucion de la intensidad del entrenamiento (TID) 1) por zonas

fisiologicas y; 2) zonas basadas en el ritmo de carrera.
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El TID se analiz6 durante la temporada completa, pero también durante las ultimas 6, 12
y 26 semanas para permitir la consideracion de la periodizacion/fases de la temporada.
Se comparan los resultados de ambos métodos. Otros datos de entrenamiento medidos
incluyen el volumen y el numero de sesiones. El volumen semanal promedio fue de 145.8
+ 248 km-semana'. El TID por analisis fisiologico fue polarizado durante las Gltimas 6
semanas de la temporada, pero fue piramidal cuando se analiz6 durante las ultimas 12, 26
y 52 semanas de la temporada. El TID por anélisis de ritmo de carrera fue piramidal en
todos los puntos de tiempo. El atleta termin6 12° en la final del Campeonato del Mundo
de 5000m y llego a la semifinal de los 1500m. Estuvo clasificado entre los 16 mejores del

mundo en 1500m, 5000m y 10000m.

Los resultados de este estudio demuestran una falla potencial con trabajos recientes que
sugieren que el entrenamiento polarizado es el medio més efectivo para mejorar el
rendimiento de resistencia. Aqui diferentes métodos de andlisis produjeron 2 tipos
diferentes de TID. Solo se observo una distribucién polarizada cuando se analizo
mediante un enfoque fisioldgico, y solo durante las tltimas 6 semanas de una temporada
de 52 semanas. Se sugieren estudios prospectivos a mas largo plazo, que relacionen el
rendimiento y los cambios fisiologicos. La principal conclusion extraida de esta tesis fue
que existe una brecha entre la ciencia y la practica con respecto al entrenamiento 6ptimo

para el rendimiento en carreras de resistencia. Se identificaron varias razones potenciales:

* Los estudios de intervencién que examinaron este tema a menudo duraron de 6 a 12
semanas. Se reconocio que el rendimiento de €lite en el deporte de resistencia requeria
afos de fases de entrenamiento consecutivas, por lo que es probable que las conclusiones
extraidas de estudios de intervencion breves sean de menor valor.

* Muchos de los estudios de intervencion no examinaron el rendimiento de carrera como
un resultado, centrandose en los determinantes del rendimiento de resistencia. Si bien
estos determinantes estan correlacionados con el rendimiento de resistencia, no es preciso
y existe un efecto de interaccion entre los determinantes que no se tuvo en cuenta en

muchos de estos estudios.
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* Parte de la evidencia de las distribuciones de tipo polarizado se baso en intervenciones
que examinaron otros deportes, como el ciclismo o el esqui de fondo. Se argumenta que
la naturaleza de la carrera con carga de peso, asi como el curso y las distancias
estandarizados diferenciaron la carrera y facilitaron el entrenamiento que se centr6d en

ritmos especificos.
Palabras clave: Distribucion de la Intensidad del Entrenamiento; periodizacion;

carreras de distancia; enfoque de ritmo de carrera; umbral de lactato; piramidal;

polarizado; limite
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1

INTRODUCTION

‘If you only read the books that everyone else is reading, you can only think

what everyone else is thinking’

Haruki Murakami
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1 Introduction

1.2 General Introduction to the Topic

This thesis studies the organisation of training of endurance runners. The 3 published
papers!~ start with a review of the current literature to establish what is recommended by
experts in the field. Two studies then examined the training of an elite group, and of a
world-class individual, and compare their training performance to what is recommended
based on scientific research. The reasoning behind examining the literature and current
practice of an elite group is based on a recurrent, admittedly anecdotal, observation that
the worlds’ best athletes do not currently perform training which reflects what is
recommended scientifically. Potential reasons for this conflict will be discussed in detail,
with very recent work cited to help explain why such a gap exists®. The specific
physiological characteristics associated with endurance performance>® will be discussed
as part of this, and all training analysis in the published papers are framed with these

physiological characteristics to the fore.

As well as discussing the gap mentioned above from a scientific perspective, and to
provide further context to the proposed problem, the history of training for endurance
running will first be presented”!'?. This demonstrates an interesting pattern. A cycle of
fluctuating between lower volume/high intensity training and higher volume/reduced
higher intensity training and the current situation will be presented within this historical
context. In addition to this, evidence will be presented to potentially further explain why
there is a gap between science and practice based on research from the field of coaching
science. This will reflect coaches’ attitudes towards, and difficulty with, developments in
sports science which may be potentially practice altering. “Survivorship bias” will also
be considered as part of this, whereby these attitudes and difficulties with sports science
and physiology developments may actually be affected by the fact that the experience of
having success as an athlete or coach in itself lends weight to the idea that utilised
methods are most appropriate, rather than engaging in a thorough examination of methods
to ensure that they are rigorously tested!'~'4. Paper 1 in this thesis: “The effect of
periodisation and training intensity distribution on middle- and long-distance running
performance: A systematic review’, examined the background research on this topic,

specifically as it pertained to distance running, as opposed to other endurance sports such

33



as cycling and cross-country skiing, which also feature prominently in the literature. The
reason for making this distinction explicit was to acknowledge the unique biomechanical
properties associated with running i.e. weight-bearing locomotion. This stands in contrast
to sports like cycling or cross-country skiing, in which recovery happens quicker!®. This
paper serves as an introduction to the issue mentioned above and provides the context in
which to consider it. Before starting into much of what is described above, however, some
essential recurrent terms and themes are defined and contextualised in the following

sections.

1.3 Background and Definitions
Endurance running training and performance is a much studied and debated topic'®23,
and in recent years the organisation of training for endurance performance has been

studied extensively and 2 recurrent concepts have emerged:

1. Training Intensity Distribution (TID)

2. Periodisation

These 2 concepts have proved more contentious than the establishment of consensus
regarding factors that limit endurance, and specifically running, performance’®2*. These
factors include lactate threshold (LT)®, defined either as the velocity at which a non-linear
increase in blood lactate occurs, the maximal lactate steady-state or the velocity
corresponding to a blood lactate concentration of 4mmol.1"'? (further sub-division of the
lactate threshold into first (LT1) and second (LT2) thresholds can be made, traditionally
defined as the velocities corresponding blood lactate concentrations of 2 and 4mmol.1"!
26); maximal oxygen uptake (VOzmax)®?’; velocity at ¥Oomax (VVO2max)®?’. and running
economy (RE)’, defined as steady-state VO, at a given submaximal speed or as the VO,
per unit distance?® . More recently the concept of “durability” has emerged ?°. This
concept has been focussed on the change of behaviour of the factors mentioned over time
when running. A specific example may be that heart rate at LT2, as measured by
incremental lab testing, may differ significantly to heart rate at similar levels of lactate at
10 minutes, 20 minutes or 30 minutes into a training session or performance. The notion

of this fatigue resistance of specific characteristics is one that is relatively recent.
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The training process has thus been considered the manipulation of intensity, duration and
frequency of training sessions with the intention of improving the physiological
characteristics described above and/or performance!’. The link between performance and
physiology has been studied**3! but no clear relationship has been established between
proportional changes in physiological characteristics and performance. This lack of
relationship underpins the current thesis as it provides the opportunity for training
methods to be employed which are purely empirical, ignoring research on physiology.
Further to this, as will be discussed later, coaches consistently report scientific research
as ranking low on their means of changing or affecting their practice!!. Training and
coaching, and the quantification of the same, have however, been guided by the creation
of different training intensity zones and training intensity distribution thus refers to the

relative volume or quantity of training performed in these different zones.

1.3.1 Training Intensity Distribution (TID)

This refers to the relative amount of training done at various levels of intensity within a
defined timeframe-usually a week or training cycle’?. Numerous systems have emerged

to classify “zones” of intensity. These zones may be based on:

a. Physiological characteristics such as lactate levels®, ventilatory
patterns®3, oxygen uptake’, anaerobic system function®*.

b. Subjective factor such as session goal or session rate of perceived
exertion (RPE-Borg Scale)®.

c. Performance factors such as specific race pace.

TID Zones

Classically 3 zones have been described!®:

1. Zone 1: Low-Intensity training
2. Zone 2: Moderate-intensity training
3. Zone 3: High-Intensity training

35



Zone I comprising low-intensity training. Physiologically this zone has been described
as lying below the first lactate or ventilatory threshold. From a performance standpoint
marathon pace will usually lie towards the upper end of this zone in less well-trained

runners.?’

Zone 2 refers to moderate-intensity training. This intensity has been physiologically
described as falling between lactate or ventilatory thresholds. From the perspective of
performance, the upper bound of this zone is usually considered to refer to the pace
sustainable for events of 40-60-minute duration®®. Both marathon and half-marathon pace

will fall within this zone in well-trained runners.

Zone 3 is high-intensity training. It refers to training performed at intensities above the
second ventilatory or lactate threshold. Race performance at intensities in this zone will

typically be sustainable for less than 30 minutes?®.

In recent years authors have employed systems of describing TID using more zones, up
to 7 in some studies?’. The creation of these systems has, in some cases attempted to relate
performance and physiological metrics in a manner which reflects the training methods

and performance being examined within a retrospective study.

Types of TID

3 types of TID’s have been recognised in the literature on this topic:

a. Pyramidal
b. Polarised
c. Threshold

A pyramidal TID is seen as the classical training method employed in distance running!”.
It involves the performance of decreasing volumes of training at increasing levels of
intensity. This may involve the performance of 80% of training volume in Zone 1, 15%
in zone 2, and 5% of training volume in zone 3. The history of training for endurance

running will be discussed in a later section but it reflects the training first seen in Finnish
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and Swedish runner in the 1910s-1930s, and later developed by coaches in New Zealand

and Australia in the 1960s and 1970s.

A polarised TID involves the performance of increased volume of training in zone 3, at
the expense of zone 2. Polarised training has gained favour at different periods over the
last 100 years, as will be discussed later. For example, it may involve 80% in zone 1, 5%
in zone 2, and 15% in zone 3. Recent studies comparing TID’s effects have often returned
favourable results for polarised type TID’s. For reasons which will be discussed later, we

feel that there are problems with this conclusion.

A threshold TID exhibits the performance of larger volumes of training in zone 2, in
comparison to the other 2 zones. It is not an approach which has gained favour historically
within the context of distance running, as will be seen later. However recent work has
shown that the use of threshold intensities in training for distance running is positively

correlated with world ranking and world-class performance®*3

1.3.2 Periodisation

This refers to the organisation and planning of training over longer periods of time with
a specific end target or goal in mind*’. It is generally considered to be based upon the
General Adaptation Syndrome described by Hans Selye as early as the 1930s*!. It can be
seen as the variation of TID and volume over longer cycles of training. So, if a training
cycle lasts a week, and is described by TID, then periodisation may describe the variation
in this TID over a longer period of time, and will detail the change in intensity, volume
or mode of training, usually linking this variation to a training target. So, for example a
training week prescribing 80% zone 1, 12% zone 2, and 8% zone 3 can be said to have a
pyramidal TID. Periodisation will then describe planned changes in this distribution in
order to achieve a certain target-the plan may suggest maintaining TID in this proportion
for a certain period of time to achieve a target, e.g. the development of VO, max, which
then may be followed by a a new “period” of training with a potentially different TID; in
order to develop more or different characteristics e.g. lactate threshold etc. In this way it
can be seen that TID is a narrower concept than periodisation. TID focusses only on

intensity, whereas periodisation encompasses types of exercise also. Periodisation is often
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considered with planning in mind whereas TID is often considered as a descriptive means
to describe a training block. Periodisation is a concept that has come under scrutiny in
recent years*2, Much of the basis for periodisation has been developed from Selye’s work
on the General Adaptation Syndrome*', and 2 main methods of periodisation are seen in

the literature:

1. Traditional periodisation

2. Block periodisation

Traditional Periodisation

The more traditional method of periodisation has focussed on developing different
training abilities simultaneously throughout the season*’. This method is characterised by
a gradual progression from higher training volume and lower intensity to- reduced volume
and higher training intensity, thereby shifting from general training to training that is more
specific as the competition period approaches. However, it can be further subdivided into
linear and non-linear periodisation, whereby the progression or variation in training may
not follow a graded increase or reduction in type or intensity, but may focus on
development of characteristics via most effective means.

Traditionally 3 types of time divisions, or cycles, are seen:

1. Microcycle: usually lasting a period of 1-2 weeks
2. Mesocycle: usually a longer period e.g. 4-6 weeks
3. Macrocycle: usually a season plan, so may be 6-12 months in duration

Various names have emerged to describe these cycles e.g Base phase, build phase,
peaking phase, depending on the target of the training period.

Under the traditional periodisation process 3 periods have emerged:

1. General Preparation Period
2. Specific Preparation Period
3. Competition Period
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Different types of exercise will populate these periods under this system, and it gets its
name because each period of training, or block, will focus on a single quality or training

adaptation. The types of exercises are:

1. General Preparatory Exercises-these are exercises/training sessions that do
not imitate the competitive event and do not train the specific systems associated
with the event.

2. Specific Preparatory Exercises-these are exercises/training sessions that
do not imitate the competitive event but train the major muscle groups and
physiological systems

3. Specific Development Exercises- these are exercises/training sessions that
repeat the competitive event but in separate parts

4. Competitive-these are exercises/sessions that are identical or almost

identical to competition event.

Block Periodisation
Block periodisation is a more recent concept*? and is applied most famously in power
sports, with Bondarchuk-a hammer-throwing coach- one of those responsible for further

developing the concept, along with Issurin more recently*+*3.

. The basic premises of
Block Periodisation are: the employment of highly concentrated phases of training and
the residual effect; sequencing of the blocks logically to benefit from the residual effects.
The approach can be employed to focus on a single factor or multiple factors. Phases

during Block Periodisation are named:

1. Accumulation
2. Transmutation
3. Realisation

Block periodisation has not been frequently used in endurance running, as will be
described in the evolution of endurance training concepts. Part of the reason for this will
surely lie in the fact that endurance athletes tend to maintain high training volumes all
year around and have variation mostly within the higher intensity work.'*2° However, a

relatively recent ** systematic review and meta-analysis of papers on block periodisation
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of endurance training suggested it may be an alternative strategy for consideration in the
future. The authors of this paper, however, did note that the papers included in the analysis
were small studies with generally low methodological quality, and advised caution in

assigning too much weight to the findings.

More recently the basis for periodisation has been called into question in a paper by
Kiely**. He points out that Selye’s work on the general adaptation syndrome from the
1930’s-whereby stress was considered as a predictable biological phenomenon-has been
undermined, and now, for example there are demonstrable effects of non-physical factors
on physiological stress responses, and that these stress responses are individualised and
context specific. He argues therefore, that if the basis for organising training is on Selye’s
work, that it has become outdated and a new approach to training organisation may be

appropriate.

This point is perhaps reflected in the passages preceding this, as the concepts of TID and
periodisation are relatively similar in their parameters-they both consider volume,
intensity, duration and frequency of training, with the main differentiating factor being
that periodisation seems to be considered over a longer period of time and requires that
titles or targets be placed on its periods or phases. The use of TID within endurance sport
is also one that has a significant body of evidence behind it!%18-22:32.3646-48 The approach
we have taken below in our published studies is to consider TID models and volume over

varying periods of time, without considering targets for specific periods or phases.

1.3.3 The History of Training for Endurance Running

Any study examining the organisation of training for endurance runners would seem to
be incomplete without at least mentioning the history and evolution of training. If we
contend, as we do, that many coaches working at elite level in distance running are not
actively using scientific studies to inform their methods then it stands to reason that
history and experience must do so. Therefore, understanding this history may be helpful
in shaping an approach to progress the training process from a scientific perspective. In
this context 3 authors, named below, provide direction on where to look for historical

sources on the history of training. The fact that many of the scientific analytic processes,
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which may provide information on physiological characteristics relevant to performance,
have only become more readily available and convenient over the last 40 years also means
that a large portion of training theory and practice must be bounded in convention and

empiricism.

Steve Magness has helpfully detailed the evolution and history of training on his website
scienceofrunning.com®’, framed in a volume vs intensity debate, and Tim Noakes in his
tome “Lore of Running” also provides useful information on the training of many of
history’s most famous distance runners’. Finally, Andrew Renfree, via his website

andrewrenfree.wordpress.com helps to shape the following paragraphs through his

articles which also deal with the history of training for endurance running'?. All 3 authors

direct us toward the original sources for all of the information.

Magness notes a cyclical nature to the evolution of training over the last 100 years,
whereby the accepted training methods of any particular era have flipped from being
higher volume/lower intensity to lower volume/ higher intensity repeatedly. He starts as
far back as the 1800s when the best runners of the time did a lot of long walking with
small volumes of fast running interspersed. In the early part of the 20" century walking
remained a staple part of training for many of the best distance runners in the world.
However, by 1910/1911 athletes such as Clarence DeMar, 7 time winner of the Boston
Marathon, documented running 160 km/100 miles per week at times. DeMar was the
subject of a number of studies by physiologists at the Harvard Fatigue Laboratory, which
gave early indications of some of the key determinants of endurance performance. They
found that he had superior running economy, lactate dynamics and threshold, and a very

hlgh VOZmax .

In the 1910s, 1920s and 1930s the world of distance running was dominated by Finnish
runners. The most famous of these was Paavo Nurmi, who won 9 gold and 3 silver medals
across 3 Olympic Games. His training methods continued to include long walks, up to 4
hours, particularly during the winter, but started to incorporate increasing volumes of
running- with documentation of volumes of running again in excess of 160 km/100 miles
per week provided by a booklet by Jaako Mikkola-coach of the 1920 and 1924 Finnish
Olympic teams-and translated for Tim Noakes for his book. It may be that the hard
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winters experienced in Finland may have been part of the reason for the volume of
walking performed during their base period, or it may well be that the coaches and athletes
felt that high volumes of walking prepared them to be able to tolerate the running which
would follow. The Finnish methods of these times were also progressive in that they
started to incorporate steady and faster running, both in the form of continuous runs and
intervals. The information provided by Mikkola demonstrates sessions such as 6-8 x
100m followed by 5000m at “75%”. Interval sessions for these athletes tended not to have
repetitions longer than 6-800m, and if longer bouts of steady/fast running were being
performed during training they were done as individual time trials. This era of Finnish
running saw the country finish in the top 5 of the Olympic medal table for 3 successive
Olympic Games between 1920 and 1928, with athletes such as Nurmi, Ville Ritola, Elias
Katz, Albin Stenroos, Hannes Kohlemainen, Harri Larva and Tolve Loukola winning

gold medals.

Following on from this, German physiologist, Woldemar Gerschler, saw the success of
the Finnish training regime, and determined that it could be improved by altering the
manner in which faster running was performed. He devised a system based on heart rate.
This system essentially involved raising the heart rate to 180bpm and allowing it to
recover to 120bpm. Thus, structured interval training was born. He had his athletes run
high volumes of moderate interval work day after day, and this influence is seen into the
1940s and 1950s with the training of Emil Zatopek-multiple Olympic champion across
the 1948 and 1952 Games. He remains the only man in history to win all 3 of the 5000m,
10000m and marathon titles, setting 18 world records from 5000m to marathon across his
career. In the 1950s, however, a dichotomy emerges via the influence of Franz Stampfl.
He advocated a lower volume higher intensity approach to intervals. He influenced
athletes such as Roger Bannister, his famous staple workout of 10x440yds off 2 minutes

recovery being directly influenced by Stampfl.

In the 1960s and 1970s coaches like Percy Cerutty and Arthur Lydiard began to
recommend training concepts which were quite different to the methods described above.
As far back as 1947 a German medical doctor named Ernst Van Aaken published an
article recommending long duration low intensity exercise as the route to good health.

Alongside the health benefits he proposed, he used this philosophy to coach endurance
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athletes, the most famous of whom was Harald Norpoth, Olympic silver medallist over
5000m in 1964, and one-time 2000m world record holder. Ninety percent of Norpoths
training was done at heart rates between 120 and 150bpm, with the other 10% made up
of faster running, but he advocated running these at the target race pace, in fractions of
racing distance. Examples of this were 3x1000m at 5000m race pace, 3x500 at mile pace.
On top of this he recommended short bouts of sprint training occasionally-approximately

50m in length.

There are similarities between Van Aakens’ methods and to what was advocated by
Cerutty and Lydiard. Lydiard, particularly, was in favour of blocks of high volumes of
easy to steady running, by way of building a “base” in early season. They both used
interval and steady running in increasing volumes as a season progressed. This conscious
recognition of the interaction between intensity and volume was further evidenced by a
gradual move towards alternating between easier days and harder days as the training
philosophies evolved. Up to this point training weeks for endurance athletes would see
endless days of interval training. Now coaches were starting to prescribe easier days and
harder days, and the basic structure of training, as we would now consider it took shape,
with a mixture of intensities and volumes over different days. The concept of
periodisation also became rooted in the process, by way of the “base’ phase, followed by
transitions to preparatory and competitive phases. This approach implicitly seemed to
acknowledge that as training volume increased training intensity had to decrease in some

way to avoid athletes from becoming burnt out.

At around the same time, between the 1950s and 1970s there was an interesting parallel
approach being used by a Hungarian coach named Mihaly Igloi. His beliefs about training
were very similar to the likes of Lydiard and Cerutty, in that he believed that a superior
aerobic capability was the key to successful endurance performance. However, in stark
contrast, he believed that the means by which to develop this was using short intervals,
so he has become synonymous with interval training. He had significant success in the
US, where he relocated to in the 1950s, most notably Bob Schul winning the 5000m at
the 1964 Olympics. It is also interesting to note that Igloi’s athletes would run high
volumes, up to 100mpw, and that many of the intervals were very much submaximal in

nature, with his express goal often to tax the aerobic mechanics. So although the methods
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utilised by these 2 groups of coaches differed significantly they very much agreed on their

perception of the required “physiology” to achieve success in endurance sport.

There is an interesting piece of work carried out by a Finnish Masters student, called
Mikko Leinonen, reflecting on Finnish endurance running coaching during this period of
the 1970s (translated by Alain Guettinger) which further adds to this overview of the
evolution of training for endurance running>®. After the earlier successes described for
Finnish athletes up to the 1930s, the 1950s and 1960s were relatively unsuccessful. The
Finnish Sports Federation (SUL) decided to invest heavily in the coaching structures for
endurance running, to try to rekindle their success. The visit of Mihaly Igloi to Finland in
1962 was seen as a significant point as it influenced coaches such as Kari Sinkkonen
during the 1960s, but success still eluded the nation. In 1967 the Finnish athletic
federation entered a contract with Arthur Lydiard to shape endurance running training in
the country. Leinonen surmises that Lydiard managed to overturn the practices of Igloi in
the country by the end of the decade. A tour of the country lecturing coaches on training
practices ensured that his principles and methods became well known throughout the
country, and Leinonen reflects that in the 1970s “the Finnish ‘coaching line’ was in line
with Lydiards teachings, but more refined and better suited to Finnish conditions”. The
paper also presents training volumes and TID’s of the top Finnish runners of the 1970s.
The TID of the 9 athletes reported was pyramidal, as would be expected with Lydiard
influenced training, and was also characterised by relatively high volumes of running.
Lasse Viren, the multiple Olympic champion for example, averaged 8129 km in 1974,
his highest year of the 1970s. Over his most successful time period: 1972-1976 Viren ran
7383 km, 7414 km, 8130 km, 4356 km and 6486 km respectively. The years with lower
volumes were characterised by injuries, and this period included 5000m and 10000m gold

at both the 1972 and 1976 Olympic Games.

At this same time this high-volume approach was being used throughout the southern
hemisphere, and while coaches such as Cerutty and Lydiard are credited with its
inception, other Antipodean coaches employed similar methods, including Arch Jelley,
John Dixon, John Davies, among other. Using these methods athletes such Dick Quax,
John Walker, Rod Dixon, Derek Clayton, Peter Snell, and Murray Halberg achieved
Olympic and global success. Coaches in the US and UK also started to use these methods-

44



Bill Bowerman the most famous in the US, guiding athletes like Steve Prefontaine. In the
UK the most famous proponent of this approach was a coach named Harry Wilson, who
coached Steve Ovett to Olympic medals and world records. In the late 1970s and 1980s,
however, a new philosophy also emerged. It was a coach named Peter Coe who favoured
this approach. His son, Seb Coe, Ovetts’ rival through the 1970s and 1980s, trained in

this new manner, to great success.

Peter Coe’s approach favoured less volume, and a training pace system based on race
paces. This system was devised by a British coach called Frank Horwill and it was based
around motor learning more so than the traditional metabolic basis for training
prescription. Horwill felt that performance was based on being familiar with specific race
pace’!. To this end, Coe also included structured strength training and plyometrics,
modalities not widely described by earlier coaches. He also embraced developing sports
science methods to help guide some of the training/training paces based on metabolic
zones. These included lactate monitoring and VO, max assessment. His approach gained
favour throughout the 1980’s and 1990’s, particularly in the UK and US. Magness points
out that this approach resulted in a massive shift away from what had been a steady
development in coaching practice over half a century, based on what could now be
measured: “we said goodbye to simple progression of our training and instead focussed
on magical zones”. The following years, characterised by this new approach, saw relative
failure for those employing it. Athletes from the US and UK particularly became less

prominent in the medals at global championships.

It should be pointed out, however, that at this time, African distance running was on the
rise. It is therefore very difficult to attribute the failures of athletes from the UK and US
during this period solely to the shift in training methods. The emergence of Kenyan and
Ethiopian distance runners en masse followed glimpses of their talent in the 1960s and
1970s with Abebe Bikila, Henry Rono, Miruts Yifter. However, some other countries
continued to have some success during this emergence. Italy produced 2 Olympic
marathon champions, Germany produced an Olympic 5000m gold and silver medallist.
These successes during this period were characterised by higher volume, less intense
training. Interestingly, one of the coaches involved in the Italian training-Luciano

Gigliotti-describes some of his approach in an interview with the (then) IAAF publication
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NSA in 2007. He notes that the 2 Italian marathon gold medallists ran between 220 and
280 km per week, and ran much of their more intense training at paces close to marathon
pace. This approach has famously been used by Renato Canova, a contemporary of
Gigliotti’s, in coaching African athletes over the last 10-15 years. Over the same time
period American and British athletes such as Galen Rupp, Meb Keflezighi, Mo Farah and
Paula Radcliffe have reverted to higher volume training again, and we have seen them

become relevant globally once again.

At this point I would like to acknowledge the fact that much of the historical review has
focussed on information regarding male athletes. This is a point not lost, and
unfortunately reflects the historical situation. The intention was not to focus purely on
male endurance athletes but the longest womens’ distance event in the Olympic Games
remained the 1500m until 1980. In 1984 the 3000m and marathon were introduced for
women. From around this time on information became available on training methods by
the world’s best females®?. Examples include Grete Waitz and Ingrid Kristiansen, who in
the early 1980s also followed higher volume training methods. As will be seen later the

studies we have conducted have included females as part of the analysis.

