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Welcome

Welcome to Seville
Dear Friends,

We are honoured to invite you to celebrate the 27th Annual Congress of the European College of Sport Science (ECSS) with us, and in doing
so, we offer you a special gift: Sevilla! A melting pot of more than 3,000 years’ history, a city full of art, culture, cuisine, leisure and sports.
The city looks forward to welcoming sport scientists from all parts of the world, with open arms, to enjoy this unique ECSS congress.

“Sport Science in the Heart of Arts” is the theme for the 2022 ECSS congress in Sevilla. Make the most of your time before or after the
congress and admire the Guadalquivir River, various art forms, diverse cultures, the numerous historic quarters and above all, our people.
We suggest that you make your travel arrangements to allow for time to explore this wonderful city and this region of Spain known as
Andalucia. With affordable accommodation, summer weather and countless activities and sites to visit, you will have a memorable time.

Added to this, the Sevilla Convention Bureau has kindly offered gift vouchers to all congress delegates that include free give-aways, includ-
ing public transportation tickets, and discounts at restaurants, museums, flamenco shows, recreational parks, cafés, pubs and various
shops. We have also engaged with a local tour operator and asked them to provide discounted trips before and after the congress.

The ECSS congress brings about a new congress model, which will see an enhanced programme built with even higher scientific standards
and quality measures, which will all take place in the world-class congress venue, FIBES. We have selected an outstanding, international
panel of experts, bringing their specialised knowledge to the plenary, and invited sessions. Prior to the congress, there will be a satellite
dedicated to football, where the most reputable researchers in the industry will present their topics and experiences.

We are also working hard on inclusion at the congress and for the first time we will have sessions available with interpretation services
which will serve our Latin American colleagues. This will be a unique cooperation that aims to brings new partnerships and friends to the
ECSS community. Other unique initiatives for the congress includes a congress mascot which you have the opportunity to design and win
some fabulous prizes. We also have planned additional activities that will bring the research community closer to the business community.
More information on these in due course.

We cordially invite the sport science community to make a wish and come to ECSS Sevilla 2022!
Nos vemos en Sevilla! / See you in Seville!
Your Congress Co-Presidents,

Africa Calvo Lluch, General Director of Sports
Eduardo Saez de Villareal Saez, Vice Dean

Faculty of Sport Science
Universidad Pablo de Olavide
Sevilla, Espaiia
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PL-PSO01 Exercise and brain health during growth and aging

Wednesday, August 31, 2022

08:30 - 09:45

Plenary sessions

PL-PS01 Exercise and brain health during growth and aging

EFFECTS OF EXERCISE ON BRAIN HEALTH IN CHILDREN

ORTEGA, F.
UNIVERSITY OF GRANADA

Pediatric obesity is highly prevalent across the world; and it is related to poorer cognitive and brain development. Exercise is a potential
candidate to attenuate these adverse consequences. During this lecture, Dr. Ortega will show results from the ActiveBrains randomized
controlled trial. This study aimed to investigate the effects of an exercise program on brain health indicators, including intelligence, execu-
tive functions, academic performance and brain outcomes in over 100 children aged 8-11 years with overweight/obesity; as well as to
explore potential mediators and moderators of the main exercise effects observed. The main findings show that a 20-week concurrent
exercise program (aerobic + resistance training) improves overall and crystallized intelligence, and cognitive flexibility in children with
overweight/obesity. Exercise also improves, to a lesser extent, academic performance, which was partially mediated by cognitive flexibility.
However, exercise did not influence brain structure (i.e. volume and shapes of hippocampal subregions, global and regional gray and white
matter volume, thickness and area of prefrontal cortex subregions, and structural networks) and function (i.e., hippocampal functional
connectivity). This intervention increased the performance in a treadmill cardiorespiratory fitness test; and these changes in fitness partial-
ly mediated the effects on crystallized intelligence, total academic performance and problem solving. The main results were stratified by
sex, chronological and biological age, socioeconomic status and baseline performance, highlighting the larger improvements in intelligence
outcomes observed in boys compared to girls. Collectively, exercise can positively affect intelligence and cognitive flexibility, which has
important implications. This talk will guide future directions on the field of exercise, brain health and childhood obesity.

EFFECTS OF EXERCISE ON BRAIN HEALTH DURING AGING

ERICKSON, K.
UNIVERSITY OF PITTSBURGH

Despite the ubiquity of normal age-related cognitive decline there is an absence of effective approaches for improving neurocognitive
health. Fortunately, moderate intensity exercise is a promising method for improving brain and cognitive health in late life, but its effec-
tiveness remains a matter of skepticism and debate because of the absence of large and comprehensive clinical trials. In this talk, Dr.
Erickson will describe the implementation of the IGNITE randomized clinical trial. This study aimed to examine whether aerobic exercise
influences cognitive and brain health in 639 cognitively normal adults between 65 and 80 years of age. Participants are engaging in 3
days/week of supervised exercise and two more days per week of unsupervised exercise for 12 months. All participants have been already
randomized to (i) a moderate intensity aerobic exercise condition of 150 min/week, (ii) a moderate intensity aerobic exercise condition at
225 min/week, or (iii) a light intensity stretching-and-toning control condition for 150 min/week. IGNITE is currently ongoing, all baseline
assessments are completed, and follow-up assessments are expected to be completed by 2023. Outcome measures includes brain magnet-
ic resonance imaging, positron emission tomography of amyloid deposition, a comprehensive cognitive battery, blood biomarkers, physio-
logical biomarkers, cardiorespiratory fitness, physical function, and a battery of psychosocial questionnaires. While promising findings on
the effects of the exercise intervention will come up soon, data on the financial cost associated with a phase lll, multi-site exercise inter-
vention trial as well as some baseline findings on the associations between fitness, cognition and brain structure will be presented. Finally,
Dr. Erickson will highlight how this trial could transform scientific-based policy and health care recommendations for approaches to im-
prove cognitive function in cognitively normal older adults.

10:00 - 11:15

Invited symposia

IS-PNO1 Skeletal muscle disuse atrophy: time to ‘complicate’ uncomplicated disuse?

UNCOMPLICATED SKELETAL MUSCLE DISUSE ATROPHY: HUMAN IN VIVO INVESTIGATION AND MECHANISTIC BASIS
DIRKS, M.
UNIVERSITY OF EXETER

Skeletal muscle disuse refers to a state of inactivity of one or more muscle groups. This is common during injury, iliness or as a characteris-
tic of more sedentary lifestyles. While disuse remains a major contributor to atrophy, its requirement for clinical reasons tends to be ac-
companied by a multitude of complicating and relevant factors that also influence muscle tissue (e.g. inflammation, cortisolaemia, malnu-
trition etc.). However, laboratory studies have generally focused on the withdrawal of contractile loading per se in healthy humans, as
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controlled means to isolated a single variable; disuse. Such studies have typically utilized bed-rest and/or limb immobilization studies to
thoroughly characterize the speed, locality and extent of muscle atrophy, the level of impairment of muscle function and the onset of
whole body and local insulin resistance. Moreover, the physiological mechanisms underpinning these aspects of deconditioning have been
well-described. This presentation will cover this background, discuss more novel approaches to study disuse (e.g. the arteriovenous-venous
forearm balance model) and lay the groundwork for why ‘complicating’ uncomplicated disuse may be necessary for translation from lab to
practice.

COMPLICATING MUSCLE DISUSE: APPROACHES TO LOOK BEYOND ONLY DISUSE

WALL, B.
UNIVERSITY OF EXETER

Studies isolating muscle disuse (i.e. ‘uncomplicated muscle disuse’) as a primary variable driving muscle atrophy have yielded important
insights into the responsible physiological mechanisms. For instance, a reliable finding is that myofibrillar protein synthesis rates decline
rapidly consequent with the onset of disuse, and this decline extends to the response to food intake (‘anabolic resistance’) and translates
to considerably less synthesis of muscle protein over days and weeks explaining the large part of observed atrophy. However, clinical
manifestations of muscle disuse typically result in several complicating factors; for example during injury the occurrence of muscle damage
(and associated inflammation) or the reduction of energy expenditure and therefore implications for dietary intake. All such aspects also
directly affect myofibrillar protein synthesis rates and/or other relevant metabolic processes, and therefore need to be accounted for if we
are to properly understand how muscle disuse atrophy may best be understood, and managed, in a variety of clinical situations. This
presentation will discuss recent work that has employed strategies to introduce some of these additional variables beyond disuse only, to
examine how this can modulate the regulation of muscle mass during disuse.

