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Preface

This thesis was carried out for the Doctorate degree in Sports Science and has the
format of a conventional thesis. The thesis respects the “Procedures for the presentation
and submission of theses for higher degrees of the University of Pau and Pays de
I'’Adour.”

The data collected by the candidate enabled the publication of two articles in peer-
reviewed journals. A third article is undergoing the publication process. In addition, the
work here has enabled participation in numerous international sports performance con-
ferences. The thesis begins with an introduction permitting a better understanding re-
search problem’s context, followed by two reviews of literature which, combined, pro-
vide a synthesis of the human performance factors of offshore sailing with implications
for workload (WL) analysis. A chapter is then devoted to the personal contributions of
the author. Each study is presented in manuscript form, comprising an introduction,
methodology section, results, discussion, and conclusion, including practical applica-
tions. Figures and tables appear in the thesis as published. A final chapter provides a
synthesis of the thesis’s contribution towards the optimisation of performance but also
guides the interests for the lines of future research. The referencing style “American
Psychological Association” (APA) is used in the thesis with a list of references made
available in the penultimate chapter.
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Thesis abstract (English)

Sailing is a physically and cognitively demanding multidisciplinary sport with sailors
competing in the presence of multifaceted performance-related stressors. The high level
of stress sailors face during training and competition ignites the necessity for a better
understanding of the dose-response relationship related to sailing workload (WL). In-
deed, WL monitoring of sailors must be practised extensively to; a) adapt the training
schedule, b) provide the skipper with valuable information on potential risks of injury
and overtraining, and c) ensure adequate recovery programming to enhance perfor-
mance. Hence, quantifying the WL in professional sailors involves multiple aspects to
properly investigate the training and competition dose-response relationship. Histori-
cally, monitoring WL in elite sports environments has been based on the theoretical
“general adaptive syndrome” model, whereby performance can be predicted through
variables of fitness and fatigue over acute and chronic mathematical systems. However,
offshore sailing has received limited interest concerning WL and its’ effects on morpho-
logical, physical, and physiological adaptations. Furthermore, the scarcity of data in
such unexplored environments makes it a strenuous task for human performance prac-
titioners aiming at planning and structuring efficient training interventions.

This thesis contains three studies that aim to build a novel conceptual model of WL
analysis by identifying valid and reliable monitoring assessments that relate to compe-
tition performance in professional offshore sailing. Study One attempted to overcome
the common misconception that sailing is considered a “light” exercise (Bernardi et al.,
1990) by proving that sailing performance is linked to fitness profiles. The findings iden-
tified multiple physical variables able to discriminate between successful- and less-suc-
cessful sailors. Indeed, successful sailors were characterised by stronger handgrip, more
powerful bench pull, and stronger isometric mid-thigh pull. Study Two observed and
described the distribution of WL throughout a pre-competition period. Furthermore, it
intended the identification of data smoothing mathematical models capable of predict-
ing the effects of WL on neuromuscular performance, well-being, and salivary cortisol
(SC). The results highlighted the complexity of managing high and variant WLs
throughout a season. Significant associations were also established between WL param-
eters and markers of subjective and objective fatigue. Moreover, monitoring tools were
identified as valid and reliable methods for monitoring the preparedness of an offshore
sailing crew. Hence some variables can be integrated into the monitoring systems used
by human performance practitioners to enhance the efficiency of human resources.
Data smoothing models, commonly used for analysing acute to chronic (acute : chronic)
ratios, were found to be intuitive predictors of performance. Study Three explored the
issue of understanding the effects of competition on the ‘fitness-fatigue’ model. It doc-
umented the characteristics of the race, described the physiological responses to com-
petition, and examined neurophysiological and psychological fatigue patterns. These
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findings can greatly assist strength and conditioning and nutritionists alike in elaborat-
ing adapted interventions capable of enhancing athletic and sailing performance.
Collectively, the thesis emphasised the importance of physical readiness as a key per-
formance indicator (KPI), observed the complexity of planning in offshore sailing, and
provided practitioners with valid and reliable tools for enhancing offshore sailing per-
formance. Moreover, it identified human performance elements to consider in such a
complex environment.
Keywords: workload, sailing, performance, monitoring.

11



Thesis abstract (French)

La voile est un sport pluridisciplinaire exigeant a la fois physiquement et cogni-
tivement. Lors de compétitions, les marins s’affrontent et font face a divers facteurs de
stress environnementaux impactant directement leur performance. Le taux de stress
important auquel les marins font face suscite I'intérét de développer une meilleure com-
préhension des réponses physiologiques et psychologiques aux charges de travail (WL)
liées a la voile. En effet, le monitoring de WL chez les marins devrait étre fréquent et
poussé afin d’ : a) adapter le programme et la planification de I'entrainement, b) infor-
mer le skipper des risques éventuels de blessure et/ou de surentrainement et ¢) optimi-
ser la performance des marins en planifiant des interventions de récupération.

La quantification de WL chez les marins professionnels nécessite 'assimilation de
multiples parametres propres a la pratique de la voile. A l'origine, 'analyse de WL dans
le sport de haut niveau s’est basée sur le modele théorique du « syndrome d’adaptation
général ». Cette performance peut étre prédite a I'aide des parametres de fitness et de
fatigue intégrés a des modeles mathématiques chroniques et aigus. Toutefois, la course
au large a requ une quantité limitée d'intérét concernant WL et ses effets sur les adap-
tations morphologiques, physiques et physiologiques. De plus, le manque de données
dans des contextes si peu explorés rend la tache difficile aux acteurs de la performance
désirant planifier et structurer des interventions d’entrainement efficaces.

Cette thése contient trois études qui visent a construire un nouveau modele concep-
tuel d'analyse de WL en identifiant des outils d’évaluations fiables et valides liés a la
performance lors des compétitions de course au large au niveau professionnel. La pre-
mieére étude a tenté de surmonter les fausses idées néanmoins courantes, considérant la
voile comme étant une activité a demande physique « légere » (Bernardi et al., 1990) en
apportant un aper¢u concernant les liens reliant les profils physiques et la performance.
Les résultats ont identifié plusieurs variables physiques capables de faire la distinction
entre les marins performants et les marins moins performants. En effet, les marins per-
formants se caractérisent par une préhension plus forte, une puissance de tirage plus
importante et une force maximale isométrique de poussée verticale plus conséquente.
La deuxiéme étude a observé et décrit la répartition de WL tout au long d'une période
précédant la compétition. Elle a tenté d’identifier des modeéles mathématiques de lissage
capables de prédire les effets de WL sur les performances neuromusculaires, le bien-
étre et le cortisol salivaire. Les résultats ont mis en évidence la complexité de la gestion
de WL di aux larges variations du volume d’entrainement. Des associations significa-
tives ont également été établies entre les parametres d’analyses et les marqueurs de fa-
tigues subjectives et objectives. De plus, des outils de suivi ont été identifiés comme des
méthodes valides et fiables pour surveiller I'état de préparation d'un équipage de navi-
gation hauturiére. Ainsi, certains parametres peuvent étre intégrés dans les systémes de
suivi afin de guider les praticiens de la performance humaine. Les modeles de lissage
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des données, couramment utilisés pour analyser les ratios aigué/chronique, se sont ré-
vélés étre des prédicteurs intuitifs de la performance. La troisiéme étude a développé la
compréhension des effets d'une compétition sur le modéle « fitness-fatigue ». Elle a do-
cumenté les caractéristiques de la course, décrit les réponses physiologiques a la com-
pétition et examiné les schémas de fatigue neurophysiologique et psychologique des
marins. Ces résultats peuvent grandement aider les spécialistes de la préparation phy-
sique ainsi que les nutritionnistes a élaborer des interventions adaptées capables d'amé-
liorer la performance physique liée a la voile.

Dans I'ensemble, la thése a souligné I'importance du statut physique en tant qu'indi-
cateur clé de la performance. Elle a observé la complexité de la planification en naviga-
tion hauturiére et a fourni aux praticiens des outils valides et fiables pour améliorer les
performances de navigation. De plus, elle a identifié des éléments de performance hu-
maine a prendre en compte dans un environnement aussi complexe.

Mots clés : charge de travail, voile, performance, suivi.
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Sailing glossary

Aft: This is a piece of sailboat terminology that describes the back of the ship.
Beam: The width of a boat at its widest part.

Boom: This is the horizontal pole that extends out from the mast for adjusting the di-
rection of the sail.

Bow: This describes the front of the ship.

Broad-reach: A point of sailing in which the wind blows over a boat's quarter, between
the beam and the stern.

Close-hauled: Sailing close to the wind direction with the sails trimmed along the cen-
tre line of the boat.

Downwind (sailing): sailing a Broad-reach course to gain distance to leeward.
Heading: Projected course of the boat.

Heel: The leaning action of a boat owing to pressure of wind in the sails or crew weight
distribution.

Helming: The action of steering a boat.

Hiking: Sitting out on the opposite side of a boat to the sails to counteract the heel
produced by the wind in the sails.

Jibing: This is an action in which the stern of the boat will go through the wind chang-
ing the wind from one side to the other. Whenever a tack or jib occurs the boom will
have to shift in order to catch the wind on the new side.

Lay line: An imaginary line drawn from the windward buoy relative to the wind that
would be followed by a close-hauled yacht sailing on a single tack towards the buoy.

Leeward: This is the direct opposite of the Windward direction and often given as a
guide when a boat is moving into the wind.

Leg: Section of a sailing course between two buoys.
Mast: This is the main component point where the sail is raised.

Port: Port is the left-hand side of the boat while you are facing the bow and standing
inside of it.
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Rudder: This is a mechanism beneath the boat that is usually flat and design that of a
strong material. The rudder is connected to a mechanical device on the top of the ship
that controls its direction back and forth. Smaller sailboats can control this rudder with
a direct mechanism whereas larger sailboats have a full-sized wheel. The rudder directs
the vessel by displacing water like a paddle.

Starboard: This is the right-hand side of the boat as you are facing the bow while stand-
ing in the boat.

Stern: The rear or the backside of the boat.

Tacking: This is a manoeuvre that involves turning the bow of the boat into the wind
so that it changes from one side of the boat to the other side.

Windward: This term refers to the main direction that the wind is blowing and making
the windward direction means moving with the wind.

Trimming (boat): Action of modifying the balance of the boat by adjustment of body
position relative to the wind.

Trimming (sails): Action of modifying the angle of the boat’s sails relative to the wind
direction.

Upwind (sailing): sailing a close-hauled course to gain distance to windward.
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Chapter one | Introduction

“There are some things
you learn best in calm,

and some in storm.”
-Willa Cather
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1.1 Background

Sailing is a multi-disciplinary and environmental dependent sport requiring sus-
tained cognitive involvement for boat handling, navigation, and tactical skills (Hurdiel
et al., 2012) combined with physically strenuous activities to manoeuvre the boat (OI-
denburg et al., 2013).

The advent and profusion of hydro-foiling knowledge and technology has led the
sailing environment to an important turnover in competition organization during the
last two decades (Bot et al., 2022). Indeed, sailing venues have seen the development
and implementation of advanced material technologies and hydrodynamic design ex-
tremes (Figure 1) being tested in various spectacular competitions (Sjogaard et al., 2015).
The constant quest for improvement and performance has led boats to reach record
speeds. For example, the time taken to circumnavigate the world has drastically de-
creased in the last decades (Figure 2). However, the evolution of these highly perform-
ing, ultra-technological yachts has increased the multifaceted challenges sailors are
faced with. Hence the increase in the number and intensity of regattas have required a
reflection on the issues of physical preparation and recovery for sailors. Moreover, these
boats have radically enhanced the physical and physiological demands of sailors
onboard. The physical profiles of sailors have also evolved positively. For instance, a
gradual increase in lean muscle mass has been observed in most sailing competitions
(Neville et al., 2009b).

84.5 88.9

The History of Sail Power

America’s Cup, 1851-2013

Sail Area to Boat Weight Ratios in square meters per ton

16.1

Woolf, 2016

Figure 1. Evolution of sailing vessels.
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Figure 2. Evolution of time needed to circumnavigate the world.

Professional sailors also experience performance-related stressors which may impact
their fatigue and recovery status and hence influence their capacity to perform on board.
Indeed, sailors are faced with sleep deprivation and little comfort on board (nutrition,
noise, hygiene...) that may impede on their decision-making skills and/or physical ac-
tions.

With physical and cognitive performance of offshore sailing being more demanding
than ever, the interest of injury and illness epidemiology has increased proportionally.
Indeed, by the nature of the sport, sailors are confronted to a large panel of injuries and
other health issues that can endanger their lives (Nathanson, 2019). Many studies have
attempted to understand the causes of such risks to reduce the burden of sailing inju-
ries. Injury prevention aboard a vessel is particularly important due to the limited access
to medical care and medical supplies when offshore. Nevertheless, most studies have
been limited by small data sets and are restricted to a specific geographical location,
regatta and sailboat class (Allen, 2000 ; Price et al., 2002). Nathanson (2010) conducted
a survey with 1188 respondents to determine the epidemiology rate of sailors during a
12-month period. A total of 1715 injuries and, 559 illnesses was reported of which most
were caused by tacking, gybing and heavy weather. These rates seem to be dependent
of the sailing class, population, and collection methods. A study of America’s Cup racing
found an injury rate of 2.2 injuries per 1000 hours of sailing, and another study found
the rate among novice dinghy sailors of 0.29 injuries per 1000 hours of sailing. These
injuries vary according to localisation, timepoint of the race, situation, task being com-
pleted, vessel category and level of experience. Nathanson et al. (2008) have also ob-
served the effects of heavy weather conditions on the occurrence of injury (Figure 3).
Other researchers have also outlined the impact of injuries and illnesses on the perfor-
mance of sailing teams, thus demonstrating the necessity monitoring the WL induced
by training and competition volume (Price et al., 2002). As in other sports, WL analysis
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and management have received a great amount of interest in literature. Performance
practitioners have been trying to determine associations between dose and response
adaptations in a goal to better monitor athletes. Thus, the tools and statistical methods
of analysis have become widely popular. However, to date, very little research has in-
vestigated the effects of WL on sailing performance and physiological adaptations in
professional offshore sailors.

Seasickness, Heavy Weather and Injuries
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Figure 3. Heavy weather and occurrence of injury. According to Nathanson et al. (2008).

As outlined above, the physical demands of offshore sailing have increased in con-
comitance with technological advances. Amongst other qualities, considerations on the
development of physical qualities are more relevant than ever. The issues related to the
development and optimization of physical qualities, longevity, intensification of sailing
regattas as well as the preservation of the sailor’s health represents the main objectives
in human performance strategies. Hence, the increasing demand for developing perfor-
mant sailors represents an important challenge for all human performance practitioners
in offshore sailing. Therefore, bridging the gap between WL parameters and phys-
iological adaptations is necessary to better guide training interventions in the
build-up to competition.

Understanding the needs of the sport calls for identifying and underpinning the me-
chanics, energetics and coordination demands linked to performance. As of today, the
sailing environment suffers from the lack of literature investigating the importance of
anthropometry, morphology, and physiological characteristics in performance out-
come. Past research has also reported the minimal physical demands necessary for
manoeuvring a boat (Bernardi et al., 1990). This not to account for the technology de-
velopment (Kerdraon et al., 2020 ; Scarpellini et al., 2021 ; Mancuso & Tumino, 2022)
and economic pressure leading to increased needs on human performance. Hence,
strength and conditioning practitioners are provided very few tools and with a narrow
range of knowledge on which they can draw. Inadequate exercise prescription, WL man-
agement and planning can lead to a high risk of injury in elite level environments. It is
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therefore crucial for coaches to rely on valid information and reliable monitor-
ing tools capable of identifying the response to WL completed and neuromuscu-
lar performance regularly throughout training and competition as to evaluate
the sailors’ readiness status.

1.2 Research question

Information concerning practical implications for planning, programming, and mon-
itoring professional athletes in offshore sailing is scarce. To start, sailing has suffered
from past research and common beliefs associating its activity as a leisure sport with
low physical requirements (Bernardi et al., 1990). As of today, few research has aimed at
bridging the gap between physical characteristics and competition outcome. Secondly,
despite the importance of planning and programming in extreme sports being acknowl-
edged (Trease et al., 2022), no research has outlined the complexity of WL management
and monitoring in such environments. Hence, little is known about which data to col-
lect, analyse and provide appropriate actions for optimizing the training process. Lastly,
no studies have examined the acute and chronic dose-response relationship of a re-
nowned offshore sailing regatta on a professional mixed crew. Taken together, this cre-
ated the questions that guided this thesis:

1) What peer reviewed literature is made available to assist practitioners and sailors
in their quest for enhanced performance?

2) What place and what importance do anthropometric and fitness attributes hold
in an elite sailing environment?

3) How does an extensive and structured pre-competition period impact sailors on
a multifactorial level? Can mathematical models help predict these impacts?

4) What effects does a renowned offshore competition have on anthropometry,
physiology, and subjective wellness parameters in professional sailors?

1.3 Research objectives

Multiple studies were undertaken to address the research problems mentioned
above. Chapter Two provides an overview and presentation of the offshore sailing con-
text. It highlights the principles of sailing and presents famous competitions in its’ en-
vironment. Chapter Three will present the literature supporting scientific knowledge of
offshore sailing performance to give a better understanding of the difficulties encoun-
tered by performance practitioners in this environment. Chapter Four will review liter-
ature concerning current WL analysis practices and how they can be utilised in the off-
shore sailing context. Furthermore, it will discuss the current knowledge regarding the
dose-response relationship on physical, psychological and wellness parameters. Follow-
ing the reviews of literature, Chapters Five of the thesis will present a series of original
investigations that aim to bridge the gap in the current understanding of the importance
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of physical preparation characteristics, analysing the WL distribution of a pre-competi-
tion phase, methods for enhancing the efficiency of athlete monitoring and
acute/chronic dose-response of an offshore sailing competition on subjective wellness,
neuromuscular output and hormonal stress.

Study One will provide a better understanding of the needs for physical training as a
way of enhancing sailing performance by discriminating between successful and less-
successful sailors. Study Two will investigate the complexity of planning and program-
ming the preparation of a renowned offshore sailing regatta and bring forward moni-
toring tools to aid performance practitioners in this challenge. Study Three will provide
insights on the dose-response, during and after, of an offshore sailing competition on
physical, psychological, and hormonal parameters. A schematic representation of the
thesis is provided in Figure 4. Study One and Three have been accepted for publication
in peer-reviewed journals. Study two is undergoing the publication process. A summary
of their purpose and practical implication is detailed below.

» Study One (Chapter Five) - Key Performance Indicators in Tour de France Sail-
ing.

Purpose: The aim of this present study was threefold. First, our objective was to analyse
and report the nature of sailing during the Sailing Tour de France (TDF). Second, we
attempted to identify the KPIs associated with racing outcome. Third, we directed a
descriptive analysis of anthropometric, physical, and physiological profiles of elite-level
sailors participating in the TDF.

Practical application: This study may provide useful information to coaches, sports sci-
entists and sailors in the planning and implementation of physical and technical train-
ing interventions. Where practitioners wish to evaluate and provide sailors with reliable
training interventions the use of handgrip strength (HGS), submaximal pulling velocity
and isometric mid-thigh pull testing protocols are suitable. We believe that future stud-
ies should focus on two particular aspects: (1) identifying the effects of internal and ex-
ternal WL on technical and physical performance indicators during the preparation and
competitive phase of the TDF and (2) examining sailors’ experience (e.g., vessel, posi-
tion, WL) in order to identify potential performance and/or talent pathways.

» Study Two (Chapter Five) - Workload Distribution and Monitoring Markers
in Crewed Offshore Sailing.

Purpose: The aim of this present study was two-fold. First, our objective was to describe
the WL distribution during the preparation of a crewed offshore regatta and to investi-
gate the changes induced by the preparation period on neuromuscular adaptations, sub-
jective markers of recovery and hormonal biomarkers. Second, to analyse the correla-
tions between WL parameters and monitoring markers to establish a possible dose-re-
sponse relationship.
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Practical implication: Objective and subjective markers of recovery/preparedness were
found to be associated with WL parameters. These may be useful to suggest if sailors
have recovered from the previous week of training or from a high sailing volume phase.
Although fatigue and preparedness are multifactorial, performance practitioners, in the
sailing environment, should insist on frequent monitoring of athletes to (i) optimally
adapt the training plan according to the situation/weather, (ii) inform the skipper on
potential risks of injury/overtraining and (iii) ensure adequate recovery methods to en-
hance performance.

» Study Three (Chapter Five) - Effects of an Offshore Sailing Competition on
Anthropometry, Muscular Performance, Subjective Wellness and Salivary Corti-
sol in Professional Sailors.

Purpose: The aim is to provide an overview of offshore sailing demands by a) examining
sailing specific activities during competition and b) investigating the physiological re-
sponses and fatigue patterns in a professional mixed-sex crew.

Practical implication: There are several practical applications from this study that are of
relevance to human performance practitioners and sailors. Over an intensified period
of offshore sailing competition, when there is insufficient time to recover between legs,
fatigue accumulates. High levels of fatigue before sailing may compromise the boat’s
performance by impairing physical and cognitive capabilities. As such, cautious WL
monitoring should be implemented by practitioners during a competitive phase to de-
termine a sailor’s readiness and recovery status. Upper body and lower body neuromus-
cular capabilities, as well as SC, were impacted by an offshore sailing competition. Mark-
ers obtained from countermovement jump (CMJ) and HGS appear to be sensitive ways
of detecting fatigue during a crewed offshore competition. Questionnaires that assess
subjective perception of fatigue and wellbeing parameters are useful tools for monitor-
ing fatigue and recovery during offshore sailing competition.

1.4 Thesis structure

The thesis structure is presented in Figure 4. The thesis is built into 8 chapters. This
includes an overview, scientific background, three main themes, discussion, bibliog-
raphy, and appendices. The three themes aim to chronologically target the thesis ques-
tions and aims. Each theme is divided into three parts, which provide deeper insight to
the publication(s) belonging to that theme. This includes a scientific background be-
hind the questions and aim of the theme, the chosen research methods and their logic,
the publication itself, and an open discussion of the results.
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Figure 4. Thesis structure.
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Chapter two ‘ Offshore sailing

background

“The pessimist complains
about the wind; the optimist
expects it to change; the realist

adjusts the sails.”
-William Arthur Ward
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2.1 Offshore Sailing

By far the largest wilderness areas on earth are oceans and lakes which cover over
71% of the planet’s surface. For over 5000 years, societies have prioritised maritime
transport to increase their commercial activities and become richer and more powerful
(Nathanson, 2019). Owing to technological developments, such as the invention of
steam engines in the late 18th century, commercial sailing became obsolete and gradu-
ally transitioned into a recreational and sporting activities. Today, sailing encompassed
a broad spectrum of activities. Many scientific studies are conducted sailboat optimisa-
tion. These studies are mainly concerned with finding the best route by maximising the
boat speed while minimising voyage time, as well as determining the optimal shapes
and sizes of the boat and the rig. However, little is known concerning the optimisation
of human performance.

2.2 Principles of sailing

Sailing is the action of employing the wind to propel a craft on the surface of the
water over a chosen course. It relies on the physics of sails by deriving power from the
wind, which generates both lift and drag. The vessel may move upwind or downwind
when combining the force transmitted to the sails and those of resistance from the hull,
keel, and rudder. Therefore, sailors can choose the point of sail (Figure 5) and manage
boat speed by modifying sail trim, centreboard/keel position, the balance of the boat,
and boat trimming.

Wind

\ 4

Close Close
Hauled Hauled

Close Close
Reaching Reaching

K Dead area %

Bieam Beam
Reaching ‘f“?——:; Reaching
Broad Broad
Reaching Reaching

Running

Figure 5. Point of sail. Adapted from Santos et al. (2016).
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v’Manoeuvring a Boat. It is worth noting that not all target directions can be followed

by a sailboat. Generally, a sailboat cannot sail directly into the wind (Figure 6). Indeed,
when angling too sharply into the wind, the forces of the boat become unbalanced. The
angle at which a boat can sail upwind depends on its architecture, buoyancy, weight,
and sails. Therefore, a sailor intending to travel windward towards a point exactly in
line with the direction of the wind will have to tack zig-zag manoeuvres to reach its
target (Figure 7). Contrarily, when sailing downwind (wind at the back of the boat), a
boat could sail pointed directly downwind; nevertheless, this is not recommended as a
shift of wind could cause a flying gybe (sails changing sides unexpectedly). Hence, sail-
ors must gybe, zig-zag manoeuvres, to reach their target.

Normal

Jibe Downwind

Figure 6. Possible courses of a sailing yacht with respect to the wind. According to Erkens et al. (2010).

Windward Mark
Wind
direction

Leeward mark

Figure 7. Upwind tacking: to go from leeward to the windward mark is not possible to point directly to
the target. According to Ferretti and Festa (2019).
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v"Velocity made good. Velocity made good (VMG) in upwind, downwind, and broad
reach courses is the technical variable that determines performance in many sailing
events (Caraballo et al., 2020). It is defined as the speed that the boat reaches directly
in windward and leeward courses (Castagna & Brisswalter, 2007) and measures the pro-
gress of the vessel along the rhumb line (Figure 8). This line is the straight line from the
starting point to the finish line and represents the shortest distance to complete the

course.

Maximum VMG TARGET
Higher : ﬂ | % - 4
af?ld 4 p 7 4 %
slower P} A 4

VMG
(Velocity-made-good to windward)

Figure 8. Principle of Velocity Made Good.

2.3 Sailing vessels

World Sailing, previously the International Sailing Federation (ISAF), denotes a total
of five sailing classes: dinghies, keelboats, multihulls, boards and radio-controlled.
These boats, come in all shapes and sizes but maintain a common denominator of using
sails mounted on masts to harness the power of the wind and propel the vessel (Figure

9).
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2.4 Crew roles

Crew positions and roles depend on crew count and vessel type. Sailing a boat suc-
cessfully implies great coordination and teamwork between all crew members. This en-
sures that all manoeuvrers (leaving a mooring, hoisting sails, changing tacks, reefing an
entering a marina) are completed with efficiency and optimal balance.

o Skipper: Responsible for the boat’s safety and performance. He/she is positioned
in the afterguard and usually doubles up as helmsman, tactician, or strategist.
The skipper holds the position of captain/leader of the team.

e Tactician: Responsible for the positioning of the boat on the course. The tacti-
cian analyses environmental factors by considering the wind, tide, sea conditions
and state of the race. He/she gives feedback to the crew as to which course is to
be taken.

e Navigator: In charge of all electronic instruments on board, which provide in-
formation on conditions, performance, and meteorological input.

¢ Helmsman: Responsible for driving the boat as fast as possible.

e Mainsheet Trimmer: Controls the sheets (ropes) that set the shape of the main-
sail. Works closely with grinders/winchers to coordinate sheeting in or sheeting
out.

e Headsail Trimmer: Controls the sheets (ropes) that set the shape of the headsail
(jib or genoa). Works closely with grinders/winchers to coordinate sheeting in
or sheeting out.

e Pitman: Occupies a central position and controls halyards (ropes that hoist and
drop sails). Provides a link between afterguard and the bow (front of the boat).
Can help grinders during primary manoeuvres.

¢ Bowman: Is active at the front of the boat. Involved in hoisting, dropping, and
controlling the headsails. During manoeuvres he is responsible for the passing of
the sheets across the spinnaker pole.

e Grinder: The grinder supplies the power to the winch which is activated by the
trimmer. Their action revolves around the pedestal and trims mainsail, headsails,
and runners.

2.5 Types of competition

Offshore sailing competition entails a variety of different disciplines/categories. In
its essence, oceanic racing occurs over long distances and in open water. These universal
disciplines include racing and cruising in waters from inshore (where shelter and rescue
are not available) to transoceanic races without external assistance. The races differ in
nature, according to the organisers, and require different technological and human de-
mands. World Sailing defines oceanic racing as “any race offshore race over 8oo miles”.
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Today, these events can either be raced solitary, double handed or fully crewed. Table 1
overlooks and highlights the different races that have been observed in research.

a) Solitary Offshore Sailing

Solitary sailing, also known as solo or single-handed sailing, faces magnified activities
compared to crewed sailing. A solo sailor must carry out a large range of tasks (naviga-
tion, rigger, helmsman, captain). To be successful, a sailor must respond to environ-
mental factors (tide and weather) and adapt sail configuration to set for optimal course
and sailing speed. This results in sailors being exposed to high physical WL and signifi-
cant mental stress. These races can either be in a fleet format (i.e., racing against other
boats) or in a speed sailing format (i.e., racing to beat a record).

Solitaire du Figaro: An annual solitary event (since 1970) sailed in multiple legs.

Hosted in France, it hosts professional and amateur sailors alike. The Solitaire du Figaro
is considered as the mother race of offshore racing.

** Last edition: The 2022 edition included three legs for an accumulated 1980 nautical
miles (nm) and a duration of 15 days of sailing. Sailors competed onboard of the Figaro
Benneteau 3.
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Vendee Globe: Created in 1989, the Vendee Glove, also known as “the Everest of the
seas’, is a solitary around the world race that occurs every four years. Open to profes-
sionals only, sailors must race around the world without assistance nor stop-overs. The
race is one of the hardest of offshore venues. It is characterised by its multiple for-
feits/abandonments and fatalities.

** Last edition: The 2020 edition was raced in 8o days 3 hours 44 mins for the fastest
and 116 days 18 hours 15 mins for the slowest. The winner sailed a total of 28584 nm for
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a theoretical distance of 24365 nm. Sailors competed onboard of the IMOCA 60 (Inter-
national Monohull Open Class Association).
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Route du Rhum: Created in 1978, the Route du Rhum is a transatlantic single-handed
yacht race rallying Saint-Malo (Brittany, France) to Pointe-a-Pitre (Guadeloupe) for a
theoretical distance of 3510 miles. Unlike the Vendee Globe, sailors are allowed stop-over
and assistance under certain conditions. The current record stands at 7 days 14 hours 21
minutes with an average speed of 23.95 knots.

** Last edition: The 2018 event saw six boat categories take off for the " edition. Sailors
competed in either monohull (IMOCA 60, CLASS 40, Rhum Mono) or multihull (Ultime,
Multi 50, Rhum Multi).

UN OCEAN
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ARRIVEE

Mini Transat 6.50: Created in 1977, the Mini Transat 6.5 is a transatlantic solitary race
without assistance. After departing from France, one stopover of 10 days (in Canary Is-
lands or Madeira) is scheduled before rallying the West Indies. The race is scheduled
every two years and sees more than 8o participants on the starting line.
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** Last edition: The 2021 event saw 9o boats race for 1350 miles (1% leg) and 2700 miles
(2" leg). This edition was characterised by the eruption of the Cumbre Vieja which
caused incidents regarding arrival in the Canary Islands. Sailors compete in the Class
Mini 6.50.

charente-maritime )
TRANSAT 6,50 (LT

b) Crewed Offshore Sailing

Modern offshore racing yachts are more like a large dinghy than a conventional dis-

placement yacht. Skippers must therefore sail with crews to potentiate the yachts po-
tential by counterbalancing the boat and compensating for the waves (Branth et al.,
1996). Each crew member has a specific task on board and usually work in shifts to en-
hance recovery volume. Crewed offshore sailing is characterised by its more “intense”
nature due to the watch system permitting sailors to rest before engaging in strenuous
onboard activity.

Fastnet Race: Created in 1925, the Fastnet Race is a crewed race without stopovers.

After leaving the harbour of Cowes (UK), sailors must round the Fastnet Rock (Ireland)
and Bishop Rock (UK) before heading to Plymouth (UK). The race is scheduled every
two years and holds two distinct rankings: Real time and International Rating Certifi-
cate (IRC).

** Last edition: The 2021 event saw over 300 boats compete over the 700 nm. This edition
was characterised by the large fleet which led organizers to modify the racecourse by
rallying Cowes to Cherbourg (France). Sailors compete in either multihull Ultime or
monohull VO6s5, IMOCA 60, Class 40, IRC.
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The Ocean Race: Previously known as the Whitbread Round-the-World Race and The
Volvo Ocean Race, The Ocean Race has been held every three years since 2008 (created
in 1973). The race consists of multiple legs to circumnavigate the globe, with in-port
races at many of the stopover cities. The harsh environment and sailing conditions make
this race one of the hardest races in the world.

** Last event: The 2017 event saw 7 teams sail a 45000 nm course consisting of 11 offshore
and in-port legs. Crews consisted of either 7 male sailors or g sailors if 2 women were in
the team. This edition was sadly characterised by the fatality of a crewmember and a
local fisherman. Sailors compete in the VOR 65.
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Trophée Jules Verne: Created in 1972, this challenge is of unique nature as the goal is

to set a round-the-world record without any assistance or stop-overs. Crews of 6-8 sail-
ors must constantly observe meteorological conditions to schedule their departure date.

** Last record: The record stands at 40d 23h 30om 30s and was realised in 2017. A total of

22461 nm was sailed with an average speed of 26.85 knots for a theoretical route of 22461
nm.
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Transat Jacques Vabre: Created in 1993, the Transat Jacques Vabre is double-handed
yacht race that follows the historic coffee trading route between Le Havre (France) and
Salvador de Bahia (Brazil) for a theoretical distance of 4335 miles. The venue occurs

every 2 years and no assistance or stopovers are allowed.

** Last edition: The 2021 edition saw Ultime Multihulls, Multi 50, IMOCA 60 and Class

40 boats line up for the race.
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Sydney-Hobart: Created in 1945, the Sydney-Hobart is a race that rallies Sydney to Ho-
bart (Tasmania) every 26" of December. A total of 630 miles are sailed in crewed IRC
boats. This race is considered one of the most famous IRC races in the world. The cur-

rent record stands at 1d gh 15m 24s.

** Last edition: The 2021 edition saw a total of g1 boats form the fleet. Sailors compete
in IRC categories. A Maxi Yacht was declared winner of the last edition.
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Clipper Round the World Yacht Race: This crewed race was created in 1995 and is
raced around the world. Crews are made of amateurs and one professional skipper. The

race is held every 2 years and is scheduled/planned to allow for high volume of down-
wind sailing.

** Last edition: The 2019 edition was characterised by the victory of a female skipper. A
total of 11 identical boats are sailed by sailors: the Clipper 7o0.

Sailing Tour de France: This crewed race was created in 1978 and is raced on annual
basis. Crews are made of amateurs and professional sailors. The race starts in the north
of France and finishes in Nice (France). A dozen legs make up the competition. During
each act sailors compete to tally points in coastal raids (offshore specificity) and nautical
stadiums (inshore specificity). This competition has allowed some of the world’s best
sailors to compete along the French coastline.

** Last edition: The 2021 edition was characterised by the distance extension during the
coastal raids to challenge the sailors’ offshore skills.
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Table 1. Main characteristics of the boats found in peer reviewed articles.

Upwind Sail Downwind Sail
Boat name Boat Class Design LOA (m) area (m?) area (m?) Key research
Challenge 67 Monohull 20.42 228 441 Price et al. (2002)
Ghiani et al. (2018)
Class 40 Monohull 1218 15 160 Giacon et al. (2022)
Galvani et al. (2015)
Dufour 45 Monohull 13.6 13 Portier et al. (2008)
' ;

FARR 30 Monohull 9.43 56 133 Léger et al. (2008)
Fast 42 Monohull [ | l 12.7 102.9 177.9 Galvani et al. (2015)
. Loddé et al. (2016)
Figaro Monohull 10.15 68 123 Hurdiel et al, (2014)
GP 42 Monohull 12.8 90 Galvani et al. (2015)
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Hobbie Cat 20
Formula

IMOCA 60

IMX 38

Meteor

Mini 6.50

Multi 50

Selection 37

VO6o

Catamaran

Monohull

Monohull

Monohull

Monohull

Trimaran

Monohull

Monohull

5-97

18.29

.41

6.5

11.35

22.14

23.22

300

89.09

16.2

42

70.25

296-451

39.11

600

151.92

21.2

96

108.7

578+

Groslamber et al. (2008)

Fearnley et al. (2008)
Myers et al. (2008)
Lafére et al. (2020)
Hurdiel et al. (2013)
Weston et al. (2009)

Galvani et al. (2015)

Bernardi et al. (1990)

Hurdiel et al. (2012)
Filardi et al. (2020)

Lafére et al. (2020)

Portier et al. (2008)

Gunnarsson et al. (2008)
Branth et al. (1996)
Spalding et al. (2005)

LOA: length overall
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Chapter three ‘ Literature review

Human perfor-
mance in offshore
sailing

“The art of the sailor is to

leave nothing to chance.”
Annie Van De Wiele
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3.1 Synopsis

Technological advances and hydrodynamic knowledge, combined with the quest for
sports performance, have led offshore sailing to fully incorporate multidisciplinary hu-
man performance support staff (Neville et al., 2006). Indeed, the development of high-
performing and technologically packed vessels has raised the necessity to observe the
impact of competition on physical and cognitive attributes. These ultra-technological
boats require high levels of alertness, vigilance, and concentration to optimise sailing
efficiency and security onboard. Sailors must also face harsh weather conditions and
limited comfort on board which can lead to injuries and other health problems that may
endanger their lives. Hence, offshore sailing relies on an interdisciplinary focus on hu-
man performance parameters. However, the offshore sailing context remains hardly ex-
plored. This lack of literature can be explained, in part, by the complexity of conducting
research protocols in such a challenging environment. For instance, the utilization of
wearable technology, such as heart rate (HR) monitoring devices, on yawing and rolling
vessels stumbles upon practical difficulties when sailing offshore for multiple days (Gal-
vani et al., 2015). Nevertheless, designing and implementing optimal training and com-
petition-based strategies necessitates a thorough understanding of the sport’s KPIs.

Human performance is an interdisciplinary focus. It draws together methodologies
across numerous scientific disciplines to understand the fundamental skills, mecha-
nisms, and outcomes of performance activities and experiences (Clark & Williamon,
2016). Performance enhancement teams are often formed to combine expertise in all
components: fitness, physiology, nutrition, and sports psychology. These specialists aim
to assist the athletes in bringing out optimal performance during competition. Measur-
ing human performance has increased drastically in both popularity and desire due to
the quality and affordability of biometric sensor technology. Hence, this environment
needs to be explored as it remains relatively untouched. Offshore sailing is a universal
but versatile activity characterised by its varied duration and risky nature. It challenges
both the cognitive and physical capacities of competing athletes. It is undeniable that
vessel speed and efficient racing strategy is of great importance for competition success.
The following literature review addresses the research aiming to understand the various
effects of various attributes on offshore sailing performance. Therefore, while attempt-
ing to be as inclusive as possible, this first review will focus its examination on the var-
ious studies that have analysed (i) the activity profiles of sailors, (ii) the indicators of
offshore sailing performance, (iii) the management of offshore sailing as an extreme
sport and (iv) the dose-response generated by competition. Thus, this review has
three objectives: a) to review the peer-reviewed studies on the factors that have
an impact on the speed performance of the boat, b) to summarise the scientific
knowledge concerning the elements sailors are faced with and that impede on
the vessels performance, with the goal of promoting research on the various
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components, and ¢) to propose practical implications to sailors and perfor-
mance practitioners alike.

3.2 Activity profiles during offshore sailing

Offshore sailing can be competed either in solitarily or in crews. Race duration varies
according to the venue and environmental factors, from a few hours to several weeks.
Nevertheless, the finality remains the same, finishing the course in the least amount of
time and in front of adversity, all while having the same characteristic of using wind
energy as the lone means of propulsion (Spurway et al., 2007). It is undeniable that ves-
sel speed and efficient racing strategy is of great importance for competition success.
Notably, the main objective of the competition is to cross the finish line before the op-
ponents. This can only be achieved with efficient manoeuvres and adequate strategy,
which extensively challenge both the cognitive and physical capacities of competing
sailors. Hence, this first section aims to explore the studies that have analysed
the different aspects of human performance in the offshore sailing context. This
review will underpin and highlight a better understanding of the sailor’s activity
onboard.

3.2.1 Analysis of sailing tasks

Hoisting, stacking, winching, trimming, and
grinding are all specific actions of offshore sailing JP\P \Aj\\
(Figure 11). These sailing-specific tasks are essential
for optimising manoeuvre efficiency and boat speed. oc \/ \
They correspond to the high-intensity efforts con- L
tributing largely to the physiological demands of 1§ . /\/ \/\,\/\
giving speed to a vessel (Neville et al., 2009b). Nev-

ertheless, very few studies have provided interest in  ra / V\

analysing the mechanics and energetics responsible

Figure 10. From top to bottom: Instan-

) 7 taneous power; force; angular velocity;
were among the first to report observations of sail- intrathoracic pressure measured during

ing-specific tasks on physiological demands. Their @ trimming manoeuver. According to
Bernardi et al. (1990).

for executing these actions. Bernardi et al. (1990)

research concentrated on analysing the movement
of hauling ropes (trimming and hoisting) via winches without cranks. Their observa-
tions concluded that at the beginning of the manoeuvre, the force opposed by the wind
on the sail was minimal, and the angular velocity of movement was maximal (Figure 10).
When the sail gets closer to the wind, the force needed to perform the movement pro-
gressively increases, and rotational speed decreases until the maximal voluntary con-
traction is reached. Furthermore, grinding has received some interest from inshore sail-
ing competitions (Pearson et al., 2004, 2009a, 2009b, 2009c ; Neville et al., 2009c, 2010
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; Adami et al., 2015). Their research focused on determining the physiological and bio-
mechanical demands of the upper body pedestal. Their findings highlight the need for
high levels of maximal pushing and pulling strength and anaerobic and aerobic power
to be performant during this action. Indeed, they report strong correlations between
these physical attributes and grinding performance (Tables 2 and 3).

Table 2. Relationship between strength-power measures from the bench press and backward grinding
performance at two different loads. According to Pearson et al. (2009¢).

Correlation with Correlation with

Mean (5D Mean (S0

YVariakle maderats load heavy load
n=11 ) n=§8
(p-value) (p-valus)

1RM (kg) 119.7 {23.9) .55 {0.000) 133.7 (23.8) 0.99 (0.000)

Max Force (M) 11763 (232.0) 0.&7 (0.000) 1311.3(233.2) 0.99 (0.000)
Max Velocity (mv's) 0.95 (0.14) -0.03 (D.940) 0.95(0.18) 0158 {0.734)
Max Power (W) 3047 (BE.6) (.55 {0.0581) 3237 (89.5) 049 (0.326)
Pmax load (% 1RM) 53.3(1.7) -0.47 (D.142) 52.8(2.1) 054 {0_264)

Table 3. Relationship between strength-power measures from the bench pull and backward grinding
performance at two different loads. According to Pearson et al. (2009c¢).

Cormrelation with Correlation with

Mean (50 Mean (50
VVariable mioderate Load heavy Load
n=11 n=8
(p-value) (p-valug)

1RM ikqg) 99.4(15.4) 0.90 {0.000) 107.0 {16.3) 0.95 {0.000)
Max Force (M) 983.9 (146.7) 0.87 {0.000) 1049.4 (159.7) 0.95 {0.004)
Max Velocity {(mis) 1.20(0.16) 0.56 (0.074) 1.22 (0.20) 0.97 (0.001)
Max Power (W) 4991 (87.0) 0.85 {0.001) 5395 (95.7) 0.95 {0.000)
Pmax load {(3%1RM) 786 (5.7) -0.34 {0.311) 7.6 (5.3 0.45{0.372)
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Figure 1. Offshore sailing specific tasks: grinding (A); hoisting (B); winching (C); stacking (D); hauling
(E); and helming (F).

These specific tasks are considered isometric efforts for the lower body as they do not
generate displacement but work to maintain constant proprioceptive muscle tension to
counter the swaying of the hull (Blacha et al., 2019). Moreover, the upper limb activity
is explosive and often maximal (using grinders and winches to shape the sails). These
efforts have been found to vary in frequency and duration according to the vessel’s per-
formance of the boat (Table 4). For instance, activity expenditure has been found to be
moderately correlated with speed and strongly correlated with distance covered during
competition (Galvani et al., 2015). Furthermore, these authors observed that sailing fast
requires continuous trimming and frequent sail changes in response to wind strength
and direction modifications. Moreover, task frequency and duration alterations seem to
differ between solitary and crewed sailing. More research is therefore needed to fully
understand the contribution of each task during manoeuvres and when sailing in dif-
ferent directions (i.e., downwind, upwind, reaching...).
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Table 4. Summary of specific sailing tasks and physical/physiological demands.

Task Description Requirements | Reference
Grinding Grinding is the action of arm cranking while | . High muscle power. | Pearson et al. (2005, 2007,
standing. This action is either used to hoist or trim | . High anaerobic ca- | 2009a, 2009b, 2009c).
the sails by driving the winches attached to the sail | pacity. Bernardi et al. (2007).
lines. In modern races, it is used to maintain hy- | . High aerobic capac- | Adami et al. (2015).
draulic pressure. It is used on most of the essential | ity. Olesen et al. (2015).
manoeuvres to facilitate sail transfer and tension. | . Core strength. Neville et al. (2009a, 2009b,
Activity usually starts at 120-150 revolutions.min™ | . Transfer of force. 2009¢, 2010)
and decreases exponentially as tension rises. . High grip strength.
Hoisting To raise or haul up a sail by pulling on the hal- Elevated peak | Bernardi et al. (1990).
yards. power outputs on | Bayand Larsson (2013).
pulling movements | Bojsen-Moller et al. (2015).
(~580W).
Bilateral —upper
body coordination.
Stacking Stacking sails is the action of moving sails and sail | . Core stability. Not available
bags from one side of the boat to the other to give Lower limb
more stability, hence optimizing speed. strength.
. High grip strength.
Hauling The act of pulling or dragging sheets and ropes. Bernardi et al. (1990)
Helming Steering the boat either through steering a wheel | . Grip strength. Not available
or a tiller Fine movement
control.

3.2.2 Work to rest ratio onboard

Sailing is defined, in the literature, as an intermittent sport where long physical and
cognitive solicitation periods are interspersed with bouts of high-intensity efforts (Ne-
ville & Folland 2009). Theunynck et al. (2010) have shown an interest in understanding
the daily organisation of working activity onboard by professional offshore sailors par-
ticipating in the Vendée Globe. These authors observed that solitary sailors rest only
when they are sleeping/napping (21% of a 24-hour day). The rest of the time is dedicated
to cognitive activity (25%: routing, reading weather reports, etc.), physical tasks (32%:
trimming, stacking, hoisting, etc.), or eating (7%). Furthermore, Galvani et al. (2015)
have analysed and categorised the intensity of physical activity (PA) as a percentage of
total wake time (Table 5). In their study, participants slept for a total sleep time of 181 +
30 min per day. They also reported 2.6 + 0.7 bouts of at least 10 min of intense activity.
However, little is known concerning the work-to-rest ratio in crewed offshore sailing.
To date, has objectively evaluated the specificity of physical work in different crew po-
sitions of offshore sailors. Nevertheless, Neville et al. (2009b) have quantified the activ-
ity patterns and exercise intensities of different crew positions during sailing. Although
their study focuses on America’s Cup (an inshore venue over a restricted course), the
information collected concerning the activity pattern of bowmen and grinders can be
of great value for offshore sailing. For instance, it is not rare to see many successions of
gybes and tacks in a short time when boats get close to “no sailing zones.” Moreover,
sail trimming (3.7 + 2.1 s) is the most frequent activity onboard, as the sails are adjusted
continuously according to wind and sea conditions. In addition, the work-to-rest ratio
in grinders has been observed at 1:6 and has reached as high as 1:3 in races where ma-
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noeuvre count was specifically elevated. The research has also shown that gybing ma-
noeuvres lasted twice as long as tacking manoeuvres when analysing grinding and trim-
ming actions (11.2 vs. 5.5 s).

Table 5. Categorisation of physical intensity as a percentage of wake time. According to Galvani et al.
(2015).

Crew SED LPA MPA VPA MVPA
(% AT) (% AT) (% AT) (% AT) (% AT)

1 48,4230 40945 10514 0:1=0.1 10.6=1.5

2 65.7£21.6 28.3x17.9 5.6x3.6 0.4=0.0 6.0£3.7

3 41.0=11.8 517129 6.5x1.1 0.820.0 7.3=1.1

- 48.1=18.6 434109 7.6x1.5 0.820.9 84220

Mean=SD 51.2=14.5 40.8x13.3 7.6x2.7 0.320.3 8.0£2.6

SED: sedentary: LPA: light physical activity, MPA: modecrate physical activity; VPA: vigorous physical activity; MVPA: sum of the minutes spent during
moderate and vigorous activity.

3.2.3 Energy expenditure

Total energy expenditure (TEE) is composed of three components; 1) the energy costs
of the processes that are essential to life (BMR), 2) the energy necessary to digest, absorb
and convert food (Thermic Effect of Food), and 3) the EE during PA (Maclean et al.,
20n) (Figure 12). TEE is prone to fluctuations due to the variability of EE during PA. In
sports requiring heavy sustained exercise, such as offshore sailing, TEE can be as high
as five-fold the BMR over several weeks (Westerterp et al., 1985). Hence, understanding
the TEE of a specific sport is necessary to evaluate the appropriate Energy Intake (EI)
for optimal body function and sporting performance (Thomas et al., 2016).

100% EAT -
90% - TEF
80% -
70%
% of 60%
TDEE 50%
40% -
30%
20% -
10%
0%

~ NREE

- REE

Figure 12. Components of total daily energy expenditure (TDEE). Adapted from Maclean et al. (20m).
BMR: Basal Metabolic Rate; NEAT: non-exercise activity thermogenesis; TEF: thermic effect of food; EAT:
exercise activity thermogenesis; REE: resting energy expenditure; NREE: non-resting energy expenditure.
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Currently, data concerning EE of off- "
shore sailing is limited and leaves human ”

practitioners with little information con- 2 T s -

cerning diet strategy during competition. % =1 e
Indeed, offshore sailing faces methodologi- -
cal difficulties in measuring TEE and EI, ' "~ €T (o)

which may explain the lack of research in |
this field. Nevertheless, research has at- l
tempted to stimulate, under controlled la- V2
boratory conditions, the physiological de-

mands of performing offshore sailing tasks Figure 13. Energy turnover (ET) vs energy intake
(Bernardi et al., 1990 ; Blacha et al., 2019). (EI) and endogenous energy (EE). According to
] Branth et al. (1996).

Bernardi et al. (1990) reported a low rate of
EE (10.3 kJ), comparable to everyday light exercise, such as walking, when evaluating
the cardiovascular output of offshore sailing competition. Although the authors state
that offshore sailing can be “listed among the light exercises useful for aerobic recrea-
tional training,” more recent research has observed considerably higher TEE levels (My-
ers et al., 2007 ; Portier et al., 2008 ; Fearnley et al., 2012). Indeed, sailing has substan-
tially evolved in terms of technological development. This evolution has made boats
more physical, more strenuous, and more stressful, thus increasing the importance for
human performance practitioners to better understand the energy turnovers found dur-
ing competition. Furthermore, recent research has reported that sailors lose weight due
to EI not matching TEE (Branth et al., 1996 ; Myers et al., 2008 ; Fearnley et al., 2012)
(Figure 13). Other factors that may not be found in laboratory settings (sleep depriva-
tion, extreme climatic conditions, eating habits, and competition stress) may alter TEE
further. Moreover, racing rules and regulations limiting the weight of the boat may lead
to inadequate quantities of food stored onboard.

Table 6. Energy Expenditure, distance covered and boat speed. According to Galvani et al. (2015).

Crew ( MAJ.']'EdEy) MEFCEI)/ PAL }ur]?."l cﬁuy n:" s

1 6.09+0.11 16.18+0.08 1.91+0.02 283+80 3.28+0.93
2 3.63+2.26 12.5442.77 1.63+0.31 267+39 3.10+ 0.45
3 5.37+0.74 13.96+0.59 1.94+0.14 229442 2.65+0.49
4 5.23+0.82 14.51+£0.92 1.85+0.12 20650 2.39+0.57
Mean+SD 5.06x1.42 14.27+1.89 1.83+0.14 246x57 2.85+0.66

AEE: Activity energy expenditure, i.e., the average amount of energy spent per day for physical activities; TEE: total energy expenditure, i.e., the aver-
age of the total amount of energy spent per day; PAL: physical activity level, calculated as the ratio between TEE and resting energy expenditure; DIS:
average distance covered per day during the competition; s: average speed maintained during the competition. DIS and s refer to the second, third and
fourth days of the race.