1.3.4 Science in the History of Endurance Training

The information presented above does not tell us why the pattern seen occurred. Was the
evolution seen organic, or was it influenced by scientific advancement along the way? A
2011 article in Sports Science by Stephen Seiler summarises a history of endurance
testing in athletes, and signposts much of the seminal work done in the 20" century in the
advancement of exercise physiology/sports science>?. From AV Hill’s work in the 1920s
and 1930s>, demonstrating the existence of a “VO, max” through to the work of David
Costill in the 1970s>*, whereby the 3 key determinants of endurance performance; VO,
max, lactate threshold, and running economy, were now being systematically collected
and profiled. Although technology has made the collection of these variables easier over
the last 40 years, essentially the exercise testing and profiling process was advanced and
refined over the period from the 1950s to the 1980s and best practice has not changed

significantly since then.
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To what extent, if any, did these developments affect the evolution? This is a very difficult
question to answer as it seems likely that a person involved in coaching human
performance would have at least a passing interest in the science of human performance,
but certainly up to the 1960s and 70s the coaches mentioned above, as pioneers in training
advancement, did not make specific reference to an influence of scientific testing and
profiling on their methods. This is likely due as much to access as it is to any other reason.
As suggested by Magness, Peter Coe appears to be one of the first of the coaches
mentioned who overtly referenced exercise physiology/sports science as a cornerstone of
his philosophy. Indeed Arthur Lydiard, perhaps the most famous of the coaches

mentioned, describes his methods as having been based on personal trial and error>>:

“For years I ran many kilometers trying to find the correct balance for my conditioning
training. I knew you could both undertrain and overtrain in both mileage and effort. I ran

from extremes of 80 to 500 kilometers a week at close to my best aerobic effort”.

In the 1980s, however, institutions such as the Australian Institute of Sport have started
to be created, with departments dedicated to practical sports science, so over the last 40
years the testing and profiling process has become more integrated into the experience of
many athletes. The African distance running powerhouses of Kenya and Ethiopia,

however, continue to lack widespread facilities of this sort.

1.4 Theoretical Framework of the Thesis

1.4.1 Ideological Basis

It was, in fact, Canova’s methods referenced above, which sparked the idea for the current
thesis. As a student of exercise physiology/training science, and as an athlete; terms such
as lactate threshold, anaerobic threshold, ventilatory threshold, VO, max, running
economy become very familiar. However, their practical application, and relationship to
real-life performance, have remained less focussed anecdotally. This anecdotal “feeling”
was further strengthened in examining the literature on optimal training for endurance
running. As will be discussed below, more recent work has suggested that the approach

employed empirically by coaches of the current best athletes in the world remain
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somewhat at odds with science*®3-°, If we take the current Olympic marathon champion
and world record holder as an example; 6 weeks of his training leading to a world record
performance in Berlin was made available in 2017 and analysed by Trent Stellingwerff
on Twitter. Volumes in excess of 180 km per week were seen, and the TID for the time
period was 73%/19%/8% in Zone 1/2/3%. Current recommendations suggest that a
polarised approach, with minimal training performed in zone 2 are consistent with
scientific best practice to improve the determinants of endurance performance*®¥. Yet
the training methods utilised by Kipchoge were consistent with those we observed in
practice by the best athletes in the world, and actually with the documented training
history of some of the best athletes in the world?*%!. This apparent contradiction sparked
a desire to explore further. The starting point was to try to remove as many biases as
possible. As an athlete, the tendency was to be somewhat dismissive of scientific
endeavour as less applicable to the worlds’ elite, as they were “outliers”. However, this
seemed a lazy approach. To assume that some of the most intelligent people involved in
sport science globally were simply wrong did not sit well. Equally it seemed incorrect to
think that the experience of the coaches of the best athletes in the world should be
diminished in value in favour of methods which when employed previously, as history
has shown above, were followed by periods of reduced success for the coaches and
athletes which employed them. Many of the coaches in question, such as those working
for sporting brands or national organisations, now have ready access to sports science
facilities and expertise readily, yet there is still something of a disconnect between

practice and the evidence base.

But do we then dismiss the scientific research being carried out? To me it seemed that
part of the problem lays in the type of questions being asked, both initially, then by way
of study design. Athletic development, from a coaching/performance perspective,
requires planning and structuring details of training over long periods of time. Many of
the studies referenced below draw conclusions on relatively short-term interventions,
which then examined change in physiological variables rather than real-world
performance. A coach may well use the scientific principles recommended but real-world
situations rarely create linear predictable responses in humans, and on an individual basis,
sports science leaves a lot of gaps which coaches must fill in using whatever information

they can. So, the interesting questions to me became:
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1. What parts of sports science best practice are currently applied in the
training of the worlds’ elite athletes?

2. Why?

3. What parts are not?

4. Why?

The worlds’ elite seemed a logical place to start the examination as the assumption is that
they are doing something right to allow themselves to be the best in the world, but I was
perfectly happy to be shown that there was no justifiable, evidence-based design-planned
or unplanned-to what they were doing. An opportunity presented itself, which allowed
access to a group of athletes based in Australia. The training of this group seemed to be
more consistent with the high volume, pyramidal methods described above. Over a period
of 10-15 years the group had athletes who qualified for global and continental
championship finals, and who won medals at World and Continental championship, both

male and female.

1.4.2 Coaches’ Attitudes

What do we know about the attitudes of coaches and sports scientists towards each other
more generally, given the evolution of training for endurance running described above?
What does the academic literature tell us about how coaches view and use scientific

advancements in this field? Could differences seen here help to explain the problem?

A South African paper from 2018 surveyed 202 coaches working across the country!?.
These coaches felt that knowledge of sports science was important for them to perform
their role, but that researchers needed to translate their research into easily understandable
language to have greatest impact. The survey used in this paper was first used in a 2007
paper which examined the attitudes of Australian coaches and sports scientists'4.
Interesting to note is the different resources which coaches and researchers used to keep
up-to-date with the latest developments in their sports. Coaches again ranked workshops
and coaching conferences highly, however they rated scientific literature low on their list,
whereas sports scientist ranked scientific journals and conferences as their most important

resources. Another interesting finding-granted it was 15 years ago-was that sports
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scientists felt that coaches did not need to have sports science knowledge. Coaches felt
very strongly that they did, and both felt, as in the South African paper, that researchers

needed to translate scientific journals to easily understandable language.

A 2008 Canadian paper asked 3 questions of coaches'?: 1) how do they perceive sports
science, 2) what sources do they consult when looking for new ideas, and 3) what barriers
do coaches encounter when trying to access new information. 205 coaches responded,
across a variety of sports. 75% of coaches in this paper agreed that sports science
contributed to the development of the sport. However, only 4% reported that they were
likely to consult peer-reviewed journals when looking for new ideas. As in the previous
papers the most highly utilised resources were conferences and workshops, along with
their peers. The coaches in this paper felt that sports science was largely not exploring

the ideas that they felt were most important.

The same questions were asked of Turkish coaches in a 2015 paper!!, with similar
answers returned. Again, coaches strongly felt that sports science contributes to sport but
that there are gaps between what coaches are looking for and the research that is being
conducted. It was seen that conferences were the main source of new information, and

that scientific publications ranked low on coaches’ sources of knowledge.

A recent study by Parmar and Jones surveyed 32 coaches practicing globally®?, coaching
athletes ranging from recreational to international level. Relevant to the current
conversation, the coaches were asked specifically about their use of interval training with
their athletes. Most coaches reported learning about interval training from their own
training and coaching books, but that the most valuable sources of education sources for
interval training were ranked as scientific literature, coaching courses and workshops. So
it seems that in this study, at least, that coaches were aware of scientific literature
regarding their training methods. However, the majority of coaches then reported that
they most frequently prescribed training intensity using race pace, rather than
physiological methods. This apparent cognitive dissonance rings true with the points
made above, whereby coaches with access to the best sports science facilities and
expertise in the world continue to prescribe training based largely on experience and

history.
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So the disconnect mentioned above is reflected in the studies done examining coaches
experiences with sports science. This may help to provide answers to questions 3 and 4
above but it does not necessarily justify the gap. If the main reason for poor application
of sports science theories to practice are because coaches do not look to the right sources,
or do not understand the science then the logical step is to make available resources in a
more readily understandable manner. However, without understanding what current
actual training methods at an elite level consist of then it is very difficult to reach any
conclusion. To this end, when formulating the thesis question, I chose to use the methods
of Renato Canova in coaching African marathon runners as another example of elite

training methods. The reason for this was two-fold:

1. At the time of formulation his runners were dominating the marathon
majors
2. He made readily available online, and through a book he co-authored, his

training philosophy and methods.

As will be seen below the philosophy is full of scientific sounding terms and training
methods, but little scientific referencing is provided for it, other than textbook basic
physiology. The methods, however, were clearly bearing fruit, and provided an

interesting start-point for a discussion.

1.4.3 The Methods of Renato Canova

The sources for these methods were from the 1999 TIAAF book Marathon Training: A
Scientific Approach?’, written by Enrico Arcelli and Canova, and from posts on running
forums on the internet by him, which largely repeat the content of the book, but provide
some more specific detail on workouts/examples, and on the sequencing of training
progression. As suggested above Canova describes a number of training zones in quasi-

scientific terms:

. Aerobic Power: Canova seems to equate this with paces approaching but

below the traditional lactate threshold, so at the upper end of Zone 2
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. Anaerobic Endurance: seems to equate with paces just above the lactate
threshold and does not seem to differ massively from Aerobic Power in the actual
paces described, but probably sits at the lower end of Zone 3.

. Aerobic Endurance/Capacity: equates with traditional Zone 1/low
intensity training

. Anaerobic Power: definitively refers to classical Zone 3 training.

. Muscle Efficiency: most closely resembles speed/power work-it

encompasses short hills, bounding and drills.

Canova then describes the process for planning training for a marathon in 3 phases:

1. General Preparatory Phase: lasting 6-8 weeks and with the intention of “increasing
muscle efficiency through running technique exercises and gym sessions”. The running
performed during this period is mostly done in Zones 1 and 2, through continuous or

progressive runs.

2. Fundamental Phase: lasting 8-10 weeks, and focussing firstly on “Aerobic Power
Endurance”. He describes this as either an intensification of long Zone 1 runs for those
athletes with subjectively described good endurance or an extensification of Zone 2 runs
for an athlete who has a high lactate threshold. Other targets include development of
anaerobic endurance through interval sessions just above lactate threshold, maintance of
aerobic endurance/capacity through continuous submaximal runs approximating Zone 2,

and maintenance of muscle efficiency through strength and technique work

3. Specific Preparatory Phase: lasting 6-8 weeks, Canova states that the goal is to
use “our consolidated qualities” (physiological) to prepare for performance in an event,
and is focussed on specific goal marathon pace. So, most workouts described are related
to the goal marathon pace, and usually fall within 95-105% of this pace. This usually

corresponds with Zone 2 intensities.
He carries on to describe workout types which he deems to affect particular qualities

(Table 1). From this, we can see that, on the face of it, Canova follows a training structure

not dissimilar to the previously described block periodisation. The reality, however, is
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that he notes that each phase will have a mixture of workout types, and in addition a very
high volume of “regeneration” runs. During these athletes run for 50-90 minutes at self-
selected easy paces (Zone 1). This means that Canova’s approach performs 70-80% of
their total training volume at low/Zone 1 intensities, consistent with TID’s discussed
above. For marathon runners under Canova, their training would follow a very Pyramidal
type TID, because of the abundance of work done around marathon pace, i.e. in Zone 2.
This held true, on further examination, for athletes competing over 5000m and 10000m,

again due to the proximity of race paces for these distances to the lactate threshold.

Canova’s approach to middle-distance (defined here as incorporating distances from
800m to 5000m) running does not deviate philosophically from the marathon training
described above. The information on middle-distance training has been gathered from
interviews with Canova, and his posts on running websites. At its essence he describes
the training process for training for distances from 800m to marathon as functions of
“specific extension”. That means that the desired race/event speed is usually achievable
by an athlete training for the event for a period of time-even when not in shape, and that
the training process seeks to extend that ability to run at that pace as far as the desired
distance. So specific training for middle distance events will definitively fall in zone 3.
While table 1 describes in detail the descriptions of workouts used for marathon training
there is a slightly simpler global description of workout categories which he uses (Table
2). Similar to the training described above for the marathon preparation for middle
distance events is split into three periods by Canova, after an “Introductive Period”

common to all distances. In middle distance these periods are described as:

1. Fundamental Period: lasting 8 weeks. Mileage and intensity gradually increase
over this period and workouts are mainly of the fundamental type described in Table 2.
Interval workouts described as “aerobic endurance” workouts are also prescribed. An
example for an 800m runner here would be 8x400m off 2 minutes recovery, at a pace

approximately 20% slower than race pace.
2. Special Period: lasting 8 weeks, focussing on developing both speed and

endurance for the specific event. Workouts will generally be targeted at paces above

105% race pace, or between 90-95% of race pace. Continuous or tempo runs are
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completed at paces approximating 90% of race pace. Otherwise the intervals are as

described below:

3. Specific Period: lasting 8-10 weeks. The goal is to optimise physiological and

psychological preparation for race-pace, and workouts between 95 and 105% or race-

pace are performed. Volume of work at race-pace will be high, and recovery/regeneration

is emphasised as being all-important. Thus, it is easy to see why this would become

training resembling polarised TID.

Table 1. Session/Workout classifications of Renato Canova, sourced from Arcelli (2003) and Letsrun.com

Workout Label Workout Type Examples Target Relevant
(Per Canova) Intensity Zone
Aerobic Continuous 45-180 mins Breathing balance Zone 1
Endurance comfortable
Continuous 45-90 mins Increase in pace at Zone 1-Zone 2
progressive fixed intervals
Aerobic Power Continuous 20-40 mins Pace 104-107% Zone 2
MP
Long Intervals 3 x5 km with 3 Pace 103-107% Zone 2
mins recovery MP
Anaerobic Short to Medium 10 x 1 km with 2 Pace 106-110% Zone 2-Zone 3
Endurance Intervals mins recovery MP
Specific Continuous 18-25 km Pace 100% MP Zone 2
Marathon
Endurance
Specific Intervals 4 x 5 km with 1 Interval Pace 100- Zone 2
Extensive km recovery 102% MP
Endurance Recovery Pace 85-
95% MP
Specific Intensive | Intervals 8 x 1 km with 1 Interval Pace Zone 2-Zone 3
Endurance km recovery 103% MP
Recovery Pace
97% MP
Specific Continuous 32 km continuous  Pace 98-100% MP  Zone 2

Endurance Long
Run
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Table 2. Workout classification for middle distance of Renato Canova. Sourced from Letsrun.com personal
contribution.

Workout Label Workout Type Examples Target Relevant
(Per Canova) Intensity Zone
Regeneration Continuous 45-180 mins Breathing balance Zone 1
comfortable,
reduce lactate

concentration

Fundamental Continuous or 30 minutes steady Pace 1.15-1.5 Zone 1-Zone 2
Interval 3 x 10 minutes times slower than
event, depending
on event
Special Continuous or 10 x 1 km with 2 Pace over 110% Zone 2-Zone 3
Interval mins recovery specific race pace

or at approx. 95%
specific race pace

Specific Interval 2 x (5x300)-800m Pace 95-105% Zone 3
8 x 400-1500m specific race pace

As we explored the training of other world class athletes, such as Eliud Kipchoge,
described above, the Australian group who formed our participants for our papers, and
groups running under various commercial shoe companies in the US, it became clear that
similar methods were being employed by many of the worlds’ best athletes. Athletes
competing from distances as short as 1500m were using these methods. Consistently we
saw athletes running volumes in excess of 150 km per week, and performing more of
their “quality” workouts in Zone 2 than Zone 3. Yet, as referenced above, on reviewing
the relevant interventional literature it was repeatedly recommended that a polarised type
distribution, with higher volumes of work in Zone 3 than Zone 2 was superior. It was this
that seemed to elicit the best physiological adaptations, at least over the timeframes
involved in the studies. Recently a point-counterpoint argument in Medicine and Science

6364 examined this topic, arguing both sides. Foster et al**, arguing

in Sports and Exercise
for polarised training, recognise that the difference between a polarised and pyramidal
TID may actually be quite subtle, and that in fact event specificity may explain some of
the contradictions-in other words that the targeted performance reference distance will
have different specific demands. A study which uses 5 km or 10 km performance as a
reference, distances which at the elite/sub-elite level fall in zone 3, may demonstrate

superiority of a polarised type TID because specific race pace happens to fall in zone 3.
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On the other side Burnley et al®® make the case that many of the studies which describe
polarised training are problematic for various reasons, including interventional duration,
method used to quantify TID etc. This will be discussed in more detail later, as our
systematic review deals specifically with this topic. However, as way of background to
the reason for developing this thesis it is important to mention it now. In addition to the
observed anecdotal findings we noted, some observational work existed in the literature
which further highlighted the issue. A 2016 paper by Tjelta detailed training volumes of
elite distance runners globally and corroborated the high volumes we observed'®. While
this of itself was not contradictory to a polarised distribution, Casado et al found that
when the deliberate practices of many of the best Kenyan and Spanish athletes in the
world were examined, it was volume of easy running and “tempo” running (Zone 2)
which differentiated the best athletes in the world**-*°. So, it seemed that there was an
issue with the labelling of training volumes in Zone 2 as less beneficial, since many of
the best athletes in the world were doing sessions at this intensity. And as outlined above
in Canova’s methods, the reason for training at this intensity was most commonly that it
was perceived as being the most effective way to affect the velocity at lactate threshold,

one of the earlier referenced performance determinants in endurance running.

At this point the obvious question was: What is this perception based on, and is it correct?
A 2007 paper by Esfarjan et al did elicit improvements in vLT and 3000m time trial
performance using intervals at and above vVO; max, so firmly in Zone 3, at odds with
the perception®®. Perhaps a 1982 paper by Yoshida et al influenced this perception. In this
paper, training at the lactate threshold elicited significant improvements in the lactate
threshold, and on VO2max®. This was also found in a 2011 paper by Enoksen ef al using
well-trained middle-distance runners, although the intensities prescribed in this study
were around the lactate threshold, in Zone 2%7. However, as will be described later, a
number of studies following this found greater improvements in LT and other
physiological characteristics using Zone 3 intensities rather than Zone 2 intensities**%6,
Therefore, although there was at least some justification academically for using threshold
intensities to elicit improvements, there was also a clear case for coaches to consider the
use of higher intensity work for this reason also. Because training in this context is an
ongoing process, it seemed logical then that perhaps the 2 approaches were not

necessarily mutually exclusive, and in fact may both serve purposes at different times of

56



a training cycle. This was a point considered in a 2015 study by Mufioz et al, in which
they considered whether race pace represented the best specific intensity for “peaking”
for competition, very much in line with Canova’s approach®. They observed equal
improvements in 10-km time for groups using race-pace based intensities and high
intensities. They did observe some differences in physiological responses over the time
course studied. This further raised some interesting questions-although we know for a
long time the physiological factors which affect endurance running performance, namely
VO, max, lactate threshold and running economy; the relative contribution of these

factors to performance has not been well studied.

1.4.4 The Training Groups’ Philosophy and Methods

Conversations with the group’s coach allowed for understanding and documentation of
his methods®. The starting point for the conversations was that it was felt that there was
a disconnect between sports science and training practice, and he offered an opinion on
it. Many of his athletes underwent somewhat regular (annual or semi-annual) lactate
profiling and VO, max assessment as part of their agreements with National
organisations. It was felt that some value was derived from this, by way of a regular
checkpoint on physiological progress, and the heart rates which delineated Zone 2 were
used for their “threshold” sessions. He noted that often the changes seen were things that
he felt he could see through their performance e.g. changes in MAS/vVO; max were

reflected by improvements in 3000m/5000m PB’s.

He described 3 subgroups within the group (Sample training weeks for the groups are

seen in Tables 3-4 below):

1. Long-distance/Marathon: the approach to preparing for a marathon is broken into
2 main phases. During the first phase the target is to build towards a good performance
over a 10k or half marathon. During the second phase, which starts approximately 10-12
weeks before the marathon, training becomes more focussed around marathon pace.

Examples of training weeks for both of these phases are detailed below (Table 3)

2. Long-distance track 5000m/10000m: these athletes begin preparation in October.

A sample training week from the time period October to February is detailed below. In
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late January/February these athletes would usually perform a test race over 1500m or
3000m “to see where their speed endurance is at”. Their training week then changes
slightly and 1s detailed below also. What is interesting about the track sessions during this

period is that the target times are prescribed using target race pace as a guide (Table 4).

3. Middle-distance track 800m/1500m. The coach describes athletes in the group
who specialise at these distances as usually being “more aerobic” so interestingly their
training structure is similar to the long-distance track subgroup from October to February,
with differences then in their track sessions from February onwards. However, it is worth

noting that their total volumes remain relatively high (Table 4).

The coach notes that weekly training volumes for the group are usually in excess of
140km for the males and 120km for the females. This difference mainly comes about
because easy running sessions are prescribed for durations rather than distances so there
is a tendency for the males to run slightly faster on these runs. Weekly volume can
increase to over 180 km per week also, particularly if athletes are preparing for a
marathon. Consistency of training at these volumes, season on season, year on year is

repeatedly highlighted as a key to success, in the coaches’ opinion.

The coach describes his approach as being on based on the successes and knowledge first
evident in the 1960s-as described above. It is founded on creating and maintaining an
“aerobic base”. Harder/track workouts are described as being designed to maintain
aerobic fitness gained while practicing what athletes need to do to be successful in their
races. He notes that even during racing/competitive seasons he purposely plans long runs
and anaerobic threshold/tempo runs; one of each is performed every 10 days or so. The
weekly training volume is never reduced significantly for long periods of time either, only

to allow 2-3 days taper before or recovery after races.
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Table 3. Sample training weeks for marathon group for different phases of preparation

Marathon Training Phase 1 Marathon Training Phase 2
Monday am 60 minutes easy am 50 minutes
pm 30 minutes easy pm 50 minutes
Tuesday am 8 x 1 km at HMP with I minrest am 90 minutes with 10k easy, 10k at
pm 30 minutes easy threshold HR, and cool-down

pm 35 minutes easy

Wednesday am 50 minutes 60 minutes easy
pm 30 minutes

Thursday 90 minutes with 10k easy, 10k at am 50 minutes
threshold HR, and cool-down pm 50 minutes

Friday am 60 minutes 22-25 km progressive with last
pm 30 minutes 10km at MP

Saturday am 6 x 800m hills am 50 minutes
pm 30 minutes easy pm 50 minutes

Sunday 120 minutes long run easy am 150 minutes, with last 10k at

marathon effort on hills
pm 30 minutes easy
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Table 4. Sample training weeks for the track groups for different phases of preparation.

Track Group Oct-Feb

Long-Distance Track Feb

onwards

Middle-Distance Track Feb
onwards

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

am 60 minutes
pm 30 minutes plus drills and
strides

am 8 x 1 km at 10km race pace

with 1-minute recovery
pm 30 minutes

am 60 minutes
pm 30 minutes

am 9km at threshold HR
pm 30 minutes easy

60 minutes easy

am 6 x 800m hills
pm 30 minutes easy

105 mins easy

am 60 minutes
pm 30 minutes plus drills and
strides

am Track session-Example:
-1600m at 10km RP

Lap jog (2:00)

-4x400 at 3k RP (30 secs
recovery)

Lap jog (2:00)

-1600m at 10km RP

Lap jog (2:00)

-4x400 at 3k RP (30 secs
recovery)

Lap jog (2:00)

-1600m at 10km RP

pm 30 minutes easy

am 60 minutes
pm 30 minutes

am 9km at threshold HR
pm 30 minutes easy

60 minutes easy

am Hill session-Example:
-2km threshold (flat)
2:00

-4x350m hill

Reps 1 and 3: 3km race effort,
Reps 2 and 4: max effort
2:00

-2km threshold (flat)
2:00

-4x350m hills as above
2:00

-2km threshold

pm 30 minutes easy

105-120 minutes easy

am 60 minutes
pm 30 minutes plus drills and
strides

am Track session-Example:

-6 laps progressive 10k to 3k
pace

Lap jog (2:00)

-3x800-Lap 1: 3k pace, Lap 2: 5
seconds faster (lap recovery)

5 minutes recovery

-500m with last 300m at 800m
RP

3 minutes recovery

-300m at 800m RP

Lap jog (2:00)

-6x200 at 800m RP

am 60 minutes
pm 30 minutes

am 9km at threshold HR
pm 30 minutes easy

60 minutes easy

am Hill session-Example:
-2km threshold (flat)
2:00

-4x350m hill

Reps 1 and 3: 3km race effort
Reps 2 and 4: max effort
2:00

-2km threshold (flat)
2:00

-4x350m hills as above
2:00

-2km threshold

pm 30 minutes easy

105-120 minutes easy
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2

METHODOLOGY

‘There ain’t no sin and there ain’t no virtue. There’s just stuff
people do.’
John Steinbeck
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2  METHODOLOGY

2.1 Publication 1: The Effect of Periodisation and Training Intensity Distribution

on Middle and Long-Distance Running Performance: A Systematic Review

2.1.1 Experimental approach to the Problem

A literature search was conducted on May 6, 2017. The following databases were
searched: PubMed, Scopus, and Web of Science. Databases were searched from inception
up to May 2017, with no language limitation. Citations from scientific conferences were

excluded.

2.1.2 Literature Search

In each database the title, abstract and keywords search fields were searched. The
following keywords, combined with Boolean operators (AND, OR) were used: “training

2 13 2 13

intensity distribution running”, “periodisation running”, “training intensity distribution
endurance”, “periodisation endurance”, “polarised training running”, “pyramidal training
running”, and “threshold training running”. No additional filters or search limitations

were used.

2.1.3 Inclusion Criteria

Studies were eligible for further analysis if the following inclusion criteria were met; a)
participants were middle- or long-distance runners (studies with triathletes or any other
kind of athletes were excluded); b) studies analysed training intensity distribution and/or
periodisation in the form of observational reports, case studies or interventions; c) studies
were published in peer-reviewed journals and d) studies analysed training programs with

a duration of 4 weeks or longer.

Two independent observers reviewed the studies and then individually decided whether

inclusion was appropriate. In the event of a disagreement, a third observer was consulted
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to determine the inclusion of the study. A flow chart of the search strategy and study

selection is shown in Figure 1.

Papers identified through

database searches . .
_ Citations received from
n=493
databases
Pubmed: n= 263
Scopus: n=107

- Web of Science: n=123
Papers after removing

duplicates
n=163

.

Full-text articles analysed

n=330 Full-text articles excluded
for not meeting the
l inclusion criteria:
n=314
Studies included in the
review
n=16

Figure 1. Flow chart of search strategy and selection of articles.

2.1.4 Quality Assessment

Oxford’s level of evidence® and the Physiotherapy Evidence Database’ (PEDro) scale
were used by 2 independent observers in order to assess the methodological quality of the
articles included in the review. Oxford’s level of evidence ranges from la to 5, with la
being systematic reviews of high-quality randomised controlled trials (RCT) and 5 being
expert opinions. The PEDro scale consists of 11 different items related to scientific rigor.
The items include random allocation; concealment of allocation; comparability of groups
at baseline; blinding of subjects, researchers and assessors; analysis by intention to treat;
and adequacy of follow-up. Items 2-11 can be rated with 0 or 1, so the highest rate in the
PEDro scale is 10, and the lowest, 0. Zero points are awarded to a study that fails to satisfy
any of the included items, and 10 points to a study that satisfies all the included items.
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2.1.5 Statistical Analysis

All values were expressed as mean + standard deviation (SD). In studies with sufficient
data, TID determined by traditional physiological parameters was compared to a race-
pace based TID using a Cohen d.”! Training zones for the race-pace approach were
determined as following; zone 1: volume performed at <95% of goal race pace, zone 2;
volume performed between 95% and 105% of goal race pace, and zone 3; volume
performed at >105% of goal race pace. The magnitude of differences, or effect size (ES)
of this comparison was interpreted as small (>0.2 and <0.6), moderate (>0.2 and <0.6),
moderate (>0.6 and <1.2), large (>1.2 and <2) and very large (>2.0) according to the scale
proposed by Hopkins et al.”
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2.2 Publication 2: Training Intensity Distribution analysis by Race Pace vs.

