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Appendix

Training Load Management for Performance Optimization

Frederick J. Henderson ”, Hana Tsubokura”, Daichi Yamashita”, Yasuki Sekiguchi2>,
Kohei Tamagawa”, Martin Buchheit"*" 6>, Alan McCall”, Franco M. Impellizzeri8>,

Takaki Yamagishi1> , Inigo Mujika

9),10)

Keywords : recovery, monitoring, peaking, technology, injury prevention

I. Introduction

On March 4th, 2024, the “High Performance Sport
Conference: Special Seminar—Training Load Manage-
ment for Performance Optimization” was held at the
National Training Center, an event organized by the
Japan High Performance Sports Center (JHPSC) to
introduce the latest information on various topics to
Japanese coaches and the international sports commu-
nity more broadly, in the lead-up to the Paris 2024
Olympic and Paralympic Games later that year. With a
focus on helping athletes perform their best on the
grandest stage in sports, we conferred both online (in-
cluding additional presentations held from March 11th
to 31st) and in person on topics including: understand-
ing training load, injury risk, the use of technology to
monitor training adaptations, planification when quali-
fying events happen soon before the main competition,
conditioning to perform in the summer heat, as well as
recovery and understanding the implication of travel-
ing to international competitions. Below are brief sum-
maries of each presentation that we hope will help
readers tackle similar challenges in their future sports

endeavors.

II. General Introduction/Measurement and Asse-
ssment in the Training Gym for High-Perfor-
mance Athletes (Daichi Yamashita)

Established in 2013 at the Japan Institute of Sports
Sciences, the High-Performance Gym (HPG) is a cen-
tral hub integrating assessment, training, rehabilitation,
and research to bridge the gap between research and
practice in high-performance sports. Three types of as-
sessments are implemented—postural, metabolic, and
neuromuscular—each with clear objectives aligned
with specific performance goals (e.g., preparing ath-
letes for competitions over Olympic and Paralympic
cycles) (Figure 1). Regular assessments help ensure
athletes’ progression, regardless of injuries or unfore-
seen events. However, assessment can be resource-
intensive and induce undesirable fatigue, so benefits
must be weighed against potential drawbacks (e.g., as-

sessment duration or need for dedicated sessions) .

“Invisible monitoring”, where data are collected
during regular training (e.g., using wearable devices),
has thus become a valuable approach. For example,
collecting and immediately displaying training data
enables immediate feedback which can enhance per-

formance gains38>. However, this approach must be

v )Japan Institute of Sports Sciences, ?Texas Tech University, *'Performance Space, 4)Type 3.2 Performance, *'HIIT Science,

wAspetar, 7 Arsenal Football Club, 8)University of Technology Sydney, 9"University of the Basque Country, " Universidad Finis
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implemented thoughtfully to avoid data overload and
privacy issues.

To tackle such challenges, the HPG developed vari-
ous tools. For example, detailed biomechanical data of
athletes performing countermovement jumps (CMIJs)
wearing LED markers can be computed within five
minutes using Al technology integrating biomechani-
cal tracking with computer vision techniquesw. CMJ
can also be performed on portable force plates to pro-
vide instant feedback to athletes while collecting com-
prehensive data. Rigorous data collection thus serves
both objectives: supporting training and gathering data
for research.

The HPG published several studies in this way. Data
from a world-class athlete revealed a reduction in leg
power but minimal changes in endurance capacities
after a 4-week training cessation following the Olym-
picsm. An investigation into tapering strategies for
World Championships found that peak performance
occurred in the final training session before competi-
tion’. Through “invisible” testing, staff could monitor
hypoxic training for improvements in sprint per-
formance until the Olympics without formal assess-
ments .

In summary, embedding regular evaluations into
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long-term athletic planning can be successful. The
HPG's experience illustrates that a flexible approach to
assessments can help practitioners develop evi-
dence-informed practices while advancing high-per-

formance sports research.

II. Maximizing Exercise Performance in the
Heat by Optimizing Training and Recovery
(Yasuki Sekiguchi)

Heat can considerably diminish athletic perfor-
mance and increase the risk of injury. With many inter-
national sporting events scheduled in the summer or at
high temperatures, preparing athletes to perform in hot
environments is key to optimizing performance.