Despite the difficulty of generating sound research protocols on TEE and EI observa-
tion, research in offshore sailing has found a particular interest in bridging the gap be-
tween energy consumption and energy demands. Ghiani et al. (2018) estimated the nu-
tritional expenditure of a solitary sailor during the Solo Globe circumnavigation by using
a wearable device (Armband Fit Core; BodyMedia, Pittsburgh, PA) and found a TEE of
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13.02 MJ.day™. Galvani et al. (2015) evaluated the Activity Energy Expenditure (AEE) of
four double-handed boats (Table 6) and found TEE to be higher than in solitary sailors
(14.26 + 1.89M].day?). Furthermore, their findings have identified significant correla-
tions between AEE, distance sailed per day (r=0.6; p=0.004) and sailing speed (r=0.45;
p=0.04). Hence, it seems that energy output onboard may be related to boat suc-
cess/ranking. Contrarily, Myers et al. (2008) reported poor correlations (r=0.31; p<0.05)
between distance sailed and daily TEE (Figure 14). Saliva and urine samples were tested
via spectrometry to quantify isotope presence to identify TEE during the 13-day Atlantic
Ocean crossing. They observed a TEE of 14.5 MJ.day™ (range 7.7 - 18.6 MJ.day™). Fur-
thermore, bigger crews, such as those found in The Volvo Ocean Race, reported higher
values than in other studies analysing TEE values (19.3 MJ.day™) (Branth et al., 1996).
Unfortunately, Branth et al. (1996) could only analyse TEE during the 3rd leg of the race
in six sailors because the experimental period using the Doubly Labeled Water Tech-
nique could not last for more than 2-weeks at this level of energy turnover.
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Figure 14. Energy Intake and distance sailed daily. According to Myers et al. (2008).
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3.2.4 Sleeping patterns

Sleeping patterns have received noticeable interest in offshore sailing research.
Campbell and Murphy (2007) have analysed the sleeping patterns into three distinct
categories; (1) monophasic pattern, which consists of sleeping once per day, (2) biphasic
pattern - sleeping twice per day and (3) polyphasic pattern - sleeping multiple times
per day. Polyphasic sleep consists of multiple daily sleep periods that commonly encom-
pass short night sleep duration of not more than three hours with short naps of 20-30
min throughout the day. This practice has been found to be common in some working
populations and university students during examination periods. It aims at reducing
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total sleep time and increasing working hours. Solitary and double-handed sailors have
been found to adopt this strategy during competition. In 1989, Stampi (1989) used ac-
timetry systems to show that polyphasic sleeping strategies improved performance in
sailors. Professional sailors have confirmed that “this intermittent strategy is adapted to
the multiple constraints of helming a boat” (Theunynck et al., 2010). Filardi et al. (2020)
found that the polyphasic sleeping strategy increased subjective sleep quality in Mini
Transat sailors. Nevertheless, this technique provokes severe sleep restrictions, leading
to decreased cognitive performance, alertness, and PA (Hurdiel et al., 2014). On the
other hand, fully crewed offshore sailors have adapted shift/watch systems in order to
increase the amount of recovery time onboard. Gunnarson et al. (2004) found crews
working on a 4-hour shift system. These shifts involved sailing, standby, and rest/sleep.
On the other hand, Fogelholm and Lahtinen (1991) and Branth et al. (1996) observed
sailors practising a biphasic system where sailors go on 4-hour “watches” followed by a
3-hour sleep/rest period. These shift/watch systems, although feasible because of crew
quantity, make it impossible to get a full night of sleep. Therefore, crews may have to
work additional hours, are forced to sleep when they feel awake and face disturbances
from vessel activity. Hence, sleeping patterns during offshore sailing depend on
crew number, race type, vessel model, environmental parameters, and strategic
time points.

Key Takeaways: Activity profiles in offshore sailing

» Onboard activity depends of vessel, regatta regulations and crew size.

» Manoeuvres rely on anaerobic and aerobic power.

» Work to rest ratios depend on shift strategy implemented onboard.

» Energetic demands of offshore sailing are extremely high since sailors hold constant
proprioceptive muscle tension to counter the swaying of the hull.

» Sleep strategy depends of the type of sailing and crew count but can easily be inter-

rupted according to environment conditions.

3.3 Indicators of offshore sailing performance at a competitive
level

Peak performance is a state of superior functioning where athletes perform at their
optimal levels to achieve the best results (Privette, 1983). Identifying the KPIs provides
valuable insights concerning competitive sports' physiological, technical, and tactical
requirements (O’Donoghue, 2014). This identification leads to a better understanding
of sports-specific actions. Furthermore, it guides the human performance process and
bridges the gap between performance variables and success in athletes and/or teams
(Sampaio & Leite, 2013). Figure 15 summarises the types of demands that can be analysed
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to identify the KPIs. Unlike controlled environment sports (e.g., football, basketball,
volleyball, or tennis), offshore sailing covers a wide variety of competition and vessel
types. With hundreds of boat classes, countless competitions, and various crew posi-
tions, distinct training regimens, physiological/psychological demands, and specific in-
jury vulnerabilities exist. Furthermore, the constant changing of environmental condi-
tions increases the challenge of establishing valid and reliable research protocols.
Hence, identifying the KPIs through associations and comparison remains a
complex task. To date, few research has sought to identify performance indica-
tors capable of discriminating between successful and less-successful sailors
(Neville et al., 2009b ; Castagna et al., 2008 ; Carabalo et al., 2020, 2021). Never-
theless, research has observed variables capable of bridging the gap between
specific human performance key points and various sailing-specific characteris-

tics.
Key Performance Indicators (KPI)
Functional Energy Demands Technical-Tactical Demands
External Internal .
; _ Individuals Collective
Indicators Indicators
Figure 15. Indicators of Performance. According to Pita (2013).

3.3.1 Anthropometry

Establishing normative data for anthropometric measurements in offshore sailing is
a complex and arduous task. Anthropometric characteristics vary according to compet-
itive status, crew position, publishing date, and sailing classification (Larsson et al.,
1996). In offshore sailing, body composition and anthropometry have mainly been as-
sessed to observe the dose-response relationship between sailing and energy balance
onboard. Hence, as of today, no research has studied the association between body com-
position and performance in offshore sailing. Nevertheless, inshore sailing has identi-
fied KPIs that may be reproducible in offshore sailing. Perez-Turpin et al. (2009) ob-
served board sailors and found moderate correlations (r>=0.1953; p<o.01) between body
fat and final championship rank. Furthermore, America’s Cup sailors have progressively
shown lower body fat percentages throughout the last editions. This may indicate a sub-
stantial increase in the demands of lean body mass for sailing performance (Hadala et
al., 2012).
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3.3.2 Physical activity

Onboard physical effort during offshore sailing may seem comparable with inshore
activity (Galvani et al., 2015). Nevertheless, evidence remains scarce, difficult to obtain,
and limited to measuring the effects of activity after the competition (Giacon et al.,
2021). Neville et al. (2009b) compared sailing activity and physical fitness of two teams
of different standards and experience. These authors show that successful teams real-
ised gybing and tacking manoeuvres 20% faster than their less successful counterparts.
This is of great importance as very little sailing speed difference was noticed between
the two boats. As a result, the successful team had greater strength and strength endur-
ance (bench press, push-ups, and sit-ups) than their opponents. Other research has also
established relationships between professional status and anthropometric/physical at-
tributes (Vangelakoudi et al., 2007). These authors found that elite-level dinghy sailors
exhibited superior lower-body isometric and dynamic endurance than local club sailors.
In an offshore context, Galvani et al. (2015) observed significant correlations between
onboard EE and the vessel’s performance. These researchers found a positive and strong
correlation (r=0.6; p<o.01) between daily AEE and distance sailed (km.day?). AEE was
also found to be moderately associated (r=0.45; p<o.05) with the average boat speed.
Hence, it seems that boats where sailors are most active onboard, maybe more perfor-
mant than boats where sailors have a larger daily volume of rest. This corroborates the
findings by Araujo and Serpa (1999), which observed a greater number of actions
onboard in professional sailors than in recreational ones. Moreover, Blacha et al. (2019)
observed significant differences in force production accuracy between professional and
recreational sailors after sailing. From a practical standpoint, their findings provide in-
sights concerning the degradation of kinaesthetic differentiation after exposure to an
unstable sailing vessel.

3.3.3 Cognitive skills

Among the factors contributing to successful performance in competitive sports are
perceptual-cognitive skills. Pluijms et al. (2014) analysed the visual search behaviour of
international- and recreational-level sailors rounding the windward marks (Figure 16).
Their analysis found that performance on this task was associated with gaze, movement
behaviour, dinghy control, and environmental conditions. Their work highlighted that
better sailing performance when rounding a windward mark was related to gazing at
the mark's tangent point. Furthermore, sailors were more performant when rounding
the mark without opponents. Sailing without a direct opponent allows for an optimal
search of relevant information concerning sailing strategy (i.e., wind direction, waves,
and current). Araujo et al. (2010) analysed the ecological dynamics of the decision-mak-
ing of 15 young sailors during a regatta competition. They observed that competition
success is conditioned by the ability to assimilate the environmental variables and carry
out the most relevant action according to the existing conditions. Indeed, this ability to
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process information quickly to choose the best tactical option might be what differen-
tiates a successful sailor from a less successful one (Walls et al., 1998). Hence, expertise
and experience seem to be essential to performance. Moreover, Araujo and Serpa (1997)
found that expert sailors carried out a greater number of actions and perceived more
stimuli than non-sailing subjects. In another study, Araujo et al. (2005) also found that
the total time spent on a sailing course was significantly predicted by expertise. On the
other hand, from a social-cognitive perspective, Terrien et al. (2020) explored interac-
tions between 2 professional Nacra 17 crew members during training sessions leading to
the Olympic Games. Their findings highlight multiple forms of interactions between
teammates. These interactions give significant information capable of optimising antic-
ipation concerning what actions his or her teammate will do and when they will execute
them.

Figure 16. A top view of a windward mark rounding including three phases: Approach, rounding and exit.
According to Pluijms et al. (2014).

3.3.4 Sleep management

Due to the extreme conditions of offshore sailing, the complexity of performing stud-
ies on sleep performance makes it difficult to establish relationships between perfor-
mance and functional impairment (Hurdiel et al., 2012). Indeed, measuring sleep quality
and sleep duration can be challenging on a moving vessel (Stampi, 1989). Research has
highlighted that sleep disturbances induce a decrease in physical and cognitive perfor-
mance (Hurdiel et al., 2014), but a few research have examined the direct effect on sail-
ing outcome/rank/success. Léger et al. (2007) studied the effects of sleep debt and total
sleep time on board on multiple crews participating in an offshore competition (Sailing
Tour de France). They compared the final ranking with different sleeping variables and
observed that successful teams were those who managed to achieve a lower total sleep
debt and, therefore, a lower total sleep time on board. Furthermore, their findings high-
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light the importance of pre-race sleep management as it seems to be linked to perfor-
mance in extreme competitive conditions. The winning teams had better quality and
quantity of sleep between each sailing leg than the losing teams. Galvani et al. (2015)
corroborate these findings when establishing a rank relationship with total sleep time.
For instance, they found that well-ranked double-handed crews had a lower total daily
mean sleep duration than the less successful crews. They also observed that sailors with
lower total sleep time (TST) also had better ranking and reported successful sailors slept
for periods of 30-40 min for a total of 3-4 hours of sleep per day. Contrarily, Hurdiel et
al. (2012) did not find any significant correlation between total mean sleep duration and
final rankings in a solitary transatlantic race (Transat 650). Moreover, these authors
suggest that extreme sleep curtailment may not be a prerequisite factor in solitary sail-
ing performance.

Key Takeaways: Indicators of performance

» Although no normative data, concerning body composition and performance, is
available in offshore sailing, it seems that training and nutritional strategies have
brought sailors to leaner and fitter profiles.

» Physical fit sailors realise faster manoeuvres than their less-fit opponents.

» AEE is linked to vessel performance and race outcome.

» Professional sailors carry out more actions and perceive more stimuli than recrea-
tional sailors.

» Lower daily sleep quantity seems to be linked to sailing success in crewed sailing.

3.4 Management of offshore sailing as an extreme sport

With increasing demands and socio-economic pressures being placed on profes-
sional sports stakeholders, it is not surprising that a large variety of stressors have been
identified in sports science literature. Selye (1946) stated that exposure to an extreme
environment requires adaptations that induce a “stress reaction.” This process can be
successful, leading to an appropriate adaptation of basal homeostasis, or unsuccessful,
and lead to a condition of “distress.” Extreme sports have been characterised as featuring
high speed, height, real or perceived danger, a high level of physical exertion, and in-
volving elements of increased risk (Kraueutler et al., 2020). Moreover, with the growing
popularity of extreme sports, studies exploring the physiological and psychological ad-
aptations to extreme environments are gaining scientific attention. The extreme nature
of offshore sailing has been well-accepted by sports scientists (Allen & De Jong, 2006).
Indeed, offshore sailing is characterised as an activity implying prolonged periods spent
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at sea, in an extremely harsh and hostile environment, in isolation, far from safe har-
bours, and with limited access to external aid or rescue (Sjegaard et al., 2015). Moreover,
sailors involved in offshore sailing are exposed to injuries and other health problems
that can endanger their lives (Nathanson, 2013). Nevertheless, the literature exploring
short- and medium-term adaptations to offshore sailing is still insufficient (Giacon et
al., 2021). Notably, the distance from onshore health facilities and the lack of profes-
sional presence onboard might explain the scarcity of available scientific data. There-
fore, while attempting to be as inclusive as possible, this section will focus its
examination on the various studies that have analysed (i) the epidemiology of
injuries, (ii) the epidemiology of illnesses, and (iii) the acute and chronic effects
of sleep deprivation that offshore sailors face during competition.

3.4.1 Epidemiology of injuries

Despite all the benefits of participating in recreational and professional sports - such
as improvements in body composition, psychological well-being, and cardiovascular
function- participating in a sport with heavy physical demands in an unstable and dan-
gerous environment, may result in a greater risk of injury and/or illness. Offshore sailors
are particularly prone to such risks as they are in a constant state of alertness all while
under extreme magnitudes of central and peripheral fatigue. This leads to difficulties in
race management and boat performance, considering the distance from onshore health
facilities and the lack of professional help onboard. The literature on offshore sailing
injuries is predominantly descriptive, with scarce analytical data. While some focus on
recreational competition and others on professional athletes, understanding the epide-
miology of offshore sailing is of great importance. Indeed, it identifies the distribution
of diseases and injuries, factors underlying their origin, their cause, and methods for
their control. Furthermore, it provides practical information for efficient prevention and
therapeutic interventions (Fuller & Drawer, 2004).

‘Sports-related injury’ denotes the “loss of bodily function or structure that is the ob-
ject of observations in clinical examinations” (Timpka, 2014). This definition is a simpli-
fied version from Neville and Folland (2009), which defines injury in sailing as “any
physical complaint sustained by a sailor that results from sailing or sailing-related activ-
ities. Any injury that results in a sailor receiving medical attention should be referred to
as a ‘medical attention injury,” and an injury that results in a sailor being unable to take a
full part in future sailing or sailing-related activities should be referred to as a ‘time loss
injury.” An injury is classified by location, body side and mechanism of injury (traumatic
or overuse), and whether the injury was a recurrence (Fuller et al., 2006). As indicated
in Chapter Two, sailors face extreme conditions during competition leading to an in-
creased risk for acute, overuse, and environmental injuries. Nevertheless, with hundreds
of boat classes and various crew positions, there are distinct injury profiles due to phys-
iological stresses and demands. A major focus for human performance practitioners and
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sailors alike is to reduce the risk of injury. Hence, it is crucial to understand the
occurrence, type, and cause of injury to design human performance strategies
that address possible injury prevention and performance.

3.4.1.1 Injury incidence

In offshore sailing, the incidence of injury rates varies from 1.5 (0.37 injuries/1000
hours of sailing), in amateurs, to 3.2 (0.79 injuries/1000 hours of sailing) in professional
sailors racing around the world. Although this may not stand out from other sports
(Drawer & Fuller, 2002), the high fatality rate of 1.19 per million sailing days is relatively
high compared to other sports and symbolises the risky nature of the sport’s context.
The gruelling nature of offshore racing is evident by the six fatalities in the Volvo Ocean
Race since 1974, the fifteen in the Rolex Fastnet Race since 1979, and the six during the
Sydney to Hobart Yacht Race in 1998. Nevertheless, common injuries in offshore sailing
have been well documented. They include impact injuries (contusions and lacerations),
fractures, and sprains, with the common injury site being the upper limbs, regardless of
level (professionals and amateurs). Two-thirds of these injuries occur on deck, whereas
one-third occur below deck (Spalding et al., 2005). Indeed, sailors spend considerable
time below deck due to the watch system and are therefore faced with violent and sud-
den movements of the yacht and hardware found inside. Price et al. (2002) also observed
that less experienced sailors were more prone to injury in the first third of a race. This,
in turn, corroborates findings from Lethuiller (1986), who studied traumatic pathologies
of professional sailors participating in the transatlantic regatta and reported that trauma
was more frequent among less experienced sailors than more experienced ones.

3.4.1.2 Type of injury

The most common injury location in offshore sailors is the upper body, with the lum-
bar area, shoulders, and wrists accounting for 40 to 57.4% of injuries (Price et al., 2002
; Spalding et al., 2005) (Figure 17). The most common types of injuries are impact inju-
ries, such as contusions (12-40%) and lacerations (5-26%), fractures, and sprains which
account for around 75% of injuries without differentiation between professional and
amateur sailors (Bugge, 1986 ; Price et al., 2002). Since the nature of offshore sailing
tasks are asymmetrical and coupled with bouts of intense activity on an unstable sur-
face, these results are not surprising. Regarding upper body injuries, injuries to the lum-
bar spine (23%), wrist (17%), and shoulders (17%) are the most frequent in professional
sailors. On the other hand, finger and hand injuries accounted for a high percentage
(16%) in amateur sailors. During a 635 nautical mile race, Nathanson et al. (2008) ob-
served that 47% of injuries were inflicted on the hands and fingers. In another study by
the same author (Nathanson, 2010), leg contusions (1%) and hand lacerations (8%) were
the most common. Nevertheless, most injuries reported in renowned offshore sailing
venues seem to be impact injuries (contusions and lacerations), fractures, and sprains.
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Figure 17. Subtype of injuries as a proportion of total injuries sustained throughout the British Telecom
Global Challenge 1996-1997. According to Price et al. (2002).

3.4.1.3 Injury occurrence

Injury occurrence seems to vary according to crew position onboard. Indeed, physical
actions around a sailboat are unnatural, leading to rotation, hyperextension, locking,
and joint twisting. Hence, all positions onboard seem to be at risk but with the occur-
rence of injuries originating from sailing tasks. The mastman seems more at risk than
the race tactician (3.1vs. 1.7 injuries per leg) (Spalding et al., 2005). His/her role on board
demands high levels of physical effort, and his presence is subject to risks of injuries due
to the constant handling of rigging gear. Furthermore, helmspersons seem to experience
mostly overuse upper body injuries, while bowmen (2.9 injuries per leg) and mastmen
(3.1 injuries per leg) are at greater risk of contracting an acute injury. Nevertheless,
Grinders and bowmen seem to be at the highest risk of injury due to the repetitive na-
ture of their tasks (Allen & De Jong, 2006 ; Hadala & Barrios, 2009 ; Neville et al., 2010).
Spalding et al. (2005) found that helmsmen, although being less at risk (2.6 injuries per
leg), were susceptible to upper body overuse injury (i.e., rotator cuff impingement, wrist
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tenosynovitis, and carpal turner syndrome) due to the demands of heavy weather steer-
ing. Furthermore, chronic and overuse injuries to the shoulder, elbow, and back are
common in sailors frequently engaging in grinding activity.

3.4.1.4 Cause of injury

Green (2009) found that injuries were predictable in identified areas of the boat (i.e.,
foredeck, galley, winches, and helm). Indeed, many injuries (30%) result from falls
onboard, which can be attributed to movement on a wet, unstable, and steeply inclined
deck often cluttered with lines, winches, and hatches (Nathanson, 2019). Impact injuries
from rigging, flogging sails, and contact with other crewmembers have also been iden-
tified as major causes of injury (Nathanson et al., 2010). Furthermore, the stacking of
sails poses a particular risk since maintaining proper form on a moving vessel demands
high levels of balance and stability. The equipment found on board is a major cause of
injury. Operating the winch, grinding the pedestal, and handling sheets/lines under
tension are the origins of hand/finger injuries (Bennet, 1973 ; Bugge, 1986 ; Lethuillier,
1986) (Figure 18). Increases in wind strength and hazardous sea states have also been
found to be a leading contributing factor to injuries. In addition, these factors place
exponentially higher loads on rigging and increase the chances of vessel capsizing and
were observed to be responsible for 35% of injury cases (Nathanson, 2005). Furthermore,
Price et al. (2002) found that the roughest sea conditions in the Southern Ocean caused
significantly more injuries (p=0.02) than in calmer seas. Manoeuvring (i.e., tacking and
jibing) has also been identified as a contributing factor to injury occurrence. This is
likely due to the crossing of the boom overhead (Nathanson, 2010). Moreover, since
many actions in sailing are sudden, sporadic, and realised on an unstable surface, mus-
cles are at high risk of injury. Indeed, lifting, pulling, and pushing actions are amplified
due to the difficulty of maintaining proper form on a moving vessel (Crafer, 1995). Allen
(1999) also highlighted that the forward flexed and rotated spine position during grind-
ing, pulling ropes, and trimming sails made sailors more prone to lumbar injuries. Such
musculoskeletal issues, which may reside in inherent postural problems, are usually due
to the changing forces on opposite muscle groups while sailing. Hence, some injuries
may result from a lack of general fitness, overuse, fatigue, and/or overtraining.

While most sailing injuries are of a relatively minor outcome, severe injuries do oc-
cur. Severe injuries requiring evacuation or immediate hospitalisation mainly originate
from jibing manoeuvres (boom or mainsheet impacts), collisions with other boats, dis-
masting, and falls through the various companionways on deck. Moreover, fatalities are
more common than in other on-land sports. Ryan et al. (2016) reported 271 sailing-re-
lated fatalities in the USA between 2000 and 2011. Drowning (73%), trauma (10%), and
hypothermia (4%) were the most common causes of death. Falls overboard (41%), cap-
sizing (7%), sinking (7%), and collisions (5%) were the leading mechanisms behind
these fatalities.
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Figure 18. Part of keelboat associated with injury, n = 1,226. According to Nathanson et al. (2008).

3.4.1.5 Injury prevention recommendations

As established by O’Brien et al. (2019), after possible risk factors have been identified,
risk reduction strategies should be implemented. These strategies aim at raising the ro-
bustness and resilience of the sailor, reduce external stress and enhance performance.
Practitioners have identified guidance and support to sailors engaging in competition.
It seems that most onboard injuries can be addressed through appropriate strength and
condition programming, boat ergonomic development, proper nutrition, appropriate
clothing and practiced onboard sports medicine. This field of science holds a particular
importance in offshore sailing as boats are usually far from harbours and have limited
access to external aid making first aid interventions, such as suturing, difficult in rough
sea conditions (Sjegaard et al., 2015). Furthermore, illness and environmental influences
may affect injuries in sailing, making appropriate prevention, including proper clothing,
adequate nutrition and safety measures highly recommended (Payson, 1989 ; Wag-
goner, 1992 ; Allen, 2006).

v“Strength and conditioning. There is limited amount of research to support
strength and conditioning interventions for injury prevention in offshore sailing pro-
grams. Nevertheless, authors have stressed the inclusion of general flexibility, hip flexor
mobility and core stability in training programmes as a mean to reduce injury risk (Allen
et al., 2000 ; Allen & DeJong, 2006 ; Neville & Folland, 2009). Strengthening joint stabi-
lizing tissue and the synergist muscle groups should be performed by all sailors. Indeed,
the resilience of specific body regions at high risk can be increased through specific
strength training. Forearms, posterior shoulder, lower back, abdominal and core stabil-
ity have been signalled as being important to train for offshore sailors (Rovere, 1987 ;
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Blackburn, 1994). For instance, muscle imbalances such as shoulder weakness in grind-
ers have been observed (Neville et al., 2006). In addition, the strengthening of the lower
limbs should be incorporated to increase the transfer of force and, thus, avoid force
leakage during grinding, stacking and steering (Molloy et al., 2005).

v"Nutrition. Research concerning nutrition as a mean to prevent the incidence
of injury is scarce. Nevertheless, links have been established between poor nutrition
strategies and injury risk (Burke, 2003). Indeed, weight loss, which is usually observed
in offshore sailing, may provoke changes in movement patterns, dehydration, decreased
energy levels, and impaired cognitive capacities (Branth et al., 1996 ; Muller et al., 2016
; Lafere et al., 2020). Furthermore, these factors may impair movement coordination,
transfer of force and concentration and, thus, increase the risk of injury onboard. This
is to be considered seriously by human performance practitioners as the nutritional
challenges (i.e., quantity, time available...) faced by sailors competing in trans-oceanic
races have been shown to be substantial (Branth et al., 1996). Hence, profiling strategies
such as the determination of TEE and nutritional intake through the use of post-race
questionnaires may be relevant for preventing injuries originating from poor nutrition
strategies.

v"Ergonomy. Racing boats have gradually evolved to become performance ori-
ented with few concessions to sailor’s comfort (Giacon et al., 2021). Past researchers have
stressed the necessity for improving functional design on-board. The unstable environ-
ment and constant movement of the boat can lead to traumatic impact and overuse
injuries. For instance, Spalding et al. (2005) suggested optimising on-deck instalments,
such as increased friction of the steering wheel, height and thickness adjustments of the
helming wheel and broader helmsman foot platform as to help reduce the risk of acute
and chronic injuries when helming. Traumatic injuries could be avoided by keeping
away from pulleys, winches, and trolleys during manoeuvres. Neville and Folland (2009)
also gave suggestions for grinding pedestal predisposition by highlighting the need for
customised handle shapes and increased handle friction. Furthermore, optimising the
pedestal’s height could reduce the degree of lumbar flexion and minimize back stress
(Spalding et al., 2005 ; Neville et al., 2010).

v"Clothing. Exposure to the elements in offshore sailing is unavoidable. The sun,
in particular, is responsible for a large amount of photoinduced pathologies (28%) such
as sunburn, which can lead to infection, dehydration, heatstroke, cancers, cataracts, and
pterygium (Gentile & Auerbach, 1987). Protecting against the harmful effects of ultravi-
olet light is extremely important and can be accounted for by wearing protective cloth-
ing such as hats, long sleeve shirts, sunglasses, and the use of sun protection factor wa-
terproof sunscreen (Downs & Harrison,2018). Rope burns have also been reported in a
few studies relating to offshore racing (Price et al., 2002 ; Nathanson et al., 2008) and
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are most likely due to a basic reflex which consists of trying to grab a rope/sheet that
has been accidentally released. Sailing gloves may provide maximum dexterity which
may protect fingers and hands from lacerations and abrasions when operating winches,
sheets, and other sailing apparatus.

v’ Sports medicine. Authors, such as Neville et al. (2006) have emphasized the
need for sailors to undergo regular health screening procedures which should comprise
both clinical and kinesiological investigations. By doing so, medical issues as wells as
muscle and biomechanical imbalances could be identified (Bojsen-Moller et al., 2007)
and addressed by performance practitioners. Hence, medical support should be encour-
aged in the prevention of injury and not only in the treatment of acute and chronic
injuries (Hootman et al., 2007). For instance, providing informed medical advice on po-
sitioning during different tasks (e.g., using the thumb over grip when grinding with
wrist tenosynovitis) has been reported as a functional rectification for injury prevention.
Moreover, medical equipment provided by race organisers should undergo constant de-
velopment and updating for optimising first aid onboard (Price et al., 2002). Also, there
is a need for sailors to be trained in basic life support and trauma management to meet
international standards (e.g., Advanced Trauma Life Support) (Cahill, 1995).

3.4.2 Illness in offshore sailing

An illness is defined by the consensus of the International Olympic Committee, as “a
complaint or disorder experienced by an athlete, not related to the injury. Illnesses include
health-related problems in physical (e.g., influenza), mental (e.g., depression), or social
well-being or removal or loss of vital elements (air, water, warmth)”. An illness can be
detrimental to an athlete’s health, resulting in a possible reduction of performance and
time-loss from training and competition (Schwellnus et al., 2016). Increased WLs, fre-
quent commuting, malnutrition, sleep deprivation and poor hygiene may all contribute
to increased risks of illness (Saunders & Smith, 2010 ; Ugurlu et al., 2015 ; Garbarino et
al., 2021). Hence, due to the nature of the sport, offshore sailors may experience an in-
creased risk of illness. For instance, the motion of the vessel, prolonged exposure to the
elements, poor hygiene and confined living quarters may predispose sailors to various
amounts of disorders. Moreover, sailors may suffer from illnesses especially during pe-
riods of high training volume (Nieman, 2003 ; Gabbett, 2004 ; Neville et al., 2006).
Therefore, understanding the incidence and consequences of illnesses during sailing re-
gatta may provide useful information to better prevent these disorders and better sup-
port athletes during periods of illness.

v’Illness incidence. In offshore sailing, illnesses and non-injury complaints ac-

count for a large proportion of medical conditions (63% 1981 Whitbread, 56% BT Global
Challenge and 36% 2001 Volvo Ocean Race) (Buge, 1986 ; Price et al., 2002 ; Spalding et
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al., 2005). A wide array of illnesses has been documented in previous research examining
offshore sailing.

v’ Gastrointestinal ailment. Gastrointestinal problems form the largest group
of offshore sailing illnesses (22.5-51%) (Allen & De Jong, 2006). Gastroentiritis (51%),
dyspepsia (24%), and constipation (10%) are common conditions found onboard but
can lead to evacuation and surgical emergency. These viral illnesses are difficult to con-
tain and cluster outbreaks have been found to occur on crewed boats (Price et al., 2002).
Although some drugs may help provide relief for the ill, food and water supply should
be regularly and seriously accounted for to avoid such epidemies.

v“Seasickness. Seasickness, or motion sickness, has been found to be one the
most common illness on board (8-15% of all illnesses) and is directly correlated to rough
sea conditions (Price et al., 2002 ; Nathanson, 2010). Indeed, acclimatation to motion
appears to occur within 72 hours and, although seasickness is rarely fatal, such disorders
may enhance the risk of dehydration, hypothermia, and possible injury. Female sailors
who experience migraines at sea were found to be more subject to seasickness than their
male counterparts. When seasickness is established, oral drugs seem to be ineffective,
and athletes can usually heal after three days if the sea of the state remains constant.
Hence, sailors are advised to take medication (e.g., scopolamine) before embarkation or
at the very first onset of symptoms (Nathanson, 2010).

v"Dermatologic conditions. Dermatological conditions have been found to ac-
count for 21% of all medical cases. Exposure to the elements (sun, wind, and salt water)
and lack of personal hygiene are contributing factors to such infections (Price et al.,
2002). Gunwale bottom, boils, eczema, sunburn, fungal infections, and rashes were
commonly found as acute conditions in sailors during competition. Chronic conditions
such as skin cancer, cataracts and pterygium are a result of prolonged exposure to the
sun. Sailors are advised to apply healing lotions (calamine, E45 cream, etc.) and to treat
skin issues to avoid deep infection (Price et al., 2002). Furthermore, adapted dry suits
with effective wrist and neck seals could help prevent specific rashes.

3.4.3 Sleep deprivation

Sleep is a highly complex state that arises from interactions between neurotransmit-
ter pathways, brain regions, and hormones (Foster, 2012). Carskadon and Dement
(2005) define sleep as “a recurring, reversible neurobehavioral state of relative perceptual
disengagement from and unresponsiveness to the environment. Sleep is typically accom-
panied (in humans) by postural recumbence, behavioural quiescence, and closed eyes.”
Furthermore, a “good night’s sleep” is a night composed of sufficient sleep duration that
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provides the completion of wake-sleep homeostasis (Buysse et al., 1991). Although sleep-
ing duration, according to age groups and specific activities, has been well documented
and established by structures such as the National Sleep Foundation, the application of
such qualitative and quantitative measures in a professional sailing environment seems
impossible to fulfil. Indeed, offshore sailors suffer from extreme, acute, and chronic
sleeping restrictions due to their task of maintaining vessel performance 24 hours daily
(Hurdiel, 2012). The adverse effects of sleep deprivation vary and have been a substantial
field of interest in offshore sailing literature. Walters (2002) has defined sleep depriva-
tion as “a state in which adequate sleep has not been attained.” It is a common condition
often purposefully carried out to significantly prolong wakefulness in a quest for in-
creased productivity (Reynolds & Banks, 2010). The effects of sleep deprivation on hu-
man function and performance are various and complex. Moreover, the impairments in
human function due to restricted sleep appear to follow a dose-response relationship
(Van Dongen et al., 2003). Indeed, exposure to insufficient sleep can lead to acute- and
chronic- health-related issues. Bennet (1973) was the first to report that sailors could
not perform at their maximum potential during the 1972 solitary transatlantic race. He
suggested that impaired performances were linked to adverse environmental condi-
tions. Hence, understanding the reasons and the outcomes of sleep deprivation during
competition may help to optimise sleeping strategies for offshore sailors. Indeed, sailors
must cope with disruptions to both the circadian (a non-24-hour schedule of sleep) and
the homeostatic (amount of sleep debt) determinants of sleep (Leger et al., 2008).

Past researchers have used actimetry measurements, sleep logs, night caps, and am-
bulatory polysomnography to monitor sleep disturbances during racing. The findings
have led sailors to adopt sleep management strategies before and during racing (Leger
et al., 2008). These race sleeping strategies adopted, such as polyphasic sleeping, bring
the sailors to significantly lower TST (-24%) than that on-shore (Hagin et al., 2011). An
overview of this research is listed here below:

Theunynck et al. (2010) examined the sleeping habits of 9 male professional sailors (38
+ 7 years of age) participating in the Vendee Globe (solitary around the world race).
They administered the use of an actimetry watch, sleep recorder, and a journal log to
track sleep quantity and quality. During the 104 days of sailing, total sleep time was
recorded at 220-240 min per day, of which 8 phases were inferior to 5 min of sleep (Fig-
ure 19).
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Figure 19. Daily total sleep time and onboard incidents. According to Theunynck et al. (2010).

Hurdiel et al. (2013a) examined the effects of sleep restriction on reaction time during
three races (150 nm, 300 nm, and 350 nm) in 12 male professional sailors (30 + 6 years of
age, 177 + 7 cm, body mass: 78 + 10 kg, body fat: 20 + 6%). Recordings were made possible
using two tri-axial actigraphs and an onboard electronic sleep diary. During the 150 nm
race, 22 + 30 min of TST were recorded, 92 + 34 min during the 300 nm, and 172 + 122
during the 350 nm (Figure 20).
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Figure 20. Total sleep time and sailing distance. According to Hurdiel et al. (2013).

Hurdiel et al. (2013b) attempted to predict cognitive performance through mathemati-
cal systems in solitary offshore sailors. Eleven male sailors (31.1 + 6.5 years of age) used
an electronic agenda and actimeters during two solitary races (36 and 50 hours) to rec-
ord their TST. Sailors slept for 88.3 + 4.3 min with naps lasting 16.1 + 3.8 min for the 36-
hour race, whereas TST for the 50-hour race was 225.5 + 37.8 min with naps of 19.9 + 3.3
min (Figure 21).
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Figure 21. Organisation of polyphasic sleep (nap count and duration). According to Hurdiel et al. (2013).

Galvani et al. (2015) examined PA, sleeping patterns, and EE in 8 professional male sail-
ors (46.3 * 3.4 years of age; height 180 + 13 cm; Body Mass Index: 26.7 + 1.7 kg/m2) during
500 nm double-handed regatta lasting 5928 + 1050 min. Sleeping quantity was measured
through an actimeter, and it was found that sailors had a TST of 181 + 30 min. Sailors
slept 5 + 1.4 times per day for 36 + g min (Figure 22).
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Figure 22. Total sleep time per day during four days of racing. According to Galvani et al. (2015).

Myers et al. (2007) analysed EE during a single-handed transatlantic yacht race in a 36-
year-old professional sailor during the Transat (2800 nm solitary race). Sleep quantity
was recorded through a race log that showed the longest continuous sleep to be only
75 min and a daily TST of 2 hours.

Hagin et al. (2012) examined the influence of a conservative sleeping management strat-
egy during a solitary crossing of the Pacific Ocean in a male professional sailor (35 years
old). During 4482 nm, the sailors completed a Questionnaire for Evaluation of Fatigue
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and Anxiety daily (Figure 23). Daily TST was recorded at 5.4 + 2.1 by sleeping phases of
20 min to 2 hours during the 62-day crossing.

Items
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Figure 23. Questionnaire for evaluation of fatigue and anxiety instructions: “We would like to know how

you feel at the present time”. According to Hagin et al. (2012).

Leger et al. (2007) observed the sleep and performance management in 8 competitive

sailors participating in the Tour de France a la voile. A sleeping log and a night cap were

used to collect sleeping data during two sailing legs. During leg 1, sailors slept mainly at

night (116.7 + 131.8 min), with sleeping duration ranging from 2 min to 20 min through-

out 15.2 + 6.8 phases. During leg 2, TST during the day was 74.8 + 49.1 min and TST at

night 131.2 + 139.8 min throughout 16.6 + 10.2 phases (Figure 24).
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Figure 24. Sleep monitoring (ambulatory polysomnography) during the two phases: Atlantic and Medi-

terranean schedules. According to Leger et al. (2007).
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3.4.3.1 Effects of sleep deprivation

Psychological and physical well-being can be maintained through proper sleep quan-
tity and quality. If the sleeping rhythm (the circadian rhythm of 24 hours) is impaired,
sleepiness may be felt when it is necessary to be awake (Folkard et al., 2005). The effects
of sleep deficiency have been well-documented in previous research. Adverse effects on
alertness, attention, memory, mood, decision-making and executive functioning have
been reported (Lim & Dinges, 2010 ; Jackson et al., 2011). Perturbation in circadian
rhythm from sleep deprivation due to watch shifts may influence mental performance
by leading to greater anxiety, anger, depression, and fatigue perception (Balkin et al.,
2004 ; Lim & Dinges, 2010 ; Fullagar et al., 2014). For instance, Baranski et al. (2002)
observed decrements in serial response times, logical reasoning, visual comparison,
mathematical logic, vigilance, and multitasking after subjects were exposed to 40 hours
of sleep deprivation. Lagarde and Batejat (1995) highlighted that sleep deprivation neg-
atively impacts mental performance but does not affect short-term maximal exercise
capacity. Nevertheless, effects of sleep deprivation have been observed on maximal force
(Ben Cheikh, 2017), repeated sprint ability (Skein et al., 2011), and aerobic capacity (Ol-
iver et al., 2009). Moreover, acute sleep deprivation may even alter EE (Jung et al., 2011).
Indeed, AEE and PA increase with fragmented sleep, associated with an increase in car-
bohydrates- and a reduction of fat- oxidation. Hence, such effects may impact offshore
sailing performance since sailors face environmental factors such as noise, vibration,
and adverse weather conditions that impair sleep quality (Pisula et al., 2012).

Offshore sailors are not exempt from the negative effects of sleep deprivation. They
have been found to suffer from substantial functional impairments, such as increased
technical errors, subjective fatigue, and hallucinations (Portier et al., 2008 ; Hurdiel et
al.,, 2012). Groslambert et al. (2008) reported that anxiety and perceived fatigue were
directly affected by the cumulative effects of sleep deprivation during a transatlantic
crossing. Hurdiel et al. (2012) used a 5-min serial simple reaction time test (Figure 25)
to observe significant differences in reaction time performance before and after sailing
(150 nm, 300 nm, 350 nm). One year later, they carried out the same test 42 times during
a 36-hour race with 88.3 + 4.3 min of TST and found a significant increase in reaction
time throughout the race (Figure 26). In 2012, Hagin et al. (2012) evaluated the level of
anxiety by using a subjective questionnaire on a daily basis during a 62 days Pacific
Ocean record attempt and found a significant negative correlation (r=-0.32, p<o0.05) be-
tween daily TST (5.4 + 2.4 hours) and the state of anxiety. On the other hand, Filardi et
al. (2020) used the Epworth Sleepiness Scale to assess sleep quality during pre-race
sleeping strategies and found that sleep-deprived sailors had significantly lower sleep-
ing quality than those using polyphasic sleeping strategies.
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Key Takeaways: Extreme sport management

» Sailors face harsh and extreme conditions that drastically increase the risk of injury.
A wide array of strategies exists to limit this occurrence.

» Most dermatological conditions can be treated with basic hygiene methods, oral
antibiotics and/or topical steroid ointment.

» Sleep deprivation is inevitable, yet many methods exist to better understands one’s
way to optimise sleeping strategy.

» The polyphasic sleeping strategy is the most used during competitive offshore sail-
ing.

» Low TST can lead to impaired cognitive and physical performance.

3.5 Dose-Response generated by competition

By analysing the dose-response relationship generated by competition and training
and their effect on acute/chronic fatigue responses, it is hoped that training and human
performance prescription will be optimised (Impellizzeri et al., 2005 ; Oxendale et al.,
2016 ; Thorpe et al., 2017). Indeed, there is an increasing requirement to evaluate specific
variables considered at the origin of fatigue responses for any given system (Ream &
Richardson, 1996 ; Vanrenterghem et al., 2017). Although data regarding human perfor-
mance during offshore sailing seems comparable with inshore sailing (Galvani et al.,
2015), the evidence is scarce, difficult to obtain, and limited to basic measurements.
Weight loss, fat percentage decrease, lower limb vs. upper limb strength, and EE are
often reported. Cognitive demands, environmental stress, and the high physical de-
mands of offshore sailing generate high levels of acute and chronic fatigue (Bennet,
1973). Sailing exposure, “the total number of hours of sailing, from when the first
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sail is hoisted until when the last sail is dropped” (Neville & Folland, 2009), can
therefore provoke a reduction in physical abilities, disturb physiological home-
ostasis, impair cognitive performance and modify body composition.

3.5.1 Body composition

The alterations in body composition generated by competition or training are often
measured through pre- and post-intervention methodologies. Offshore sailing has re-
ceived reasonable research interest in this area. Indeed, the negative energy balance
often observed during competition results in weight loss, muscle mass reduction, and
decreased body fat proportionally to the length of the race (Bigard et al., 1998 ; Allen &
Dejong, 2006 ; Branth et al., 2006 ; Myers et al., 2008 ; Fearnley et al., 2012 ; Ghiani et
al., 2018 ; Lafere et al., 2020 ; Giacon et al., 2021). Moreover, rapid weight loss has been
found to have a detrimental effect on cognitive function and mood (Hall & Lane, 2001 ;
Marttinen et al., 2011 ; Durguerian et al., 2016) as well as on the central factor of reaction
time (Cullen et al., 2015). Hence, one of the main challenges for sailors involves weight
management while racing. Significant bodyweight reductions have been demonstrated
at the expense of fat mass (Lafere et al., 2020). These researchers observed a decrease of
3.6% (p<o.01) in body weight, 17% (p<o.01) in body fat, and 3.6% (p<o.01) in BMI for 8
sailors participating in the Transat Jacques Vabre (4335 nautical miles). They also found
a reduction in skinfold measurements of the upper body (tricipital, subscapular, supra-
spinal, and umbilical), contrarily to lower body measurements. Muscle circumference
was maintained in the upper body but decreased in the lower limbs. Ghiani et al. (2018)
corroborate these observations through a case study analysis of a solitary sailor partici-
pating in a Solo Class 40 record. The sailor suffered a 6% decrease in thigh muscle area,
whereas upper limb muscle mass was maintained. Fearnley et al. (2012) affirm that
weight loss is inevitable in a prolonged offshore sailing competition. Markedly, the
sailor observed a total loss of 7.9 kg during the Vendee Globe, of which most is at-
tributed to fat mass decrease. Fat-free mass only suffered a 0.4 kg decrease during the
99 days of sailing. Moreover, Giani et al. (2018) and Lafére et al. (2020) reported fat mass
loss and maintenance of FFM during two other long-distance events: the Solo Globe
circumnavigation and the Jacques Varbre Trophy.

3.5.2 Muscular function

Few studies have focused on the effects of offshore sailing competition on muscular
function (Portier et al., 2008 ; Ghiani et al., 2018 ; Blacha et al., 2019 ; Lafére et al., 2020).
These studies have found contradicting results concerning the expression of strength,
power, kinaesthesia, and maximal work output during specific assessments (squat jump,
HGS, leg extension, and cranking/cycling exercise). Lafére et al. (2020) confirmed these
varying results by showing different effects on lower body power expression during a
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squat jump test. These authors found that monohull sailors were confronted with sub-
stantial impairments of lower body physical capacity (reduction of jump height, speed,
and power) contrarily to Multi 50 sailors who saw squat jump performance increase.
These differences may be due to the physical demands linked to the architecture of the
boat (i.e., Multi 50 more walking distance to cover than IMOCA 60) and to the essen-
tially submaximal isometric contractions produced onboard. Post-sailing results show
a decrease of approximately 6% in jump height during a countermovement jump after
4335 nautical miles of racing. The changes in jump height were found to be inversely
correlated to time spent at sea (r=-0.81; p<o.01). Contrarily to these findings, Portier et
al. (2008) found no significant differences in jump height after a 33-hour offshore sailing
crew race. Ghiani et al. (2018), on the other hand, found an increase in lower body max-
imum WL (+4.8%) during a cycling incremental exercise test after 64 days of sailing on
Class 40. Similarly, Blacha et al. (2019) found kinaesthetic differences for left (79.12%)
and right knee (0.7%) extension force production accuracy after one month of sailing.
Upper body measures of maximal HGS remained constant after sailing (Portier et al.,
2008 ; Lafére et al., 2020). The authors outline that maximal anaerobic power has been
found to be preserved after several days of intensive physical exercise and sleep depri-
vation (Guezennec et al., 1994 ; Lagarde & Batejat, 1995). Nevertheless, Ghiani et al.
(2018) observed a decrease (-22.2%) in maximum WL on a cranking incremental exercise
test. The controversial results outline the complexity of analysing the impact of sailing
on neuromuscular activity due to the wide variety of competition and vessel types (Pi-
sula et al., 2012).

3.5.3 Cardiovascular function
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oxygen pulse (+9.1%) increased in the arm crank evaluation. By contrast, VO.max (-
21.5%), VCO.max (-28%), Vi (-16.5%) and oxygen saturation (-19.5%) decreased during
the post-sailing assessments. A doppler echocardiography also revealed that end-dias-
tolic volume (-12.9%), end-systolic volume (-13.6%), and stroke volume (-12.3%) showed
reductions after the solitary race. Pulse wave Doppler recording also collected data con-
cerning the left ventricular diastolic functions. The solitary race led to an increase in
atrial transmitral filling peak velocity (+25.4%) and a decrease in the early/atrial trans-
mitral filling peak velocity ratio (-22.5%).

3.5.4 Biochemical markers

v"Anabolic and catabolic hormones. Decreased neuromuscular function and
body composition modifications are not the only physiological effects of offshore sailing
competition. The intensity of sailing, associated with sleep deprivation, malnutrition,
and psychological stress, cause changes in homeostasis, which is particularly observable
through the response of the endocrine system (Chovtiya & Medzhitov, 2014). Although
few research have assessed such biomarkers, some studies have observed modification
in the anabolic hormone testosterone [T] and [C] (Gunnarson et al., 2004 ; Portier et al.,
2008 ; Giacon et al., 2021). These studies show alterations of normal cortisol secretion
patterns due to the modification of the nychthemeral rhythm during racing. Neverthe-
less, the degree found in these alterations proved to be different across the three studies.
Gunnarson et al. (2008) observed a flattening of the diurnal curve (Figure 28) with sus-
tained high [C] levels during three legs (23 days, 22 days, and 12 days) of crewed offshore
sailing. This blunted effect has been found to occur in shift workers (Hung et al., 2016)
and long-distance transportation professionals (Sluiter et al., 1998). Moreover, a flat-
tened diurnal curve has been highly associated with extreme stress factors (Adam et al.,
2017). Nevertheless, although statistically non-significant (p=0.08), morning [C] during
recovery between legs increased drastically to 70% of baseline levels after five legs of
sailing. Furthermore, Giacon et al. (2021) show that a 2-day competition induced a 15%
increase (p<o.05) in [C] compared to the resting value measured pre-competition. This
significant increase is likely associated with poor sleep quality, fatigue, and physical ex-
ertion. Portier et al. (2008) unexpectedly found reduced [C] despite sailors being faced
with elevated PA, cold weather, and sleep deprivation during a 3-day race. However,
these authors also found specifically elevated midnight plasma [C]. Physical and mental
stress can also alter [T] levels (Zitzmann & Nieschlag, 2001). Gunnarson et al. (2004)
reported that [T] levels were at their lowest where mental stress was the most pro-
nounced (i.e., sailing close to the Antarctic where collision with an iceberg was risked).
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Figure 28. Cortisol levels during three legs of the Ocean Race. According to Gunnarson et al. (2004).

v Oxidative stress. The relationship between exercise and oxidative stress is
extremely complex and depends on the mode, intensity, and duration of exercise (Pingi-
tore et al., 2015). Although past research has investigated oxidative stress markers in
inshore sailing competitions (Barrios et al., 2011), little is known about the offshore en-
vironment. Indeed, Giacon et al. (2021) seem to be the only researchers to have investi-
gated the impact of an offshore sailing competition on oxidative stress markers. These
authors highlight that offshore sailors suffer a significant increase (p<o.01) in radical
oxygen species production rate of about 100%, a decrease (p<0.001) in total antioxidant
capacity of 12%, and an increase (p<o.01) in the oxidative stress-related damage to lipids
of 87%. Hence, such findings, although scarce, attest the magnitude of oxidative stress
induced by an offshore sailing competition.

3.5.5 Subjective wellness

After offshore sailing, changes in objective markers, such as neuromuscular and
biological characteristics, can induce changes in subjective markers of physiological
stress, anxiety, and/or perceived wellness. Groslambert et al. (2008) and Hagin et al.
(2011) have evaluated the perception of fatigue using the QEFA (Questionnaire for the
evaluation of fatigue and anxiety) Likert scale. This questionnaire involves nine items
on which the perceived fatigue varied from a minimum score of 9 to a maximum score
of 36. These authors had sailors answer the questionnaire daily. Using this questionnaire
both research teams have been able to define relationships between wind speed (r=0.83,
P<0.01; 1=0.51, p<0.01) and sleep deprivation (r=0.29, p<0.05; r=0.82, p<o0.01) with sub-
jective perception of fatigue. Lafere et al. (2020) showed that sailors’ subjective evalua-
tion of initial fatigue increased by 26% (p<o.01) upon arrival after a transatlantic race.
Portier et al. (2008) evaluated fatigue perception through a visual analogue scale. Their
findings corroborate the results of other researchers concerning the association be-
tween fatigue with wind speed (r=0.51; p<o.01) and fatigue with sleep quality (r=0.82;
p<o.o1). This research also showed an interest in Branched Chain Amino Acids (BCAA)
supplementation. The authors observed that the perception of fatigue was lower
(p<0.05) in the BCAA group than in the control group
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The QEFA also measures anxiety. Groslambert et al. (2008) and Hagin et al. (2011)
were also interested in understanding the effects of offshore sailing on the state of anx-
iety. Using this questionnaire, Groslambert et al. (2008) found significant associations
between anxiety and the sailing distance covered (r=0.57; p<o.01) and between anxiety
and wind force (r=0.57; p<0.01). Hagin et al. (2011) also found associations between anx-
iety with wind force (r=0.62; p<0.01), appetite (r=-0.46; p<o.01), and sleep desire (Figure
29). Their results also highlight a non-significant relationship (4%, p=0.058) between
pre- and in-race anxiety.
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Figure 29. Relationship between wind force, sleep duration and anxiety during 62 days of offshore sailing
competition. According to Hagin et al. (20m).

3.5.6 Neurocognitive fatigue

Most offshore sailors have declared substantial decay of cognitive performance
(Theunynck et al., 2010) during competition. Impaired factors, such as difficulty in in-
terpreting weather/tactical reports, realising manoeuvres, trimming efficiency, and tak-
ing tactical choices, have been reported. These periods of deterioration have also been
accompanied by auditive and/or visual hallucinations in races, usually lasting less than
20 days. Apart from sleep deprivation, the constant instability due to the motion of the
boat and the maritime environment significantly impacts cognitive performance (Col-
well, 2005 ; Pisula et al., 2012). Hurdiel et al. (2013a, 2013b), Portier et al. (2008), and
Lafere et al. (2020) have observed the effects of offshore sailing on the central nervous
system. All these studies show a decrease in the central nervous system’s response which
can result in a reduction of neurocognitive processes through objective measures such
as reaction time, short-term memory, and cerebral arousal (Psychomotor Vigilance
Task, Critical Flicker Fusion Frequency, and Memory Search Test). Hurdiel et al. (2013a,
2013b) corroborate these results by observing an increase in reaction time, measured via
the Psychomotor Vigilance Test (PPVT), of 300% after a 36-hour solitary race (Figure
30) and 384% after solitary races lasting 24-48 hours. Portier et al. (2008) found an in-
crease in the percentage of error (+78.4, p<0.05) during the four letters memorisation
test in twelve sailors after a 33-hour offshore sailing race. This study also observed a
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lower error percentage (p<o.05) of short-term memory in sailors who took BCAA sup-
plementation than those who didn’t. Moreover, Lafére et al. (2020) found a decrease in
cerebral arousal (-5.6%, p=0.028) in eight sailors upon completing a 4335 nm transat-
lantic crossing.
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Figure 30. Reaction time alterations during an offshore sailing race. According to Hurdiel et al. (2012).

Key Takeaways: Dose-response relationships

» Body composition will inevitably be impacted by offshore sailing competition.
Weight loss and atrophy (lower limbs) have been observed in many studies.

» The effects of sailing on muscular function varies according to the physical demands
of the boat, the surface available for movement and the length of the race.

» Biological markers provide valid objective measures of fatigue. Cortisol and oxidative
stress have been found to rise during, between and after sailing legs.

» Associations between wind force, appetite, sleep desire and sailed distance with anx-
iety have been established through valid and reliable onboard questionnaires.