Physiological approach in World-Class middle- and long-distance runners

2.2.2 Participants

Seven elite runners (3 men and 4 women) participated in this study. During the analysed
period, all participants but one achieved top-8 in the previous major athletics
championships. The athletes are coached by the same coach and are part of the same
training group, which has been consistently producing athletes who qualify for major
athletics events (Commonwealth Games, World Championships and Olympic Games).
The coach has more than 15 years of experience training multiple international medallist
athletes. The athletes were sub-grouped into middle-distance runners (800-1500m
athletes) and long-distance runners (5000m-10000m athletes). All participants provided
written informed consent. The Ethics Committee for Research on Human subjects of the
University of the Basque Country UPV/EHU (CEISH-UPV/EHU 94/2017) approved this
study, which was conducted in compliance with the principles of the Declaration of

Helsinki (2013).

2.2.3 Data Collection and Analysis

A detailed daily log of training data prescribed by the coach and updated by the athletes
was provided. Data were collected over a 50-week training period. The season was
divided into two preparation cycles, one of 28 weeks for the World Athletics
Championships (April 2017 to August 2017), followed by 20 weeks until the
Commonwealth Games (April 2018), with two weeks of active rest in between.
Additionally, anthropometric and physiological data were collected following each
preparation phase. A maximal incremental treadmill test was conducted to determine the
physiological profile of the athlete. The protocol consisted of increments of 1-km-h!
every 5 min, starting at 14 km-h! for women and 15 km-h™!' for men, respectively, until
volitional exhaustion. During the test, oxygen uptake (VO.) was continuously measured
using a gas analyser system (Oxycon Pro, Eric Jaeger, Hoechberg, Germany). V'O2max was
defined as the maximum 30s VO; value recorded and vVO:max was defined as the

minimum speed at which this volume was reached. Blood samples were collected from
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the earlobe during the last 30s of each increment to analyse lactate concentration (The
Edge™ Lactate Analyser). Lactate thresholds were calculated using the ADAPT

method’3.

Analysed training data included training volume, intensity and frequency, as well as
session intention. Then, TID was organised and compared based on race-pace’ (Z1: <80%
race pace; Z2: 80-95% race pace; Z3 >95% race pace) and physiological zones (Z1:
<LTl1; Z2: LT1 to LT2; Z3 >LT2).

2.2.4 Training Philosophy for the Group for the Period

The coach of the group observed employed an outcome-based process to his coaching. It
was focussed primarily on the achievement of race performance, as defined by time
achieved in a specific event, or by championship performance. Therefore the 2 main

outcomes which training for this group is targeted toward are:

1. Time achieved over a specific distance i.e. mean race pace over a specific
distance
2. Ability to finish a race in a championship at a specific pace, defined

externally, based on either what is required to make a final or win a medal,
depending on the athlete. The coach defined these as pace over last 400m for

800m/1500m, and over the last 1000m for 5000/10000m

The coach prescribed sessions for the athletes using a combination of heart rate and
specific pace. Heart rate was used in the prescription of “threshold” focussed sessions,
and was used to ensure that the athletes maintained their heart rate at a level consistent
with Z2, as measured in the treadmill testing. Pace based sessions were prescribed relative
to specific race paces, informed by the coaches' experience. The athletes did perform
some short hill sessions at certain phases of the year. These sessions were interval
sessions with interval duration of no more than 800m. For these sessions the athletes were
instructed to run at Sk effort. For the purposes of analysis these sessions were included in

73 for both physiological and race-pace based approach.
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2.2.5 Statistical Analysis

All values were expressed using a mean + standard deviation (SD). The volume of
training in race pace-based zones were compared to each other and to physiological based
zones using Cohen d’'. The magnitude of differences, or effect size (ES) of this
comparison was interpreted as small (>0.2 and <0.6), moderate (>0.6 and <1.2), large

(>1.2 and <2) and very large (>2.0) according to the scale proposed by Hopkins et al.”?
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2.3 Publication 3: Training Characteristics of a World Championship 5000m

finalist, and multiple continental record holder over the year leading to a World

Championship final

2.3.2 Subject

The case study athlete is a male middle-distance runner. Over the timeframe examined
the athlete was 23-24 years old. The athlete’s height was 1.88 m and body weight was
~67 kg.

2.3.3 Training and Competition Data

The subject provided all training data for the period October 2018 to October 2019.
Training data consisted of distance (km), duration (h:mm:ss), session intention

(Easy/Threshold/Interval). Race schedule and results were also provided by the athlete.

The athlete did physiological testing just before the 2-week break preceding the examined
timeframe, and results are presented in Table 5. This was an incremental treadmill test,
starting at 15 km-h'!, and increasing by 1 km-h™' every 5 mins until volitional exhaustion.
O uptake was constantly measured using a gas analyser system (Oxycon Pro, Germany).
Blood samples were collected from the earlobe during the last 30s of each increment to
analyse lactate concentration (The Edge™ Lactate Analyser). LT1 and LT2 were again

calculated using the ADAPT method”

2.3.4 Calculation of volumes in each intensity zone

A database was created with 1 km-h™! increments or “buckets”. All sessions were analysed
and the volume of running performed at different speeds was calculated. This volume
was then allocated to the different speed “buckets”. Where sessions were continuous the
average pace was used-unless the athlete stated that a change of pace of greater than 1
km-h! occurred within the session. In this instance the volume was split accordingly. For
interval sessions the average pace of the repetition was used. However, if the athlete stated

that a repetition had change of pace within it, the detail of this was recorded, and the
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volume allocated accordingly. The time period studied was then subdivided into 4 periods
to demonstrate change in training structure over the whole year. These 4 periods were:

52 weeks, 26 weeks, 12 weeks, and 6 weeks. These time periods were chosen arbitrarily.

Table 5. Physiological and Performance characteristics of the participant

Characteristics

Height 1.88 m

Weight 67 kg

VO2 peak 73.5 mL-kg"!min’!
Velocity at LT1 18.3 km-h'!
Velocity at LT2 20.3 km-h'!
Running Economy at LT1 193 mL kg -km'!
Running Economy at LT2 198 mL kg -km'!
1500m PB (achieved during period) 3:31.81

3000m SB/PB 7:38.22/7:34.79
5000m SB/PB 13:05.63/13:05.23
10000m PB (achieved during period) 27:23.80

PB, personal best; SB, season best; LT1, first lactate threshold; LT2, second lactate threshold

2.3.5 Physiological Approach:

Zone 1 (Z1), Zone 2 (Z2) and Zone 3 (Z3) were defined as: <vLT1(18.3 km-h'!); between
vLT1 and vLT2 (20.3 km-h!); and above vLT2, respectively. These values were obtained
from the athletes testing data provided.

2.3.6 Race-Pace Approach:
Z1, 72 and Z3 were defined as described previously* (RP was defined as 23.1 km-h"!, the

pace of the athletes’ 5000m personal best): Z1<80% RP (18.5 km-h'), Z2 80-95% RP
(18.5-21.95 km-h"), Z3>95% of RP.

2.3.7 Session Intention and types

The coach prescribed sessions for the athlete using a combination of heart rate and

specific pace:
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. Easy sessions were all non-specific running sessions, and were Z1
regardless of analysis type.

. Threshold sessions were prescribed using heart rate to ensure that the
athlete maintained his heart rate at a level consistent with physiological Z2, as
measured in the treadmill testing.

. Interval sessions were prescribed relative to specific race paces,. These
sessions included both Z2 and Z3 intensities by both methods of analysis. The
athlete did perform some short hill sessions at certain phases of the year. These
sessions were interval sessions with interval duration of no more than 800m. For
these sessions the athlete was instructed to run at 5-km effort. For the purposes of
analysis these sessions were included in Z3 for both physiological and race-pace

based approach.
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3

HYPOTHESES & AIMS

‘You re bound to get ideas if you go thinking about stuff’
John Steinbeck
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3  Hypotheses and Aims

3.1 Hypothesis

2 recent articles, one a review, and one an editorial, by the same lead author; Thomas
Haugen, have eloquently framed the problem presented, albeit after the research question
was framed. The review article examined “the science and practice of training world-

class 800m and 1500m runners”®!. The author notes that

“despite an increasing amount of research devoted to middle-distance training, it is
reasonable to argue that the developments in these disciplines have not been driven by
sports scientists. Publicly available ‘recipe books’ and training diaries based upon the
practical experience and intuition of world-leading athletes and coaches have become
important and popular sources of best practice training information and framework

development for the international middle-distance community.”

The paper then goes on to present an integration of training information gleaned from
training diaries and books, and presents it using 2 zone scales, a 5 zone and 9 zone scale,
based on a combination of physiological qualities and specific coaching intention for
sessions. 2 case studies are then presented, one of an Olympic champion 800m runner,
the other a European champion 1500m runner. Their training at different stages of the
season is analysed, with differences seen between different stages of the year, and
between the 2 events. Polarised TID’s of varying degree are seen across the season in the
800m runner, with a mixture of polarised and pyramidal TID’s seen over the season in

the 1500m runner.

The 2" article reinforces some of the points made above, in that it suggests that best-
practice coaches are an untapped resource in sport science research’®. It references the
fact that in the more than 1100 studies published in the IJSPP (as an example) between
2015 and 2021, less than 0.5% of the studies used coaches as participants.

The current thesis was born out of a similar thought process to what is elucidated here.

The path to the question was slightly different, however. I was an athlete myself, to start.

My supervisors were also athletes. One of them is the European 1500m champion
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referenced in the previous paragraphs. The problem, as I saw it, was with the practical
utilisation of physiological profiling. Physiological testing/profiling had become a regular
part of my training process, but the benefit, or difference that this profiling made to my
prospective training planning was not clear to me. It seemed like it was being used more
as verification of the effectiveness of my training process, and this was a common feeling
among athletes I spoke to. I spent most of my career assuming that I was just doing it
poorly, and that other coaches and athletes (whom I hadn’t spoken to) knew something
that I didn’t about the use of profiling to plan training. When I started to examine the

research, however, I became less convinced.

My own training would have fallen into the pyramidal type TID for the most part, and
was relatively high volume. Peak training weeks were typically in excess of 175km
regularly. From what I could see with other training groups and athletes, this was pretty
standard. Therefore, it surprised me to read the more recent papers studying interventions
on training structure, and repeatedly finding that a polarised distribution was better at
eliciting changes in key physiological qualities, and in some cases, performance. Was
what I had done for so many years completely wrong? And therefore, was everyone else
doing it wrong also? If science told us that in order for us to improve our VO, max, lactate
threshold, and running economy we needed to work at higher intensities, then why were
we persisting with some moderate intensity work? Some obvious answers came readily,
in that my thought process was focussed on marathon training, and specific marathon
intensity lay in the moderate/threshold intensity zone, so this could partly explain some
of my concern. Most studies were not that specific as to training for a particular event.
My observation was, however, that pyramidal training was dominant across a range of
distances that fell outside the threshold intensity zone, so I was still confused somewhat.
The training group that we studied, ultimately, performed training which satisfied my

bias.

Interestingly my supervisors came from a quite different background. Both performed
training which had more intensity than I, in terms of volume and the actual level of
intensity, so they found the training of the studied group interesting for the complete
opposite reason. It was contrary to what they had grown up doing and learning about.

Ultimately, what this segue into the personal motivation for the research reinforces, is
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that it seemed on the surface that consensus has not been reached on optimisation of
training for distance running, nor the use and application of physiological profiling-
answering 2 of the questions posed above, about what parts of sports science were and
were not applied practically by the worlds’ best athletes. It left unanswered, however,
why. My ambition therefore, with this thesis, is to present how a group of world class
athletes train, and in doing so demonstrate how this is in contradiction to recent
conclusions within this field regarding the organisation of training. Moreover, I will show
that the use of physiological zones to describe or organise training for endurance running
may not always reflect practice and that some of the reasons for this may well be
empirical, but at least some of it is because the contradictions identified stray so far from
a practice base built on many years of history as described. I have suggested the additional
use of zones based on a percentage of race pace as an alternative, and applied this in the
papers we have published, resulting in a more consistent description of training for
athletes of different event subspecialties. Interestingly, while we were working on these
papers Bellinger ef al published research demonstrating that using different physiological
methods to analyse training (e.g. VT1/VT2 vs. LT1/LT2) results in the same training
being described differently. The hope, on our behalf, was that perhaps factoring in race-
pace based targets in a scientific manner might provide a further layer of nuance to
prospective studies, and reflect the reality of what is going on. In this way, perhaps
mistakes being made practically might be identified more readily, and allow for the more
practical use of what we know about affecting physiological determinants of running

performance.

In order to make this case 3 papers were planned. The first was this systematic review of
the literature available on TID for endurance running, and the introduction of the notion
of analysing training based on race-pace zones. Following this we analysed the training
of our studied group, at group level, across middle- and long-distance subspecialties,
comparing race-pace based zones and physiological zones to demonstrate how the
analysis method affects the description of training, as all athletes within the group
performed training which was very similar. Finally, we analysed the training of the
leading athlete in the group over a period of 12 months, comparing race-pace based and
physiological zones. In essence we simply analysed the training based on the coach’s

intention when planning, as pace and physiology are both considerations for him. So, our
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findings may be well-known to practicing coaches. The comparison of methods, however,
allows for readier identification of where differences in the description of TID based on
different methods manifest, and then potentially why success or failure may occur, on

review.

3.1 Summary of Aims

J Examine the literature regarding optimal TID and periodisation for endurance
running. (Publication 1)
. Introduce the concept of a performance related means to consider TID: race-pace

based training. (Publication 1)

. Examine the actual training of an elite group international endurance runners.
(Publication 2)
. Compare the training of the elite group to what was proposed by the literature via

traditional analysis and our proposed analysis. (Publication 2)
. Present a case study on the employment of this method by a world-class athlete,
continuing to compare the proposed method of analysis to traditional method.

(Publication 3)

J Explore reasons why any potential discrepancies occurred. (All Publications)
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3.2 Specific Aims by Publication

3.2.2 Publication 1: The Effect of Periodisation and Training Intensity

Distribution on Middle and Long-Distance Running Performance: A Systematic

Review

This paper was intended to highlight the issue as seen, and to introduce the concept of
race-pace based zones. As described above the training for endurance events involves
manipulation of intensity, duration and frequency of training sessions®? but the precise
detail of this “manipulation”, however, remains an area of debate across the literature. To
further guide understanding of this area, different training intensity zones have been
described??*’, determined by either physiological factors: i.e. lactate threshold (LT),
ventilatory thresholds (VT), percentage of the maximum oxygen uptake (%VOomax),
percentage of the maximum heart rate (%HR) or subjective factors: i.e. session goal or
session rate of perceived exertion (RPE-Borg Scale). Three training intensity zones of
endurance athletes are most commonly used in the literature, and are considered similar
regardless of the method used to determine them. However, up to seven can be also used
to describe the Training Intensity Distribution (TID)!8. Both TID and periodisation of
training volume and intensity are traditionally considered to be important factors in the

design of a training program for endurance running performance.”

There appears to be longstanding consensus in the literature regarding factors that limit
such performance, namely vVOamax,® VO2max,> LT>® and running economy’, and on how
these factors could be improved by using different training intensity procedures.
However, a disparate number of TIDs are employed in practice’®. Three primary TIDs
are recognised in this review; (1) the traditional Pyramidal approach, in which decreasing
volume of running is performed in zones 1, 2 and 3 respectively. Typically!” this has been
described as comprising 80% in Zone 1, with the remaining 20% split between zones 2
and 3, decreasing respectively; (2) Polarised Training, in which relatively high volumes
of training are performed in zone 1(~80%) and zone 3 (20%), with little or none in zone
2 and (3) Threshold Training, in which higher volumes (>20%) of running are performed
in zone 2 than other models'’. Previous research has identified pyramidal training as the

primary TID employed by well-trained and elite endurance athletes, noting that “some
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world-class athletes adopt a so-called ‘polarised’ TID during certain phases of the season

» 36,57

This observation has been supported by an observational review detailing the training of
international level distance runners'®, which notes the emphasis on relatively high
volume-low intensity in the training of athletes specialising in distances from 1500m to
marathon. However, a training manual published by the International Athletics
Federation (IAAF) based on the work of Renato Canova (the coach of some of the fastest
Kenyan marathon runners in recent times, including World Record holders) has
demonstrated a tendency towards a threshold-oriented TID?’. Seiler & Tonnessen?? argue
the case for an 80:20 distribution ratio between high-intensity and low-intensity work
based on observational reports describing the training of elite endurance athletes. These
authors recognise both pyramidal and polarised models of TID as being most common in

these athletes.

This apparent contradiction, thus, forms the foundation for this review of the literature on
endurance running, and subsequently to analyse the available data where possible, by
determining intensity zones relative to the goal race pace in different distances, rather

than physiological or subjective variables.
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3.2.3 Publication 2: Training Intensity Distribution analysis by Race Pace vs.

Physiological approach in World-Class middle- and long-distance runners

This paper followed on from the demonstrated contradictions in paper 1 to present the
training of a group of elite and world-class distance runner over 50 weeks, and to analyse
it using 2 different approaches: 1) based on specific individual specific race pace and 2)
based on physiological parameters. Analysed training data included training volume,
intensity and frequency. In addition to the contradictions noted above, some further

studies added to the ambiguity in this area.

A meta-analysis by Rosenblat et al’’ focussed on comparing the effect of polarised vs.
threshold training on endurance sport performance. They concluded that polarised
training produced significantly greater improvements in time trial performance and
suggested that coaches should consider using polarised training to optimise endurance
training and performance. However, this suggestion contrasts with the training practices
of some elite level endurance runners-as noted in our paper above. Recent work by
Casado et al>**° showed that the training of elite distance runners is actually characterised
by large volumes in the threshold zone. Traditionally this pace would be considered to
fall into Z2 physiologically. It should, however, be noted that in these studies, the authors
did not specifically consider physiological zones when analysing the training data, as they
sought to examine whether “deliberate practice” characterised training of elite runners,

and as such, physiological zones were not needed as a reference.

Bellinger et al* added further to this potential conflict, in a study in which they compared
3 different methods of analysis of TID; by running pace, heart rate and rating of perceived
exertion (RPE). Three zones were used in this study, and the times spent in Z2 and Z3
significantly differed depending on the method of analysis used. In this instance, running
speed-based analysis suggested that a polarised distribution was being employed, whereas
heart rate-based analysis suggested a pyramidal distribution of the same training. Recent
work?347:36.78 which has focussed on the effectiveness of endurance training both in
intensity  distribution and periodisation has examined either change in

physiological/metabolic parameters or time trial performance as a main outcome rather
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than actual competition or race performance. Thus, the contention is that this difference

may lead to differing interpretations of how to optimise training.

It 1s against this background that this article aimed to analyse the training of a group of
world-class athletes over a 12-month period, using an approach in which their training
was organised into zones based on individual event specific race pace/performance, and
to describe how such training was periodised over the course of the season. This is
presented against the same training organised into the traditional physiological zones,
based on testing done at the start of their season. We felt that proof of improvement of
physiological parameters or time trial performance within a defined timeframe, when
assessed independent of each other and of concurrent race performance, is not consistent
with preparing for endurance running at an elite level, where race performance is the
primary targeted outcome, and where longitudinal development and improvement is

sought.
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3.2.4 Publication 3: Training Characteristics of a World Championship 5000m

finalist, and multiple continental record holder over the year leading to a World

Championship final

After the results of article 2, we felt that there was evidence of a TID zone creation based
on race-pace, albeit subconsciously, by elite coaches. To further elucidate this point, our
3™ paper was a longitudinal case study of a world-class middle and long-distance runner.
It was proposed that this “Race-Pace” (RP) based approach to training is relatively
common at the elite level. In this context, this case study presents 52 weeks of training of
an athlete leading to the final of the World Championship 5000m in Doha 2019. The aims
of this study were to: 1) Examine 52 weeks of training through a combination of training
intensity distribution (TID) quantification methods such as physiological and race-pace
based approaches, and 2) To identify possible relationships between physiological and

training characteristics in this world-class runner.
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4

RESULTS & DISCUSSION

‘The outcome of any serious research can only be to make two
questions grow where only one grew before’’

Thorstein Veblen
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4 Results and Discussion

4.1 Results Publication 1

4.1.2 Studies Selected

The search strategy yielded 493 total citations as presented in Figure 1. After removing
163 duplicates and reviewing the resultant 330 full-text articles, 16 studies met the
inclusion criteria. Excluded studies had at least one of the following characteristics:
participants were not middle- or long-distance runners, intervention/observation period
lasted less than 4 weeks. The overall sample included 6 observational reports, 3 case

studies and 6 interventions. 1 review was also included (Table 5).

4.1.3 Level of Evidence and Quality of the Studies

Four of the 16 included studies had a level of evidence 1c (high-quality RCT). The 12
remaining studies had a level of evidence of 2c or less as participants were not randomly
allocated into the intervention or control groups. Also, mean score in the PEDro scale

was 3.75 £ 1.9, with values ranging from 1 to 6

4.1.4 Characteristics of the Participants

Participants were characterised as recreational or high-level athletes, with delineation
defined by whether the athletes competed internationally. A summary of participants’
characteristics is presented in Table 6. The total number of participants was 215 (194 men

and 21 women) with an age ranging from 17 to 51 years.
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Table 6. Characteristics of the studies and participants*.

Participants Study Design
Study Number (M/F) Age Level Randomised Main Outcome
Robinson (1991) 13 (13/0) 26.1+4.7 Elite No TID
Billat ez al (2001) 20 (10/10) Not specified Elite No Physiological characteristics
Billat et al (2003) 20 (13/7) Not specified Elite No TID
Esteve-Lanao et al (2005) 8 (8/0) 2342 Well-trained No TID
Esteve-Lanao et al (2007) 20 (20/0) 27+2 Well-trained Yes Race Performance
Tjelta & Enoksen (2010) 4 (4/0) 17.8+1 Elite No TID & Race Performance
Enoksen et al (2011) 6 (3/3) Not specified Elite No TID & Race Performance
Stellingwerff (2012) 3 (3/0) 283+23 Elite No TID
Ingham et al (2012) 1 (1/0) 26 Elite No TID & Race Performance
Tjelta (2013) 1 (1/0) 20-21 Elite No TID & Race Performance
Stoggl & Sperlich (2014) 21 (not specified) 316 Well-trained Yes Physiological characteristics
Muiioz et al (2014) 30 (not specified) 34+9 Recreational Yes Race Performance
Tjelta et al (2014) 1 (0/1) 25/26 Elite No TID
Clemente-Suarez & Gonzalez-Rave (2014) 30 (30/0) Not specified  Well-trained Yes Aerobic Performance
Manzi et al (2015) 7 (7/0) 36.5+3.8 Recreational No TID & Race Performance
Clemente-Suarez et al (2016) 30 (30/0) Not specified Recreational Yes Physiology & performance
Tjelta (2016) 129 Not specified Elite No TID

*M/F = male/female; TID, training intensity distribution
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4.1.5 Evidence for a Pyramidal TID

Four interventional studies exist which support the use of a pyramidal TID; Esteve-Lanao

et al*’, Clemente-Suarez & Gonzalez-Rave”®, Manzi et al®°, and Clemente-Suarez et al’®.

18,21,81,82 22,83

Similarly, 4 observational reports and 2 case studies confirm the use of

pyramidal training in elite and well-trained runners

Esteve-Lanao et al*’ examined the effect of decreasing volume of training performed at
threshold intensity on running performance in 12 male sub-elite endurance runners, while
maintaining equal volumes of high-intensity work between 2 groups (Threshold &
Pyramidal training groups; Figure 2). Running performance was assessed by a simulated
10.4-km XC race assessed before and after the 5-month intervention period. The
Pyramidal group displayed a significantly better improvement in performance than the
Threshold group. The TID in both Threshold (Figure 2A) and Pyramidal groups (Figure
2B) was different from a race-pace based TID (Figure 2; ES>2.0, very large effect). It
should be noted that zone 3 can only be considered a sub-set of Zone 2 in this analysis as

details of the zone 3 training are not provided but are equal between groups.

Clemente-Suarez and Gonzalez-Rave’, examined the effect of applying a pyramidal TID
over a 4-week time period to 30 recreational athletes. One group (constant) maintained a
constant weekly training load in terms of volume and intensity, while another group had
an increasing proportion of higher intensity work, week by week over the 4 weeks. A
final group were free to train as they wished. Total training volume for the 4 weeks was
recorded by time (minutes). The constant group completed 1051(£11) minutes, the
increasing group completed 1105(£1.3) minutes and the free group completed
1512(£67.6) minutes. The stated goal of the 4-week time period was to develop “aerobic
endurance”. No race distance or performance was specified, rather the changes were
measured via laboratory testing. No significant performance differences existed between
groups post-study, although the groups did exhibit different physiological changes over
the 4 weeks. Clemente-Suarez et al'®, using data from the aforementioned study, found
that the group with increasing intensity over the 4 weeks had a significantly better running
velocity at 8 mmol-L-! at mid- and post-condition. No time-trial or race performance data

for the groups were provided so it was not possible to examine the TIDs in this method.
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Manzi et al*® assessed the TID of 7 recreational marathon runners in the preparation phase
of a marathon training cycle. Interestingly, when their training (which was pyramidal in
nature according to their baseline physiological testing) was assessed against their
eventual race pace, it appeared to be a polarised type TID (Figure 3; ES>2.0, very large
effect).

Robinson et al®! analysed 13 national ranked male New Zealand distance runners’ training
during the “build-up” phase of their season and identified 2 training zones according to
blood lactacte: above LT (4 mmol-L!) or below LT. Training during this period was

described as 96% below LT and 4% above LT.

Tjelta and Enoksen?! described the training of a group of 4 top-level male Junior cross-
country (XC) runners over the course of a season. Five training zones based on HR and
blood lactate were used to describe the TID and training was divided into 3 seasons; Base,
Track and XC. The training in this study can be described as traditionally pyramidal in
distribution, with 78%, 81%, and 78% of the training volume having been carried out in
the low-intensity zone 1 in Base, Track and XC seasons, respectively. Race intensity for
these athletes across the whole season was zone 3 (10-km and 3-km), with some zone 4
(1500 m) races during the Track season. Training intensification (training phases closer
to competition) is characterised by an increase in the volume just below, up to and over
race pace (zones 3 and 4). In this study, when TID was calculated according to race pace,
the volume of training performed above race pace was similar to other studies using either

pyramidal or polarised methods!®22-930,

Enoksen et al'® analysed 6 top international Norwegian marathon and track distance
runners’ training in a subsequent study. 7 training zones were identified and used the
determine TIDs. The marathon runners performed a relatively high proportion of their
training at zone 2 (equivalent of marathon pace) and zone 4 (10-km pace) in their Base
and Pre-competition phase with nothing at zone 3 (half-marathon pace), and then in
competition phase, nothing at zone 4 and an increase in the volume at zone 3, while
maintaining a relatively high proportion at zone 2. The track runners (who competed over

5-km) completed relatively high volumes at zones 2 and 3 in all phases. However, the
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volume in zone 3 dropped in the competition phase and zone 5 (3-km and 5-km race pace)

volume increased. They had minimal volume in zone 4 (10-km pace) across all phases.