NUTRITIONAL REQUIREMENTS AND COUNTERMEASURES DURING MUSCLE DISUSE

MCGLORY, C.
QUEENS UNIVERSITY

Over their lifespan, many individuals experience multiple episodes of skeletal muscle-disuse that arise from illness, injury, or elective
surgery requiring bedrest. These periods of muscle-disuse initiate the loss of muscle mass and strength that are associated with several
associated negative health effects such as the onset of insulin resistance, a reduction in basal metabolic rate, and the accrual of body fat. In
the absence of safe and scalable pharmacological countermeasures, nutrition is considered a primary means by which to combat the
negative impact of muscle-disuse. In this regard, there is growing evidence that prophylactic ingestion of amino acids and omega-3 fatty
acids may act in concert to attenuate declines in skeletal muscle mass with disuse. However, there is little evidence that such interventions
are effective in attenuating declines in muscle strength. Moreover, how amino acid and omega-3 fatty acid ingestion impacts the progres-
sion of other clinically relevant processes during muscle-disuse remains largely unknown. The aim of this presentation is to review and
critically evaluate the existing literature related to the role of nutrition as a countermeasure to muscle-disuse atrophy with a specific focus
on the role of amino acids and omega-3 fatty acids.
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THE INTERACTION OF ACTIVE AND PASSIVE TISSUE CONTRIBUTIONS TO HUMAN FOOT MECHANICS

FARRIS, D.
UNIVERSITY OF EXETER

Tendons, aponeuroses, and ligaments of the human foot and ankle have long been known to possess spring-like properties that help us
recycle bodily energy during walking and running. This provides a metabolically inexpensive contribution to maintaining walking and run-
ning mechanics. However, these passive tissues alone cannot support human locomotion, particularly in situations where the external
environment and situational demands are constantly changing. In prior work, my colleagues and | have shown that activations of the
muscles within the foot (intrinsic foot muscles) are modulated in response to varied mechanical requirements during locomotion [1], and
that blocking their activation affects foot and lower limb mechanics [2]. In particular, we have shown that the important push-off phase of
walking and running is influenced by intrinsic foot muscles, as is the ‘windlass mechanism’ that was previously considered to be reliant
solely on the plantar aponeurosis [3]. | will begin this presentation by summarising the above work and concluding that contributions from
plantar intrinsic foot muscles are important for modulating the mechanics of the human foot in response to external influences.

A highlight of the above work was that running shoes were shown to increase intrinsic foot muscle activation. We proposed that this was
due to their midsole functioning as a spring in-series with the foot, and the muscles acting to stiffen the longitudinal arch of the foot. To
test this hypothesis we recently conducted a series of experiments where humans hopped on platforms with adjustable stiffness and
damping properties. Multi-segment foot mechanics were modelled based on motion capture data, and combined with ground reaction
forces to compute joint moments and quasi-stiffness. Fine-wire electromyography techniques were also implemented to record muscle
activations from flexor digitorum brevis and abductor hallucis. In response to increased surface compliance, human hoppers adjusted foot
and ankle mechanics to maximise the work recycled from the spring-loaded surface, and reduce the active work contribution from foot
muscles. Furthermore, the longitudinal arch of the foot was not stiffened in response more compliant surfaces, contradicting our hypothe-
sis from the running-shoe experiment. However, traditional running shoe midsoles are not simply springs, and also dampen impacts. When
our platform was set to provide damping of energy, foot muscle activation increased concurrently with foot contributions to mechanical
work. Therefore, we suggest that it is the damping of energy by traditional running shoes that results in increased foot muscle activation
when wearing them. New generations of highly resilient-elastic running shoes may benefit the wearer by reducing active muscular work
within the foot.

1. Kelly et al. Sci Rep, 2018. 8(1): p. 10576
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2. Farris et al. PNAS, 2019. 116(5): p. 1645-1650
3. Farris etal. J R Soc Interface, 2020. 17(168): p. 20200208

LATCH-BASED MUSCLE-TENDON INTERACTIONS ENABLE RECOVERY FROM RAPID, UNEXPECTED PERTURBATIONS

DICK, T.
FACULTY OF MEDICINE

The ability for humans to stay upright in the face of uneven terrain or unpredictable changes in their environment is remarkable, yet we
understand little about the mechanisms that enable this. Much of our knowledge regarding movement performance has come from stud-
ies conducted under steady-state conditions. During steady movement, the lower limb muscle-tendons store and return energy, and this
elastic behaviour is further exploited during activities where humans must rapidly generate energy (e.g., jumping). To date, we know very
little about how humans adjust lower-limb joint biomechanics and muscle-tendon function during movements whereby energy must be
rapidly dissipated. The aim of this research is to provide fundamental insights into the mechanisms for movement stability during unex-
pected perturbations.

To study this, we have developed a perturbation paradigm whereby participants perform steady- state hopping at their preferred frequen-
cy. An unexpected perturbation, via manual removal of two custom-built platforms (5, 10, or 20 cm height) from directly under the lower
limbs, was elicited at a random time between the 10th and 20th hop. During each trial, motion capture (Vicon, UK) was used to measure
the 3D positions of the lower limbs. Ground reaction forces were measured during hopping using a static instrumented split belt treadmill
(Bertec, USA). MTU lengths and joint moments were computed using a scaled musculoskeletal model, motion capture and force plate data.
Surface electromyography was used to record muscle activations in the medial (MG), lateral gastrocnemius (LG), soleus (SOL), and tibialis
anterior (Biometrics, UK). MG and SOL fascicle lengths were determined from B-mode ultrasound images (Telemed, Lithuania).

Our results highlight that humans successfully recover from perturbations via an increase in energy absorption in distal lower-limb joints
(i.e. the ankle) at small perturbation heights (5-10cm). However, with increased perturbation height (20cm) humans increase their reliance
on the proximal lower-limb joints (i.e. the knee and hip) to absorb mechanical energy and stabilize fall recovery. Our investigations into the
muscle-tendon interactions that underpin these joint-level responses shows that an unexpected drop in ground height introduces an
automatic phase shift in the timing of plantar flexor muscle activity relative to ground contact and an increase in co-activation of the plan-
tar and dorsi-flexor muscles. Together, this enables a latch-based behaviour whereby the plantar flexor fascicles shorten and stretch the
series elastic tendon prior to ground contact. This improves the capacity of the plantar flexors to rapidly absorb energy upon ground con-
tact and may also aid in avoiding potentially damaging strains. These data provide insights to guide design of targeted training programs or
lower-limb assistive devices that are capable of improving human locomotor performance during energy-dissipation tasks.

MUSCLE-SPECIFIC ECONOMY OF FORCE GENERATION AND EFFICIENCY OF WORK PRODUCTION DURING HUMAN RUN-
NING

BOHM, S.
HUMBOLDT-UNIVERSITAT ZU BERLIN

During locomotion, muscles generate force and perform work in order to support and accelerate the body and the activity of the lower
limb muscles accounts for most of the metabolic energy needed. Running is characterized by a spring-like interaction of the body with the
ground, where the bodies energy is stored mainly to elastic tendons as strain energy and recovered during the propulsion phase. In addi-
tion, the compliance of tendons together with rotation of muscle fibers (changes of pennation angle) decouples the fiber excursions from
the muscle-tendon unit, influencing the muscle operating force-length and force-velocity potential (fraction of maximum force according to
the force-length and force-velocity curve). For a given muscle force, the metabolic cost depends on the force-length-velocity potential
because it determines the active muscle volume. We showed, that during running the vastus lateralis as the main knee extensor contracts
almost isometrically and close to optimal length during the stance phase despite a lengthening-shortening of the muscle-tendon unit [1,2].
This indicates favorable muscle operating conditions due to substantial decoupling by tendon compliance that allows to generate force
economically. For the soleus muscle as the main plantar flexor during running, our experiments showed, however, that the muscle fascicles
actively shorten throughout the stance phase, i.e. generating work for propulsion [3]. The metabolic cost of muscular work then additional-
ly depends on the velocity of shortening. The enthalpy efficiency (or mechanical efficiency) quantifies the fraction of chemical energy that
is converted into muscular work, showing a peak at ~20% of the maximum shortening velocity. We found that the soleus shortens at a
velocity in a range of high enthalpy efficiency and around optimal length during stance, providing evidence of efficient work generation
during running [2]. Effective decoupling by tendon compliance and marginally fascicle rotation regulated the advantageous operating
conditions. We then investigated the soleus enthalpy efficiency as a mechanism that could contribute to improvements in running econo-
my after exercise-induced increases of plantar flexor strength and Achilles tendon stiffness [4]. Using a controlled longitudinal study design
featuring a specific muscle-tendon training, increases in muscle strength and tendon stiffness and reduced metabolic cost of running were
found. Following training, the soleus fascicles operated at higher enthalpy efficiency during the phase of muscle-tendon unit lengthening
and in average over stance. Thus, improvements in metabolic cost of running following increases in plantar flexor strength and tendon
stiffness seem attributed to increased enthalpy efficiency of the operating soleus muscle.

[1] Bohm et al. 2018, Sci Rep 8:5066

[2] Bohm et al. 2021, eLife 10:e67182

[3] Bohm et al. 2019, Proc. R. Soc. B 286:20192560

[4] Bohm et al. 2021, Proc. R. Soc. B 288:20202784
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RAPID WEIGHT LOSS, EMOTIONS, AND HEART RATE VARIABILITY IN FEMALE WRESTLERS

CASTOR-PRAGA, C.1, LOPEZ-WALLE, J.1, GARRIDO-ESQUIVEL, A.1, SANCHEZ-LOPEZ, J.2
1.UNIVERSIDAD AUTONOMA DE NUEVO LEON, 2. ESCUELA NACIONAL DE ESTUDIOS SUPERIORES

INTRODUCTION: Rapid Weight Loss (RWL) consists of immediate weight reduction within 10 days of competition, dehydration being one of
the most used strategies. Negative effect has been reported at the mood level, but few studies have evaluated the Heart Rate Variability
(HRV), which allows us to know the physiological state of the athlete. The aim of this study was to know the hydration status, emotions and
HRYV prior to the competition, as well as their correlation and differences between athletes who performed the RWL or not.