» Sleep deprivation, boat movement and harsh environmental conditions have a det-

rimental effect on sailors’ cognitive performance and central nervous system function.
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Chapter four ‘ Literature review
Workload manage-
ment generalisation
and application to off-
shore sailing

“A theory is just a mathe-
matical model to describe

the observations.”
-Karl Popper
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4.1 Synopsis

WL management is the deliberate temporary reduction of external physiological
stressors intended to facilitate global improvements in athlete wellness and perfor-
mance while preserving musculoskeletal and metabolic health (Figure 31). It aims to
optimally configure training, competition, and other loads to maximise adaptations and
performance with minimal risk of injury (Soligard et al., 2016). WL is a widely used con-
cept in training prescription and monitoring. Indeed, scientific progress has led to the
understanding that inadequate WL management can lead to insufficient recovery, hin-
dered performance, and overtraining injuries (Jones et al., 2017). However, despite the
widespread use of WL management and monitoring in sports, no research has estab-
lished the efficacy of this practice in offshore sailing. Cognitive and physical fatigue in
multi-day adventure/tactical sports is key to performance and safety (Russel et al., 2021).
Furthermore, offshore sailors are faced with stressful and extreme conditions that may
provoke alterations in body function, injury, and overall performance. Hence, under-
standing the effects of WL on fatigue may help bridge the gap between theory and prac-
tice in performance-enhancing training strategies. Therefore, this section aims to de-
scribe the theoretical basis underpinning WL quantification methods and to
outline an overview of their contribution to decision-making processes in train-
ing planning and delivery to offshore sailors.
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Figure 31. Integrated view on load, load capacity, performance, and health in sport. Dotted lines represent
negative relationships and solid lines represent positive relationships. According to Verhagen and Gab-
bett (2019).

This literature review addresses the general concepts of WL management, training
effects, and current practices of WL quantification and analysis. The review begins by
examining the models of stress response upon which today’s performance practitioners
rely as the conceptual frameworks for the training process. This section’s chronological
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order follows the different stages of the general adaptation syndrome (GAS): accumula-
tion, transmutation/realisation, and transition (Figure 32). First, the mechanisms of WL
accumulation are considered by exploring the different types of fatigue and how they
can impact the methods used to investigate WL in the offshore sailing context. Then,
an overview of WL transmutation concerning recovery time course and adaptations to
mechanical and metabolic stress is discussed. The definition of overtraining and de-
training in the scientific literature is considered by discussing how these different effects
may have a detrimental impact on human performance. Finally, a review of general WL
management methods is provided and opens to monitoring tools used in prolonged ac-

tivity sports.
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Figure 32. Patterned responses of the general adaptation syndrome. A) corresponds to the accumulation
phase, B) Transmutation and realisation phase and C) Transition phase. According to Stone et al. (2007).

4.2 Models of stress response

The theoretical foundation for integrative sequential training is centred upon the
adaptive process. This process has been largely based on fundamental biological con-
structs such as Hans Selye’s general adaption syndrome (GAS) (Haff, 2004). Over the
years, researchers have provided upgrades and additional clarity to this concept
(Yakolev, 1967 ; Chiu & Barnes, 2003). Taken collectively, these theories suggest that the
various training factors in a training plan result in various performance and physiologi-
cal adaptations (Figure 33). These adaptations are expressed as residual training effects,
which produce varying durations of stability and express different involution rates (Haff
& Haff, 2012).

90



Other exercise related

factors - e.g. motivation

- individual and context
specific effects

Suboptimal cortical

and other drives (secs-hrs?)
- mechanisms?
Reduced synaptic efficacy
Neuromodulators - time course 7
- &.g. Serotonin
(mins-hrs?) | :

Reduced intrinsic MN
- alter input-output responsivenass (mins)
properties of spinal = in MNs that fire repeatediy
neurcns

Presynaptic inhibition
Firing of group 11/ IV - time: course 7
musle afferents
(secs-mins)

- exaggerated with poor
muscle perfusion

Excitation-contraction
coupling failure (mins-hrs)
- eg. K in T-ubulas

- reduced SR Ca™ release

Cross-bridge effects
(secs-mins)
- reduced Ca®* sensitivity
= reducad maximum force

of contractie apparatus ==

Figure 33. Schematic illustration highlighting some key neuromuscular responses to exercise. According
to Stone et al. (2007).

4.2.1 General adaptation syndrome

In 1951, Hans Selye proposed the GAS to explain how living organisms respond to
stress (Selye, 1951). Stress has been identified as being the disturbance of homeostasis.
Selye integrated established concepts regarding the stress response, including Bernard’s
“milieu interieur” and Cannon’s “homeostasis”, to provide a unifying model of stress and
adaptation (Selye, 1951). The homeostasis concept has supported physiology and medi-
cine theory for decades. Today, the interpretation of homeostasis implies a constant
internal regulation and is considered the “base level” or “before fatigue.” In a biological
system, stress stimulates adaptive responses beyond recovery until supercompensation
is attained (Selye, 1956). The GAS model states that when stressors are encountered,
three reactions are visible - alarm, resistance, and exhaustion (Figure 34).

e Alarm phase: An accumulation of fatigue, soreness, stiffness, and a reduction in
energy stores which all inhibit performance capacity (Stone et al., 2007).

e Resistance phase: In which the body is returned to either its pre-exercise home-
ostasis or its newly adapted higher state (i.e., supercompensation).

e Exhaustion phase: May provoke overtraining if continued over a prolonged pe-
riod (Stone et al., 2007).
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Hence, with respect to the sports environment, this means that to provoke physio-
logical adaption, an overload must be imposed on the athlete. However, exhaustion and
overtraining may occur if the stress is more important than the organism’s adaptive ca-
pabilities. The response phase is proportionate to the magnitude of the stimulus and, if
recovery is sufficient, can lead to improved physical readiness.
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Figure 34. The general adaptation syndrome with reference to performance supercompensation follow-
ing an applied stressor. According to Fry (1998).

4.2.2 The supercompensation curve

The GAS model is widely accepted and has originally led the way for the conception
of periodisation models (Cunanan, 2018). Indeed, a time course of recovery after expo-
sure to a training stimulus leads to physiological adaptations that result in functional
enhancements (Cunanan et al., 2018). The supercompensation model (Figure 35) is the
most straightforward representation of the training adaptation process (Gambetta,
2006). The concept suggests that fatigue accumulates in proportion to the magnitude
and duration of the stimulus (Kataoka et al., 2021). Following the stimulus, the body
recovers, which enables the dissipation of fatigue and supercompensation (physiologi-
cal adaptations) to occur. It is thought that the greater the training duration, the longer
the residual effects of training will last (Zatsiorsky & Kraemer, 2006).

92



---- 2 Increased
" capacity

Reduced
capacity

I3 Base — LER——————
gf level

<

(&)

Y

Load Recovery Load Recovery

Figure 35. Biological adaptation through cycles of loading and recovery. Adapted from Meeusen et al.
(2013).

4.2.3 Stimulus-fatigue-recovery-adaptation theory

Originally introduced by Verkhoshansky, the stimulus-fatigue-recovery-adaptation
(SFRA) concept suggests that fatigue accumulates according to the magnitude and du-
ration of training (Figure 36). It also defends the idea that involution will occur if the
stress is not applied frequently (e.g., detraining). Involution time is influenced by the
length of the preparation period (Stone et al., 2007), where residual effects last longer
after greater training periods. Stone, during a roundtable organised by Haff (2007), de-
scribed the SFRA theory as an extension of the GAS as it primarily deals with the concept
of supercompensation. Furthermore, Verkhoshansky (2009) noted that this concept is
not limited to a single exercise stimulus response but may be viewed from a longer view-
point of training adaptations.

Acute response ————3 Recovery ——5 Overcompensation » Detraining
| 1 | |
| | | |

/Training stimulus

N

Preparedness
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Performance level

Fatigue =———————>» Recovery —> Supercompensation —» Involution

Figure 36. Stimulus-fatigue-recovery-adaptation theory. Adapted by Yakovlev (1967) ; Verkoshanski
(1979).
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4.2.4 Fitness-fatigue paradigm

The fitness-fatigue theory, as defined by Zatsiorsky (1995) and depicted in Figure 37,
describes the links between fitness, fatigue, and readiness. In theory, an ace WL creates
two distinct physiological adjustments, fatigue and fitness, which combine to influence
readiness and performance (Chiu & Barnes, 2003). Unlike the GAS and SFRA models,
which assume that fitness and fatigue share a dose-response relationship, the fitness-
fatigue model proposes that these variables hold an inverse relationship. Indeed, Banis-
ter (1991) proposed that acute physical stressors’ immediate effects consist of positive
and negative physiological responses. Furthermore, he suggests that performance read-
iness at any given point in time can be described as fitness minus fatigue. An additional
key difference is that the fitness-fatigue paradigm concept differentiates between the
actions of various stressors, such as neuromuscular and metabolic stress (Chiu & Barnes,
2003). This implies that the after-effect of fatigue and fitness is exercise specific
(Zatsiorsky & Kraemer, 2006). Bompa and Haff (2009) stated that fatigue dissipates at a
faster rate than fitness, which means that an athlete’s readiness is allowed to increase
along with performance.
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Figure 37. Fitness-fatigue paradigm demonstrating the relationship between performance and fitness af-
ter-effects. According to Chiu & Barnes (2004).
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Key Takeaways: Models of Stress Response

"B The GAS provides a mechanistic model to understand the relationship between
stress, adaptation, and fatigue.
» The current models of stress response are originally based on a body’s nonspecific
response to disease. Current knowledge of neural and endocrine systems has led to im-
proved analytical techniques.

P Stress causes a temporary decrease in function followed by an adaptation that im-

proves function.

» The concept of periodisation and chronological sequencing is based on the manage-

ment of the training residual effects.

4.3 Workload accumulation: mechanisms of fatigue

Fatigue is a slippery concept to define that holds a crucial role in stimulating the body
to morpho-functional adaptations (Calandro et al., 2020) (Figure 32A). Indeed, fatigue
has been analysed in a wide array of contexts. Most definitions agree that fatigue causes
a reduction of force output or the failure to maintain an expected force in the short-
term following an exercise or workout (Williams & Ratel, 2009). Other researchers have
simply referred to fatigue as an exercise-induced diminishment or impairment of per-
formance (Edwards, 1981). Abd-Elfattah et al. (2015) have defined fatigue as a decrease
in physical performance related to a rise in the real/perceived difficulty of a task or ex-
ercise, as well as the inability of the muscles to keep up with the specified level of
strength during exercises. Nevertheless, it seems that fatigue may affect athletic perfor-
mance on many other levels. Moreover, Abiss & Laursen (2007) suggest that fatigue may
be defined according to the discipline it is being analysed in:

e Psychology: subjective sensation/perception of tiredness and/or a decrease in
cognitive function.

e Neurology: reduced motor drive or neural activation.

e Physiology: limitation of a specific physiological system.

e Biomechanics: a reduction in force output of a muscle or its efficiency.

Furthermore, several principles seem to stress that there is no single mechanism to
induce fatigue but that a complex mechanism may include central nervous system
(CNS) abnormalities, peripheral nervous system dysfunctions, and/or skeletal disease
(Boyas & Guevel, 20m1). Figure 38 depicts the different sites from which muscular fatigue
can originate (Bigland-Richie, 1981). Hence, research has categorised muscular fatigue
into two distinct categories: central and peripheral fatigue (Figure 39). The dearth of
research on neuromuscular fatigue is particularly apparent in offshore sailing science.
Notably, field research has been relatively under-researched among all the physiological
and biomechanical adaptations in response to physical exercise due to the difficulty of
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analysing the multiple conditions affecting performance (Noakes, 2012). Although fa-
tigue has been considered a contributing factor to sailing injuries, diminished cognitive
performance, and altered mood state, the effect of any specific sailing movement on the
onset and pattern of fatigue is conjectural. Apparently, very little research has focused
on understanding the aetiology of neuromuscular fatigue in this context. Nonetheless,
knowledge can be gained and assimilated from exercise science about the multi-facto-
rial nature of fatigue, central and peripheral (Tornero-Aguilera et al., 2022).
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Figure 38. Potential sites that can contribute to muscle fatigue. According to Bigland and Richie (1981).
Fatigue may be due to alterations in: (1) activation of the primary motor cortex; (2) propagation of the
command from the central nervous system to the motoneurons (the pyramidal pathways); (3) activation
of the motor units and muscles; (4) neuromuscular propagation (including propagation at the neuromus-
cular junction); (5) excitation-contraction coupling; (6) availability of metabolic substrates; (7) state of
the intracellular medium; (8) performance of the contractile apparatus; (9) blood flow.
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Figure 39. Classification of central and peripheral fatigue.

4.3.1 Central fatigue

Sports science studies generally explore how fatigue impacts the motor system
through muscular activity alterations. Indeed, significant peripheral fatigue is a result
of fatiguing tasks requiring muscular contractions, but central fatigue may add substan-
tially to performance decline. Central fatigue develops during sustained or intermittent
muscular contractions. It is defined as a deficient drive of cortical motor output which
attenuates performance by affecting inhibitory and excitatory processes (Ament &
Verkeke, 2009). This process impairs physical and cognitive performance (see section:
4.3.3 Cognitive fatigue). It designates a decrease in voluntary activation of the muscle
through neural processes (i.e., decrease in firing rate, motor unit recruitment). It is de-
scribed as fatigue coming not from the muscle but from the central nervous system and
the transmission of signals from the brain to the muscle (Noakes, 2012), which makes it
related to the brain and spinal cord (Zajac et al., 2015). These alterations have been
found to influence mood, perception of effort, and tolerance to pain and discomfort
(Leavitt & Deluca, 2010). Moreover, extending a state of CNS fatigue has been found to
lead to sleep disturbances, depression, pain, subjective fatigue, diminished cognitive
vigilance, and reduced mental attention (Leavitt & DeLuca, 2010). Although fatigue im-
pairs performance, it also acts as a potential mechanism to safeguard from further dam-
age or injury (Cheung & Sleivert, 2004). The mechanisms highlighting the brain’s ina-
bility to maintain the drive necessary to produce desired force output (Nybo & Secher,
2004 ; Hasegawa et al., 2008) and motoneuron processes (Carroll et al., 2017) are less
well understood than peripheral ones. The maximal voluntary effort is less than that
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which can be achieved when the muscle is activated directly by electrical stimulation of
the motor nerve (Asmussen, 1979). These central nervous system changes have been
found to occur before muscles fail to perform a task. The mechanisms are complex and
are still relatively misunderstood. Indeed, this uncertainty has led researchers to de-
velop potential theories concerning central fatigue (Figure 40).
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Figure 40. Summary of findings related to central fatigue during maximal and submaximal contractions.
Adapted from Taylor and Gandevia (2008).

Traditionally, researchers thought that the origin of central fatigue was caused at any
point of the neuromuscular transmission that affects cross bridges (Zajac et al., 2015).
Current research has, however, suggested that it is in the brain where central fatigue
originates. Multiple processes in the nervous system contribute to muscle fatigue, which
begins at the onset of voluntary contraction (Taylor et al., 2016). These force loss con-
tributions are linked to supraspinal and spinal mechanisms:

e Supra-Spinal mechanisms. Supra-spinal fatigue can be defined as an exercise-
induced decline in force caused by suboptimal output from the motor cortex.
During physical fatigue, sensory input from the peripheral system activates an
inhibition system to limit motor output from the primary cortex (Zajac et al.,
2015). Other brain regions related to the integration of sensory input from skele-
tal muscle, such as the anterior and dorsal cerebellar and vestibular nuclei (Delp
et al., 2001), have been shown to have increased blood flow during exercise. The
insular cortex holds particular importance in regulating central fatigue as its ac-
tivity is associated with volitional exertion related to exercise (Williamson et al.,
1999). Moreover, concepts such as the “serotonin-fatigue hypothesis” have re-
ceived great interest and seem to be a clear rationale for understanding the
causes of CNS fatigue. When exercise intensity increases, serotonergic activity
produces a feeling of lethargy, loss of neural drive, and loss of motor unit recruit-
ment (Meeusen et al., 2006). Other neurotransmitters, such as dopamine, gluta-
mate, and gamma-aminobutyric acid, have also received considerable interest,
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and all seem to impact CNS fatigue. Hence, it seems that the alterations in brain
biochemistry may explain the aetiology of CNS fatigue through complex interac-
tions.

¢ Spinal mechanisms. Changes at the spinal level occur due to the altered input
from muscle spindles, Golgi tendon organ, and group III and IV muscle afferents
that innervate the fatiguing muscle (Gandevia, 2001). However, muscle spindle
inputs have been found to be sensitive to the discharge rate of neighbouring mo-
tor units, particularly when this declines below fusion frequencies (Christakos &
Whindhorst, 1986). The firing of Golgi tendon organs, which sample the forces
produced by muscle fibres from several motor units, has also been found to de-
crease with the fall in maximal voluntary contraction (MVC), and inhibitory in-
put to homonymous motoneuron decreases (Lafleur et al., 1992). Moreover, small
diameter muscle afferents (groups III and IV) are more sensitive to toxic chemi-
cal and mechanical stimuli. These afferents facilitate endurance performance via
the optimisation of O2 supply to the working muscles (Amann et al., 2011), con-
tribute to motor command, and sense both mechanical and metabolic stimuli.

4.3.2 Peripheral fatigue

Contrarily to central fatigue, peripheral fatigue implies that the ability of the muscle
to produce force is reduced (Ce et al., 2019). It is defined as the reduction in the
efficacy of the neuromuscular function as metabolic and biochemical properties change
within the muscle (Korzeniewski, 2019). Traditionally, peripheral fatigue and the inabil-
ity to complete a physical task resided in the muscle’s accumulated lactate concentra-
tion (Kirkendall, 1990) or a lowered pH within the muscle due to rising hydrogen ion
concentration during anaerobic metabolism muscular contractions (Hole, 1993). How-
ever, more recent research highlighted that hydrogen ion concentration might not be
an obligate mechanism of muscle fatigue (Olsson et al., 2022). Peripheral fatigue has
recently received much interest in sports science literature and has increased the un-
derstanding of the processes occurring at the muscular level. Research has divided pe-
ripheral fatigue into high frequency (HFF) and low-frequency fatigue (LFF), where HFF
is related to the impairment of muscle action potential propagation and LFF is related
to the impairment of activation-contraction coupling (Tornero-Aguilera et al., 2022).

Peripheral fatigue appears when (i) depletion of energy stores occurs, (ii) accumula-
tion of by-products increases, or (iii) impairment of muscle contractile mechanism is
attained in response to PA (Allen et al., 2008 ; Reid, 2008). Furthermore, peripheral
fatigue has been suggested to be related to immunological and genetic responses (Poole
et al., 2008 ; Jones et al., 2008 ; Keyser, 2010 ; Vanhatalo et al., 2010 ; Finsterer, 2012).
Moreover, peripheral fatigue has been found to be affected by energy supply (Ortenblad
et al.,, 2013), muscle fibre type distribution (Hamada et al., 2003), pre-fatigue strength
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(Enoka & Duchateau, 2008), and the muscle’s length (Baumert et al., 2021). Further-
more, peripheral fatigue has been described as the decrease in the contractile strength
of muscle fibres with changes in mechanisms underlying the transition of muscle action
potentials (Millet et al., 2012; Zajac et al., 2015). These mechanisms are complex and
differ in origin:

¢ Loss of sarcolemma excitability. Sarcolemmal excitability is defined as the in-
ward current required to depolarise the sarcolemma enough to reach the thresh-
old potential that triggers enough Na*channels to elicit an action potential (Se-
jersted & Sjogaard, 2000). The electrical signals from the central nervous system
stimulate action potentials that travel to activated muscle fibres (Figure 41).
Therefore, the muscle fibre membrane (sarcolemma) is the first point at which
peripheral fatigue can occur. These action potentials have been found to be re-
duced by fatiguing exercise (Clausen, 2011). Moreover, this mechanism reduces
muscle fibber force due to diminished action potentials that reach the T-Tubules
(synchronises calcium release from the sarcoplasmic reticulum). The process by
which this happens could be twofold. First, this could occur through the gener-
ation of reactive oxygen species that are known to inhibit the sodium-potassium
pump (Apel & Hirt, 2004). Secondly, the muscle cell membrane could be dam-
aged due to the production of phospholipases triggered by the accumulation of
calcium ions in the cytoplasm (Berezhnov et al., 2010). Moreover, reduced excit-
ability of the sarcolemma membrane may be due to intensive contractile activity-
related damage (Piitulainen et al., 2008).
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Figure 41. Assessment of sarcolemma excitability through compound muscle action potential recording
(M-wave). Adapted from Rodriguez-Falces and Place (2018).

o Excitation-contraction coupling failure (E-C). This is known as LFF. It hap-
pens when no calcium ions are released into the muscle fibre, leading to force
reductions at low frequencies (Figure 42). LFF is characterised by a proportion-
ately greater reduction in tetanic force at low stimulation frequencies rather than
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at high ones (Skurvydas et al., 2006). The mechanisms behind this flaw may re-
side in (i) the accumulation of phosphate ions which could bind with calcium
ions in the sarcoplasmic reticulum, which inevitably reduces their availability
(Dutka et al., 2005), (ii) disruptions to minor protein in the triadic junctions,
which are responsible for maintaining structure composure (Balog, 2010), (iii) a
decrease in calcium sensitivity to troponin (Ramirez-Correa et al., 2010 ; DeBold,
2016), (iv) poor conduction of action potential in the T tubules (Tomazin et al.,
2008) and (v) reduced reuptake of calcium in the sarcoplasmic reticulum (Allen
et al., 2008). Along with affecting performance via reduced force production, the
occurrence of LFF may also affect the central drive and perception of effort
(Keeton & Binder-Macleod, 2006).
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Figure 42. Assessment of excitation-contraction coupling mechanisms using Db10o:100 ratio for the quad-
riceps. Adapted from Verges et al. (2009).

Loss of myofibrillar calcium ion sensitivity. During normal muscle activa-
tion, calcium ion release from the SR is followed by a series of complex molecular

events that ultimately lead to tropomyosin moving over the surface of actin to
reveal the myosin binding sites (Gordon et al., 2000). This results from the failure
of troponin to detect the presence of calcium ions (Figure 43). Moreover, current
findings have highlighted the magnitude of the depression of muscle function
that can be attributed to decreased calcium ion sensitivity. Although this mech-
anism of peripheral fatigue has received some interest, it seems that the mecha-
nism is still being explored. Ament and Verkerke (2009) suggests that phosphate
and hydrogen ions play an important role in losing muscle force and velocity.
During fatiguing contractions, it likely reduces the number of strongly bound
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heads at any calcium level, which decreases thin filament activation (Debold et
al., 2006). Reactive oxygen and nitrogen species (ROS/RNS) have also been found
to hold a causative role in the fatigue process (Westerblad & Allen, 2011). Indeed,
there is strong evidence that ROS/RNS may alter the structure and function of
the muscle’s regulatory proteins through multiple complex mechanisms
(Debold, 2015).
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Figure 43. Effects of Ca* on muscle force during sustained contractions. A) is a representative force record
during sustained activation and b) is the corresponding record of intracellular level of Ca*. Adapted from
Westerblad et al. (1991).

e Crossbridge cycle. The formation of actin-myosin cross-bridges is the origin of

muscle tension that leads to force being produced (Srbolujub et al., 2017). If my-
osin cannot bind to actin or if cross-bearing structures (i.e., myofibrils and the
cytoskeleton) are damaged, the force will be impaired and will not transfer force
efficiently to the tendon (Crameri et al., 2007). One way this may happen is
through the accumulation of phosphates which inhibit the flow of energy within
the cross-bridge structure (Kawai et al., 2021). Also, myofibrillar remodelling, af-
ter lengthening fast twitch fibres, could result in mechanical tension and calcium
ion-induced release of proteases (enzymes that catalyse hydrolysis of peptide
bonds in proteins and polypeptides) (Eijsink et al., 2011).

4.3.3 Cognitive fatigue

Cognitive or mental fatigue is caused by prolonged periods of demanding cognitive
activity (Van Custem et al., 2017) and has been found to have a detrimental impact on
sports performance (McMorris, 2020). This type of fatigue has manifested itself in three
distinct categories:

e Subjective: feelings of tiredness, lack of energy, decreased motivation, and alert-
ness.
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e Behavioural: decline of accuracy and reaction time of cognitive tasks.
e Physiological: alteration in brain activity.

It is well established that sleep deprivation (Dawson & Mcculloch, 2005) and pro-
longed task performance (Lorist et al., 2005) are factors that cause mental fatigue. This
seems to be the greatest challenge in offshore sailing as sailors must perform non-stop
while accumulating fatigue caused by sleep deprivation, anxiety, and the state of con-
stant alertness. Sailors are not immune to functional impairments such as technical er-
rors, mood changes, and hallucinations (Portier et al., 2008 ; Hurdiel et al., 2012). For
instance, reaction time was impaired when actigraphy assessments were given to men-
tally fatigued sailors (Tiberge, 1992 ; Hurdiel, 2013), even after just 1-day of offshore sail-
ing. These results align with Van Dongen and Dinges's (2005) findings, which outline
the effects of acute and chronic sleep deprivation on cognitive performance.

Furthermore, decrements in cognitive performance have also been correlated with
thresholds of ship motion (Pisula et al., 2011 ; Weerts et al., 2013). Nevertheless, research
has outlined the impact of mental fatigue on sports incorporating a high cognitive reli-
ance (i.e., fine motor movement and specific decision-making qualities) compared to
gross motor execution (i.e., stroke rate of a swimmer) (Fullagar et al., 2015). Decrements
in cognitive performance have received extensive research in studies exploring sleep
deprivation's effects and restriction. These declines have been attributed to disruptions
to pre-frontal cortex functioning (Harrison & Horne, 2000). However, the neuroana-
tomical mechanisms behind this state are intricately complex (Taber & Hurley, 2006).
Indeed, in a psychologically fatigued state, it appears that the large decrease in cerebral
metabolism is apparent in the thalamus, cerebellum, and pre-frontal, posterior parietal,
and temporal cortices (Drummon et al., 2001). These neural mechanisms and the re-
duced metabolic rates within these regions have been correlated with decreased cogni-
tive performance, highlighting their influence on optimal cognitive functioning
(Thomas et al., 2000).

The process by which mental fatigue affects physical performance is still misunder-
stood. However, studies have found that physiological variables traditionally associated
with endurance performance (HR, lactate, VO,, and cardiac output) were not directly
affected by mental fatigue after prolonged exercise lasting 30-100 minutes (Van Cutsem
et al., 2017). Moreover, mental fatigue did not affect maximal strength, power and an-
aerobic work. Nevertheless, it seems that mental fatigue may be associated with a
higher-than-normal perceived exertion (Van Cutsem et al., 2017). This perception of ef-
fort may increase due to the alterations in motor control to increase the subject’s central
motor command and muscle recruitment to produce the same power as when the cen-
tral and peripheral fatigue is not present (Van Cutsem et al., 2017). For instance, Pageaux
et al. (2015) observed increased electromyography root mean square of the vastus lat-
eralis during whole-body endurance tasks in mentally fatigued patients. Moreover,
studies exploring mental fatigue after longer and more strenuous tasks have observed
aggravated autonomic imbalance and magnesium deficiency vasomotor anomalies,
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which subsequently develop cardiovascular dysfunctions, autonomic imbalance, im-
paired thermoregulatory processes, and impaired HR variability (HRV) (Takase et al.,
2004 ; Lucas et al., 2008). According to neurophysiological theories, it seems that mental
fatigue may have a double nature. Indeed, it may (i) activate inhibition centres of the
brain, which increases perceived effort for a task and decrease drive and willingness to
act, and (ii) deactivate facilitative brain centres responsible for motivating behaviour
and increasing drive to reward (Schipof-Godart et al., 2015).

Key Takeaways: Mechanisms of fatigue

» Fatigue is an integral part of the training process. Without it, supercompensation
and adaptation would not occur.

» Intensity and duration are probably among the most influencing factors of fatigue.
» Task variables include muscle activation pattern, type of muscle group involved and
the type of muscle contraction.

» Athletic fatigue is a difficult concept to define, making its measurement equally prob-
lematic.

» Fatigue is a complex process by which performance is impaired. It can be categorised
into distinct categories: central and peripheral.

P A given stressor stimulates a unique and specific response.

» It is also critical that an understanding of the type of fatigue present is delineated.
Such assessments carried out on a regular basis will allow sports coaches and support
staff to monitor individual variation in response to normal training and during periods

of high physical loading.

4.4 Effects of prolonged activity on task performance: applica-
tion to offshore sailing

Events that exceed 6 hours in duration have been classified as ultra-endurance exer-
cises (Zaryski & Smith, 2005). In the current literature, studies have analysed the origin
of fatigue in prolonged exercise during running, cycling, skiing, and military operations
(Nindl et al., 2002 ; Millet & Lepers, 2004). Some of those activities last over 24 hours
and thus combine sleep deprivation with exercise, which is well examined separately
but poorly understood if happening simultaneously. It is generally accepted that the
onset of fatigue due to short-term exercise is mainly caused by metabolic factors or
muscle damage (Millet & Lepers, 2004). However, there is a lack of integrative studies
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involving human subjects that analyse the effects of prolonged exercise on task perfor-
mance. Indeed, during prolonged exercise, such as offshore sailing, the aetiology of fa-
tigue is more multifaceted. The different mechanisms of fatigue during prolonged
activity may lead to impairments in offshore sailing task-related performance
(Figure 44). In offshore sailing, it is understood that physical and cognitive pa-
rameters are important performance factors (Giacon et al., 2021). This section
reviews the detrimental effects of offshore sailing on decreased task perfor-
mance to provide practical implications for human performance practitioners.
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Decreased Task Performance

Figure 44. Overview of the multifaceted elements leading to decreased task performance. Adapted from
Rudroff et al. (2016).

4-4.1 Power output

The grinding winches are responsible for the movement of the sails during manoeu-
vres and are used for trimming the sails to optimise wind usage (Pearson et al., 2007).
Sailors transfer generated power output to the grinding winches, which pull in lines
under tension, intending to optimise sailing efficiency (Figure 45). During the intense
grinding activity, near-VOamax (€.g., 58-61 mL. min™.kg") (Bernardi et al., 2003 ; Bernardi
et al., 2007) is usually reached, and anaerobic power values are comparable to that of
other elite athletes (e.g., peak power 929-1420 W) (Pearson et al., 2007 ; Neville et al.,
2009a). These physical efforts are considered inconstant and characterised by high-in-
tensity anaerobic efforts and VO, capabilities to recover between bouts (Allen & De
Jong, 2006 ; Bernardi et al., 2007 ; Neville et al., 2009a ; Galvani et al., 2015). Moreover,
sailors must be able to perform non-stop under central and peripheral fatigue caused
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by repetitive bursts of muscular work, sleep deprivation, psychological stress, and cog-
nitive fatigue (Sjogaard et al., 2015).
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Figure 45. Ergometer for power output testing. Adapted from Pearson et al. (2009b).

The effects of prolonged exercise stress on power output remain unclear. For in-
stance, researchers have reported no negative effects (Guezennec et al., 1994). Others
reduced peak and mean power outputs after 4 hours of sleep deprivation (Abedelmalek
et al., 2013), whereas Nindl et al. (2002) have reported selective decrements in mean but
not peak power output after 72 hours of sustained military operations. Temesi et al.
(2013) found that impaired high intensity cycling bouts were attributed to incomplete
muscle glycogen replenishment from sleep deprivation. It has been found that anaero-
bic exercise can induce prolonged oxidative stress up to 24 hours after effort (Shi et al.,
2007). These oxidative stress markers were also found to be higher than baseline levels
in America’s Cup sailors after the competition (Barrios et al., 2011). However, the pro-
longed effect of offshore sailing competition may permit full oxidative stress balancing
from an adapted antioxidant response (Bloomer & Goldfarb, 2004 ; Mrakic-Sposta et al.,
2020). Indeed, power output was reduced by one-third after 24 hours of ultra-endurance
exercise (Lucas et al., 2008). Furthermore, research analysing sustained military opera-
tions lasting up to 60 hours (Rodgers et al., 1995) and 96 to 120 hours of military field
operations (Hackney et al., 1991) observed 5-8% drops in peak and mean power, respec-
tively. Moreover, Nindl et al. (2002) reported that 72 hours of sustained operations sig-
nificantly impacted anaerobic mean power production for under and over-utilized mus-
cle, whereas peak power was not. The interplay and link between aerobic fitness and
repeated “high-intensity tasks” ability has been clearly demonstrated in a variety of
sports (Glaister, 2005). During a high-intensity bout of work, such as manoeuvring or
changing sails, muscle phosphocreatine (PCr) and glycogen concentrations will inevita-
bly decrease (Bogdanis et al., 1996). After this effort, PCr resynthesis occurs via the
rephosphorylation of creatine by aerobically produced adenosine triphosphate (ATP)
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(McMahon & Jenkins, 2002). Furthermore, Glaister (2005) observed elevated levels of
VO2 during recovery and concluded that it was needed to restore homeostasis via spe-
cific processes such as the replenishment of tissue oxygen stores, the resynthesis of PCr,
the metabolism of lactate, and the removal of accumulated intracellular inorganic phos-
phate. Nevertheless, some research has examined the effects of prolonged activity and
sleep deprivation on cardiorespiratory functions. The duration of effort seems to nega-
tively affect cardiorespiratory variables to a higher degree than exercise intensity
(Neumyar et al., 2003). These researchers observed a decline of 10% in HR every 10 hours
of exercise. Kim and Park (2020) observed myocardial hypertrophy and contractile dys-
function after a 622 km marathon. Moreover, left ventricular function has been found
to decrease after prolonged exercise (Middleton et al., 2006). The mechanisms underly-
ing this down-regulation may be due to elevated catecholamine levels (Kvasnicka et al.,
2019), elevated levels of free fatty acids (Ning et al., 2018), alterations in myofilament
sensitivity to calcium (Van der Velden et al., 2004), and abnormal sarcoplasmic reticu-
lum calcium reuptake (Zile & Brutsaert, 2002). Notably, extreme periods of sleep loss
(i.e., 100 hours of sleep restriction) may be more likely to affect these variables than
acute sleep deprivation (24 to 36 hours) (Reilly & Walsh, 1981 ; Neumyar et al., 2003).
Therefore, aerobic function deficits related to prolonged exercise may be twofold: (i)
post-exercise decreases in left ventricular function (Serrano et al., 2013) and (ii) the in-
fluence of perception of effort from sleep deprivation (Oliver et al., 2009).

4.4.2 Strength

Upper- and lower-body strength is of paramount importance for offshore sailors. In-
deed, strength is necessary to (i) execute rigging and manoeuvring tasks on board and
(ii) optimise injury prevention. Performing movement onboard also increases the de-
mands of higher grip force and forearm strength when the equipment is wet (Neville &
Folland, 2009). Muscular strength has been widely studied in various sports and has
been identified as an important factor attributed to task performance. Moreover, it can
differentiate between successful and less successful sailors (Neville et al., 2009b ; Car-
ballo et al., 2019 ; Pan et al., 2022). Lower limb strength and muscle mass reduction are
often reported in professional offshore sailors (Allen & De Jong, 2006 ; Myers et al., 2008
; Fearnley et al., 2012 ; Ghiani et al., 2018 ; Lafére et al., 2020). Moreso, the negative
energy balance found during racing often results in muscle mass and muscular capacity
reductions proportionally to the length of the race (Bigard et al., 1998 ; Lafére et al.,
2020). However, the cause of this reduction is controversial. Some studies highlight the
effects of detraining as the leading cause of strength deficits (Ghiani et al., 2018 ; Lafére
et al., 2020), whereas others have placed the cause on the accumulation of fatigue due
to sleep impairment and repetitive physical output (Branth et al., 1996). Nevertheless,
caution should be used when generalising the inferences between muscular strength
variations and offshore sailing. Visibly, the physical demands of sailing vary according
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to the type of vessel, wind speed, and the sailor’s position on board (Bernardi et al., 2006
; Neville et al., 2009b ; Neville & Folland, 2009).

The effects of prolonged exercise on maximal and submaximal strength output re-
main relatively unclear. Some studies have shown that MVC was not impaired by pro-
longed exercise or sleep deprivation. For instance, Reilly and Hales (1988) observed that
back and grip strength was maintained following sleep reduction. In contrast, others
have found that 3 hours of sleep reduction would negatively affect both maximal and
submaximal tasks, with greater effects observed on submaximal tasks (Reilly & Piercy,
1994). Knapik et al. (1990) found reductions in isometric and isokinetic upper body
strength of professional soldiers after 5 days of infantry manoeuvres. Furthermore, Lu-
cas et al. (2009) observed decrements (17% and 11% in over-utilised and under-utilised
muscle groups, respectively) in MVC and decrements (18% and 13% in over-utilised and
under-utilised muscle groups, respectively) in strength endurance (time to failure at
70% MVC) after a 100-hour adventure race. The authors highlight a centrally mediated
reduction in force generation due to the similar effects on different muscle groups. On
the other hand, Deely et al. (2022) suggest that the substantial decrements in MVC fol-
lowing 72 hours of an intense football training camp were largely attributable to periph-
eral mechanisms. This is supported by Millet et al. (2003), that found no decrement of
grip strength after a prolonged running exercise but significant decreases in lower body
MVC. The conflicting results between studies may depend on several issues, such as
small sample size resulting in low statistical power, differences in the experimental en-
vironment, exercise protocols used, fitness levels of the participants, and even intra-
individual responsiveness to prolonged exercise and sleep deprivation (Fullagar et al.,
2015).

4.4.3 Movement control and coordination

Sailing, in general, is a sport necessitating high levels of tactical and technical profi-
ciency to optimise boat speed during specific manoeuvres and rigging actions (Neville
et al., 2009b ; Santos et al., 2016 ; Myers et al., 2017 ; Nathanson, 2019). To adjust boat
course and trimming parameters, sailors must constantly use their senses to analyse
external signs (e.g., auditory, visual, etc.). Nevertheless, very little research has provided
a detailed analysis of optimal and economical movement patterns during specific ma-
noeuvres. However, the only available study (Pluijms et al., 2014) observing these per-
formance parameters found that the timing of the release of trimming lines during the
approach of a windward mark predicted windward mark rounding performance (i.e.,
time to complete and speed maintenance). In addition to manoeuvring tasks, sailors
continuously pull or release trimming lines to control the shape of the sail (Davidson,
2009 ; Deparday et al., 2018) (Figure 46). These tasks require efficient movement control
and motor skills. Moreover, Araujo et al. (2005) observed significant differences in mo-
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tor skills between experienced sailors and less experienced ones. Hence, in offshore sail-
ing, sailors must manage and maintain optimal movement control, despite the accumu-
lation of fatigue, to optimise boat speed through trimming and manoeuvring efficacy.

Figure 46. Coordinating forward and backward grinding for line trimming. Pearson et al. (2006).

Current literature has identified that neuromuscular fatigue may affect muscle con-
traction timing (Rozand et al., 2015), coordination (Gorelick et al., 2003), the response
time (Gates & Dingwell, 2008), alter reflexes (Gandevia, 2001), and force variability
(Selen et al., 2007). At a localised level, fatigue has resulted in muscle imbalances be-
tween agonist and antagonist muscle groups (Alizzadehkhaiyat et al., 2007). Moreover,
Todd et al. (2010) suggest that the central nervous system may not adapt to the altered
relationships between neural output and force or sensory feedback due to fatigue. How-
ever, the deterioration due to the mechanoelectrical transduction may impair a subject’s
ability to deliver proper motor commands to produce coordinated force vectors across
different muscle groups (Aune et al., 2001). These findings are in line with those of
Billaut et al. (2004). They highlighted that fatigue's activation and deactivation dynam-
ics could modify muscle coordination in repeated bouts of intense efforts. Their results
suggest that the central nervous system’s inability to maintain optimal intra-muscular
coordination may hold a preponderant reason for performance decrements. Further-
more, Cowley et al. (2014) suggest that both central and peripheral fatigue affect move-
ment differently. At a peripheral level, fatigue led to a greater reorganisation of move-
ment coordination in muscle activation patterns. At a central level, it seems that there
may be less control over task-irrelevant elements of movement.

4.4.4 Postural control

Offshore sailing performance is linked to the sailor’s ability to manoeuvre efficiently
and uphold demanding onboard activity (Neville et al., 2009c ; Santos et al., 2016 ; Myers
et al., 2017 ; Nathanson, 2019). Nevertheless, to realise these tasks, they are faced with
constant proprioceptive tension to maintain postural balance on board (Blacha et al.,
2019). Notably, the incessant yawing of the boat leads to constant postural control ad-
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justments (Blacha et al., 2019). This constant stimulus accentuates the mechanical load-
ing of hip flexors and extensors, eventually leading to neuromuscular fatigue. The onset
of fatigue is, therefore, inevitable and can lead to performance decrements in terms of
postural control deficiencies. On-deck tasks necessitate movement on a confined sur-
face to stack, trim, fix and hoist sails and material. Moreover, sailors are also subject to
these movements even when they are not engaging in physically demanding tasks.

Postural deficiencies have been linked to injuries and decreased task performance
(Gribble & Hertel, 2004 ; Thedon et al., 2011). Hence, it is of great importance to under-
stand the effects of prolonged exercise on unstable surfaces and its impact on postural
control. Indeed, this understanding can provide insightful information for human per-
formance practitioners when planning and programming interventions aiming to de-
velop the sailor’s capabilities to withstand the fatigue impairments on postural control.
Investigating the effect of neuromuscular fatigue on postural control in athletes has
been an interest for many researchers (Thiele et al., 2015 ; Troester & Duffield, 2019).
Consequently, athletic and task performance simultaneously need musculoskeletal sys-
tem integrity and well-developed postural control (Ohlendorf et al., 2020). Postural con-
trol is a complex function that involves keeping the vertical projection of the centre of
gravity within the base of support (Paillard, 2012). It results from the integration of sen-
sory information by the central nervous system to recruit muscles adequately (Horak,
2009). It has been widely documented that postural balance impairments may affect
physical performance (Zemkova, 2014) and increase the risks for sports injuries, espe-
cially in the lower limbs (Paterno et al., 2010). Postural control involves marked changes
in motor recruitment and rate coding to compensate and maintain standing balance for
fatigue-induced strength loss (Maluf & Enoka, 2005). Moreover, the conduction velocity
of afferent inputs undergoes a deceleration, which induces a decreased movement ve-
locity of the motor output necessary for postural control (Enoka & Duchateau, 2008).
These disturbances depend on the magnitude of physiological disturbances, mechanical
constraints, and the subject’s hydration status and can be impaired by visual, vestibular,
and somatosensory system dysfunctions. However, neuromuscular fatigue has also
been found to impair the muscle’s mechanical properties (Bilodeau et al., 2001) and the
proprioceptive system (Hiemstra et al., 2001), which is responsible for optimal postural
control.

4.4.5 Sleep quality

Sleep stands out as an indispensable treatment for “post-exercise recovery” (Mamiya
et al., 2021) and is necessary for life, physiological growth, and repair (Venter, 2014) (Fig-
ure 47). In sports, sleep is a crucial aspect of performance to consider and, in some
sports, such as offshore sailing, has a crucial impact on overall performance. Indeed, the
importance of sleep volume and quality has been well established in the literature con-
cerning offshore sailing performance (Leger et al., 2007 ; Myers et al., 2008 ; Hurdiel et
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al., 2013 ; Galvani et al., 2015 ; Filardi et al., 2020). To maintain adequate sailing perfor-
mance, sailors adopt polyphasic sleeping techniques, which inevitably results in cogni-
tive and alertness decreases (Hurdiel et al., 2014), physical alterations (Oldenburg et al.,
2013), and psychological impairments (Carotenuto et al., 2012). Although sleeping strat-
egies in offshore sailing have been widely studied, little research has analysed prolonged
exercise's effects on sleep quality. Past research has observed delayed start and reduced
volume of rapid eye movement sleep after prolonged exercise with elevated energy de-
mands (Driver et al., 1994). Taylor et al. (1997) observed an increase in physical move-
ments during sleep (+6%) in swimmers engaging in heavy training volumes, suggesting
alterations to sleep quality. Moreover, the alterations in sleep quality during periods of
prolonged and/or high-frequency training may be due to changes in immune function.
Several aspects of innate and adaptive immunity (e.g., reduced neutrophil function,
lymphocyte proliferation, and a number of circulating T cells) can be depressed follow-
ing heavy WL (Walsh et al., 2011 ; Cadegiani & Kater, 2017). Such depressed immune
systems have been shown to impair sleep quality (Imeri & Opp, 2009). However, the
lack of research analysing the reciprocal relationship of cause and effect makes it diffi-
cult to determine the direction of the relationships between sleep, immune function,
stress, and mood.

Wake NREM sleep REM sleep
Behaviour
Awake
Polygraph
EMG
EEG
EOG
Sensation and Vivid Dull or absent Vivid
perception Externally generated pmm— Internally generated
Thought Logical progressive Logical perseverative llogical, bizarre
S Commanded but
Movement Continuous voluntary Episodic involuntary inhibited

Figure 47. Behavioural states of humans and phase changes throughout the sleep wake cycle. Adapted
from Hobson (2013). EEG: electroencephalogram; EMG: electromyogram; EOG: electrooculogram;
NREM: non-rapid eye movement; REM: rapid eye movement.
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4.4.6 Cognitive function

Offshore sailing confronts sailors with high levels of stress and high cognitive de-
mands to optimise boat performance (Shepard, 1997). Thill (1983) stated that competi-
tion success is conditioned by the ability to assimilate the environmental variables and
to carry out the most relevant action according to the existing conditions. However,
offshore sailors are faced with variables that may impede their cognitive performance
(Figure 48). For instance, ship motion has been correlated to cognitive performance in
naval personnel at sea (Pisula et al., 2012), perturbations in circadian rhythm from sleep
deprivation due to watch shifts (Hagin et al., 2012 ; Galvani et al., 2015) and prolonged
exercise may affect cognitive processes (Lucas et al., 2009).
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Figure 48. Odds ratios for likelihood of moderate to severe problems being reported for cognitive effects
as a function of maximum 6-hour root mean square acceleration. According to Pisula et al. (2012).

There has been a limited number of investigations on the effects of concurrent exer-
cise and sleep deprivation on cognitive performance. These few studies have reported
conflicting observations (Reilly & Deykin, 1983 ; Scott et al., 2006 ; Lucas et al., 2009).
For instance, Reilly and Deykin (1983) and Lucas et al. (2009) observed the positive
arousing effect of exercise on sleep-deprived cognitive performance. On the other hand,
Scott et al. (2006) indicated impairments resulting from PA’s distracting influence. Im-
paired cognitive performance for both simple and choice reaction time tasks has been
observed in sleep-deprived and prolonged exercise studies (Van Den Berg & Neely, 2006
; Scott et al., 2006 ; Alhola & Polo-Kantola, 2007) (Figure 49). Moreover, circadian
rhythms may also influence cognitive performance strategies (Blatter & Cajochen,
2007). Nevertheless, Dinges (1992) emphasised the importance of context on fatigued-
state cognitive performance. This suggests that the greater the physiological sleepiness
brought on by sleep loss, the more dependent the brain becomes on the local environ-
ment to maintain wakefulness and the more vulnerable it becomes to environmental
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monotony. Motivation and incentive can contribute to, or override, this environmental
effect, but for a limited time (Dinges, 1992).
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Figure 49. Response times for simple and complex level response times after 100 hours of exercise and
sleep deprivation. According to Lucas et al. (2009).

Key Takeaways: Effects of prolonged activity

» Onboard activity depends of vessel, nature of regatta and crew size.

» Manoeuvres rely on anaerobic and aerobic power.

» Work to rest ratios depend on shift strategy implemented onboard.

» Energetic demands of offshore sailing are extremely high since sailors hold constant
proprioceptive muscle tension to counter the swaying of the hull.

» Sleep strategy depends of the type of sailing and crew count but can easily be inter-

rupted according to environment conditions.

4.5 Workload transmutation and realisation: recovery-adapta-
tion

Recovery is an inter- and intra-individual multilevel (e.g., psychological, physiologi-
cal, social) process in time for the re-establishment of performance abilities (Kellman &
Kallus, 2001) (Figure 32B). It can be categorised in three terms: (i) immediate recovery
between bouts of exertions, (ii) short-term recovery between repeats (e.g., interval
bouts or resistance sets), and (iii) between training sessions (Bishop et al., 2008). In
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Selye’s GAS, during the latter part of the second stage, a marked improvement in re-
sistance to stress is highlighted when an animal’s organs return to near-normal condi-
tions (Selye, 1946). Indeed, it must be recalled that the GAS was not initially built upon
the imposition of sports-related WL but on toxins and other invasive stressors (Selye
1946). This enhanced resistance to the original stress consists of the concept that there
is an increase in “adaptation energy.” Harre and Barsch (1982) better described the idea
of the recovery-adaptation principle: “The process of adaptation is the result of a correct
interplay of work and recovery. By using up potentials of function and energy, the train-
ing session first releases a process of fatigue which temporarily lowers the functioning
ability of the organism. The decisive stimulus that releases the functional and
morphological adaptation process occurs primarily during the recovery phase.
From the biological viewpoint, this process not only renews the sources of spent
energy (regeneration) but also regenerates beyond the initial level (overcom-
pensation). Overcompensation is the basis for the improvement in function and
performance.”

4.5.1 Recovery time course

Residual fatigue is a factor that must be considered for the subsequent training ses-
sion or competition due to the negative impact of incomplete recovery on performance,
chronic fatigue, and injuries (Barnett, 2006). Although the mechanisms responsible for
the alterations of muscular and neuromuscular function are well-identified after short-
and long-duration exercise, the time course of these alterations is still poorly under-
stood (Girard et al., 2015). The consensus is that recovery from “normal” training could
take 24 to 72 hours (Kenta & Hassmen, 1998 ; Smith & Norris, 2000). This lack of
knowledge may reside in the problematic issue of neuromuscular fatigue assessment (1
to 3 min after effort termination) of central and peripheral fatigue. However, significant
recovery has been shown to occur within 1-2 min (Froyd et al., 2013) after high intensity
or maximal contractions and more than 10 min after prolonged submaximal efforts
(Taylor & Gandevia, 2008). Moreover, it is unclear if these effects are due to central
sensitisation or continuing afferent activity (Taylor & Gandevia, 2008), and it is sug-
gested that central feature disruptions may impact performance to a higher degree than
muscle force (Gandevia, 1998). Furthermore, acute muscular fatigue at the peripheral
level seems to recover relatively rapidly after WL cessation (Carroll et al., 2016). Blood
flow, reversal of metabolic changes, and force recovery seem to return to normal within
5-10 min after effort (Bruton et al., 1998 ; Saltin et al., 1998). In contrast, repeated pro-
longed muscular contractions seem to provoke greater alterations in M-wave ampli-
tudes (Jammes et al., 1997) and sarcolemma excitability (Piitulainen et al., 2008). Re-
searchers have analysed the effects of WL on time course recovery through laboratory
and functional performance assessments (Table 7). The use of laboratory equipment to

114



assess neuromuscular fatigue through high- and low-stimulated contractions has ena-
bled the identification of impairments in the excitation-contraction-relaxation process.
For instance, Edwards et al. (1997) observed that low-frequency contraction stimulation
diminished to a greater extent than high-frequency stimulations in the hours and days
preceding fatiguing WL. Along with studies measuring neuromuscular performance in
a laboratory setting, researchers have applied the use of field tests to highlight func-
tional performance impairments. Nevertheless, caution should be used when analysing
such results as the relationship between neuromuscular and functional assessments is
still lacking investigation. However, Raastad and Hallen (2000) observed similar pat-
terns of change between CM] performance and LFF after a bout of heavy resistance WL.
Conversely, Petersen et al. (2007) observed decreased muscle power in CM] without
changes in muscle twitch characteristics following a marathon race, suggesting that pe-
ripheral fatigue was not responsible for functional performance decrements.

Again, fatigue is a complex process encompassing centrally regulated (subconscious)
and cognitive (conscious) fatigue models. The interplay between these mechanisms has
sparked controversial findings within the sports science community. Hence, under-
standing the onset and duration of fatigue mechanisms should not be reduced to a sin-
gle isolated phenomenon (Perrey et al., 2010).

Table 7. Studies showing delayed recovery after acute fatiguing intervention using tests of functional
performance and response to high- and low-frequency stimulation.