Esteve-Lanao et a/®* described the training of 8 regional and National class Spanish
runners, using 3 intensity zones; up to VT, between VT and VT,, and above VT, and
similarly described a pyramidal distribution (71% in zone 1, 21% in zone 2, 8% in zone

3).

Tjelta®® analysed the training of the 2012 European 1500m champion over 4 years, and
noted a pyramidal distribution over the time period, at all times of the season despite some
variation corresponding to the periodisation of the athletes training. Five intensity zones
were described relative to blood lactate, %9HRmax, and intended physiological adaptation,
and during all phases of training the maintenance of a relatively high volume in zone 2
(threshold training) was observed. This does reduce closer to competitive season but still

constitutes a larger proportion of training than zone 3, 4, or 5 at all time-points.

Similarly, the training of 9 times New York marathon winner Grete Waitz was also
reported as pyramidal at all time points across a 2-year time period’*. The periodisation
identified 7 intensity zones and a decreasing volume of work done at increasing intensity

levels was observed.

4.1.6 Evidence for a Polarised Training Intensity Distribution

Two interventional studies exist which support the use of a polarised TID: Mufioz et al*®,
and Stoggl & Sperlich®*. Both studies defined 3 intensity zones relative to physiological
characteristics. Similarly, 3 observational reports®®~%83 and 1 case study®® confirm the use

of polarised training in elite, well-trained and recreational athletes.

Mufioz et al*® quantified the impact of TID on 10-km race performance in 30 recreational
athletes. Two groups, emphasising polarised or threshold type training were examined.
Both groups improved over a 10-week intervention period; although the Polarised group
exhibited a better improvement over 10-km race distance than the Threshold group (5.0%

vs. 3.6%, non-significant). Both groups completed an 8-week standard training program
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prior to the study, which was pyramidal in TID. In this study, both groups spent the same
absolute amount of time in zone 3 with the polarised group zone 1 (Figure 4A) and the
threshold group emphasising zone 2 (Figure 4B). The actual completed training of the
polarised group was not a truly polarised TID as the authors intended that this group
would complete only 5.0% of the training in Zone 2, rather than the 13.5% finally
completed. The TID in both Polarised (Figure 4A) and Threshold groups (Figure 4B)
was different from a race-pace based TID (Figure 4; ES>2.0, very large effect).

Stoggl & Sperlich® examined 48 athletes, 21 of whom were national-level runners, in
their RCT comparing 4 different TIDs over a 9-week period. The TIDs were: High-
Volume, Threshold, High Intensity Interval Training and Polarised. Polarised training
resulted in the greatest improvement of the variables examined (VO2xmax, peak velocity
and time to exhaustion on a ramp protocol). A time-trial or race performance was not

performed to allow analysis of race-pace zones based on this.

Billat et al’® compared top class male Portuguese and French marathon runners to their
“high-level” counterparts (as defined by a marathon time of 2:12). They described high-
volumes of polarised training. Their zones were defined, however, by marathon race pace.
zone 1 was described as <marathon pace (MP), zone 2 = MP, zone 3 >MP, a definition
not replicated anywhere else in the literature and no specification of the tolerance around
marathon pace for each zone is provided. The same authors also described the training of
Kenyan distance runners (10-km specialists), and described 2 main TID types>® : high-
volume low-intensity and low-volume high-intensity. In the group studied there were 13
males (6 high-intensity type and 7 low-intensity type) and 7 females (6 high-intensity
type and 1 high-intensity type). The lower volume athletes in this study tended to perform
more of their training in zones 4 and 5 (4.3 and 5.0% respectively) than their high-volume
counterparts, who only performed 1.4% of their volume in zones 4 and 5 combined, with

14.4% in zone 3.
Stellingwerff®> described the training of 3 Canadian international marathon runners over

a 16-week period before a marathon race. The intensity zones were defined subjectively

by RPE as: zone 1 (easy to somewhat hard); zone 2 (“Threshold”); and zone 3 (very hard
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to maximal). A polarised distribution was described in which 74%, 11% and 15% of

training sessions were performed in Zones 1, 2, and 3, respectively.

Ingham®® presented the case study of an international 1500m runner, who improved his
personal best from 3:38.9 to 3:32.4 over a 2 two-

year period. The analysis of his training showed a reduction in training volume performed
between 80-90% VOzmax from 42% to 20% and between 90-100% from 20 to 10%. At the
same time, low-intensity training volume (<80% VOzmax increased from 20% to 55% and
training volume at 100-130% VOomax increased from 7% to 10%, thus emphasising a shift
towards a more polarised TID. Note that these numbers are approximate as the
information is only provided graphically in the article, and that 1500m race falls at

approximately 110% VOozmax.
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4.2 Discussion Publication 1

According to the results of this review, there is a clear dichotomous evidence base with
regard to TID in the literature. The overwhelming evidence describes 2 main strands:

Pyramidal and Polarised training.

Contemporary endurance training has developed, from a historical perspective from
coaches such as Arthur Lydiard, who used pyramidal TIDs to coach successful athletes'®.
The more recent m1ove towards Polarised type TIDs has emerged as scientific evaluation
of endurance performance has identified key determinants of endurance performance, and
methods by which to improve these determinants®’. However, the precise nature of the

interaction of these determinants and the effect of that interaction remains elusive.

For example, although LT is recognised as one of the key determinants of endurance
performance®, threshold type training is considered to be more demanding than other
TIDs (i.e. pyramidal and polarised), potentially because of effects on the autonomic and
endocrine systems, or on the lactate/power profile*®. When threshold training has been
compared in this regard in the literature, it consistently proves to be less effective in the
studies available. Yet, there is anecdotal evidence, at the very highest level, of the use of

threshold training to great effect in structuring world best marathon performance.

The coach of a number of world class Kenyan athletes has written a marathon training
manual for the International Athletics Federation (IAAF)’’, and has made publicly
available the training programmes of his athletes. These programmes repeatedly show the
use of high volumes (i.e. differing from the traditional 80:20 approach) of training in the
threshold zone (as defined by %VOzmax, assuming 100% of VOzmax corresponds to
approximately 3000m pace). The coach (Renato Canova) describes this training as

specific race pace.

The periodisation employed, however, demonstrates an initial block of polarised training,
emphasising high and low intensity, leading into a specific preparatory phase, which is
threshold-oriented, thereby employing both of the main TIDs described at different

phases of training, according to the intended goal of the phase. So, in the specific
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example, marathon pace lies in the threshold zone, so a relatively large volume of training
is performed in this physiological zone as the date of a specific race approaches. The
volume of training performed around race pace seems to be dictated by the distance of
the impending race, with shorter races, requiring faster paces, seeing less volume, and

longer races requiring increasing volumes in around race pace.

Thus, the dichotomous approach described above may be flawed in its inception. It may
prove more valuable in future studies to examine the precise physiological characteristics
associated with optimal race performance, and how these physiological characteristics
change with different TID approaches. Similarly, different approaches may prove
valuable at different phases and for approaching different races*. In this way, the training
may be designed in the early parts according to physiological characteristics such as HR
or lactate profile, but as the race date approaches, becomes more pragmatic and focuses
on running at and around specific race pace, regardless of what is happening to
physiological measurables?'?*. This represents a way of incorporating the scientific
principles which are fairly well established as being important for specific race distance
performance, while also being cognisant of the fact that the literature is deficient in

describing an optimal TID and periodisation strategy, based on good evidence'®.

It is well established that from races as short as 1500m, the aerobic system is the main
contributor of energy (85%)% so the TIDs seen reflect that, as no matter what TID is
examined zone 1 is always the highest proportion. However, when comparing
physiological-based intensity zones and race pace-based intensity zones it seems from the
data assessed in this review that race pace may be a larger factor in the design of training
programmes than physiological variables. This may be a coaching flaw, but the
interesting similarity in the TIDs when analysed by a race pace-based approach at least
warrants some attention as these are data from successful athletes. As discussed above,
no optimal TID has been well established, and similarly no optimal numbers for the
physiological determinants (vVO2max, ¥O2max, running economy and LT) of middle and
long distance running to predict performance exist>. The interaction between these
variables is the key to endurance running and it may be possible that race pace-based
training provides the perfect stimulus for their concurrent development. As already

described above, training aimed at improving threshold seems to limit the development
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of VOamax®*. However, as Coyle & Krauenbuhl® showed, large variation in laboratory
endurance performance is explained by the %V Oxmax which can be maintained at
threshold so this limitation may not be a hindrance to performance. The specificity of

intention may be more important.

Race pace-based zones may also reflect the fact that races in endurance running
competition are directly comparable because of the similarity of courses and the validity
of time comparison on different courses. Other endurance sports, such as road cycling,
rowing or XC skiing, which have been examined in the literature on TID'"%° do not share
this same capacity for direct competition to competition comparison of speed, because of
the nature of different courses characteristics (i.e. profile, altitude...). Training organised,
therefore, based on physiological characteristics for these sports is the norm. No study in
these sports, to the authors’ best knowledge, has reported a polarised TID based on zones

that are externally defined (i.e. power or speed).

This dichotomy between measuring and monitoring workload internally (physiologically
guided) vs. externally (e.g. pace guided) has been explored in 2 recent reviews: Foster et
al’® and Mujika®’. Foster et al outline the practical difficulties of accurately monitoring
internal workload/physiological parameters, which they note are lessening. Nonetheless
such practical difficulties should not affect the development of theoretical principles
based on physiological measures (e.g. Running economy, VOzmax and LT) should an

integrated approach to their concurrent development become evident.

Further studies looking at the behaviour of physiological characteristics such as HR
response, top speed and lactate profile at different phases of a season, and also how they
change, in the short and medium term in response to training are thus warranted.
Comparison of these measures to race performance, along with physiological profiling
compared to performance, may also allow better understanding of the interactions
between physiological characteristics, and the impact of these interactions on
performance. This may allow for better planning and prescription of training, which is

founded on evidence rather than anecdote/tradition.
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4.3 Results Publication 2

4.3.2 Participant characteristics

The descriptive characteristics, physiological variables and performance of the
participants are presented in Table 7. The male middle-distance athletes achieved times
(min:s) ranging 1:45.60-1:46.77 (800m) and 3:34.38-3:36.30 (1500m). The female
middle-distance athletes achieved times ranging 2:00.24-2:04.89 (800m) and 4:04.93-
4:10.42 (1500m). The male long-distance athletes achieved times ranging from 13:05.23-
13:26.38 (5000m). The female long-distance athletes achieved times ranging from
15:06.67-15:18.91 (5000m).

Table 7. Performance and physiological characteristics of participants (Mean £SD)

Male (n=4) Female (n=3)

Age (yrs) 51+£25 27.5+0.7

BW (kg) 66.2+43 51.4+33

VO2max (mL.kg" min™") 73.8+2.1 61.4+42

VVO2max (km-h) 22.1+£04 19.3+1.1

LT1 (km-h™) 17.9+0.8 16.1 0.1

LT2 (km-h™) 19.7+0.6 17.5+0.07

RE (mL-kg'-km™) 191.9+6.2 173.1+17.1

Performance 1:46.04 — 1:46.77 (800m) 2:00 — 2:04 (800m)
3:34.9 —3:36.6 (1500m) 4:03 — 4:10 (1500m)
13:05 — 13:36 (5000m) 15:06 — 15:18 (5000m)

BW, Body weight; VO2max, Maximal Oxygen uptake; vVOamax, Velocity at which Maximal Oxygen uptake
is reached; LT1, Speed corresponding to the first lactate threshold; LT2, Speed corresponding to the second
Lactate Threshold; RE, Running economy

4.3.3 Training volume and intensity distribution

The mean weekly volume for the group was 135.4 + 29.4 km-week™!. Specifically, the
long-distance athletes performed an averaged of 145.9 + 27.9 km-week™!, whereas the
middle-distance runners performed 127.4 + 28.7 km-week!. A sample week from
General Preparation Phase 1 is shown in Table 8. The General Preparation Phase took

place between October 2017 and January 2018, following a 2-week recovery phase.
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Table 8. Sample Week from General Preparation Phase 1

AM

PM

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

60 min easy running

8x1km (60s recovery). Run at
current 10km race pace, with 5"
and 7" reps run 10 seconds faster

60 min easy running

9km “Threshold” run-
determined by Heart Rate

60 min easy running

6x800m Hills-pace subjective-
Sk “effort”

105 min easy running

30 min easy running + drills and
150m strides

30 min easy running

30 min easy running

30 min easy running

30 min easy running

4.3.4 Comparison of training zones

Figures 2C and 2F display the comparison of zones via race-pace vs. physiological

methods for the middle- and long-distance groups respectively. The middle-distance

group (Figure 2C) showed no differences for Z1 by the two methods of analysis. There

were moderate effect sizes for the differences between the two methods used to calculate

72 (ES=0.63) and Z3 (ES=0.61), with Z2 greater by race-pace based analysis and Z3

greater by physiological analysis. The long-distance group (Figure 2F), showed no

differences between the two methods of analysis for any zone.

As a group there was no difference between Z1 when calculated as race-pace based zones

or using physiologically based zones. However, there was a large effect size (ES=1.20)

for the difference between the two methods used to calculate Z2, and a moderate effect

for the Z3 difference (ES=0.93).
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4.3.5 TID across the season

Figure 2 also shows the training intensity distribution for the subgroups across the
microcycles of the season. The approach based on race-pace zones produced pyramidal
distributions for both groups across all phases of the season (Figure 2A and 2D). The
physiological approach produced a more polarised type distribution in the middle-
distance runners (i.e. more training performed in Z3 than Z2), with the General Prep phase
the exception-showing a pyramidal distribution (Figure 2B and 2E). The long-distance
subgroup was a more pyramidal type distribution on analysis using physiological zones
across all phases of the season (Figure 2E). Significant differences in zones between
approaches are noted only in the “Specific Prep 1” and “Competitive 2” phases in the
middle-distance subgroup in Z2 (Figure 2A). The analysis by race pace returned higher
values for this zone in these phases, effect sizes 0.93 (moderate) and 1.2 (large),

respectively.
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Figure 2. Training Intensity Distribution (TID) comparison. TID using a race-pace based approach in the
middle-distance runners during the different phases of the athletic season (A), TID using a physiological
approach in the middle-distance runners during the different phases of the season (B), TID comparison
between a physiological and a race-pace based approach in the middle-distance runners over 50 weeks (C).
TID using a race-pace based approach in the long-distance runners during the different phases of the season
(D), TID using a physiological approach in the long-distance runners during the different phases of the
season (E), TID comparison between a physiological and a race-pace based approach in the 5000/10000m
runners over 50 weeks (F).

4.3.6 Race-pace and physiological method comparison

Figure 3 shows how the race-pace approach and the physiological approach interact when
mean running volume (at a given velocity) is plotted against absolute running speed. The
percentage volume is represented on a log scale, because the relative volume of training
done at lower speeds is so much greater than at higher speeds. In the figure 16 km-h'!
represents volume of training done up to velocities of 16km.h!. All other points represent
the volume performed between the previous point and the relevant one (e.g. 17 km-h!

represents training volume performed between 16 and 17 km-h™).

It shows the middle-distance group (Figure 3A) with a narrower physiological Z2 velocity
band than the long-distance group (Figure 3B), and shows at what points target race

speeds are.
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Figure 3. Training Volume (%) plotted against absolute speed over the 50 analysed weeks with
physiological zone delineation and race-pace points included; in the 800/1500m runners (A), in the

5000m/10000m runners (B).
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4.4 Discussion Publication 2

The main finding of this study was that the training intensity distribution of a group of
world-class distance runners performed was more consistently linked to proportions of
race-pace than physiological parameters. Given that the expressed main coaching
intention for the group was the development of race pace, this is not a surprising finding.
Figure 3 provides clarity to this point. The arbitrary percentages of race pace chosen for
analysis have resulted in Z2 by race-pace approach spanning a much wider range than Z2
by physiological approach (~ 4 km-h™! vs. 2 km-h'), and therefore is less sensitive to
changes in intensity distribution around these paces. Equally the opposite is true when Z3

is considered by physiological approach vs. race-pace based approach.

When viewed over the course of the different phases of a season, race-pace based analysis
returned a consistent pyramidal TID. However, the TID was more variable -between
pyramidal and polarised-when analysed via physiological parameters. Interestingly, the
athletes performed a relatively high proportion of their training in Z2, consistent with
recent studies*?3. This was true regardless of whether training was analysed
physiologically or by race pace, although as noted above Z2 by race-pace approach
included intensities well in excess of physiological “threshold”. Nonetheless the current
authors have also noted this use of training at threshold intensity in world-class distance
runners, and feel that the race-pace based analysis at least links training analysis to

coaching intention in a number of other elite training groups.

The volume of training done by the group in the current analysis is relatively consistent
with what has been reported in recent literature on world class distance runners!®?°. The
slightly lower volumes seen may be explained by the fact that non-regular training weeks
were not excluded from the total volume. The athletes showed peak weeks in excess of
160 km, which is entirely consistent with what has previously been reported in the studies
aforementioned. Interestingly, close to 85-90% of this groups’ total volume lies in Z1,
regardless of method of analysis, which is higher than the traditionally proposed “80:20”
rule'’. This states that approximately 20% of total volume will be performed in higher

intensity zones, with the remainder low intensity. The current findings, however, are
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consistent with Casado et a/?* finding that volume of easy running was the best predictor

of race performance.

Z2 (threshold zone) has traditionally been the zone around which much of the debate has
centred. Recent work has suggested that training in this zone is less effective than
pyramidal or polarised training’”-848¢, The results of this study demonstrate than an elite
group of distance runners, who were successful during the time period study, used
“threshold training”. By physiological approach analysis the middle-distance runners in
this group performed slightly more training in Z3 than Z2-although the difference was
minimal. The long-distance athletes demonstrate a pyramidal approach (Figure 2B & 2E).
This is despite the training being performed being virtually identical. The reason for this
apparent contradiction lies in coaching intention and the differences between velocities
at lactate threshold in the 2 sub-groups of athletes. The longer distance athletes tended to
have higher velocities at lactate threshold, therefore training that lay just below the
threshold in that group would lie just above the threshold in the middle-distance group
1.e. Z3. However, training sessions at this intensity were often performed as a whole

group-thereby creating the difference.

The analysis showed that when the training of this group of elite distance runners is
considered relative to their individual target race-pace, a pyramidal type training intensity
distribution is seen, regardless of phase of training (Figure 2C and 2F). This pyramidal
distribution was also preserved across athletes competing at different race distances,
ranging from 800m to 10000m. However, the absolute training intensities of this group
were similar for athletes competing over different distances, and as a result, differences
were seen in the volumes in respective relative zones. Longer distance athletes
(5000/10000m) had more volume in their higher relative intensity zones than middle-

distance athletes, although both demonstrated pyramidal distributions.

Conversely, analysis by physiological zones demonstrated a periodised type distribution
in the middle-distance runners across 4 of the 5 phases of the season (Figure 2B), while
the pyramidal nature of the long-distance athletes TID was preserved (Figure 2E). This
reflects the fact that the longer distance athletes had higher velocities at lactate threshold
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than their shorter counterparts, so that their pace/speed threshold for “higher intensity”

work occurred at greater speeds.

This dichotomy is highlighted very well in this study, as both groups performed virtually
the same training-with the only variation arising in volume of easy/Z1 running. The more
recent paradigm is to recommend polarised type training based on physiological
parameters, whereby physiological testing, zone creation and training prescription feeds
forward to race performance, which does not consider the variety of inputs outside the
traditional metabolic considerations, which can affect endurance performance. Further to
this, our contention is that a move away from “threshold” training, based on the recent
studies above described, would be mistaken in its conception. This is because world class
runners perform large proportions of their training in Z22%233° and because the
physiological approach links performance to physiological parameters only, despite a
failure in the literature to provide practical examples of where physiological
characteristics can predict running performance. However, analysis by race-pace based
approach alone is also imperfect using our current delineations, because Z2 spans a range

of intensities which will provide very different training stimuli.

An alternative paradigm, which can incorporate metabolic, cardiopulmonary,
neuromuscular and biomechanical factors is proposed. In this paradigm, race
performance informs training prescription, as well as interpretation of physiological
testing. We suggest the potential for allometric profiling of physiological parameters
based on contemporaneous race performance, to attempt to create a ‘“signature”
physiological profile which corresponds with specific race performance. Such an
approach recognises the multifactorial nature of the physiological components of distance
running performance, and the potential “substitution effect” of individual parameters.
This can also allow for non-physical factors such as psychology/motivation. This
approach may mirror the approach of Sandford et al’! in their concept of an Anaerobic
Speed Reserve (ASR), in that they attempt to link external demands of race performance
and physiological factors influencing middle-distance running. In this model, strictly
limited to middle-distance (800/1500m) running performance, training is expressed

relative to ASR, which is the difference between vVOzmax and maximal sprint speed.
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The impact of the fact that this is a study involving elite athletes should also be
considered. In elite runners, the difference between maximal sprint speed, vVO, max,
vLT and low intensity running will naturally be far greater than in recreational or
untrained individuals, given that elite is being defined by how fast they can run.
Therefore, zone delineation is much more clear. In untrained and recreational runners, it
is conceivable and probable that Z2, for example, represents such a narrow pace band that
the difference in subjective intensity between it and Z3 is difficult to distinguish,
potentially allowing for training mistakes. This may also highlight a potential weakness
of using a polarised approach, as it will reduce the amount of specific training done for
distances in duration of 40-60min. Interestingly, however, a recently published paper
compared the effects of polarised and threshold training (described as focused endurance
training) in 38 recreational runners over 8 weeks, and demonstrated similar improvements

regardless of TID employed®!.

105



4.5 Results Publication 3

4.5.1 Performance

The athletes' seasons bests from 1500m to 10000m are illustrated in Table 9. The athlete
raced 20 times in the 52 weeks analysed. He achieved personal bests-over 1500m and
10000m, the latter being a National Record. In addition, the athlete qualified for and
competed in the 1500m and 5000m at the World Championships in Doha, Qatar in
October 2019. He made the final of the 5000m, finishing 12", and the semi-final of the
1500m. He is currently ranked 14" over 1500m and 5000m and 16™ over 10000m, in the
official World Athletics (WA) Rankings.

Table 9. Physiological, Performance and Sample Training characteristics of the participant

Characteristics

Height 1.88 m

Weight 67 kg

VO2 peak 73.5 mL-kg"!min’!
Velocity at LT1 18.3 km-h'!
Velocity at LT2 20.3 km-h'!
Running Economy at LT1 193 mL kg -km'!
Running Economy at LT2 198 mL kg -km'!
1500m PB (achieved during period) 3:31.81

3000m SB/PB
5000m SB/PB
10000m PB (achieved during period)

7:38.22/7:34.79
13:05.63/13:05.23
27:23.80

PB, personal best; SB, season best; LT1, first lactate threshold; LT2, second lactate threshold
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4.5.2 Training Summary

The athletes’ training over the year relative to running speeds and physiological zones is
displayed in Figure 4. Overall training volume is displayed in km + SD in figure 2 for all

time periods.
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Figure 4. Training Volume (%) plotted against absolute speed over the last 6, 12, 26 and 52 analysed weeks
with physiological zone delineation and race-pace points included.

4.5.3 Training Volume relative to physiological and race-pace zones

Figures 5A and 5B illustrate the overall volume and proportion of training done in each
of the physiological, and race-pace zones, respectively, across the year. A pyramidal
structure is seen in the physiological analysis of the 52, 26 and 12 weeks prior to the
World Championships. The last 6 weeks, however, demonstrate a slightly polarised

distribution. A pyramidal distribution is seen via RP analysis across all time periods.
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4.5.4 Training Session types

The athlete performed 528 sessions over the course of the 52 weeks, including races. 392
sessions (74.2%) were classified as easy runs, 75 sessions (14.2%) were classified as
continuous threshold (at a speed/intensity close to or at vLT) sessions and 7.8% (41) of

sessions were interval sessions, with the remaining 3.8% representing races (20).
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Figure 5. TID by physiological approach (A) and Race-Pace approach (B) over different periods of the
studied year
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4.6 Discussion Publication 3

The case study presents the training of a world class middle-distance runner over the
course of a successful season. The volume of running observed over the course of the
season is in line with previous work detailing elite training volumes'®. The large volume
of easy running is now a recurring feature across studies'®?3. In this study TID changes
across the season, relative to race pace and physiological zones. This clearly demonstrates
an increasing specificity of work done around race pace as goal competition approaches
(Figure 5B). A switch from pyramidal distribution to polarised distribution is seen in the
last 6 weeks before goal competition, when physiological zones are considered (See

Figure 5A).

In Jones et al very recent analysis of the sub 2-hour marathon attempt group, the authors
reported comparable physiological values to the values for this athlete?. Both our subject
and Jones’ group had relatively modest V’O:max by elite endurance standards (73.5 vs. 71.0
+ 5.7 mL-kg-min"). Similar values between the subject and the group are also seen for
velocities at LT1 and LT2 (18.3 vs. 18.9 £ 0.4 km-h™! and 20.3 vs. 20.2 0.6 km-h™!). The
athlete in this study demonstrated greatest difference to the group studied above in
running economy sub-maximally and at 21 km-h™' (193 vs. 189 + 14 mL kg'-km™' and
199 vs. 188 £ 20 mL-kg'-km™'). The training data provided by this case study
demonstrates an insight into how this physiological profile seen may be attained. Further
work, which relates elite performance to observed physiological profiles may allow for
training to be informed more and more by physiological parameters in athletes such as

these-to allow for more precise prescription and analysis of training.

This work has highlighted the fact that elite performance does not require exceptional
physiological characteristics across all of the 3 mentioned above. What Jones ef al’ testing
also showed is that the best athletes in the group were able to maintain approximately
96% of LT2 for marathon distance with very consistent running economies at increasing
paces, an exceptional fractional utilisation of oxygen. Interestingly, the athlete in this case
study displayed a similar metabolic profile to runners competing at significantly longer
distances, with a difference in running economy noted. Whether this is common to world-

class runners of shorter distances remains to be shown. It would also be useful in future
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work to include parameters such as maximal sprint speed, power, and reactive strength,
to provide further clarity to profiles compatible with world-class performance at different

distances.

As mentioned earlier, recent work has pointed towards a polarised approach being the
most effective way of improving endurance performance’’. The results of this study are
at odds with this. However, this may be explained by a number of considerations. Firstly,
we have focused solely on running-the weight bearing nature of running and technical,
biomechanical and neuromuscular considerations associated with this may differentiate
it from other sports. Secondly this athlete demonstrated a polarised training block for 6
weeks leading into competition. It seems to be the result of increasing specificity of
training around paces relative to target performance in this athlete-per the coaches express
intention. Indeed, some other studies have found this specific periodisation trend in elite
distance runners, involving a switch from a more pyramidal TID during the preparatory
and competitive periods to a more polarised TID during the competitive period®’.
Recognition of such patterns may be important. It would seem that success in endurance
sport is the result of years of consistent training which includes high volumes easy

running and continuous threshold run?*3°

. Therefore, studies that have identified a
specific response to a training intervention, without considering prior training, may be
flawed. Longer term studies observing physiological fluctuation, tracked against

performance fluctuation, may provide further value.
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D

GENERAL DISCUSSION

‘The aim of argument, or discussion, should not be victory, but
progress.’