METHODS: Method: 15 females wrestlers aged 17.13 + 2.77 participated. They were evaluated prior to the competition through Urine
Specific Gravity (USG), PANAS and Elite HRV.

RESULTS: The average number of days in which strategies were used for RWL were 3.33 + 4.91 and the number of strategies used was 2.73
+2.99. Positive correlations were found between: 1) USG and active emotion (r = . 536*; 2) days using strategies and tense (r = . 540%),
guilty (r =. 601%), frightened (r = . 573*); and 3) number of strategies used and guilty (r = . 580%*), hostile (r = . 544%*), and days using them (r
=.947**), Negative correlations between: 1) USG and RR (r = -.460*) and 2) Ratio (SS/SD1) and emotion of motivation (r = -.520*). Older
athletes also felt guilty (r =. 825**). Finally, differences were found between athletes who made RWL and those in the hydration state (p <
.05%, p <.01*%*),

CONCLUSION: The athletes who performed the RWL present greater dehydration and their RR intervals are affected, also those athletes
who have greater SS (S5/SD1) feel less motivated. And those who perform the RWL, who perform it for more days and more quantity feels
tense, guilty, afraid, and hostile. These results provide a preliminary overview of the consequences of RWL.

DISTRIBUTION OF GENOTYPE AND ALLELE FREQUENCY OF THE I/D POLYMORPHISM OF THE ACE GENE IN ENDURANCE
RUNNERS: A SYSTEMATIC REVIEW

VELANDIA, F., BUITRAGO, J., PRIETO, L., RODRIGUEZ, A., MENDEZ, G., CARDONA, C., ORDONEZ, N.
UNIVERSIDAD DE CIENCIAS APLICADAS Y AMBIENTALES U.D.C.A

INTRODUCTION: The ACE gene determines the physiological functions in the renin-angiotensin-aldosterone system, it has been related to
resistance activities (Sarmento et al., 2020). The objective of this study is to analyze the distribution of the genotype and allelic frequency
of the I/D polymorphism of the ACE gene in endurance runners and its relationship with sports performance.

METHODS: Systematic review with PRISMA methodology. Studies that identified the allelic and genotypic frequency of the I/D polymor-
phism in athletic performance athletes were selected.

RESULTS: 21 articles were included and classified into three categories. 1) Genotype II/ID: nine studies in Caucasian runners show that the
genotype I/D occurs with higher percentages in athletes and the allele frequency | of athletes increases compared to the control group,
presenting a greater correlation with longer distance races. 2) D/D Genotype: Eight studies in Caucasian and Asian runners determine that
the D/D genotype is associated primarily in short-duration or power-race athletes. 3)Absence of relationship of the ACE gene with athletic
performance: Four studies in African and Caucasian runners determine that other genetic factors influence performance in endurance
runners.

CONCLUSION: The Caucasian and Asian population has the ACE gene with polymorphism | or D, but this polymorphism is not identified in
African runners of black ethnicity, because sports performance depends on multiple factors associated with morphological and physiologi-
cal characteristics, conditions environmental and geographic, to the genetics of populations that generate variability of allelic frequencies
of this African population (Scott & Pitsiladis, 2006).

Studies highlight the importance of genotype I/l and allelic frequency | of the ACE gene as one of the main factors responsible for athletic
performance in endurance athletes (Woods et al., 2000). The I/D genotype shows superior results compared to the other genotypes, with a
predominance of allelic frequency | in long-distance runners. When comparing short- and medium-duration runners versus long-term
runners, a relationship between the ACE gene and the duration of activity was identified, with a high frequency of allele | in medium- and
long-distance athletes.

The genotype can vary according to the distance of the race, the population and the training, although the two genotypes I/l and D/D were
presented in Caucasian and Asian populations, it is inescapable to exclude the influence of the sports preparation and the factors epigenet-
ics in modeling athletic performance (Moir et al., 2019). It is concluded that the 11/ID/DD genotypes are related to the physical performance
of athletes in 17 (81%) of 21 articles studied. It should be noted that in addition to this ACE gene polymorphism relationship, external
factors (training, geographical characteristics, diet, psychological factors) have a great influence on physical performance.
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MENTAL FATIGUE: THE CURRENT STATE-OF-THE-ART

ROELANDS, B.
VRIJE UNIVERSITEIT BRUSSEL

MF can be defined as a psychobiological state that emerges during prolonged demanding cognitive activity and results in an acute feeling
of tiredness, with potential decrements in physical and/or cognitive performance. Over the last years several high quality systematic review
papers have been published that identified significant effect of a condition of mental fatigue on subsequent performance capacity. Given
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the abundance of papers on the performance aspect, there is significantly less information available about the mechanisms behind this
reduced performance capacity. Interestingly, the reduction in physical performance in a mentally fatigued state is not mediated by an
exacerbation of peripheral factors normally associated to physical fatigue. The negative effect of mental fatigue on exercise performance is
mainly attributed to a higher-than-normal RPE. During the presentation we will focus on recent findings from lab-based studies looking at
the effect of mental fatigue on performance. We will further try to identify potential mechanisms from the literature (as an example the
accumulation of adenosine in the anterior cingulate cortex). Finally, some studies have already applied behavioral or nutritional counter-
measures in an attempt to negate the negative effects of a mentally fatiguing task. We will explore some of these countermeasures in
order to pinpoint their potential.

MENTAL FATIGUE IN ATHLETIC POPULATIONS

RUSSELL, S.
THE UNIVERSITY OF QUEENSLAND

A plethora of laboratory-based research demonstrates the negative impact of mental fatigue on physical, technical, tactical, and psycholog-
ical aspects of sporting performance. However, studies have largely failed to translate to impact applied elite sporting practice and are
commonly lacking in ecological validity. As such, despite its potential impact, mental fatigue and mental recovery is rarely routinely as-
sessed nor managed in athletic populations. Recent research has advanced the way we understand athletes’ perceptions and experiences
of mental fatigue in training, competition, and camp. The practical implications of this research and comparison to previous laboratory-
based findings will be examined including potential indicators, causes, and management or mitigation strategies. Current practice by those
working in high-performance sport will be critically discussed with future suggestions for harnessing mental fatigue and enhancing mental
recovery to maximize elite sport training and competition performance. Future directions for translatable research and recommendations
for protocols will be discussed.

CONNECTIONS BETWEEN MENTAL FATIGUE ON THE FIELD, IN THE WORKPLACE, AND IN THE CLINIC.

BAILEY, S.
ELON UNIVERSITY

The impact of MF on performance has been explored in athletic settings and in the workplace. Fewer efforts have been made to examine
the impact of MF on patients in a clinical setting. During this presentation we will explore the functional and mechanistic connections and
differences of MF in athletic settings, the workplace, and in clinical environments. Particular emphasis will be placed on the changes in
brain activity (EEG) and corticomotor excitability (motor evoked potential resulting from transcranial magnetic stimulation) subsequent to
mental fatigue. We will review various behavioral, nutritional, and environmental strategies that may mitigate the impact of MF on per-
formance in these environments. We will also discuss the impact of bitter and sweet tastants on performance during a MF state and the
potential mechanisms that underly these countermeasures. Finally, we will discuss various research settings, methodologies, and designs
that could further our understanding of the impact of MF on performance in athletic settings and the workplace, along with function of
patients in a clinical environment.
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SHORT-TERM LOWERING OF CARBOHYDRATE INTAKE REDUCES SKELETAL MUSCLE GLYCOGEN AND BODY WEIGHT, BUT
HAS NO EFFECT ON SHORT-TERM EXERCISE CAPACITY OR MAXIMAL POWER-OUTPUT IN RECREATIONALLY ACTIVE MEN

SCHYTZ, C.T.1, NIELSEN, J.1, RTENBLAD, N.1, BIRKHOLM, T.A.1, PLOMGAARD, P.2,3, KOLNES, K.J.4, ANDERSEN, O.E.5,6,
LUNDBY, C.7, GEJL, K.D.1

1UNI. OF SOUTHERN DENMARK 2COPENHAGEN UNI. HOSP. 3UNI. OF COPENHAGEN 4STENO DIABETES CENTER ODENSE 5STENO DIABETES
CENTER AARHUS 6AARHUS UNI. 7ZINLAND NORWAY UNI. OF APPLIED SCIENCE

INTRODUCTION: In the days preceding competition most endurance athletes consume a diet rich in carbohydrates (CHO) with the aim of
storing high amounts of skeletal muscle glycogen. However, glycogen-loading could be associated with increased body weight (glycogen
with associated water) and may not be necessary for short-term (1-15 min.) exercise performance. In this study, we investigated the effect
of a short-term manipulation of dietary CHO intake on muscle glycogen content, body weight and short-term exercise performance.
METHODS: In a randomized and counterbalanced cross-over design twenty-two recreationally active males (maximal oxygen consumption:
56.5 £ 5.4 mL 02 - min-1 - kg-1) completed two maximal ergometer cycling exercise tests of either 1- or 15-min. (Group 1 and 15, respec-
tively), after different CHO consumption strategies in the preceding days. Muscle glycogen was manipulated after a glycogen depletion
training consisting of both arm cranking and cycling exercise where the subjects received a diet consisting of either a moderate (M-CHO: 4
g - kg-1 body weight - day-1) or high (H-CHO: 10 g - kg-1 body weight - day-1) amount of CHO for the remaining of the training day and for
the following two days. Muscle biopsies from vastus lateralis were obtained prior to and immediately after each test and glycogen content
was determined biochemically. Peak power-output was determined pre and immediately after the post-exercise biopsies. All data were
analyzed by validated linear mixed models and presented as mean + 95 % confidence interval.

