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Appendix

Individualized Performance Optimization through Developing Resilient Athlete

Support System

Hana Tsubokura" , Daichi Yamashita'’ , Jad Adrian Washif 2>, Paul Laursen’* ,

)

Bent R;annestad5>, Shona Halson6>, David Pyne7> , Guro Sollig),

Takaki Yamagishi1> , Ifigo Mujika

9),10)

Keywords : COVID-19, high-intensity interval training, recovery, long-term follow-up

I. Introduction

From February 15 to March 15, 2023, the Japan
High Performance Sports Center (JHPSC) hosted the
High-Performance Sport Symposium titled “Individu-
alized Performance Optimization Through Developing
Resilient Athlete Support Systems” in an on-demand
format. At that time, Japan was still grappling with the
consequences of COVID-19, and athletes experienced
training restrictions until May 8th when the disease se-
verity was downgraded to the lowest category 5. Un-
derstanding training and recovery methods to maxi-
mize outcomes with limited opportunities was crucial.
The symposium was designed to gather global knowl-
edge and perspectives on training and conditioning
strategies aimed at achieving optimal performance. It
began with a session titled “General Introduction,”
where the author (Ifiigo Mujika) provided an over-
view of each speaker and their presentations. This was
followed by a series of detailed lectures on respective
topics. While each presentation lasted approximately
40 to 60 minutes, due to space limitations, this paper
provides only a summary. Readers are encouraged to
refer to the cited literature for more comprehensive de-

tails.

II. Training Practices of Elite Athletes during the
COVID-19 Pandemic (Jad Adrian Washif)

COVID-19 lockdowns led to closures or restrictions
of fitness and sports facilities, and training centers.
Competitions were postponed or canceled, including
the Tokyo Olympics and Paralympics. The pandemic
posed unprecedented challenges to athletes and coach-
es. Despite this, elite athletes endeavored to improve

performance; some reports indicate improved swim-

. 7)
ming performance .

An international consortium of 111 researchers (Ef-
fects of Confinement on knowledge, Beliefs/Attitudes,
and Training in Athletes; ECBATA project) conducted
an online survey in 35 languages, receiving over
12,000 responses from more than 140 countries. Various
training restrictions and changes were identified*".

The survey revealed that maintaining physical con-
ditioning was prioritized when regular facilities were
unavailable. Athletes devised new training methods,
with home workouts and virtual sessions becoming
common. Mental health and motivation became criti-
cal challenges, necessitating psychological support and
strategies. Sports institutes and clubs implemented

strict health protocols, adapted schedules, and utilized

v Japan Institute of Sports Sciences, ?National Sports Institute of Malaysia, ¥ Athletica Inc., Y HIIT Science Inc., *Inland Norway

University of Applied Sciences, % Australian Catholic University, 7)University of Canberra, ¥Nord University, 9)University of the

Basque Country, "9 Universidad Finis Terrae
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online coaching. National sports federations and coun-

cils reviewed policies, providing information and

guidance to support athletes. These measures were
crucial in maintaining competitive ability and safe-
guarding health.

The pandemic highlighted the importance of flexi-
bility and innovation in sports training during crises.
Comprehensive emergency plans and rapid adaptabili-
ty were required. Challenges faced during lockdown
included:

1) Training focus shifted: Most trained individually,
prioritizing general health over competitive train-
ing.

2) Facilities and support: Resources like space, equip-

ment, and support teams were limited. World-class

athletes had more access than others.

3) Key training variables: The frequency, duration,

intensity, and type of training were substantially

reduced or limited.

4) Sports and sex effects: Less equipment-dependent

sports maintained training more easily, while

equipment-dependent and team sports faced sub-
stantial challenges. Sex differences were small or
trivial.

5) Non-training related impacts: Motivation declined
due to lack of competitions, affecting mental
health.

Preparing for similar future situations is essential.

At individual and organizational levels, establishing

training environments and “bubble” camps when nec-

essary is important40>. Governments should develop

systems allowing training and competitions to contin-

ue.