Joseph Joubert
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5 General Discussion

5.1  General Concepts

The observations above are likely not unexpected to many people. However, as
mentioned already, this thesis was inspired by the fact that scientific research was
directing us down a path already trodden in the 90’s, whereby volume and moderate
intensity were forsaken for higher intensity focused training. Admittedly, personal bias
was a motivator, but certainly what is presented above is food for thought. It is not,
however, the first-time race pace has been examined as a potential training intensity zone
delineator. Mufioz and Seiler*® investigated whether race pace represented a better option
than traditional physiological based zones for peaking for performance. They noted
similar outcomes in 10 km performance over their 6-week study, but with slightly
different physiological adaptations between the 2 methods. Tonnessen et al’? noted a
tendency toward specificity in the peaking phase of Olympic gold medalists in cross-
country skiing, both in terms of mode of training and the intensity of training. So, these
2 studies seem to be an example in the literature of acknowledgment of the tendency

towards race pace or intensity as a practical factor in training design.

More overtly Jack Daniels wrote a training book®?, in which a large portion of the book
is dedicated to linking race performance to training-although zones are not created, rather
training paces. This is done through the creation of a concept called VDOT. This concept
assigns a value to a race performance and builds the training paces from this value.

Linking this to physiology is explained as follows:

“VVO-max reflects the runners’ economy and VOizmax and will be the same for all
individuals of equal race ability-although one runner might accomplish his or her
vVO:max with great economy and a relatively meagre VOimax and another runner with

’

not-so-great economy and a high VOimax’
There are some assumptions underpinning this statement which are absolute in their

attitude to physiology. For example, while vVO,max is a factor in endurance running

performance’ the assumption that a race performance can be used to state that people with
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similar performances will therefore have similar vVO,max is not corroborated by any
evidence, and so the basis for the tables is somewhat flawed. Nevertheless, these tables

based on this assumption remain popular with coaches and athletes still.

So, we continue to go round in circles with this problem. Race performance seems to have
an effect on programming, but an attempt to frame this above by Daniels in physiological
terms is flawed. The complexity of the physiological response to endurance exercise may
have a bearing on this. In a recent study®* David Poole, along with (amongst others), one
of the giants in exercise physiology in George Brooks, provided a review of the concept
of anaerobic or lactate threshold. The authors of this paper prefer to delineate training
intensity zones using the concept of critical speed or power, rather than thresholds based
on lactate or ventilatory measure. The rationale is that critical speed or power represents
a metabolic steady state, at which the body is maintaining a homeostasis of sorts. Their
view that the precise mechanisms underpinning this are complex and changeable, likely
give weight to the notion of an external guide, such as power or velocity, for training. The
use of for example, the lactate or anaerobic threshold, to calculate zones, can be widely
affected by the method used to calculate such a threshold mathematically-which has been
shown to demonstrate significant variability, depending on the method used®>. A concept
which has attempted to link this complexity with external variables such as speed or

power is critical speed or power.
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5.2 Critical Speed

Critical speed, or power, is a concept first developed in the 1960s by Monod and
Scherrer. It recognizes a curvilinear relationship between running speed or power and
duration of exercise. Mathematically, there exists a point at which running speed or power
can be maintained indefinitely-this is known as the critical speed/power, and represents
an ability to achieve a metabolic steady state’’. Jones, Burnley and Vanhatalo have
published extensively recently on this topic®?8-103 It is said to represent the threshold

between heavy and severe exercise intensity’® (Figure 6 adapted from Burnley and Jones).
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Figure 6. Graphical representation of Critical Speed/Power. Burnley and Jones®®

Poole’s study above®, while questioning the concept of a lactate, or anaerobic threshold,
suggest that the first rise in lactate during progressive exercise-traditionally described as
the lactate threshold, may represent the separation of moderate from heavy exercise-as
depicted in Fig 6. The other papers cited demonstrate that critical speed represents an
intensity that is sustainable for approximately 30-40 minutes, and has been found to occur
at intensities between 70 and 90% of VOamax'%*. It is not without its criticisms as a concept,

105,106 “and a number

however. The manner in which it is calculated can lead to variance
of different approaches exist by which a critical speed/power profile can be calculated,
ranging from multiple trials to exhaustion over varying durations to a single trial estimate

107.108 * A recent paper by lannetta et al'®® attempted to reconcile the calculation of critical
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power and maximal lactate steady state, and to compare them to a maximal metabolic
steady state. Although only one paper, it further highlights the fact that there are still
methodological debates about these “thresholds” or points which are not present when

considering race pace.

On the other hand, critical speed/power frameworks have recently been successfully used
in the literature to analyse elite endurance events/performances!'’. In this paper Kirby et
al analysed the 5000m and 10000m men’s races at the 2017 World Championships. Using
regression of the PB’s over different distances of the athletes in the race they calculated
the critical speeds of the athletes, and their D’ (or finite amount work achievable above
the critical speed), and were able to predict accurately finishing positions of the athletes,
through a dynamic analysis based on lap by lap splits, considering the pace and activity

in the race.

Pettitt'!! examined the potential use of critical speed in interval training prescription and
in development of race strategy. A method of prescribing training to evoke similar
metabolic responses by varying either duration or speed, based on critical speed and D’
was described. This move towards describing training as simply provoking “similar
metabolic responses” seems to represent a move away from the notion of training for

specific physiological characteristics such as V'Oaxmax/threshold etc.

More recently the “Critical Speed/Power” concept has been the subject of debate for a
number of reasons.'!>!3 These include methodological but also include theoretical
foundational reasons such as the possibility of exercise for an “indefinite duration”.
Notwithstanding this debate the concept is an attempt to integrate physiology with

performance factors, and warrants mention in this thesis.

116



5.3 Other Perspectives on a Race-Pace vs. Physiological approach to Training

Critical speed, or power is an alternative approach to the 2 which form the basis of this
thesis, i.e. physiological vs race-pace driven training, and may represent a method to link
physiology to performance satisfactorily, albeit with some outstanding methodological
questions. There are also other published opinions and approaches to address this

problem, as well as support and criticism for the use of race-pace as a guide to training.

In a superb recent interventional study Filipas et al''* studied a group of well-trained
endurance runners over 16 weeks, creating 4 groups. They alternated the training intensity
distribution in 2 groups, switching from a pyramidal to polarised TID after 8 weeks, and
vice versa in another group. In 2 more groups they maintained polarised or pyramidal
training throughout the 16 weeks. Training load was kept constant in all groups. The
group which changed from a pyramidal to a polarised distribution had larger improvement
in Skm time-trial performance than the other 3 groups. The authors noted that this
reflected practice in elite endurance running, and this is consistent with the papers we
have presented above. The authors of this paper used physiologically delineated zones,
but the switch from pyramidal to polarised reflects common practice of working closer to

race-pace later in a cycle.

As we have discussed above, whether this type of practice is more suited to running than
other types of endurance sport for a number of reasons, including consistency of terrain
(i.e. track/road) remains to be seen. A recent example,'”® in kayaking, however, points
out some issues. They noted differences in training intensity quantification, depending on
the method used, as we have discussed*. They noted a very low inter-individual difference
for intensity quantification using race-pace. This was largely attributed to the fact that
zone 2 via race-pace approach had a wider speed range than other methods. This agrees
with our findings, and they point out, makes questionable the assertion that race pace
approach is favourable. What should be noted is that the markers for zone delineation in
our work have been arbitrarily selected up to this point. In the future, more selective
reasoning for the creation of zones by this approach would be preferred. Secondly, if as
is argued above by Poole et al’*, the concept of lactate or anaerobic thresholds are

incorrect then the physiological basis for zone creation is undermined. It may well be
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argued, at that point, that actually training for performance reflects a task-specific
process, and that the intensity distribution represents preparation, physically but also in

other ways, for the task at hand. This will be discussed further later.

Macro 1. Identify athlete subgroup with locomotor profile

Locomotor
Profile Speed Profile Hybrid Profile Endurance Profile

2.Select training model for each subgroup

Sub-Maximal _
Training
Preference Interval Training and Blend of both Continuous training
Varied pace (e.g fartlek)
High Intensity Short Interval Blend of both Long Interval
Interval Training
(HIIT) Preference 3 Individualise prescription and recovery from different stimulus

a) Considering stimulus prescription for different locomotor profile
dominance
b) Overall acute and chronic loading patterns. Endurance profile can typically
Micro do more, more often without overtraining than speed profile.
¢) Prescription of HIIT as % ASR

Figure 7. A practical three-step process for applying the ASR/APR construct across macro and micro
training planning perspectives for a squad of diverse athlete profiles. APR anaerobic power reserve, ASR
anaerobic speed reserve, HIIT high-intensity interval training. Reproduced from Sandford et al''®

In recent years Gareth Sandford has been a proponent of the use of Anaerobic Speed
Reserve?+116-118 (ASR) to inform the training methods of endurance athletes. He has more
specifically published on middle distance athletes®*. In essence the ASR represents the
difference between maximal sprinting speed and maximal aerobic speed, or vVOomax.
He recommends the profiling of athletes using these landmarks, thus allowing the rough
classification of athletes as fast vs. endurance-based athletes along a continuum, in terms
of the driver of performance. This can then guide training prescription, as it is felt that
the use of ASR can allow for the consideration of other factors, such as force expression,
psychological comfort/discomfort. Figure 7, reproduced below demonstrates this. The

factors which limit maximal sprinting speed are not purely physiological (running
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technique/force expression) so it does represent a more comprehensive way reconcile

physiological factors with performance factors.

Our work has focused on athletes who tend to sit more towards the endurance
profile/hybrid profile of the locomotor continuum. Thus, it is felt that at the very least,
the use of race pace methods to inform training at this end may be useful. Athletes who
race over 5000m and above are operating below vVOrmax, and recent work® has
suggested that successful athletes at these types of distances display very favourable
fractional utilization of VOymax. It is not clear how ASR can allow detailed prescription
for training intensities in these zones. Esfarjani and Laursen® demonstrated that race
performance at 3000m can be improved more significantly over 10 weeks by higher
intensity training, but since 3000m pace is often considered to approximate vVO,max in

runners2’-'1? this is not at odds with our contention'!®

Our work has focused exclusively on endurance running, and there are some examples
from other endurance sports which may offer different results/perspectives. We have
argued that running is unique because generally track and road allow for consistency of
terrain, and events are usually scheduled at times which facilitate consistency of climate
conditions e.g. spring/autumn marathon seasons. We should, however, consider these
alternatives. Ronnestad et al'?° showed that elite cyclists 20-minute mean power output
responded better to short intervals at 94% of the maximal power output that longer
intervals at 79% of max power output. The study was 3 weeks in duration, and this is a
point which we will return to later, and which is acknowledged in the Filipas paper
above''*. Endurance performance, globally, is characterised by many years of training at

19121122 55 the short-term studies we see do not reflect the evolution of

high volume
adaptations over the career of an endurance athlete. Filipas’ paper is one of the first in
runners to extend the period studied, and also to change the intensity distribution over
time. Sylta'?® took a similar approach in cyclists over 12 weeks but found no difference
between groups when training load was balanced across groups. The protocols were not

the same, but nonetheless it is interesting to note a difference between sports

In triathlon, over the half-ironman distance!?*, zone 2 training was related to better

performance in recreational athletes in a study by Selles Perez et al. Conversely,
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Muioz'?’ study of 9 recreational triathletes demonstrated that the athletes, however,
showed poorer outcomes when longer time was spent in training in zone 2 (measured by
heart rate). Both ironman and half-ironman distances are performed mostly in zone 2!,
In another long-distance endurance event-the Race Across America, retrospective
analysis of the training of a 2"¢ place finisher also demonstrated that zone 2 training led

to only moderate improvements in physiological variables'?S.

It seems, thus, that no absolute best approach to training for performance is evident in the
literature. What, then, if we focus on performance itself? This seems logical-if we know
what is required for performance then the specifics of training can then be considered,

whether physiologically, objectively, psychologically etc.
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5.4 Endurance Performance Considerations

Since agreement has not been reached on what represents the best way to train for
endurance sports it seems appropriate to start to examine endurance performance
considerations, and as we are interested mostly in running performance, with a paper that
studied the athletes involved in the sub 2-hour marathon performance?. This was a barrier
considered to be theoretically possible!?” by Joyner in 2011, and as global marathon
performances crept closer to it, Nike decided to make an attempt at it using some of the
best athletes in the world as pacemakers. Jones et al presented physiological data on the
athletes in question. As will be discussed in section 6.3 below fractional utilization of
VO, was the characteristic noted as most impressive among the group. The summary of
factors involved in performance were eloquently described by Joyner and Coyle in a
topical review piece in 2008!2%, Figure 8 summarises the determinants of performance

and allows for ready visualization of how endurance performance is achieved.

Performance Velocity or Power

A
"ol N

Performance VO, Performance Gross Mechanical
(aerobic) + O,deficit (anaerobic) Efficiency
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Threshold Buffering
V02 Capacity
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Muscle Stroke Max Hemo- Aerobic Distribution % Slow Anthro-
Capillary Heart globin Enzyme of Power Twitch pometry
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Figure 8. The physiological factors that determine performance speed according to Joyner and Coyle?*.
Overall schematic of the multiple physiological factors that interact as determinants of performance
velocity or power output.

121



Joyner, in a classic paper from 1991'?° predicted a best theoretical time of 1:57:58 for the
marathon distance, using V'Ozmax, lactate threshold and running economy as inputs to his
model. The values for these variables used in the paper were similar to the values reported
by Jones above. So, it seems that it is reasonable to create a physiological profile in this
way to model potential performance for an athlete, and that there will be bandwidths for
these variables, as well as interactions between them, which will predict running
performance. If it is possible to profile in this way-linking physiology to actual race
performance, then training which affects any single variable with the interactions and
bandwidths in mind can be guided by physiology or other means, as long as systematic

monitoring is in place.

Aside from the physiological component of endurance running performance, there have
been studies which have examined the pacing characteristics of world record
performances'?%132, Billat et a/'** examined the men’s and women’s marathon world
records comparing them to critical speed. They found that the men’s’ world record was
achieved at 94.7% of CS, while the women’s was achieved at 96.1% of CS. The men’s

world record was also achieved using a negative split. Diaz et a/'*

noted that this negative
pacing approach was a more recent phenomenon when they examined the evolution of
the men’s marathon record over 50 years. This occurrence has led to the emergence of a
new concept, which Jones notes in the paper cited above®: durability. This concept
focusses on the ability to maintain behaviour of physiological variables over time and
was discussed in a paper by Maunders, Seiler, Mildenhall, Kilding and Plews'3?. They
explain that the “attributes measured during routine physiological profiling are not static,
but change over time during prolonged exercise”. Logic suggests that training which
focusses on the improvement of physiological variables in isolation may not be capable

of accounting for this phenomenon. A recent paper in cycling!3*

showed that higher level
riders in a grand tour could be identified by their durability, measured by ability to
maintain mean power under fatigued conditions, and the pattern noted above in marathon
performance suggests that athletes are performing better under fatigued conditions,
because the physiological values noted by Jones do not differ significantly from those

used by Joyner in his 1991 paper.
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5.5 Big Data and Mathematical Modelling

Joyner’s 1991 paper represented an attempt to calculate a theoretical limit to marathon
performance based on what was known about the physiology of elite performers.
Nowadays, there is an abundance of data collected by millions of endurance athletes daily
globally, thanks to the advent of wearable technology. Heart rate, speed, power data can
be easily accessed via websites such as Strava, Garmin Connect or Training Peaks. A
recent trend towards simple analysis of individual datasets has been made possible, and
allows for independent analysis of relevant factors to performance, without considering
physiological profiling. Boullosa et al'*® discussed such predictions in their paper
discussing factors affecting training and physical performance. They noted that use of
such datasets is limited in their ability to provide training solutions because of the lack of

relation to physiological parameters.

Bosquet et al'*% validated a simple Nomogram, first developed by Mercier!3” in the 1980s,
which linked VOamax to race performance. They were able to validate the nomogram for
interpolated predictions, once 2 other race performances were known. Some of the
authors from the 2 papers above were also involved in a paper!3® which predicted one-
hour running performance from 3 shorter constant duration trials. The models could rank
positions of athletes but could not accurately predict a performance. Ingham et a/'*® used
allometric modelling to try to assign weight to the determinants of performance over
800m and 1500m. They were successfully able to identify /Oamax and running economy
as the 2 most relevant factors, and also developed an equation which allowed them to

estimate the required change in a variable to improve performance.

Other attempts to use the new access to data have yielded results which more corroborate

what is seen in the literature already. Zrenner'4°

et al analysed the training of 6771
marathon finishers via an app. They identified training volume as being an identifier of

better performance.
In examining this area of performance prediction, it becomes clear that divorcing

physiological context from performance limits the value of the information. Alvero-Cruz

et al'*' reviewed 58 studies which attempted to identify determinants of running
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performance, or predict performance. They identified 136 independent variables
associated with performance in long-distance running. These variables related to
derivations of the evaluation of aerobic metabolism, training load, and anthropometric
characteristics. Clearly a lack of context when dealing with such a number of variables

would lead to confusion.

124



6

LIMITATIONS & FUTURE
RESEARCH

‘You should never be ashamed to admit you have been wrong. It

only proves you are wiser today than yesterday.’

Jonathan Swift
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6 Limitations and Future Research

6.1 Limitations

Our work, and indeed the work that has followed on from it has its limitations:

. We have obviously focussed on descriptive, observational research to
make a point about the direction advice on endurance sports was headed. These
types of studies, however, do not provide prospective solutions, and therefore
provide limited valuable new take-home advice for coaches despite what has just
been described. In some ways it confirms practice.

. The results seen in our papers may not present information that many
people feel they did not know already. However I believe that we have reignited

this topic academically.

6.2 Future research

Future work, based on what has been presented above could focus on the following:

. Systematic profiling involving traditional physiological variables, race
performance and training characteristics. This may allow for an individualised approach
to preparation for performance which is feedback and feedforward driven, and can create
bandwidths relating physiological profile to performance. This may include minimum
individual physiological levels of endurance determinants which “allow” a specific

performance, and how changes to the other determinants influence performance.

. Given that there are models now being proposed above in a number of
studies' 4142143 which suggest bases for creating a yearly training plan, based on analysis
of the training of the worlds’ best and integration of known physiological requirements
for endurance performance, it seems contrarian to suggest a different approach. However,
the collection of masses of data, both internal and external, and related to each other, on

an individual basis, due to wearable technology, may offer a golden opportunity to
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develop really intelligent analysis for individuals to allow them to understand what works

for them, and to adjust training accordingly.

. Effect of specificity of intensity on factors related to specific race performance.
An example might be the effect of zone 2 training on “durability”, and subsequent

marathon performance.

. Effect of specificity of intensity on psychological factors. For example, does
training close to specific paces reduce the perceived effort of those paces, independent of

physiological response.
. A prospective study, along the lines of design of Filipas’ paper, but over a longer

period, along with regular testing and performance checkpoints seems the most logical

way to shed more light.
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7

CONCLUSIONS

‘Let the views of others educate and inform you, but let your
decisions be a product of your own conclusions’

Jim Rohn
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7. Conclusions

7.1 Initial Conclusions

Even after analysing endurance running performance and training as we have above, it
remains clear that nothing is clear when it comes to this topic. If we regress to a most
basic level and consider the concept of performance and preparation for performance
from an evolutionary perspective there is some interesting work. Boullosa et al'** pose
the question do Olympic athletes train as in the paleolithic era? Our ancestors from this
period were resting or performing low intensity aerobic activity for long periods of time.
This was then interspersed with bouts of intense physical activity; hunting and killing,
followed by carrying any prize. Therefore, our evolution and adaptation to physical
activity needed to reflect this. The authors note the need for specificity and
individualisation, dependent on task demands but within this broad framework of a

polarised approach.

Bourgois et al'® further developed this concept. They noted that it was too simplistic to
consider the polarised intensity of the hunter-gatherer and extrapolate to it being relevant
to today. The volume of zone 2 and zone 3 equivalent intensities performed by our
ancestors was much smaller than training volumes performed by elite athletes today, and
energy intake and patterns are very different nowadays. They went on to consider that
different TIDs may be appropriate and that there are a variety of determinants which

contribute to the correct selection (Figure 9).
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Figure 9. Models of TID and overview of the variety of evidence-based (
determinants for a POL or PYR TID in elite athletes. Bourgois et al'*

) and influencing (- - - -)

We repeatedly see that successful endurance athletes perform large volumes of

training.!%1°

We also see that the accumulation of years of training leads to better performance'?!-122,
The precise detail of intensity distribution, while what is being debated, has also been
shown to be variable when retrospective analysis has occurred. More recently the
involvement of psychological factors has been studied increasingly. A systematic
review'# studied the effects of mental fatigue on physical performance. Increased
perceived exertion was associated with decline in endurance performance, as measured
by decreased time to exhaustion and self-selected power output/velocity. This was despite
no effect on physiological variables associated with endurance performance or maximal
performance. Duration and intensity of task were contributors to this higher perceived

exertion. Delving deeper into this topic provides information from a very recent paper'*’
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on desire-goal motivational dynamics. Put simply, during an incremental test to
exhaustion the desire to reduce effort increased, with notable shifts upwards after both
lactate thresholds. So, the traditional delineators of exercise domains were also

delineators of altered desire to continue to perform.

This thesis began with an underlying goal to save zone 2 or threshold training. It
represents a part of many elite runners training programme, and is a personal bias, because
my own performance was positively affected by using threshold training. The
physiological literature had been pushing away from using zone 2, as described above.
However, as has been presented it remains a part of elite and recreational endurance
training. While no concrete evidence can be provided by this thesis as to its specific
physiological benefit over, for example, higher intensity training, a number of reasons for

its potential effects have been proposed above.

2 recent reviews have elaborated on the observations and proposals we have forwarded.

Haugen et al very recently published a review article in Sports Medicine!#?

. The paper
cited the work from this thesis heavily, and described an approach to training which
incorporates race-pace or external load, as “Results-Proven Practice”. They review
training from over 50 different athletes, available online and in books, and conclude that
the volume of race-pace training increases the closer athletes get to competition, against
a background of high volumes of easy running. They propose a 7-zone intensity scale for
long-distance runners, which incorporates race-pace and physiological landmarks (heart
rate, blood lactate etc.). They describe a seasonal pattern for both track and road distance
runners, and relate physiology to race-specific considerations.

Casado et al'®?

also reviewed this topic. They subdivided the analysis by distance-
separating middle distance from long distance, and observed that in the elite athletes’
training they were able to analyse from the literature it seemed that most followed a
pyramidal physiological distribution for at least the early phases of seasonal training, with
middle distance athletes shifting to a polarised physiological distribution closer to

competition, exactly what we observed in our group above.
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The authors of these articles have been able to make recommendations for endurance
runners, therefore, based on the findings, contributing practically to the narrowing of the
gap between science and practice. These recommendations have included running high
volumes of training in zone 1, adopting a pyramidal approach to TID planning in at least
the early parts of the season for all, and shifting to a polarised approach (physiologically)
for middle distance athletes, while maintaining a pyramidal TID for longer distance
athletes closer to competition/performance. This can also be described as becoming more

task specific in later phases of training- spending more time at paces close to the target.

We would like to propose that our work in recent years has reopened discussion around
this topic, and has, in part, influenced the development and creation of some of the recent

studies described above 23,61,64,114,115,135,142,148,149
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7.2 Conclusiones

Incluso después de analizar el rendimiento y el entrenamiento de la carrera de resistencia
como hemos hecho anteriormente, queda claro que nada esta claro en lo que respecta a
este tema. Si retrocedemos al nivel mas basico y consideramos el concepto de
interpretacion y preparacion para la interpretacion desde una perspectiva evolutiva, hay

un trabajo interesante. Boullosa et al'*!

plantean la pregunta ;los atletas olimpicos
entrenan como en la era paleolitica? Nuestros antepasados de esta época descansaban o
realizaban actividad aerobica de baja intensidad durante largos periodos de tiempo. Esto
luego se intercalaba con episodios de intensa actividad fisica; cazar y matar, seguido de
llevar cualquier premio. Por lo tanto, nuestra evolucion y adaptacion a la actividad fisica
necesitaba reflejar esto. Los autores senalan la necesidad de especificidad e
individualizacion, dependiendo de las demandas de la tarea, pero dentro de este amplio
marco de un enfoque polarizado.

Bourgois et al'¥?

desarrollaron ain mas este concepto. Sefalaron que era demasiado
simplista considerar la intensidad polarizada del cazador-recolector y extrapolarlo a su
relevancia actual. El volumen de las intensidades equivalentes de la Zona 2 y la Zona 3
realizadas por nuestros antepasados era mucho menor que los volumenes de
entrenamiento realizados por los atletas de ¢€lite en la actualidad, y la ingesta de energia
y los patrones son muy diferentes hoy en dia. Continuaron considerando que diferentes
TID pueden ser apropiados y que hay una variedad de determinantes que contribuyen a

la seleccion correcta (Figura 9).
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Figura 9. Modelos de TID y descripcion general de la variedad de determinantes basados en evidencia (—

—) e influyentes (- - - -) para un POL o PYR TID en atletas de élite. Bourgois et al'4’

Vemos repetidamente que los atletas de resistencia exitosos realizan grandes volumenes

de entrenamiento.!%:1°

Vemos también que la acumulacion de anos de formacion conduce a un mejor
rendimiento!'®!1°, El detalle preciso de la distribucion de la intensidad, si bien es lo que
se debate, también se ha demostrado que es variable cuando se ha producido un analisis
retrospectivo. Mdés recientemente, la participacion de factores psicologicos se ha

estudiado cada vez mas. Una revision sistematica'4

estudio los efectos de la fatiga mental
en el rendimiento fisico. El aumento del esfuerzo percibido se asocio con la disminuciéon
del rendimiento de resistencia, medido por la disminucion del tiempo hasta el
agotamiento y la produccion de potencia/velocidad autoseleccionadas. Esto fue a pesar
de que no hubo efecto sobre las variables fisiologicas asociadas con el rendimiento de

resistencia o el rendimiento méximo. La duracién y la intensidad de la tarea contribuyeron

a este mayor esfuerzo percibido. Profundizar en este tema proporciona informacion de un
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articulo muy reciente'**

sobre la dinamica motivacional deseo-meta. En pocas palabras,
durante una prueba incremental hasta el agotamiento aument6 el deseo de reducir el
esfuerzo, con cambios notables hacia arriba después de ambos umbrales de lactato.
Entonces, los delineadores tradicionales de los dominios de ejercicio también fueron

delineadores del deseo alterado de continuar realizando.

Esta tesis comenzo con el objetivo subyacente de salvar la Zona 2 o el entrenamiento de
umbral. Representa una parte del programa de entrenamiento de muchos corredores de
¢lite y es un sesgo personal, porque mi propio rendimiento se vio afectado positivamente
al usar el entrenamiento de umbral. La literatura fisioldgica se habia alejado del uso de la
Zona 2, como se describe anteriormente. Sin embargo, como se ha presentado, sigue
siendo parte del entrenamiento de resistencia recreativo y de élite. Si bien esta tesis no
puede proporcionar evidencia concreta en cuanto a su beneficio fisiologico especifico
sobre, por ejemplo, el entrenamiento de mayor intensidad, anteriormente se han propuesto

varias razones para sus efectos potenciales.

2 revisiones recientes han desarrollado las observaciones y propuestas que hemos
sugerido. Haugen et al publicaron muy recientemente un articulo de revision en Sports
Medicine'*°. El documento cité en gran medida el trabajo de esta tesis y describié un
enfoque de entrenamiento que incorpora el ritmo de carrera o la carga externa, como
"Practica comprobada por resultados". Revisan el entrenamiento de mas de 50 atletas
diferentes, disponibles en linea y en libros, y concluyen que el volumen de entrenamiento
a ritmo de carrera aumenta a medida que los atletas se acercan a la competencia, en un
contexto de grandes volumenes de carrera facil. Proponen una escala de intensidad de 7
zonas para corredores de larga distancia, que incorpora puntos de referencia fisiologicos
y de ritmo de carrera (frecuencia cardiaca, lactato en sangre, etc.). Describen un patron
estacional para los corredores de larga distancia tanto en pista como en carretera, y

relacionan la fisiologia con consideraciones especificas de la carrera.