The physiological response to heat is complex, driv-
en by thermoregulation mechanisms (e.g., dehydration
from sweat evaporation) o, Despite thermoregulation,
prolonged exercise raises the core body temperature,
which may increase heart rate for the same effort and
reduce time to exhaustion'”. Importantly, environmen-
tal heat does not directly cause heat stress: higher en-
vironmental heat reduces heat dissipation which in-
creases core body temperature. Elevated core body
temperature is the actual cause of heat-related symp-

toms but also adaptations.
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Figure 1. Conceptual timeline diagram of physical readiness, assessments, and training to achieve a long-term

performance goal.
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Adaptation to heat is the most effective heat mitiga-
tion strategy along with high aerobic fitness'. Adapta-
tions vary with the frequency and intensity of exposure
to heat but can be completed within 14 days, with 70—
80% of adaptations occurring within 4-7 daysm. Ad-
aptations include increased plasma volume, reduced
HR during effort, increased exercise capacity, in-
creased thermal comfort and reduced perceived exer-
tion, reduced skin temperature, reduced core tempera-
ture, increased sweating rate, reduced sweat electrolyte
concentration. Of note, thirst may not match the in-
crease in sweat so any hydration plan should be adjust-
ed accordingly“).

Heat adaptations vary between individuals but usu-
ally require raising core body temperature up to 38.5—
39.9C, for 60-90 min, once to twice a week, for 514
days. Modalities include sport training in hot weather,
long duration endurance training, or passive modalities
like sauna. The key point is to raise core body tem-
perature sufficiently. Maintaining heat adaptations is
akin to training: heat adaptations decay if not stimu-
latedw, and should thus be considered in the training
program. The stronger the stress, the bigger and faster
the response.

Benefits of heat adaptation are not limited to sport
performance in the heat, and transfer to any environ-
ment. Therefore, heat adaptation can be used as a rela-
tively easy-to-implement, regular training tool to im-

prove physical performance in any environment.

IV. Practical Use of Force Plates in Basketball
Strength Training, In-season Monitoring, and
ACL Post-Op Rehabilitation (Kohei Tama-
gawa)

Portable force plates offer practitioners new insight
into athletic performance. With CMJ, recording verti-
cal ground reaction force (F,) over time provides tens
of variables derived from the equation F=ma (F:
force, m: body mass, a: acceleration). If selecting an

appropriate analysis software is thus important, having

49

a reliable process to implement force plate testing is
probably paramount.

Practitioners can improve data reliability by stan-
dardizing measurements. However, while rigorous
protocols are commonplace in a laboratory, stan-
dardized testing is more challenging in the field. Prac-
titioners may find greater success in using a checklist
of key steps to ensure sufficient data reliability. Such a
checklist could include questions such as “are the data
consistent?” or “were data collected after warm-up?”.
Consistent cueing also ensures data quality; e.g., “jump
as high and fast as possible” or “no movement before
initiating jumping”.

After data collection comes analyzing the vast
amount of data gathered. To facilitate interpretation,
practitioners can classify variables into performance
(CMJ height, peak power, etc.) and strategy (time to
takeoff, CMJ depth, etc.) categories (Figure 2). Prac-
titioners should be careful when using indices like
modified reactive strength index (mRSI) because, as a
ratio of two variables, several combinations can produce
the same score, potentially leading to misinterpre-
tations”. This can be avoided by combining perfor-
mance and strategy variables to describe and explain
observed variations.

Force plate data can indeed support decision making
about training. During anterior cruciate ligament
(ACL) injury rehabilitation, for example, athletes of-
ten display asymmetries in eccentric force production
during braking phases of jumpingZ). Looking at the F-
time curve, each phase can be investigated separately
to explore deficits invisible when looking only at jump
height'*""*¥_ Practitioners can then establish the best
training to implement for a particular athlete.

Ultimately, practitioners should weave information
from force plates into a story to tell athletes and coach-
es, facilitating communication and buy-in from ath-

letes to ensure their success.
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Figure 2. Classifying variables into categories to improve data interpretation. CMJ: countermovement jump,

RFD: rate of force development, mRSI: modified reactive strength index.

V. Double Peaking toward Paris 2024 (Iiigo
Mujika)

Peaking is a temporary state allowing the best per-
formance that an athlete can achieve’ . This state is
commonly achieved through periodization, i.e., the or-
ganization of different training phases over time to
achieve the highest level of speed, strength, and endur-
ance” .

Although most periodization studies have been short
(<18 weeks) 25), many athletes periodize their train-
ing%). In individual sports, periodization usually in-
cludes a period of tapering to attain optimal fitness and
peak perforrnance35). Athletes are usually near peak fit-
ness at the onset of tapering, so peak performance
likely results from dissipating accumulated fatigue.
Tapering seems most efficient when training volume is
reduced (40-60% ) but training intensity and frequen-
cy are maintained for around 2 weeks® . Tapering
improves performance by 3% on average (range: 0.5—
6.0% ), enough to impact competition placing.

Several aspects influence tapering implementation.
Due to inter-individual variability, understanding indi-
vidual training and recovery responses is key. Main-
taining energy balance during training load reduction

27), 30), 36)

can influence body composition , SO reaching
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competition weight before tapering and maintaining it
until the competition is recommended. Lastly, environ-
mental factors should be considered (e.g., jet lag, alti-
tude or heat) . Similarly, integrating recovery strate-
gies into periodization and tapering is recommended.