RESULTS: The CHO manipulation led to different muscle glycogen contents between conditions (M-CHO: 367 mmol - kg-1 dry weight [DW]
(337:396); H-CHO: 525 mmol - kg-1 DW (496:555), P < 0.00001) and caused a higher body weight (M-CHO: 76.6 kg (74.3:78.8); H-CHO: 77.3
(75.1:79.5), P < 0.00001) in H-CHO compared to M-CHO prior to the maximal cycling tests. The average power-output during the 1- and 15-
min. of maximal cycling did not differ between conditions (Group 1: H-CHO: 590 W (541:639); M-CHO: 569 W (515:622), P = 0.33) (Group
15: H-CHO: 294 W (269:319); M-CHO: 293 W (267:320), P = 0.99). Peak power-output was reduced by 6.1 % (3.8:8.5) (P < 0.00001) and 5.9
% (3.4:8.5) (P < 0.00001) after 1- and 15-min. of maximal cycling exercise compared to baseline, respectively, and with no difference be-
tween conditions (time x diet interaction: P =0.12 and P = 0.71, respectively).
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CONCLUSION: Short-term lowering of the CHO intake from high to moderate in the days preceding competition induced a reduction in
both muscle glycogen content and body weight, while short-term performance was unaffected in non-weight-bearing cycling exercise in
recreationally active men. The combination of reduced body weight and maintained performance in this non-weight-bearing activity,
suggests that a moderate CHO intake prior to competition may have a performance enhancing potential in weight-bearing sports.

SHORT-TERM MUSCLE DISUSE DOES NOT AFFECT MUSCLE PROTEIN FRACTIONAL BREAKDOWN RATES UNDER FASTED OR
FED CONDITIONS.

PAVIS, G.F.1, ABDELRAHMAN, D.R.2, MURTON, A.J.2, WALL, B.T.1, STEPHENS, F.B.1, DIRKS, M.L.1

1- NUTRITIONAL PHYSIOLOGY GROUP, DEPARTMENT OF SPORT AND HEALTH SCIENCES, UNIVERSITY OF EXETER, UK. 2- DEPARTMENT OF
SURGERY & SEALY CENTER OF AGING, UNIVERSITY OF TEXAS MEDICAL BRANCH, USA

INTRODUCTION: Muscle disuse atrophy is attributed to reduced muscle protein synthesis rates, increased muscle protein breakdown rates,
or both. Whilst leg immobilisation reliably decreases fasted and fed fractional synthetic rates (FSR) of muscle protein, static molecular
markers indicate a marked rise in muscle protein breakdown within the first few days of immobilisation. The aim of this study was to
determine the effect of unilateral knee immobilisation on mixed-muscle protein fractional breakdown rate (FBR) using the tracee-release
method, during both fasted and simulated-fed conditions. A secondary aim was to determine the contribution of FBR to net protein bal-
ance by simultaneously quantifying FSR.

METHODS: Seventeen healthy, recreationally active male participants were allocated to FAST (n=9; age 210y, BMI 23+1 kg-m-2;
meantSEM) or FED (n=8; age 2312 y, BMI 2311 kg-m-2) groups in a randomised, single-blind, parallel group design. Participants underwent
48 h of unilateral knee immobilisation (brace) prior to visiting the laboratory for intravenous L-[15N]-phenylalanine and L-[ring-2H5]-
phenylalanine infusions. After 3 h, the L-[15N]-phenylalanine infusion was stopped (t=0 h) and replaced with primed-continuous saline or
10% primene infusion (0.675 ml-kg-1-h-1) for participants in FAST and FED, respectively. At t=0, 1 and 3 h, m. vastus lateralis biopsies were
obtained from control (CON) and immobilised (IMM) legs. Arterialised-venous blood samples were collected regularly throughout. An
unpaired t-test was used to detect group differences in the area under the insulin vs. time curve (AUC). A two-way ANOVA was used to
detect differences in plasma branched chain amino acid (BCAA) and serum insulin concentrations and FBR, FSR and net balances.

RESULTS: Plasma BCAA concentrations were similar between FAST and FED from -2 to 0 h (343124 and 330+£18 umol-L-1). After t=0, plasma
BCAA concentrations were significantly greater in FED vs. FAST (582+21 vs. 356126 pumol-L-1; interaction P<0.001). Serum insulin concen-
trations increased in FED but not FAST (interaction P<0.05), with 3h AUC greater in FED vs. FAST (48.1+7.2 vs. 28.74+5.1 mU-L-1-3h; P<0.05).
Immobilisation did not influence FBR in either FAST (CON: 0.113+0.016; IMM: 0.128+0.015 %-h-1) or FED (0.146+0.015; IMM: 0.152+0.015)
groups (all P>0.05). FSR was significantly lower in IMM vs. CON (P<0.05) in both FAST (0.074+0.004 vs. 0.090+0.006 %-h-1) and FED
(0.065+0.024 vs. 0.119+0.016 %-h-1) groups. Net protein balances in CON legs were -0.023+0.016 %-h-1 in FAST and -0.027£0.021 %-h-1 in
FED. Immobilisation decreased net protein balance to -0.054+0.015 and -0.087+0.025 %-h-1 in FAST and FED, respectively (P<0.01).
CONCLUSION: In summary, short-term disuse does not affect muscle protein breakdown rates measured under both fasted and simulated-
fed conditions. Rather, decreased net muscle protein balance, and therefore muscle disuse atrophy, induced by short-term immobilisation
is driven by reduced fasted and fed muscle protein synthesis rates.

MUSCLE GLYCOGEN UNAVAILABILITY AND FAT OXIDATION RATE DURING EXERCISE: INSIGHTS FROM MCARDLE DISEASE

RODRIGUEZ-LOPEZ, C., SANTALLA, A., VALENZUELA, P.L., RODRIGUEZ-GOMEZ, I., PINCS, T., LUCIA, A., ARA, I.

1, HGU GREGORIO MARANON. 2, UNIV.CASTILLA-LA MANCHA. 3, CIBER FRAILTY AND HEALTHY AGING. 4, UNIV.PABLO DE OLAVIDE. 5, INST.
INV. HOSP. 12 DE OCTUBRE. 6, UNIV. EUROPEA

INTRODUCTION: Carbohydrate availability has been reported to affect fat oxidation capacity during exercise. However, the effects of
complete muscle glycogen unavailability on fat oxidation capacity remains unknown. The aim of this study was to examine the maximal fat
oxidation (MFO) rate of patients with McArdle disease — a condition caused by inherited, complete blockade of muscle glycogen metabo-
lism that represents a unique human model for the study of fat exercise metabolism — compared to sex- and age-matched healthy individ-
uals.

METHODS: 10 McArdle patients were excluded from the analyses due to intense hyperpnea that clouded substrate oxidation. Nine physi-
cally active patients (3 women, 36112 years) and 12 healthy controls (4 women, 40+13 years) were studied. Cardiorespiratory fitness (peak
oxygen uptake, VO2peak), MFO, the exercise intensity eliciting MFO (FATmax), and the MFO-associated workload, respectively, were
determined in all participants by indirect calorimetry during an incremental exercise test on a cycle ergometer.

RESULTS: Despite showing a lower VO2peak compared to controls (24.7+4 vs. 42.5+11.4 ml-kg-1-min-1), patients presented considerably
higher values of MFO (0.53£0.12 vs. 0.33£0.10 g-min-1), FATmax (94.417.2 vs. 41.349.1 % of VO2peak) and MFO-associated workload
(1.33+0.35 vs.0.81+0.54 w-kg-1) than controls (all p<0.05).

CONCLUSION: McArdle patients show an exceptionally high MFO, which they achieve near their maximal exercise capacity. These findings
support the influence of glycogen availability on MFO and suggest that McArdle patients develop a quite unique fat oxidation capacity as
an adaptative response to compensate for the inherited blockade in glycogen metabolism, with MFO appearing as a potential limiting
factor of exercise tolerance in these patients.