Casado et al'*’ también revisaron este tema. Subdividieron el andlisis por distancia,
separando la distancia media de la distancia larga, y observaron que en el entrenamiento
de los atletas de ¢lite que pudieron analizar de la literatura parecia que la mayoria seguia

una distribucion fisiologica piramidal durante al menos las primeras fases del
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entrenamiento estacional. con atletas de media distancia cambiando a una distribucion
fisiologica polarizada mas cercana a la competencia, exactamente lo que observamos en

nuestro grupo anterior.

Los autores de estos articulos han podido hacer recomendaciones para los corredores de
resistencia, por lo tanto, en base a los hallazgos, han contribuido practicamente a reducir
la brecha entre la ciencia y la practica. Estas recomendaciones han incluido realizar
grandes volumenes de entrenamiento en la Zona 1, adoptar un enfoque piramidal para la
planificacion de TID en al menos las primeras partes de la temporada para todos, y
cambiar a un enfoque polarizado (fisiolégicamente) para atletas de media distancia,
manteniendo un enfoque piramidal. TID para atletas de larga distancia mas cerca de la
competencia/rendimiento. Esto también se puede describir como una tarea mas especifica
en las fases posteriores del entrenamiento, pasando maés tiempo a ritmos cercanos al

objetivo.

Nos gustaria proponer que nuestro trabajo en los ultimos afios ha reabierto la discusion
en torno a este tema y, en parte, ha influido en el desarrollo y la creacion de algunos de

los estudios recientes descritos anteriormente,3-01-64:111.112,132,139.145.146
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7.3 Final Conclusions

In commencing this thesis I aimed to try to better understand my perception of a gap
between advice from sports scientists regarding training prescription, and the reality of
what was going on at the elite level of endurance running. I entered into the research with
my eyes wide open to my own biases. I favoured the use of threshold and race-pace
sessions and noted that many of the worlds’ best coaches used race paces as a reference
for training sessions. But a building body of evidence suggested that polarised type

training was best for endurance sport. So how could this circle be squared logically.

The notion of using race-pace as a reference point seemed a starting point as this is what
my bias was based on, and making an assumption that the training of elite athletes was
somewhat optimised through years of trial and error, the research plan was built. With
the intention of suggesting that perhaps this training wasn’t optimised And what can we

conclude from the work we did?

Conclusion 1: Elite runners run a lot, and 80-90% of their training is zone 1

(physiologically or race-pace). This is not new.

Conclusion 2: There is conflicting evidence on the optimal TID based on physiological
parameters, but both polarised and pyramidal types are employed. Most interventional
studies are based on relatively short periods of time, and endurance performance is built
over much longer periods. More recently the use of a pyramidal distribution, followed by

polarised closer to target performance was tested interventionally and was successful.

Conclusion 3: When using race-pace as a reference point it becomes clear that training
prescription, in some way, takes this into account. There is a consistent organisation of
training in the group we studied whereby regardless of race distance, volumes of training

at paces relative to race pace are pretty consistent.
Of course there are limitations to this approach. It is clear that the zone creation for race-

pace based analysis was arbitrary and imperfect, and the historical physiological

determinants of endurance capacity are well established and are also very consistent, but
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nonetheless it is proposed that a strong case for the use of “results-driven” training

prescription exists.

Conclusion 4: There are likely base levels for the physiological determinants which
“allow” particular bandwidths of performance. How well an athlete then performs within
the bandwidth then likely depends on the interaction between determinants, and how

much an athlete depends on a particular characteristic to support their performance.

Conclusion 5: The emergence of the concept of durability is something which may help
to further elucidate important individual performance determinants. Submaximal tests
which look at physiological responses to fixed workloads may be more palatable to many
coaches than regular tests beyond vLT2 and stability/instability of certain characteristic

strengths and weaknesses may help link physiology to performance.

Conclusion 6: Currently physiological testing seems to be utilised infrequently amongst
many elite runners, and it is suggested that this is because systematic links are not being

made between training-induced physiological changes and performance changes.
Conclusion 7: The use of data from training apps such as Strava may become useful in

further developing this area of research as timestamped performance and physiological

data may co-exist on the same platform in high volume
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ADDENDUMS

‘If you work hard, follow what's required and set your priorities right,
then you can really perform without taking shortcuts.

If vou're taking shortcuts, you can't be free.’
» g »

Eliud Kipchoge
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BRIEF REVIEW

The Effect of Periodization and Training Intensity Distribution
on Middle- and Long-Distance Running Performance:
A Systematic Review

Mark Kenneally, Arturo Casado, and Jordan Santos-Concejero

This review aimed to examine the current evidence for 3 primary training intensity distribution types: (1) pyramidal training,
(2) polarized training, and (3) threshold training. Where possible, the training intensity zones relative to the goal race pace, rather
than physiological or subjective variables, were calculated. Three electronic databases (PubMed, Scopus, and Web of Science)
were searched in May 2017 for original research articles. After analysis of 493 resultant original articles, studies were included if
they met the following criteria: (1) Their participants were middle- or long-distance runners; (2) they analyzed training intensity
distribution in the form of observational reports, case studies, or interventions; (3) they were published in peer-reviewed journals;
and (4) they analyzed training programs with a duration of 4 wk or longer. Sixteen studies met the inclusion criteria, which
included 6 observational reports, 3 case studies, 6 interventions, and 1 review. According to the results of this analysis, pyramidal
and polarized training are more effective than threshold training, although the latest is used by some of the best marathon runners
in the world. Despite this apparent contradictory finding, this review presents evidence for the organization of training into zones
based on a percentage of goal race pace, which allows for different periodization types to be compatible. This approach requires
further development to assess whether specific percentages above and below race pace are key to inducing optimal changes.

Keywords: polarized training, pyramidal training, threshold training, race pace, training program

Endurance training involves manipulation of intensity, duration,
and frequency of training sessions.! The precise detail of this “manip-
ulation,” however, remains an area of debate across the literature.
To further guide understanding of this area, different training intensity
zones have been described, determined by either physiological factors
(ie, lactate threshold [LT], ventilatory threshold [VT], percentage
of the maximum oxygen uptake [%VO,max], percentage of the
maximum heart rate [%HRmax]) or subjective factors (ie, session
goal or session rate of perceived exertion [RPE-Borg scale]).?

Three training intensity zones of endurance athletes are most
commonly used in the literature!> and are considered similar
regardless of the method used to determine them. However, up to
7 intensity zones can be also used to describe the training intensity
distribution (TID).* Both TID and periodization of training volume
and intensity are traditionally considered to be important factors in the
design of a training program for endurance running performance.’

There appears to be a longstanding consensus in the literature
regarding factors that limit such performance, namely VO,max,°
VO,max,” LT,”® and running economy,® and on how these factors
could be improved by using different training intensity procedures.
However, a disparate number of TIDs are employed in practice.'°
Three primary TIDs are recognized in this review: (1) the traditional
pyramidal approach, in which decreasing volume of running is
performed in zones 1, 2, and 3, respectively. Typically'! this has
been described as comprising 80% in zone 1, with the remaining 20%
split between zones 2 and 3 decreasing sequentially; (2) polarized
training, in which relatively high volumes of training are performed in
zone 1 (~80%) and zone 3 (20%), with little or none in zone 2!!; and
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(3) threshold training, in which higher volumes (>20%) of running are
performed in zone 2 than other models.!! Previous research has
identified pyramidal training as the primary TID employed by
well-trained and elite endurance athletes, noting that “some world-
class athletes adopt a so-called ‘polarized’ TID during certain phases
of the season.”

This observation has been supported by an observational
review!? detailing the training of international-level-distance run-
ners, which notes the emphasis on relatively high volume-low
intensity in the training of athletes specializing in distances from
1500 m to marathon. However, a training manual published by the
International Association of Athletics Federation based on the
work of Renato Canova (the coach of some of the fastest Kenyan
marathon runners in recent times, including world record holders)
has demonstrated a tendency toward a threshold-oriented TID.!3
Seiler and Tonnessen! argue the case for an 80:20 distribution ratio
between high- and low-intensity work based on observational
reports describing the training of elite endurance athletes. These
authors recognize both pyramidal and polarized models of TID as
being most common in these athletes.!

It is against this apparently contradictory background that this
review intends to examine the current literature specifically for
endurance running, and subsequently to analyze the available data,
where possible, by determining intensity zones relative to the goal
race pace in different distances, rather than physiological or
subjective variables.

Methods

Experimental Approach to the Problem

A literature search was conducted on May 6, 2017, and the fol-
lowing databases were searched: PubMed, Scopus, and Web of



Science. Databases were searched from inception up to May 2017,
with no language limitation. Citations from scientific conferences
were excluded.

Literature Search

In each database, the title, abstract, and keywords search fields
were searched. The following keywords, combined with Boolean
operators (AND, OR), were used: “training intensity distribution
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running,” “periodisation running,” “training intensity distribution
endurance,” “periodisation endurance,” “polarised training
running,” “pyramidal training running,” and “threshold training

running.” No additional filters or search limitations were used.

Inclusion Criteria

Studies were eligible for further analysis if the following inclusion
criteria were met: (1) participants were middle- or long-distance
runners (studies with triathletes or any other kind of athletes were
excluded); (2) studies analyzed TID and/or periodization in the
form of observational reports, case studies, or interventions;
(3) studies published in peer-reviewed journals; and (4) studies
analyzed training programs with a duration of 4 weeks or longer.

Two independent observers reviewed the studies and then
individually decided whether inclusion was appropriate. In the
event of a disagreement, a third observer was consulted to deter-
mine the inclusion of the study. A flowchart of the search strategy
and study selection is shown in Figure 1.

Quality Assessment

Oxford’s level of evidence!* and the physiotherapy evidence
database (PEDro) scale!> were used by 2 independent observers
to assess the methodological quality of the articles included in the
review. Oxford’s level of evidence ranges from la to 5, with la
being systematic reviews of high-quality randomized controlled
trials and 5 being the expert opinions. The PEDro scale consists of
11 different items related to scientific rigor. The items include
random allocation; concealment of allocation; comparability of
groups at baseline; blinding of subjects, researchers, and assessors;
analysis by intention to treat; and adequacy of follow-up. Items 2 to
11 can be rated with O or 1, so the highest rate in the PEDro scale is
10, and the lowest is 0. Zero points are awarded to a study that fails
to satisfy any of the included items and 10 points to a study that
satisfies all the included items.

Articles identified through
database searches
n=493

Citations received from
databases
PubMed: n=263
Scopus: n=107
Web of Science: n=123

y
Full-text articles after

removing duplicates
n=330

Full-text articles excluded

for not meeting the
Studies included in the inolusipmeritecias
review n=314
n=16
Figure 1 — Flowchart of search strategy and selection of articles.
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Statistical Analysis

All values are expressed as mean (SD). In studies with sufficient
data, TID determined by traditional physiological parameters was
compared with a race-pace-based TID using a Cohen’s d.!¢ Train-
ing zones for the race-pace approach were determined as follows:
zone 1, volume performed at <95% of goal race pace; zone 2,
volume performed between 95% and 105% of goal race pace; and
zone 3, volume performed at >105% of goal race pace. The
magnitude of differences or effect size (ES) of this comparison
was interpreted as small (>0.2 and <0.6), moderate (0.6 and <1.2),
large (=1.2 and <2.0), and very large (=2.0) according to the scale
proposed by Hopkins et al.!”

Results

Studies Selected

The search strategy yielded 493 total citations, presented in
Figure 1. After removing 163 duplicates and reviewing the resul-
tant 330 full-text articles, only 16 studies met the inclusion criteria.
Excluded studies had at least one of the following characteristics:
participants were not middle- or long-distance runners and inter-
vention/observation period lasted <4 weeks. The overall sample
included 6 observational reports, 3 case studies, and 6 interven-
tions. One review was also included (Table 1).

Level of Evidence and Quality of the Studies

Of the 16 included studies, 4 studies had a level of evidence 1c
(high-quality randomized controlled trial). The remaining 12 stud-
ies had a level of evidence 2c¢ or less as participants were not
randomly allocated into the intervention or control groups. Also,
the mean score in the PEDro scale was 3.75 (1.9), with values
ranging from 1 to 6 (Table 2).

Characteristics of the Participants

Participants were characterized as recreational or high-level ath-
letes, with delineation defined by whether the athletes competed
internationally. A summary of participants’ characteristics is pre-
sented in Table 1. The total number of participants was 215 (194
men and 21 women) with an age ranging from 17 to 51 years.

Evidence for a Pyramidal TID

Four interventional studies that support the use of a pyramidal TID
exist: Esteve-Lanao et al,?2 Clemente-Suarez and Gonzalez-
Rave,?® Manzi et al,>® and Clemente-Suarez et al.3! Similarly, 4
observational reports* 182123 and 2 case studies?®28 confirm the use
of pyramidal training in elite and well-trained runners.
Esteve-Lanao et al?>? examined the effect of decreasing volume
of training performed at threshold intensity on running perfor-
mance in 12 male subelite endurance runners while maintaining
equal volumes of high-intensity work between 2 groups (threshold
and pyramidal training groups; Figure 2). Running performance
was assessed by a simulated 10.4-km cross-country (XC) race
assessed before and after the 5-month intervention period. The
pyramidal group displayed a significantly better improvement in
performance than the threshold group. The TID in both threshold
(Figure 2A) and pyramidal groups (Figure 2B) was different from a
race-pace-based TID (Figure 2; ES>2.0, very large effect). It
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Table 1 Characteristics of the Studies and the Participants

Participants Study
Study N (M/F) Age, y Level Main outcome
Robinson et al'® 13 (13/0) 26.1 (4.7) Elite TID
Billat et al'® 20 (10/10) - Elite Physiology
Billat et al*° 20 (13/7) - Elite TID
Esteve-Lanao et al?! 8 (8/0) 23 (2) Well trained TID
Esteve-Lanao et al?? 20 (20/0) 27 (2) Well trained Race performance
Tjelta and Enoksen?? 4 (4/0) 17.8 (1) Elite TID and race performance
Enoksen et al* 6 (3/3) Not specified Elite TID and race performance
Stellingwerff2* 3 (3/0) 28.3 (2.3) Elite TID
Ingham et al?> 1 M) 26 Elite TID and race performance
Tjelta?® 1 M) 20-21 Elite TID and race performance
Stoggl and Sperlich!? 21 (not specified) 31 (6) Well trained Physiology
Mufioz et al?’ 30 (not specified) 34 (9) Recreational Race performance
Tjelta et al*® 1 (F) 25/26 Elite TID
Clemente-Suarez and Gonzalez-Rave?® 30 (30/0) 38.7 (9.8) Well trained Aerobic performance
Manzi et al*? 7 (7/0) 36.5 (3.8) Recreational TID and race performance
Clemente-Suarez et al3! 30 (30/0) 38.7 (9.8) Recreational Physiology and performance
Tjelta'? 56 (34/22) Not specified Elite TID

Abbreviations: M/F, male/female; TID, training intensity distribution.

Table 2 PEDro Ratings and Oxford Evidence Levels of the Included Studies

PEDro ratings

Study 1 2 3 4 5 6 7 8 9 10 11 Total Evidence level
Robinson et al'® No 0 0 0 0 0 0 1 0 0 0 1 4
Billat et al'® Yes 0 0 1 0 0 0 1 1 0 1 4 4
Billat et al>® Yes 0 0 1 0 0 0 1 1 1 1 5 4
Esteve-Lanao et al?? Yes 1 0 1 0 0 0 1 1 1 1 6 4
Tjelta and Enoksen?? No 0 0 0 0 0 0 0 1 1 0 2 4
Enoksen et al* No 0 0 1 0 0 0 0 0 0 0 1 4
Stellingwerff* No 0 0 1 0 0 0 0 0 1 1 3 4
Ingham et al®’ No 0 0 1 0 0 0 0 0 1 1 3 3b
Tjelta?® No 0 0 0 0 0 0 0 1 1 0 2 4
Stoggl and Sperlich!? Yes 1 0 1 0 0 0 1 1 1 1 6 lc
Muiioz et al?’ Yes 1 0 1 0 0 0 1 1 1 1 6 Ic
Tjelta et al?® No 0 0 0 0 0 0 0 1 1 0 2 4
Clemente-Suarez and Gonzalez-Rave®® Yes 1 0 1 0 0 0 1 1 1 1 6 Ic
Manzi et al*° Yes 0 0 1 0 0 0 1 1 1 1 5 2c
Clemente-Suarez et al3! Yes 1 0 1 0 0 0 1 1 1 1 6 Ic
Tjelta'? No 0 0 0 0 0 0 0 1 1 0 2 3a

Abbreviation: PEDro, Physiotherapy Evidence Database. Note: Items in the PEDro scale: 1 =eligibility criteria were specified; 2 = subjects were randomly allocated to
groups; 3 = allocation was concealed; 4 = the groups were similar at baseline regarding the most important prognostic indicators; 5 = blinding of all subjects; 6 = blinding of
all therapists who administered the therapy; 7 = blinding of all assessors who measured at least 1 key outcome; 8 = measures of 1 key outcome were obtained from 85% of
subjects initially allocated to groups; 9 = all subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was
not the case, data for at least 1 key outcome were analyzed by “intention to treat”’; 10 = the results of between-group statistical comparisons are reported for at least 1 key
outcome; 11 =the study provides both point measures and measures of variability for at least 1 key outcome.

should be noted that zone 3 can only be considered a subset of zone
2 in this analysis as details of the zone 3 training are not provided
but are equal between groups.

Clemente-Suarez and Gonzalez-Rave? examined the effect of
applying a pyramidal TID over a 4-week time period to 30

recreational athletes. One group (constant) maintained a constant
weekly training load in terms of volume and intensity, whereas
another group had an increasing proportion of higher intensity
work, week by week over the 4 weeks. The final group was free to
train as they wished. Total training volume for the 4 weeks was
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Figure 2 — Comparison of training intensity distribution between a

physiological and a race-pace-based approached in (A) threshold periodi-
zation and (B) pyramidal periodization groups. Data from Esteve-Lanao
et al.??

recorded by time (in minutes). The constant group completed 1051
(11) minutes, the increasing group completed 1105 (1.3) minutes,
and the free group completed 1512 (67.6) minutes. The stated goal
of the 4-week time period was to develop “aerobic endurance.” No
race distance or performance was specified, rather the changes were
measured via laboratory testing. No significant performance dif-
ferences existed between groups poststudy, although the groups did
exhibit different physiological changes over the 4 weeks. Clem-
ente-Suarez et al,3' using data from the previously mentioned
study, found that the group with increasing intensity over the 4
weeks had a significantly better running velocity at 8 mmol-L™" at
midcondition and postcondition. No time trial or race performance
data for the groups were provided, so it was not possible to examine
the TIDs in this method.

Manzi et al’® assessed the TID of 7 recreational marathon
runners in the preparation phase of a marathon training cycle.
Interestingly, when their training (which was pyramidal in nature
according to their baseline physiological testing) was assessed
against their eventual race pace, it appeared to be a polarized-
type TID (Figure 3; ES >2.0, very large effect).

Robinson et al'® analyzed 13 national ranked male New
Zealand distance runners’ training during the “build-up” phase
of their season and identified 2 training zones according to blood
lactate: above LT (4 mmol-L™") or below LT. Training during this
period was described as 96% below LT and 4% above LT.

Tjelta and Enoksen?3 described the training of a group of 4 top-
level male junior XC runners over the course of a season. Five
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Figure 3 — Comparison of training intensity distribution between a

physiological and a race-pace-based approach in a pyramidal periodiza-
tion group. Training zones for the physiological approach were described
as following: zone 1, <2 mmol-L™" of lactate; zone 2, between 2 and
4 mmol-L™" of lactate; zone 3, >4 mmol-L™" of lactate. Data from Manzi
et al.30

training zones based on HR and blood lactate were used to describe
the TID, and training was divided into 3 seasons: base, track, and
XC. The training in this study can be described as traditionally
pyramidal in distribution, with 78%, 81%, and 78% of the training
volume having been carried out in the low-intensity zone 1 in base,
track, and XC seasons, respectively. Race intensity for these
athletes across the whole season was zone 3 (10 km and 3 km),
with some zone 4 (1500 m) races during the track season. Training
intensification (training phases closer to competition) is character-
ized by an increase in the volume just below, up to, and over race
pace (zones 3 and 4). In this study, when TID was calculated
according to race pace, the volume of training performed above
race pace was similar to other studies using either pyramidal or
polarized methods.*29-28.30

Enoksen et al* analyzed 6 top international Norwegian mara-
thon and track distance runners’ training in a subsequent study.
Seven training zones were identified and used to determine the
TIDs. The marathon runners performed a relatively high proportion
of their training at zone 2 (equivalent of marathon pace) and zone 4
(10-km pace) in their base and precompetition phase with nothing
at zone 3 (half-marathon pace), and then in competition phase,
nothing at zone 4 and an increase in the volume at zone 3, whereas
maintaining a relatively high proportion at zone 2. The track
runners (who competed over 5 km) completed relatively high
volumes at zones 2 and 3 in all phases. However, the volume in
zone 3 dropped and zone 5 (3-km and 5-km race pace) increased in
the competition phase. They had minimal volume in zone 4 (10-km
pace) across all phases.

Esteve-Lanao et al?! described the training of 8 regional and
national class Spanish runners, using 3 intensity zones: up to VT,
between VT, and VT,, and above VT,, and similarly described a
pyramidal distribution (71% in zone 1, 21% in zone 2, and 8% in
zone 3).

Tjelta?® analyzed the training of the 2012 European 1500-m
champion over 4 years and noted a pyramidal distribution over the
time period, at all times of the season despite some variation
corresponding to the periodization of the athletes training. Five
intensity zones were described relative to blood lactate, %HRmax,
and intended physiological adaptation, and during all phases of
training, the maintenance of a relatively high volume in zone 2
(threshold training) was observed. This does reduce closer to the
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competitive season, but it still constitutes a larger proportion of
training than zones 3, 4, or 5 at all time points.

Similarly, the training of 9-times New York marathon winner
Grete Waitz was also reported as pyramidal at all time points across
a 2-year time period.?® The periodization identified 7 intensity
zones and a decreasing volume of work done at increasing intensity
levels was observed.

Evidence for a Polarized TID

Two interventional studies exist, which support the use of a
polarized TID: Mufoz et al?’ and Stoggl and Sperlich.? Both
studies defined 3 intensity zones relative to physiological char-
acteristics. Similarly, 3 observational reports!®2-2* and 1 case
study?> confirm the use of polarized training in elite, well-trained,
and recreational athletes.

Muiioz et al?’ quantified the impact of TID on 10-km race
performance in 30 recreational athletes. Two groups, emphasizing
polarized- or threshold-type training, were examined. Both groups
improved over a 10-week intervention period although the polar-
ized group exhibited a better improvement over 10-km race
distance than the threshold group (5.0% vs 3.6%, nonsignificant).
Both groups completed an 8-week standard training program prior
to the study, which was pyramidal in TID. In this study, both
groups spent the same absolute amount of time in zone 3 with the
polarized group zone 1 (Figure 4A) and the threshold group
emphasizing zone 2 (Figure 4B). The actual completed training
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Figure 4 — Comparison of training intensity distribution between a

physiological and a race-pace-based approach in (A) polarized periodiza-
tion and (B) threshold periodization groups. Training zones for the phys-
iological approach were described as following: zone 1,< VT; zone 2,
between VT and the RCP; zone 3, > RCP. Data from Muiioz et al.?’ RCP
indicates respiratory compensation point; VT, ventilatory threshold.

of the polarized group was not a truly polarized TID as the authors
intended that this group would complete only 5.0% of the training
in zone 2, rather than the 13.5% finally completed. The TID in both
polarized (Figure 4A) and threshold groups (Figure 4B) was
different from a race-pace-based TID (Figure 4; ES >2.0, very
large effect).

Stoggl and Sperlich? examined 48 athletes, 21 of whom were
national-level runners, in their randomized controlled trial com-
paring 4 different TIDs over a 9-week period. The TIDs were high
volume, threshold, high-intensity interval training, and polarized.
Polarized training resulted in the greatest improvement of the
variables examined (VO,max, peak velocity, and time to exhaus-
tion on a ramp protocol). A time trial or race performance was not
performed to allow analysis of race-pace zones based on this.

Billat et al'® compared top-class male Portuguese and French
marathon runners to their “high-level” counterparts (as defined by a
marathon time of 2:12). They described high volumes of polarized
training. Their zones were defined, however, by marathon race
pace. Zone 1 was described as < marathon pace, zone 2 = marathon
pace, zone 3 > marathon pace, a definition not replicated anywhere
else in the literature and no specification of the tolerance around
marathon pace for each zone is provided. The same authors also
described the training of Kenyan distance runners (10-km specia-
lists) and described 2 main TID types?°: high-volume low-intensity
and low-volume high-intensity. In the group studied, there were 13
men (6 high-intensity type and 7 low-intensity type) and 7 women
(6 high-intensity type and 1 high-intensity type). The lower volume
athletes in this study tended to perform more of their training in
zones 4 and 5 (4.3% and 5.0%, respectively) than their high-
volume counterparts, who only performed 1.4% of their volume in
zones 4 and 5 combined, with 14.4% in zone 3.

Stellingwerff?* described the training of 3 Canadian interna-
tional marathon runners over a 16-week period before a marathon
race. The intensity zones were defined subjectively by rate of
perceived exertion as zone 1 (easy to somewhat hard), zone 2
(“threshold”), and zone 3 (very hard to maximal). A polarized
distribution was described in which 74%, 11%, and 15% of training
sessions were performed in zones 1, 2, and 3, respectively.

Ingham et al®> presented the case study of an international
1500-m runner, who improved his personal best from 3:38.9 to
3:32.4 over a two 2-year period. The analysis of his training showed
a reduction in training volume performed between 80% and 90%
VO,max from 42% to 20% and between 90% and 100% from 20%
to 10%. At the same time, low-intensity training volume (<80%
VO,max increased from 20% to 55% and training volume at 100%—
130% VO,max increased from 7% to 10%), thus emphasizing a
shift toward a more polarized TID. Note that these numbers are
approximate as the information is only provided graphically in the
article and that 1500-m race falls at approximately 110% VO,max.

Discussion

According to the results of this review, there is a clear dichotomous
evidence base with regard to TID in the literature. The overwhelm-
ing evidence describes 2 main strands: pyramidal and polarized
training.

Contemporary endurance training has developed, from a
historical perspective, from coaches like Arthur Lydiard, who
used pyramidal TIDs to coach successful athletes.!> The more
recent move toward polarized-type TIDs has emerged as the
scientific evaluation of endurance performance has identified
key determinants of endurance performance and methods by which

IJSPP Vol. 13, No. 9, 2018



to improve these determinants.3?> However, the precise nature of the
interaction of these determinants and the effect of that interaction
remain elusive.

For example, although LT is recognized as one of the key
determinants of endurance performance,? threshold-type training is
considered to be more demanding than other TIDs (ie, pyramidal
and polarized), potentially because of effects on the autonomic and
endocrine systems, or on the lactate/power profile.?” When thresh-
old training has been compared in this regard in the literature,
it consistently proves to be less effective in the studies available.
Yet, there is anecdotal evidence, at the very highest level, of the
use of threshold training in structuring world-best marathon
performances.