II. The Science and Application of High-Inten-
sity Interval Training (Paul Laursen)
This lecture is based on two review articles in
Sports Medicine published in 2013”*, a subsequent
book'”, and an online course”, contributing signifi-

cantly to the scientific foundation of High-Intensity In-
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terval Training (HIIT). HIIT involves exercises at in-
tensities above the onset of blood lactate accumulation
or critical speed/power, repeated with rest intervals. It
is time-efficient and effective in improving cardio-
respiratory, metabolic, and neuromuscular functions.
HIIT mainly includes five formats:
1) Long Intervals: Repeating long exercises (=60
seconds) with short breaks.
2) Short Intervals: Repeating shorter (< 60 seconds),
higher-intensity exercises.
3) Repeated Short Sprints: Repeated maximal sprints
(< 10 seconds).
4) Repeated Long Sprints: Repeated maximal sprints
(>10 seconds).
5) Small-Sided Games: Game-format HIIT.
Creative solutions beyond these formats are necessary.
Understanding the context—sport characteristics, ath-
lete profile, team tactics, long-term adaptations, and
program design—is essential before applying methods.
Only then can daily training content be effectively set.
HIIT sessions target combinations of oxidative, gly-
colytic, and neuromuscular recruitment. Nine variables
need consideration: exercise intensity, duration, rest
intensity, rest duration, set duration, number of sets,
rest between sets, total volume, and exercise modality.
Exercise intensity and rest duration are particularly
important. Measuring maximal sprint power/speed and
maximal aerobic power/speed, and their ratio (Anaer-
obic Power/Speed Reserve), informs training. Appro-
priate recovery allows sufficient preparation for subse-
quent training. Rest intensity is vital; with short,
passive recovery can prolong time to exhaustion com-
pared to active recoveryg). However, for maximal cardio-
respiratory stimulation, active recovery is more effec-
tive.
Emphasizing appropriate load setting and recovery
is crucial. Excessive loads increase injury and over-
training risks; adjustments according to individual fit-

ness levels are needed. HIIT offers flexibility to cus-

tomize according to goals and needs. In small-sided



LYYy M7 A — MR — Y A7 AOREEIC L 2187 + —~ v ZADEAL

games, modifying court size, player numbers, and
rules allows simultaneous conditioning and skill acqui-
sition. Properly manipulated, HIIT is highly useful in

constructing training plans for various objectives.

IV. Optimizing High-Intensity Interval Sessions
for the Endurance Athlete (Bent Ronnestad)

This lecture provided specific data and strategies for
designing training programs, sharing scientifically
grounded methods. These insights offer important
guidelines for athletes and coaches developing
advanced training plans that can be found in the book
of Rennestad et al>® . Training intensity positively cor-
relates with improvements in VO,max, especially at
intensities around 90-100% VO,max". Training time
above 90 % VO,max effectively enhances endurance
capacityﬁj’ 13)’36)'38>‘ Thevenet et al. (2007) found that
groups with the longest time at VO,max intensities
achieved the greatest adaptations”) . However, these
studies did not measure VO, during training, leaving
the relationship between physiological responses and
adaptations unclear.

Our research group conducted a study with cyclists
averaging VO,max of 67 ml-min "-kg~ ', measuring
VO, during interval sessions over nine weeks?”. Twenty-
two cyclists performed 21 sessions, with VO,max
measured throughout. The study showed that the per-
centage of VO, relative to VO,max during sessions is
crucial; time spent above 90% VO,max is a good indi-
cator of session quality.

Based on our findings, high-intensity interval ses-
sions are effective for improving endurance perfor-
mance. Longer training time at or above 90% VO,max
correlates with greater effects. Adjusting the intensity
of these sessions can enhance the overall training pro-
gram'’s effectiveness’ 223,

This lecture provided specific data and strategies for
designing training programs, sharing scientifically
grounded methods. These insights offer important

guidelines for athletes and coaches developing ad-
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vanced training plans.

V. Recovery and Sleep Following High-Intensity
Interval Training (Shona Halson)

Sleep and downtime are the foundation of the
recovery pyramidm. Proper nutrition and hydration
then lay on this foundation.

Active and passive recovery strategies include water
immersion, compression garments, active recovery,
stretching, and massage. These methods are supported
by substantial research and are effective. In particular,
water immersion has robust evidence; studies show it
is among the most popular recovery methods in sports
like soccer” . Conversely, methods using new tech-
nologies such as cryotherapy chambers and infrared
devices lack sufficient evidence. It is concerning that
athletes adopt these less-supported methods while
overlooking fundamental strategies.

Prioritizing scientifically supported methods in re-
covery is imperative. Emphasizing basic strategies—
sufficient sleep and proper nutrition—is necessary.
While wearable devices now enable sleep measure-
ment, they currently excel at recording duration but
lack accuracy in identifying sleep stagesm. It is rec-
ommended not to over-rely on technology but to prac-
tice based on evidence.