EFFECTS OF A 3-DAY HIGH-FAT OR HIGH-CARBOHYDRATE DIET ON MAXIMAL FAT OXIDATION AND FATMAX IN MODER-
ATELY TRAINED MEN

TARRY, E.K.1, PETERSEN, E.A.1, VESTERGAARD, S.G.1, OLSEN, M.C.1, HANSEN, M.1, PILEGAARD, H.3, DELA, F.1,2, HELGE,
JW.1

1. XLAB, CENTER FOR HEALTHY AGING, UNIVERSITY OF COPENHAGEN, DENMARK 2. DEPARTMENT OF GERIATRICS, BISPEBJERG UNIVERSITY
HOSPITAL, DENMARK 3. DEPARTMENT OF BIOLOGY, UNIVERSITY OF COPENHAGEN, DENMARK

INTRODUCTION: Strategies aiming to spare glycogen and promote fat oxidation have shown potential to enhance exercise performance (1)
(2). Previous literature has established the relationship between diet manipulation and substrate utilisation but until now, the direct im-
pact of short-term diet interventions on maximal fat oxidation (MFO) and the relative exercise intensity at which MFO occurs (3) (Fatmax)
has not been assessed. Therefore, this study aimed to determine the effects of a short term fat-rich or carbohydrate-rich diet on MFO and
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METHODS: In a randomised, controlled mixed-design; 40 moderately trained men (VO2peak 56.2 + 1.2 ml/kg/min (mean + SEM) were
allocated to either a 3-4 day isocaloric high-fat (HIFAT: 65 E% fat, 20 E% carbohydrate and 15 E% protein) (n = 20) or high-carbohydrate diet
(HICHO: 70 E% carbohydrate, 15 E% fat and 15 E% protein) (n = 20). Six participants completed both intervention diets, with a minimum of
4 weeks washout. Standardised, graded Fatmax and VO2peak tests were carried out in the fasted condition on the first and last day of each
dietary intervention to determine MFO and Fatmax, consisting of a 5-minute warm-up at 60W, followed by increases of 35W every 3
minutes thereafter until a respiratory exchange ratlo of >1.0 was reached (3). Subsequently, VO2peak testing began at 95W and load was
increased by 35W each minute until exhaustion. it

=MFO increased from 0.41 + 0.05 g/min to 0.59 + 0.05 g/min (p>0.001) after HIFAT and reduced from 0.36 + 0.04 g/min to 0.28
+0.06 g/min (p>0.001) following HICHO. Fatmax demonstrated a similar trend increasing from 37 + 2% to 44 + 2% (p>0.001) in response to
HIFAT (p < 0.001), and decreasing from 37 + 2% to 33 + 2% (p>0.001) after HICHO. Significant time-by-diet interactions were observed in
absolute VO2peak values and when expressed relative to body weight. Post-hoc analysis revealed absolute VO2peak and VO2peak relative
to body mass were increased by 1.7% (p=0.036), and 2.7% (p=0.002), respectively after HIFAT. No significant changes in VO2peak were
observed foIIowing HICHO "s-s}"
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SHORT-TERM BALANCE CONSOLIDATION RELIES ON THE INVOLVEMENT OF THE PRIMARY MOTOR CORTEX (M1): A RTMS
STUDY

EGGER, S.1, WALCHLI, M.1, RUEGER, E.1, TAUBE, W.1
UNIVERSITY OF FRIBOURG, SWITZERLAND

INTRODUCTION: Structural and functional adaptations occur in the primary motor cortex (M1) after only a few balance learning sessions (1,
2, 3). However, despite the high interest in balance control in general and the role of M1 in particular, the role of M1 in consolidating
balance tasks is still not clear. The reason for this is that causal studies are missing and that it is a distinct possibility that adaptations in M1
might be a consequence of improved balance (e.g. less postural sway) rather than the actual driving force for improved balance coordina-
tion. One technique to investigate the impact of M1 in learning processes more directly is to impair the consolidation with the application
of repetitive TMS (rTMS).

METHODS: Thirty young and healthy participants were randomly allocated into the rTMS or sham-rTMS group without knowing their group
affiliation. The experimental design included a balance acquisition phase (6 series (S1 to S6) with 8 trials), followed by either 15 minutes of
rTMS (1 Hz at 115 % of rMT to disrupt the involvement of M1) or sham-rTMS. 24 hours later, participants performed a retention test (Ret).
RTMS was delivered to M1, more precisely at the hot-spot for the soleus muscle. The rMT was defined in a seated position as the intensity
that triggered motor evoked potential peak-to-peak amplitudes greater than 50 pV in at least 5 out of 10 trials.

RESULTS: The two investigated balance parameters (i.e. ‘mean deviation’ and ‘time in +/- 4 degrees’) indicate that the postural perfor-
mance on the rocker-board significantly improved during the acquisition phase (‘mean deviation’: F1,27 = 81.613, p <.001, n2p = 0.751;
‘time in +/- 4 degrees’: F1,27 = 67.099, p < .001, n2p = 0.713) independent of the intervention group (rTMS vs. sham-rTMS ‘mean devia-
tion’: F1,27 = 0.059, p = 0.810, n2p = 0.002; ‘time in +/- 4 degrees’: F1,27 =0.147, p = 0.704, n2p = 0.005). However, the TIME*GROUP
interaction of the ANCOVA with S1 as covariate revealed differences in consolidation (i.e. from S6 to Ret) between the rTMS and sham-
rTMS group (‘mean deviation’: F1,26 = 10.537, p = 0.003, n2p = 0.288; ‘time in +/- 4 degrees: F1,26 = 10.022, p = 0.004, n2p = 0.278).
CONCLUSION: The present results demonstrate for the first time a causal relationship between the involvement of M1 and the early learn-
ing and consolidation of a balance task. This can be concluded as the rTMS group demonstrated a worse consolidation (i.e. loss of perfor-
mance from the end of the acquisition phase to the start of the retention phase) of the balance task in contrast to the sham-rTMS group,
which showed a significant increase in performance. The present results confirm and extend previous findings that higher cortical centers
(especially M1) adapt in response to balance learning (4, 5).
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CORTICOSPINAL EXCITABILITY DURING RAPID MUSCLE CONTRACTIONS AND ITS ASSOCIATION WITH TORQUE PRODUC-
TION

CASTELLI, F., MIAN, O., BRUTON, A., CHEMBILA VALAPPIL, A.C., TILLIN, N.A.
ROEHAMPTON UNIVERSITY

INTRODUCTION: Rate of force development (RFD) is an important limiting factor of many daily and sporting activities (1). RFD is greatly
influenced by neural drive at the start of contraction; specifically motor unit recruitment speed and discharge rate (2). Corticospinal mech-
anisms affecting neural drive and consequently RFD throughout rapid contractions are unknown. Measuring the amplitude of motor
evoked potential (MEPs) and silent period duration (SP) in response to transcranial magnetic stimulation (TMS) during contraction can
assess corticospinal excitability and intracortical inhibitions. This study investigated MEP amplitude and SP at different time points during
rapid force production and assessed the relationship between these factors and RFD.

METHODS: 14 participants (5 female) completed 1-s isometric rapid voluntary contractions (‘fast and hard’) and 3-s maximal voluntary
contractions (MVCs; ‘push hard’) of the knee extensors. EMG responses were recorded from the vastus medialis (VM) and lateralis (VL),
and rectus femoris (RF). Some contractions were superimposed with TMS at 140% of the active motor threshold. Stimulation was triggered
to elicit an MEP and SP responses at approximately 45, 115, and 190 ms after VM EMG onset in the rapid contractions, and at the force
plateau in MVCs. MEPs amplitudes were normalised to maximal M-waves, and torque was recorded at the same time points as the MEPs
and normalised to MVC torque. 2-way ANOVAs assessed the influence of muscle and time point on the dependent variables and bivariate
correlations assessed the relationship between normalised rapid torque and both normalised MEP and SP at match time points.

RESULTS: Normalised MEP was affected by time point (p=0.021), being greater at MVC plateau than at 115 ms in rapid contraction
(P=0.031). SP duration was also affected by time point (P=0.002), due to it being longer at MVC plateau than at different time points during
the rapid contractions, particularly in the RF. There was no correlation between SP and normalised rapid torque at any time point (r<0.1;
P>0.9). However, normalised rapid torque at 115 ms was correlated with average normalised MEP at 45 and 115ms (r=0.73, p=0.003).
CONCLUSION: In conclusion, corticospinal excitability (determined via MEP) was constant throughout the rapid contractions but lower, at
least at one time point, than at the MVC plateau. The SP lengthened throughout the rapid contractions and was longest at the MVC plat-
eau, suggesting intracortical inhibition increases with torque. The observed correlation between MEP and torque at 115 ms suggests corti-
cospinal excitability determines neural and thus RFD during rapid contractions.

(1) Maffiuletti et al. (2016) Eur J Appl Physiol, 116(6), 1091-1116

(2) Del Vecchio et al. (2019) J Physiol, 597(9), 2445-2456.