The coach of a number of world-class Kenyan athletes has
written a marathon training manual for the International Asso-
ciation of Athletics Federation'? and has made publicly available
the training programs of his athletes. These programs repeatedly
show the use of high volumes (ie, differing from the traditional
80:20 approach) of training in the threshold zone (as defined by
%V O,max, assuming 100% of VO,max corresponds to ~3000-m
pace). The coach (Renato Canova) describes this training as
specific race pace.

The periodization employed, however, demonstrates an initial
block of polarized training, emphasizing high and low intensity,
leading into a specific preparatory phase, which is threshold-
oriented, thereby employing both of the main TIDs described at
different phases of training, according to the intended goal of the
phase.!3 So, in the specific example, marathon pace lies in the
threshold zone, so a relatively large volume of training is performed
in this physiological zone as the date of a specific race approaches.
The volume of training performed around race pace seems to be
dictated by the distance of the impending race, with shorter races,
requiring faster paces, seeing less volume, and longer races requir-
ing increasing volumes in around race pace.

Thus, the dichotomous approach described previously may be
flawed in its inception. It may prove more valuable in future studies
to examine the precise physiological characteristics associated with
optimal race performance and how these physiological character-
istics change with different TID approaches. Similarly, different
approaches may prove valuable at different phases and for ap-
proaching different races.?’” In this way, the training may be
organized in the early parts according to physiological character-
istics such as HR or lactate profile, but as the race date approaches,
training becomes more pragmatic and focuses on running at and
around specific race pace, regardless of what is happening to
physiological measurable.?*?% This represents a way of incorpo-
rating the scientific principles, which are fairly well established as
being important for specific race distance performance, while also
being cognizant of the fact that the literature is deficient in
describing an optimal TID and periodization strategy, based on
good evidence.!?

It is well established that from races as short as 1500 m, the
aerobic system is the main contributor of energy (85%)33 so the
TIDs seen reflect that, as no matter what TID is examined, zone 1 is
always the highest proportion. However, when comparing physio-
logical-based intensity zones and race-pace-based intensity zones,
it seems from the data assessed in this review that race pace may be
a larger factor in the design of training programs than physiological
variables. This may be a coaching flaw, but the interesting simi-
larity in the TIDs when analyzed by a race-pace-based approach at
least warrants some attention as these are data from successful
athletes. As discussed earlier, no optimal TID has been well
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established, and similarly, no optimal numbers for the physiologi-
cal determinants (VO,max, VO,max, running economy, and LT)
of middle- and long-distance running to predict performance exist.>
The interaction between these variables is the key to endurance
running, and it may be possible that race-pace-based training
provides the perfect stimulus for their concurrent development.
As previously described, training aimed at improving threshold
seems to limit the development of VO,max.3> However, as Coyle
and Krauenbuhl’ showed, large variation in laboratory endurance
performance is explained by the %VO,max, which can be utilized
at threshold, so this limitation may not be a hindrance to perfor-
mance. The specificity of intention may be more important.

Race-pace-based zones may also reflect the fact that races in an
endurance running competition are directly comparable because of
the similarity of courses and the validity of time comparison on
different courses. Other endurance sports, such as road cycling,
rowing, or XC skiing, which have been examined in the literature
on TID!'!34 do not share this same capacity for direct competition to
competition comparison of speed because of the nature of different
courses characteristics (ie, profile, altitude, and so on). Training
organized therefore based on physiological characteristics for these
sports is the norm. No study in these sports, to the authors’ best
knowledge, has reported a polarized TID based on zones that are
externally defined (ie, power or speed).

This dichotomy between measuring and monitoring workload
internally (physiologically guided) versus externally (eg, pace
guided) has been explored in 2 recent reviews: Foster et al®
and Mujika.3? Foster et al®> outline the practical difficulties of
accurately monitoring internal workload/physiological parameters,
which they note are lessening. Nonetheless, such practical difficul-
ties should not affect the development of theoretical principles
based on physiological measures (eg, running economy, VO,max,
and LT), should an integrated approach to their concurrent devel-
opment become evident.

Further studies analyzing the behavior of physiological char-
acteristics such as HR response, top speed, and lactate profile at
different phases of a season and also how they change in the short
and medium term in response to training are thus warranted.
Comparison of these measures to race performance, along with
physiological profiling compared with performance, may also
allow a better understanding of the interactions between physio-
logical characteristics and the impact of these interactions on
performance. This may allow for better individualized planning
and prescription of training, which is founded on evidence rather
than anecdote/tradition.

Conclusions

Current evidence describes pyramidal and polarized training as
more effective than threshold training, although the latest is used by
some of the best marathon and distance runners in the world.
Despite the apparent contradictory evidence on TID and periodi-
zation, an approach based on race pace has been suggested in this
review, which may allow for different TID types to be compatible.
It is suggested that this may be unique to endurance running
because of the standardization of race distances and courses. A
race-pace-based TID recognizes the traditional high volume of
low-intensity training associated with endurance training, but
presents evidence (when analyzed retrospectively) for the organi-
zation of high-intensity training into zones based on a percentage of
race pace, rather than physiological zones, which appears to be
relatively consistent across distances. A training session at a given

IJSPP Vol. 13, No. 9, 2018
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percentage of race pace for a longer event is naturally going to be
slower, in absolute terms, than a session at the same percentage of
race pace for a middle-distance event. Therefore, these 2 sessions
may fall into completely different physiological zones, yet it may
serve the same purpose from a session intention perspective. The
requirement to sustain a particular pace obviously also differs by
race distance, and in this way, the volume of these sessions will also
differ longer races requiring longer sessions etc, which may also
affect analysis via a physiological-only approach. Tjelta et al>3-28
recognize the relationship between race pace and physiology and
display race pace alongside physiological zones as a secondary
zone target. This approach requires further development to assess
whether specific percentages above and below race pace are key to
inducing optimal changes, and whether, as has been questioned
previously, the potential concurrent development of relevant phys-
iological characteristics is indeed a factor. Such an approach throws
more questions about the nature of endurance running performance
but may help to guide experimental inquiries into this performance
along a slightly different path than currently being tread.
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Abstract

This study aimed to analyse the training intensity distribution (TID) of a group of 7 world-class middle- and long-distance
runners over 50 weeks using two different approaches to organise TID zones: (1) based on individual specific race pace and;
(2) based on physiological parameters. Analysed training data included training volume, intensity and frequency. The average
weekly volume for the group was 135.4 + 29.4 km-week ™. Training volumes for Z1, Z2 and Z3 were 88.5 + 1.1%, 7.4 + 0.8%
and 4.1 £ 0.7% respectively for race-pace based approach, and 87.2*1.2%, 6.1 £ 0.7% and 6.6 * 0.9% respectively for the
physiological approach. Differences were found between the approaches in Z2 (large effect, ES = 1.20) and Z3 (moderate
effect, ES = 0.93). The approach based on race-pace zones produced pyramidal distributions in both middle- and long-
distance runners across all phases of the season. The physiological approach produced polarised and pyramidal
distributions depending of the phase of the season in the middle-distance runners, and pyramidal type TID across all
phases of the season in the long-distance runners. The results of this study demonstrate that the training analysis in a
world-class group of runners shows different TID when assessed relative to race pace versus to physiological zones. This
highlights a potential deficiency in training analysis and prescription methods which do not make reference to specific
performance. An approach which makes reference to both physiological and performance measures may allow for a more
consistent and logical analysis.

Keywords: Endurance, polarised training, threshold training, pyramidal training, running performance

Highlights

e Training Intensity Distribution differs when analysed using 2 different methods-by race-pace and by physiological methods
in world-class distance runners.

e The different methods of analysing training intensity distribution are flawed in their sensitivity to detecting changes in
different zones: race-pace in Z2 and physiological in Z3.

¢ Considering race performance and physiological factors may provide a more complete analysis.

Introduction (Clemente-Suarez, Dalamitros, & Nikolaidis, 2018;

Optimal training intensity distribution (TID) in
endurance running remains a much debated topic
in the scientific literature (Casado, Hanley, Santos-
Concejero, & Ruiz-Perez, 2019 Esteve-Lanao,
Foster, Seiler, & Lucia, 2007; Seiler & Kjerland,
2006;; Seiler SaT, 2009). The description of training
intensity zones, which range from 3 to 7 zones, has
classically been done using only the well-established
metabolic factors related to running performance

Munoz et al.,, 2014 Stoggl & Sperlich, 2014;).
These factors include running economy (Barnes &
Kilding, 2015), VO,max, vVO,max (Stoggl & Sper-
lich, 2014) and lactate/ventilatory thresholds (Seiler
& Kjerland, 2006). Most commonly three training
zones are used: Zone 1 (Z1) relating to training per-
formed below the first ventilatory or lactate
thresholds; zone 2 (Z2) relating to training per-
formed between the ventilatory or lactate thresholds;
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and zone 3 (Z3) relating to training performed above
the second ventilatory or lactate threshold. The
description of training intensity distribution has
broadly fallen into three categories (Kenneally,
Casado, & Santos-Concejero, 2018): (1) pyramidal
or traditional; whereby there is a sequentially
decreasing volume of training performed in higher
training intensity zones; (2) threshold training,
whereby a relatively larger proportion of training is
performed in Z2, with Z3 again being the smallest
in terms of volume; (3) polarised training,
whereby there is a reduction of training performed
in Z2, and a corresponding increase in training per-
formed in Z3.

A meta-analysis by Rosenblat, Perrotta, and Vice-
nzino (2018) focussed on comparing the effect of
polarised vs. threshold training on endurance sport
performance. They concluded that polarised training
produced significantly greater improvements in time
trial performance and suggested that coaches
should consider using polarised training to optimise
endurance training and performance. However, this
suggestion contrasts with the training practices of
some elite level endurance runners (Kenneally
et al., 2018). Recent work by Casado, Hanley, and
Ruiz-Pérez (2019) and Tjelta (2019) showed that
the training of elite distance runners is actually
characterised by large volumes in the threshold zone.
Traditionally this pace would be considered to fall
into Z2 physiologically. It should, however, be
noted that in these studies, the authors did not
specifically consider physiological zones when analys-
ing the training data, as they sought to examine
whether “deliberate practice” characterised training
of elite runners, and as such, physiological zones
were not needed as a reference.

Bellinger, Arnold, and Minahan (2019) added
further to this potential conflict, in a study in which
they compared 3 different methods of analysis of
TID; by running pace, heart rate and rating of per-
ceived exertion (RPE). 3 zones were used in this
study, and the times spent in Z2 and Z3 significantly
differed depending on the method of analysis used. In
this instance, running speed based analysis suggested
that a polarised distribution was being employed,
whereas heart rate based analysis suggested a pyramidal
distribution of the same training. Kenneally et al.
(2018) also recently proposed a novel way to create
training intensity zones based on percentages of the ath-
letes’ event-specific target race pace. Recent work
(Esteve-Lanao et al., 2007; Casado, Hanley, Santos-
Concejero, etal., 2019; Stoggl & Sperlich, 2014; Clem-
ente-Suarez et al., 2018) which has focussed on the
effectiveness of endurance training both in intensity
distribution and periodisation has examined either
change in physiological/metabolic parameters or time

trial performance as a main outcome rather than
actual competition or race performance. Thus, the con-
tention is that this difference may lead to differing
interpretations of how to optimise training.

It is against this background that this study aims to
analyse the training of a group of world-class athletes
over a 12-month period, using an approach in which
their training is organised into zones based on indi-
vidual event specific race pace/performance, and to
describe how such training is periodised over the
course of the season. This is presented against the
same training organised into the traditional physio-
logical zones, based on testing done at the start of
their season. We feel that proof of improvement of
physiological parameters or time trial performance
within a defined timeframe, when assessed indepen-
dent of each other and of concurrent race perform-
ance, is not consistent with preparing for endurance
running at an elite level, where race performance is
the primary targeted outcome, and where longitudi-
nal development and improvement is sought.

Methods
Participants

Seven elite runners (3 men and 4 women) partici-
pated in this study. During the analysed period, all
participants but one achieved top-8 in the previous
major athletics championships. The athletes are
coached by the same coach and are part of the same
training group, which has been consistently produ-
cing athletes who qualify for major athletics events
(Commonwealth Games, World Championships
and Olympic Games). The coach has more than 15
years of experience training multiple international
medallist athletes. The athletes were sub-grouped
into middle-distance runners (800-1500 m athletes)
and long-distance runners (5000 m—10,000 m ath-
letes). All participants provided written informed
consent. The Ethics Committee for Research on
Human subjects of the University of the Basque
Country UPV/EHU (CEISH-UPV/EHU 94/2017)
approved this study, which was conducted in compli-
ance with the principles of the Declaration of
Helsinki.

Data collection and analysis

A detailed daily log of training data prescribed by the
coach and updated by the athletes was provided. Data
were collected over a 50 week training period. The
season was divided into two preparation cycles, one
of 28 weeks for the World Athletics Championships
(April 2017 to August 2017), followed by 20 weeks
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until the Commonwealth Games (April 2018), with
two weeks of active rest in between. Additionally,
anthropometric and physiological data were collected
following each preparation phase. A maximal incre-
mental treadmill test was conducted to determine
the physiological profile of the athlete. The protocol
consisted of increments of 1km-h™' every 5 min,
starting at 14 km-h™' for women and 15 km-h™! for
men, respectively, until volitional exhaustion.
During the test, oxygen uptake (VO,) was continu-
ously measured using a gas analyser system
(Oxycon Pro, Eric Jaeger, Hoechberg, Germany).
VOj,max Was defined as the maximum 30s VO,
value recorded and vVOj,..x was defined as the
minimum speed at which this volume was reached.
Blood samples were collected from the earlobe
during the last 30 s of each increment to analyse
lactate concentration (The Edge’™ Lactate Analy-
ser). Lactate thresholds were calculated using the
D.ax method (Cheng et al., 1992).

Analysed training data included training volume,
intensity and frequency, as well as session intention.
Then, TID was organised and compared based on
race-pace (Kenneally et al., 2018) (Z1: <80% race
pace; Z2: 80-95% race pace; Z3>95% race pace)
and physiological zones (Seiler SaT, 2009; Stoggl &
Sperlich, 2015) (Z1: <LT1; Z2: LT1 to LT2; Z3
>LT2).

Training philosophy of the group

The coach of the group observed employs an outcome
based process to his coaching. It is focussed primarily
on the achievement of race performance, as defined by
time achieved in a specific event, or by championship
performance. Therefore the 2 main outcomes which
training for this group is targeted toward are:

1. Time achieved over a specific distance i.e.
mean race pace over a specific distance

2.  Ability to finish a race in a championship at a
specific pace, defined externally, based on
either what is required to make a final or win
a medal, depending on the athlete. The
coach defined these as pace over last 400 m
for 800 m/1500 m, and over the last 1000 m
for 5000/10,000 m

The coach prescribed sessions for the athletes
using a combination of heart rate and specific
pace. Heart rate was used in the prescription of
“threshold” focussed sessions, and was used to
ensure that the athletes maintained their heart rate
at a level consistent with Z2, as measured in the
treadmill testing. Pace based sessions were prescribed
relative to specific race paces, informed by the

coaches experience. The athletes did perform some
short hill sessions at certain phases of the year.
These sessions were interval sessions with interval
duration of no more than 800 m. For these sessions
the athletes were instructed to run at 5k effort. For
the purposes of analysis these sessions were included
in Z3 for both physiological and race-pace based
approach.

Statistical analysis

All values are expressed using a mean * standard
deviation (SD). The volume of training in race pace
based zones was compared to each other and to phys-
iological based zones using Cohen d (Hopkins, Mar-
shall, Batterham, & Hanin, 2009). The magnitude of
differences, or effect size (ES) of this comparison was
interpreted as small (>0.2 and <0.6), moderate (>0.6
and <1.2), large (>1.2 and <2) and very large (>2.0)
according to the scale proposed by Hopkins et al.
(Hopkins et al., 2009).

Results
Participants characteristics

The descriptive characteristics, physiological variables
and performance of the participants are presented in
Table I. The male middle-distance athletes achieved
times (min:s) ranging 1:45.60-1:46.77 (800 m) and
3:34.38-3:36.30 (1500 m). The female middle-dis-
tance athletes achieved times ranging 2:00.24—
2:04.89 (800 m) and 4:04.93-4:10.42 (1500 m). The
male long-distance athletes achieved times ranging
from 13:05.23-13:26.38 (5000 m). The female long-
distance athletes achieved times ranging from
15:06.67-15:18.91 (5000 m).

Training volume and intensiry distribution

The mean weekly volume for the group was 135.4 +
29.4 km-week . Specifically, the long-distance ath-
letes performed an averaged of 1459 *
27.9 km-week™!, whereas the middle-distance
runners performed 127.4 * 28.7 kmweek'. A
sample week from General Preparation Phase 1 is
shown in Table II. The General Preparation Phase
took place between October 2017 and January
2018, following a 2 week recovery phase.

Comparison of training zones

Figure 1(C and F) displays the comparison of zones
via race-pace vs. physiological methods for the
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Table I. Performance and physiological characteristics of participants (Mean +SD)

Male (n = 4) Female (n = 3)
Age (yrs) 247+ 25 275+ 0.7
BW (kg) 66.2 4.3 51.4+3.3
VOomax (mL-kg™'-min~") 73.8 £ 2.1 61.4+4.2
VWO,max (km-h™h) 22.1+0.4 19.3 £ 1.1
LTI (km'h™}) 17.9 £ 0.8 16.1 £ 0.1
LT2 (km'h™?) 19.7 £ 0.6 17.5 £ 0.07
RE (mL-kg ' km™) 191.9 + 6.2 173.1 £ 17.1
Performance 1:45.60-1:46.77 (800 m) 2:00.24-2:04.89 (800 m)

3:34.38-3:36.30 (1500 m)
13:05.23-13:26.38 (5000 m)

4:04.93-4:10.42 (1500 m)
15:06.67-15:19.81 (5000 m)

Note: BW, body weight; VO;,,ax, maximal oxygen uptake; vVO, .y, Velocity at which maximal oxygen uptake is reached; LT1, speed
corresponding to the first lactate threshold; L' T2, speed corresponding to the second lactate threshold; RE, running economy.

middle- and long-distance groups respectively. The
middle distance group (Figure 1(C)) showed no
differences for Z1 by the two methods of analysis.
There were moderate effect sizes for the differences
between the two methods used to calculate Z2 (ES
= 0.63) and Z3 (ES = 0.61), with Z2 greater by
race-pace based analysis and Z3 greater by physio-
logical analysed. The long-distance group (Figure 1
(F)), showed no differences between the two
methods of analysis for any zone.

As a group there was no difference between Z1
when calculated as race-pace based zones or using
physiologically based zones. However, there was a
large effect size (ES = 1.20) for the difference
between the two methods used to calculate Z2, and
a moderate effect for the Z3 difference (ES = 0.93).

TID across the season

Figure 1 also shows the training intensity distribution
for the subgroups across the microcycles of the
season. The approach based on race-pace zones pro-
duced pyramidal distributions for both groups across
all phases of the season (Figure 1(A and D)). The
physiological approach produced a more polarised
type distribution in the middle-distance runners
(i.e. more training performed in Z3 than Z2), with
the General Prep phase the exception-showing a

Table II. Sample week from general preparation phase 1

pyramidal distribution (Figure 1(B and E)). The
long-distance subgroup was a more pyramidal type
distribution on analysis using physiological zones
across all phases of the season (Figure 1(E)). Signifi-
cant differences in zones between approaches are
noted only in the “Specific Prep 1” and “Competitive
2” phases in the middle-distance subgroup in Z2
(Figure 1(A)). The analysis by race pace returned
higher values for this zone in these phases, effect
sizes 0.93 (moderate) and 1.2 (large), respectively.

Race-pace and physiological method comparison

Figure 2 shows how the race-pace approach and the
physiological approach interact when mean running
volume (at a given velocity) is plotted against absolute
running speed. The percentage volume is rep-
resented on a log scale, because the relative volume
of training done at lower speeds is so much greater
than at higher speeds. In the figure 16 km h™' rep-
resents volume of training done up to velocities of
16 km h™". All other points represent the volume per-
formed between the previous point and the relevant
one (e.g. 17 km h™! represents training volume per-
formed between 16 and 17 km h™").

It shows the middle distance group (Figure 2(A))
with a narrower physiological Z2 velocity band than

PM

AM
Monday 60 min easy running
Tuesday 8 X 1 km (60 s recovery). Run at current 10 km race pace,
with 5th and 7th reps run 10 s faster
Wednesday 60 min easy running
Thursday 9 km “Threshold” run-determined by Heart Rate
Friday 60 min easy running
Saturday 6 x 800 m Hills-pace subjective-5k “effort”
Sunday 105 min easy running

30 min easy running + drills and 150 m strides
30 min easy running

30 min easy running
30 min easy running

30 min easy running
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Figure 1. Training intensity distribution (TID) comparison. TID using a race-pace based approach in the middle-distance runners during the
different phases of the athletic season (A), TID using a physiological approach in the middle-distance runners during the different phases of
the season (B), TID comparison between a physiological and a race-pace based approach in the 800/1500 runners over 50 weeks (C). TID
using a race-pace based approach in the long-distance runners during the different phases of the season (D), TID using a physiological
approach in the long-distance runners during the different phases of the season (E), TID comparison between a physiological and a race-

pace based approach in the 5000/10,000 m runners over 50 weeks.

the long-distance group (Figure 2(B)), and shows at
what points target race speeds are.

Discussion

The main finding of this study was that the training
intensity distribution of a group of world-class dis-
tance runners performed was more consistently
linked to proportions of race-pace than physiological
parameters. Given that the expressed main coaching
intention for the group was the development of race
pace, this is not a surprising finding. Figure 2 pro-
vides clarity to this point. The arbitrary percentages
of race pace chosen for analysis have resulted in Z2
by race-pace approach spanning a much wider
range than Z2 Dby physiological approach
(~4kmh™!vs. 2kmh™"), and therefore is less sensi-
tive to changes in intensity distribution around these
paces. Equally the opposite is true when Z3 is con-
sidered by physiological approach vs. race-pace
based approach.

When viewed over the course of the different
phases of a season, race-pace based analysis returned
a consistent pyramidal TID. However, the TID was
more variable — between pyramidal and polarised —
when analysed via physiological parameters. Interest-
ingly, the athletes performed a relatively high pro-
portion of their training in Z2, consistent with
recent studies (Bellinger et al., 2019; Casado,
Hanley, Santos-Concejero, et al., 2019). This was
true regardless of whether training was analysed
physiologically or by race pace, although as noted
above Z2 by race-pace approach included intensities
well in excess of physiological “threshold”. Nonethe-
less the current authors have also noted this use of
training at threshold intensity in world-class distance
runners, and feel that the race-pace based analysis at
least links training analysis to coaching intention in a
number of other elite training groups (Kenneally
et al., 2018).

The volume of training done by the group in the
current analysis is relatively consistent with what
has been reported in recent literature on world class
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Figure 2. Training volume (%) plotted against absolute speed over
the 50 analysed weeks with physiological zone delineation and race-
pace points included; in the 800/1500 m runners (A), in the
5000 m/10,000 m runners (B).

distance runners (Tjelta, 2016; Tjelta, 2019). The
slightly lower volumes seen may be explained by the
fact that non-regular training weeks were not
excluded from the total volume. The athletes
showed peak weeks in excess of 160 km, which is
entirely consistent with what has previously been
reported in the studies aforementioned. Interestingly,
close to 85-90% of this groups’ total volume lies in
Z1, regardless of method of analysis, which is
higher than the traditionally proposed “80:20” rule
(Seiler & Kjerland, 2006). This states that approxi-
mately 20% of total volume will be performed in
higher intensity zones, with the remainder low inten-
sity. The current findings, however, are consistent

with Casado, Hanley, Santos-Concejero’s (2019)
finding that volume of easy running was the best pre-
dictor of race performance.

Z2 (threshold zone) has traditionally been the zone
around which much of the debate has centred.
Recent work has suggested that training in this zone
is less effective than pyramidal or polarised training
(Ingham, Fudge, & Pringle, 2012; Rosenblat et al.,
2018; Stellingwerf, 2012; Stoggl & Sperlich, 2015).
The results of this study demonstrate than an elite
group of distance runners, who were successful
during the time period study, used “threshold train-
ing”. By physiological approach analysis the middle-
distance runners in this group performed slightly
more training in Z3 than Z2-although the difference
was minimal. The long-distance athletes demonstrate
a pyramidal approach (Figure 1(B and E)). This is
despite the training being performed being virtually
identical. The reason for this apparent contradiction
lies in coaching intention and the differences
between velocities at lactate threshold in the 2 sub-
groups of athletes. The longer distance athletes
tended to have higher velocities at lactate threshold,
therefore training that lay just below the threshold
in that group would lie just above the threshold in
the middle-distance group i.e. Z3. However training
sessions at this intensity were often performed as a
whole group-thereby creating the difference.

The analysis showed that when the training of this
group of elite distance runners is considered relative
to their individual target race-pace, a pyramidal
type training intensity distribution is seen, regardless
of phase of training (Figure 1(C and F)). This pyra-
midal distribution was also preserved across athletes
competing at different race distances, ranging from
800 m to 10,000 m. However, the absolute training
intensities of this group were similar for athletes com-
peting over different distances, and as a result, differ-
ences were seen in the volumes in respective relative
zones. Longer distance athletes (5000/10,000 m)
had more volume in their higher relative intensity
zones than middle-distance athletes, although both
demonstrated pyramidal distributions.

Conversely, analysis by physiological zones
demonstrated a polarised type distribution in the
middle-distance runners across 4 of the 5 phases of
the season (Figure 1(B)), while the pyramidal
nature of the long-distance athletes TID was pre-
served (Figure 1(E)). This reflects the fact that the
longer distance athletes had higher velocities at
lactate threshold than their shorter counterparts, so
that their pace/speed threshold for “higher intensity™
work occurred at greater speeds.

This dichotomy has been alluded to previously by
Kenneally et al. (2018) and is highlighted very well in
this study, as both groups performed virtually the
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same training-with the only variation arising in volume
of easy/Z1 running. The more recent paradigm is to
recommend polarised type training based on physio-
logical parameters, whereby physiological testing,
zone creation and training prescription feeds forward
to race performance, which does not take into
account the variety of inputs outside the traditional
metabolic considerations, which can affect endurance
performance. Further to this, the our contention is
that a move away from “threshold” training, based on
the recent studies above described, would be mistaken
in its conception. This is because world class runners
perform large proportions of their training in Z2
(Casado, Hanley, & Ruiz-Pérez, 2019; Casado,
Hanley, Santos-Concejero, et al., 2019; Tjelta, 2019),
and because the physiological approach links perform-
ance to physiological parameters only, despite a failure
in the literature to provide practical examples of where
physiological characteristics can predict running per-
formance. However, analysis by race-pace based
approach alone is also imperfect using our current deli-
neations, because Z2 spans a range of intensities which
will provide very different training stimuli.