Fatiguing Task Subjects Measured Parameters Pre-Post | Recovery Reference
Decrease time
60 mins box-stepping at a fixed | Males (n=5) Peak twitch torque 25% >20h Davies and White
rate of 20 steps/min. Tetanic torque (20Hz) 55% >20h (1981).
20-50Hz ratio not re- | >20h
ported
20 x 1 back squat 100% 1RM. Strength athletes | MVC (males) 24% 2-24 h Hakkinen (1993).
males (n=10) MVC (females) 21% 2-24 h
females (n=9)
10 x 10 back squats 70% 1RM. Strength athletes | MVC (males) 47% 48h Hakkinen (1994).
males (n=10) MVC (females) 29% 24h
females (n=9)
10 x 10 back squats 70% 1RM. Healthy males MVC ~20% 4-7days | Byrne and Eston
(n=5) and fe- CM]J height ~9% 3-4days | (2002).
males (n=3) SJ height ~14% 3-4 days
DJ height ~10% 3-4 days
100 drop jumps performed con- | Healthy un- MVC 19% >24h Skurvydas et al.
tinuously (5 bouts of 20 jumps | trained males Tetanic torque (20Hz) 50% >24h (2007).
with 10s between bouts). (n=12) Tetanic torque (50Hz) 23% >24h
20-50Hz ratio 37% >24h
CM] height 44% >24h
Australian football match. Professional ARF | CM] flight time 4% >24h Cormack et al.
players (n=22) CM]J mean power 9% >24h (2008).
Cycling at ~60% VO2 peak until Active, untrained | MVC 13% >3 days Stewart et al.
fatigue repeated 3 days in a row. students males | Tetanic torque (10Hz) 35-40% >3 days (2008).
(n=6) females | Tetanic torque (100Hz) NS >3 days
(n=6)
Plyometric exercise. Healthy recrea- MVC NS NA Chatzinikolaou et
tionally trained CM] height 8% 72-96h al. (2010).
men (n=24) SJ height 8% 72-96h
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Rugby league match. Professional CM] height not re- 4-48h Mclean et al
rugby league CM]J power ported 4-48h (2010).
players not re-
(n=12) ported
Ironman Triathlon. Experienced, MVC 50% <24h Nosaka et al.
well trained tri- CM]J and SJ height 50% =8d (2010).
athlete
(n=1)
Rugby league match. Professional CM] peak force 19% <24h McLellanet  al.
rugby league CM] peak power 30% 24-48 h (20m).
players (n=17) CM] PRFD 36% 24-48 h
High intensity strength training | Club standard CM]J height 18% at >48h Gee et al. (20m1).
session. rowers (n=38) SJ height 2h >48h
10% at
2h
Repeated sprinting bouts (6 x 15m | Well trained ath- | MVC ~20% >24h Mynett et al
every 30s) for 2 bouts of 35 min. letes (n=9) M-Wave Amplitude ~23% >24h (2013).
Central activation ratio | ~10% >24h
3x5,6x5and 3 x 10 bench press | Highly resistance | CM]J height 13-37% 6-24h Moran Navarro et
and Squat protocols. trained males Movement velocity BP 1-13% 6-74h al. (2017).
(n=10) Movement velocity SQ 8-14% 48-72h
75% 1RM Squat 5-15% 48h
75% 1RM Bench Press 2-26% 48h
10 km race. Recreational Triple hop performance | 4% >24h Dantas et al.
street runner Extensor peak torque 1% >24h (2019).
males (n=30)
100 drop jumps, with hands on | Healthy, physi- | Maximum isometric 33% >7days | Kamandulis et al.
hips, from a box height of 0.4 mto | cally active fe- | torque 80% > 7 days (2019).
go-degree knee flexion, followed | | jes (n=17) Tetanic torque (20Hz) 43% > 7 days
by an immediate maximal coun- Tetanic torque (100Hz)
termovement rebound, with a 20
s interval between jumps.
Cycling repeated sprints (10 x 10s | Healthy = males | MVC 12% 24h Milioni et al.
with 30s recovery) at 20w and 60- | (n=10) Potentiated doublet | NS NS (2020).
70 RPM. During 2-days with 24 (10Hz) 18% 24h
and 48h recovery between bouts. Potentiated doublet | NS NS
(100Hz)
M-Wave amplitude

1RM: one repetition maximum; BP: bench press; CMJ: counter movement jump; DJ: drop jump; MVC: maximal voluntary con-

traction; NS: non-significant; PRFD: peak rate of force development; SJ: squat jump; SQ: squat

4.5.2 Adjustments and adaptations

Changes in muscular strength are generally attributed to either neural or muscular
factors (Lieber & Friden, 2000). Current studies have made it evident that adaptations
can occur at all levels in the neuromuscular system and are underpinned by neural
and/or morphological adaptations (Folland & Williams, 2007). These changes occur
when the muscular system is mechanically or metabolically overloaded. The mecha-
nisms result in specific and different adaptations that enhance performance (Pollock &
Harridge, 2015). Moreover, the magnitude of these adaptations resides in the category
of exercise, its duration, intensity, and frequency. Furthermore, Bouchard and Rankinen
(2001) suggest that the degree of adaptation to a given WL may also reside in the ath-
lete’s initial fitness level and genetics. Fatiguing exercise induces central (Table 8) and
peripheral adaptations (Table g). The mechanisms of adaptation differ according to
contraction mode.
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Table 8. Workload adaptations at a muscular level.

Strength Training

Endurance Training

Increased muscular Cross sectional area
(Aagard et al., 2001).

Enhanced capillarisation in type 1 and
type 2 muscle fibres (Ingjer, 1979).

Hypertrophy at cellular level (Aagard et
al.,, 2002).

Increased number and size of mitochon-
dria (Granata et al., 2018).

Changes in muscle architecture (Mirza-
yev, 2017).

Increase oxidative phosphorylation effi-
ciency (Balan et al., 2019).

Table 9. Neural adaptions to workload.

Strength Training

Endurance Training

Presynaptic inhibition (Weier et al., 2012).

Enhanced cortical plasticity (Tatemoto et
al., 2019).

Decreased force threshold at which mo-
tor units are recruited (Van Cutsem et al.,

1998).

Motor unit discharge rate decrease (Vila-
Cha et al., 2010).

Increased central drive (Aagard et al.,
2002).

Slower rate of decline in motor unit con-
duction velocity during sustained con-

tractions (Vila-Cha et al., 2012).

Decrease in motor unit recruitment
threshold (Pollock & Harridge, 2015).

Decreased co-activation of antagonist
muscles (Hakkinen et al., 2003).

Increased motor unit synchronization
(Pucci et al., 2006).

Increased motor unit firing rate (Vila-Cha
et al., 2010).

It is well documented that chronic resistance training induces marked increases in
muscle size and strength, both of which are secondary to a wide range of morphological
adaptations (Folland & Williams, 2007). Indeed, resistance training induces perfor-
mance-enhancing chronic morphological and neural adaptations (Enoka & Fuglevand,
2001). These positive adaptations, which result in an improvement of force, are believed
to be due to changes in muscle activation patterns resulting in increased discharge rate
or a number of motoneurons being recruited (Enoka, 2012 ; Krutki et al., 2015). These
studies suggest that WL intensifies the neural drive and, in turn, increases force output.
In contrast to fatigue-induced performance impairments, some mechanisms have been
found to enhance the acute output of the neuromuscular system (McComas, 1997).
While the indirect evidence for neural adaptations after strength training is convincing,
the specific nature of those adaptations is elusive. Although fatigue is the most notice-
able effect on muscular activity, muscular contractile activity can also improve perfor-
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mance. Brief periods of activity have been found to increase the electrical and mechan-
ical output above resting values (Blazevich & Babault, 2019). This mechanism, termed
post-activation potentiation, has recently gained an increasing interest in sports science
literature. At a physiological level, these acute adjustments affect a multitude of differ-
ent factors. Monosynaptic responses, miniature endplate potentials, M-Waves, twitch
force, and the discharge of muscle spindle receptors are examples of these enhanced
capabilities (Hodgson et al., 2005 ; Rodriguez-Falces et al., 2014). Today, performance
practitioners use these adaptations to instigate enhanced performance. Indeed, by ma-
nipulating evoked and voluntary contractions, afferent feedback from peripheral recep-
tors to central neuromuscular centres during voluntary contractions may lead to a cen-
tral inhibition of subsequent muscle performance (Froyd et al., 2016).

Key Takeaways: Recovery-adaptation

» The decisive stimulus that releases the functional and morphological adapta-tion
process occurs primarily during the recovery phase.

» Understanding the onset and duration of fatigue mechanisms should not be reduced
to a single isolated phenomenon.

» The mechanisms of adaptation differ according to contraction mode.

» Monosynaptic responses, miniature endplate potentials, M-Waves, twitch force, and
the discharge of muscle spindle receptors are examples of these enhanced capabilities

in response to training.

4.6 Workload transition/ exhaustion: detraining and overtrain-
ing

Although different in nature, detraining and overtraining occur when WLs are im-
properly managed (Figure 34C). These “situations” both lead to decrements in perfor-
mance and enhanced risks of injury. However, both situations are preventable. Hence,
it is crucial for performance practitioners to understand their aetiology and effects to
adopt preventive strategies.

4.6.1 Detraining

Detraining is defined as the partial or complete loss of training-induced anatomical,
physiological or performance adaptations because of training reduction or cessation
(Muyjika & Padilla, 2000). It is also known as the principle of reversibility, by which stop-
ping or reducing WL induces a partial or complete reversal of past training adaptations
(Hawley & Burke, 1998). These interruptions in an athlete’s systematic programme of
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physical conditioning may occur because of illness, injury, postseason interruption, or
other factors. Research has observed different quantitative and qualitative losses of
training-induced adaptations related to the duration of insufficient training stimulus
(Neufer, 1989). Hence, the effects of short-term (< 4 weeks) and long-term (> 4 weeks)
detraining, as well as pre-accumulated WL, have different impacts on the magnitude of
reversibility. Understanding the effects of detraining on an athlete’s physiological adap-
tations is of great importance when working on WL management and implementing
training strategies. Indeed, detraining has been found to impact cardiorespiratory, met-
abolic, muscular, and hormonal functions at different magnitudes. Regarding the car-
diorespiratory function, Bosquet and Mujika (2012) observed decrements of 4-25% in
endurance performance after 3 to 4 weeks of detraining. VO,max seems to decrease
quickly during training cessation (Christensen, 2om). For instance, VO,max declined 7%
during the first 21-days of inactivity and stabilised after 56-days 16% below the initial
trained value in highly trained athletes (Coyle et al., 19084). VO,max seems to decline pro-
portionally to the trained state during 8 weeks of detraining and stabilises onwards
(Drinkwater & Horvath, 1972). Drops of 7-25% in time to exhaustion have also been ob-
served within 2 to 4 weeks of cessation (Fardy, 1969). Furthermore, Houmard et al.
(1992) found no change in running economy at submaximal exercise intensities, sug-
gesting that loss in cardiorespiratory system function is largely responsible for impaired
performance in highly trained individuals. This is furtherly illustrated by an increased
VO, during submaximal exercise (Coyle et al., 1985). Endurance performance is, there-
fore, directly affected by either short-term or long-term detraining effects (Table 10).

Table 10. Short- and long-term effect of detraining on cardiovascular performance in highly trained in-
dividuals. Adapted from Mujika and Padilla (2000); Bosquet and Mujika (2012) ; Chang (2016).

Short term Long Term
| Maximal O2 uptake | Maximal O2 uptake
| Blood volume | Blood volume
| Stroke volume during exercise | Stroke volume
| Maximal Cardiac output | Maximal Cardiac output
| Ventricular dimension/mass | Ventricular dimension/mass
| Maximal ventilatory volume | Maximal ventilatory volume
| O2 pulse | O2 pulse
1 Maximal HR 1 Maximal HR
1 Submaximal HR 1 Submaximal HR
T Mean blood pressure 1 Recovery HR
1 Ventilatory equivalent 1 Mean blood pressure

1 Ventilatory equivalent

1 indicates increased; | indicates decreased.
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Performance in strength and power tasks also suffers from detraining periods (Figure
50). Nevertheless, the impact of detraining seems to have less impact than it does on
endurance performance. For instance, Hwang et al. (2017) observed that trained men
retained strength and muscle mass during 2 weeks of detraining. However, although
strength performance is generally retained up to 4 weeks of inactivity, it seems that
sport-specific power may suffer more significant declines than non-sport-specific qual-
ities (Tran et al., 2017). Furthermore, the rate at which strength declines may differ be-
tween contraction types. For instance, concentric strength has been reported to decline
at a much higher rate than eccentric strength after 5 weeks of detraining (Sato et al.,
2021). The magnitude of detraining is also influenced by the type of training that pre-
cedes the detraining period. Indeed, speed-strength seems better maintained if the pre-
vious WL were based on developing explosive strength (Hodikin, 1982). Moreover, neu-
ral adaptations are maintained if athletes implement eccentric-specific training in their
training routines before WL cessation (Coratella & Schena, 2016). Hence, like endurance
performance, muscular performance is also impacted at different magnitudes according
to training cessation duration (Table 11).
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Figure 50. Dose-response curve for the effects of duration of training cessation on A) maximal power, B)
maximal strength and C) submaximal strength. Adapted from Bosquet et al. (2013).

Table 11. Short- and long-term effect of detraining on muscular performance in highly trained individu-
als. Adapted from Mujika and Padilla (2001) ; Encarnacao et al. (2022).

Short term Long Term
| Capillary density | Capillary density
| Oxidative enzyme activity | Arterial-venous oxygen difference
| Glycogen synthase activity | Oxidative enzyme activity
| Mitochondrial ATP production | Mean fibre cross-sectional area
| Mean fibre cross sectional area | Fast twitch : slow twitch ratio
| EMG activity | Muscle mass

| EMG activity

EMG= electromyography; FT= fast twitch; ST= slow twitch; | indicates decreased.
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4.6.2 Overtraining

Overtraining is a term used to describe the condition of imbalance between accumu-
lated WL-induced stress and inadequate recovery (Fry et al., 1991). This negative train-
ing state occurs when inadequate recovery is provided in response to WL (Kentta &
Hassmen, 1998) (Figure 52). Accumulating immediate WL effects to “superimpose” ex-
isting ones impairs the recovery process for full restoration of homeostasis, which will
lead to inadequate adaptations. This condition places a specific demand on the muscu-
loskeletal system that may lead to injury (Kreher & Schwartz, 2012) and performance
decrements (Mackinnon, 2000). To avoid maladaptation, continual and precise moni-
toring must be practiced observing individual responses to WL to assess the athlete’s
current tolerance of stress or fatigue (Zhegari et al., 2019). According to Kelmman et al.
(2001), each athlete has a critical point or threshold where their reserve capacities can-
not cope with accumulated fatigue. The magnitude and duration of symptoms have
classified overtraining into three distinct levels (Figure 51):

¢ Functional overreaching (FOR). An accumulation of training and non-train-
ing stress resulting in a short-term decrement in performance capacity with or
without related physiological and psychological signs and symptoms of over-
training in which restoration of performance capacity may take several days to
several weeks (Dupuis et al., 2010 ; Bellenger et al., 2017).

e Non-functional overreaching (NFOR). Normal outcome for elite athletes
(Halson & Jeukendrup, 2004). It is, however, characterised by longer recovery
periods to restore homeostasis. Indeed, performance decrements, severe psycho-
logical and physiological fatigue, including muscle soreness, overuse injuries,
and increased perceived effort, may persist for months (Kajaia et al., 2021).

¢ Overtraining syndrome (OTS). Recognized as a persisting performance decre-
ment that may take several weeks to months to restore and can seriously harm
an athlete’s health (Meeuson et al., 2006). It is the end state of chronic NFOR.

Acute Functional Non-functional Overtraining
fatigue overreaching overreaching syndrome
Homeostasis ¥—-—""""——— — - —= Death
Subclinical Clinical Time-loss
tissue symptoms injury or
damage illness
> €
Load Recovery

Figure 51. Well-being continuum. Adapted from Fry et al. (1991).

OTS has received a considerable amount of interest in current sports science litera-
ture. The common symptoms of OTS and NFOR, which have been linked to a range of
sympathetic and parasympathetic symptoms (Armstrong et al., 2022), are presented in
Table 12. The data surrounding physiological, biochemical, and immunological
measures lead to equivocal information, which has even prompted OTS to be redefined
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as unexplained underperformance syndrome (Lewis et al., 2018). The continuous nature

and unclear turning point between positive and negative aspects of training and FOR

make OTS difficult to diagnose (Stellingwerff, 2021).

mal Super
zggmaﬁﬂn Ovarreaching compensation
W
Training

\

\A

Overreaching

Orveartraining
syndrome

[ 1

B
Figure 52. Exercise training adaptation (A) and maladaptation (B). Adapted from Fry et al. (1992).

Currently, the most effective and practical way of detecting overtraining is thought
to be through psychological markers and/or direct performance measurements (Saw et
al., 2016). Consequently, athletes suffering from OTS usually complain about heavy legs
during moderate exercise and mood disturbances (Urhausen et al., 2002). The psycho-
logical pressure placed on professional athletes may also add to the stress of training
and therefore increase the likelihood of OTS occurring (Kreideret al., 1998). Also, ath-
letes may try to improve their declining performance by training even harder, inevitably
slipping into an overtrained state (Derman et al., 1997). Furthermore, Meussen et al.
(2013) suggest that OTS can be diagnosed if there are no signs of organic disease: endo-
crinological disorders, iron deficiency with anaemia, or infectious diseases.
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Table 12. Signs and symptoms of sympathetic and parasympathetic forms of overtraining. Adapted from
Stone et al. (1991) ; Armstrong et al. (2022) ; Carrard et al. (2022).

Sympathetic Parasympathetic
| Decreased sports performance | Sports performance
| Maximal blood lactate concentrations | Resting HR
| Maximal power output | Blood lactate concentrations during
submaximal and maximal exercise
| Body weight | Emotional behaviour
| Appetite

| Desire to exercise

1 Resting HR

1 Resting blood pressure

1 Time to recover after exercise
1 Irritability and depression

1 Risk of injury

1 Incidence of infection

1 indicates increased; | indicates decreased.

Key Takeaways: Overtraining and detraining

» Neural adaptations are maintained if athletes implement eccentric-specific training
in their training routines before WL cessation.

» The rate at which strength declines may differ between contraction types.

» Currently, the most effective and practical way of detecting overtraining is thought
to be through psychological markers and/or direct performance measurements.

» Each athlete has a critical point or threshold where their reserve capacities cannot
cope with accumulated fatigue.

» To avoid maladaptation, continual and precise monitoring must be practiced observ-

ing individual responses to WL.

4.7 Workload quantification

WL quantification and evaluation of fatigue and readiness status can be provided
using a wide panel of monitoring tools. Current technological advances have increased
the amount of valid and reliable tools, such as external and internal WL measures (Im-
pellizeri et al., 2005 ; Wallace et al., 2014), training response markers including neuro-
muscular fatigue assessments, biomarkers, subjective questionnaires and performance
tests. Extracting data using these tools can support a practitioner’s decision regarding
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planning and delivery of training interventions at an individual and team level to opti-
mise readiness for competition. Moreover, in practice, the objective information pro-
vided by these assessments is often combined with the coach’s experience to make de-
cisions concerning the sequencing of WL interventions. For instance, performance prac-
titioners often consider analysing previous training and/or competition data with their
athletes’ objective and subjective response to better tailor future training volume and
content. Alterations in an athlete’s WL are usually achieved through the manip-
ulation of training variables such as duration, intensity, and content of the met-
abolic and mechanical stimulus. Such modifications are made to minimise in-
jury risk and optimise physiological and psychological recovery during the train-
ing and competition phases.

4.7.1 External Workload

Wallace et al. (2009) defined external WL as the combination of training duration,
intensity, and frequency. It is considered the work completed by the athlete inde-
pendently of their internal stress (Bourdon et al., 2017). External WL is related to the
physical demands of the motor requirements inherent to practice, which can be ob-
tained through analysis of effort quantification. It is often measured as exposure time
(total duration or time spent accomplishing specific tasks), speed, distance, movement
volume, or movement intensity (Caparros et al., 2016 ; Campos-Vazques et al., 2017).
With the evolution of wearable technology, current research has seen an exponential
rise in interest. Advances in microtechnology, such as global positioning system (GPS)
units, have permitted measuring a large variety of external WL variables (Halson, 2014).
As a result, team sports have fully integrated microtechnology as a means of collecting
and quantifying WL (Akenhead & Nassis, 2016). The common use of such means has led
performance practitioners to integrate micro-electrical mechanical systems (MEMS),
such as triaxial accelerometers, magnetometers, and gyroscopes. These technologies in-
crease the quantity and quality of data being collected. However, the choice of variables
used for analysis needs to be understood, reliable and valid to provide human perfor-
mance stakeholders with insightful information. Time motion analysis (TMA) can be
defined as the progressive changes in position and speed over time (Hamill & Knutzen,
1995). It refers to the frame-by-frame examination of an athlete during both training
and competition by registering the recording of time and distance data, movement pat-
terns, frequency, mean duration, and total time spent in a specific activity. It has been
used as a non-invasive method for assessing external WL and exploring work-to-rest
ratios in many sports. In addition, the results of TMA may increase the specificity of
physical conditioning as they provide insight into the energy system utilisation and, in
some cases, specific movement patterns used throughout a game (Ramseyer, 2019).
Moreover, it has been shown to provide a valid means of quantifying activity profiles
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(Deutsch et al., 2007). Most TMA methods rely on the use of video-based systems. How-
ever, the use of GPS to extract external WL data has gradually developed with the evo-
lution of systems capable of analysing specific sporting events. Although once regarded
as the most effective method for assessing the physiological demands placed on athletes
(Bangsbo, 1994), the TMA process expresses several limitations. These include the time
needed to complete analysis, defining different movement categories, parallax error and
reliability issues (Dobson & Keogh, 2007), and underestimation of external WL due to
the classification of static high-intensity actions (i.e., jumps, collisions) as being low-
intensity actions (Gomez-Carmona et al., 2020).

4.7.1.1 Video-analysis

Video-based analysis has
been considered the most eco-
nomical and  user-friendly
method to provide TMA in team
sports (Canovas-Lopez et al,
2014). In general, the strength of
video analysis is that it allows for
dynamic and complex situations
in sports to be quantified in an g
objective, reliable and valid Figure 53. [llustration of video analysis for time motion analy-
manner (Mcdonald et al., 2011). Sis-

Performing TMA involves three distinct phases (Figure 53): (i) Establishing a set with
the most common types of movements found in the sport, (ii) Providing a velocity range
for each type of movement by means of velocity tests, and (iii) Filming the game and
obtaining data to quantify movement frequency and duration, distance covered and
specific movement speed.

Limitations. Much of the research concerning WL quantification through video anal-
ysis is that there is a lack of evidence surrounding the implementation into everyday
practice by coaches and practitioners (Colomer et al., 2020). Video analysis also suffers
from manually operated tracking and time-consuming assessment, resulting in delayed
output (Asan & Montague, 2014). Furthermore, it seems that video analysis research
lacks standardised filming techniques and has a tendency towards reductionism (Mac-
kenzie & Cushion, 2013). Moreover, several studies (Jennings et al., 2010 ; Post et al.,
2018) have indicated that the increased speed of the assessed athletes caused a decrease
in intra-observer reliability.

4.7.1.2 Global positioning system

According to Castellano et al. (2011), a practical way of controlling training response
for athletes is TMA by using GPS technology (Figure 54). The use of GPS technology for
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sports performance has seen an expo-
nential rise this last decade (Akenhead
& Nassis, 2016). Indeed, the systematic
and continuous assessment of data on
competitive and training performance
in elite sports has been fully integrated

into performance pathways (Buchheit
A
Figure 54. [llustration of GPS unit installation to moni-
tor external WL.

et al., 2014 ; Ravé et al., 2020). Further-
more, GPS tools and the evolution of
frequency bands allow the collection of
large amounts of WL data free from recall bias and compliance. Correlations between
ranges of GPS variables and internal WL factors and sports performance have been
found in many sports (Bauer et al., 2015 ; Redvka et al., 2018) and have provided insight-
ful information for bridging the gap between theoretical knowledge and practical appli-
cation. For instance, Fernandez and Ezquerro (2005) observed tactical decisions based
on optimist dinghy positioning on the water and identified the key performance indi-
cators of decision-making during competition.

Limitations. While GPS technology can provide performance stakeholders with valua-
ble information on the physical demands of training and competition, information on
the technical and tactical performance of individual athletes or teams requires nota-
tional analysis from video footage (Gabbett, 2014). Using GPS data for predicting athletic
performances remains challenging. Rawstorn et al. (2014) highlighted the accuracy of
GPS units in measuring distances and average speed in linear courses but warned about
the systems’ efficiency at higher speeds and during non-linear courses. Furthermore,
Cardinal and Varley (2017) suggested that, although there is an increasing number of
wearable devices on the market, many have not been validated and may provoke erro-
neous analyses. However, large variations have been observed between different GPS
units when comparing acceleration efforts (Buchheit et al., 2014). Hence, great caution
should be made when making inferences from raw data.

4.7.1.3 Accelerometery

The development of technology in wearable accelerometers into tracking units may
provide solutions for overcoming the limitations of TMA. Indeed, these systems have
provided the opportunity to analyse new load parameters, such as the magnitude of
three cardinal plane accelerations during specific sports movements, to calculate the
external load of an overall performance (Boyd et al., 2013). Also, these trackers, being
non-intrusive and wearable during a competition (Figure 55), provide a solution for
quantifying external WL without requiring cameras. Furthermore, the reliability of ac-
celerometers in the sports setting has been shown to have a coefficient of variation of
<2% for both static and dynamic activity (Edgecomb & Norton, 2006 ; Boyd et al., 20m1).
Moreover, the validity of accumulated accelerometery-based WL has been compared

126



with other internal WL variables
such as session rating of perceived
exertion (SRPE) (Casamichana et al.,
2013), muscle oxygen saturation
(Gomez-Carmona et al., 2019) and
VO.max (Barrett et al., 2014).

Limitations. Although the use of
accelerometery-based indexes to
quantify WL has developed greatly,
caution should be taken with respect

to the sport being analysed. For in-

Figure 55. Illustration of different accelerometery units
available for WL quantification.

stance, accelerometers do not pro-
vide information about static ac-
tions when an effort is performed without acceleration (Gomez-Carmona et al., 2020).
Hence, accelerometry-based indexes should be incorporated with other external and
internal WL indicators to optimally quantify WL data (Carey et al., 2017). Nevertheless,
it seems that these systems may represent a valid and practical alternative to TMA and
offer distinct advantages, such as the simplification of data analysis using either propri-
etary or defined algorithms that quantify movement (Ferioli et al., 2020).

4.7.1.4 Work endurance recovery method

The work endurance recovery (WER) method was developed by Desgorces et al.
(2007) to quantify WL during intermittent exercise and enhance its accuracy regarding
more traditional methods such as training impulse (TRIMP) and sRPE. It aims to deter-
mine the level of exercise-induced physiological stress using the ratio of cumulated
work (CW)/endurance limit (Endlim), which is associated with the work/recovery Na-
pierian logarithm. WER assumes that external WL is directly linked to physiological
stress by using the ratio between accumulated work and time to exhaustion. By using
this method, the total time or repetition count of a given exercise indicates the maximal
capacity of its metabolic response. The calculation of WL using WER is as follows:

cw DCW
WER = Endlim + In (1 + DCR

Total time (CW) is calculated for a given exercise session and is the sum of the work
task completed at the required intensity. Endlim is the individual result recorded in the
corresponding test session. CW and Endlim are expressed in the same unit: in minutes
for endurance, seconds for sprints, and repetitions for strength. The duration of cumu-
lated recovery periods (DCR) is calculated from the sum of the recovery periods occur-
ring during the session and is expressed in seconds. The duration of cumulated work
(DCW) is the sum of the total work tasks during the session (in seconds). DCW differs
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from CW only in strength sessions, in which CW is expressed in repetition count. This
method of quantifying WL has been tested in combat sports (Morales et al., 2016) and
ball games (Belgith et al., 2012) and has been considered a highly appropriate method
for quantifying intermittent exercise. Moreover, it allows the comparison of athletes’
WL as well as appropriate exercise and programme design (Desgorces et al., 2007).
Limitations. Unwanted variations have been observed when using WER for WL quan-
tification when intensity distribution was changed within the session (Hourcade et al.,
2018). Moreover, it requires practitioners to establish the achievable endurance limit of
each exercise session and align the structure according to assessment results (Desgorces
et al., 2020). Indeed, Endlim appears to be modified after prolonged periods of signifi-
cant WL changes and, thus, needs to be re-evaluated at different time points of a com-
petitive season (Heubert et al., 2003).

4.7.1.5 Training Stress Score

Dr. Andrew Cogan introduced the training stress score (TSS) in his coaching platform
(i.e., TrainingPeaks) to represent the duration and intensity of a single training session
into one parameter. TSS is, as of today, one of the most widely used methods to measure
WL in cycling (Van Dijk & Van Megen, 2017) and running (Coggan, 2003). Notably, re-
cent technological development, such as pedal-mounted power meters, have made ex-
ternal WL parameters increasingly popular. In this method, a training session’s duration
and power data are interpolated with Functional Threshold Power (FTP), resulting in
an estimation of the overall internal and external WL. Moreover, the intensity factor
(IF) provides the ratio of normalised power to functional threshold power (FTP), which
is used to pinpoint TSS. The formula used for calculating TSS in the cycling context is
described as follows:

TSS is calculated using the following formula, where D denotes exercise duration (in
seconds), Pnorm is the normalised power output, IF the intensity factor by which Pnorm is
divided by FTP. In the running environment, GPS watches have been able to provide
data related to distance travelled and running speed to give a more detailed view of WL.
Skiba (2008) adapted a calculation method of TSS to fit running WL:

s* NGP = [F

T = 1
SSrun FTP = 3600 * 100
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Where FTP is the functional threshold power, IF the intensity factor, NGP the normal-
ised graded pace and s the duration of the training session (in seconds).

Limitations. It is important to note that although the TSS formulas were created for
external WL parameters, they currently lack substantial scientific validity. Indeed, few
research have investigated the validity and reliability of this method; hence, caution
should be used when inferring decisions based on TSS.

4.7.2 Internal workload

Physical training aims to induce optimal physiological and biomechanical response
with minimal fatigue (Impellizeri et al., 2019). This response corresponds to the internal
load, which may be considered the athlete’s ability to cope with the requirements of a
specific stressor. Internal WL is defined as the physiological or subjective response to a
given external WL (Halson, 2014). It is regarded as the relative psychophysical stress
imposed and consequently determines the response to WL (Bourdon et al., 2017). La-
boratory modalities for quantifying internal WL provide the gold standard for measur-
ing physiological response to a physical stressor. Although these measurements provide
practitioners with accurate data, they are often difficult to apply in training or compe-
tition settings. Several approaches have been used to analyse internal WL with HR, met-
abolic by-products (e.g., lactate), near-infrared spectroscopy, and RPE being highly pop-
ular in sports science literature.

Olympic and America’s Cup sailing have received much research interest. Few stud-
ies have monitored the internal WL markers of sailors during offshore sailing. Indeed,
sailing on a yawing and rolling vessel limits the use of wearable technology (Groslam-
bert et al., 2008 ; Hagin et al., 2012). Moreover, the use of HR monitoring devices on
moving platforms is a strenuous task and has thus received little interest. Some authors
have had to calibrate HR with integrated accelerometry to validate such tools (Galvani
et al., 2015). Furthermore, sailing-specific clothing and safety equipment combined with
harsh weather conditions can lead to oil skin chafing and other skin conditions (Price
et al., 2002), highlighting the complexity of data collection in racing situations. Among
these rare studies, Portier et al. (2008) analysed the evolution of HR in 12 elite sailors
during a 155-nautical-mile race lasting 33-hour (Table 13). These authors show that the
studied sailors had higher HRs, ranging from 79.0-83.6 beats.min”, than those at rest
(p<0.05). However, the low HR recordings in the study may be explained by long periods
of sailing without manoeuvres and by the fact that the subjects switched their sailing-
specific functions during the race. Sailing includes many specific tasks attributed to dif-
ferent crew roles/positions (Blacha et al., 2019). Bernardi et al. (1990) studied the meta-
bolic demands of a bowman during 8-hours of offshore sailing. The bowman’s specific
tasks (hoisting and hauling manoeuvres) raised the HR to a mean level of 120 beats.min
! (Figure 56). Maximal HR (HRmax) was found when a complete change of sails was ac-
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complished (180 beats.min™). They also evaluated O2 consumption (VO,) and pulmo-
nary ventilation (Vg) of the midshipman during repeated bouts of manoeuvres and
found that VO, increased by 1.3 L.Lmin™ and Vg by 30 .min™ after 5 min of manoeuvring
activity. However, this study's small number of subjects obliges us to consider this data
cautiously. Near VO,max has been reached on boats equipped with grinding pedestals
(Bernardi et al., 2007) during manoeuvres (Figure 57). Grinding activity depends on boat
configuration, but it seems to be categorised by its short duration and high intensity (10
s tacking and 20 s gybing).

HR frequency is not the only parameter to quantify an activity’s internal load. Some
researchers have analysed metabolic equivalents (MET) to determine the internal mark-
ers during competition. Galvani et al. (2015) evaluated eight professional sailors partic-
ipating in the “500 nautical miles” double-handed offshore regatta. An incremental
ramp Step Test was assigned to determine the relationship between HR and metabolic
EE. They found that sailors spent most of their wake time (85%) in a sedentary and light
PA zone (p<o.01) compared to moderate and vigorous PA. An average of 2.6 + 0.7 bouts
of high-intensity work lasting at least 10-min were recorded. Indeed, most research has
stressed that onboard manoeuvres relied on short bursts of PA, resulting in high anaer-
obic energy demands (Allen & De Jong, 2006 ; Bernardi et al., 2007 ; Neville et al., 20093,
2009b, 2009¢). Moreover, MET was observed to be much higher during crewed offshore
sailing. Branth et al. (1996) found that sailors racing in crews never experienced any
periods with basal (BMR) or sleeping metabolic rate. Nevertheless, these researchers
state that the physical WL associated with shifting and trimming sails is intense but not
frequent. Hence, many other factors may impact internal load. These factors may be
linked to the continuous movement of the boat that calls for constant compensatory
muscle activity to keep balance. Others may come from continuous psychological stress
and irregular biological rhythms due to sleep deprivation.

Table 13. Heart rate of elite sailors during a 155 nautical mile race. According to Portier et al. (2008).

Periods (bpm) CON BCAA

Rest control 63.0+42 649+ 6.9
Period 1 79.0 £ 1.5*% 83.6 &+ 5.9*
Period 2 75.5 £2.5* 720+ 2.1*
Period 3 78.4 &+ 1.2% 715+ 1.7%

CON control, BCAA BCAA and protein supplementation

Values are given =SEM

* Significantly different between rest period (P < 0.05)

Period 1: 9a.m.—7 p.m. D1: Period 2: 8 p.m.—6 a.m. D1-D2 and Period
3: 8 am.-6 pm. D2
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Figure 56. Heart rate during manoeuvres. According to Bernardi et al. (1990).
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Figure 5. Oxygen upuke (17O, black trace) and heart rate (HR, grey trace) during a series of gybes performed by a grinder (see text).

Figure 57. Oxygen consumption and Heart rate during racing. According to Bernardi et al. (1990).

4.7.2.1 Training impulse

TRIMP was first introduced by Banister et al. (1991) as a means of simplifying WL
management and has since been one of the most frequently used methods for quantify-
ing WL. The method is used for combining internal (HR parameters; Figure 58) and
external WL parameters (training duration) into one single factor (arbitrary units). This
method significantly simplifies WL quantification from a practical point of view. These

authors propose to use the formula below to calculate WL:
TRIMPS (AU) = session duration (minutes) x % HRR x Y

HRR represents HRmax - resting HR. Y is a weighing coefficient of 0.64€"9** for men

and 0.86e°7* for women.
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This formula can also be used by implementing ex-
ternal WL parameters only. Indeed, Busso et al. (1990)
used percentages of a one-repetition maximum per-
formance (1IRM) and aerobic power to make TRIMP
more applicable and accurate. Other researchers have
worked on upgrading Banister et al.’s (1991) TRIMP
model. For example, Lucia et al. (2003) based their
measure of WL on analysing ventilatory thresholds
(VT1 and VT2). In this method, three distinct zones

are attributed to a pondering coefficient (Low <VTu: Yy

coeff. 1; Moderate VT1-VT2: coeff. 2; High >VT2: coeff. Figure 58. Illustration of a Heart rate
3). This method has been widely used in the cycling monitor.
environment as the studies were established during the Tour de France and Vuelta cy-
cling competitions. Although this technique has been shown to relate well to continu-
ous endurance performance (Amann et al., 2006), doubts can be instigated concerning
the arbitrary attribution of training zones.

Edwards (1994) proposed an HR zone-based method for calculating WL. Each HR
zone (5 zones based on 10% widths of HRmax) is assigned an arbitrary coefficient. The
time spent in each zone is then

multiplied by its coefficient and % Maximal

accumulated to give a total ses- Zone heart rate Weighting Training Type

sion score (AU). Although this 5 93-100 5.16 Maximal training
method gained popularity as a * Bo=2d +6 OBL X tonig:

. . 3 79-85 2.54 Steady-state training
precursor of HR quantification 72-178 1.71 Lactate threshold training

logical adaptations are related to Figure 59. Weighting coefficients according to % of maximal
a degree of difficulty. Also, the heart rate; adapted from Stagno et al. (2007).

HR zones are predefined and exempt any metabolic or physiological performance
thresholds. Nevertheless, Castagna et al. (2011) did find a dose-response relationship be-
tween time spent in the HR zone above 90% and changes in fitness. Stagno et al. (2007)
proposed a modified version of this method to attempt WL quantification for a field
team-based sport (i.e., field hockey). Instead of using a generic equation to reflect a
hypothetical blood lactate profile, the authors used a weighting scale according to the
team’s mean blood lactate profiles. Therefore, five HR zones were computed (Figure 59)
with coefficients established around an arbitrary metabolic coefficient. Although signif-
icant correlations were found between time spent in high-intensity activity with
changes in VO,max and OBLA, limitations of this model are to be accounted for. The
model supposes that lactate parameters are arbitrary and not individualised (i.e., OBLA
at 4 mmol.L*and lactate threshold at 1.5 mmol.L?). Also, it seems that the researchers
overlooked the lactate response in intermittent sports. Indeed, past research has high-
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lighted that VO, during intermittent sports differs from continuous sports at a high in-
tensity (Bangsbo, 1994). Therefore, this may alter the weightings in intermittent sports
(Akubat et al., 2011). As of today, many other researchers have aimed at adapting Banis-
ter's TRIMP method to specific sports by integrating the specific needs related to per-
formance. For instance, Tran et al. (2012) developed the T2 minute method to quantify
rowing WL from varied training sessions. On the other hand, Manzi et al. (2009) worked
on individualising the TRIMP method and found linear associations with changes in the
aerobic performance of recreational distance runners.

Limitations. One of the main limitations of TRIMP resides in its inability to quantify
endurance and strength training as one. Busso et al. (1990) replaced HR parameters by
the percentage of one repetition maximum (% 1RM) and training duration by repetition
count. However, this method did not provide enough accuracy to be used as a resistance
training WL method. Moreover, although HR has been used and researched extensively
within the scientific database, it should be stressed that training practice has shown
little usefulness in strength training, interval training, and training in irregular environ-
ments (Achten & Jeukendrup, 2003). Indeed, one of the main limitations of HR moni-
toring seems to be the low sensitivity of HR response to some exercise features. Analysts
have observed 3-7% alterations in HRmax with aerobic training and detraining (Zavorsky
et al., 2000). Furthermore, HR depends on many factors related to emotional state, the
magnitude of rest, hydration status, and environmental conditions (Carter et al., 2005 ;
Broman et al., 2021).

4.7.2.2 Near-infrared spectroscopy

Recently, near-infrared spectroscopy (NIRS) de-
vices have been used to provide an objective meas-
ure of internal WL (Figure 60). NIRS measures my-
oglobin O, saturation in muscle cytoplasm and hae-
moglobin in blood vessels of muscle microcircula-
tion (Perrey & Ferrari, 2018). Measuring O, satura-
tion in muscles provides a real-time indicator of lo-
cal muscle O, and O, utilisation during WL. It may
provide a robust method to track rapid changes in
muscle activation and its metabolic status in the

applied context, as well as detailed information on '_
training potential by discerning upper and lower Figure 6o. Illustration of a NIRS device.
body muscle participation (Perrey, 2022). Accord-

ing to many researchers, NIRS represents a simple and safe way to evaluate exercise
capacity during maximal contractions (Cettolo et al., 2007) and to determine the train-
ing zones utilised during training (Crum et al., 2017) and competition (Paquette et al.,
2018). For instance, Klusiewicz et al. (2021) observed a significant increase in lactate in

relation to muscle O, saturation decrease. Hence, the use of NIRS may be a valuable
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tool to measure maximal lactate steady state by optimising time/cost efficiency without
using invasive measuring devices. NIRS devices also allow for the measurements in the
applied settings, as evidenced for a while in various challenging and extreme sports
(Paquette et al., 2018, 2020). Hence, NIRS has the possibility to be used to assess exercise
training-induced adaptations following specific training protocols (Jones et al., 2013).

Limitations. While NIRS can bring interesting information necessary for highlighting
internal WL and limiting factors of metabolic performance, information concerning the
validity and reliability of muscle O, saturation for quantifying WL is scarce. Further-
more, limitations concerning measuring devices are also visible due to (i) interference
with adipose tissue thickness, (ii) unknown contribution of myoglobin to the muscle
NIRS signal, and (iii) simultaneous changes in flow and volume (Ferrari et al., 2004).

4.7.2.3 Rate of perceived exertion

The extensive availability and use of technology to measure WL has increased the
complexity and cost of using such methods. According to Foster et al. (2017), adopting
simplicity when monitoring WL may be the most crucial element for optimal efficiency.
The use of sRPE is considered easy, non-invasive, valid, and reliable for the coaching
staff to assess daily WL on athletes (Wallace et al., 2009 ; Mujika, 2017 ; Foster et al.,
2021). It has been used and validated in resistance training (Neto et al., 2020), endurance
training (Garcin et al., 1998), and team sports (Clarke et al., 2013). Moreover, this
method has been found to be significantly correlated (r=0.41 to 0.97; p<o0.05) to other
objective measures of WL. The sRPE method uses the combination of an objective WL
parameter (i.e., time) with a subjective one (i.e., rate of perceived exertion). The athlete
is asked to rate the difficulty of the training session 30 min prior to training using the
Borg scale (Figure 61). This calculation results in a WL index calculated in arbitrary units
(AU) (Haddad et al., 2017). Moreover, the sRPE method seems to hold valid agreement,
in terms of perceived difficulty, between athletes and coaches during physical, technical,
and tactical training sessions (Redvka et al., 2017). The sRPE method has also gained
popularity because of its qualities as a WL management tool. By collecting and record-
ing data, practitioners can analyse daily, weekly, and monthly WL to make inferences
about recovery and fitness preparedness. WL strain (WLs) and WL monotony (WLmon)
have gained popularity in such practice for their ability to indicate the need for recovery
in a micro-cycle (Nobari et al., 2021, 2022a, 2022b). WLnon is a measure of day-to-day
training variability and has been found to be related to overtraining when monotonous
training is combined with high weekly WL (Foster, 1998). WLnon is calculated as the
mean of the WL during 7-days divided by its standard deviation. WL has been found
to be advantageous for indicating fatigue, as recovery only becomes fundamental to
training when a high weekly WL is undertaken (Putlur et al., 2004). WL is calculated
as the weekly WL multiplied by WLnon. Recently, the sSRPE method has been subject to
modifications of quantification in the quest to optimise the relevance of the information
being made available to performance staff. LosArcos et al. (2014) propose an alternative

134



and suggest changing from global quantification to more specific exertion ratings (i.e.,
metabolic stress, mechanical stress). The rating of mechanical stress can also be specific
to the upper and lower body. Furthermore, Weston et al. (2015) have considered inte-
grating sRPE into cognitive and technical dimensions. Hence, the score of training ses-
sions depends on their origin and aims. For instance, Mclaren et al. (2016) show that the
perception of effort linked to metabolic stress and lower body resistance training was
significantly higher during conditioning sessions. Furthermore, technical training ses-
sions had more impact on the cognitive perception of effort.
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Figure 61. Examples of psychophysical scales used to monitor perception of effort. a) Borg rating scale,
b) modified 10 scale version of RPE and ¢) 100 scale version. Adapted from Borg (1982) ; Borg (2007) ;
Morree et al. (2012).

Limitations. sRPE provides a quick and accessible means to calculate WL and is avail-
able to all athletes and performance coaches regardless of competition level (Turner et
al.,, 2015). Although practical, limitations to subjective WL quantification should be
acknowledged (Haddad et al., 2017). For instance, the variation in HR-based models
could only be explained by 50% of the sRPE score, adding to the debate concerning
sRPE’s validity as an exercise intensity measure (Foster et al., 2001). Although sRPE may
give a better representation of the overall load on the athlete than other models, it
should not be interpreted as a representation of physiological or biomechanical load
(Coyne et al., 2018). However, if other factors are of paramount importance for WL mon-
itoring, then sRPE may be less relevant. Moreover, using the common 10-point scale
(CR10) may reduce the sensitivity to account for the range of biomechanical and physi-
ological exertion during training (Mclaren et al., 2018). Furthermore, athletes may not
answer honestly if they are being evaluated for selection or looking to modify future
training sessions (Coyne et al., 2018). Hence, educating the athlete on why giving accu-
rate responses is vital for optimal performance is essential.
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4.7.3 Predicting injury and performance

The multifaceted nature of sporting performance requires athletes to employ a vari-
ety of training methods. It seems that the interactions between different training meth-
ods are poorly understood (Coyle, 1995). Researchers have been attempting to under-
stand better the process for optimising and periodising training by developing systems
modelling constructs (Taha & Thomas, 2003). For instance, Banister et al. (1975) and
Windt and Gabbett (2016) proposed a simple model to explain the training response to
a given WL and the resultant impact on performance and injury prediction. They sug-
gested that performance at any given time point is determined by two main compo-
nents: a fitness response and a fatigue response (Figures 62 and 63). Indeed, it is thought
that quantifying the positive and negative effects of training and competition will allow
WL dose-response and subsequent adaptations to be examined (Hayes & Quinn, 2009).
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Figure 62. Conceptual model of the dose-response relationship. Adapted from Banister et al. (1975).
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Figure 63. Conceptual model of the workload-injury relationship. Adapted from Windt and Gabbett
(2016).

Physical training is widely regarded as a primordial element of an athlete’s competi-
tion preparation. However, increased and uncontrolled WL is associated with increased
injury risk and underperformance (Finch & Owen, 2001). Numerous studies have inves-
tigated the association between WL and injury risk (Gabbett, 2016 ; Jones et al., 2017 ;
Damsted et al., 2018). Indeed, injuries occur when athletes perform more activity than
their bodies can withstand (Wang et al., 2020). To minimise injury risk and optimise
performance outcomes, athletes and coaches need to determine WL thresholds. To do
so, the International Olympic Committee has recommended using the acute-to-chronic
(acute:chronic) ratio (ACWR) to monitor WL and give insights into WL management
for performance practitioners (Soligard et al., 2016). The ACWR has received a growing
interest in recent years to monitor WL during competition and training. It is an index
of training stress an athlete experiences relative to their fitness accumulated through
chronic exposure to WL (Hulin et al., 2015). It is based on the fitness-fatigue theory of
the body’s response to WL (Zatsiorsky & Kraemer, 2003) and was developed to assist
coaches in WL management. The ACWR can be calculated using two models: the rolling
average model (ACWRRra) and the exponentially weighted moving average model
(ACWREgwMA).

e The ACWRRrais calculated by dividing the current WL (i.e., acute 7-days) by the
past WL (i.e., chronic 28-days) (Hulin et al., 2014).
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e The ACWRgwwma determines ACWR by implementing a decreasing weighting for
each past WL value to give importance to the most recent WL (Williams et al.,
2017):

ACWR(EWMA) = WLxAa + ((1 — Aa) x EWMA(yesterday)

Where A, is a value between o and 1 that represents the degree of decay, with higher
values discounting older observations in the model at faster rate. The A.is calculated as:

Aa=2/(N+1)

Where N is the chosen time decay constant, with a 1-week WL (7-days) and 4-weeks
WL (28-days) used to represent acute and chronic WL, respectively. To date, many stud-
ies have explored the relationship between WL and injury occurrence in athletes using
both ACWR models. For instance, Gabett (2016) identified reduced- and increased-in-
jury zones based on the monitoring of WL (Figure 64). This model was currently vali-
dated through data from rugby league, cricket, and Australian football studies (Hulin et
al., 2016 ; Blanch & Gabbett, 2015). However, findings from these studies are controver-
sial as some found positive associations between ACWR and injury rate (Colby et al.,
2017 ; Murray et al., 2017), while others did not seem to provide any reliability to the
ACWR model (Fanchini et al., 2018 ; Impellizzeri et al., 2020a). Indeed, there seem to be
limitations to the proposed model of ACWR. Wang et al. (2020) investigated the litera-
ture around the ACWR and provided a summary of the observed limitations:

e The ACWR is a measure of the proportion of activity rather than the change.
e It uses unweighted averages to calculate WL.

e The ACWR does not account for tapering before competition.

e [tis a continuous measure that has been discretised.

e Established ACWR model is based on sparse data.

e Increased injury risk at low ACWR is expected due to bias.

e It does not address unmeasured confounding.

e It is difficult applying the model to subsequent injuries.

Most researchers agree that the ACWR can act as a useful and practical tool to mon-
itor WL throughout a season. Moreover, researchers have outlined that the ACWRgwwma
may be a more useful tool for interpreting an athlete’s risk of injury than the ACWRgra
(Foster et al., 2018). These researchers suggest using this model with wellness scores and
sRPE WL to optimise the analysis compared to only using absolute WL values. Never-
theless, new systems must be explored to prevent bias in the ACWR for injured athletes
and to apply the model for recurrent injuries (Wang et al., 2012). Future research should
also address the methodological limitations identified before providing definitive infer-
ences concerning the ACWR models (Andrade et al., 2020).
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Figure 64. Acute: chronic load ratio. Adapted from Gabbett (2016).

Key Takeaways: Workload quantification

» Poor load and fatigue management and insufficient recovery strategies may lead to
suboptimal or maladaptation, immunosuppression, injury, or overtraining.

» Alterations in an athlete’s WL are usually achieved through the manipulation of
training variables such as duration, intensity, and content of the metabolic and mechan-
ical stimulus.

» ACWR can act as a useful and practical tool to monitor WL throughout a season.

» It is thought that quantifying the positive and negative effects of training and compe-

tition will allow WL dose-response and subsequent adaptations to be examined.

4.8 Monitoring fatigue-recovery: application to offshore sailing

Monitoring the adaptations and the fatigue is necessary to determine an athlete’s
dose response to WL (Halson, 2014). By doing so, information concerning the athlete’s
adaptations to training and readiness to compete will be made available to the coach.
Measuring fluctuations in the performance capacities of offshore sailors would be ideal
through the implementation of maximal performance tests during regattas. However, a
multitude of difficulties is associated with this approach. Indeed, repeated maximal per-
formance efforts are likely to contribute to a fatiguing effect that is impractical during
the preparation of competition. Furthermore, identifying a maximal performance as-
sessment for offshore sailing is challenging. Currently, a plethora of physiological,
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biochemical, psychological, and performance markers are made available to as-
sist in informing the coaching staff of the athlete’s current state of fatigue and
recovery.

4.8.1 Neuromuscular markers

Monitoring the activity-recovery relationship
not only provides information regarding the opti-
mal recovery of athletes (Crowther et al., 2017) but
can also indicate the session’s volume and inten-
sity to reduce athlete burnout and injury risk be-
cause of insufficient neuromuscular control. Due
to the constant instability of the maritime envi-
ronment, neuromuscular activity is significantly
impacted (Pisula et al., 2012). Indeed, compensa-

tory strategies may develop while at sea to reduce

Figure 65. Isokinetic flexion of the knee.
Adapted from Wilcock et al. (2008).

muscle tension and enhance muscle balance on a
swaying deck, which inevitably leads to modifica-
tions in post-sailing dryland neuromuscular function (Riccio & Stoffrengen, 1991 ; Stof-
frengen & Smart, 1998). Moreover, the physically demanding tasks for a prolonged time
and severe sleep deprivation will certainly provoke a high level of neuromuscular fa-
tigue. However, little insight is made available concerning assessments to monitor the
neuromuscular status of offshore sailors. Monitoring neuromuscular fatigue in a sport-
specific activity has been suggested as the most optimal method for evaluating neuro-
muscular function status (Bishop et al., 2008) (Figure 65). Indeed, modified neuromus-
cular function tests have been implemented due to the impractical nature of stimulating
sports activity (Gathercole et al., 2015). For instance, the vertical jump assessment is a
convenient model to evaluate the neuromuscular function and has been used in many
studies investigating prolonged exercise’s impact on neuromuscular fatigue (Avela et
al., 1999 ; Kuitunen et al., 2002, 2004 ; Petersen et al., 2007). The iso-inertial stretch-
shortening cycle action found in CM]J and S] has been suggested to be a suitable tool for
monitoring long-lasting LFF caused by E-C coupling impairments after fatiguing activity
(Fowles, 2006). Moreover, current research suggests that the underlying mechanisms of
fatigue are task-specific (Cairns et al., 2005). Maximal strength assessments have also
been observed in such studies. Notably, maximal dynamic strength may be an important
performance indicator, and as such, has been observed during 40 weeks of long-distance
running training (Beattie et al., 2016). Similarly, statistically significant changes in 1RM
squat and bench press have been observed in military personnel during 8 weeks of tac-
tical training (Vantarakis et al., 2020). Furthermore, the objective measure of MVC (vol-
untary or evoked) through laboratory assessments has been widely used to determine
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the origin of fatigue after prolonged exercise (central vs. peripheral). Research has, how-
ever, shown a poor relationship between fatigue-induced changes in isometric strength
and strength during dynamic contractions (Akagi et al., 2020). To date, novel assess-
ment methods replicating sport-specific tasks have been developed as alternatives to
bridge the gap with sport-specific demands (Garrett, 2018).