ACUTE EFFECTS OF ALCOHOL CONSUMPTION ON CORTICOSPINAL PARAMETERS MEASURED BY TRANSCRANIAL MAGNET-
IC STIMULATION

BUGNON, M., RUFFIEUX, J., TAUBE, W.
UNIVERSITE DE FRIBOURG

INTRODUCTION: Although alcohol affects many brain functions and induces evident behavioural changes such as locomotor impairments,
its short-term effects on the excitability of the corticomotoneuronal pathway are scarcely known. It is widely accepted that alcohol reduces
glutamatergic and increases GABAergic neurotransmission. Since GABA-related inhibition is fundamental for motor control and motor
learning, this suggests that alcohol might have a strong influence on these brain functions. One non-invasive method to study excitability
and GABA-related inhibition parameters is transcranial magnetic stimulation (TMS). Surprisingly, however, and despite the wide use of this
method in the field of motor control and motor learning, only few studies have investigated the acute effects of alcohol on corticospinal
parameters using TMS (1). Therefore, the aim of this study was to investigate the acute effects of moderate alcohol consumption on excit-
ability and inhibition parameters measured by TMS.

METHODS: 24 participants were allocated to either the alcohol or the placebo group. Before and after the drinks, TMS was applied on the
primary motor cortex to elicit motor evoked potentials in the flexor carpi radialis muscle. The following TMS parameters were assessed: (i)
corticospinal excitability (CSE), measured at rest, during an isometric contraction and during a precision task; (ii) cortical silent period (CSP),
measured during an isometric contraction; (iii) short-interval intracortical inhibition (SICI), assessed using 1 ms (SICI-1) and 3 ms (SICI-3)
interstimulus intervals, and measured at rest as well as during a precision task. Data were analyzed using two-way mixed model 2x2 ANO-
VAs.

RESULTS: Alcohol significantly reduced CSE measured during the precision task (significant interaction effect of TIME x GROUP: F(1, 22) =
8.645, p = 0.008, n2p = 0.282). A trend towards reduced CSE was also observed during the isometric contraction (interaction of TIME x
GROUP: F(1, 22) = 2.119, p = 0.160, n2p = 0.089), while no differences were found at rest. Furthermore, we found a trend towards a reduc-
tion of SICI-1 by alcohol, both at rest (interaction effect of TIME x GROUP: F(1, 21) = 2.971, p = 0.099, n2p = 0.124) and during the precision
task (interaction effect of TIME x GROUP: F(1, 22) = 2.165, p = 0.156, n2p = 0.093). No significant alcohol-related effects were found for
SICI-3 and CSP duration.

CONCLUSION: Increases in inhibition due to alcohol intake could be observed in motor cortical circuits. More specifically, a decrease in
corticospinal excitability was found during the execution of a precision task as well as a trend towards an increase in SICI-1. However, as
not all TMS parameters were affected by alcohol it might be assumed that at moderate concentration levels, alcohol affects motor cortical
circuits mainly through the extrasynaptic GABA system (2).

REFERENCES:

1) Turco et al., Brain Sci, 2020
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MODULATION OF CORTICOSPINAL EXCITABILITY BY VIRTUAL REALITY: THE ROLLER COASTER EFFECT

GROSPRETRE, S., MATHIQT, J., EON, P.
C3S - EA4660

INTRODUCTION: Virtual Reality (VR) is a training tool that consists of a computer simulation of a three-dimensional environment, displayed
in front of an individual by means of a specific electronic equipment such as a headset with integrated screens. The interest, as compared
to a classical 2-D display, is based on the interactive and realistic aspect of the simulation. VR is known to consistently stimulate the auto-
nomic nervous system, as evidenced by increases in heart rate and skin conductance, which are two physiological markers of stress and
anxiety (1). Significant brain activation in sensori-motor regions is also noted, especially when participants can interact in their virtual
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environment (2). However, little is known regarding a possible effect of VR on the modulation of corticospinal excitability, neither the links
that could exists between autonomous and voluntary nervous systems modulations during such condition.

METHODS: Ten healthy young participants were enrolled in a single-session experiment. They were seated in a comfortable chair and
equipped with a VR headset that displays a simulated roller coaster (RC) ride, known to be particularly efficient to modulate autonomous
responses (1). Anxiety was monitored throughout the experiment by recording Galvanic Skin Response (GSR). Corticospinal excitability was
quantified by measuring the amplitude of the motor evoked potential (MEP), elicited by transcranial magnetic stimulation on the right First
Dorsal Interosseous (FDI) muscle’s cortical representation. Several responses were evoked at rest and throughout the whole RC ride, during
flat, uphill and downhill sections. MEP amplitudes were normalized to their corresponding maximal M-waves, evoked by stimulation of the
ulnar nerve.

RESULTS: First, all MEP/Mmax were significantly higher during RC ride as compared to rest (P=0.02). Then, MEP/Mmax were significantly
modulated according to the roller coaster section. The modulation of corticospinal excitability seems to follow an inverse gradient accord-
ing to the trajectory of the RC cart, being increase during downhill (MEP/Mmax: 0.21+0.07) and decreased during uphill (MEP/Mmax:
0.17+0.05) as compared to flat sections (MEP/Mmax: 0.19+0.08) (main effect of slope: P=0.03). The evolution of MEP/Mmax was concomi-
tant to the evolution of GSR.

CONCLUSION: Popular for its effects on the markers of stress and anxiety, the present study showed that VR can also be an efficient stimu-
lus to modulate motor corticospinal excitability. Moreover, these preliminary data suggest a potential link between voluntary and auto-
nomic nervous systems regulation during VR. Taken together, these promising results highlight the interest of VR in training and rehabilita-
tion as an efficient stressor for both autonomous and motor systems.

(1) Fadeev et al., 2020. Behavioural Neurology, 2020: 5758038

(2) Djebbara et al., 2019. PNAS, 116(29).

INFLUENCE OF VISUAL AND PROPRIOCEPTIVE INPUTS ON A FORCE REPRODUCTION TASK PERFORMED WITH THE INDEX
FINGER IN FEMALES AND MALES

BAUDRY, S., HENRY, M., ESREFOGLU, A.
UNIVERSITE LIBRE DE BRUXELLES

INTRODUCTION: Along with the kinaesthetic senses (the senses of position and movement), the sense of force is another aspect of propri-
oception which represents the ability to correctly perceive and reproduce a given level of force (1). It can be assessed by a force reproduc-
tion task consisting of matching a target force with visual feedback of the force produced (TARGET phase) and reproducing the target force
without visual feedback (REPRODUCTION phase) after a period of rest. Even though the sense of force contributes to the control of our
movements, it has received less attention than kinaesthetic senses. The sensory substrates used to form the estimate of the force during
the TARGET phase remains, for example, an open question. Therefore, the objective of the study was to determine the contribution of
muscle proprioception (Experiment 1) and vision (Experiment 2) to form the force estimate during the target phase in females and males.
METHODS: Sixty healthy young adults aged from 19 to 27 years [30 females and 30 males] participated in the study. Both experiments
consisted of performing a force reproduction task with the index finger in abduction direction at 5% and 20% of the force produced by the
participant during a maximal voluntary contraction (MVC). Experiment 1 (n=30) consisted of trials performed with and without local vibra-
tion applied on tendon of the first dorsal interosseous during the TARGET phase. Local vibration was used to disrupt the proprioceptive
signal. Experiment 2 (n = 30) compared the force reproduction error between trials performed with and without visual feedback during the
TARGET phase. Removing the visual feedback during the TARGET phase was used to investigate whether the mismatch in the available
sources between the TARGET and the REPRODUCTION phases contributes to the force reproduction error.

RESULTS: The force reproduction error was greater in trial with local vibration than without at 5% (p = 0.011) but not 20% MVC (p = 0.88).
In contrast, the error was lesser in trials without than with visual feedback for the 5% (p = 0.003) but not the 20% MVC (p = 0.19). No sex
difference was observed in the force reproduction error, regardless of the experimental conditions.

CONCLUSION: These results support the contribution of muscle proprioception in the sense of force (2), and further indicate that muscle
proprioception contributes to form the force estimate during the TARGET phase. In contrast, providing visual feedback of force during the
TARGET phase biases the sense of force assessment for low-force contractions. The greater effect of proprioceptive and visual perturbation
at 5% compared with 20% MVC also suggests that contrasting low and moderate force intensities may help to refine the assessment of the
sense of force.
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POST ACTIVATION PERFORMANCE ENHANCEMENT OF PUNCH FORCE AND NEUROMUSCULAR PERFORMANCE OF AMA-
TEUR BOXERS FOLLOWING TWO PUNCH-SPECIFIC UPPER-BODY CONDITIONING ACTIVITIES.

FINLAY, M., GREIG, M., BRIDGE, C., PAGE, R.
EDGE HILL UNIVERSITY

INTRODUCTION: Peak punch force and rate of force development (RFD) are two key performance indicators in boxing. The use of prior
voluntary muscle activity may enhance subsequent athletic performance via Post Activation Performance Enhancement (PAPE); however,
research has largely comprised conditioning activities (CA) that are impractical to an amateur boxing warm-up environment. This study
aimed to assess the efficacy of two punch-specific CA’s (isometric [ISO], and elastic resistance [ER]) in enhancing punch force and neuro-
muscular performance of amateur boxers.