An alternative paradigm, which can incorporate
metabolic, cardiopulmonary, neuromuscular and bio-
mechanical factors is proposed. In this paradigm, race
performance informs training prescription, as well as
interpretation of physiological testing. We suggest
the potential for allometric profiling of physiological
parameters based on contemporaneous race perform-
ance, to attempt to create a “signature” physiological
profile which corresponds with specific race perform-
ance. Such an approach recognises the multifactorial
nature of the physiological components of distance
running performance, and the potential “substitution
effect” of individual parameters. This can also allow
for non-physical factors such as psychology/motiv-
ation. This approach may mirror the approach of
Sandford et al. (Julio et al., 2020; Sandford, Allen,
Kilding, Ross, & Laursen, 2019) in their concept of
an Anaerobic Speed Reserve (ASR), in that they
attempt to link external demands of race performance
and physiological factors influencing middle-distance
running. In this model, strictly limited to middle-dis-
tance (800/1500 m) running performance, training is
expressed relative to ASR, which is the difference
between vVO, 4 and maximal sprint speed.

The impact of the fact that this is a study involving
elite athletes should also be considered. In elite
runners, the difference between maximal sprint
speed, vWO, max, vLT and low intensity running
will naturally be far greater than in recreational or
untrained individuals, given that elite is being
defined by how fast they can run. Therefore zone
delineation is much more clear. In untrained and rec-
reational runners, it is conceivable and probable that

Z2, for example, represents such a narrow pace band
that the difference in subjective intensity between it
and Z3 is difficult to distinguish, potentially allowing
for training mistakes. This may also highlight a poten-
tial weakness of using a polarised approach, as it will
reduce the amount of specific training done for dis-
tances in duration of 40-60 min. Interestingly,
however, a recently published paper compared the
effects of polarised and threshold training (described
as focussed endurance training) in 38 recreational
runners over 8 weeks, and demonstrated similar
improvements regardless of TID employed.

Conclusions

The results of this study demonstrate that analysis of
training in an elite group of middle- and long-dis-
tance runners returned volumes of running regularly
in excess of 150 km-wk™'. All the athletes in the
group performed significant portions of their training
at threshold intensity, regardless of event distance.
The middle-distance runners in this group performed
more training in Z3 than long-distance runners
across the season when assessed using a physiological
approach. However this difference reduced when
training was analysed relative to race-pace. Both
physiological and race-pace based approaches were
demonstrated to be flawed in their sensitivity to
detect changes in intensity distribution; race-pace
based approach for Z2 and physiological approach
for Z3. Thus our results highlight a potential
deficiency in any training analysis and prescription
method which does not make reference to specific
performance as well as physiological metrics. An
approach which makes reference to both physiologi-
cal and performance measures may allow for a more
consistent and logical analysis.

Practical applications

We suggest that the results of this study support an
approach to training planning and prescription
whereby physiological data is collected systematically,
and then the metrics are systematically compared to
race performance. This may provide a method of
coaching which allows for the appropriate develop-
ment of physiological characteristics, while still allow-
ing for feedback from, and feed-forward to, race
performance. The relative importance of physiological
characteristics may then be individualised once a bank
of race performances have been collected and com-
pared with physiological data. Other less well
defined factors such as psychological, biomechanical
can therefore be accounted for by such an approach.
In this way the practical use of physiological testing
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may become more evident to coaches currently less
experienced in its use and interpretation.
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Training Characteristics of a World Championship 5000-m Finalist
and Multiple Continental Record Holder Over the Year Leading
to a World Championship Final

Mark Kenneally, Arturo Casado, Josu Gomez-Ezeiza, and Jordan Santos-Concejero

Purpose: Optimal training for endurance performance remains a debated topic. In this case study, the training of a world-class
middle-/long-distance runner over a year’s duration is presented. Methods: The training is analyzed via 2 methods to define
training intensity distribution (TID) (1) by physiological zones and (2) by zones based on race pace. TID was analyzed over the
full season, but also over the final 6, 12, and 26 weeks to allow for consideration of periodization/phases of season. The results of
both methods are compared. Other training data measured include volume and number of sessions. Results: The average weekly
volume for the athlete was 145.8 (24.8) km-wk . TID by physiological analysis was polarized for the last 6 weeks of the season
but was pyramidal when analyzed over the final 12, 26, and 52 weeks of the season. TID by race-pace analysis was pyramidal
across all time points. The athlete finished 12th in the final of the World Championship 5000-m and made the semifinal of the
1500-m. He was ranked in the top 16 in the world for 1500, 5000, and 10,000 m. Conclusion: The results of this study
demonstrate a potential flaw with recent work suggesting polarized training as the most effective means to improve endurance
performance. Here, different analysis methods produced 2 different types of TID. A polarized distribution was only seen when
analyzed by physiological approach, and only during the last 6 weeks of a 52-week season. Longer-term prospective studies
relating performance and physiological changes are suggested.

Keywords: endurance, training intensity distribution, polarized training, pyramidal training, running performance

Optimal training for endurance performance has been studied
extensively over recent years.!> Much of the work has focused on
the specific effect of training on physiological characteristics over
short time frames and has suggested that real-life performance can
be developed from these effects.> Three main types of training
intensity distributions (TID) have been proposed* pyramidal,
polarized, and threshold, which are characterized by the proportion
of training done in different intensity zones.*> Polarized training
has been proposed as the best way to improve the physiological
characteristics classically associated with distance-running perfor-
mance, that is, maximal oxygen consumption (VO,max), velocity
at lactate threshold (vLT), and running economy.® However, detail
around what an “optimal” physiological profile for different events
should be has been missing. Thus, an approach to training planning
where physiological data are collected, and then, compared with
race performance may provide a method which allows for the
appropriate development of physiological characteristics, while
allowing feedback from, and feed-forward to, race performance.’

It is proposed that this “race-pace” (RP) -based approach is
relatively common at elite level.” This case study presents 52 weeks
of training of an athlete leading to the final of the World Champi-
onship 5000 m in Doha, Qatar, in October 2019. The aims were
(1) to examine 52 weeks of training through a combination of TID
quantification methods, such as physiological and race pace—based
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approaches, and (2) to identify possible relationships between
physiological and training characteristics in this world-class runner.

Methods
Subject

The case study athlete is a male middle-distance runner. Over the
timeframe examined, the athlete was 23-24 years old. The athlete’s
height was 1.88 m and body weight was ~67 kg.

Training and Competition Data

The subject provided all training data for the period October 2018 to
October 2019. Training data consisted of distance (in kilometers),
duration (h:min), and session intention (easy/threshold/interval).
Race schedule and results were also provided by the athlete.

The athlete performed physiological testing just before the
2-week break preceding the examined timeframe. Results are pre-
sented in Table 1. This was an incremental treadmill test, starting at
15 km-h™", and increasing by 1 km-h™" every 5 minutes until volitional
exhaustion. O, uptake was constantly measured using a gas analyzer
system (Oxycon Pro; Carefusion Germany 234 GmbH, Hoechberg,
Germany). Blood samples were collected from the earlobe during the
last 30 seconds of each increment to analyze lactate concentration
(The Edge Lactate Analyzer; Apexbio, Hsinchu City, Taiwan).

Calculation of Volumes in Each Intensity Zone

Sessions were analyzed, and running volume performed at different
paces was allocated to speed “buckets” in 1 km-h™" increments.
The volume in each intensity zone, by both methods, was then

1
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calculated by adding the volume in the “buckets” relevant to each
zone. When sessions were performed around the boundaries of
intensity zones, manual analysis of the session was performed, and
volume was allocated accordingly. The average pace of continuous
sessions was used unless the athlete stated that a change of pace of
greater than 1 km-h™" occurred within the session. A similar process
was used for the individual repetitions within interval sessions,
with volume being distributed accordingly. The time period studied
was subdivided into 4 periods to demonstrate change in training
structure over the whole year. These 4 periods were 52 weeks,
26 weeks, 12 weeks, and 6 weeks.

Physiological Approach. Zone 1 (Z1), Zone 2 (Z2), and Zone 3
(Z3) were defined as: <vLT1(18.3 km-h_l), between vLT1 and
vLT2 (20.3 km-h™"), and >VLT2, respectively. These values were
obtained from the athlete’s testing data provided.

Table 1 Physiological and Performance
Characteristics of the Participant

Characteristic

Height, m 1.88
Weight, kg 67
VO,peak, mL-kg™'-min™"! 73.5
Velocity at LT1, km-h™" 18.3
Velocity at LT2, km-h™" 20.3
Running economy at LT1, mL-kg™"-km™ 193
Running economy at LT2, mL-kg™'km™ 198
1500-m PB (achieved during period) 3:31.81
3000-m SB/PB 7:38.22/7:34.79

5000-m SB/PB 13:05.63/13:05.23
10,000-m PB (achieved during period) 27:23.80

Abbreviations: LTI, first lactate threshold; LT2, second lactate threshold; PB,
personal best; SB, season best.

Race-Pace Approach. 71,72, and Z3 were defined as described
previously* (RP was defined as 22.9 km-h™', the pace of the
athlete’s 5000 m personal best): Z1 <80% RP (18.3 km-h™), 72
80% to 95% RP (18.3-21.8 km-h™"), and Z3 >95% of RP.

Session Intention and Types

The coach prescribed sessions for the athlete using a combination
of heart rate and specific pace:

Easy sessions were all nonspecific running sessions and were
Z1 regardless of analysis type.

Threshold sessions were prescribed using heart rate to ensure
that the athlete maintained his heart rate at a level consistent with
physiological Z2, as measured in the treadmill testing.

Interval sessions were prescribed relative to specific race paces.
These sessions included both Z2 and Z3 intensities by both methods of
analysis. The athlete performed some short hill sessions at certain phases
of the year. In these sessions, repetitions were not longer than 800 m,
and the athlete was instructed to run at 5-km effort. For the purposes of
analysis, these sessions were included in Z3 for both TID approaches.

Results

Performance

The athlete’s seasons best performances are illustrated in Table 1. He
raced 20 times and achieved personal bests-over 1500 and 10,000 m,
the latter being a national record. In addition, the athlete qualified for
and competed in the 1500 and 5000 m at the World Championship in
Doha . He made the final of the 5000 m, finishing 12th and the semifinal
of the 1500 m. He is currently ranked 14th over 1500 and 5000 m and
16th over 10,000 m, in the official World Athletics Rankings.

Training Summary

The athlete’s’ training over the year is displayed relative to running
speeds and physiological zones in Figure 1. Training volume is
displayed in km (SD) in Figure 2 for all time periods. Training
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Figure1 — Training volume plotted against absolute speed over the last 6, 12, 26, and 52 analyzed weeks with physiological zone delineation and race-

pace points included. LT1 indicates first lactate threshold; LT2, second lactate threshold; Z, zone.
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week examples for the early season and the competitive phase are
provided in Table 2.

Training Volume Relative to Physiological
and RP Zones

Figure 2A and 2B illustrate the volume and proportion of training
done in each of the physiological and race-pace zones, respectively,
across the year. A pyramidal structure is seen in the physiological
analysis of the 52, 26, and 12 weeks prior to the World Champi-
onship. The last 6 weeks, however, demonstrate a slightly polarized
distribution. A pyramidal distribution is seen via RP analysis across
all time periods.

Training Session Types

The athlete performed 528 sessions over the course of the 52 weeks,
including races. Figure 2C illustrates the proportion of session
types performed.

Discussion

The case study presents the training of a world-class middle-
distance runner over the course of a successful season. The running
volume observed over the course of the season is in line with
previous work detailing elite training volumes.® The large easy
running volume is now a recurring feature across studies.®!? In this
study, TID changes across the season, relative to RP and physio-
logical approaches. RP demonstrates an increasing specificity of
work done around race pace as goal competition approaches
(Figure 2B). A switch from pyramidal to polarized distribution
is seen in the last 6 weeks before goal competition, when physio-
logical zones are considered (Figure 2A). Figure 1 illustrates this
change in training distribution, when delineation of physiological
and race-pace zones is visualized. It demonstrates the increase in
volume at higher intensities over the season very clearly.

In Jones et al'!’s analysis of the sub 2-hour marathon attempt
group, the authors reported comparable physiological values to
those in this athlete. Both our subject and Jones’ group had
relatively modest VO,max by elite endurance standards (73.5 vs
71.0 [5.7] mL-kg-min~"). Similar values between the subject and
the group are also seen for vLTl1 and vLT2 (18.3 vs 18.9

[0.4] km-h™! and 20.3 vs 20.2 [0.6] km-h_l). The athlete in this study
demonstrated greatest difference to the group studied above in RE
submaximally and at 21 km-h™" (193 vs 189 [14] mLkg ' km™" and
199 vs 188 [20] mLkg -km™). The training data provided by this
case study demonstrates an insight into how this physiological profile
seen may be attained.

This work has highlighted the fact that elite performance does
not require exceptional physiological characteristics across all of
the 3 previously mentioned. Jones et al'!’s testing showed that
fastest athletes in the group were able to maintain approximately
96% of LT2 for marathon distance with very consistent running
economies at increasing paces and exceptional fractional utilization
of oxygen. Interestingly, the athlete in this case study displayed a
similar metabolic profile to runners competing at significantly
longer distances, only running economy being different. Whether
this is common to world-class runners of shorter distances remains
to be shown. Future work may include parameters, such as maxi-
mal sprint speed, power, and reactive strength, to provide further
clarity to profiles compatible with world-class performance at
different distances.

The results of this study are at odds with a polarized approach
being the most effective way of improving performance. However,
a number of considerations may help to explain. First, we have
focused solely on running the weight-bearing nature of running and
technical, biomechanical, and neuromuscular considerations asso-
ciated with this may differentiate it from other sports. Second, this
athlete demonstrated a polarized training block for 6 weeks leading
into competition. It seems to be the result of increasing specificity
of training around paces relative to target performance per the
coaches express intention. Indeed, some other studies have found
this specific periodization trend in elite distance runners, involving
a switch from a more pyramidal TID during the preparatory periods
to a more polarized TID during the competitive period.!?

Practical Applications

Further work, which relates elite performance to observed physio-
logical profiles, may allow for training to be informed more and
more by physiological parameters in athletes such as these to allow
for more precise prescription and training analysis. Longer term
studies observing physiological fluctuation, tracked against per-
formance fluctuation, may provide further value.

Table 2 Training Week Examples in the Early Season and the Competitive Phase

Day Early season Competitive phase
Monday AM 60 min easy AM 60 min easy
PM 30 min easy PM 30 min easy
Tuesday AM 8 x 1 km (60 s rest) Track:
PM 30 min easy 41600 (2 min rest) 10 k pace
6 %400 (30 s rest) 3 k-5 k pace
Wednesday AM 60 min easy AM 60 min easy
PM 30 min easy PM 30 min easy
Thursday AM 9 km threshold (heart rate guided) AM 9 km threshold
PM 30 min easy PM 30 min easy
Friday AM 60 min easy AM 60 min easy
PM 30 min easy
Saturday AM Hilly 7.2 km threshold AM 6 x 800 m hills (jog back) 5k effort
PM 30 min easy PM 30 min easy
Sunday AM 105 min easy AM 100 min easy

(Ahead of Print)
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Conclusion

This study highlights the consistency of training over a 52-week
period for a world-class athlete. Greater physiological polarization
is seen in the competitive phase of the season, but at no other point.
Taken alone this could potentially suggest that peak performance
was achieved via a polarized training approach but, as we have
shown, over the full 52 weeks the athlete followed a pyramidal
distribution with significant volumes performed around threshold.
This is consistent with recent papers showing that endurance
running success is the result of years of consistent training, which
includes high volumes of easy running and continuous threshold
runs.2,l()
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biomotor ability. This trial examined the effects of a high-intensity functional circuit training (HIFCT) program on motor function and motiva-
tion to exercise in healthy, untrained adults.

METHODS: Thirty-three physically inactive participants (255 yrs, 12 males) were randomly allocated to two groups exercising for a period
of six weeks. The intervention group (HIFCT, n=20) 3x/week performed functional whole-body exercises (e.g. Squats, Step-Ups, Burpees)
in a circuit format. Each 15-minute workout was composed of repetitive 20s all-out bouts with 10s breaks. In the comparison group (mod-
erate aerobic exercise, MAE, n=13), the participants walked 3x/week for 50 minutes at moderate intensity. Motor outcomes measured
were cycling endurance capacity (respiratory threshold, maximum work load), maximum strength (leg and chest press), postural control
(force plate), and jump capacity (counter-movement jump, single leg hop for distance). Additionally, exercise motivation was assessed
using the self-concordance index.

RESULTS: In comparison to MAE, HIFCT enhanced maximum leg sfrength (between-group difference of relative pre-post changes of 5.0%),
shoulder strength (7.6%), endurance workload (5.0%; p<.05), as well as motivation to exercise (+5.5 points on the self-concordance index
(p<.05). No between-group differences were found for postural control and jump capacity (p>.05).

CONCLUSION: Despite considerably shorter training duration, HIFCT increases motor function and motivation to exercise more effectively
than MAE. Further research should investigate the long-term adherence to the program and its effectivity in other settings.

EVALUATING THE INTERNAL RESPONSE TO REPEATED-SPRINT TRAINING USING DIFFERENTIAL RPE: A PRELIMINARY
INVESTIGATION IN SOCCER PLAYERS

MCLAREN, S.J., TAYLOR, J.M., MACPHERSON, T.W., SPEARS, I.R., WESTON, M.
TEESSIDE UNIVERSITY

INTRODUCTION: Changes in the internal response to an external training stimulus may be indicative of an athlete’s fitness or fatigue.
Differential ratings of perceived exertion ([dRPE) enhance the precision of internal load quantification (Weston et al., 2015), yet little is known
of how these measures change over a period of training adaptation. We therefore aimed to evaluate the within- (i.e. set-to-set) and
between-session changes in dRPE across a repeated-sprint training (RST) intervention that was successful for improving a range of fitness
components in soccer players (Taylor et al., 2016).

METHODS: Fifteen semi-professional soccer players completed 6 RST sessions over a 2-week period. The training programme consisted
of 3 (sessions 1-3) or 4 (sessions 4-6) sets of 7 maximal effort sprints, with 20 sec and 4 min recovery between sprints and sets, respec-
tively. Players were assigned to either a straight-line (n = 8; 30-m) or change of direction (n = 7; 2 x 10-m with a 180° turn) training group.
Heart rate (HR; presented as % maximum heart rate) was recorded throughout each session and dRPE (presented in arbitrary units) for
breathlessness (RPE-B) and leg muscle exertion (RPE-L) were collected via the CR100 scale ~2 min after each set. Data were analysed
using mixed effects linear models, with magnitude-based inferences subsequently applied.

RESULTS: Mean + SD set dRPE and HR were 47 + 10 (hard) for RPE-B, 39 + 9 (somewhat hard) for RPE-L, and 79 + 7%. The difference be-
tween RPE-B and RPE-L was possibly moderate (8; +90% confidence limits 7). Within-session changes in RPE-B were large in session 1(15
per setf; £2), moderate in sessions 2 to 5 (7 to 9; £2), and small in session 6 (6; +2). For RPE-L, within-session changes were large in ses-
sion 1(15; £3) and moderate in sessions 2 to 6 (7 to 8; +2). The within-session changes in HR were trivial in sessions 110 5 (1to 2 % points
per set; 1) and small in session 6 (2; +3). When compared with session 1, the magnitude of within-session changes was substantially
lower (small to moderate differences) in session 2 to 6 for RPE-B (-5 o -9 per set; +2) and RPE-L (-6 to -8; +2). No substantial between-
session differences were evident for within-session changes in HR (0 to 1 % points per set; £1).

CONCLUSION: Changes in dRPE, but not HR, are evident following a 6-week RST intervention that improved the fitness of soccer players,
with the magnitude of within-session increments reducing across the programme. These changes could reflect training-induced adapta-
tions, thus providing evidence for the sensitivity and usefulness of dRPE for monitoring training in soccer. Finally, players perceive the
demands of RST to be greater for central, rather than peripheral, exertion, which may allude to specific training-induced adaptations.
Relations between dRPE and training outcomes therefore warrant further investigation.

REFERENCES: Weston et al. (2015). J Sci Med Sport, 18(6), 704-708.

Taylor et al. (2016). Int J Sports Physiol Perform, 11(8), 998-1004.

TRAINING INTENSITY DISTRIBUTION ANALYSIS BY RACE PACE APPROACH IN WORLD-CLASS DISTANCE RUNNERS.

KENNEALLY, M., CASADO ALDA, A., SANTOS-CONCEJERO, J.
UNIVERSITY OF THE BASQUE COUNTRY

INTRODUCTION: Optimal Training Intensity Distribution (TID) in endurance running remains a much debated topic (1,2). The description of
training infensity zones has classically been done using physiological parameters (2), and ranges from 3-7 zones within the literature (2).
A recent review by the current authors (1) has proposed a novel way to describe training intensity zones. The zones are based on propor-
tions of an athletes actual or target race pace. The rationale for this approach is based in the notion that race pace itself represents the
intensity which optimally stresses the relevant physiological systems at any given point in time. Thus the aim of this paper was to analyse
the training of a group of world-class athletes over a 12 month period, using this approach to identify whether their training is organised
into zones as described.

METHODS: We took the training logs of both the male and female athletes and organised the data into 5 zones based on percentages of
race pace, which were chosen arbitrarily. Volume, number of sessions and time spent in each zone was calculated. The analysis
spanned all traditional phases of a training cycle; general preparatory, specific preparatory and competitive, so the data was further
analysed based on these phases. Physiological and anthropometric data were also collected three times over the timeframe studied in a
number of athletes, and where possible physiological zones were created and compared to the race-pace based zones. Session inten-
tion was also recorded.

RESULTS: The analysis showed that when the training of this group of elite distance runners is considered relative to their race pace, a
pyramidal type training intensity distribution is seen, regardless of phase of training. This pyramidal distribution was also preserved
across athletes competing at different race distances, ranging from 800m to 10000m. However, the absolute training intensities of this
group were similar for athletes competing over different distances, and as a result, differences were seen in the volumes in respective
relative zones. Longer distance athletes (5-10km) tended to have more volume in their higher relative infensity zones than shorter distance
athletes (800-1500m), although both preserved pyramidal distributions.

CONCLUSION: This study demonstrates that Training Intensity Distribution can be considered relative to race pace as a valid method of
analysis. It also identifies relative differences in the training of longer and shorter distance athletes, despite similar absolute training. The
zones used in this study were arbitrarily chosen and further work is required to optimise what percentage of race pace should delineate
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these zones. Further study, focussing on comparison of the effect of physiological zones vs race-pace based zones on physiological
parameters and performance, would also improve the understanding of this topic.
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EVIDENCE FOR ACUTE CONTRACTION-INDUCED MYOKINE SECRETION BY C2C12 MYOTUBES

FURUICHI, Y.
TOKYO METROPOLITAN UNIVERSITY

Myokines have received attention as secretory factors in skeletal muscle cells and are related to exercise-induced health benefits in
various organs. Myokine secretion is thought to be regulated by muscle contraction, but this hypothesis has not been confirmed. We
sought to present evidence that acute contractions induced myokine secretion and to investigate the secretory mechanism of skeletal
muscle cells.

We used murine-derived C2C12 skeletal muscle cell line to eliminate contamination with proteins produced by non-muscle cells. Cultured
myotubes were contracted by electrical stimulation systems established by our group (Manabe et al. 2012), and secreted proteins in
conditioned media were compared between basal and contracted conditions. Importantly, we noticed that changes in the cell culture
medium unexpectedly triggered the release of large amounts of proteins from the myotubes, and these proteins obscured the contrac-
tion-induced myokine secretion. Once protein release was abolished, the secretion of interleukin-6 (IL-6), the best-known regulatory
myokine, increased in response to a 1-hour contraction evoked by electrical stimulation.

We used pharmacological inhibitors of muscle contraction and examined whether contraction-induced IL-6 secretion disappeared fol-
lowing treatment with these inhibitors to identify the specific mechanism regulating contraction-induced IL-6 secretion in skeletal muscle
cells. Contraction-induced IL-6 secretion was inhibited by EGTA, which chelates intracellular calcium, while the blockage of physical
movement by the addition of BTS, a specific inhibitor of myosin ATPase, did not inhibit IL-6 secretion. Thus, calcium flux, rather than con-
traction itself, triggers contraction-induced IL-6 secretion.

Since we established the experimental conditions for secretion induced by acute contraction, we investigated whether the secretion of
previously reported myokines was regulated by muscle contraction. IL-15 secretion by C2C12 myotubes increased in response to acute
contraction. Surprisingly, contraction-induced IL-15 secretion was completely abolished by the BTS. Based on these data, IL-15 secretion is
regulated by a different mechanism than IL-6 secretion. Our established experimental condition is suitable not only for the discovery of
novel contraction-induced myokines but also for the dissection of the regulatory mechanism underlying myokine secretion.

We concluded that acute muscle contraction apparently promotes the secretion of some myokines, and our newly established experi-
mental model will enable researchers to adopt a proteomic approach to identify new myokines secreted in response to muscle contrac-
tion. The identification of new myokines and an understanding of their regulatory mechanisms will be useful in the field of sports and
health sciences.

ROLE OF LOCAL STEROIDOGENESIS IN SKELETAL MUSCLE

AIZAWA, K.
INSTITUTE OF SPORT

INTRODUCTION: The plasticity of skeletal muscle facilitates adaptation to various stimuli. Sex steroid hormones play critical roles in regula-
tion of metabolism and function in skeletal muscle. Skeletal muscle has recently been identified as an endocrine organ. Sex steroid
hormones are produced by various peripheral target tissues including the kidney, liver, and brain in addition to endocrine organs such as
the testis or ovary.

METHODS: Sex steroid hormones are synthesized from cholesterol by steroidogenic enzymes, such as 3B-hydroxysteroid dehydrogenase
, and 17B-HSD, with testosterone being irreversibly converted to estrogen by aromatase cytochrome P450 . Testosterone is also converted
into its bioactive metabolite dihydrotestosterone by 5a-reductase.

RESULTS: We demonstrated that skeletal muscle containes these steroidogenic enzymes to synthesize sex steroid hormones from circu-
lating dehydroepiandrosterone or testosterone and exercise activates local steroidogenesis in skeletal muscle.

CONCLUSION: Thus, local steroidogenesis in skeletal muscle may play an important role in the plasticity of skeletal muscle. This session
focuses on the local steroidogenesis of skeletal muscle and discusses the physiological significance of the sex steroid hormone network
of circulation and skeletal muscle.

MUSCLE-ORGAN CROSS-TALK: THE ROLE OF MYOKINES IN DIABETES AND CANCER

PEDERSEN, B.
RIGSHOSPITALET

We have suggested that cytokines and other peptides that are produced, expressed and released by muscle fibres and exert either
autocrine, paracrine or endocrine effects should be classified as myokines. The finding that the muscle secretome consists of several
hundred secreted peptides provides a conceptual basis for understanding how muscles communicate with other organs, such as adi-
pose tissue, liver, pancreas, bones and brain. However, some myokines exert their effects within the muscle itself. Thus, myostatin, LIF, IL-
6 and IL-7 are involved in muscle hypertrophy and myogenesis, whereas BDNF and IL-6 are involved in AMPK-mediated fat oxidation. IL-
6 also appears to have systemic effects on the liver, adipose tissue, and the immune system, and mediates crosstalk between intestinal L
cells and pancreatic islets. Other myokines include the osteogenic factors IGF-1 and FGF-2; FSTL-1, which improves the endothelial function
of the vascular system; and the PGC-1a-dependent myokine irisin, which drives brown-fat-like development. Studies in the past few years
have identified myokines, which may influence cancer cell growth. Many proteins produced by skeletal muscle are dependent upon
contraction; therefore, physical inactivity probably leads to an altered myokine response, which could provide a potential mechanism for
the association between sedentary behaviour and many chronic diseases.
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