4.8.2 Heart rate

Research concerning the evaluation of HR variables to monitor WL stress is rather
scarce in sailing. Ghiani et al. (2018) found no significant alteration between pre- and
post-solo globe sailing maximal- and submaximal HR. However, the post-testing inter-
vention occurred 10-days after arrival, which allowed significant time for recovery. Gal-
vani et al. (2015) used HR variables to determine the EE during a 500-mile double-
handed offshore race. Moreover, Portier et al. (2008) analysed HR variation during a 33-
hour offshore race and found that sailors never returned to resting HR once onboard.
However, these studies give little information on how HR variables may be used to an-
alyse offshore sailing-induced fatigue. Hence the use of HR monitoring in offshore sail-
ing seems to be a field of opportunity. HR has been used extensively in sports requiring
prolonged activity (O'Toole et al., 1998). Variables, such as altered HRV, have been ob-
served during the negative impact of WL on the autonomic nervous system (Bosquet et
al., 2008). Research has supported the use of HRV as an objective physiological indicator
of stress and recovery to variations in WL among athletes during prolonged exercise
(Aubert et al., 2003 ; Iellamo et al., 2004 ; Parrado et al., 2010) (Figure 66). RHR also
seems to indicate an increased sympathetic tone resulting from overreaching (Kuipers
& Keizer, 1988). Furthermore, HR monitoring using the HR interval monitoring system
is a valid and reliable marker for assessing accumulated physiological stress (Lamberts
et al., 2ou1). These variables have received high interest in many prolonged activity
sports and may provide insights about human performance measures in offshore sailing.
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Figure 66. A typical electrocardiogram with a R-R interval trace. Adapted from Young and Benton (2018).
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4.8.3 Biomarkers

Biomarkers have been used extensively as an objective measure used to assess and
measure performance and progress in training and for identifying overtraining (Palacios
et al., 2015). These biomarkers are collected and measured in blood, urine, and saliva.
WL elicits a range of acute and chronic neuroendocrine responses that may highlight
the magnitude of recovery or fatigue experienced by an athlete (Gunnarson et al., 2004).
Using novel technology with intrinsic data, such as biochemical and haematological
data, can be powerful in identifying the balance between training and recovery in eve-
ryone (Lee et al., 2017). While the acute neuroendocrine response to acute WL is gener-
ally well documented, the data on these hormonal responses to long-term WL accumu-
lation and the resulting fatigue response is controversial (Atlaoui et al., 2007 ; Cormack
et al., 2008). The use of biomarkers in offshore sailing has received considerable interest
in assessing the neuroendocrine response to competition. For instance, Giacon et al.
(2021) found that 3-days of offshore sailing significantly impacted oxidative stress and
cortisol levels. These results were corroborated by Portier et al. (2008) and Gunnarson
et al. (2004), who also identified cortisol alterations after 33 hours and 9 months of sail-
ing, respectively. Moreover, monitoring biomarkers helped observe iron deficiencies,
which may decrease human performance, from chronic and repeated elevations in se-
rum hepcidin in soldiers during a 7-day ski march (McClung et al., 2013). To conclude,
individualised values of biomarkers may fluctuate day to day and week to week but
managing and tracking chronic biomarker changes can provide important information
associated with risks of injury, overtraining, and decreased performance (Lee et al.,
2017).

4.8.4 Cognitive function

In tactical sports, self-report, and performance
techniques to track the dynamically changing state
of fatigue without compromising task performance
is an arduous task (Jiao et al., 2013). Nevertheless, a
vast majority of research focuses on using subjective
questionnaires to assess the athlete’s mental fatigue
status. Indeed, measuring mental fatigue in offshore
sailing is a laborious task. However, subjective ques-

; tionnaires seem more practical due to their non-in-
Figure 67. lllustration of the equipment Vvasive nature and their simplicity. Hagin et al. (2012)
necessary for a 5-min serial simple reac- used subjective measures of perceived exertion (Fig-
tion-time test. ure 67) to evaluate fatigue and anxiety, whereas
Hurdiel et al. (2014) evaluated mental fatigue by assessing reaction time performance
using a 5-min serial simple reaction-time test (Wilkinson & Houghton, 1982) in solitary

offshore sailors. Other sports and tactical activities have used a wide array of tools to
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observe mental fatigue after long periods of physical and cognitive tasks. These methods
may give interesting insights into the future of scientific studies concerning offshore
sailing. Rabinowitz et al. (2009) used a computerised multitasking measure to evaluate
neurocognitive functioning before and after- flight operations in deployed military avi-
ators while LeDuc et al. (2005) observed ocular indices of fatigue in helicopter aviators.
More recently, a mobile phone application has been developed to measure mental fa-
tigue through gaze measurements (Valliappan et al., 2020). However, the use of an elec-
troencephalogram is currently the most pragmatic way to monitor human brain activity
changes while exercising. Although once tested in offshore sailing (Leger et al., 2007),
measurements did not evaluate the mental fatigue aspect of sailing but concentrated on
sleep quality before and after sailing. It seems that this technique may be difficult to use
in an offshore context due to its invasive nature.

Key Takeaways: Monitoring fatigue-recovery

» Onboard activity depends of vessel, regatta rules and crew size.

» Disruptive stress needs to be carefully tailored so that recovery and regeneration are
possible and that it does not cause maladaptation by exceeding the athlete’s physiolog-
ical and psychological capacities to cope with the stressor.

» The choice of an appropriate fatigue measure needs to be made in relation to the
situation being monitored.

» It may be more useful to find tools that allow the monitoring of regular daily fatigue
and recovery in order to better understand the short-term fluctuations in performance
capacities that result from successive training bouts.

» Numerous modalities are available for monitoring training stress and fatigue, with

limited scientific investigations confirming the validity of each.
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Chapter five ‘ Personal contribution

“Life is about growth and
contribution, not perfec-
tion.”

-Anonymous
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5.1 Responding to the research questions

The identification of performance indicators has gained a considerable amount of
interest in scientific literature over the last 30 years (Rico & Bangsbo, 1996 ; Hughes &
Franks, 2004 ; O'Donoghue, 2007 ; Cooper et al., 2007 ; Sampaio et al., 2013). It is gener-
ally agreed upon that identifying the key performance indicators of a sport is essential
to measuring the aspects that are most critical to sporting success (Hugues et al., 2012).
However, there is limited information available to human performance practitioners in
terms of performance analytics despite the increased professionalism and substantial
growth of sailing worldwide. Although more common in field-based sports, research
analysing sailing performance is limited to studies examining Olympic dinghy racing
and Americas cup racing. Indeed, researchers are faced with a substantial practical chal-
lenge when analysing sailing performance due to its inherent qualities (Allen & Dejong,
2006). Sailing covers a wide spectrum of competition, boat classes and physiological
demands which makes comparison of data relatively difficult. Moreover, sailing in gen-
eral relies on the ever-changing climate and environmental conditions (Philipott et al.,
2004). This has led to scientific progress in the fields of hydrodynamic and aerodynamic
boat performance, but human performance factors remain less understood. Therefore,
the lack of information available for human performance practitioners leaves space to
doubt and uncertainty when establishing training protocols. Taken altogether, this cre-
ated the first questions of the thesis:

1) Isit possible to discriminate between successful and less successful boats accord-
ing to sailing performance indicators?

2) Is there a difference in body composition and/or fitness parameters between a
successful sailor and a less successful one?

This in turn responded to the first theme of the thesis, mentioned in the research
objectives section:
1) To analyse and report the nature of sailing during the Sailing Tour de France.
2) To identify the key performance indicators associated with racing outcome.
3) To direct a descriptive analysis of anthropometric, physical, and physiological
profiles of elite-level sailors participating in the TDF.

The original plan of the thesis was to continue the investigation with the same pop-
ulation for the upcoming season. Indeed, the aim was to conduct a longitudinal study
during a pre-competition period and to analyse the effects of WL on the KPIs observed
during the transversal experiment. Many professional teams agreed to participate and a
total of 3-months of WL data was collected. Unfortunately, the Covid-19 pandemic ab-
ruptly halted the research by cancelling the competition. The research protocol was
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therefore reconducted for the following year. However, there was no certitude concern-
ing the magnitude of effects on the competition’s “subsistence”. Hence, it seemed un-
reasoned to turn down a work offer with an offshore sailing team. A critical decision
was therefore taken to shift the context from inshore sailing to offshore sailing. We later
found out the relevance of our choice when TDF postponed any racing for the next two
years and lost its professional status.

The problematic concerning offshore sailing did not cause specific perturbations to
our research objectives. Indeed, like inshore sailing, the offshore context lacks in re-
search analysing WL throughout a competitive season. We therefore maintained the
initial themes and established a protocol that was conducted over a full preparation
towards TOR. Unfortunately, Covid-19 struck again and our plans to instigate such a
protocol were challenged when traveling restrictions were faced. The certainty of being
able to conduct the same testing battery throughout a whole offshore sailing season was
doubtful. Therefore, we decided to distinguish two distinct longitudinal studies during
this project (Figure 68): pre-competition (theme 2) and competition (theme 3).

Theme 2 answered the following questions:

1) How is WL distributed during a pre-competition phase for a renowned offshore
sailing race?
2) How can a human performance specialist optimise WL in offshore sailing?

This responded to the second objective of the thesis, mentioned in the research ob-
jectives section:
1) To describe WL distribution and investigate the physiological adaptations ob-
served during the pre-competition phase.
2) To determine if a dose response relationship exists between WL parameters and
monitored markers.

Elite offshore sailors, particularly those in the professional context, are exposed to
the incessant evolution of material and technology development. This constant evolu-
tion has increased the competition load sailors are faced with. These high loads reflect
various factors, including increased physical demands of the boats as well as a higher
intensity of competition due to the cognitive demands for sailing in technology packed
vessels. Hence, monitoring fatigue and gaining an understanding of a sailor’s status may
provide valuable insights for attaining information pertaining to sailor physical prepar-
edness, injury, and illness risk. Furthermore, understanding the effects of competition
on objective and subjective measurements is a crucial process for determining the ath-
letic qualities necessary for athletic and sports performance. Indeed, an in-depth needs
analysis highlights the metabolic demands, biomechanical demands, and the recurrent
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injuries specific to the sport. This information guides performance practitioners to mak-
ing informed and rationalized choices regarding program design, schedule structure
and monitoring assessments.

It is generally agreed upon that screening protocols consisting of multiple assess-
ments should be considered to collect a wide array of information. However, constraints
within the “real-world” offshore sailing setting need to be considered when selecting
assessments. Indeed, while adhering to the fundamental assessing procedures, fatigue
monitoring tools should be non-invasive, time efficient and avoid any additional load-
ing during the competition phase. Moreover, gaining access to relevant data is crucial
when aiming to investigate the dose-response relationship linked to sailing load. Hence,
tests that are valid, reliable and can be repeated with relative ease should be sought after
and prioritized. The format of the race was modified by the organisers to adapt to inter-
national travelling sanitary restrictions. Hence, it was not possible to keep the same
testing battery since time in between legs was significantly reduced in comparison to
past editions. Nevertheless, theme 3, despite the struggle to maintain an organized test-
ing protocol, responded to the following interrogation:

What are the effects of an offshore sailing competition on physiological and fatigue
patterns in a mixed sex crew?

The subjects participating in this longitudinal study were professional sailors of the
Portuguese boat Mirpuri Foundation. The sailors held prestigious backgrounds in Olym-
pic, Ocean Race, Solitaire du Figaro, Route du Rhum, Fastnet, etc. races. At the time of
the study, all the sailors were contracted to being full-time with the team.
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Figure 68. Overview of the experimental design during The Ocean Race 2021.

BSL: Baseline levels ; T1-T7: Testing timepoints ; Posti-Post3: Competition testing timepoints.
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5.1 Study I: Key performance indicators in Tour de France sailing

5.2.1 Introduction

This study focuses on inshore sailing performance in multihull-crewed vessels. The TDF
is one of Europe’s major annual inshore sailing event. For over 4o years, this competition
has allowed some of the world’s best sailors to compete along the French coastline. Today,
the competition sees teams engage in regattas aboard the Diam24 One Design (D24) trima-
ran.

Side view

\

1) 99\ - o= ’o& ‘U ——

1. Helmsman: reponsible for manoeuvering the boat by acting directly on
the rudders.

2. Trimmer: Trims the shape of the sails by acting on the cranks.

3. Bowman: Responsible for the hoisting and the dropping of the sails.

Figure 69. Side and top view of a DIAM24 One Design multihull. The figure shows the position and roles of
the 3 athletes on-board. In winds over 10 knots all three sailors are hiking on the same hull.

The D24 vessel is 7.5 m long, 5.62 m wide, has a mast height of 1.5 m, a total sail area of
70 m? and is primarily made of composite material. It is maneuverer by three highly skilled
sailors; helmsman, trimmer, and bowman (Figure 69). During the TDF, the boat competes
in different stages; the “nautical stadium” (NS; n=10) and “coastal raid” (CR; n=5) events. A
NS is a short but intense stage that consists of qualification heats (2-6 per NS Day). Teams
race to tally points in the aim to qualify for the daily final (Figure 70). The boats are sailed
in a fleet-race format (i.e., two groups of 11-12 teams) around a 1-3 lap (according to com-
mittee) beam reach, downwind and upwind course of 2672.9 + 610.3 m. The best four teams
of each fleet are selected to advance to the daily final. A CR is an event that tests the sailor’s
ability to race on larger and longer courses (59100 + 19400 m) upon the coastline.
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Figure 7o0. A typical Tour de France nautical stadium course. (1) Represents the downwind portion and (2)
the upwind portion. (1) and (2) can be sailed up to three times according to race committee. Teams must go
through the gates and can chose to round either mark (3). (4) Represents the final straight before gybing
towards the finish line.

Although the TDF has established its’ importance in the sailing environment, perfor-
mance studies are still scarce in sports literature. This is partly due to two distinguishing
external parameters that make such analysis unsteady. First, the TDF is unique in that the
format changes annually according to host cities participating to the edition. The influence
of geographical location has a significant impact on uncontrollable parameters such as
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weather and sea conditions. Second, the ever-evolving development of technology and hy-
drodynamic research leads to constant changes of the official TDF vessel. This ultimately
influences the conditions specific to the race. Nevertheless, despite the singular nature of
the TDF, it would be interesting to collect data relative to sailing events (i.e., race task anal-
ysis) and qualities required (i.e., KPIs) to better prepare athletes for this sport competition.

Sport performance requires the optimal exploitation of the athletes' potential, but little
is known about the contribution of different factors (i.e., physiological, psychological, tech-
nical and tactical/strategic) in sailing performance. To date, it was mainly reported that
sailing is a sport for which bio-informational and strategic qualities are fundamental
(Araujo et al., 2015). Although the anthropometric, physical and physiological characteris-
tics are essential to performance in most sports, their influence on sailing performance still
remains to be analysed. Establishing normative data, by engaging in profiling approaches,
would be a valuable mean to understanding the needs for optimizing sport specific perfor-
mance. Such data would be promoting a better understanding for identifying talent (Rocz-
niok et al., 2013), determining an athlete’s strengths and weaknesses (Duthie, 2006), guiding
tactical choices (Fernandez-Fernandez et al., 2009) and elaborating sport-specific strength
and conditioning programs. Therefore, the purpose of this study was to: (i) document the
nature and technical KPIs of the TDF and (ii) provide insights into the anthropometric,
physical and physiological characteristics of elite inshore sailors. We hypothesized that sail-
ing performance factors (e.g., distance covered at different sailing speeds) and anthropo-
physiological characteristics would be identified and contribute to racing success and rank-
ing.

5.2.2 Materials and methods

Subjects

Professional male international inshore sailors (N=21; mean + SD; age=23.81 + 4.18 years;
height=179.32 + 7.30 cm; body mass=74.78 + 6.56 kg) were assessed in the final preparation
phase leading up to the 2019 TDF. Subjects were informed of the testing procedures, poten-
tial risks, and the purpose of their participation. All subjects had already competed in in-
ternational competitions. Their collective experience included 59 TDF campaigns. At the
time of testing, the subjects had completed 6 months of sailing training and had been ac-
tively participating in strength and conditioning programs for at least three years. None of
the participants reported injuries or diseases that would impair their physical performance.
The study protocol was approved by the ethics committee of the local University. Written
informed consent was obtained from all participants before the start of the study. In this
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study, criteria used to qualify an athlete’s performance was based on the team’s final rank-
ing. An athlete was categorized as “successful” (SA, n=10) if he crewed a successful boat
(SB). Less successful athletes (LSA, n=11) crewed a less successful boat (LSB).

Procedures

Subjects were signed up for 2 testing sessions: anthropometry and physical and physio-
logical (Figure 71). Both a) and b) testing sessions were completed on the same day. Subjects
were instructed to rest adequately 72 hours before testing and to maintain normal eating
and drinking habits during this period. The first session consisted of anthropometric meas-
urements. These measurements took place in the morning upon waking up. Athletes were
asked to refrain from eating two hours prior to testing and to avoid caffeine consumption
twelve hours before. The second session was directed towards evaluating the physical and
physiological components. The testing took place two hours post breakfast. The subjects
were asked to not change their nutritional habits during this meal. Before all testing, a
standardized warm-up was completed including jogging, dynamic movements, and
stretches. Each physical and physiological quality measured was fully explained and demon-
strated before testing.

esting Aim Assessment Measurement
Category
—I Body mass H In fasted state (kg) + 3 point skinfold (mm) I
TOUR - -
VO“.E Body R e O — ' Using a Seca stadiometer (cm)
— . y —I Sitting Height I—
Composition and morphological profiles
—I Wingspan H Tip of middle fingers (cm) I
Testing Battery for
Tour de France —I Body Girths H Arms, thighs and calves (cm) |
sailors
b—{ Handgrip | : :
R 4 : Strength 3 seconds maximal squeeze (kg)
smo:l e srengi I Testing of zla;uilr:al strength
I;I}:a;:u(?:)me order " e Isometric Mid- fumd Maximal vertical pull with knees at 125-140° (N.kg
- 72 hours from | Thigh Pull 1)
strenuous exercice
- Familiar with b Force-Velocity =4 Sanchez-Medina's incremental bench pull protocol
exercices Pulling Profile until speed is slower than 0.7 m.s-1 (m.s-1)
ot b= Sailing specific high force
| Teawes testin Squatjomp 7|
Equipment: 5 | st Ky ower body power on a contact mat @go° knee
-Scale, stadiometer rCounttel;- flexion (cm)
and skinfold caliper. il duia
- Rower, bench pull, Modified
dynamometer, : imal ) : d
cycling ergometer, = ‘Romng - Maximal power output in 30 seconds (W)
IMTP Wingate Test
- Metabolic cart, — | Energetics [~ | Metabolic profile testing
jump mat, force Step
platforms, linear e Incemental e Maximal Oxygen Uptake (mL.min-1.kg-1)
transducer. Test

Figure 71. Testing battery of Tour de France sailors; Theme 1.
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Regatta analysis

The 42" sailing Tour de France took place in July 2019 and was held in 7 French coastal
cities. This edition was disputed between 23 international teams over 17 days (10 NS and 5
CR) interspersed by two days of recovery. This resulted in 99 races (84 qualifying heats, 10
finals and 5 CR). Points were attributed daily according to results (i.e.: 15t receives 50 points,
2™ receives 49... last receives 28) and were accumulated throughout the competition. The
final ranking established the winner of the TDF.

Race data - including sailing distance (m), average speed (m.s™), maximal speed (m.s-!),
course coverage (%) (i.e., distance sailed/course distance), start performance (rank and
time gap at the first mark) and manoeuvres (tack and gybe; count) - were collected during
all 84 qualifying heats and 5CR. GPS units (Mylaps® X5 Global Positioning System; 9-chan-
nel GPS receiver; location measurement accuracy 2.5 m; dimensions 109 x 59 x 22 mm;
weight 95 g; temperature range —20 - +55°C) were placed on all of the 23 boats. A boat was
categorized as “successful” (SB, n=7) if it qualified for more than half of the daily finals. Less
successful boats (LSB, n=16) qualified for half or less of the daily finals.

Anthropometric, physical, and physiological assessment
Session 1: Anthropometric measurement.

Anthropometric characteristics were measured in the following order: weight, height,
sitting height, wingspan, skinfolds, and body girths. A weighing scale (Seca®, Hamburg,
Germany) and a stadiometer (Seca®, Barcelona, Spain) were used to measure weight and
height respectively. Measurements for height (standing and sitting) and weight were made
with an accuracy of 0.5 cm and o.1 kg respectively. Wingspan was measured to the nearest
0.1 cm, from one middle fingertip to the other using a measuring tape (Seca®, Barcelona,
Spain). Three skinfolds (}'3 Skinfold) were taken on the right side of each participant (pec-
toral, abdominal and thigh) according to recommendations by Jackson and Pollock (Jack-
son & Pollock, 1978). The skinfolds were measured with a Harpenden skinfold calliper
(Harpenden®, Burgess Hill, UK) with 10-g.mm™ of constant pressure. Body density was as-
sessed (Jackson & Pollock, 1978) while body fat was calculated using Brozek’s equation
(Brozek et al., 1963). A measuring tape (Seca®, Barcelona, Spain) was used to measure the
girth of relaxed arms, thighs and calves on left and right sides following measuring recom-
mendations of the international society for the advancement of kinanthropometry (ISAK;
Marfell-Jones et al., 2006).

Session 2: Physical testing.
Physical and physiological characteristics were measured in randomized order.
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Handgrip strength. Maximal isometric HGS

was assessed with a Jamar® handgrip dyna-
mometer (Sammons Preston Corp., Boling-
brook, Ill., USA) (Figure 72). The test posi-
tions were standardized (Svantesson et al.,
2009). Three trials were performed on each _—
hand. The first three trials started with the ‘m E(
right hand. Subjects were instructed to s
squeeze the device as hard as possible for 3
s. The time between each trial was 15 s and 3
min of rest was allowed when changing
hands. The maximal measure of the three

trials was retained in kilograms (Kg). Sum ¢
(HGSsum) of both hands and dominant hand -
(HGSd4om) measures were assessed and in- Figure 72. Jamar© handgrip dynamometer used to

cluded in the results. test handgrip strength.

Vertical jumps. Lower body power was tested on the SJ and CM] using a chronojump con-

tact mat (Chronojump-Boscosystem™, Software, Spain). Each subject had three attempts
per jump with 1 min of rest between trials. Subjects started with S] and, after a 3 min passive
recovery, were assessed on CM]J. Instructions for the jumps were explained and controlled
with a goniometer for the SJ. Subjects were instructed to descend to 9o° knee flexion. Once
position was reached, a countdown of “3, 2, 1, jump” was indicated orally. A validated and
reliable smartphone application (Balsalobre-Fernandez et al., 2015) was used for lateral
video analysis. This allowed to track lateral kinematics and thus avoid collecting results
that involved a countermovement action. Both the S] and CM] were done with subjects
placing hands on their hips as to avoid arm movement. For the CM], athletes were in-
structed to perform a rapid eccentric phase, immediately followed by a rapid concentric
phase with the intention to jump as high as possible. Height and peak power of the best S]
(SJu and SJpp) and CM]J (CMJu and CM]Jpp) performances were reported for analysis.

Isometric mid-thigh pull. Testing for isometric mid-thigh pull (IMTP) was conducted on a

customized pulling rack apparatus specifically developed for data collection (Figure 73).
IMTP was performed using two portable force platforms sampling at 1000 Hz (Pasco™,
Rosedale, USA) and previously validated (Peterson Silveira et al., 2017). The force plates
were connected to a portable laptop running the Capstone Software Program (Pasco™,
Rosedale, USA). Knee angle was measured with a goniometer, to ensure a range of 125-140°
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(Haff et al., 2013). The bar height was adjusted
to meet the testing criteria and to accommodate
to the athlete’s size. Once the test had been
thoroughly described and testing parameters
were set, a specific warm-up was conducted.
Athletes were provided with two warm-up pulls,
1at 50% and 1 at 75% of perceived maximum ef-
fort, separated by 1 min of rest. Once body posi-
tion was stabilized (verified by observation and
live force measures), the subject was given a
countdown of “3, 2, 1, pull.” Minimal pre-tension
was allowed to ensure that there was no slack in
the subject’s body before initiation of the pull.
Athletes performed 3 maximal IMTP with the
instruction to pull the bar with maximal effort
as quickly as possible and push the feet down

Figure 73. Illustration of the isometric mid-thigh
pull with force plates.

into the force platform. The time between each trial was 1 min. Each maximal isometric trial

was performed for 5 s. The best trial was used for data collection and was analysed relatively

to the athlete’s body weight (IMTPw).

Force-velocity pulling profile. Force-velocity
curve testing on the BP was conducted on an ele-

vated bench-pull device placed above a guided
squat rack (Smith machine) (Figure 74). The
Smith machine (Technogym®, Cesena, Italy) al-
lowed for vertical displacement through guided
rods. A Chronojump linear position transducer
(Chronojump™, Barcelona, Spain) was placed be-
low the bar and automatically calculated the kin-
ematic parameters of every repetition. Subjects
were instructed to pull the bar with maximum ef-
fort until the barbell hit the bench 8 cm below the
subject’s chest. The barbell was then lowered and
a brief pause of 1 s was observed to avoid the re-
bound effect or any stretch-shortening cycle in-
terference. The protocol followed Sanchez-Me-
dina‘s instructions (Sanchez-Medina et al., 2014).

Figure 74. Linear transducer disposition on
smith machine.

Initial load started at 20 kg and increased by increments of 10 kg until mean propulsive
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velocity (BPmpy) was lower than 0.7 m.s™. Three attempts were executed for light (< 50%
1RM), 2 for medium (50-80% 1RM) and only 1 for the heaviest (> 80% 1RM) loads. Inter-set
rest intervals were 3 min for the light and medium loads and 5 min for the heaviest loads.
The fastest bar speed for each load was recorded. The maximum load that could be lifted
once was considered the athlete’s IRM (BP;rm). BPmpy was calculated for the loads that were
completed by all subjects (BPmpv20, BPMpv30, BPMPv40 and BPumpvso).

Anaerobic capacity. Anaerobic capacity was tested using a modified rowing Wingate test
(MRWT) on a rowing ergometer Concept II-D (Concept 2 INC™, Vermont, USA). The fly-
wheel was set at 130 drag factor. Subjects were allowed 3 min of warm-up at a rate of per-

ceived exertion of 5 out of 10. Athletes then completed the 30 s all-out test. Exercise perfor-
mance was expressed as mean power output (MPO) in watts (W) and was calculated auto-
matically by Concept II-D. The procedure has been described previously (Riechman et al.,
2002).

Maximal oxygen uptake. VO,max was
assessed through a step incremental
test (MOUT,5) on an electromagneti-
cally braked cycle ergometer (Kettler®
Ense-Parsit, Germany). VOimax, €X-
pressed as ml.min™kg?, measures
were collected using a portable self-

contained metabolic cart Cardio-
Coach (Korr Medical Technologies®, Figure 75. Cardiocoach metabolic analyser.

Salt Lake City, UT) and previously val-

idated (Dieli-Conwright et al, 2009) (Figure 75). Subjects were given time to adjust seat and
bar height before starting the test. MOUTr.5 started at 20 W and increased by 25 W.min™
until voluntary exhaustion (Amann et al., 2004). A cadence of 9o-100 RPM was standard-
ized throughout the test. During the MOUTr.; the following variables were constantly regis-
tered: HR, Vi and VO.,. Prior to each test, the gas analyser was calibrated according to
the manufacturer’s specifications. VO,max was determined when physical signs suggestive
of exhaustion were apparent and at least one of the following two criteria were met: (i)
HRmax was no less than 15 beats below the predicted maximum [220 - (0.65 x age); Spiro
1977] and (ii) a steady state of VO, despite an increase in WL (Vehrs et al., 2007).

Statistics

Data was calculated through standard statistical methods and are presented as mean +
standard deviation. All variables were considered normally distributed through analysis
with the Shapiro-Wilk test, histograms and skewness values prior to analysis. One-way
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analysis of variance (ANOVA) was used to compare anthropometric, physiological and
physical measures for the different crew positions. Independent t-tests were performed to
determine if significant differences existed between physical profiles (SA vs. LSA) and tech-
nical parameters (SB vs. LSB). When results were significantly different, an effect size (ES)
calculation was used. ES was evaluated using Cohen’s d along with 95% confidence inter-
vals. ES of <0.2, 0.21-0.60, 0.61-1.20, 1.21-2.0, =2.0 were considered as trivial, small, moderate,
large and very large, respectively (Batterham & Hopkins, 2006). Finally, Spearman’s Rank
Order Correlation (r) was used to identify the relationship between outcome (race and over-
all standings) and the KPIs identified as significant in the independent t-tests. Statistical
analyses were performed using the SPSS package (15.0 version; SPSS, Inc., Chicago, IL, USA).
The level of significance was set at p<o0.05.

5.2.3 Results

Regatta analysis

Mean race duration was 17 + 2 min for NS and 244 + 35 min for CR. Course distance was
2672.9 + 610.3 m for NS and 59000 * 17500 m for CR. Teams participated between 47 and 57
races and accumulated 474.3 + 38.3 manoeuvres (NS: 355.1 + 37.8; CR: 119.1 + 6.6). Gybes
(downwind manoeuvre; lasted ~12 s) were more recurrent than tacks (upwind manoeuvre;
lasted ~8 s), respectively 259.3 + 26.8 vs. 214.9 + 26.1. Manoeuvre count per NS heat was 8.7
+ 0.9 and 23.8 + 1.3 for CR. Sailing distance for NS heats was 4161.8 + 80.1 m and 78500 +
34900 m for CR. Course coverage for NS was 158.5 + 3.0% and 133.8 + 4.9% for CR.

Technical key performance indicators

Sailing parameters collected during the TDF are analysed in Table 14 for SB, LSB and all
boats. Race outcome for NS was significantly correlated (p<o.o1) with starting performance
(r=.52), maximal speed (r=.33) and average speed (r=.76). Coastal raid ranking was corre-
lated (p<o.01) with starting performance (r=.58), maximal speed (r=.43) and average speed
(r=0.81). All three of the highlighted performance parameters were also significantly corre-
lated to final rankings of the TDF.

Profiling and physical key performance indicators

Table 15 shows mean (+ SD) for the age and anthropometric characteristics of profes-
sional male TDF sailors. No significant differences were observed in anthropometric param-
eters between crew positions (Table 15) and success attribute. The physical and physiologi-
cal profiles of sailors are reported in Table 16. Successful sailors had stronger HGSpom
(ES=0.82) and IMTPw relatively to body weight (ES=0.93) and exerted faster BPwmpvao
(ES=1.18) than their less successful counterparts. The differences between SA and LSA were
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significant (p=0.001). HGSpom (r=0.54), IMTPw (r=0.41) and BPwmpv.o (r=0.61) were signifi-
cantly correlated (p<o.01) to rank in NS heats. CR results were correlated to HGSpom (r=0.37;
p<0.05) and BPwmpvzo (r=0.74; p<0.01). BPmpv,o showed strong correlation with final TDF
rankings (r=0.8; p<o0.05).
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Table 14. Differences in sailing parameters between successful boats and less successful boats.

All boats (n=23)

Mean (SD)

[Range]

Successful Boats (n=7)

Mean (SD)

[Range]

Less successful boats (n=16)

Mean (SD)

[Range]

Nautical Stadium
Sailing distance (m)
Average speed (m.s-')
Maximal speed (m.s-?)
Course coverage (%)
Total Manoeuvres
Tacks
Gybes
Start (rank)
Start (s)

Coastal Raid

Sailing distance (m)

4168.5 (76.2)
4.1 (0.2)
7.3 (0.2)

158.5 (3.0)
8.6 (0.9)
3.8 (0.6)
4.8 (0.6)
5.9 (1.5)
25.4 (8.2)

78500 (3500)

[4014.8-4318.7]
[3-8-4.4]
[7.0-7.6]

[152.74-164.6]
[6.8-10.3]
[2.7-5.0]
[3.7-6.0]
(3.5-9.3]

[12.2-44.9]

[69600-82500]

4131.9 (65.3)
4.2 (0.a)
7.5 (0.1)

157.4 (2.0)
8.9 (0.8)
41 (0.4)
4.9 (0.5)
4.8 (0.9)
18.8 (4.0)

78600 (3200)

[4048.5-4235.5]
[4.1-4.4]
[7.3-7.6]

[155.0-160.5]
[7.9-10.3]
[3.6-4.5]
[4.2-5.7]
(3.5-5.9]

[12.2-22.8]

[71200-81700]

4175.8 (82.7)
4.0 (0.1)**
7.2 (0.1)**

159.0 (3.3)
8.5 (0.9)
3.7 (0.7)
4.8 (0.7)

6.6 (1.3)**

28.5 (7.7)**

78500 (3600)

[4014.8-4318.7]
[3.8-4.3]
[7.0-7.5]

[152.4-164.6]
[6.7-10.0]
[2.7-5.0]
[3.7-6.0]
[4.8-9.3]

[18.2-44.9]

[69600-82500]

Average speed (m.s-') 5.4 (0.3) [4.7-5.7] 5.5 (0.3) [4.9-5.7] 5.3 (0.2)* [4.7-55]
Maximal speed (m.s-') 9.1(0.4) [8.1-10.3] 9.3 (0.4) [8.8-10.3] 9.0 (0.3)** [8.1-9.3]
Course coverage (%) 134.0 (4.8) [118.0-139.5] 134.4 (2.4) [130.0-138.2] 133.6 (5.7) [118.0-139.5]
Total Manoeuvres 23.9 (1.3) [20.4-25.8] 24.0 (1.8) [20.4-25.8] 23.8 (1.0) [22.2-25.8]
Tacks 11.6 (1.2) [9.4-13.8] 12.1 (1.1) [10.2-13.8] 1.5 (1.3) [9.4-13.6]
Gybes 12.2 (1.0) [10.2-13.6] 12.0 (1.1) [10.2-13.6] 12.4 (1.0) [10.6-13.6]
Start (rank) 1.7 (4.3) [5.0-20.0] 9.1 (2.3) [5.0-12.0] 12.9 (4.4)* [7.0-20.0]
Start (s) 219.1 (103.1) [71.6-479.8] 162.2 (65.0) [71.6-236.2] 245.6 (107.1)* [108.0-479.8]

* Significant difference with values of successful boats; P < 0.05.
** Significant difference with values of successful boats; P < 0.01.
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Table 15. Age and anthropometric characteristics (mean (SD)) of TDF sailors.

n TDF (cam- Age  Weight Height Sitting Arm BMI 3 Body LBM  Girth  Girth  Girth
paigns) (years) (kg) (cm) Height Span (kg.m2)  Skin-  Fat (%) (kg) Arm  Thigh Calves
(cm) (cm) fold (cm) (cm) (cm)
(mm)
Successful
.8 22.0 70.9 176.4 93.1 181.3 22.8 29.6 13.2 61.5 30.4 53.0 34.8
Hel 2
cmemen 4 (05) 4 (o) (94 46 (75 (2 (o) (8 (3 08 06 (6
Bowmen 2.7 22.3 71.8 175.5 91.0 190.0 23.3 22.0 10.7 641 30.8 54.3 36.0
3 (0.6) (2.) (6.1) (5:3) (2.6) (2) (0.6) (4.4) (1.7) (43)  (20) (09)  (0.9)
. 3.0 23.7 77.8 183.3 95.7 188.3 23.1 26.0 12.0 68.4 32.7 55.3 34.5
T
rimmers -3 (0.0) t2)  (42)  (60) (330 (104)  (06)  (54) (52) (50 (3) (8 (18
All o 2.8 22.6 73.3 178.2 93.3 185.8 23.0 26.3 12.1 64.4 31.2 54.1 35.1
(0.4) (1.6) (5.8) (7.5) (3-8) (7.7) (0.8)  (104) G6) (3 @8  (13) (15)
Less-Suc-
cessful
2.7 23.7 68.4 176.4 92.3 186.0 21.4 29.1 13.2 59.4 29.1 52.2 33.8
Hel
cmemen 3 (12) (45 B9 (42 (46 (25 (23 (B0 (26 G& () G2 (3
Bowmen 2.7 25.0 79.1 175.5 92.9 183.8 24.3 20.1 10.1 71.0 32.3 53.1 39.8
4 (13) (5.9) (8.0) (19) (1.6) (4.2) (23) (4.6) 1L6) (65 (40 (700  (62)
. 3.0 25.8 79.1 183.3 91.4 184.3 24.2 42.0 17.5 65.1 31.1 55.4 35.9
T
rmmers 4 (0.0) 69) B8 (62 (43 GBS (9 135 45 (6 (6 (3 (4
All u 2.7 24.9 73.5 180.4 92.2 184.6 23.5 30.5 13.65 65.7 31.0 53.7 36.7
(0.4) (5.5) (7.6) (7.3) (3-4) (6.5) (2.4) (13.1) (40) (65 (Go) (44) (44)
Total
All ” 2.8 23.8 74.8 179.3 92.7 185.1 23.3 28.5 12.91 65.0 31.1 53.9 35.9
(0.9) (4.2) (6.6) (7.3) (3-5) (6.9) (1.8) (1.8) (40) (590 (25 (G2) (3
[65.5-  [635-  [855- [173.5-  [19.3- [13- [553-  [275- [445- [325-
Range [1-4] [17-33] 88.8] 190.5] 100] 200] 26.8] 54.5] [7.6-22] 78.9] 37] 61.5] 41]

TDF: Tour de France; BMI: Body Mass Index; LBM: Lean Body Mass; Note: Successful, sailors finishing in the top 7 teams; Less successful, sailors finishing 8t to 23.
* Significant difference with values of successful athletes; P < 0.05 (**; P <0.01).

1 Significant difference with values of successful athletes at same position; P < 0.05 (11; P < 0.01)
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Table 16. Physical and physiological characteristics (mean (SD)) of TDF sailors.

n HGSpom HGSsum SJH CMJH IMTP IMTPw MRWT- BP:rm BPwmpv2o BPMPV30 BPMPV40 BPMPV50 VOzmax
(kg) (kg) (cm) (cm) (N) (N.kg") MPO (W) (kg) (m.s™) (m.s™) (m.s™) (m.s™) (ml.mn
*kg?)
Successful
. . . .6 2649. . ol 8 1. 1.2 11 o. .
Hel 593 13.5 32.7 37 49-9 373 501.3 73 5 9 535
elmsmen 4 (5.6) (9.7) (4.8) (5.2) (397.6) (3.4) (82.3) (6.3) (0.02) (0.) (0.) (0.) (6.4)
Bowmen 72.0 138.0 42.8 37.6 2894.1 40.4 623.7 83.3 1.7 1.4 1.2 1.0 52.5
3 (6.9) (11.1) (5.5) (2.2) (189.7) (11) (115.0) (2.9) (0.2) (0.1) (0.2) (0.) (14.0)
. 66.3 127.3 35.6 39.0 2955.6 38.0 632.7 817 17 1.5 1.3 1.2 56.5
Trmmers 3 g5 (on) (o) (4) (449 (22  (@60)  (04) () (1) (o) (o) (22
All o 65.2 125.0 35.6 37.9 2814.9 38.4 577.4 79.0 1.6 13 1.2 1.0 54.1
(83) 163) (o) (38.6) (2035  (2.7) (114.2) (7.8) (0.1) (0.1) (0.2) (0.1) (7.8)
Less-Success-
ful
6.3 110.3 39.3 36.5 2433.4 35.2 488.7 67.5 1.3 11 1.0 0.8 48.7
Hel >
elmsmen 3 (15.4) (275) (770 (47)  (7767)  (9.8) (46.0) (43) (0.2) (0.0) (0.06)  (0.06) (13.6)
Bowmen 58.3 14.3 36.8 38.7 2723.2 34.3 586.0 88.8 1.5 1.4 1.2 1.0 57.3
4 (9:9) (189) (58) (75 (6147) (57 (109.4) (2015) | (0)f (0.2) (0.2) (0.2) (13.6)
Trimmers 4 57.3 110.8 31.0 35.8 2527.7 31.9 575.0 70.0 1.3 1.2 1.1 0.9 51.4
(5.9) w8)  (56) (68 (3775 = (4t (66.4) (135 (ontt  (ontt (o)t (03) (6.8)
All u 57.4 11.9 35.4 37.1 2573.1 33.7 555.5 76.1 1.3 1.2 1.1 0.9 52.8
(9.4)* (az7s)  (67)  (61)  (540.8) | (5.9)* (84.9) (16.8)  (0.2)* (0.2) (0.1) (0.2) (9-4)
Total
All 61.1 18.1 36.0 38.6 2688.2 35.9 565.9 77.5 1.5 1.3 1.1 1.0 53.4
(9:5) (7.8)  (62) (56) (4475)  (51) (97-9) (13.0)  (02) (0.2) (02) (0.2) (85)
[241- [26.2- [1567.5- [24.5- [50- [1.04- [1.06- [0.92- [o0.77- [36.5-
R 6-8 - -
ange [46-80]  [g0-150] 491]  46.7]  3160] 4371 l430-774] 105] 1.83] 1.63] 1.45] 1.29] 76.8]

HGSpom: Dominant Hand Grip Strength; HGSsym: Sum of Hand Grip Strength; SJu: Squat Jump Height; SJpp: Squat Jump Peak Power; CMJu: Countermovement Jump Height; CM]pp:
Countermovement Jump Peak Power; IMTP: Isometric Mid-Thigh Pull; IMTPw: Isometric Mid-Thigh Pull relative to Weight; MRWT-MPO: Modified Rowing Wingate Test Mean
Power Output; BP,rm: Bench Press 1IRM; BPmpyv.o: Bench Press Velocity at 20 kg; BPwmpvso: Bench Press Velocity at 30 kg; BPumpv,o: Bench Press Velocity at 40 kg; BPmpyso: Bench Press
Velocity at 50 kg; VO,max: Maximal Oxygen Uptake. Note: Successful, sailors finishing in the top 7 teams; Less successful, sailors finishing 8t to 23t;

* Significant difference with values of successful athletes; P < 0.05 (**; P <0.01).

1 Significant difference with values of successful athletes at same position; P < 0.05 (11; P < 0.01)

0
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5.2.4 Discussion

The aim of this present study was threefold. First, our objective was to analyse and report
the nature of sailing during the TDF. Second, we attempted to identify the KPIs associated
with racing outcome. Third, we directed a descriptive analysis of anthropometric, physical,
and physiological profiles of elite level sailors participating in the TDF. Most prominently,
the analysis has indicated the capacity to discriminate between SB/LSB and SA/LSA by con-
sidering technical and physical parameters.

Regatta analysis

This is the first report on the nature of sailing during the TDF. Overall, sailors travelled
541300 + 64900 m in 1792.3 + 409.3 min during the 15 days of competition. Mean race dura-
tion (SN: 17 min; CR: 244 min) and the number of manoeuvres were highly variable due to
external parameters (e.g., race course and tactics, environmental condition). Insights on
the nature of energetic demands and work to rest ratio can nevertheless be estimated. In
sailing, particularly where sailors must hike, work to rest ratio should be re-evaluated as a
dynamic to static effort ratio. Tacking manoeuvres lasted around 8 s while a gybe lasted
around 12 s. High intensity efforts, linked to the demands of manoeuvring (Neville et al.,
2009b), occurred on a 1:14 ratio in NS and 1:50 in CR. Dynamic to static ratio reached as high
1:10 when boats chose to sail a course close to shoreline (CR). Hence, it can be assumed that
the anaerobic energy system is significantly stressed during TDF racing. However, the TDF
competition also requires a good aerobic level to endure the 15 days of sailing and to opti-
mize recovery when racing (NS: 77 + 14 min.stage™; CR: 244 + 35 min.stage™).

Technical key performance indicators

GPS technology permits performance analysts to monitor external WL (Cummins et al.,
2013) and collect data to identify technical and tactical performance indicators in sailing
activities (Perez-Turpin et al. 2009). Research has identified the technical performance in-
dicators in windsurfing (Anastasiou et al., 2019), match racing (Neville et al., 2009b) and
kiteboarding (Caimmi & Samprini, 2017). To the best of our knowledge, this is the first study
to analyse such parameters in fleet racing.

With regards to our results, we observed variability in the distance covered and time to
finish a heat. Wind direction and wind speed influences the organisation committee in
course settings (Perez-Turpin et al., 2009). Nevertheless, it should be noted that sailing also
relies on cognitive skills (Aragjo et al., 2015) and that different racing strategies exist. Teams
must regularly analyse weather and oceanographic reports to determine the most appro-
priate course (Thill, 1982). Other external parameters (e.g., position in the fleet, changes of
racing conditions, placement of opponents on course) can provoke variations and modifi-
cations in initial strategy (Araujo & Sepra, 1997 ; Wardet al., 2002 ; Manzanares et al., 2012).
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Speed parameters have previously discriminated between successful and less successful
athletes in other sailing competitions (Caimmi & Samprini, 2017 ; Anastasiou et al., 2019).
This comforts our findings in that both average speed and maximal speed were significantly
correlated to both race and TDF overall outcome. Based on bio-informational data, one can
assume that SB were more efficient in determining the most favourable course to take in
order to optimize boat speed. Pluijms et al. (2015) have investigated the difference in visual
fixation behaviour between top and bottom-ranked sailors. On the one hand, bottom
ranked sailors focus their centre of attention on the boat and thus might discard important
environmental information. On the other hand, top ranked sailors, were capable of “feeling”
the changes in boat speed and direction through mechanical and proprioceptive feedback.
SB also displayed better starting performance (rank and time gap at first mark) than LSB.
Starting performance was significantly correlated with race outcome and overall TDF rank-
ing. This could be due to sailors changing their gaze to look for relevant environmental
information that might enhance the boat’s performance (Pluijms et al., 2015). Indeed, if
boats arrived first at the first mark, they would not have to account for other information
concerning opposing team position.

Profiling and physical key performance indicators

Although sailing has acquired research interest through important international events
(i.e., Americas Cup and Olympic Games), none has analysed the anthropometric, physical,
and physiological demands for multihull fleet racing. Hence, we can only compare our data
to those of similar sailing events. The mean data for height and weight of the 21 subjects
(179.3 £ 7.3 cm and 74.8 + 6.6 kg) are different to those found in other studies. Indeed,
offshore sailors tended to be smaller and heavier (177 + 7 cm and 78 + 10 kg; Hurdiel et al.,
2014) whilst measures reported on the 2002 TDF outlined the smaller and lighter profiles of
sailors at the time (173 + 6 cm and 62.6 + 9.3 kg; Leger et al., 2008). The body fat of athletes
in the study hereby (12.91 + 4%) was similar to previously reported data of America’s Cup
sailors (13 + 4%; Neville et al., 2009b), and seems within the range (10-15%) of international
and Olympic dinghy sailors (Bojsen-Moller et al., 2007 ; Vangelakoudi et al., 2007). Anthro-
pometric characteristics vary according to competitive status, crew position, publishing
date and sailing classification (Larsson et al., 1996). Surprisingly, there was no significant
difference in anthropometric data in regard to crew position (Table 15). This could be the
result of the race organization’s choice to set the minimal total crew weight to 210 kg and
supports findings by Neville et al., 2009b that highlights the modern sailors’ strategy to
reduce body fat of the whole crew as to maximize lean muscle mass for roles demanding
higher physical output. This outlines the complexity when establishing normative data for
sailing in general.
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The physical and physiological characteristics reported in the present study also varied
when compared to other sailing studies. VO,max of our present study (53.4 * 8.5 mlL.mn".kg"
1), seems to be (i) lower than in elite laser sailors (58.2 + 4.7 ml.mn™kg?; Castagna & Briss-
walter, 2006), (ii) higher than Finn sailors (47.6 + 3.5 ml.mn™".kg™; Bojsen-Moller et al., 2007)
and (iii) similar to America’s Cup grinders (52.2 + 4.6 ml.mn™.kg?; Bernardi et al., 2007).
The differences outlined in these studies could be related to the effect induced by the vari-
ous peculiar onboard activity and/or the use of various testing methodologies. Neverthe-
less, research has outlined the low aerobic demands during a dinghy regatta (Portier et al.,
2003). Indeed, sailors participating on TDF engage in high intensity hoisting and trimming
actions when manoeuvring. Between the different manoeuvres, the sailors are involved in
quasi-isometric hiking. Previous studies showed a significantly decreased oxygenation pat-
tern in the m. Vastus Lateralis during hiking (inherent to isometric contractions > 30%
maximal voluntary contraction), indicating an imbalance between oxygen supply and de-
mand, and probably due to restricted muscle blood flow (Bourgois et al., 2016). The sailors
undertaking the MRWT-MPO test in this study (565.9 + 97.9 W) held similar anaerobic
capacity than highly trained college level rowers (548.97 + 95.57 W; Shaharudin & Zanotto,
2014). This comforts our understanding that TDF sailors rely significantly on anaerobic en-
ergy delivery during racing.

Lower body power was assessed using S] and CM] protocols. Few other studies have
analysed such parameters on sailors. Indeed, only one has assessed national level sailors for
lower body power (Tan et al., 2006) and found similar results to the present study (36.0 +
6.2 Vs 34.0 + 4.0 cm) on the S]. Nevertheless, it seems that no correlation between jumping
performance and hiking potential exists (Tan et al., 2006). Hiking is characterized by strong
isometric contractions and coactivation of the muscles involved: quadriceps, hamstrings,
abdominal and paravertebral muscles (Larsson et al., 1996 ; Tan et al., 2006). Numerous
studies have analysed isokinetic muscle strength of knee, hip and trunk flexors and exten-
sors of elite level sailors (Aagaard et al., 1998 ; Chicoy & Encarnacion-Martinez, 2015). These
studies have highlighted the high demands of these specific strengths on hiking perfor-
mance. In the present study, to assess maximal isometric strength of the lower body, an
IMTP test was performed. To date, this is the first study to use such a protocol in an elite
sailing environment. Relative strength should be considered when assessing sailors, or
other sports, where body weight is regulated by competition rules. Isometric maximal vol-
untary force, using the IMTP test, has been linked to functional performance in sport (Ran-
Wang et al., 2016). We aimed at analysing isometric strength at hip/knee angles like those
of other sailing studies (Chicoy & Encarnacion-Martinez, 2015) by using the IMTP. Interest-
ingly, maximal IMTP discriminated between SA and LSA when the results were compared
relatively to bodyweight (IMTPw). IMTPw performance was significantly correlated (r=0.43;
p<o.01) with rank on NS courses. These results suggest that a high level of relative strength
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is necessary in TDF sailors and supports the findings in other studies analysing the relation-
ship between lower body strength and sailing performance (Blackburn & Hubinger, 1995).

Trimming and hoisting actions requires powerful and energetic movements on the
sheets (Bay & Larsson, 2013). By doing so, sailors increase the amount of apparent wind that
covers the sail and, thus, increase boat speed. Indeed, it was thought that sailors participat-
ing in the TDF would have high amounts of maximal strength due to the predominance of
pulling actions necessary when manoeuvring the boat. Differences can be outlined for the
one repetition maximum between Americas Cup sailors (99.41 + 5.4 kg; Pearson et al.,
2009a) and TDF sailors of this present study (77.5 + 13.0 kg). Nevertheless, it should be
noted that the America’s cup sailors were heavier (97.8 + 12.5 vs 74.8 + 6.6 kg). Bar velocity
at fixed loads was also evaluated and turned out to be significantly different between SA
and LSA at 20 kg loads. Neville et al. (2009b) reported that successful boats maneuverer
faster than less successful boats. Faster bar velocity at submaximal loads could be directly
correlated to hoisting/trimming efficiency and, thus, sailing performance through faster
manoeuvres. BPmpv.o was in fact significantly correlated to racing outcome (NS and CR) and
TDF final ranking (r=0.80; p<0.05). Future research should therefore aim at establishing
associations between bar velocities at fixed loads with hoisting actions.

HGS has received a considerable amount of interest in past research. Indeed, it has been
linked to performance in many sports (Cronin et al., 2017). Significant decreases in grip
strength between pre- and post-sailing training sessions have been reported in junior male
semi-elite sailors (Bateup et al., 2016). The TDF sailors (61.1 + 9.5 kg) reported stronger
HGSpom than collegiate dinghy sailors (48.28 + 5.31 kg; Pulur, 2011). These results outline
the high mechanical stress placed on forearms when manoeuvring TDF boats. HGSpom was
found to significantly discriminate between SA and LSA. It was also correlated to racing
outcome (NS and CR). These results could indicate more efficiency to manoeuvre the D24
at higher speeds (i.e., optimized gripping ease against high resistance in sheets and cranks).
It would seem interesting to analyse the acute and chronic load effects of sailing on HGS.

An interesting finding of this study was that no significant difference was found between
crew positions for physical and physiological parameters. This could indicate an equal im-
portance of overall fitness of TDF sailors to manoeuvre the boat. Indeed, it was not rare to
see sailors switch position when racing or during specific manoeuvres throughout the TDF.
Comparison of physical and physiological parameters from 21 elite sailors indicated that SA
had greater strength (HGSpom), muscular voluntary contraction (IMTPw) and power
(BPmpv2o) compared to LSA. Differences were most marked between trimmers (IMTPw,
BPmpvao, BPmpv3o and BPmpvyo) and bowmen (BPmpvao) which are primarily responsible for
trimming and material handling (sails, ropes, and cranks). A possible explanation highlight-
ing the difference in HGSpom found in this study could result from WLs on-water and off-
of SA (Bateup et al., 2016).
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5.2.5 Study limitations

Some limitations in the present study have been identified during the analysis process.
First, the sample size of 21 elite level sailors accounted for 6 fully crewed boats out of 23.
Testing more crew members may have permitted to perform more significant correlational
analysis between crew characteristics, as a mean or sum, and ranking. Second, as previously
mentioned, sailing relies on bio-informational and strategic qualities to perform. Indeed,
overall, and specific sailing experience was not accounted for and could have influenced
performance and account for discrimination of success.

5.2.6 Practical applications

This study may provide useful information to coaches, sports scientists and sailors in the
planning and implementation of physical and technical training interventions. Where prac-
titioners wish to evaluate and provide sailors with reliable training interventions the use of
HGS, submaximal pulling velocity and isometric mid-thigh pull testing protocols are suita-
ble. We believe that future studies should focus on two aspects: (i) identifying the effects of
internal and external WL on technical and physical performance indicators during the prep-
aration and competitive phase of the TDF and (ii) examining sailors’ experience (e.g., vessel,
position, WL) to identify potential performance and/or talent pathways.