METHODS: Ten male senior elite amateur boxers performed a standardised warm-up, followed by either 3 x 3-second repetitions of the ISO
CA, 2 x 5 repetitions of the ER CA, or a control trial, on 3 separate days. Punch force variables and counter-movement jump (CMJ) height
were measured via a vertically mounted force plate and a photocell system, respectively. Boxers performed tests at baseline, and at 3, 5, 7,
9, 11, and 13-minutes post CA, with the same time intervals for the control trial. Worthwhile changes in performance were assessed by
comparing change scores from baseline at each time interval, to a previously determined smallest worthwhile change (SWC), in addition to
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effect sizes (ES) and signal:noise (S:N) ratio. Any mean difference that was greater than the SWC, or where the S:N ratio was > 1, was
deemed a worthwhile change.

RESULTS: Punch performance increased above the SWC threshold at several intervals in both the I1SO and ER CA, but rarely in the control
trial. Peak punch force and RFD was improved following the ISO CA in the cross (+226 N, ES = 0.42, S:N = 1.97; +48472 N.S-1, ES = 0.76, S:N
=3.80), lead hook (+167 N, ES = 0.33, S:N = 1.46; + 28952 N.S-1, ES = 0.34, S:N = 1.61), and rear hook (+231 N, ES = 0.44, S:N = 1.92; + 43560
N.S-1, ES = 0.46, S:N = 2.03). Likewise, the ER CA induced worthwhile increases in the punch force of the cross (+157 N, ES = 0.30, S:N =
1.37) and rear hook (+208 N, ES = 0.36, S:N = 1.73), and in both punch force and RFD of the lead hook (+171 N, ES = 0.35, S:N = 1.50;
+20955 N.S-1, ES = 0.27, S:N = 1.17). A single worthwhile increase in jab RFD was found following the ISO CA. No increases in CMJ perfor-
mance was observed

CONCLUSION: The ISO and ER CA's typically produced worthwhile improvements in punch force and rate of force development (RFD);
however, the ISO CA clearly induced greater increases, and across a larger time course overall. The CA’s produced a localised effect, as
evidenced by a lack of worthwhile improvement in CMJ performance. Peak PAPE was typically observed between 7 to 9-minutes, though
this varied between individuals. In conclusion, the ISO and ER CA’s appear to elicit worthwhile improvements in punch force and RFD of
senior elite amateur boxers, though the punch-specific isometric hold appears to be the superior CA. Future research should apply a more
individualised approach to the CA in this study, indeed the current research group are presently exploring this.

EFFECTS OF DIFFERENT VELOCITY LOSS THRESHOLDS ON SUBSEQUENT MECHANICAL PERFORMANCE IN THE FLYWHEEL
SQUAT EXERCISE

MURNOZ-LOPEZ, A.1, MARMOL, D.1, ALVAREZ, P.1, LOPEZ-LEON, 1.1, MORENO-LARA, J.1, CASTIZO, M.2, SANUDO, B.2,
DOMINGUEZ, R.1, NUNEZ, F.J.3

1 DEPARTAMENTO DE MOTRICIDAD HUMANA Y RENDIMIENTO DEPORTIVO. UNIVERSITY OF SEVILLE, SPAIN. 2 DEPARTAMENTO DE EDU-
CACION FISICA Y DEPORTE. UNI OF SEVILLE, SPAIN. 3 PHYSICAL PERFORMANCE & SPORTS RESEARCH

INTRODUCTION: INTRODUCTION

In resistance training, the velocity loss in real-time during the set execution is a practical strategy to elicit different acute mechanical re-
sponses [1]. When free weights were used, the lower the velocity loss, the lower the mechanical performance detriment. Other modern
training equipment is the flywheel resistance training devices [2]. However, it is still unknown how different velocity loss thresholds may
affect physical performance. Therefore, this study aimed to analyse the subsequent mechanical performance after executing different
velocity loss thresholds in a flywheel device.

METHODS

Ten participants (weight 75.5 + 17.1 kg, height 1.74 £0.12 m) with no previous experience using flywheel devices participated in the study.
Before the intervention, the participants were familiarized with eight training sessions using the half-squat exercise on a flywheel device
(Kbox 3, Exxentric, Sweden). The participants attended the laboratory for four days, where they executed two countermovement jumps
and one maximum voluntary isometric force squat test before the intervention and after each set. The intervention consisted of three sets
of the half-squat exercise with a moment of inertia of 0.050 kg-m 2 or 0.150 kg-m2 . Each load was executed for two different days. The
repetitions were individualized based on three randomised velocity losses (5%, 10%, and 15%). We monitored the velocity losses using a
rotary encoder in real-time (SmartCoach lite, Sweden). For jump height and peak force, we

tested the pre vs. post (Time) differences using an ANOVA repeated measures test with three

within-subjects factors (Load (2) x Time (2) x Velocity Loss (3)). In case of a significant interaction, we explored post-hoc differences with
Bonferroni adjustment. We set the statistical significance level at p< 0.05.

RESULTS

There was a significant Time x Velocity Loss difference in the jump height (p= 0.010). In addition, there was a significant reduction in the
jump height in Time (p< 0.001) and in Velocity Loss as main factors (p< 0.010). Jump height was significantly reduced (p< 0.001) after losing
5% (-19.5%), 10% (-19.8%), and 15% (-27.5%) of speed. Those losses were significantly different between 5 and 15% (p=0.00) and between
10% and 15% (p=0.004).The peak force only showed a significant reduction in Time as main factor (p<0.001, -15.6%).

CONCLUSION

Higher velocity losses induced higher jump height losses in the flywheel half-squat exercise. Using a velocity loss of 5% or 10% within the
set resulted in the same jump performance impairment. However, peak force was not dependent on the velocity loss. Finally, for these two
key performance indicators, the load (i.e., moment of inertia) does not influence subsequent impairments. The results of this study are of
practical importance for programming basic training variables in flywheel resistance training devices.

1.Medina & Gonzalez-Badillo (2011) 2. Mufioz-Lépez et al. (2021)

METHODS: RESULTS: CONCLUSION: MATURITY OFFSET, ANTHROPOMETRIC PROFILE, AND THE VERTICAL FORCE-
VELOCITY PROFILE IN YOUTH BASKETBALL PLAYERS

JIMENEZ-DAZA, P., RAMIREZ-CAPILLO, R., SAEZ DE VILLAREAL, E.
UNIVERSIDAD PABLO DE OLAVIDE, SEVILLE, SPAIN

INTRODUCTION: Two of the main current problems in training sports reside in the wide anthropometric differences that exist in the differ-
ent categories (U-14, U-16 and U-18) (1) and the need to individualize training in order to optimize the present and future performance of
basketball players (2, 3). The objective of this work was to analyze the relationships between maturity offset, anthropometric variables and
the vertical force-velocity profile in youth (12-18 years old) male and female basketball players. We hypothesized that there will be signifi-
cant correlations between maturity offset and force-velocity profile.

METHODS: The vertical force-velocity profile was measured in 84 basketball players (44 female players and 40 male players), grouped in
competitive-age categories, i.e., under 14, 16 and 18 years of age (U-14, U-16, and U-18, respectively). A bivariate correlational analysis
was carried out between maturity offset, anthropometric variables (height, body mass, % fat, muscle mass, bone mass and BMI) and verti-
cal force-velocity profile (Theoretical maximal force, theoretical maximal velocity, theoretical maximal power, force-velocity imbalance and
force-velocity profile orientation).

RESULTS: The results showed significant correlations (p <0.05) between force-velocity imbalance (Fvimb) and maturity offset at early ages
of training (12-15 years). The anthropometric profile was correlated (p<0.05) with FO in U-14, VO in U-16 and Pmax in U-18 basketball
players.
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CONCLUSION: The vertical force-velocity profile is hypothesized as a useful index to correct vertical force-velocity deficits according to the
maturity offset of the female and male basketball players. A novel finding not contemplated in the initial hypotheses is the discovery of the
so-called "determinant variable", which could be defined as "the variable of the vertical force-velocity profile that presents the greatest
number of significant correlations with the anthropometric data measured and, therefore, is the one that offers us the greatest combined
information". that it would be advisable to take into account for the training in youth basketball players variables such as: body mass,
height, muscle mass (total and right and left legs), bone mass, FO (especially in U-14), VO (especially in U-16) and Pmax (especially in U-18).

EFFECTS OF PERIPHERAL MUSCLE STRENGTH ASYMMETRIES ON MUSCLE FATIGABILITY IN PROFESSIONAL SOCCER PLAY-
ERS

FERIOLI, D.1, RAMPININI, E.2, MARTIN, M.2,3, BOSIO, A.2, AZZOLINI, M.2, MAFFIULETTI, N.4

1, UCAM RESEARCH CENTER FOR HIGH PERFORMANCE SPORT; 2, MAPEI SPORT RESEARCH CENTRE; 3, BANGOR UNIVERSITY; 4, SCHUL-
THESS CLINIC

INTRODUCTION: Soccer is a high-intensity intermittent team sport, during which neuromuscular factors are heavily taxed to perform quick
accelerations, decelerations, and changes of direction (COD) [1]. Inter-limb strength asymmetries have been reported to negatively affect
physical performance including COD tasks across various team sports [2], however little is known about their impact on muscle fatigability
during soccer specific exercises such as repeated CODs. Therefore, this study examined the effect of peripheral muscle strength asymme-
tries across a repeated COD task on muscle fatigability in adult professional soccer players.