Repeating peaks (e.g., for qualifiers and main com-
petition) is termed double-peaking. While successful
double-peaking has been reported over different time
frames®” achieving a higher second peak may be a
greater challenge. In swimming, while time between
season best and major event shows little influence on
performance progression, only medal winners, final-
ists, and swimmers from the USA have demonstrated
consistent progression between peaks. Stroke, dis-
tance, sex, and age had only trivial influence on per-
formance progression.

For long competitive periods, (e.g., team sports) a
possible approach is to first achieve a high fitness lev-
el, then maintain fitness, and punctually peak for the
most important events. This can be achieved through
block periodization, where repeating blocks of short
training cycles builds up toward the most important
competitionm’m. However, all approaches (block,

45)

traditional, mixed) have met success” . Overall, the

above recommendations generally hold true regardless
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of athletes or sports.

VI. From Data to Performance: Utilizing Techno-
logy to Monitor Training Adaptation in Elite
Soccer (Martin Buchheit)

While advancement in wearable technologies has
increased available information about athletes, practi-
tioners still need to make sense of it. Thus, having a
framework to implement technologies is crucial. In
this framework, distinguishing the load from the re-
sponse to load is essential because a same load can
lead to different responses in different athletes. Practi-
cally, practitioners first plan the desired load based on
their goal. Second, practitioners should confirm wheth-
er the achieved load matches the planned load. Third,
the response to the load should be quantified to ensure
the expected outcome occurred. Also, because all ad-
aptations do not rely on the same mechanism, mea-
surements can be classified by their nature (e.g., meta-
bolic or neuromuscular) .

Load can be qualified as external (load characteris-
tics) or internal (how the body reacts) and quantified
with tools like HR monitors, rating of perceived exer-
tion (RPE) scales, or Global Positioning System
(GPS). Then, practitioners can quantify the response
to load by comparing internal loads over time when
external load is standardized. For metabolic monitor-
ing, HR, blood lactate, or RPE scales during a stan-
dardized effort can be used (e.g., 12-minute submaxi-
mal run during warmup)”' 19 For neuromuscular
monitoring, muscle soreness is a basic yet robust indi-
cator. A more specific measure can be provided by bio-
markers (e.g., creatine kinase) . Finally, collecting 2 or
more measures is recommended. For example, a lower
HR for the same effort can show a higher fitness level
but also functional overreaching (overtraining). Re-
sults from a wellness questionnaire can easily identify
cither case™ .

Technologies are constantly emerging. Force plates,

transducers, accelerometers are already popular to
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track neuromuscular load”. Outdoors, GPS or shoe ac-
celerometers can help monitor load” ¥ ' With such
technology, practitioners can measure the regular train-
ing of athletes without needing dedicated testing ses-
sions. Other promising technologies are in develop-
ment (e.g., EMG shorts, mood recognition, or Al and
modeling technologies) . Lastly, whatever the technol-
ogy, the key remains the consistent, standardized col-
lection of data for decision-making. Beware of need-
less testing and excessive requests to athletes to record
data to not erode trust from players and staff and jeop-

ardize their collaboration.

VI. The Injury Prevention Puzzle (Alan McCall)

Due to the sheer complexity and dynamic nature of
injuries and their context, many injuries are unlikely to
be prevented. For example, an elite professional player
is completing rehabilitation as a crucial game ap-
proaches. He/she is not ready to play, plays anyways,
and reinjures. Ideally, one wants to prevent injury from
occurring, but the only option is often to manage the
risk of injury while informing all stakeholders of the
risk involved before a decision is made.

Many frameworks for injury prevention are avail-
able, but all include similar elements: evaluate the sit-
uation, identify causes, intervene accordingly”>.

“Evaluate” includes identifying the most common
type of injury, the associated incidence, and the result-
ing burden (e.g., days unavailable). Exploring scien-
tific literature for information is recommended but so
is understanding the situation in one’s group of athletes
as it evolves in response to implemented interventions.

“Identify” designates the search for the cause of in-
juriesm. Many factors interact in the lead-up to inju-
ries, but potential causes can be grouped to simplify
analysis. Then, understanding relationships between
groups can help identify high-risk situations and avoid
them. Visualizing information (e.g., as a puzzle of fac-
tors) can also help identify missing information. Be-

cause injuries are dynamic, using systems such as “red
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flags” is advised: did a risk factor appear (red flag) or
disappear (green flag) since the last evaluation.