5.2.7 Conclusion

Opverall, the findings have identified multiple variables (technical and physical) that dis-
criminate between successful and less successful athletes/boats. The results can be used as
normative data to compare, detect and guide athletes in their preparation for performance.
The present study highlights successful sailors having stronger grip strength, more powerful
bench-pull and higher IMTP than their less successful counterparts. Successful boats dis-
played a faster average speed, maximal speed, and more efficient starting performance. Nev-
ertheless, these findings should be applied with caution to other populations (i.e., youths,
less experimented sailors, and other sailing categories).
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5.3 Study II: Workload management in professional offshore sailing
during a pre-competition period

5.3.1 Introduction

The incessant evolution of material and technology has raised the competitive demands
of offshore sailing. Thus, along with other factors, sailing performance is confronted to
more physically demanding vessels and enhanced risks of injury (Philippe et al., 2021). Op-
timizing human performance and physical readiness is therefore becoming an increasingly
important component of the training process. This study focuses on offshore sailing perfor-
mance in mixed-sex crewed monohull vessels. TOR holds a 50-year reputation of being one
of the toughest races offshore racing venue and is categorized as an “extreme sport” (Laver
et al., 2017) due to its’ risky nature. The competition has seen some of the world’s most
famous sailors compete with crews in a goal to circumnavigate the world.

Quantification of training and competition WL has currently received a considerable
amount of interest in sports science literature. Indeed, WL monitoring has become the gold
standard for measuring stress induced by PA. Halson (2014) highlighted the importance of
monitoring WL to determine if an athlete is adapting to a training program and to minimize
the risks of non-functional overreaching, injury and illness. Other studies have analysed the
influence of WL, WL, WLmono and data smoothing methods on neuromuscular adapta-
tions, hormonal balance, and sports performance (Nohari et al., 2022). Hence, WL moni-
toring and its management has become an imperative tool to consider in the elite sporting
environment.

Despite the current trend of interest aiming to bridge the gap between WL and indicators
of performance, few studies have focused on predominantly strategy-based sports, such as
sailing. Indeed, whilst conspicuous by its absence, scientific literature concerning offshore
sailing suffers from the sport’s inconstancy and dependency to climatic and meteorological
factors (Pérez Fernandez, 2013). The ever-shifting weather conditions are likely to disrupt
training programs, affecting WL management and, therefore, physical preparedness. How-
ever, performance in sailing is still linked to fitness (Philippe et al., 2021) and, despite this
precept, the relationship between variations in fitness levels and accumulated WL is not yet
clearly established. Therefore, the aim of this study was two-fold. The first purpose was to
describe the WL distribution of a professional offshore sailing team during a 6-month pre-
competition period. The second aim was to investigate and identify the best dose-response
predictors of periodically monitored indices with WL variables, ACWR and EWMA quanti-
fication methods. It was hypothesized that the monitored indices would be directly affected
by WL accumulation and that, due to the decaying nature of fitness and fatigue, data
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smoothing models would better predict neuromuscular performance, wellbeing, and SC ad-
aptations.

5.3.2 Methods

Experimental Approach to the Problem

This study used a longitudinal prospective design to analyse the relationship between
WL, neuromuscular performance, wellbeing, and SC. All data were collected during the
preparation of TOR 2021. The study was completed over a 27-week (W,.,;) pre-competition
period. Figure 76 illustrates the training that was planned and scheduled by the skipper.
Monday was considered the first day of each 7-day week. Planning was adjusted to accom-
modate to weather conditions and Covid-19 crisis related restrictions as required. When
sailing or training facilities were not available, sailors were prescribed training sessions by
the strength and conditioning coach. Training was implemented to adapt appropriately to
the ever-changing schedule of a sailing environment and to the individual needs of each
sailor. On-land training included resistance training and metabolic conditioning (Figure
77B). All gym sessions were conducted in the Club Naval de Cascais (Portugal) or at home,
when needed. The subjects were familiar with all exercises as they were part of their usual
training process.

I Aim I I Assessment I I Measurement I
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{/- THE ek Wi - S
; ~ OCEAN —I Weekly WL H Volume x RPE over 7 days (AU) I
/‘ RA(CE ’ —I Monotony H Mean of Weekly WL / SD of Weekly WL I
NCE197S Monitoring of Workload
—{ Workload [ Arbitrary Units —I Strain H Weekly WL x Monotony I
— (Daily)
Pre-competition —l ACWR H Daily rolling average l
monitoring
protocol of — EwMA |- WL rolling 7-days / WL rolling 28-days |
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! Subjectiv f
’ - e o Sleep quality, muscle soreness, stress and fatigue
- Workload: every day Wellness wellbeing |__] Hooper Index i 3
- Wellness: every ™ (Weekly) with a 7 point scale
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Figure 76. Pre-competition monitoring protocol of offshore sailors; Theme 2.
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Together with WL variables, monitoring contained several subjective and objective
markers of adaptation. Subjective markers included a wellness questionnaire for monitor-
ing fatigue and were assessed weekly (Mondays). Objective markers included monitoring
of strength and power abilities as well as salivary hormonal biomarkers. These measure-
ments were assessed during seven testing batteries (Test,;) which were held on the first day
of each of the 7 training blocks (TB,-;) (Figure 77A). Test,, were conducted in the team’s
training facilities, located at the Club Naval de Cascais (Portugal), to ensure minimal dis-
ruption to the established sailing program. Athletes were requested to abstain from caffein-
ated drinks and alcohol 24 hours prior to testing. Data collection was made possible through
a customized smartphone application (Appsheet) to facilitate wellbeing and WL data col-
lection. Athletes were permanently supervised by a qualified team doctor and nutritionist.

A Pre-Competition Preparation
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Figure 77. A) Schematic diagram showing the workload structure of the pre-competition blocks. The prepa-
ration was divided into seven distinct periods including two sailing camps. B) Organization of sample weeks
and training sessions. BSL: Baseline; TB.;: Training Block; W,..s: Week; Test.;: Testing Battery; R: Rest; RPM:
Revolutions Per Minute.
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Subjects

Ten professional sailors (8 males and 2 females) volunteered to take part in the study
(mean + SD; age = 32.2 + 3.96 years; stature = 179.1 + 7.30 cm; body mass = 84.4 + 1.8 kg).
All subjects were contracted in the same sailing team and trained full time in the build-up
to TOR. All sailors had extensive training experience and were familiar with the assessments
found in the testing battery. None of the subjects reported injuries or diseases that would
impair their physical performance at least 6 months before the start of the protocol. The
study protocol was approved by the ethics committee of Rennes University (France) and in
accordance with the principles set forth in the Helsinki declaration. Written informed con-
sent was obtained from all subjects prior to the commencement of the study.

Procedures
Baseline Measures

On the first week of the pre-competition period, sailors underwent a medical screening
battery. The testing battery occurred on Monday of the first week of the preparation phase
and established the BSL measurements. The protocol consisted of neuromuscular perfor-
mance, wellbeing, and SC testing. Sailors had not participated in high intensity training in
the week prior to testing.

Workload Monitoring.

WL was evaluated using sSRPE methods. Several variables were recorded; WLwk, WLmono,
WlLstr, and acute-chronic WL ratio smoothing models using (i) ACWR and (ii)) EWMA. Fol-
lowing each training session, sailors were requested to subjectively measure their physical
exertion. RPE was recorded using the modified Borg o to 10 Scale (Lovell et al., 2013). Ath-
letes answered the question “How was your session?” within 30 min of finishing to maximize
the accuracy of assessment of the full training session. sSRPE was then measured by calcu-
lating RPE x the duration of the session (in minutes) (Foster et al., 2001). When offshore
sailing data was collected for measurement, the time spent asleep or resting was subtracted
from the total sailing time. The following variables were then calculated: (i) WLyeek as the
sum of all WL during the week (Monday-Sunday), (ii) WLmono as the mean of the WL during
the seven days divided by the standard deviation of WLwkand (iii) WLstras WLwk multiplied
by WLmono (Nohari et al., 2022). Data smoothing models were then used: (i) ACWR as the
daily rolling averages calculated by dividing the acute WL (rolling 7-days) by the chronic
WL (rolling 28-days) (Hulin et al., 2014) and (ii) EWMA as calculated by Williams et al (Wil-
liams et al., 2017):

EWMA oday = Loadioday X Aa + ((1 - Aa) x EWMAyesterday)
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Where A, is a value between o and 1 that represents the degree of decay, with higher
values discounting older observations in the model at faster rate. The Aais calculated as:

Aa=2/(N+1)

Where N is the chosen time decay constant, with a 1-week WL (7-days) and 4-weeks WL
(28-days) used to represent acute and chronic WL respectively. Although the use of such
mathematical models for injury prediction is subject to conflicting debates (Impellizzeri et
al., 2020b ; Maupin et al., 2020), their role of predicting fatigue and physical preparedness
appears to be validated (Gabbett, 2016).

Neuromuscular adaptations to the pre-competition training period.
Neuromuscular performance was evaluated using CM] and
BPress tests. Lower body power was tested on the CM] using a
Chronojump contact mat (Chronojump-Boscosystem™, Soft-
ware, Spain). Each subject completed three attempts with 1 min
of rest between trials. For the execution of each attempt, a count-
down of “3, 2, 1, jump” was indicated orally (Figure 78). All at-
tempts were completed with subjects placing arms akimbo to
avoid movement disruption. Athletes were instructed to perform
a rapid eccentric phase, immediately followed by an explosive
concentric contraction with the intention to jump as high as pos-
sible. The height of the best CM] performance was reported for
analysis (Focke et al., 2011). Markovic et al. (2004) observed that

CM]J, when measured by means of contact mat and a digital timer,
is a valid and reliable field test for estimating explosive power of Figure 78. CM] test with
the lower limbs. arms akimbo.

Maximal upper body pushing strength was assessed using the 1RM estimation based on
Brzycki’s equations (Brzycki, 1993). The estimation was calculated during sets with less than
6-repetitions to avoid an overestimation of the 1IRM. A standardized warm-up was incorpo-
rated to avoid variability and risk of injury. BP.rm was not tested for Test; to avoid the de-
layed onset of muscle soreness before the start of TOR. Reliability of Brzycki’s equation for
measuring maximal strength on the BP.rm from a submaximal test has been validated by

Amarante do Nascimento et al. (2007).

Wellbeing fluctuations during the pre-competition training period.
Wellbeing was assessed using the Hooper-Index (HI). HI was measured using a ques-
tionnaire-based on the recommendations of Hooper and Mackinnon (Hooper & McKinnon,
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1995) (Figure 79). Athletes answered the Sleep

Very, very good Very, very bad

questionnaire every Monday morning

I o s e
upon waking (Figure 79). Levels of sleep —
quality, muscle soreness, stress and fatigue Ve eyt Vary, vary igh
. . N ¢ s s
were scored on a 7-point scale on which “1” Eati
atigue
“«_” «. ”»
and “7” represent “very, very good” and Very,very low Very very high
. [ s e
“very, very poor” respectively. The HI was
. . Muscle Soreness
computed by summing its four subgroups S o
(sleep quality, delayed onset muscle sore- s - s e

ness, stress, and fatigue). The reliability of
using the HI for monitoring sports in- Figure 79. Hooper index questionnaire; according to
. . H d McKi .

duced fatigue has previously been demon- P An¢ HEHINOR (1995)

strated (Rabbani et al., 2019).

Hormonal adaptations to the pre-competition training period.

Hormonal adaptations were evaluated us-
ing SC samples which were collected upon
waking (between 7:00 and 8:00 am). To en-
sure more rigorous testing and to limit corti-
sol measurement errors, athletes were re-
quired to refrain from eating, brushing their
teeth and chewing gum prior to testing. Sail-
ors placed the swab (Soma Bioscience, Wall-
ingford, United Kingdom) on their tongue
and closed their mouth (Figure 80). When
the indicator on the swab’s stem turned blue, Figure 80. Soma cube lateral flow device reader.

the test was considered complete (swab col-

lected 0.5 mL of oral fluid). The swab was then placed in the buffer bottle of assay (sodium
phosphate, salts, detergents, and preservatives) before gently mixing the sample for 2 min.
Two drops of the sample were then placed in the window of the lateral flow device. The
device was left still during the incubation period (10 min). The strip was then placed in the
real-time reader and the results were ready within 20 s. SC was then collected as nanograms
per millilitre (ng/mL). Soma Bioscience oral fluid collector has been validated against en-
zyme linked immunosorbent assay (ELISA) and have been proven as a reliable method to
collect and analyse SC (Fisher et al., 2015).

Statistical Analyses
Over the 27-week study period, data from 148.12 + 17.53 training sessions was collected
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and analysed. Data was calculated through standard statistical methods and is presented
as mean + standard deviation (SD). All variables were considered normally distributed
through analysis with the Shapiro-Wilk test, histograms, and skewness values prior to anal-
ysis. One-way ANOVA with repeated measures was used to determine the differences be-
tween the different parameters measured at Test,.,. The Pearson correlation coefficient (r)
was used to assess the associations between WL variables and monitoring markers. Corre-
lation coefficients were interpreted as: < 0.1 (trivial), from 0.1 to 0.3 (small), from 0.3 to 0.5
(moderate), from o.5 to 0.7 (large), from 0.7 to 0.9 (very large), and = 0.9 (nearly perfect)
(Cohen, 1988). The correlations were consistently presented with 95% confidence interval
(CI). For all analyses, a was set at 0.05. Statistical analyses were performed using the SPSS
package (15.0 version; SPSS, Inc., Chicago, IL, USA).

5.3.3 Results

Figure 81A illustrates the weekly distribution of WL during the 27 analysed weeks of TOR
pre-competition preparation. WLyxk variation displayed a high coefficient of variation
(CV=1.18). Higher (p<0.001) WLk were observed during weeks of sailing camp (19792.6 +
9428 AU; W,;.8 & W,3,6) compared to those not included in the camps (2813.2 + 817.3 AU;
Wi, Wig-2. & Wy;). Higher WL were observed in the training blocks towards the end of the
preparation schedule (Figure 81B). TBs (22313 + 6679.8 AU) confirmed higher WL (p<o.001)
than TB, (2537.9 + 289.1 AU), TB., (2555.3 + 375.5 AU), TB; (2717.8 + 642.5 AU), TB, (3236.3 +
1074.7 AU), TBs (7652.3 + 718.6 AU) and TB, (3116.3 + 712.7 AU). TB; was also significantly
different (p<o0.001) to all the other TB. TB,, which was considered a taper week, showed
lower (p<o.001) WLy« when compared to TBs and TBs (Figure 81B). Repartition of WL dur-
ing TB,; is presented in Figure 82.
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Figure 81. A) Weekly workload during the 27 weeks of preparation. Data are mean (+ SD). B) Training block
variations of weekly workload average. Data are mean (= SD). 1, 2, 3, 4, 5, 6 and 7: indicates to which TB it is
significantly different (p=o.05). AU: Arbitrary Units; TB.-;: Training Block.
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Within-group changes concerning CM], BPiess 1IRM, HI and SC, during the different
phases of preparation, are provided in Table 17. CM] and BP;ess 1IRM were significantly dif-
ferent (p=<o0.05<p< p=<o0.01) from BSL during Test,, Test,, Test;, Test,, Tests, Tests and Test,
respectively. HI (p=0.05) and SC (p=0.05) were both significantly different from BSL only at

Tests.
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Table 17. Changes (mean + SD) in monitoring markers throughout the preparation period.

BSL Test, Test, Test; Test, Tests Teste Test,

CMJ(em) 341485 37.249.9 T  401+9.6"T  39.8481"  42.6+7.5"t 43.0+8.1" 37.4%6.6't 42.6+6.7"11
EP';“ ™o 2854255 81342637 83.6+28.4°  84.8427.9°  84.9+28.9°  88.6+30.3 88.1+29.3"
kg

HI (AU) 13.243.3 13.742.2 14.8+2.1 12.242.31 13.8+2.9 13.3+3.0 17.6+2.9°T1 13.5+2.81T

Clng/ml) 16 1+11.3 16.4+11.2 12.9+6.61T 16.3+7.2 8.8+3.91 14.7+10aTt  25.4+9.8"11 12+4.611

BSL: Baseline; Test,;: Testing Battery; CM]J: Counter Movement Jump; BP.;rm: Bench Press 1IRM; HI: Hooper Index; SC: Salivary
Cortisol; * Significant difference with values of BSL; p<o.05. ** Significant difference with value of BSL; p<o.o1; 1 Significant
difference with values of preceding Test; p<o.05. 11 Significant difference with values of preceding Test; p<o.o1.
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Correlation outcomes between WL variables and monitored markers are presented in
Figure 83. Large and very large positive correlations were found between WLy and BPress
1RM (r=0.69, 95%, CI [0.11;0.92], p=0.02), HI (r=0.85, 95% CI [0.47;0.96], p<0.001) and SC
(r=0.84, 95% CI [0.44;0.96], p=0.001). Moderate negative correlations were also found be-
tween WLyk and CM]J (r=-0.39, 95% CI [-0.81;0.31], p=0.05). WLmono showed large positive
correlations to the HI (r=0.55, 95% CI [-0.12;0.87], p=0.05). WLs: showed moderate negative
correlations with CMJ (r=-0.48, 95% CI [-0.85;0.21], p=0.04) and large positive correlations
with BPress 1IRM (r=0.52, 95%, CI [-0.16;0.87], p=0.05). WLs also showed very large positive
correlations with SC (r=0.83, 95% CI [0.42;0.96], p=0.002) and very large positive correla-
tions with the HI (r=0.88, 95% CI [0.56;0.97], p<0.001). ACWR data showed a large positive
correlation with the HI (r=0.64, 95% CI [0.02;0.9], p=0.04) and a very large negative (r=-
0.75, 95% CI [-0.94;-0.23], p<0.001) and positive (r=0.72, 95% CI [0.17;0.93], p=0.01) correla-
tion with both the CM] and SC respectively. Contrastingly, EWMA showed very large neg-
ative correlations with CMJ (r=-0.73, 95% CI [-0.93;-0.17], p<0.001) and BPress IRM (r=-0.78,
95% CI [-0.95;-0.32], p<0.001).
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Figure 83. Correlations between workload parameters and monitoring markers (95% CI). ®: CM]J; m: BPress
1RM; A:HI;¢:SC. CMJ: Countermovement Jump; BPress IRM: Bench Press 1RM; HI: Hooper Index; SC: Salivary
Cortisol. * Correlation coefficient is significant at p<o.o5. ** Correlation coefficient is significant at p<o.o1.
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5.3.4 Discussion

The present study (i) described the WL distribution during the pre-competition training
period of a renowned crewed offshore regatta and (ii) aimed to identify the best dose-re-
sponse predictors of periodically monitored indices with WL variables and data smoothing
mathematical models. The results indicate the value of these assessments to monitor neu-
romuscular performance, wellbeing, and SC adaptations. Indeed, the analysis showed cor-
relations between WL parameters and the monitored indices. Furthermore, EWMA and
ACWR appeared as mathematical models capable of predicting recovery and preparedness.
These findings can be used to guide planning and programming decisions in professional
crewed offshore sailing through careful monitoring of sailors’ WL.

Although Olympic and America’s Cup sailing have received extensive scientific interest
(Neville et al., 2009b ; Pearson et al., 2009a), the offshore sailing context remains scarcely
explored. Indeed, limited research concerning sailing WL and its’ effects on neuromuscular
performance, wellbeing and SC adaptations has been documented (Galvani et al., 2015 ; Gi-
acon et al., 2021). This lack of literature may be explained, in part, by the complexity of
conducting research protocols in such a challenging environment. For instance, the utiliza-
tion of wearable technology, such as HR monitoring devices, on yawing and rolling vessels
stumbles upon practical difficulties when sailing offshore for multiple days (Galvani et al.,
2015). Hence, as a substitute to objective exercise intensity, the researchers in this study
used the RPE to quantify the psycho-physiological responses to training (Galvani et al.,
2015). Moreover, sRPE is a practical method for measuring WL completed through various
training modalities such as cross-training and resistance training (Ryan et al., 2020). Math-
ematical models (ACWR and EWMA) have emerged to calculate and predict an athlete’s
ability to tolerate sudden changes in WL (Gabbett, 2016). WLmono and WLs indexes can be
calculated from sRPE data methods. WLmono is @ measure of day-to-day training variability
and has been found to be related to overtraining when monotonous training is combined
with high WLy« (Foster, 1998). WLs has been found to be an advantageous tool as recovery
only becomes fundamental to training when high WLy are being undertaken (Putlur et al.,
2004).

Regarding WLy, it was found that the pre-competition period showed variations during
the 27 weeks. Indeed, a difference of 703% in WL« was found between weeks of training
during sailing camp (19792.6 + 9428 AU; W,;..8 & W,;.56) and on land training weeks (2813.2
+ 817.3 AU; Wi.6, Wig-2. & W,;) (Figure 81A). Also, a decrease of 50.4% was observed in WLy«
during taper week (3116.3 + 712.7 AU; W,;) compared to preceding WL (6731.5 + 8497.3 AU;
W..,6) (Figure 81A). The significant difference (p<o.001) in WL between sailing weeks and
non-sailing weeks suggests that the training regime is linked to the complexity of planning.

180



Indeed, variations in WL may be due to the numerous extraneous weather and environ-
mental conditions as confirmed in previous research (Allen et al., 2008). Moreover, the high
CV in the WLy« repartition (CV=1.18) highlights the complexity to manage WL in sailing
environments. Similar values of WLy« during non-sailing weeks, have been reported in
other sports (Dubois et al., 2017). However, it appears no other studies have exposed such
high quantities of WL (i.e., sailing weeks). To date, research focusing on the sailing envi-
ronment has provided information on EE, sleep deprivation, nutritional challenge, and ep-
idemiology, however WL management is conspicuous by its absence. Recently, high WL
have been associated with risks of overtraining, injury (Impellizzeri et al., 2020a) and de-
creased performance (Arcos et al., 2015). Consequently, because of the high WLy« observed
in this study, the necessity for strict WL monitoring practices in offshore sailing environ-
ments seems crucial for optimizing human performance. Besides the WL patterns observed
during the preparation of TOR, the effects of various WL parameters on neuromuscular
function, wellbeing and SC were analysed. It was observed that the monitored indices varied
throughout the season. Previous research has focused on establishing associations capable
of predicting neuromuscular adaptations and sports performance (Borresen & Lambert,
2009). However, associations in environment-based sports, such as sailing are yet to be fully
investigated. The results found in this study could, therefore, provide further insights for
WL management in such environments.

Current literature has observed the effects of offshore sailing on lower body strength and
power exertion (Philippe et al., 2022). Moreover, maintaining constant proprioceptive ten-
sion, due to hull movement, seems to increase the mechanical loading of hip extensors and
hip flexors and, thus, impair CM] performance during and after competition (Philippe et al.,
2022). CM]J tests are commonly used to assess neuromuscular fatigue in professional ath-
letes (Cormack et al., 2013). In the current study, the negative correlations found between
WL parameters (WLywk, WLstr, ACWR and EWMA) and the CM] (Figure 83) seems to agree
with research analysing the effects of WL on power expression (Malone et al., 2017). Indeed,
high WL accumulation was also found to impair CM] performance in professional rugby
(Dubois et al., 2017), football players (Arcos et al., 2015) and other “long distance sports”
(Balsalobre-Fernadez et al., 2014). Moreover, high chronic WL has been associated with in-
flammatory response, catabolic state and muscle damage which results in neuromuscular
disturbances (McLellan et al., 2010). Hence, this could partially explain the adverse effects
of WLk on CM]J as TBs was a high sailing volume block and provoked a 15% decrease, from
Tests, in CM] performance. Indeed, these results coincide with findings highlighting neu-
romuscular function impairment due to the constant proprioceptive muscle tension en-
countered by sailors during the yawing, rolling, and pitching motions of the hull (Stoffregen
& Smart, 1998). Furthermore, a 55% decrease in WLy« during TB; provided supercompen-
sation from TBs, on the CMJ (+14 %). This highlights the sensitivity of CM] performance to
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fatigue and overcompensation (Borresen & Lambert, 2009).

In contrast, our results found that when WLy« increased, the expression of strength
(BPress 1IRM) also significantly increased. Moreover, although on land training WL (i.e., re-
sistance training and metabolic conditioning) decreased exponentially after TB; (Figure 82),
BPress IRM was observed to evolve positively (Table 17). The vessel in this study was
equipped with upper body pedestals used to hoist and trim sails by driving the winches
attached to the sail lines. Grinding, action of activating the upper body pedestal, has re-
ceived considerable amount of interest in sailing literature (Pearson et al., 2009a). Indeed,
the demands of grinding on the upper body have been well established and bench press
performance has been associated with sailing success (Pearson et al., 2009a) and manoeuvre
efficiency (Neville et al., 2009b). Also, the work-to-rest ratio, on the pedestals, appears to
permit appropriate recovery between bouts of intense activity (Neville et al., 2009b) and,
thus, avoid risks of overtraining. This may explain the positive upper body neuromuscular
adaptations in response to a high sailing WL.

A novel aspect of the hereby study was the monitoring of professional sailors’ perceptual
wellbeing across a full pre-competition period. To the best of the author’s knowledge, this
has been reported, to some extent, elsewhere in the literature. Indeed, past research in off-
shore sailing has shown interest in establishing dose-response relationships between envi-
ronmental and wellbeing factors such as anxiety and perception of fatigue (Hagin et al.,
2012). Similarly, when comparing to longer assessments (i.e., QEFA Likert scale), the HI has
been found to be (i) a promising tool for monitoring training induced fatigue in team sports
(Oliveira et al., 2019) and (ii) associated with WL in professional athletes (Moalla et al.,
2016). In the present study, the Test,; HI (Figure 83) was found to be positively correlated
with WLyk, WLstr and WLiono. In addition, the ACWR data smoothing model seems to be a
valid tool for predicting HI. These findings are of important value when aiming to bridge
the gap between WL and fatigue markers. The HI can therefore be considered as an afford-
able and practical solution for monitoring physiological and psychological stress in a pro-
fessional sailing environment.

From a physiological point of view, changes in SC may have an impact on neuromuscular
and cognitive performance. Indeed, cortisol could alter the activity of the sympathetic nerv-
ous system, the muscles’ contractile properties and/or behaviour (Crewther et al., 2011) and
seems to be a primary indicator of physiological stress (Lindsay et al., 2015). There is a sub-
stantial body of literature addressing [C] increase in response to WL and competition. In
the current study, the interactions between WL (WLwk, WLsand ACWR) and SC were pre-
dominantly clear (Figure 83). Indeed, the hormonal response to training seems to be im-
pacted by short (7-days) preceding WL. This observation is similar to findings in other team
sports (Rowell et al., 2018) where SC increased in response to WL. In our study, the SC con-
centrations at Tests were the highest observed during the pre-competition period and were
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significantly different from baseline levels. These results suggest that high sailing WL may
have an impact on stress hormone balance. This is in-line with reported studies that have
analysed biomarkers in sailing activities (Giacon et al., 2021). The increase in SC may indi-
cate the athletes’ natural response to the previous training phase (Oliveira et al., 2019).

5.3.5 Study limitations

Although our findings provide important and novel information for performance practi-
tioners in the offshore sailing environment, there are some limitations that warrant discus-
sion. First, we acknowledge that the data were collected on a small sample of sailors (i.e.,
one team). The use of larger sample sizes (e.g., more teams) would allow further and more
precise correlational analysis. Second, due to sailing’s dependency on climatic variables, the
training structure may represent a different organization when compared to other sports.
Future research, based on sailing, could therefore explore the effects of sailing WL on mark-
ers of adaptation through daily measurements. Indeed, exploring external load (e.g., GPS
tracking, manoeuvre count) may prove to be useful for establishing valid methods able to
quantify sailing WL. Furthermore, the findings of the present study are based on data from
one professional sailing crew, thus, the applicability to all sailing classes is unknown. A fur-
ther limitation of the study might reside in the timeframe when data collection occurred.
Indeed, Covid-19 crisis restrictions did not allow for more sailing camps to be programmed.

5.3.6 Practical applications

This study provides initial guidelines on the relationship between WL and neuromuscu-
lar performance, wellbeing, and SC in offshore sailing. Indeed, because voluminous and
varying WL are observable in this environment, WL monitoring must be practiced daily
during a pre-competition phase. By analysing this data, performance practitioners will be
guided to (i) optimally adapt the training plan according to the situation/weather, (ii) pro-
vide the skipper with valuable information on potential risks of injury/overtraining and (iii)
plan and ensure adequate recovery interventions to enhance performance.

5.3.7 Conclusion

This is the first longitudinal study to provide information on WL parameters in a profes-
sional mixed-sex crew offshore sailing team during the preparation period of a renowned
offshore regatta. This investigation observed (i) significant differences between BSL levels
and periodical evaluations and (ii) significant correlations between WL parameters and
neuromuscular performance, wellbeing, and SC. In addition, BPess 1IRM, CM]J and SC may
be used as objective markers of preparedness for an offshore regatta. HI may provide valu-
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able information concerning physiological and psychological stress with less time-consum-
ing/costly procedures. Also, due to the decaying nature of fitness and fatigue, the EWMA
data smoothing model seems to be a reliable predictor of neuromuscular preparedness. The
ACWR, on the other hand, appears to better predict subjective markers of fatigue. The re-
sults presented in this study confirm the importance of managing WL in professional off-
shore sailing in the quest to optimizing training related adaptations and recovery.
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5.4 Study III: Effects of an offshore sailing competition on anthro-
pometry, muscular performance, subjective wellness, and salivary
cortisol in professional sailors.

5.4.1 Introduction

Offshore sailing is a strategy-based sport that is intermittent in nature, with periods of
high intensity activity (e.g., stacking, trimming and grinding) and low intensity recovery
(e.g., standing and sleeping) (Ghiani et al., 2018). Depending on the nature of the race, ves-
sels are sailed by lone sailors or crews and can last from days to months. Over the course of
a crewed boat race, such a TOR, sailors are required to compete for many days during legs
that rally the host cities. Few days are given to recover in between legs. Therefore, sailors
need to recover quickly to start the following leg in an optimal state of readiness. Although
studies from other team sports have outlined the acute effects of WL on anthropometrical,
physiological and psychological variables (Gorostiaga et al., 2006 ; Dubois et al., 2020), the
research conducted in a professional offshore crew-sailing environment is scarce (Branth et
al., 1996 ; Portier et al., 2008). Moreover, given the physical demands imposed during sail-
ing, sailors typically experience high physiological stress and prolonged symptoms of fa-
tigue (Oldenburget al., 2013). This is in part due to the various weather conditions and the
extensive physical demands of manoeuvring. Indeed, to optimize the vessel’s speed, a sailor
must be able to withstand high levels of physiological stress associated with weather con-
ditions (temperature, wind, and sea state) (Sagayama et al., 2019). To counterbalance the
movement of the boat, and thus promote faster speed, stacking and trimming sails on deck
requires high levels of physical readiness (Sagayama et al., 2019). Sailors must also adapt to
sleep deprivation and little comfort (nutrition, noise and hygiene) in order to limit impair-
ments on cognitive performance, necessary for establishing routing strategies and evaluat-
ing weather forecasts. Past studies have investigated the impacts of sailing bouts on neuro-
muscular functions, energy demands and stress hormones. These studies have reported in-
creases in neuromuscular fatigue (Portier et al., 2008), muscular damage (Barrios et al.,
201), cognitive impairment (Hurdiel et al., 2014), motion sickness (Giacon et al., 2022) and
elevated [C] levels after a sailing bout (Hayes et al., 2015). Although the current literature
suggests that significant fatigue is induced by offshore sailing, little evidence is available in
a crewed context. For this reason, monitoring the physiological and psychological adapta-
tions from competition are thought to be important. Indeed, this can provide a better un-
derstanding of the demands of the sport and, thus, help bridge the gap between theory and
practice for offshore sailing performance pathways.

Therefore, this article attempts to provide an overview of offshore sailing demands by (i)
documenting the characteristics of the race and (ii) describing the physiological responses
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to competition and (iii) examining the neurophysiological and psychological fatigue pat-
terns in a professional mixed-sex crew. It was hypothesized that offshore sailing would (i)
provoke body composition turnover, (ii) decrease muscular performance and (iii) generate
stress and perception of fatigue.

5.4.2 Methods

Subjects

Ten (8 males and 2 females) professional sailors (mean + SD; age: 32.2 + 3.96 years; stat-
ure: 179.1 = 7.30 cm; body mass: 84.2 + 12.1 kg) volunteered to participate in the study. There
were no reported injuries or diseases that would impair physical performance from any sub-
ject. Before starting the protocol, sailors attended a presentation and received information
outlining the experimental procedures. The study protocol was approved by the ethics com-
mittee of Rennes University, France. Written informed consent was obtained from all sub-
jects prior to the commencement of the study and all subjects were free to withdraw from
the study at any time without penalty.

Design

All data was collected during a renowned international offshore sailing venue over a 3-
week period. The TOR 2021 competition took place in June. All sailors competed in the same
crew and had been training for 7-months preceding the race. Anthropometric measure-
ments, muscular function testing, subjective recovery markers and SC were obtained during
BSL measurements and after each of the 3-legs (Post..;). The testing protocol was adjusted
to fit the complexity of the sport. BSL measurements occurred 3 hours before the start of
Leg 1 and Post,; occurred within 30-min of docking in. Over the 3-week study period, data
from 10 days of sailing was collected and analysed (Figure 84). Testing was conducted at the
team’s base, located in the different host cities, to ensure minimal disruption to the recovery
process. Throughout the competition period, athletes were monitored by a qualified team
doctor, physiotherapist, strength and conditioning coach and nutritionist. During recovery
days, sailors underwent light cardiovascular activation (e.g., 20-min of jogging at 60% of
maximal heart rate), sports massage and mobility sessions (e.g., static, and dynamic stretch-

ing).
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Figure 84. Timeline of TOR 2021 and assessments during 3-weeks of study. BSL: Baseline; Post.3;: Measure-

ments obtained after Legi-3; R: Recovery.

Methodology
Baseline Measures

On the morning of the first day of competition, 3-hours prior to starting Leg 1 of TOR,
sailors underwent the testing battery (Figure 85). The crew was at the end of a tapering
week and therefore had not participated in high intensity training the week prior to testing.
The testing battery consisted of anthropometric measurements, fitness testing, wellness
questionnaire control and SC collection. To account for diurnal variation, SC was collected
within 1-hour of waking up, between 7:00-8:00 AM. The results from the first testing battery
established the BSL.
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Figure 85. Monitoring protocol of offshore sailors during multi-leg competition; Theme 3.
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Testing Battery
Anthropometric measurement.

Anthropometric characteristics were measured in the following order: body mass and
skinfolds. A weighing scale (Seca®, Hamburg, Germany) was used to measure body mass.
Measurements for body mass were made with an accuracy of 0.1 kilograms (kg). >'3 Skinfold
were taken on the right side of each sailor (male: pectoral, abdominal and thigh; female:
triceps, abdominal and thigh) according to recommendations by Jackson and Pollock (Jack-
son & Pollock, 1978). The skinfolds were measured with a Harpenden skinfold calliper
(Harpenden®, Burgess Hill, UK) with 10 g.mm™ of constant pressure. Body density was as-
sessed while body fat (BF) was calculated using Brozek’s equation (Brozek et al., 1963). Lean
body mass (LBM) was calculated by subtracting BF from total weight.

Muscular performances
Countermovement Jump

Lower body power was tested on the CM] using a chronojump contact mat
(Chronojump-Boscosystem™, Software, Spain). Each sailor completed three attempts with
1-min of rest between trials. For the execution of each attempt, a countdown of “3, 2, 1, jump”
was indicated orally. All attempts were completed with sailors placing arms akimbo to avoid
movement disruption. Sailors were instructed to perform a rapid eccentric phase, immedi-
ately followed by an explosive concentric contraction with the intention to jump as high as
possible. The height of the best CM] performance was reported for analysis.

Handgrip strength

Maximal isometric HGS was assessed with a Jamar® handgrip dynamometer (Sammons
Preston Corp., Bolingbrook, Ill., USA). The test positions were standardized (Svantesson et
al., 2009). Three trials were performed on each hand. The first three trials started with the
right hand. Sailors were instructed to squeeze the device as hard as possible for 3-s. The
time between each trial was 15-s and 3-min of rest was given when changing hands. The
maximal measure of the three trials was retained in Kg. Sum (HGSsum) of both, dominant
hand (HGS4) and non-dominant hand (HGSn4), measures were assessed and included in the
results.

Subjective Recovery Status

The HI was measured using a customized questionnaire based on the recommendations
of Hooper and Mackinnon (Hooper, 1995). Levels of sleep quality (HIsieep), delayed onset
muscle soreness (Hldoms), stress (HIsiress) and fatigue (HIfatigue) were scored on a 7-point scale

“_”»

on which “1” and “7” represent “very, very good” and “very, very poor” respectively. The
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Hooper-Index was computed by summing its four subgroups. It was applied 30-min after
the leg arrival (Post,;). All questions and answers were completed individually.

Salivary Stress Marker

Sailors’ saliva samples were collected upon waking (between 7:00 and 8:00 am). To en-
sure more rigorous testing and to limit cortisol measurement errors, sailors were required
to refrain from eating, brushing their teeth and chewing gum prior to testing. Sailors placed
the swab (Soma Bioscience, Wallingford, United Kingdom) on their tongue and closed their
mouth. When the indicator on the swab’s stem turned blue, the test was considered com-
plete (swab collected 0.5 mL of oral fluid). The swab was then placed in the buffer bottle of
assay (sodium phosphate, salts, detergents, and preservatives) before gently mixing the
sample for 2-min. Two drops of the sample were then placed in the window of the lateral
flow device. The device was left still during the incubation period (10-min). The strip was
then placed in the real-time reader and the results were ready within 20-s. SC was then
collected as nanograms per millilitre (ng/mL). Soma Bioscience oral fluid collector has been
validated against enzyme linked immunosorbent assay (ELISA) and have been proven as a
reliable method to collect and analyse SC (Ducker et al., 2020).

Race analysis
Internal Sailing Load

Subjective internal load was estimated using the session-rating of perceived exertion (s-
RPE), with ratings (Borg o-10 scale) obtained from each individual sailor within 30 min of
completing each leg. Each sailor was familiarized with the scale before starting the study.
The obtained value was multiplied by the time sailed (in min) during the leg to register a
sailing load in AU (Foster et al., 2001).

External Sailing Load

Race data - including sailing distance, average speed, course coverage and manoeuvre
count (tack and gybe) were collected during the 3-legs of competition. Data was made avail-
able through GPS units and shared by the navigation specialist of the team. Route and ma-
noeuvre count were measured by the official TOR tracker.

Energy intake

EI was measured to prepare individual meal plans prior to TOR. BMR was calculated
using the Schofield equation (Schofield, 1985) and was multiplied by a PA coefficient which
was determined by categorizing each position on-board by its physical demands (Myers et
al., 2008). Individual EI was prepared before each leg and controlled upon arrival by the
human performance practitioner.
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Statistical Analysis

Data was calculated through standard statistical methods and is presented as mean =+
standard deviation. All variables were considered normally distributed through analysis
with the Shapiro-Wilk test, histograms, and skewness values prior to analysis. One way
ANOVA with repeated measures was used to determine the differences between the differ-
ent parameters during the 3-legs. When results were significantly different, an effect size
(ES) calculation was used. ES was evaluated using Cohen’s d along with 95% confidence
intervals (CI). ES of <0.2, 0.21-0.60, 0.61-1.20, 1.21-2.0, =2.0 were considered as trivial, small,
moderate, large, and very large, respectively (Cohen, 1988). Statistical analyses were per-
formed using the SPSS package (15.0 version; SPSS, Inc., Chicago, IL, USA). The level of
significance was set at p<o0.05.

5.4.3 Results

Table 18 describes the external and internal load statistics across the 3-legs of TOR. A
total of 5167-km was sailed in 10 days 4h 31 min at an average speed of 5.87 m.s™. 88 ma-
noeuvres (i.e., 53 tacks and 35 gybes) were performed with each one occurring every 58.7
km. Leg 1, the longest leg of the three, was characterised by its downwind nature, fast speed
(i.e., 7.5 m.s™) and accounted for 51 % of the total distance of TOR. Leg 2 reported to have
the most tacking manoeuvres (i.e., 28) and outlined a higher RPE (7.8 + 2), although time
at sea was the shortest of the three. It was characterized by its upwind nature and high
manoeuvre frequency (1 every 2h 02 min). Leg 3 held the most manoeuvres (i.e., 35) and was
characterised by its slow speed (i.e., 4.02 m.s?).

The multilevel ANOVA (Table 19) found no significant difference in anthropometric pa-
rameters during the 3 legs of racing when compared to BSL. Differences were nevertheless
observed at Post; for BF (p=0.004; ES = 0.25) when compared to Post..
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Table 18. External and internal load of TOR.

Variables Leg1 Leg 2 Leg 3 Total
External load
Course distance (km) 2411.3 1074.2 1070.5 4556.0
Distance sailed (km) 2655.8 1299.9 1211.8 5167.5
Course coverage (%) 110 121 13 113.5
Time at sea 4 days 1th 8 min 2 days 15h 31 min 3 days 11h 52 min 10 days 4h 31 min
Total manoeuvres 22 31 35 88
Tacks 0 28 25 53
Gybes 22 3 10 35
Manoeuvre/time 4h 24 min 2h 02 min 2h 29 min 2h 47 min
Average speed (m.s?) 7.5 5.68 4.02 5.87
Internal load
RPE 7.45 £ 2.2 7.8 £ 2.0 5.85 + 1.4
s-RPE (AU) 43418.6 +12548.8 29725.8 + 7579.5 30490.2 * 7477.6

Tack: Upwind Manoeuvre; Gybe: Downwind Manoeuvre; s-RPE: Session Rate of Perceived Exertion.; AU: Arbitrary Units.



Table 19. Description of body composition and energy intake throughout TOR.

Variables BSL Post, Post, Post;
Body Composition
Body Mass (kg) 84.24 £ 12.7 83.79 +12.8 83.57 +12.8 8438 £12.5
LBM (kg) 70.72 £ 11.4 70.66 +10.3 70.74 *+10.6 70.42 +10.0
BF (%) 16.04 * 5.6 15.66 + 4.9 15.34 + 4.9 16.54 + 4.711
Energy Intake
BMR (cal.day™) 1802.67 £ 173.3
Coefficient 2.23+0.3
EI (M].day™) 15.57 + 2.6 16.43 £ 2.5 16.8 £ 2.6
Carbohydrates (%) 57.34 = 1.7 54.42 * 12.2 56.75 + 8.6
Protein (%) 21.55 + 4.1 23.3+ 6.4 24.2 5.7
Fat (%) 2111+ 8.5 23.28 +7.3 19.05 * 4.3

BSL: Baseline; Post,.;: Measurements obtained after Legi-3; LBM: Lean Body Mass; BF: Body Fat; BMR: Basal Metabolic Rate; EI: Energy

Intake. 1 Significant difference with values of preceding Test; p<o.o1.



Compared with BSL (37.0 = 8.0 cm), CMJ height (Figure 86) significantly decreased at
Post, (33.1 £ 6.6 cm; p=0.05; ES = 0.53) and Post; (33.2 + 7.7 cm; p=0.05; ES = 0.49). A signif-
icant decline was observed between Post, and Post, (p=0.007; ES = 0.58). Upper body
strength (Figure 87) decreased for HGSsum when compared with BSL (113 + 22.3 kg) at Post,
(107.0 £19.6 kg; p=0.01; ES = 0.29), Post, (102.4 + 19.0 kg; p=0.001; ES = 0.51) and Post; (108.6
+ 18.8 kg; p=0.05; ES = 0.21). Post, (p=0.03; ES = 0.24) and Post; (p=0.03; ES = 0.3) were
significantly different from preceding legs. HGSq also decreased at Post, (55.4 + 10.7 kg;
p=0.002; ES = 0.44), Post, (52.9 + 10.0 kg; p<0.001; ES = 0.62) and Post; (56.2 + 10.4 kg;
p=0.02; ES = 0.31) when compared to BSL (59.7 + 1.9 kg). HGS4 was significantly different
from preceding legs at Post, (p=0.04; ES = 0.25) and Post; (p=0.02; ES = 0.33). HGSnq was
only significantly different from BSL (53.3 + 10.7 kg) at Post, (49.5 + 9.5; p=0.02; ES = 0.37).
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Figure 86. Changes in countermovement jump height throughout TOR. BSL: Baseline Level; CMJ: Counter-
movement Jump; Post.3: Measurements obtained after Legi-3. * Difference is significant to BSL at p=o.05; 17
Significant difference with values of preceding Test; p<o.o1.
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Figure 87. Changes in handgrip strength throughout TOR. HGS4: Dominant Handgrip Strength; HGSnda: Non-
Dominant Handgrip Strength; HGSsum: Sum of HGS4 and HGSnd; BSL: Baseline Level. * Difference is significant
to BSL at p<o.05. ** Difference is significant to BSL at p=o.o1. T Significant difference with values of preceding
Test; p=<o.os.

The Hooper Index (Figure 88) increased significantly at Post, (17.4 + 2.9 AU; p=o.001; ES
= 1.43) and Post, (19.2 + 2.7 AU; p=0.001; ES = 2.23) when compared to BSL (13.7 + 2.2 AU).
HI was significantly different between Post, and Post; (p=0.005; ES = 1.65). Sleep quality
decreased significantly at Post, (4.6 + 0.9 AU; p=0.04; ES = 1.05) and Post, (5.4 + 1.1 AUj;
p=0.006; ES = 1.76) when comparing with BSL (3.7 + 0.8 AU) and at Post; (p=0.04; ES =1.34)
when comparing with preceding leg. Perception of fatigue was significantly different from
BSL (3.4 + 0.5 AU) at Post; (4.2 + 0.9 AU; p=0.04; ES = 1.09). Stress at Post, (4.9 + 0.5 AU;
p<o0.001; ES = 2.33) and Post, (5.7 + 0.6 AU; p<o.001; ES = 3.26) was significantly different to
BSL (3.2 + 0.9 AU). Muscle soreness did not differentiate with BSL (3.4 + 0.7 AU) during the

race.
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Figure 88. Changes in subjective wellbeing parameters and Hooper Index during TOR. DOMS: Delayed Onset
Muscle Soreness; HI: Hooper Index; BSL: Baseline Level. * Difference is significant to BSL at p=<o.05. ** Differ-
ence is significant to BSL at p=o.o1. T Significant difference with values of preceding Test; p<o.05. 11 Signifi-
cant difference with values of preceding Test; p<o.o1.

SC levels (Figure 89) varied throughout the competition. Post, (18.6 + 5.6 ng/mlL;
p=0.005; ES = 1.44), Post, (14.2 2.9 ng/mL; p=0.03; ES = 0.76) and Post; (16.2 + 6.7 ng/mL;
p=0.02; ES = 0.84) were all significantly different from BSL (11.5 + 4.1 ng/mL). Variation with
preceding legs was significant at Post, (p=0.03; ES = 0.97).
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Figure 89. Changes in salivary cortisol during TOR. BSL: Baseline Level. * Difference is significant to BSL at
p=o.05. **Difference is significant to BSL at p=o.o1. { Significant difference with values of preceding Test;
p=<0.05.
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5.4.4 Discussion

The hypotheses initially stated were globally validated since body composition was par-
tially modified, muscular performance decreased, and objective and subjective fatigue were
observed during and after the competition.

Although previous research in sailing have observed weight loss, fat percentage and lean
body mass decreases after competition (Branth et al., 1996 ; Hurdiel et al., 2014 ; Ghiani et
al., 2018 ; Philippe et al., 2021), the results of the current study found only significant changes
in BF (%) at Post;. Indeed, during the 3-weeks of competition, when comparing BSL levels
with post,;, no significant differences were observed. A potential reason for differentiation
with other research may be due to sailors being tested extensively to determine their indi-
vidual energetic needs on-board. Previous research has highlighted that loss in body mass
and, more particularly, lean body mass decrease, could eventually hinder physical and cog-
nitive performance (Laféere et al., 2020). It was therefore essential to provide the sailors with
the adequate EI as they were confronted to irregular biological rhythm, sleep deprivation,
incessant compensatory muscle activity and continuous stress (Branth et al., 1996). Elevated
El values (i.e., 15-17 M].day?) have been reported in other research with considerable weight
loss still being observed (Branth et al., 1996). Nevertheless, it should be noted that the legs
studied here were shorter and occurred in warmer climate. Also, daily protein consumption
was more important in the present study (23% vs. 14% in the previous study mentioned)
and could explain, in part, the maintenance of LBM (Choma et al., 1998) throughout TOR.

The results from the current study confirm that sailors experienced a significant decline
in CMJ height (Figure 86) during and after TOR. Similar responses during competition have
been observed across various “long distance sports” (Martens & Westerterp, 2014). A de-
crease in lower body strength and power abilities immediately after sailing is common in
professional sailors (Balsalobre et al., 2014). However, this study provides new insights that,
to the author’s knowledge, have never been investigated in professional crews. Indeed, con-
trarily to past research, the sailors in this study did not suffer from body mass loss and/or
muscle wastage during the competition. These results are in line with findings highlighting
muscular function impairment due to the yawing, rolling, and pitching motions (sway) of
the hull (Blacha et al., 2019). Moreover, the downwind specificity of Leg 1 (i.e., 22 gybes)
elicited no impairment to lower body muscular function contrarily to Leg 2 and Leg 3, which
were mainly upwind. Upwind legs seemed to affect lower limbs muscular function more
than the downwind leg despite Leg 1 being two times longer than Leg 2 and Leg 3 (Tables
17 and 18). This alteration may be linked with the constant swaying of the hull caused by
swell in upwind sailing conditions. Indeed, maintaining constant proprioceptive tension,
due to hull movement, seems to increase the mechanical loading of hip extensors and hip
flexors.
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HGS (Figure 87) has received a considerable amount of interest in previous research.
Indeed, it has been associated with greater upper body strength, ballistic performance, lean
body mass (Stoffregen & Smart, 1998), athlete level differentiation (Cronin et al., 2017) and
success (Grant et al., 1996). The offshore sailors in our study reported superior HGSq4 at BSL
compared to other offshore sailing research (i.e., in the present study 59.7 + 11.9 kg vs. 53.6
+ 8.3 kg and 40 kg in previous studies (Portier et al., 2008 ; Philippe et al., 2021) and similar
to crewed dinghy racing (61.1 + 9.5 kg in another study; Grant et al., 1996). Indeed, the phys-
ical WL associated with grinding, hoisting, stacking, and trimming the sails is intense and
requires a fair amount of grip strength. Nevertheless, previous research reported that HGS
performance was preserved after offshore sailing competition (Portier et al., 2008 ; Philippe
et al.,, 2021). However, in this current research, the sailors observed a progressive decay of
maximal strength in HGS during each leg. The decrease in performance detected in our
study could be explained by the specific physical demands of the vessel used in TOR. In-
deed, the racing conditions are known to be more extreme and the boat harder to handle
due to its low displacement and facilitation to plane (Branth et al., 1996). Hence, we can
assume that the sailors underwent extensive upper body solicitation during TOR and suf-
fered from high levels of neuromuscular fatigue.

The Hooper Index and its subsets (i.e., sleep quality, fatigue, stress, and muscle soreness)
has recently been shown to be a promising tool for monitoring indices of fatigue and pre-
paredness in many sports (Clementic et al., 2017). However, research examining the effects
of sailing on subjective recovery variables is scarce. Indeed, research has mainly focused on
sleep quality and highlights the effects of sleep deprivation on cognitive performance (Bar-
rios et al., 2011). These studies have put forward the need to identify an optimal balance
between wakefulness and planned to sleep to optimize sailing performance. The results in
our study (Figure 88) found that Hlseep and HIsress were more pronounced during the legs
where the RPE was higher (i.e., Post, and Post,). Despite the multiple physical stressors
involved in sailing, Hldoms was preserved during TOR, whereas Hlfatigue increased linearly
throughout the race and was significantly different from BSL at Post;. Nevertheless, it
should be noted that sailors were provided protein supplementation on-board and in-be-
tween legs to optimize muscular recovery (Pasiakos et al., 2014) and to avoid muscle atrophy
linked to the accumulation of high [C] during sailing (Hurdiel et al., 2014). In fact, sailors
had been training regularly 7-months prior to competition which could have generated
morphological adaptations in the muscle fibres necessary to withstand the induced me-
chanical stress without causing structural alterations.

Intensified WL periods have been found to increase [C] (Tierman et al., 2019). This hor-
monal increase has been associated to stress tolerance disturbances and decreases in per-
formance. Studies in other long distance/duration sports have shown that athletes experi-
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enced greater concentration of SC in post competition phases (Branco et al., 2018). In sail-
ing, few studies have considered analysing catabolic hormone alterations despite significant
increases in [C] being observed at sea (Oldenburg & Jensen, 2019). Indeed, sailors in the
current study showed an elevation of SC levels at Post,; (Figure 89) which corresponded to
the s-RPE fluctuations observed during the legs (Table 18). Moreover, HI did not differen-
tiate from BSL at Post; despite its’ correlation to SC (Chida & Steptoc, 2009). This finding
may be due to the crew’s winning performance during the final leg. Indeed, subjective well-
ness seems to be associated with competition outcome (Abbott et al., 2018). Nevertheless,
it was found that SC levels increased significantly after intense bouts of offshore sailing.
This seems to be in line with other studies analysing the effects of prolonged change of
circadian rhythms in confined environments (Depero et al., 2021).

5.4.5 Practical Application

This study has revealed several practical applications that are relevant to human perfor-
mance practitioners and sailors alike. Over an intensified period of offshore sailing compe-
tition, when there is insufficient time to recover between legs, physiological and psycholog-
ical fatigue accumulates. Impaired readiness when sailing may compromise the boat’s per-
formance by reducing physical and cognitive capabilities. As such, cautious WL monitoring
should be implemented by practitioners during a competitive phase to determine a sailor’s
readiness and recovery status. Upper body and lower body muscular capabilities, as well as
SC, were impacted by an offshore sailing competition and markers obtained from CM]J and
HGS appear to be sensitive ways of detecting muscular fatigue. Questionnaires that assess
subjective wellness parameters are useful tools for monitoring fatigue and recovery during
offshore sailing competition. Such questionnaires are non-invasive and non-expensive tools
that can be used frequently to provide useful information on an athlete’s readiness to sail.
This research was conducted over a reduced 3-week competition as an adaptation to the
current covid-19 crisis. Future research, during longer events, is required to conduct corre-
lational analyses aiming to identify relationships between sailing specific external load and
monitoring markers. Larger sample sizes would also allow further exploration of activity
profiles, according to crew position, on-board. In addition, as laboratory measures are ex-
pensive markers, further investigations are needed to examine the relationship between
external WL parameters and subjective markers of recovery found in questionnaires. Fur-
thermore, using micro-captors and video analysis, researchers could observe position spe-
cific activity and determine the physical and physiological demands for each maneuver
and/or sailing situation (Lacome et al., 2014).