Returning to basics in recovery strategies is key. By
prioritizing foundational elements and incorporating
evidence-based methods, optimal recovery can be
achieved. In selecting strategies, it is advised to adopt
methods based on solid evidence, without being

swayed by trends or new technologies.

VI. Long-Term Follow-Up of Elite Athletes:
Lessons and Applications (Ifiigo Mujika)
This section introduces lessons from long-term fol-
low-up of elite athletes and their applications. Utiliz-
ing evidence-based information from sports science
literature aids training and performance. Learning

from both practical training and scientific insights al-



Elt
m

lows mutual feedback.

Topics addressed include long-term planning, annu-
al periodization, training intensity distribution, strength
training for endurance, tapering for peak performance,
and altitude training effectiveness.

Three athletes, the “Magnificent Three”, are intro-
duced: Ainhoa Murua (Basque triathlete coached for
13 years, a four-time Olympian)'®’, Eneko Llanos
(Basque triathlete coached for 10 years, multiple
World Champion)'”, and Mireia Belmonte (Spain’s
greatest swimmer, winning gold and bronze at the Rio
Olympics) 16),19)

Long-term planning involves systematically struc-
turing training throughout an athlete’s career'”’ . Annual
periodization allows season-wide planning with appro-
priate intensity distribution and content'”. Tapering is
essential for peak performance; reducing training vol-
ume before competition allows optimal performancem.
Two-phase tapering (increasing load before competi-
tion)”” and three-phase tapering (successively de-
creasing, increasing and decreasing load) "5 can be ef-
fective, but adjustments to suit athlete preferences are
necessary.

Strength training for endurance involves incorporat-
ing high-load strength training alongside endurance
training, improving performance both short-term and
long-terrn3>'27). Maintaining strength during the com-
petition season is crucial.

Regarding altitude training, periodization for elite
endurance athletes was presented'g). We assert that
athletes can adapt to altitude training; with correct pe-
riodization, programming, and monitoring, everyone
can benefit.

In conclusion, knowledge from long-term athlete
follow-up is highly beneficial for other athletes and
coaches. Integrating practical knowledge with the lat-
est research allows for more effective training pro-

grams, enhancing athlete performance.

34

VI. What Can We Learn from the Most Decorated
Winter Olympian in History? (Guro Solli)

The author (Guro Solli), a former cross-country
skier, was once on the national team with Marit Bjer-
gen—the world’s most successful female cross-country
skier. During her doctoral studies, the author asked
Bjergen if she could research her training. Bjergen
agreed and shared all her training diaries, allowing the
author to analyze her training and physiological test
data from the age of 18 until her retirement at 38. This
led to detailed studies of Bjergen training practic-
s’ 339,39

In her most successful seasons, Bjergen's annual pe-
riodization followed a traditional pattern: extensive
low-intensity training interspersed with moderate-in-
tensity sessions, strength training, and speed workouts,
equally dividing sport-specific and non-specific exer-
cises’. As competitions approached, she shortened
low-intensity sessions, increased sport-specific modal-
ities, and added more high-intensity training. In her
early senior years, she experimented with block peri-
odization™’. While this had immediate effects, she lat-
er experienced a performance plateaum.

As a female athlete, Bjorgen had to consider how
her menstrual cycle and hormonal contraceptive use
affected her training and competition. Although she
experienced some cycle-related changes, she did not
modify her training accordingly. This aligns with
findings by Solli et al‘m, which indicate that while a
substantial proportion of Norwegian cross-country
skiers (=50~70%) report that the menstrual cycle affects
their training or performance, relatively few (=22% )
adjust their training on that basis. After her five most
successful seasons, she became pregnant and won four
gold medals at the World Championships two years af-
ter giving birth. During pregnancy, she stopped
high-intensity training and modified strength training
but maintained a high volume—averaging 14 hours
per week (13 hours in the first trimester, 18 in the sec-

ond, and 9 in the third)*”. She adjusted training based
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on sleep quality and fatigue to ensure continuity. Post-
partum, Bjergen resumed training early—averaging 7
hours per week in the first six weeks and 14 hours be-
tween weeks 7 and 12—but suffered sacral fractures in
weeks 13 and 23. This delayed her progression, but
she eventually prepared adequately for the competition
season. After ceasing breastfeeding, her bone density
increased, returning to near pre-pregnancy levels.
These findings suggest that postpartum athletes require
cautious training progression and bone-strengthening
strategies.