“Intervene” can take several forms. However, re-
search points to weekly load management and exer-
cise-based strategiesm. Other tools include recovery
strategies, considerations for previous injuries, com-
munication with players, and the ability for staff and
players to work together. Often overlooked, human in-
teractions remain key (e.g., to secure the buy-in of
stakeholders) .

Although technologies can accurately quantify
isolated factors, subjective measures integrate all fac-

tors34>

. And while tools like RPE or Borg scales are
available'”, scientific investigations revealed that trust
is crucial to collect reliable subjective data'”. Athletes
answer most accurately to individuals they sufficiently
trust. Sources of inaccuracy include lack of education,
feedback, trust, or transparency, miscommunication,
insufficient relationship building. Coaching with em-
pathy is thus likely to help in collecting robust data® .

If subjective data are unreliable, the fault most likely

lies with the interviewer rather than the interviewee.

VI. Understanding Training Load: From Theory
to Practice (Franco M. Impellizzeri)

Practitioners manipulate training load (TL) by ex-
posing athletes to various stimuli, inducing training
adaptations to enhance performance. Unfortunately,
the relationship between training exposure and out-
comes is complex, with several factors mediating or
confounding the effects of training (modifiers)®’ .
Coaches typically modify the external TL (ETL) to
induce an internal TL (ITL), thus triggering biological
adaptations. These adaptations target physical charac-
teristics assumed to determine performance. Environ-
mental (e.g., heat) and contextual factors (e.g., nutri-
tion) can also affect ETL, ITL, and resulting
adaptations. For example, the health status affects the
training responses, so adaptations may stem from

changes in health status rather than training. Therefore,
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quantifying TL requires systematic monitoring of rele-
vant mediators.

Monitoring TL involves various steps®. What to
monitor depends on the training plan, designed around
characteristics to train. Following a process control ap-
proach, practitioners implement exercises, inducing
biological stimuli (mediators of the adaptive re-
sponse), and confirm that the TL yielded the expected
effects. Subsequently, the plan is adjusted accordingly.
Time is another important factor to assess training ad-
aptations, owing to both acute and chronic training ef-
fects. Indeed, acute negative effects can mask positive
chronic effects. Therefore, it is crucial to minimize
negative acute effects in tested athletes, e. g., testing
after a recovery period. Analyzing trends in data over
time (e.g., jump height, strength, perception, etc.) can
help assess chronic effects. Finally, monitoring contex-
tual factors can reveal inter-individual differences in
the training response. Ideally, at least one measure
should be recorded for ETL, ITL, training effects, con-
textual factors, and performance (or a valid surro-
gate).

What to measure also depends on the targeted mech-
anisms. Identifying the needed measures is akin to the
following example: a soccer coach assumes that
small-sided games (SSGs) improve game perfor-
mance through enhanced sprinting. The rationale is
that SSGs can stimulate the neuromuscular system,
which mediates the effect of SSGs on sprinting. In-
deed, SSGs impose repeated sprinting, which stresses
the neuromuscular system. Although this stress is
hardly measurable directly on the field, repeated high-
speed running can be quantified using GPS technolo-
gy. Time spent running at high speed, e.g., above 25
km/h, during SSGs can then be monitored, assuming
that this measure relates to neuromuscular stimulation;
the more time spent at high speed, the greater the neu-
romuscular stimulus. The key element is to have a ro-
bust rationale, particularly if experimental evidence is

lacking. We therefore need a rationale or evidence
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supporting that high-speed running is sufficiently asso-
ciated with neuromuscular activity to induce adapta-
tions.

Managing TL involves defining what to train, creat-
ing a plan, identifying key features to monitor, estab-
lishing measures of tolerance to training, developing
systems to adjust the plan, and checking the responses
to training. The process should be backed by robust
evidence or, at the very least, a solid rationale. Sound
reasoning (i.e., the human factor) is crucial because

relevant measures of TL are selected by coaches.

IX. Summary
Owing to its shear complexity, managing TL is a
challenge for even the most seasoned practitioners.
The outstanding speakers involved in this conference
offered invaluable insight into the science and practi-
cal application of key questions about TL. A general

conclusion could be that TL is more about the training
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effect than training itself, thus imposing to account for
factors such as recovery, environment (heat), travel,
individual response to load. Technology can be incred-
ibly helpful, if implemented sensibly. Simply imple-
menting a technology because it is available is absurd,
as technology implementation must answer a specific
question resulting from a careful analysis of the bio-
logical mechanisms at play, the available scientific lit-
erature or, alternatively, a solid rationale when evi-
dence is lacking. Also, because they reflect the sum of
all training effects, do not disregard subjective markers
of performance; technology is usually appropriate for
specific objective measures but often fails to capture
the general outcome of training. Finally, a lot can be
achieved without technology and one could argue that
without proper procedures and management processes
in place, implementing technology might provide more

confusion than clarity.