5.4.6 Conclusion
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To the best of our knowledge, this is the first longitudinal study to provide information
on the effects of offshore sailing on physiological parameters and fatigue patterns in a pro-
fessional mixed-sex crew sailing team. This investigation confirmed (i) very little effect on
anthropometric parameters (ii) significant decreases in lower- and upper body muscular
abilities, (iii) significant variations of wellness parameters during the different legs and (iv)
increases of SC stress hormone during and after competition. Therefore, the current study
presents the impacts that offshore sailing has on athletes. The results will provide helpful
information for sports scientists, sailing coaches and performance practitioners to appro-
priately manage the training and recovery processes in their quest to optimize human per-
formance.
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6.1 Main findings of the thesis

The general aim of this thesis was to contribute to the development of strength and con-
ditioning practices in offshore sailing literature. This work was divided into three themes -
the main aims and subsequent findings from which are as follows:

» Theme 1. In this first section, we aimed to investigate the differences between successful
and less successful sailors in a renowned competition. To do so, we introduced a sound and
scientifically based testing battery to establish anthropometry and physical profiles of sail-
ors participating in the Sailing Tour de France. Professional sailors volunteered to partici-
pate in two testing sessions (11 tests) prior to the start of the competition. The screening
protocol included various field (Hand grip strength, SJ/CM]J, and Modified Rowing Win-
gate) and laboratory tests (IMTP and VO.max). Furthermore, data were collected from all
the sailboats’ GPS units during the competition. The data analysis allowed us to document
the nature of the race and to establish associations between testing parameters and the final
ranking. This data was also used to observe technical differences between successful and
less successful boats. Specifically, 21 professional sailors were assessed, and 89 legs were
analysed. The findings were able to identify multiple technical and physical variables capa-
ble of discriminating sailors based on performance. Successful sailors were significantly
stronger (p<o.o1 in handgrip, isometric mid-thigh pull, and bench pull performances) than
their less successful counterparts. The bench pull test was strongly correlated to the final
rankings with HGSDom (r=0.54), IMTPW (r=0.41) and BPMPV20 (r=0.61) were significantly
correlated (p<o.01) to rank in NS heats. CR results were correlated to HGSDom (r=0.37;
p<0.05) and BPMPV20 (r=0.74; p<o.01). On a technical overview, (p<o.01) with starting per-
formance (r=0.52), maximal speed (r=0.33) and average speed (r=0.76) were found to be
associated with final rankings. Unfortunately, the low sample size (i.e., 21) accounted for 6
fully crewed boats out of 23. Testing more crew members could have permitted more sig-
nificant correlational analysis in the crew-specific positions.

» Theme 2. Our aim in theme 2 was to focus on WL monitoring during the pre-competi-
tion phase of an offshore competition and to observe associations between objective and
subjective markers of adaptation. To do so, we organised a monitoring protocol to collect
daily, weekly, and monthly data of sailors participating in The Ocean Race. Professional
sailors (n=10) from the same team volunteered to participate in the 6-months longitudinal
study. The monitoring strategy consisted of collecting data daily (WL parameters), weekly
(subjective wellness), and monthly (objective measures of adaptation). Data was collected
through the utilisation of a customised smartphone application. The findings identified (i)
significant differences between baseline levels and periodical evaluations and (ii) significant
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correlations between WL parameters and markers of recovery/adaptation. SC, bench-press
1RM, and the countermovement jump were found to be valid and reliable objective assess-
ments for evaluating progression. The Hooper-Index provided interesting subjective infor-
mation concerning physiological and psychological stress. After analysis of statistical meth-
ods of WL monitoring, ACWR was a good predictor of subjective markers of fatigue,
whereas EWMA predicted muscular preparedness. Furthermore, our results highlight the
complexity of WL monitoring in an offshore sailing environment due to the high variation
of weekly WL originating from sailing training. Unfortunately, the sanitary crisis at the time
(Covid-19) provoked sailing restrictions during the pre-competition period. This would
have allowed us to conduct a more precise dose-response analysis concerning sailing load.

» Theme 3. The objective of theme 3 was to observe the effects of competition on physio-
logical parameters and fatigue patterns. We developed a succinct protocol to evaluate sail-
ors before, during, and after the competition. The subjects were the same studied during
theme 2 (n=10). Sailors were tested the day before the competition and upon arrival in the
different harbours. Body composition, muscular function, subjective wellness, and SC were
assessed. Furthermore, GPS data of the boat’s external load (distance, speed, manoeuvre
count, and course coverage) was collected and analysed to document the nature of the race.
The findings were able to identify that the offshore competition (i) had little effect on body
composition, (ii) significantly decreased lower- and upper-body neuromuscular abilities,
(iii) provoked significant variations of wellness parameters during the three legs, and (iv)
increased catabolic stress hormone during and after the competition. Unfortunately, the
competition restrictions due to Covid-19 shortened the official round the world to a tour of
Europe. Hence, data collection and analysis did not allow us to establish associations be-
tween sailing load and physiological/psychological adaptations. Nevertheless, helpful infor-
mation was made available for performance practitioners in the offshore environment.

6.2 Limitations

Although the results of this thesis provide significant contributions to the literature by
improving the understanding of sailing monitoring processes both practically and statisti-
cally, identifying KPIs, and establishing multivariate relationships, they are not without
their limitations. Individual limitations for each study are provided in Chapter 5. This sec-
tion will focus on the overall limitations of the thesis. One of the key limitations of this
thesis is the difference in the nature of competition between study 1 (Tour de France) and
studies 2 and 3 (The Ocean Race), which increases the difficulty of making inferential state-
ments. Indeed, the sanitary crisis (Covid-19) directly impacted our initial thesis strategy: to
carry out all three themes in the same competition. Nevertheless, we were able to jump
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back onto another professional subject requiring just as much literature as our first project.
A second limitation was the sample size throughout all three protocols. This is a common
problem in professional cohorts (Ruddy et al., 2019). In our first study, we were not able to
observe differences in performance in different crew positions. Carrying out such testing
protocols requires important logistical means. Indeed, organising testing procedures for the
different teams meant that the researcher had to travel with the equipment to different
locations where the teams had their headquarters. Ideally, 23 boats of 3-4 sailors would have
been tested. As one can imagine, testing over 9o sailors prior to competition would require
many researchers and material, which was not feasible during this thesis. Also, it would
have been interesting to observe sailing experience and expertise as training variables that
may be associated with rankings.

Throughout this thesis, attempts have been made to maximise ecological validity by as-
sessing the relationships between measures of sailor monitoring, WL variables, and success.
Study 2 permitted such analysis, whereas difficulties were encountered in study 3. Indeed,
it would have been interesting to observe the physiological and psychological adaptations
during a longer competition period. Unfortunately, the duration of the race was limited to
3 legs which increased the difficulty of making sustainable inferential statements. Also, data
collected and analysed in studies 2 and 3 were collected from the same team, with each
study examining data from one full season. Therefore, raw data and subsequent results of
analyses may reflect the demographics, physical characteristics, performance of sailors, and
periodisation strategy employed by the skipper and human performance practitioners dur-
ing these stages. Nevertheless, future researchers should collaborate with other sailing
teams participating in the same competition to combine datasets with the goal of better
bridging the gap between sailing performance and physical/physiological characteristics.

6.3 The researcher-practitioner

One of the key benefits of this thesis is the fully applied nature due to the role held by
the author. Indeed, such a role permits great ecological validity to be conducted. Jones et
al. (2019) stressed that the role of a researcher is to bridge the gap between laboratory-based
studies (pure scientific validity) and field-based studies (pure ecological validity). The skill-
set required is quite similar, but the methods by which they are applied are different. In-
deed, researchers aim to identify the most scientifically accurate way of conducting a study,
whereas practitioners apply all elements of their critical thinking to find the best way of
conducting the study in the given field. A common misleading perception is that practi-
tioners work solely on the evidence available. However, the researcher/practitioner here
attempts to bridge the gap by providing scientific validity and field-based practicability.
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Certain methods in this thesis highlight this balancing act. For instance, short subjective
wellness questionnaires, such as the RPE and the Hooper Index were used, contrarily to
longer tests, such as the REST QA and POMS. Moreover, spending 60 min per day filling in
forms is not viable in such an environment. Hence, the questionnaires were more practical
because of their short duration. Unfortunately, the scientific use of these questionnaires is
yet to be fully validated. It is therefore the role of the researcher to evaluate whether they
have any scientific validity and if they are applicable to practice.

6.4 Research perspectives

Many takeaway points have been observed during our research, and although many as-
pects of our approach worked well, the creation of future research perspectives can provide
valuable information. Albeit the limitations, this thesis yielded important insights and
openings for future research considerations. Interesting findings have been observed in
testing protocols during the statistical analyses. For instance, HGS, BP, and IMTP have been
able to discriminate between successful and less successful sailors. Future research should
focus on identifying the demands of the different sailing classes and competitions. Further-
more, studies analysing the dose-response relationship between sailing load and muscular
response would greatly improve current knowledge of WL monitoring. To the best of our
knowledge, this is the first time an attempt to monitor WL in an offshore sailing environ-
ment has been observed. We collected the data via subjective AU of sRPE. This method may
need to be validated in sports characterised by prolonged activity. In addition, future re-
search should scrutinise the relationship between different internal and external markers
to provide a valid and reliable tool for WL analysis. Moreover, with the advances in tech-
nology, the use of micro-captors combined with video analysis may provide interesting in-
formation concerning athletes’ internal and external load during different phases of sailing.
This type of research would give important information concerning sailing-specific activity,
work-to-rest ratios, and crew position-specific work patterns and highlight the physical de-
mands of specific manoeuvres. Furthermore, qualitative insights concerning onboard per-
formance may provide important tools for qualifying successful manoeuvres from less suc-
cessful ones.

Studies 2 and 3 suffered from political restrictions. It is hoped that more data will be
made available soon by increasing the number of legs and time spent at sea. Indeed, a great
need exist to establish valid and reliable associations between competition load, recovery,
and preparedness. Our observations highlight important impacts on physiological and psy-
chological markers. Hence, with a better understanding of the cause-to-effect paradigm,
human performance practitioners will be able to provide sound training regimens to pre-
pare their sailors better. Body composition and EI have received significant interest in the
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literature. For example, we observed very little anthropometric variation during competi-
tion and supposed that the EI was responsible for this maintenance. Comparative studies
between different EI and macronutrient distribution in multiple crews would greatly de-
velop the understanding of homeostasis maintenance during high levels of stress by includ-
ing appropriate nutrition strategies.

The challenges of conducting methodological designs in a difficult performance setting
have greatly impacted the research interest in offshore sailing. Indeed, research has mainly
focused on observing the effects of competition on body composition, energy turnover, and
sleep management difficulties. To the best of our knowledge, we have provided a first step
for WL monitoring in offshore sailing, and we hope future research will build on this field
of study.

6.5 Practical application

Identifying the demands of a sport and establishing a valid and reliable monitoring pro-
tocol/testing battery is a complex and arduous task. Hence, it is important to synthesise our
results to share practical applications with human performance practitioners confronted
with such demands in the sailing environment.

Hence, the parameters that seem to stand out from our research are:

» HGS seems to be a common dominator of sailing performance. Understanding the
anatomy and principles of forearm training may provide important information
when designing strength and conditioning programmes.

» Stronger sailors are more successful than their “weaker” counterparts. Developing
high fitness levels may help sailors optimise their vessel’s speed and performance at
the start. Furthermore, movement efficiency may promote cognitive performance,
which limits physical exhaustion.

» Wide panels of objective and subjective markers are necessary for optimising the
monitoring process. Furthermore, it is crucial that the skipper and strength and con-
ditioning coach regularly exchange training modifications. Indeed, on-land training
should be adapted and modified according to weather conditions and the skipper’s
strategy. Moreover, the performance practitioner should provide the skipper with
insightful information concerning overtraining and injury potential if WL analysis
detects any upcoming risks.

» Establishing appropriate energy intake may limit the adverse effects of offshore sail-
ing on body composition, muscle function, and cognitive performance. Hence, real-
ising extensive assessments to determine individual needs are necessary to promote
performance onboard.
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» Monitoring fatigue in multi-leg competition is crucial to implementing optimal re-
covery strategies in-between legs. Objective and subjective measures may provide
important information concerning the athlete’s preparedness.

6.6 Conclusion

This thesis provides valuable information for future sailing performance research, de-
spite the complications encountered during the sanitary crisis (Covid-19). We have pro-
vided data concerning the nature of two renowned sailing competitions, presented valid
and reliable monitoring tools, given insights for strength and conditioning considerations,
as well as other human performance fields, and promoted the field of strength and condi-
tioning in sailing by establishing associations of physical capacities with performance. All
of which are extensively rationalised and discussed.

Our studies also highlight the complexity of WL monitoring in offshore sailing and open
the need for future research in this ever-evolving sport. Due to the long duration, the novel
data concerning extreme sports puts forward the need to develop tools that are specific to
extensive exercise. We also promote the necessity for regular monitoring within a multifac-
torial context. However, caution is warranted when applying our considerations to other
sailing classes and/or competitions. Therefore, our proposed means of monitoring must be
tested in other fields of sailing to build on the current findings and considerations to de-
velop knowledge and interest in sailing performance.
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ABSTRACT ARTICLE HISTORY

Thiis study aimed to determine the key performance indicators of inshaore sailing during the sailing Tour Accepted 12 Novemnber 2020
de France. Technical and physical parameters were investigated to determine the disciminating factors KEYWORDS

between successful and less successful international level sailors. Measurements from 21 sailors (mean = salling: Tour d France; Elte
5D0; age = 73.81 = 4.18 years) were conducted prior to the sailing Tour de France. Global Positioning Athletas; inshare salling
Systemn data of all participating teams {n = 23) was analysed. Sailors were divided into two groups (ie.

successful and less successful) according to qualifying performance percentage. The differences betwaen

successful and less successful sailors were explored by means of independent t-tests. Results indicate that

successful boats displayed higher maximal speed, higher average speed and more efficient starting

performance per race than less successful boats. Successful sailors have stronger handgrip strength,

higher isometric maximal voluntary force relative to bodyweight (isometric mid-thigh pull) and more

powerful submaximal pulling (bench pull} actions than their less successful counterparts. The results of

this study suggest that multiple sailing, physical and physiclogical variables are related to sailing

performance in inshore sailing. Therefore, we emphasize the importance of integrating specific testing

protocols to evaluate the performamnce potential of inshore sailors participating im the sailing Tour de

France.

Introduction is unigue in that the format changes annually according to host
cities participating to the edition. The influence of geographical
location has a significant impact on uncentrollable parameters
such as weather and sea conditions. Second, the ever-evolving
development of technology and hydrodynamic research leads
to constant changes of the official TDF vessel. This ultimately
influences the conditions specific to the race. Nevertheless,
despite the singular nature of the TOF, it would be interesting
to collect data relative to sailing events (ie. race task analysis)
and qualities required (i.e. key performance indicators) in order
to better prepare athletes for this sport competition.

Sport performance requires the optimal exploitation of the
sailors; helmsman, trimmer and bowman (Figure 1). During the 00 o potential, but little is known about the contribution of
TOF, the boat competes in different stages; the “nautical sta-  Jifforent factors fie. physiclogical, psychalagical, technical and

This study focuses on inshore sailing performance in multibull-
crewed vessels. The sailing tour de France (TDF) is one of
Europe’s major annual inshore sailing event. For ower
40 years, this competition has allowed some of the waorld's
best sailors to compete along the French coastline. Today, the
competition sees teams engage in regattas aboard the Diam24
Ome Design (D24) trimaran.

The D24 vessel is 7.5 m long, 5.62 m wide, has a mast height
of 11.5 m, a total sail area of 70 m2 and is primarily made of
composite material. It is manoeuvred by three highly skilled

dium” (M5; n = 10) and "coastal raid” [CR; n = &) events. An NS is
a short but intense stage that consists of qualification heats
(26 per NS day). Teams race to tally points in the aim to qualify
for the daily final {Figure 7). The boats are sailed in a fleat-race
format (ie. two groups of 11-12 teams) around a 1-3 lap
{according to committee) beam reach, downwind and upwind
course of 2672.9 + 6103 m. The best four teams of each fleet
are selected to advance to the daily final. A CR is an event that
tests the sailor's ability to race on larger and longer courses
(59100 + 19400 m) upon the coastline.

Although the TDF has established its’ importance in the
sailing environment, performance studies are still scarce in
sports [iterature. This is partly due to two distinguishing exter-
nal parameters that make such analysis unsteady. First, the TDF

tactical/strategic) in zailing perfformance. To date, it was mainly
reported that sailing is a sport for which bic-informational and
strategic qualities are fundamental (Aradjo et al, 2015).
Although the anthropometric, physical and physiclogical char-
acteristics are essential to performance in most sports, their
influence on sailing perfformance still remains to be analysed,
Establishing normative data, by engaging in profiling
approaches, would be a valuable mean to understanding the
needs for optimizing sport-specific performance. Such data
would be promaoting a better understanding for identifying
talent [Roczniok et al., 201 3), determining an athletes strengths
and weaknesses (Duthie, 2006), guiding tactical choices
(Fernandez-Fernandez et al, 2009 and elzborating sport-
specific strength and conditioning programmes. Therefore,

COMNTACT Klllan Fhillppe @ hmhlllppeepgmulmm@ubum:{mwmnt Balance, Performance and Health, University of Pau and Pays de FAdour, 11 rue

Marane Saulnler, Quartler Bastillac, 65000 TARBES, France
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Side view

Figure 1. Side and top view of 3 DIAM24 One Design multiull. The figure shows the position and roles of the 3 athletes on-board. In winds over 10 knots all three

sallors are hiking on the same hull
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Figure 2. A typical Tour de France nautical stadium course. (1) Represents the dowrwind portion and (2) the upwind portion. (I)And(l)czn be sallad up to three times

according to race commitee. Teams must go through the gates and can chose to round either mark (3). (4} Represants the final straight before gybing

finish line.

the purpose of this study was to: (1) document the nature and
technical key performance indicators of the TDF; (2) provide
insights into the anthropometric, physical and physiological
characteristics of elite inshore sailors. We hypothesized that

towards the

sailing performance factors (e.g. distance covered at different
sailing speeds) and anthropophysiological characteristics
would be identified and contribute to racing success and
ranking.



Materials and methods
Subjects

Professicnal male internaticnal inshore sailors (M = 21; mean +
50; age = 23.81 £ 4.18 years; height = 179.32 £ 730 cm; body
mass = 74.78 + 6.56 kg) were assessed in the final preparation
phase leading up to the 2019 TDF. Subjects were informed of
the testing procedures, potential risks and the purpose of their
participation. All subjects had already competed in interna-
tional competitions. Their collective experience included 59
TOF campaigns. At the time of testing, the subjects had com-
pleted 6 months of sailing training and had been actively
participating in strength and conditioning programs for at
least 3 years. Mone of the participants reported injuries or
diseases that would impair their physical peformance. The
study protocol was approved by the ethics committee of
Rennes University, Written informed consent was obtained
from all participants before the start of the study. In this
study, criteria used to gualify an athlete’s performance was
based on the team’s final anking. An athlete was categorized
as "successful” [SA, n = 10} if he crewed a successful boat (5B).
Less successful athletes (L5A, n = 11) crewed a less successful
boat (LSE).

Procedures

Subjects were signed up for two testing sessions: a) anthropo-
metry and b) physical and physiclogical. Both a) and b) testing
sessions were completed on the same day. Subjects were
instructed to rest adequately 72 hours before testing and to
maintain normal eating and drinking habits during this period.
The first session consisted of anthropometric measurements,
These measurements took place in the morning upon waking
up. Athletes were asked to refrain from eating 2 howrs prior to
testing and to avoid caffeine consumption 12 hours before,
The second session was directed towards evaluating the phy-
sical and physiological components. The testing took place
2-hours post breakfast. The subjects were asked to not change
their nutritional habits during this meal Before all testing,
a standardized warm-up was completed induding jogging,
dynamic movements, and stretches. Each physical and physio-
logical quality measured was fully explained and demonstrated
before testing.

Regatta analysis

The 42™ sailing Tour de France took place in July 2019 and was
held in 7 French coastal cities. This edition was disputed
between 23 international teams over 17 days (10 NS and &
CR) interspersed by two days of recovery. This resulted in 99
races (84 qualifying heats, 10 finals and 5 CR)L Points were
attributed daily according to results (ie: 1* receives 50 points,
7™ receives 49 ... last receives 28) and were accumulated
throughout the competition. The final ranking established the
winner of the TDF.

Race data - including sailing distance (m), average speed (m.
571}, maximal speed (m.s-"), course coverage (%) (i.e. distance
sailed/course distance), start performance (rank and time gap
at the first mark) and manoauvres (tack and gybe; count) - were
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collected during all 84 qualifying heats and 5CR. GPS units
(Mylaps® X5 Global Positioning System; 3-channel GPS receiver;
location  measurement  accuracy 25 m;  dimensions
109 % 59 x 22 mm; weight 95 g; temperature range — 20 -
+557°C) were placed on all of the 23 boats. A boat was categor-
ized as "successful” (S8, n = 7) if it qualified for more than half of
the daily finals. Less successful boats (L3B, n = 16) gualified for
half or less of the daily finals.

Anthropometric, physical and physiological assessment

Session 1: anthropometric measurement

Anthropometric characteristics were measured in the following
order: weight, height, sitting height, wingspan, skinfolds and
body girths. A weighing scale (Seca®, Hamburg, Germany) and
a stadiometer (Seca®, Barcelona, Spain) were used to measure
weight and height, respectively. Measurements for height
(standing and sitting) and weight were made with an accuracy
of 0.5 cm and 0.1 kg, respectively. Wingspan was measured to
the nearest 0.1 cm, from one middle fingertip to the other using
a measuring tape [Seca®, Barcelona, Spain). Three skinfolds
were taken on the right side of each participant (pectoral,
abdominal and thigh) according to recommendations by
Jackson and Pollock (Jackson & Pollock, 1978). The skinfolds
were measured with a Harpenden skinfold calliper
[Harpenden®, Burgess Hill, UK) with 10-gmm—2 of constant
pressure. Body density was assessed (Jackson & Pollock, 1978)
while body fat was calculated using Brozek's equation (Brozek
et al, 1963). A measuring tape (Seca®, Barcelona, Spain) was
used to measure the girth of relaxed arms, thighs and calves on
left and right sides following measuring recommendations of
the international society for the advancement of kinanthropo-
mtry [ISAK; Marfell-Jones et al, 20046).

Session 2: physical testing
Physical and physiclogical characteristics were measured in
randomized order.

Handgrip strength. Maximal isometric hand-grip strength
[HGS) was assessed with a Jamar® handgrip dynamometer
[Sammons Preston Corp,, Bolingbrook, 1L, USA). The test posi-
tions were standardized (Svantesson et al, 2009). Three trials
were performed on each hand. The first three trials started with
the right hand. Subjects were instructed to squeeze the device
as hard as possible for 3 s. The time between each trial was 15
s and 3 min of rest was allowed when changing hands. The
maximal measure of the three trials was retained in kilograms
(¥g). Sum [HGS.,m) of both hands and dominant hand (HG5 g
measures were assessed and incduded in the results.

Vertical jumps. Lower body power was tested on the squat
jump (5J) and countermowement jump (CMJ)  using
a chronojump contact mat  (Chronojump-Boscosystem™,
Software, Spain). Each subject had three attempts per jump
with 1 min of rest between trials. Subjects started with 5) and,
after a 3 min passive recovery, were assessed on CML
Instructions for the jumps were explained and controlled with
a goniometer for the 5J. Subjects were instructed to descand to
20" knee flexion. Once position was reached, a countdown of
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"3, , 1, jump” was indicated orally. A validated and reliable
smartphone application (Balsalobre-Fernandez et al, 2015) was
used for lateral video analysis. This allowed to track lateral
kinematics and thus awoid collecting results that involved
a countermovement action. Both the 5) and CMJ were done
with subjects placing hands on their hips as to awoid arm
movement. For the CMJ, athletes were instructed to perform
a rapid eccentric phase, immediately followed by a rapid con-
centric phase with the intention to jump as high as pessible.
Height and peak power of the best 5J (SJy and SJge) and CMJ
{CMUy; and CMUgg) performances were reported for analysis.

Isometric mid-thigh pull. Testing for isometric mid-thigh pull
{IMTF} was conducted on a customized pulling rack apparatus
specifically developed for data collection. IMTFP was performed
using two portable force platforms sampling at 1000 Hz
(Pasco™, Rosedale, USA) and previously validated (Peterson
Silveira et al, 2017). The force plates were connected to
a portable laptop running the Capstone Software Programme
(Pasco™, Rosedale, USA)L Knes angle was measured with
a goniometer, to ensure a range of 125-140° (Haff et al,
2015). The bar height was adjusted to meet the testing criteria
and to accommodate to the athlete’s size. Once the test had
been thoroughly described and testing parameters were set,
a specific warm-up was conducted. Athletes were provided
with two warm-up pulls, 1 at 50% and 1 at 75% of perceived
maximum effart, separated by 1 min of rest. Once body posi-
tion was stabilized (verified by observation and live force mea-
sures), the subject was given a countdown of 73, 2, 1, pull”
Minimal pre-tension was allowed to ensure that there was no
slack in the subject’s body before inftiation of the pull. Athletes
performed three maximal IMTP with the instruction to pull the
bar with maximal effort as quickly as paossible and push the feet
down into the force platform. The time between each trial was
1 min. Each maximal isometric trial was pedformed for 5 = The
best trial was used for data collection and was analysed rela-
tively to the athlete’s body weight (IMTP).

Foree-velocity pulling profile. Force-velocity curve testing on
the bench-pull (BF) was conducted on an elevated bench-pull
device placed above a guided squat rack (Smith machine). The
Smith machine (Technogym®, Cesena, Italy) allowed for vertical
displacement through guided reds. A Chronojump linear posi-
tion transducer (Chroncjump™, Barcelona, Spain)} was placed
below the bar and automatically calculated the kinematic para-
meters of every repetition. Subjects were instructed to pull the
bar with maximum effort until the barbell hit the bench 8 cm
below the subject’s chest. The barbell was then lowered and
a brief pause of 1 5 was cbserved to avoid the rebound effect or
any stretch-shortening cycle interference. The protocol fol-
lowed Sanchez-Medina’s instructions (Sanchez-Medina et al,
2014). Initial load started at 20 kg and increased by increments
of 10 kg until mean propulsive velocity (BFwey) was lower than
0.7 m.s"". Three attempts were executed for light (< 50% 1RM),
2 for medium {50-80% 1RM) and only 1 for the heaviest (>80%
1RM] loads. Inter-set rest intervals were 3 min for the light and
medium loads and 5 min for the heaviest loads. The fastest bar
spead for each load was recorded. The maximum load that
could be lifted once was considered the athlete's 1RM (BPqru).

BPFyey was calculated for the loads that were completed by all
subjects (BPypyzn, BPupyan, BPupvag and BPypysgl.

Anaerobic capacity. Anaerobic capacity was tested using
a modified rowing Wingate test (MRWT) on a rowing ergometer
Concept II-D [Concept 2 INC™, Vermont, USA). The flywheel was
set at 130 drag factor. Subjects were allowed 3 min of warm-up
at a rate of perceived exertion of 5 ocut of 10. Athletes then
completed the 30 s all-out test. Exercise performance was
expressed as mean power output (MPO) in watts (W) and was
calculated automatically by Concept II-D. The procedure has
been described previously (Riechman et al, 2002).

Maximal oxygen uptake. Maximal oxygen uptake (VOama)
was assessed through a step incremental test (MOUrzs) on an
electromagnetically braked cycle ergometer (Kettler® Ense-
Parsit, Germany). Vi0zmay, expressed as mlmin~" kg™, measures
were collected through the use of a portable self-contained
metabolic cart CardioCoach (Korr Medical Technologies®, Salt
Lake City, UT) and previously validated (Dieli-Conwright et al,
2009). Subjects were given time to adjust seat and bar height
before starting the test. MOUzs started at 20 W and increased
by 25 W.min™" until voluntary exhaustion (Amann et al,, 2004),
A cadence of 20-100 RPM was standardized throughout the
test. During the MOU;: the following variables were constantly
registered: heart rate (HR), minute ventilation (Ve and oxygen
uptake (WO, Prior to each test, the gas analyser was calibrated
according to the manufacturers specifications. VOmmax was
determined when physical signs suggestive of exhaustion
were apparent and at least one of the following two criteria
were met; (1) HRpg, was no less than 15 beats below the
predicted maximum (220 - (055 x age); Spiro (1977)) and (2)
a steady state of W0, despite an increase in workload (Vehrs
et al, 2007).

Statistics

Diata wera calculated through standard statistical methods and
are presented as mean + standard deviation. All variables wers
considered normally distibuted through analysis with the
Shapirc-Wilk test, histograms and skewness values prior to
analysis. One-way analysis of variance (ANOWA) was used to
compare anthropometric, physiclogical and physical measures
for the different crew positions. Independent t-tests wera per-
formed to determine if significant differences existed between
physical profiles (SA vs. LSA) and technical parameters (3B vs.
LSE). When results were significantly different, an effect size (ES)
calculation was used. ES was evaluated using Cohen's d along
with 95% confidence intervals. ES of 20,2, 0.21-0.60, 061-1.20,
1.21-2.0, 2.0 were considered as trivial, small, moderate, large
and wery large, respectively (Batterham & Hopkins, 2008).
Finally, Spearman’s Rank Order Correlation (r) was used to
identify the relationship between outcome (race and owerall
standings) and the key peformance indicators identified as
significant in the independent t-tests. Statistical analyses were
performed using the SPSS package (15.0 wersion; SPSS, Inc,
Chicago, IL, USA). The level of significance was set at p < 0.05.
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Regatta analysis

Mean race duration was 17 + 2 min for NS and 244 + 35 min for
CR. Course distance was 26729 + 6103 m for N5 and
59000 £ 17500 m for CR. Teams participated between 47 and
57 races and accumulated 4743 + 383 manoeuvres (NS
355.1 £ 37.8; CR: 119.1 + 6.6). Gybes (downwind manoeuvre;
lasted ~12 s) were more recurrent than tacks [upwind man-
oeuvre; lasted ~8 s), respectively, 259.3 + 26,8 vs. 214.9 % 26.1.
Manoeuvre count per NS heat was 8.7 £ 0.9 and 23.8 + 1.3 for
(R. Sailing distance for NS heats was 4161.8 + 80.1 m and
7BSO0 + 34900 m for CR. Course cowerage for NS was
158.5 + 3.0% and 133.8 + 4.9% for CR.

Technical key performance Indicators

Sailing parameters collected during the TDF are analysed in
Table 1 for 58, LSB and all boats. Race ocutcome for NS was
significantly correlated (p < 0.01) with starting performance
ir =.52), maximal speed (r = .33} and average speed (r = .78).
Coastal raid ranking was correlated (p < 0.01}) with starting
performance (r = .58), maximal speed (r = 43) and average
spead (r = 0LB1). All three of the highlighted performance
parameters were also significantly correlated to final rankings
af the TOF.

Profiling and physical key performance indicators

Table 2 shows mean (+ 50 for the age and anthropometric
characteristics of professional male TDF sailors. Mo significant
differences were observed in anthropometric parameters
between crew positions (Table 2) and success attribute. The
physical and physiological profiles of sailors are reported in
Table 3. Successful sailors had stronger HGSpom (ES = 0.82) and
IMTPy relatively to body weight (ES = 0.93) and exerted faster
BPpapvzo (ES = 1.18) than their less successful counterparts. The
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differences between SA and LSA were significant (p = 0.001)
HGSpom (F = 0.54), IMTPy ir = 0.41) and BPypyzg (F = 0.61) were
significantly correlated (p < 0.07) to rank in N5 heats. CR results
were correlated to HGSpem (r = 0.37; p < 0.05) and BPppyzn
{r= 074 p < 0.01). BPyypyzp showed strong correlation with final
TOF rankings {r = 0.8; p < 0.05).

Discussion

The aim of this present study was threefold. First, our objective
was to analyse and report the nature of sailing during the TOF.
Second, we attempted to identify the key perfformance indica-
tors associated with racing ocutcome. Third, we directed
a descriptive analysis of anthropometric, physical and physio-
logical profiles of elite-level sailors participating in the TDF.
Most prominently, the analysis has indicated the capacity to
discriminate between SB/L5E and SA/LSA by considering tech-
nical and physical parameters.

Regatta analysis

This is the first report on the nature of sailing during the TOF.
Owerall, sailors  travelled 541300 = &4900 m  in
1792.3 + 409.3 min during the 15 days of competition. Mean
race duration (SM: 17 min; CR: 244 min) and the number of
mangoeuvres were highly variable due to external parameters
{e.g. race course and tactics, environmental condition). Insights
on the nature of energetic demands and work to rest ratic can
nevertheless be estimated. In sailing, particularly where sailors
must hike, work to rest ratio should be re-evaluated as
a dynamic to static effort ratio. Tacking manoeuvres lasted
arpund & s while a gybe lasted around 12 s High intensity
efforts, linked to the demands of manoeuvring (Meville et al,
2009), occurred on a 1214 ratio in N5 and 1:50 in CR. Dynamic to
static ratio reached as high 1:10 when boats chose to sail
a course close to shoreline (CR). Hence, it can be assumed
that the anaerobic energy system is significantly stressed

Table 1. Differences In salling parameters between successful boats and less successful boats.

All boats [n = 23) successful Boats in= 7) Less sucressful boats (n = 16)
Mean (500 [Range] Mean (504 [Rainge] Mezn (500 [Range]
Hautical Stadium
Zalling distance {m) 41685 (T6.2) [4#014.B-43187 4131.9 (653 4048 5-4335 5] 4175.8 {8271 [4014.8—4318.71
Average spesd {ms- 103 [3.E-44] 432 0.7} [#.1-44] 4.0 @™ [3.B-43]
Maximal speed (ms-") 73[0n [F.0-7 6] 75 0.1} [F3-761 T3 [FO-75]
Course coverage {3) 1585 (3.0 [152.74-164.6] 1574 (20 [155.0-1805] 1580 (33) [152.4-164.6]
Tatal Manoeuves 86 [08) I6.8-103] 8.9 {0.8) [F.8-103] 8.5 {0.9) I6.7-10.0]
Tacks 38 (06 275101 4.1 {04 [F&-45] 37400 [3.7-50
Gyhes 4.8 [05) B.7-610] 49405 H2-571 4.840.7) 3.7-60
Start [rank) 59015 [3.5-93] 4.8 {05 [F5-59] 66 [13)™ [4.8-93]
Start {s) 154 (837 Nn2.3-44.9 188 {4.0) [122-12E] \5 (7 NE2-443]
Coastal Raid
sailing distance {m) TS0 (3500) [69600-82500] T8500 (3200) [71200-E1700] 78500 (3600 [E9600-82500]
Average spesd {ms- 54003) M.7-57] 55103 #9-571 53 02y [4.7-55]
Mawximal speed ims-") ERRIE] [B.1-103] 93 {04 [AE-103] o0 D3 [B.1-93]
COurse coverage (%) 1340 (28 [MED-1395] 134.4 (24) [1300-1383] 1336 (5.0 [118.0-138.5]
Tatal Manoeuwes 39013 [20.4-25.8) 20{1.8 [20.4-25E] 238 {1.0 [223-25 5]
Tacks &z 19.4-138] 121101 [102-13.8] 151131 [8.4-134]
%hﬁ 122 (1M [10.2-13.6) 12011 [102-13.6] 124 {1.04 [M0.E-13.6]
rt (rank) 1.7 (43) I5.0-200] 9.1 {23) [E.0-12.00 120 44" [7.0-200]
Start (s) 9.7 (1037} [71.6-4T59.8] 1622 {65.00 [F1.6-2363] 2956 (1070 [108.0—+79.8]

= significant difference with valwes of successful bosts; P < 005
= sigrificant difference with values of successful boats; P = 0.01.
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during TDF racing. However, the TDF competition also requires
a good aerchic level to endure the 15 days of sailing and to
optimize recovery when racing (M5 77 + 14 min.smge"; CR:
244 + 35 min.stage™ ).

Technical key performance Indicators

GP3 technology permits peformance analysts to monitor exter-
nal training load (Cummins et al, 2013) and collect data to
identify technical and tactical performance indicators in ssiling
activities (Pérez-Turpin et al, 2009). Research has identified the
key technical perfformance indicators in windsurfing (Anastasiou
et al,, 2019), match racing (Meville et al, 2009) and kiteboarding
{Caimmi & Semprini, 2017). To the best of our knowledge, this is
the first study to analyse such parameters in fleet racing.

With regards to our results, we chserved variability in the
distance coverad and time to finish a heat. Wind direction and
wind speed influences the organisation committes in course
settings (Pérez-Turpin et al,, 2009). Mevertheless, it should be
noted that sailing also relies on cognitive skills (Aradgjo et al,
2015} and that different racing strategies exist. Teams must
regularly analyse weather and oceanographic reports to deter-
mine the most appropriate course (Thill, 19832). Other external
parameters (e.g. position in the fleet, changes of racing condi-
tions, placement of opponents on course) can provoke varia-
tions and modifications in initial strategy (Aradjo & Sepra, 1997,
Manzanares Serrano et al, 2012; Ward et al,, 2002).

Speed parameters have previously discriminated between
successful and less successful athletes in other sailing competi-
tions [Anastasiou et al, 2019; Caimmi & Semprini, 2017). This
comforts our findings in that both average speed and maximal
speed were significantly comelated to both race and TOF overall
outcome. On the basis of bio-informational data, one can
assume that SB were more efficient in determining the most
favourable course to take in order to optimize boat speed.
Pluijms et al. (2015) have investigated the difference in visual
fxation behaviour between top and bottom-ranked sailors. On
the one hand, bottom ranked sailors focus their centre of
attention on the boat and thus might discard important enwvir-
onmental information. On the other hand, top ranked sailors,
were capable of *feeling” the changes in boat speed and direc-
tion through mechanical and proprioceptive feedback. SB also
displayed better starting performance {rank and time gap at
first mark) than L5B. Starting performance was significantly
cormelated with race outcome and overall TDF ranking. This
could be due to sailors changing their gaze to look for relevant
environmental information that might enhance the boat's per-
formance (Fluijms et al, 2015). Indeed, if boats amived first at
the first mark they would not have to account for other infor-
miaticn concerning opposing team position.

Profiling and physical key performance Iindicators

Althowgh sailing has acquired research interest through impor-
tant international events (ie. Americas Cup and Olympic
Games), none has analysed the anthropometric, physical and
physiological demands for multihull fleet racing. Hence, we can
only compare our data to those of similar sailing events. The
mean data for height and weight of the 21 subjects

(1793 £ 73 om and 74.8 + 6.6 kg) are different to those
found in other studies. Indeed, offshore sailors tended to be
smialler and heavier (177 £ 7 cm and 78 £ 10 kg; Hurdiel et al,,
2014) whilst measures reported on the 2002 TDF ocutlined the
smaller and lighter profiles of sailors at the time (173 £ 6 cm
and 62.6 + 9.3 kg; Léger et al,, 2008). The body fat of athletes in
the study hersby (1291 + 4%) was similar to previously
reported data of America's Cup sailors (13 + 4%; Neville et al,
2009), and seems within the range (10-15%) of internaticnal
and Olympic dinghy sailors [Bojsen-Maller et al, 2007;
Vangelakoudi et al., 2007). Anthropometric characteristics vary
according to competitive status, crew position, publishing date
and sailing classification (Larsson et al, 1996). Surprisingly,
there was no significant difference in anthropometric data in
regards to crew position (Table 2). This could be the result of
the race organization’s choice to set the minimal total crew
weight to 210 kg and supports findings by Meville et al. (2009)
that highlights the modern sailors” strategy to reduce body fat
aof the whole crew as to maximize lean muscle mass for roles
demanding higher physical output. This outlines the complex-
ity when establishing normative data for sailing in general.

The physical and physiclogical characteristics reported in
the present study also varied when compared to other sailing
studies. VO, of our present study (53.4 + 8.5 mlmn~".kg™"),
seems to be (i) lower than in elite laser sailors (58.2 + 4.7 ml.
mn~" kg~'; Castagna & Brisswalter, 2007), (i) higher than finn
sailors (47,6 £ 3.5 mlmn~ " kg™"; Bojsen-Maller et al, 2007) and
{iii) similar to America’s Cup grinders (52.2 + 46 mlmn~" kg ™";
Bernardi et al., 2007). The differences outlined in these studies
could be related to the effect induced by the various peculiar
onboard activity and/or the use of various testing methodolo-
gies. Mevertheless, research has outlined the low aerobic
demands during a dinghy regatta (Portier & Guezennec,
2003). Indeed, sailors participating on TDF engage in high
intensity hoisting and trimming actions when manoeuvring.
Between the different manoewvres, the sailors are involved in
quasi-isometric hiking. Previous studies showed a significantly
decreased owygenation pattern in the m. Vastus Lateralis dur-
ing hiking {inherent to isometric contractions »30% maximal
voluntary contraction), indicating an imbalance between ony-
gen supply and demand, and probably due to restricted muscle
blood flow (Bourgois et al, 2016). The sailors undertaking the
MRWT-MPO test in this sl'ud:,l (5659 + 979 W) held similar
anaerchic capacity than highly trained college-level rowers
(54897 + 95.57 W, Shaharudin et al., 2014). This comfaorts our
understanding that TDF sailors rely significantly on anaerobic
energy delivery during racing.

Lower body power was assessed using 5J and CMJ proto-
cols. Few other studies have analysed such parameters on
sailors. Indeed, only one has assessed national level sailors for
lower body power (Tan et al, 2006} and found similar results to
the present study (36.0 £ 62 vs 340 £ 40 cm) on the 5L
Mevertheless, it seems that no comelation between jumping
performance and hiking potential exists (Tan et al, 2006).
Hiking is characterized by strong isometric contractions and
coactivation of the muscles involved: quadriceps, hamstrings,
abdominal and paravertebral muscles (Larsson et al, 1995; Tan
et al,, 2006). Numergus studies have analysed isokinetic muscle
strength of knee, hip and trunk flexors and extensors of elite-
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level sailors  (Aagaard et al, 1998, Chicoy &
Encarnacion-Martinez, 2015). These studies hawve highlighted
the high demands of these specific strengths on hiking perfor-
mance. In the present study, to assess maximal isometric
strength of the lower body, an IMTP test was performed. To
date, this is the first study to use such a protecal in an elite
sailing environment. Relative strength should be considered
when assessing sailors, or other sports, where body weight is
regulated by competition rules. Isometric maximal voluntary
force, using the IMTP test, has been linked to functional perfor-
mance in sport (Ran-Wang et al,, 2016). We aimed at analysing
isometric strength at hip/knee angles like those of other sailing
studies (Chicoy & Encarnacidn-Martinez, 2015) by using the
IMTF. Interestingly, maximal IMTP discriminated between SA
and L5A when the results were compared relatively to body-
weight [IMTPyl. IMTPy performance was significantly come-
lated [r = 041; p < 0.01) with rank on N5 courses. These
results suggest that a high level of relative strength is necessary
in TDF sailors, and supports the findings in other studies ana-
lysing the relationship between lower body strength and sail-
ing performance (Blackburn & Hubinger, 1995).

Trimming and hoisting actions require powerful and ener-
getic movements on the sheets (Bay & Larsson, 2013). By doing
so, sailors increase the amount of apparent wind that covers
the sail and, thus, increase boat speed. Indeed, it was thought
that sailors participating in the TOF would have high amounts
of maximal strength due to the predominance of pulling
actions necessary when manoeuvring the boat. Differences
can be outlined for the one repetition maximum between
Americas Cup sailors [99.41 + 5.4 kg; Pearson et al, 2009) and
TOF sailors of this present study (77.5 £ 13.0 kg). Mevertheless, it
should be noted that the America’s cup sailors were heavier
(97.8 £ 12.5 vz 74.8 £ 6.6 kg). Bar velocity at fied loads was also
evalusted and turned out to be significantly different betweean
SA and LSA at 20 kg loads. Neville et al. (2009) reported that
successful boats manoeuvred faster than less successful boats.
Faster bar velocity at submaximal loads could be directly cor-
related to hoisting/timming efficiency and, thus, sailing per-
formance through faster manoeuvres. BPpggg was in fact
significantly comelated to racing outcome (M5 and CR) and
TDF final ranking {r = B0; p < 005). Future research should
therefore aim at establishing associations between bar veloci-
ties at fined loads with hoisting actions.

Handgrip strength has received a considerable amount of
interast in past research. Indeed, it has been linked to perfor-
mance in many sports (Cronin et al, 2017). Significant
decreases in grip strength between pre- and post-sailing
training sessions have been reported in junior male semi-
elite sailors (Bateup et al, 2016). The TDF sailors
(61.1 £ 9.5 kg) reported stronger HGSper than collegiate
dinghy sailors (48.28 £ 531 kg; Pulur, 2011). These results
outline the high mechanical stress placed on forearms when
manoeuvring TOF boats. HGSpom was found to significantly
discriminate between 5A and LSA. It was also correlated to
racing outcome (N5 and CR). These results could indicate
more efficiency to manoeuwvre the D24 at higher speeds (ie.
optimized gripping ease against high resistance in sheets and
cranks). It would seem interesting to analyse the acute and
chronic load effects of sailing on handgrip strength.

JOURNAL OF SPORTS SCOENCES () 9

An interesting finding of this study was that no significant
difference was found betwesn crew positions for physical and
physiological parameters. This could indicate an equal impor-
tance of overall fitness of TOF sailors to manceuvre the boat.
Indesd, it was not rare to see sailors switch position when
racing or during specific manoceuvres throughout the TDF.
Comparison of physical and physiclogical parameters from 21
elite sailors indicated that SA had greater strength (HGSpom),
muscular voluntary contraction (IMTPy) and power (BPqp,an)
compared to LSA. Differences were most marked between
trimmiers (IMTPy;, BPrrpyon, BPmpyag and BFqpesn) and bowmen
{BPrmpzo) which are primarily responsible for trimming and
material handling {sails, ropes and cranks). A possible explana-
tion highlighting the difference in HGSpem found in this study
could result from higher training loads on-water and off- of 54
(Bateup et al., 2016

Study limitations

Some limitations in the present study have been identified
during the analysis process. First, the sample size of 21 elite
level sailors accounted for 6 fully crewed boats out of 23.
Testing more crew members may have permitted to perform
mare significant correlational analysis between crew character-
istics, a5 a mean or sum, and ranking. Second, as previously
mentioned, sailing relies on bio-informational and strategic
qualities to perform. Indeed, overall and specific sailing experi-
ence was not accounted for and could have influenced perfor-
marce and account for discrimination of success.

Conclusion

Owerall, the findings have identified multiple variables (techni-
cal and physical) that discriminate between successful and less
successful athletes/boats. The results can be used as normative
data to compare, detect and guide athletes in their preparation
for performance. The present study highlights successful sailors
having stronger grip strength, more powerful bench-pull and
higher IMTP than their less successful counterparts. Successful
boats displayed a faster average speed, maximal speed and
more efficient starting performance. Nevertheless, these find-
ings should be applied with caution to other populations (ie.
youths, less experimented sailors and other sailing categories).

Practical applications

This study may provide useful information to coaches, sports
scientists and sailors in the planning and implementation of
physical and technical training interventions. Where practitioners
wish to evaluate and provide sailors with reliable training inter-
ventions the use of handgrip strength, submaximal pulling welo-
city and isometric mid-thigh pull testing protocols are suitable.
We believe that future studies should focus on two particular
aspects: (1) identifying the effects of intemal and external training
load on technical and physical performance indicators during the
preparation and competitive phase of the TDF and (2) examining
sailors’ experience {e.g. vessel, position, training load) in order to
identify potential perfformance and/for talent pathways.
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TDF: Tour de France; BMI: Body Mass Index; LEM: Lean Body
Mass; Note: Successful, sailors finishing in the top seven teams;
Less successful, sailors finishing 8™ to 23™.

* Significant difference with values of successful athletes;
P < 0.05 (**; P = 0.07).

1 Significant difference with values of successful athletes at
same position; P < 005 [(H; P = 0.01)

HG500m: Dominant Hand Grip Strength; HGSswm: Sum of Hand
Grip Strength; Sky Sguat Jump Height; Sl Squat Jump Peak
Power, CMJy Countermovement  Jump  Height; (Mg
Countermovement Jump Peak Power, IMTF: kometric Mid-
Thigh Pull; IMTPy: lsometric Mid-Thigh Pull relative to Weight;
MAEWT-MPO: Modified Rowing Wingate Test Mean Power Output;
BP1am Bench Press 1RM; BPuman Bench Press Velocity at 20 hg;
BPypyap: Bench Fress Velocity at 30 kg; BPypys Bench Press
Velocity at 40 kg; BPymysy Bench Press Velocity at 50 kg VOoma
: Maimal Cygen Uptake. Moter Successful, sailors finishing in the
top seven teams; Less successful, sailors finishing 87 to 237

* Significant differance with values of successful athletes;
P < 0.05 (* P = 001).

1 Significant difference with values of successful athletes at
same position; P < 005 (t; P = 0.01)
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Abstract

Introduction: Inadequate management of wotkload (WL) can lead to insufficient recovery and,
thus, provoke a decrease in performance and increased nisk of overtraining injuries. The aim of
this study was to examine the distributions of WL and to highlight the effects on newrommscular
adaptations, subjective markers of recovery and salivary biomarker cortisol in an elite offshore
sailing environment Methods: 10 professional offshore sailors (2 male and 2 female) were
assessed penodically during a 27-weelk: preparation period. Weeldy WL (WLweek), strain
(WLstrain), menotony (WLmonotony), and acute:chronic wotkload ratio smoothing models
(rolling averages and exponentially-weighted moving averages) were quantified using the
session-rating of perceived exertion (sRPE). Subjective markers of recovery were collected at
the start of each week using the Hooper-index (HI). Salivary cortisol (SC), conntermovement
jump height (CMI) and maximal strength on bench press (BP1EM) were evaluated at the start
of each training block. Fesults: Significant comrelations were confirmed between monitored
indices and the WL variables. Wlweek reported associations with CMJI, BPIEM, HI and SC.
WLmonotony was correlated to the HI. Wstrain was associated with CMJ, BPIEM, HI and
SC. Data smoothing model ACWE. showed large correlations with CMI, HI and SC. The
EWMA method was wery largely and negatively associated with CMJ and BP1EM.
Conclusion: The results of this study highlight the need for strict monitoring in offshore sailing
crews. The collected data suggests that the combination of objective and subjective monitoring
tools may provide practitioners with valuable mformation for optinusing performance.

Introduction

This study focuses on offshore sailing performance in mixed-sex crewed monchull vessels.
The Ocean Race (TOE) holds a 50-year reputation of being cne of the toughest races around
the world. The competition has seen some of the weorld's most famous sailors compete with
crews in a geal to navigate around the world. Its” risky nature categorises it in what is known
as an “extreme sport’l.

The incessant evelution of material and technology development has raised the
competitive demands of offshore sailing. Thus, along with other factors, sailing performance
is confronted to more physically demanding vessels and enhanced risks of injury?. Optimising
human performance and physical preparedness is therefore becoming an increasingly important
factor in professional offshore sailing projects. In a general manner, optimal sports preparation
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requires training programmes that are well balanced in terms of workload (WL), Le. neither
too nmch (generating overtraining) nor too little (not being optimal). Hence, workload (WL)
monitoring, its’ management and the quest of developing optimal adaptations are important
parameters to consider in elite-team environments®. Indeed, many studies have analysed the
influence of WL, strain (Wlstai), monotony (Wlmenetemy) and data smoothing methods on
neuronmscular adaptations. hormonal balance and sports performance™. Inadequate WL
analysis can lead to insufficient recovery and, thus, provoke a decrease in performance and
increased risks of associated overtraining injuries?. Currently, WL analvsis is widely used as a
monitoring guide tool for strength and conditioning practitioners in mamny sports.

Despite the current trend of mterest on bridging the gap between WL and indicators of
sports performance, few studies have focused on predomunantly strategy-based sports, such as
sailing. Indeed, whilst conspicuous by its absence, one of the main reasons offshore sailing
receives insufficient mterest may reside in the sport’s inconstancy and dependency to climatic
and meteorological factors’. Adverse weather conditions are likely to disrupt training
programmes, affecting WL and therefore fitness. However, performance in sailing is still inked
to fitness®. Despite this precept, the relationship between variations in fitness levels and
accunmlated WL is not vet clearly established. Therefore, the main objectives of this study
were a) to describe the WL distribution of a professional offshore sailing team during a 6-
month pre-competition phase and b) to verify the effects of WL on newromuscular adaptations,
subjective markers of recovery and salivary biomarker cortisol. We hypothesized that training
markers would be directly affected by WL widch impacts (positively and negatively) on sailing
performance.