Factors contributing to Bjergen's success likely in-
clude strong intrinsic motivation. Coaches and support
staff noted her deep passion for training and competi-
tion. Moreover, her ability to consistently average 15
training hours per week over 18 years is attributed to
her exceptional capacity to stay healthy, free from ma-
jor illnesses or injuries. Her case study provides cru-
cial guidelines on the long-term success of elite ath-
letes and considerations for returning to competition
postpartum. It offers valuable insights for researchers,
coaches, and athletes, fostering fruitful discussions and

a deeper understanding of elite athletic performance.

VI. Individualized Performance Optimization
through Developing Resilient Athlete Support
System (David Pyne)

This article discusses the value of case studies in
sports science, the role of sports science support, and
key factors that distinguish winning from losing. As
someone involved with the International Journal of
Sports Physiology and Performance (IJSPP) since its

2-2 the author (David Pyne) notes that,

inception
per IJSPP’s author guidelines, case studies today need
to be concise and engaging not only for researchers
but also for practitioners and coaches. Despite small
sample sizes, they must be novel, specific, practical,
and interesting”' .

An example is a case study I published with swim-

ming coach Vince Raleighw. We worked together dai-
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ly, coaching Brenton Rickard, who won gold in the
men’s 100 m breaststroke at the 2009 World Champi-
onships. We documented his preparation, collecting
training and measurement data poolside and providing
real-time feedback. The study reported on his perfor-
mance from 2003 to 2009, morphological tests, and
physiological assessments conducted in the pool. For
details and other case studies, see the book in which I
contributed some chaptersm.

Sports science support can occur within professional
teams or national organizations, each with its manage-
ment structure, roles, and responsibilities. For sports
scientists, a positive attitude and dedication are crucial.
Salcinovic et al. identified leadership style, supportive
behavior, communication, and performance feedback
as key factors influencing team performance across in-

) Early in my career, “multidisciplinary” was

dustries
a common term. As the field matured, “interdisciplin-
ary” support evolved, with researchers collaborating
across disciplines. Eventually, “transdisciplinary”
sports science support emerged, where all team mem-
bers collectively address issues like injuries from
weekend games. Such transdisciplinary approaches
likely offer the greatest benefits to coaches, athletes,
and support staff. Consider integrating transdisci-
plinary interaction into your sports science support.
Lastly, on a philosophical note about what distin-
guishes winning from losing, consider the words of
American investor Charles T. Munger: “Knowing what
you don't know is more useful than being brilliant.”
We often focus on what we should do to improve ath-
letes, but others may be more talented or brilliant. It's
worthwhile to step back and reflect. Our aim is to
make things better, not just follow literature or others.
We must respect the group or team, learn the team cul-
ture, and understand our specific role and what is best
for the team. We learn from athletes and from the

world of sports science.
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X. Summary

This symposium served as a platform for envision-
ing the future of athlete support, exploring new possi-
bilities by integrating scientific insights with practical
field experience. Against the backdrop of unprecedent-
ed challenges brought on by COVID-19, participants
discussed emerging frameworks in training, condition-
ing, and recovery designed to maximize outcomes
even under limited and constrained circumstances.

The primary objective was to emphasize the need
for incorporating resilient support systems capable of
adapting to shifting environments and the diverse
backgrounds of individual athletes. While firmly
grounded in scientific theory and evidence-based
methodologies, the importance of tailoring these ap-
proaches to real-world conditions was repeatedly un-
derscored. In particular, strategies for performance op-
timization were presented not merely as discrete
training or recovery methods, but as comprehensive
support structures encompassing long-term career pro-
gression and individualized goal setting.

In an era of heightened expectations for new tech-

nologies and tools, the value of returning to fundamen-
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tals was also highlighted. By anchoring support in the
basics—such as quality sleep and balanced nutrition—
and then flexibly adapting evidence-based practices to
meet each athlete’s unique characteristics and needs,
the most effective and sustainable outcomes can be
achieved. Moreover, it became clear that sports science
does not exist in isolation. Instead, its true potential is
realized through multidisciplinary collaboration among
coaches, medical professionals, and athletes them-
selves. Such interdisciplinary approaches were identi-
fied as both the key to advancing the framework of
athlete support and essential for building adaptive sup-
port systems informed by field-level perspectives.
Finally, this symposium provided important guid-
ance for shaping the future of athlete support. Rather
than merely addressing immediate problems, it offered
an opportunity to discover new avenues for develop-
ment prompted by unprecedented difficulties. By clari-
fying the path forward for athletes and their support
teams, it established a meaningful foundation that
could foster sustainable evolution in the sporting
world, ensuring that the pursuit of athletic excellence

goes hand-in-hand with individual well-being.