Aethods

Subjects

Ten professional sailors (8 male and 2 female) volunteerad to take part in the study (mean =
SD; age = 32.2 £ 3.96 years; stature = 179.1 = 730 cm; body mass = 84.4 + 11.8 kg). All
subjects were contracted in the same sailing team and trained full time in the build-up to TOR.
Wone of the subjects reported injuries or diseases that would impair their physical performance
at least & months before the start of the protocol. The study protocol was approved by the ethics
committee of Rennes University, France. Wnitten informed consent was obtained from all
subjects prior to the commencement of the study.
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Deesign

All data was collected during the preparation of TOR 2021. The study was completed over a
27-week (Whi.a7) pre-competition phase. Figure 1 illustrates the training that was planned and
scheduled by the skipper. Monday was considered the first day of each 7-day weel: Planning
was adjusted fo accomodate weather conditions and Covid-19 cnisis related restrictions as
required. When sailing or training facilities were not available, sailors were prescribed training
sessions by the strength and conditioning ccach. Training was implemented to adapt
appropriately to the ever-changing schedule of a sailing environment and fo the individual
needs of each sailor. On-land training inchuded resistance training and metabolic conditioning
(Figure 1). All gym sessions were conducted in the Club Naval de Cascais (Portugal) or at
home, when needed. The subjects were familiar with all exercises as they were part of their
nsual training regime.

Together with WL variables, monitoring contained a oumber of subjective and objective
markers of adaptation. Subjective markers included a wellness questionnaire for monitoring
fatigue and were assessed weekly (Mondays). Objective markers inclnded newrommscular
monitoning of strength and power abilities as well as salivary hormonal biomarkers. These
measurements were assessed dunng seven testing batteries (Testy;) which were held on the
first day of each of the 7 training blocks (TB;.7) (Figure 1).

Marterial and method

Test;.; were conducted in the team’s training facilities, located at the Club Naval de Cascais
(Portugal), to ensure minimal disruption to the established sailing program  Athletes were
requested to abstain from caffeinated drinks and alcohol 24 hours prior to testing. Data
collection was made possible through a custonused smartphone application (Appsheet) to
facilitate wellness and WL data collection. During the complete pre-competition period,
athletes were supervised by a qualified team doctor and nutritionist.

Baseline Measures
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On the first week of the pre-competition period, sailors underwent a medical screening battery.
The testing battery occumred on Monday of the first week of the preparation phase and
established the baseline (BSL) measurements. Testing day consisted of salivary cortisel (SC)
collection, wellness questionnaire and fitness testing. Sailors had not participated in high
intensity traiming in the week prior to testing.

Workload

Together with individual monitoring, WL was evaluated using session-rating of perceived
exertion (sFPE) methods. A number of variables were recorded: Wy, WL nonosony. Weman.
and acute:chronic WL ratio smoothing models using a) rolling WL averages (ACWE) and b)
exponentially weighted moving averages (EWMA). Following each fraining session, sailors
were requested to subjectively measure their physical exertion. BPE was recorded unsing the
modified Borg 0 to 10 Scale®. Athletes answered the question “How was your session?” within
30 min of finishing to maximise the accuracy of assessment of the full training sessionl?. sREPE
was then measured by calculating RPE x the duration of the session (in mimutes)!!. The
following variables were then caleulated: (1) Wlyea as the sum of all WL during the week
(Monday-Sunday); (i) WL monoory a5 the mean of the WL during the seven days divided by the
standard deviation of Wlyea and; (i) Wi 35 WLoea multiplied by WLpongtony- Data
smoothing models were then wsed: (1) ACWE. as the daily relling averages calculated by
dividing the acute WL (rolling 7-days) by the chronic WL (rolling 28-days)!? and (if) EWMA
as calenlated by Williams et all®:

EWMAsqizy = Loadsgay x by + (1 - 1) x EWMA )

Where };is a value between (0 and 1 that represents the degree of decay, with higher
values discounting older observations in the model at faster rate. The ;15 calculated as:

ha=2/N+1)

Where N is the chosen time decay constant, with a 1-week WL (7-days) and 4-weeks
WL (28-days) used to represent acute and chromic WL respectively.

Weekly Assessment

Wellneszs
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The Hooper-Index (HI) was measured vsing a costomised gquestionnaire based on the
recommendations of Hooper and Mackinnon!®. Athletes answered the questionnaire every
Monday moring upon waking. Levels of sleep quality, muscle soreness, stress and fatigue
were scored on a 7-point scale on which “17 and “77 represent “very, very good” and “very,
very poor respectively. The Hooper-Index was computed by summing its four subgroups
(sleep quality, delayed onset mmscle soreness, stress and fatigne).

Training block assessment
Countermovement Jump (CMT)

Lower body power was tested on the CMT using a chronojump contact mat {Chronojump-
Boscosystem™, Software, Spain). Each subject completed three attempts with 1 min of rest
between trials. For the execution of each attempt, a countdown of ©3, 2, 1, jump™ was indicated
orally. All attempts were completed with subjects placing arms alimbo to aveid movement
disruption. Athletes were instructed to perform a rapid eccentric phase, immediately followed
by an explosive concentric contraction with the intention to jump as high as possible. The
height of the best CMJ performance was reported for analysis.

Bench Press (BP)

Maximal upper body pushing strength was assessed using the 1 repetition maximal (BPgy)
estimation based on Brzyeld’s equations!®. The estimation was caleulated during sets with less
than S-repetitions to avoid an overestimation of the 1 BM. A standardised warm-up was
incorporated to avoid variability and risk of injury. BPgy was not tested for Test; to avoid
delayed onset mmscle soreness before the start of TOR.

Salivary Certisol (SC)

Sailors’ saliva samples were collected upon waking (between 7:00 and 8:00 am). To ensure
more rigorons testing and to limit cortisol measurement ervors, athletes were required to refrain
from eating, brushing their teeth and chewing gum prior to testing. Sailors placed the swab
(Soma Bioscience, Wallingford, United Kingdom) on their tongue and closed their mouth
When the indicator on the swab’s stem turned blue, the test was considered complete (swab

collected 0.3 mL of oral fluid). The swab was then placed in the buffer bottle of assay (sodinm
phosphate, salts, detergents and preservatives) before gently mixing the sample for 2 minutes.
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Two drops of the sample were then placed in the window of the lateral flow device. The device
was left still during the incubation period (10 mimites). The strip was then placed in the real-
time reader and the results were ready within 20 seconds. SC was then collected as nanograms
per millilitre (ng/ml ). Soma Bicscience oral flmd collector has been validated against enzyme
linked mymmnosorbent assay (ELISA) and have been proven as a reliable method to collect and
analyse SC18.

Statistical Analysis

Orwer the 27-week: study period, data from 14812 £ 17.53 training sessions was collected and
analysed. Data was calculated through standard statistical methods and are presented as mean
= standard deviation (SD). All variables were considered normally distributed through analysis
with the Shapiro-Wilk test, histograms and skewness values prior to analysis. One way
ANOVA with repeated measures was used to determuine the differences between the different
parameters measwred at Testy ;. The Pearson correlation coefficient (r) was vsed to assess the
associations between WL variables and monitoring markers. Correlation coefficients were
interpreted as: < 0.1 (trivial), from 0.1 to 0.3 (small), from 0.3 to 0.5 (moderate), from 0.5 to
0.7 (large), from 0.7 to 0.9 (very large), and = 0.9 (nearly perfect)l’”. The correlations were
consistently presented with 95% confidence mterval (CI). For all analyses, o was set at 0.05.
Statistical analyses were performed using the SPSS package (15.0 version; SPSS, Inc.,
Chicago, IL, TTSA).

Results

Figure 2A illustrates the weekly distribution of WL during the 27 analysed weelks of TOR. pre-
competition preparation. Wl variation displayed a high coefficient of variation (CV=1.18).
Higher (p=0.001) WLyea were observed during weels of sailing camp (19792.6 = 9428 ATT;
Wirs & Wasas) compared to those not included in the camps (2813 2= 817.3 AU Wigs, Whia
a1 & Wa7). Higher WL were observed in the training blocks towards the end of the preparation
schedule (Figure 2B). TBg (22313 + 6679.8 AU confirmed higher WL (p=0.001) than TB;
(23379 £ 2801 ALI), TB; (2535.3 = 375.5 AU, TB; (2717.8 = 642.5 AU, TBs (32363 =
1074.7 AU TBs(7652.3=T18.6 AU) and TB7(3116.3 =712.7 AU). TBswas also significantly
different (p=10.001) to all the other TB. TB;, which was considered a taper week, showed lower
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(p=0.001) WLyea when compared to TB; and TBs (Figure 2B). Repartition of TBj; volume
specificity is presented in Figure 3.

Within-group changes conceming CMI, BPygy. HI and SC, during the different phases of
preparation. are provided in Table 1. CMT and BP gy were significantly different (p=0.05<p=
p=0.01) from BSL during Testy, Testz, Tests, Tests, Tests, Tests and Testy respectively. HI
(p=0.05) and SC (p=0.05) were both significantly different from BSL only at Tests
Correlation outcomes between WL variables and monitored markers are presented in Figure 4.
Large and very large positive correlations were found between Wlyea and BP gy (r=0.69,
95%, CI[0.11;0.92], p=0.02), HI (r=0.85, 95% CI [0.47;0.96], p<0.001) and SC (r=0.84, 95%
CI[0.44:0.96], p=0.001). Moderate negative correlations were also found between Weeey and
CMI (=-039, 95% CT [-0.81;0.31], p=0.05). WL npnotomy showed large positive correlations to
the HI (r=0.53, 95% CI [-0.12:0.87], p=0.05). WL, showed moderate negative correlations
with CMT (1=-0.48, 95% CI [-0.85;0.21], p=0.04) and large positive correlations with BP gy
(=0.52, 95%, CI [-0.16;0.87], p=0.05). WLsni also showed very large positive comrelations
with SC (=083, 95% CI [0.42;0.96], p=0.002) and very large positive correlations with the
HI (=088, 95% CI [0.56;0.97]. p=0.001). ACWE. data showed a large positive correlation
with the HI (r=0.64, 95% CI [0.02;0.9], p=0.04) and a very large negative (r—=-0.75, 95% CI [-
0.94:-0.23]. p=0.001) and positive (r=0.72, 95% CI [0.17;0.93], p=0.01) correlation with both
the CMT and SC respectively. Contrastingly, EWMA showed very large negative comrelations
with CMT (r=-0.73, 95% CI [0.93:-0.17]. p=<0.001) and BPypm (r=-0.78, 95% CI [-0.95;-0.32],
p=0.001).

Discussion

This is the first study to (1) document the organisation of a pre-competition phase to an elite
level offshore race and (i) analyse the changes in moenitoring markers in regards to WL
parameters to the Imowledge of the authors. The aim of this present study was two-fold. First,
our objective was to describe the WL distribufion during the preparation of a crewed offshore
regatta and to investigate the changes induced by the preparation period on neurommscular
adaptations (Le. CMI and BP gy, subjective markers of recovery (ie. HI) and hormonal
biomarkers (1.e. 5C). Second, to analyse the correlations between WL parameters (1.e. W,
WL onotomy: Wsmin. ACWE. and EWMA) and monitoring markers to establish a possible dose-
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response relationship. Most prominently, the analysis has indicated the capacity to establish
asseciations between WL parameters and monitoring markers.

Fegarding WL, it was found that the preparation phase showed variations during the 27
weeks. Indeed, a difference of 703 %0 in Wgey was found between weeks of training during
sailing camp (19792.6 = 9428 ATT; Wi71p & Wisog) and on land training weels (2813 2+ 817.3
AT Wias, Wiaa & Wap) (Figure 2A). Also, a decrease of 50.4 % was observed in WLgea:
during taper week (3116.3 = 712.7 AU; Wyy) compared to preceding workloads (6731.5 =
24973 AU Wiag) (Figore 2A). The significant difference (p=<0.001) in WL between sailing
weeks and non-sailing weeks suggests that the traiming regime is linked to the complexity of
planning. Indeed, vanations in WL may be due to the numerous extranecus weather and
environmental conditions as confirmed in previous research!®. Moreover, the high CV in the
Whpea repartition (CWV=1.18) highlights the complexity to manage WL in sailing
environments. Similar values of Wygea, during non-sailing weels, have been reported in other
sports'®2. However, it appears no other studies have exposed such high quantities of WL (ie.
sailing weeks). To date, research focusing on the sailing environment has provided information
on energy expenditure, sleep deprivation, mutritional challenge and epidemioclogy, however
WL management is conspicuons by its absence. Recently. high WL have been associated with
risks of overtraining and injury’!. Consequently. because of the high WLyea: observed in this
study, the necessity for strict WL moenitoring practices in an offshore sailing environment
seems crucial for optimising human performance. Besides the WL patterns observed during the
preparation of TOR, the associations between WL parameters and monitoring measurements
were tested. It was observed that objective and subjective markers varied throughout the
season. Previous research has focused on establishing associations capable of predicting
neurommscular adaptations™ and sports performance” However, cumently associations in
environment-based sports, such as sailing are yet to be fully investizated. The results found in
this study could, therefore, provide further insight for WL management in such environments.

The negative correlations found between WL parameters (ie. Whget, Wlegn, ACWE and
EWMA) and the CMJ (Figure 4) seems to be in agreement with research analysing the effects
of WL on power expression”. High WL accummulation was also found to impair CMJ
performance in professional mgby™ and football players™. Indeed. high chronic WL has been
associated with inflammatory response, catabolic state and mmscle damage which results in
neurommscular disturbances™. Hence, this could partially explain the adverse effects of Wopea
on CMT as TBg was a high sailing volume block and provoked a 13 % decrease, from Tests, in
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CMT performance. Indeed, these results coincide with findings highlighting newromuscular
function impairment due to the constant proprioceptive muscle tension encountered by sailors
during the yawing. rolling and pitching motions of the bull”. Furthermore, a 55% decrease in
Whoyea during TB; provided supercompensation from TBs, on the CMI (=14 %), Tlus
highlights the sensitivity of CMJ performance to fatigne and overcompensation™.

In contrast, our results found that when Wlges increased, strength abilities (BP gy also
significantly increased. Bench press performance has been associated with sailing success®,
manoeuvre efficiency and grinding demands®. The demands of grinding on the upper body
have been well established in the sailing environment™. Indeed. grinding demands high levels
of push/pull power and strength to carry out efficient manoewvres and trimming®. The work-
to-rest ratio, on the grinder, appears to permut appropriate recovery between bouts of intense
activity?®. Thus, this may explain the positive upper body newrommscular adaptations in
response to a high sailing volume.

A novel aspect of the current study was the monitoring of professional sailors™ perceptual
wellness across a fioll pre-competition phase, currently not reported elsewhere in the literature
to the author’s knowledge. The HI has been found to be (i) a promising tool for monitoring
training induced fatigue in team sports™ and (i) associated with WL in professional athletes™l.
In the present study, the Test;; HI (Figure 4) was found to be positively correlated with Wy
WLstrain and Wlmenotory. In addition, the ACWE. data smoothing mode] seems to be a valid tool
for predicting HI. These findings assist to bridge the gap between subjective and objective
markers of fatigue. The HI can therefore be considered as an affordable and practical solution
for monitoring physiclogical and psychological stress in a sailing environment.

From a physiclogical point of view, changes in 5C may have an impact on neurcmuscular and
cogmtive performance. Indeed, cortisel could alter the activity of the sympathetic nervous
system. the mmscles’ contractile properties and/or behaviour®?. There is a substantial body of
literature addressing cortisel increase in response to WL and competition. In the current study,
the interactions between WL (Whyeet, Womyn and ACWE) and 3C were predominantly clear
(Figure 4). Indeed. the hormonal response to fraining seems to be impacted by short (7-days)
preceding WL, This finding is similar to previous work in basketball*? and football?* where SC
increased in response to WL. This study confinms, the most significant difference with baseline
SC measures was found during Tests. This permits the assumption that the high sailing volume
during the corresponding block had an impact on stress hormone balance which 15 in-line with
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reported studies that have analysed the biomarkers in sailing activities’™ 3. The increase in 5C
may indicate the athletes” natural response to the previous training phase, as previous research
has reported that elevated cortisol levels are a primary indicator of physiclogical stress™.

Practical Application

Objective and subjective markers of recovery/preparedness were found to be associated with
WL parameters. These may be useful to suggest if sailors have recovered from the previous
week of training or from a high sailing volume phase. Although fatigue and preparedness are
multifactorial, performance practitioners, in the sailing environment, should insist on frequent
monitoning of athletes in order to (1) optimally adapt the training plan according to the
sttuation‘weather, (i) inform the skipper on potemtial risks of injury/overtraining and (iit)
ensure adequate recovery methods to enhance performance.

This research was conducted over a pre-competition period for a mixed-sex crewed sailing
offshore event. Due to sailing’s dependency on climatic variables, the tramming structure may
represent a different type of crganisation when compared to other sports. Thus, to facilitate the
task of mman performance in offshore sailing, exploring external load (e.g. GPS tracking,
manoceuvre connt) may prove to be useful for establishing valid methods able to quantify sailing
WL. Future research. based on sailing, could therefore explore the effects of sailing load on
markers of adaptation through daily measurements. The use of larger sample sizes (e.g. more
teams) would allow further and more precise exploration aiming at optimising the use of
acute:chromic data smoothing methods. Moreover, the findings of the present study are based
on data from one professional sailing crew thus the applicability to all clubs is vnlmeown. A
further limitation of the study might reside in the timeframe when data collection cccwred.
Indeed, Covid-19 crisis restrictions did not allow for more sailing camps to be programmed.

Conclusion

To the best of the auther's knowledge, this 15 the first lengitndinal study to provide information
on WL parameters in a professional mixed-sex crew sailing team during the preparation phase
of a renowned offshore regatta. This investigation confirmed (i) significant differences between
BSL levels and periodical evaluation and (i1) significant correlations between WL parameters
and markers of recovery/preparedness. 3C, BPjgyand CMI may be used as objective markers
of preparation for an offshore regatta. HI may also provide valuable information conceming
physiological and psychological stress with less time-consuming procedures/expensive
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modalities. Also, due to the decaying nature of fitness and fatigue, the EWMA data smoothing
model seems to be a reliable predicter of newronmscular preparedness. The ACWEL on the
other hand, appears to better predict subjective markers of fatigue. Nevertheless, a combination
of subjective and objective monitoring markers will provide practitioners with sufficient
information to mampulate WL and recovery strategies.
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Table 1. Chanpes {mean = 50¥) in monitoring markers throughout the preparation period.
BSL Teat, Tasty Tasts Testy Testy Test Testy
T (o) H1=B5 37.2=097 401067 30.8=81" 426275 43,0817 37456 42.86T7T

EPm (k)  78.35<355
HI{AL) 132233
Ciogml) 161113

B13=263" 8342284 B4a=0700 407807 BE6=30.3"
13.7=22 14.8=21 122231 13829 13.3=3.0
164112 12.9=5 617 163=72 BE39° 14.7=10.1""

88.1=D203"
1762 070 13.5=2.87
254087 124,67

BSL: Baseline; Test).r: Testing Battery; CMI: Coumter Movement Fumip; BP) oy Bench Press 1EM; HI : Hooper Index ; 5C: Salivary
Cortisol ; * Significant difference with valoes of BSL; p0.05. ** Significant difference with value of BSL: p0.01; T Significant
difference with values of preceding Test; p=0.03. 77 Significant difference with values of preceding Test; pe0l01.
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Effects of an Offshore Sailing Competition on Anthropometry,
Muscular Performance, Subjective Wellness, and Salivary
Cortisol in Professional Sailors
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Introduction : Evidence regarding the impact of offshore sailing on fai gue and readiness variables is conspicuous by its absence.
This study investigated the acute effects of an offshore sailing regatta on anthropometry, muscular performance, subjedive
recovery, and salivary biomarker cortisol. Meathods: Ten professional offshore sailoms from a mixed-sex crew partook in the study
(N =10 mean [SD age =322 [3.96] y: stature = 1701 [7 30]cm: body mass =84.2 [12.1] kg The race involved 3 offshone legs
over a 3-week penod. Baseline measures of anthmpometry, lower- and upper-body muscular function, perceptions of subjective
wellness, and salivary cortisol were assessed 3 hours prior to competition (ie, before the finst leg). These measumes wene repeated
within 3 minutes afier the cessation of each leg. During each leg, boat movements were recorded via glohal positioning system
units, Results: There were sigmficant reductions in lower (effect size [ES] =0.49) and upper muscular (ES =0.21) functions, as
well as in subjective wellness (E5 = 1.65). Salivary cortisol levels increased (ES =0.84). Conclusion: These results demons trate
that, during an intensified period of saling compettion, fatigue will progressively increase. This may impede sailing perfformance
by reducing physical and cognitive efficiency . Furthemmore, countermovement jump, handgnp strength, perception of subject ve
wellness, and cortisol concentmtion appear to be sensitive measures for monitoring Btgee and readiness in professional sailors,

Keywords: traming load, workload, momtonng, fatigue, readiness

Offshore suiling 15 a strategy-based spont that 15 intermitient in
nature, with periods of high-intensity activity (eg, stacking, trim-
ming, and grnding) and low-intensity recovery (eg, standing and
sleeping).” Depending on the natures of the race, vessels ane sailed
by lone sailoms or crews and can last from days to months, Over the
course of a crewed boat race, such as The Ocean Race (TOR),
sailors are required to compete for many days during legs thatrally
the host cities. Few days ame given to recover in between legs.
Therefore, sulors need to recover quickly to start the following leg
inan optimal state of readiness. Although studies from other team
sports have outlined the acute effects of workload (WL) on
anthmpometrical, physiological, and psychological variables ™
the mesearch conducted in a professional offshore crew-sailing
envimnment is scarce.*” Mareover, given the physical demands
imposed during sailing, sailors typically expenence high physio-
logical stress and pmolonged symptoms of fatigue.® This is in part
due to the vanous weather conditions and the extensive physical
demands of maneuvering. Indeed, to optimize the vessel’s speed, a
sailor must be able to withstand high levels of physiological stress
associsted with weather conditions (temperature, wind, and sea
state).” To counterbalance the movement of the boat, and thus
promote faster speed, stacking and trimming sals on deck reguin:
high levels of physical readiness.” Sailors must also adapt to sleep
deprivation and little comfort (nuintion, noise, and hygiene) in
order to limit impairments on cogmtve performance, necessary for
establishing routing strategies and evaluating weather forecasts.
Past studies have investigated the impacts of smhing bouts on

Philippe {kiliznphilippe @yzhoofr) & omeponding amhor.

neummuscular functions, energy demands, and stress hormones,
These studies have reporied incresses in neuromuscular fatigue,*
muscular damage ® cognitive impatmment,® motion sickness, ' and
elevated cortisol levels after sailing bouts ' Although the current
liteature suggests that significant fatigue is induced by offshom
sailing, hittle evidence is available n a crewed context. For this
reason, monitoring the physiological and psychological adapia
tions from competition is thought to be important. Indeed. this can
provide a better understanding of the demands of the sport and,
thus, help bridge the gap between theory and practice for offshone
suiling performance pathways.

Therefore, this aticle attempts to provide an overview of
affshore saling demands by (1) documenting the chamctenstics
af the race, (2) describing the physiological responses o competi-
tion, and (3) examining the neurophysiological and psychological
fatigue pattems in a professional mixed-sex crew. It was hypothe-
sized that offshore sailing would (1) provoke body composition
twrnover, (2) decrease muscular performance, and (3) generate
stress and perception of fatigue.

Methods
Subjects

Ten (& males and 2 fernales) professional sailors (mean [SD]: age:
32.2[3.96] v stature: 1791 [7.30] cm: body mass: 84,2 [12.1] kg)
volunteersd o participate in the study. There were no reported
imjuries or diseases that would impair physical performance from
any subject. Before starting the protocol, sailors attended a presen-
tation and received information outlining  the experimental
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procedures. The study protocol was approved by the ethics com-
mittes of Remmes University, France. Written informed consent was
obtained from all subjects prior to the commencement of the study,
and all subjects were free to withdraw from the study at any tme
without penalty.

Design

All data were collected duning a renowned intermational of fshore
sailing venue over a 3-week pariod. The TOR 2021 competition took
place in June, All smlors competed in the same crew and had been
tmining for 7 months praceding the mee. Anthropometric measune-
ments, muscular funcion testing, subjective recovery markers, and
salivary cortisol {5C) were obtaned durmg baseline (BSL) measure-
ments and after each of the 3 legs (Post,_z). The esting proioon | was
adjusted to fit the complexity of the sport. BSL messurements
oceured 3 hours before the start of leg 1, and Post;_y ocoumed within
30 minutes of docking in. Owver the 3-week study period, data from
10 days of sailing were collected and analyzed (Figure 1), Testng was
conducked at the team's base, located m the different host aties, to
ensure minmal dismuption to the roovery process, Throughout the
mpatition period, atletes wen monitored by a gualified team
doctor, physiotherapist, strength and condiioming coach, and matri-
tiomist. During recovery days, sailors underwent light cardiovascular
activation (eg, Mminof jogging at 60K of maximal heart rate), sports
mussage, and mobility sessions (eg, static and dynarmic stretching).

Methodology

BSL Measures

(O the morning of the first day of competiion, 3 hours prior to
starting leg 1 of TOR, sailors underwent the testing battery, The
crew was at the end of a tapering week and therefore had not
participated in high-intensity trmining the week priorto testing. The
testing hattery consisted of anthropometric measurements, fitness
testing, wellness guestionnaire control, and 5C collection. To
aceount for diurnal variation, SC was collected within 1 hour of
wiking up, between 7:00 and 8:00 AM. The results from the first
testing battery established the BSL.

Testing Battery

Anthropometric Measurement  Anthmpometmc chamctenistics
werne measured in the following arder: body mass and skinfolds. A
weighing scale (Seca) was used to measure body mass. Measure-
ments for hody mass were made with an accumcy of 0.1 kg, Thres
skinfolds (5~ 3 skanfalds) were tuken on the right side of each sailor

BSL
Post,

{male: pectoral, abdominal, and thigh: female: mriceps, shdominal,
and thigh) sccording to recommendations by Jackson and Paol-
lock."* The skinfolds were measured with a Harpenden skinfold
caliper (Harpenden) with 10 gmm™" of constant pressure. Body
density was assessed while body fat (BF) was caleulated using
Brogek s equation.’® Lean body mass was calculated by subtract-
ing BF from total weight.

Muscular Performances. Cowtermovement jump: Lower body
power was ested on the countermovement jump (CMI) using a
chmnojump contact mat (Chmonojump-Bosoosystem ). Each sailor
completed 3 atternpts with 1 mmube of rest between tnaks, For the
execution of each attempt, a counmtdown of “3, 2, 1, pmp” was
indicated orllv. All attempts were compleed with sailors pladng
arms akimbo o avoid movemnent dis lon, Satkors wen: instrucied o
perform arapid eccentric phase, immediately followed by an explosive
congeniric contraction with the intention to jump as high as possible,
The height of the best ChJ performance was reported for anabysis,
Handgrip strength: Maximal isometnic handgrip strength
(HGS ) was assessed with a Jamar handgrip dynamometer (Sam-
mons Preston Corp). The test positions were standardized. ™ Thnee
trials were performed oneach hand. The first 3 tnals started with the
right hand. Sailom were instrudted to squeeze the device as hard as
possible for 3 seconds. The time betwesn each trial was 15 seconds,
and 3 mimites of rest was given when changing hands. The
maximal measure of the 3 trials was retaned i klograms. Sum
(HIGS ) of both, dominant hand (HGS ) and nondominant hand
(HGS ), measures wens assessed and included in the resulis,

Subjective Recovery Status. The Hooper ndex (HI) was mes
suned using a customized guestionnaire based on the recommenda-
tions of Hooper and Mackinnan,'* Levels of slegp quality (Hlg.o, ),
delaved onset muscle soreness (Hl g, ), stress {Hl ), and Patigue
{Hl g0 ) weme soored on a 7-point scale on which “1" and “7"
represent “very, very good” and “very, very poor,” respectively.
The HI was computed by summing its 4 subgroups, It was applied
30 mimutes after the leg artval (Post;_2). All questions and answers
wene completed individually,

Salivary Stress Marker. Swmlors” saliva samples were collected
upan waking (between T:00 mnd 8:00 AM). To ensure more rigorous
testing and to it cortisol messurement emons, smlors were required
to refran from eatng, brushing ther teeth, and chewing gum prior to
testing. Sailors placed the swab (Soma Bioscience) on their omgue
and closed theirmouth, When the mdicator on the swah's stem tumed
hlue, the test was considersd complete (swab collected 0.5 mLofoml
fluid). The swab was then placed in the buffer bottle of assay (sodium

i

Posty

1 2 3 4 5% 6 7 B 9 1011
Days

12 13 14 15 16 IT 18 19 20 21 22

Figure1 — Timeline of The Ooean Race 202 | and assessments during 3 weeks of study. BSL indicates haseline; Post,_;, measurements obtined afier

legs | to 3; R, recovery.
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phosphate, salts, detergents, and preservatives ) before gently mixing
the sample for 2 minutes. Two drops of the sample were then plced
in the window of the laerad flow device. The device was left stll
during the incubation period (10 min). The stip was then placed in
the real-time reader, and the results wene ready within 20 seconds, SC
ws then colleated as nanogmms per milliliter. Soma Bioscience oral
fluid collector has been validated agamst enmyme linked mmmunosor-
bent sssay and has been proven as a relishle method to oollect and
analyze SC.8

Race Analysis

Internal sailing load: Subjective intemal load was estimated using
the session mting of perceived exertion, with mtings (Borg 0-10
scale) obtamned from sch individual sailor within 30 minutes of
completing each leg. Each sailor was familisrized with the scale
before starting the study. The obtained value was multiphiad by the
time sailed (in minutes ) duning the leg to register a sailing load in
arbitrary wmts (AL

External sailing load: Race dots—including sailing distance,
average speed, course coverage, and maneuver count {tack and
gvbel—were collected during the 3 legs of competition. Data wens
made available through global positoning system units and shared
by the navigation specialist of the team. Route and maneuver count
were measured by the official TOR trcker.

Energy Intake

Energy intake (El} was measured to prepans individual meal plans
prior to TOR. Basal metabolic mte was calonlated using the Scho-
field"® equation and was multipliad by a physical activity coefficient
which was determined by mitegorizing each position onboard by its
physical demands " Individual EI'was prepared befone each keg and
controlled upon arival by the human performance practitioner.

Statistical Analysis

Data were caleulated through standard statistical methods and is
presented as mean (SD). All variables were wonsidered normally
distributed through analysis with the Shapiro-Wilk test, histo-
grams, and skewnzss values prior to analysis, One-way analysis

Monitoring Markars in Offshome Sailing 3

af variance with repeated measures was used 0 determine the
differences between the different parameters during the 3 legs.
When results were sigmificantly different, an effect size (ES)
caloulation was used. ES was evaluated wsing Cohen o along
with 95% confidence intervals, ES of =02, 0,21 to 0,60, 0,61 to
120, .21 to 20, and =20 were considered as trivial, small,
moderate, large, and very large, respectively, ™ Statistical analyses
werne performed using the SPSS package (version 15.0). The level
of sigmficance was set at P 05,

Results

Table 1 describes the extarnal and intemal load statistics across the 3
legs of TOR. A total of 5167 km was satled in 10 davs 4 hours
31 minuees at an average speed of 5,87 ms™. Eighty-sight maneuvers
(i, 53 tacks and 35 gybes) were performed with each one ocauming
every 58,7 km. Leg 1, the longest leg of the 3, was chamctenzed by its
downwind nature, fast spead f1e, 7.5ma™"), and accounted for 51% af
the total distance of TOR. Leg 2 reponted to have the most tacking
rmaneuvers (ie, 28) and also outhned a higher raing of perceived
exertion (7.8 [2]), although time at sea was the shonest of the 3. Tt was
charactenized by its upwind nature and high maneuver frequency (1
every 2 h 2 min). Leg 3 held the most maneuvers (i, 35) and was
charactenized by its slow speed (1e, 402 ms).

The multilevel analysis of variance (Table 2) found no signifi-
cant difference in anthmpometne parameters during the 3 legs of
meing when compared with BSL. Differences were nevertheless
ohserved at Post; for BE (P= .004; ES=0.25) when compared
with Post;.

Compared with BSL (37.0 [80] ¢m), CMJ height (Figun: 2)
significantly decreased at Post: (33.1 [6.6] ez P = 05: ES=0.53)
and Posts (33.2 [7.7] em; P=05; ES=0.49). A significant decline
was observed betwesn Post; and Postz (P=.007; ES =0.58).
Upper body strength (Figure 3) decreased for HGS,.,, when
compared with BSL (113 [223] kg) at Posty (1070 [19.6] ke:
P=01: ES=029), Post; (102.4 [19.0] kg: P=001: ES =0.51),
and Posts (108.6 [18.8] kg: P=05; ES=021) Postz (P=.03;
ES =0.24)and Posts (P = 03; ES = (.3) were significantly different
from preceding legs. HGS, also decreased at Post; (55.4 [1007] ke:
P=002; ES =0.44), Posty (529 [10.0] kg: £=.001: ES =0.62),

Table 1 External and Internal Load of The Ocean Race
Variable Leg 1 Leg 2 Leg 3 Total
External load
Course distance, km 24113 1074.2 10705 4556.0
Distance sailed, km 26558 1290.9 12118 5167.5
Course coverage, % 110 121 113 1135
Time at sea 4d 1 hE min 2d 15h 31 min 3d11 b 52 min 10d 4 h 3] min
Taoital maneuvers 2 il 5 8
Tacks (upwind maneivers) 0 28 25 53
Givbes | dowswing maneuvers) 2 3 10 5
Maneuvertime 4 h 24 min 2h2 min 2h 29 min 2 b 47 min
Average spoed, mes™ 15 5.68 42 5.87
Intermal load
RFE T45(11) TR0 5.85(1.4)
s-RPE, AU 43, 418.6 (12,548 8) 29 725 8 (T579.5) 30,4902 (T4TT6)

Abtreviaions: Al arhimary units; RPE mating of perceived exertion; s-RPE, ses=ion rRPE.
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Table 2 Description of Body Composition and Energy Intake Throughout The Ocean Race

Variable Baseline Posty Posts Postsy
Baody composition

Body mass, kg B424 (12T B3.79 (128) B3.5T7(12.8) B4.38(12.5)

Lean body mass, kg TOT2(114) TOH6 (103) T0.74 {10.6) TOLA2 (10.0)

Body fat, % 16.04 (5.6) 15.66 (4.9) 1534 (49 1654 (4.1

Energy intake

Basal metbolic mae, cald" 1R02.6T (173.3)

Coefficient 223{03)

Energy intake, MI-d 15.57 (2.6) 1643 (235) 16.8 {2.6)
Carbokydrares, % 573 (11T 54.42(12.2) 5675 (B6)
Provein, % 21.55(4.1) 23.3 (6.4) 24.2(3.T)
Far, % 2111 {8.5) 2328 (73) 19.05 (4.3)

Abbrevistions: Post, messmements obined after legs 1 o 3.
T 1Sigmificant difference with values of preceding fest; P 01,

45

CMI height (cm)

0

B5L Pty Prsity

Pty

Figure 2 — Changes in CMJ height froughout The Ocean Race. BSL
indicates baseline: CMY, countermovement jump; Posty_s, measirements
obtained after legs | to 3. *Difference is significant o BSL at P= 05,
11 Significant difference with values of preceding test; P=.01.

and Posty (562 [10.4] kg: P= 02; ES = (.31) when compared with
BSL (59.7 [11.9] kgi. HGS; was significantly different from
preceding legs at Posty (P=.0d; ES =0.25) and Posty (P=102;
ES =033}, HGSxa was only significantly different from BSL (53,3
[10.7] kg at Post; (49,5 [9.5]; £=.02 ES=0.37).

The HI (Figure 4) increased significantly at Post; (17.4
[249) AU: P=001: ES=143) and Postz (192 [27] AU:
P=.000; ES=223) when compared with BSL (13.7 [22] AU
HI was significantly different between Posty and Posts (F = 005
ES=1.65). Sleep guality decreased sigmficantly at Post; (4.6
[0n9) AL P=.04:; ES= 1.05) and Post, (5.4 [1.1] AU; P= 006;
ES=1.76) when comparing with BSL (3.7 [(0.8] AU and at Posts
(F=(; E5 = 1.34) when comparing with preceding leg. Pemep-
ton of fatigue was sigmficantly different from BSL (3.4 [0.5] AL
at Postz (4.2 [0.9] AU; P= (&; ES =109). Stress at Post; (4.9
[(1.5] AL P < 001; ES =2.33) and Post, (5.7 [06] AU; P< 001
ES=320) was significantly different to BSL (3.2 [0.9] AU}
Muscle soreness did not differentiate with BSL (3.4 [0.7] AU
during the mce.

The SC levels (Figure 5) varied throughout the competiton.
Post, (18.6 [56] ngmL™: P=005 ES=144), Post, (14.2
[2.9] ng-ml.""; P=03; ES=0.76), and Post; {16.2 [6.7] ng-mL']'.
P =02 ES=0.84) wen all significantly different from BSL (11.5

[4.1] ngmL™"). Variation with preceding legs was significant at
Past, (P = 03, ES =097).

Discussion

The hypotheses initally stated wene globally validated since body
composition was partially modified, muscular performance decreased,
and objective and subjective fatigues were observed dunng and afier
the competition.

Although previous msearch in sailing have observed weight
loss, fat percentage, and lean body mass decreases after competi-
thon, %21 the results of the cument study found only significant
changes in BF {in percentage) at Posts. Indeed, dunng the 3 weeks
of competition, when comparing BSL levels with Posty_s, no
significant differences wene observed. A potential reason for
differentistion with other msearch may be due to sailom being
tested extensively to determine their individual energetic needs
mnboard. Previous mesearch has highlighted that loss in body mass
and, more particulary, lean body mass decrease, could eventually
hinder physical and cognitive performance.® It was themsfomn:
essential to provide the salors with the adequate El as they
wene confronted to irregular biological thythm, sleep deprivation,
incessant compensatory muscle activity, and continuous stress.®
Elevated EI values fie, 15-17 MJ-d ') have been reponed in other
mesearch with considerable weight loss still beng observed®
Mevertheless, it should be noted that the legs studied hene wens
shorter and occurred in warmer climate, Also, daily protein con-
sUMption wias morne important in the present study (23% vs 14%in
the previous study mentioned®) and could explain, in part, the
maintenance of lean body mass = throughout TOR.

The results from the current study confirm that sailors expen-
enced a significant decline in CMJ height (Figure 2) during and
after TOR. Similar responses during competiion have been
observed across varnows “long distance sports”* A decrease in
lower body stength and power abilities immediately after sailing is
common in pofessional sailors. ™ However, this study provides
new mnsights that, to the author's knowledge, have never been
imvestigated in professional crews, Indeed, contmry to past
mesearch, the swlors in this study did not suffer from body mass
loss andfor muscle wastage during the competition. These results
are in ling with findings highlighting muscular function impairment
due to the yawing, rolling, and pitching motions (sway) of the
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Figure4 — Changes in subjective well-being parameters and HI during The Ocean Race. AU indicates arbitrary unit; BSL, baseline; DOMS, delayed-
onset muscle soreness: HI, Hooper index: Posty_a, measurements obtained after legs | to 3. *Difference is significant to BSL &t P <.05. **Difference is
significant to BSL at P <.01. {Significant difference with valuesof preceding test: P <.05. 11Significantdifference with values of preceding test: P <.01.

hull.* Moreover, the downwind specificity of leg 1 (ie, 22 gybes)
elicited no impairment to lower body muscular function contrary to
legs 2 and 3, which were mainly upwind. Upwind legs seemed to
affect lower limbs muscular function more than the downwind leg,
despite leg 1 baing 2 times longer than legs 2 and 3 (Table 1). This
alteration may be linked with the constant swaying of the hull
caused by swell in upwind sailing conditions. Indeed, maintaining
constant proprioceptive tension, due to hull movement, seems to
increase the mechanical loading of hip extensars and hip flexors,

The HGS (Figure 3) has recaived a considerable amount of
interest in previous research. Indeed, it has been associated with
greater upper body strength, hallistic performance, lean body
mass,” athlete level differentiation,™ and success.™ The offshore
sailors in our study reported superior HGS, at BSL compared with
other offshore sailing research (ie, in the present study 59.7
[11.9] kg vs 53.6 [8.3] kg and 40 kg in previous studies™*’) and
similar to crewed dinghy racing (61.1 [9.5] kg in another study®).
Indeed, the physical WL associated with gnnding, hoisting,
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stucking, and trimming the sails is intense and requires a far
amount of grp strength. Mevertheless, previous research reported
that HGS performance was preserved after offshore saling com-
petition.**! However, in this cument reseanch, the sailors observed
a progressive decay of maximal strength in HGS during each leg,
The demease in performance detected in owr study could be
explained by the specific physical demands of the vessel used in
TOR. Indeed, the racing conditions are known to be more extreme
and the boat harder to handle due to its low displacement and
facilitation o plane.® Hence, we can assume that the sailors
underwent extensive upper body solicitaton during TOR and
suffered from high levels of neuromuscular fatigue,

The HI and its subsets (ie, sleep quality, fatigue, stress, and
muscle soreness) has recently been shown 1o be a promising tool
for monitoring indices of faigue and preparedness in many
sports.® However, msearch examimng the effects of sailing on
subjective recovery variables is scarce. Indeed, research has
mainly fomsed on sleep quality and highlights the effects of sleep
deprivation on cognitive performance® These studies have put
forward the need to identify an optimal balance between wakeful-
ness and planned slesping to optimize sailing perfformance. The
results in our study (Figure 4) found that Hlg.o, and Hlg ey wemn
more pronounced during the legs where the mting of perceived
exertion was higher (ie, Posty and Postz). In spite of the multiple
physical strzssors imvalved in saling, Hlyog, was preserved during
TOR, whenzas Hlrgige increased hnearly throughout the mee and
was significantly different from BSL at Posts. Nevertheless, it
should be noted that satlors were provided protein supplementation
onboard and in-betweesn legs to optimize musalar roovery®! and
to avoid muscle atmophy linked to the accumulation of high levels
of cortisol during sailing® In fact, sailos had been tmining
regularly 7 months prior to competition, which could have gener-
ated morphol ogical adaptations in the muscle fibers necessary to
withstand the induced mechanical stress without cansing strocturl
alterations,

Intensified WL periods have been found to increase cortisol
concentration.*® This hormonal incresse has been associated to
stress tolerance disturbances and decreases in performance. Studies
in other long-distance/duration sports have shown that athletes

expenienced greater concentration of SC in postcompetition
phases.® In sailing, few studies have considersd amalyzing cats-
bolic hormone alterations despite significant increases in cortisol
concentration being observed at sea * Indeed, sailoms in the current
study showed an elevation of SC levels at Post;_s (Figure 5) which
corresponded to the session rating of percetved exertion fluctus-
tions observed during the legs (Table 1), Momsover, HI did not
differentiate from BSL at Posty despite its cormelation to $C.3%
This finding may be due to the ew's winning performance during
the final leg. Indeed, subjective wellness seems to be associated
with competition outcome.® MNevertheless, it was found that
SC levels increased significantly after intense bouts of offshom
sailing. This seems to be in ine with other studies analyzing the
effects of prolonged change of circadian rhythms in confined

envimnments, *7

Practical Application

This study has revealsd a number of practical applications that ans
rzlevant to human performance practutioners and sailors alike, Over
an intensified period of offshome sailing competition, when then is
imsufficient tme to recover between legs, physiological and psy-
chological fatigue accumulates, Impaired readiness when sailing
may compramiss the boat's performance by reducing physical and
cogmtive capabilities, As such, cantious WL momitoring should be
implemented by practiioners during a competitive phase to deter-
mine a sailor's readiness and recovery status, Upper body and
lower body muscular capahilities, as well as 5C, wene impacted by
an affshore smling competition, and markers obtained from CMJ
and HGS appear to be sensitive ways of detecting muscular fatigue,
Cuestionnaires that sssess subjective wellness parameters ans
useful tools for monitoring fatigue and mecovery dunng offshons
sgiling competiion. Such guestionnaims are noninvasive and
nonexpensive tools that can be used frequently to provide useful
information on an athlete’s readiness to sail, This msearch was
conducted over a reduced 3-week competition as an adaptation to
the current COVID- 19 crisis. Futune research during longer events
is required to conduct correl ational analyses aiming to identify
relations hips between suling specific external load and monitoring
markers. Larger sample sizes would also allow further exploration
af activity profiles according to crew position anboard. In addition,
a5 laboratory measunes are expensive markers, further investiga-
tons are needed to examine the relatonship between extemal WL
parameters and subjective markers of recovery found in question-
muires. Furthermaore, through the use of micmo-captors and video
analysis, researchers could observe positon-specific activity and
determine the physical and physiological demands foreach maneu-
ver and/or sailing situation =

Conclusion

To the best of our knowledge, this is the first longitudinal study to
provide information on the effects of offshore smling on physio-
logical parmmeters and fatigue patterns in a professional mized-sex
crew saling team. This investigation confirmed (1) very hittle effect
on anthropometne parameters, (2) significant decreases i lower
and upper body muscular abilities, (3) significant vanations of
wellness parameters during the different legs, and (4) increases of
SC stress hommone duning and after competition. Therefore, the
current study presents the impacts that offshore sailing has on
athletes. The mesults will provide helpful information for sports
scientists, sailing coaches, and performance pracitionens to
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appropriately manage the trining and recovery processes in ther
quest to optimize human performance.

Monitoring Markars in Offshora Sailing 7

in clinical practice. foliner Evere Sei, 2009 1 T:85-91. doi: 103233
[ES- 200e-0338

15, Hooper SL, Mackinnon LT. Monitoring overraining in athiletes.
Spory Med. 1995 20(5)321-327. PubMed ID: 8571005 doi:10.
References 2LESDO00TIS6-190520050-00003
16, Ducker KJ, Lines RLY, Chapman MT, Peeling P, McKay AKA,
. (Ghiani G, Magnani 5, Doneddu A, etal Case study: physical capacity Gueciandi DF. Validity and reliability evidence of a point of care
and mutritional status before and after a single- handed y acht race. fnr J amsessment of salivary contisol and e-amylase: a pre-registered
Sporr Nurr  Ewere Merab, 201B28(5:558-563. PubMed ID: study. Peerd. 2020:8:e8366. PubMed ID: 31938581 doi: 107717/
20252058 doi: 10,1 12¥ijEnem 201 7T-0345 peer. 8166
Dubois B, Lyons M, Paillard T, Maurelli O, Prioux J. Influence of 17. Foster C, Florhaug JA, Franklin J, et al. A new approach to mondtor-
weekly workload on physical, biochemical and psychological char- ing exercise training. J Srengfe Cond Res. 2000105 10:10%-115.
acteridics in professional mghy union players over a competitive PubMed Iy 11708652
season. J Srengih Cond Res. 2020:34(2):527-545. PubMed ID: 18, Schofield WM. Predicting basal metbolic raie, new stndards and
ADOTA9ET doi: 1015 19TSC.OODOOOOMNN02IT4 1 review of previous work. Huwm Mo Clin M. 1985 3%zuppl 17:5-41.
Gomstiaga EM, Granados C, Thafiez 1, Gonzdlez-Badillo 11, Iz- 19, Myers 5D, Leamon SM, Nevola VR, Liewellyn MG. Energy expen-
quierdo M. Effects of an entiee season on physical fimess changes diture during a single-handed transatlantic yacht race. Br J Spomns
in elite male handball players. Med 5o Sporrs Eere. 2006:38(2): Med, 2008:4204):285-288. PubMed ID: 1B0GB436 doi: 1001136/
357-366. PubMed ID: 16531907 doi: 1001249001 me= O0OD01 84586 bism 2007041533
T4I98.03 240, Cisheeny, J. The concepis of power analysis. In: Cohen 1. Serisrical Power
Portier H, Chatard JC, Filaire E, Jaunet-Devienne MF, Robert A, Analysis for the Behavioral Sciences Ind od. Routledge; 1988:1-17.
Guezennec CY. Effects of branched-chain amino acids supplemen- 21. Lafere P, Gateoff Y, Guemeno F, Provyn 8, Balestra C. Field study of
wmtion on physological and psychological performance during an anthropomaorphic and muscle performance changes among elite
offshore sailing race. Eur J Appd Physiol. 2008104050 TET-T94. skippers following a transoce anic race. fnr Ma s Healh, 2020711
FubMed ID: 1870484 diod:10. 1007/a0042 1-D08-DR32-5 20-27. PubMed ID: 32212144 doi: 10,5603 TMH 20200007
Branth S, Hambracus L, Westerterp K, et al. Energy tumaver in a 22, Choma CW, Sforze GA, Keller BA. Impact of rapid weight sz on
sailing erew during of fahore racing around the world. Med Sei Spors cognitive function in collegiate wrestlers. Med Sei Sporrs Exere.
Erere., 1996, 28(100:1272-127 6. PubMed ID: 8897384 doi: 1001097/ 199830 5): T46-T49. PubMed IDx: 9588618 doi: 10, 108 T/00005T6R-
OO00STEE- 1906 1 D000- (0010 199 R0S000-00016
. Oldenburg M, Hogan B, Jensen HL Sysematic review of maritime 23, Martens EA, Westenerp-Flantenga MS. Protein diets, body weight
field studies about sress and strain in seafaring. M Arch Ocoup Joss and weight maintenance. Curr Qpin Clin Nure Merak Care, 2014;
Environ Healte. 2013:86(17:1-15. PubMed ID: 22915144 doi:10. 17107579, PubMed TD: 24310056 doi 100 1097 moo. DOO00000
1007004 20-012-0801-5 DOOON00G
Sagayama H, Toguchi M, Yasukata I, Yonaha K, Higaki ¥, Tanaka 24. Bakalobre-Femdndez C, Tejero-Gonzdlez CM, del Campo-Vec ino J.
H. Total energy expenditure, physical activity level, and waier Homonal and newromuscular responses to high-level middle- and
wrnover of collegiate dinghy sailors in a training camp. Jnr J Sporr long-distance competition. Jnr J Sporss Physiol Perform, 2014;%(5):
Mur Exere Meizb, 20019:29(4)350-353. PubMed ID: 30299186 B39-844. PubMed ID: 24436350 doi: 1001 12340jspp.2013-0539
doi: 10,1123 jjsnem. 201 80204 15, Blacha B, Zatod K, Fiwowarczyk P, Jastreebska A, Szczepan S.
Bamics C, Hadala M, Almansa I, Bosch-Morell F, Palanca IM, Repeatability of force production as a measure of kinacstetic sense
Romero Fl. Meatabolic muscle damage and oxidative stress markers in seagoing sailors and recreational sailors. Hum Moy, 2019;2002):
in an America's Cup yachting crew. Eur J Appd Plysial 200111 1(T): 57-63. doi: 1051 14hm. 201983219
1341-1350. PubMad ID: 21153417 doi: 10, 100T&00421-010-1762-6 26. Stoffregen TA, Smart L1 Postural instability precedes motion sick-
Hurdiel R, Van Dongen HF, Aron C, McCauley P, Jacolot L, ness. Brain Res Bull, 1998,47(51:437—448. PubMed ID: 10052572
Theunynck D). Sleep restriction and degraded reaction-time perfor- doi: 10, 10 LGES036 1 -0230] GR 001026
mance in Figar solo sailing races. J Sporrs Soi. 2004320 2): 172174, 27. Cronin J, Lawton T, Hamis N, Kilding A, McMaster DT. A brief
FPubMed ID: 240015907 doi: 10, 10ROAI26404 142013815359 review of handgrip strengéh and spont performance. J Srrengrh Cond
. Giacon T, Bosco G, Verzoli A, et al. Oxidative stress and maotion Res. 201T:31{11):3187-3217. PubMed ID: 28830854 doi: 101519/
sickness during offshore sailing. Sof Rep. 2022, Tanuwary 20121 JSCO0O0N0N000002 149
1142, doi: 10, 1038454 1 598-022-05219-6 28 Grant S, Hynes V, Whittaker A, Aichison T. Anthropometric,
. Hayes LD, Grace FM, Baker 15, Sculthorpe N. Exercise-induced strength, endurance and flex ibility characieristics of elite and recrea-
responses in salivary testoserone, conisol, and their ratios in men: tonal climbers, J Sporrs Soi. 1996 14040301309, doi: 101080
a mets-analysis. Sporty Med. 201545(53:713-726. PubMed TD: 026404 1 960RT2TTIS
25655373 dod: 101007/ s40279-01 5-0306-y 29. Philippe K, Paillard T, Dubois B, Maurelli O, Prioux J. Key performance
. Jackson AS, Pollock ML, Generalized equations for predicting body indicators in Touwr de France sailing. J Sporrs Sei. 2020 398194954,
density of men 1978, Br J Merr, 2004:91{1): 161-168. PubMed TD: PubMed D 33246399 doi: 10.10B0ADGI0414 20201851925
14748950 30. Oemente PM, Mendes B, Nikolaidis PT, Calvete F, Carigo S, Owen
. Brozek 1, Grande F, Anderson JT, Keys A. Densilometric analysis AL Intemnal training load and it longituding relationship with
of body compesition: revision of some quantitafive assumptions. seasonal player wellness in elite professional socoer. Phydol Behav.
Ann NY Acad Sed. 1963:110:113-140. PubMed ID: 14062375 doi: 10 2017179 262-267. PubMed ID: 2RGGRG19 doi: 10.1016/) physheh.
T T49-663 2. 1963 th 1 70792 2017.06.021
. Svaniesson U, Morde M, Svensson 8, Brodin E. A comparative audy 31. Pasiakos SM, Licherman HR, Mclellan TM. Effecs of protein
of the Jamar (R and the Grippit (R) for measuring handgrnip strengih supplements on muscle damage, soreness and recovery of muscle
(Ahesd of Print)

302