METHODS: A total of 249 male professional soccer players (age: 2545 yrs; stature: 182+6 cm; body mass: 7817 kg) participated in this
study. Each player performed a repeated COD test at least once (range: 1-23; total number of individual test sessions: 1.009). The repeated
COD test encompassed four levels of intermittent runs with multiple CODs performed at increasing standardized intensities over an 8-m
course. After each level, right and left knee extensors were electrically stimulated in resting isometric conditions to evoke a peak twitch
(PT) response (an indicator of peripheral muscle strength). The main outcomes were PT torque after the first (PT1) and fourth (PT4) levels
as well as the highest absolute value (PTmax) for both sides. Players were then allocated to specific groups according to their inter-limb
asymmetry in PT1, PT4 and PTmax (LOW: £10%, MID: 10-20%, HIGH: >20%) and according to the difference in asymmetry between PTmax
and PT4 (APT4-PTmax). Muscle fatigability (PTdec) was calculated as the mean percentage decline from PTmax to PT4.

RESULTS: Mixed models were used to determine differences in PTdec between asymmetry groups. No significant differences in PTdec were
observed between groups for PT1 and PTmax asymmetries (p=0.402 and p=0.102, respectively). On the other hand, PTdec was moderately
affected by asymmetries observed at PT4 (p<0.001; LOW, 17.8%, range: 3.4%-49.5%; MID, 19.1%, range: 3.5%-58.7%; HIGH, 25.7% range:
5.3%-79.6%). In the same way, asymmetries based on APT4-PTmax largely influenced PTdec (p<0.001; LOW, 16.2%, range: 3.4%-39.6%;
MID, 22.4%, range: 7.2%-52.5%; HIGH, 35.5%, range: 12.0%-79.6%).

CONCLUSION: The current findings suggest that larger peripheral muscle strength asymmetries under fatigue (i.e. at PT4) and larger chang-
es in asymmetries during the COD test (APT4-PTmax) were associated to higher levels of muscle fatigability during repeated CODs in pro-
fessional soccer players. This study provides novel insights about how peripheral muscle strength asymmetries may impact a soccer-
specific task in the presence of muscle fatigability. The present results also highlight the need to evaluate inter-limb strength asymmetries
under fatigue and possibly to reduce their extent with the ultimate goal to enhance physical performance.

REFERENCES:

1. Rampinini et al. (2011)

2. Bishop et al. (2018)

HANDGRIP STRENGTH TESTING AND SHOOTING PERFORMANCE IN ICE HOCKEY PLAYERS

KURZ, E., MAIER, D., SCHENK, P., SCHULZE, S., DELANK, K.S., SCHWESIG, R.
MARTIN-LUTHER-UNIVERSITY HALLE-WITTENBERG

INTRODUCTION: Handgrip strength is a valuable indicator of quality of life, performance, and recovery. In ice hockey the stick is held with
both arms. More successful ice hockey teams were thus found to have higher combined handgrip strength. This study was designed to
determine possible relationships of handgrip strength assessed at different shoulder positions with on-ice shooting performance in profes-
sional ice hockey players.

METHODS: Sixteen competitive male ice hockey players (forward/defenseman: 10/6, age: 23-34 years, BMI: 22-29 kg/m?) volunteered to
participate in this cross-sectional study. Handgrip strength was measured at both sides during upright standing off-ice in three different
shoulder positions using a handheld dynamometer (SH5001, Saehan Corporation, Masan, South Korea). The first position was with the arm
adducted and neutrally rotated, elbow flexed at 90° and forearm in neutral (NORM). To involve the shoulder joint, the second and third
positions were with the arm abducted at 90° and externally rotated at 90° (ABER), and with the arm elevated and the elbow extended
(ELEX). The maximum of two maximal effort trials was used, cumulated from both sides, and normalized to athletes’ body mass. After a
brief independently executed specific warm-up on-ice, athletes shot three slap shots (SS) and three wrist shots (WS) at an empty goal. The
puck speed was recorded by a radar gun system (Stalker Solo 2, Stalker, Plano, TX, USA). The average speed of successful shots only was
used. Differences between playing positions were verified by applying Student’s unpaired t tests. Possible relationships were explored
using Pearson’s r statistics.

RESULTS: The playing position did not affect any outcome measured (p = 0.1-0.5). Athletes’ mean combined handgrip strength was 1.37
kg/kg (minimum-maximum: 1.20-1.56), 1.30 (1.13-1.59) and 1.30 (1.17-1.58) at NORM, ABER and ELEX, respectively. The averaged puck
speeds of SS and WS were 136 km/h (128-149) and 113 (104-128). There was a relevant and significant association of combined handgrip
strength at ABER with SS puck speed (r = 0.54, p < 0.05), explaining 29% of the variance. However, no relevant associations were found at
NORM or ELEX for either shot type (r < 0.4, p > 0.14).

CONCLUSION: In order to estimate on-ice shooting performance in ice hockey players using general off-ice strength tests, handgrip meas-
urements should be run with the arm abducted, externally rotated and with the elbow flexed at 90°.
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IMPACT OF EXERCISE IN THE FASTED STATE ON PROSPECTIVE FOOD CONSUMPTION

HOCHSMANN, C., STEINER, M., KOEHLER, K.
TECHNICAL UNIVERSITY MUNICH

INTRODUCTION: Exercise is recommended for weight management, yet weight loss from exercise is often less than expected based on
measured energy expenditure. This is primarily due to compensatory energy intake, which occurs in most exercisers and overrides the
appetite-suppressing effects of acute exercise. Exercising in a fasted state seems to be a promising way to decrease overall energy intake,
as it has been reported that ad libitum 24h energy intake following fasting exercise is significantly lower than after non-fasting exercise.
Acute effects of fasted exercise on post-exercise energy intake and particularly on post-exercise decision-making about food remain poorly
understood. Therefore, the present study aimed to investigate whether fasting exercise and exercise after a standardized breakfast have
different effects on hypothetical post-exercise food intake.

METHODS: In this crossover study, ten healthy participants (29.7 [SD=2.2] years, 22.8 [SD=2.1] kg/m2, 50% women, regular habitual exer-
cise, regular breakfast consumption) completed two identical 30-min exercise sessions on either a treadmill or bike ergometer (as pre-
ferred). The exercise sessions occurred following (1) an overnight (12h) fast (FE) or (2) a standardized breakfast (BE; oatmeal, low-fat milk,
and apple; ~10-15% of individual daily energy requirements) after an overnight fast. Before (pre), immediately after (post), and 30 minutes
after (post30) the exercise session, participants completed electronic questionnaires with visual food cues to determine hypothetical food
amount preferences and intertemporal food preferences (immediate vs. delayed consumption after 4 hours).

RESULTS: The preferred food amount for immediate consumption was significantly decreased compared to pre immediately after FE (161
[SD=85] kcal vs 236 [SD=81] kcal, p=0.006) but not after BE (p=0.26). For both exercise conditions, the amount of food selected for immedi-
ate consumption at post30 was significantly greater compared to pre (FE: 309 [SD=93] vs 236 [SD=81], p<0.001; BE: 201 [SD=103] vs 124
[SD=67], p=0.009). The preferred food amount for immediate consumption was significantly greater for FE compared to the BE, both for
pre (difference: 113 [SD=57] kcal, p<0.001) and post30 (difference: 109 [SD=87] kcal, p=0.004) but not post (p=0.47). There were no signifi-
cant differences between time points for delayed consumption in either exercise condition.

CONCLUSION: The results of the present study suggest that fasting exercise may contribute to an overall daily energy deficit despite higher
post-exercise energy intake (at post30) compared to exercise after a small breakfast. Importantly, hypothetical food intake did not differ
between the two conditions immediately after exercise, suggesting that consumption of a meal at that time might maximize the calorie
deficit-related benefits of fasting exercise. More (longitudinal) research in larger samples is needed to determine whether fasting exercise
is an adequate method for weight loss.

CARBOHYDRATE AVAILABILITY IN FEMALE ENDURANCE ATHLETES WITH SYMPTOMS OF RELATIVE ENERGY DEFICIENCY IN
SPORT (RED-S)

GRAEFNINGS, M., LYSDAL FAHRENHOLTZ, I., KLUNGLAND TORSTVEIT, M., GARTHE, I., MELIN, A.
DALARNA UNIVERSITY

INTRODUCTION: Endurance athletes with high training loads and weight focus have increased risk of low energy and carbohydrate (CHO)
availability. Sufficient CHO availability throughout the day is needed to provide substrate to e.g., muscles and hypothalamic-pituitary
hormone production. The aim of this study was to investigate the dietary intake with special focus on timing of CHO intake in relation to
training load in athletes with symptoms of Relative Energy Deficiency in Sport (RED-S).

METHODS: Female endurance athletes (n=12) [26 + 4 years, BMI: 21 + 2 kg/m2, training: 13 + 4 hours/week], with symptoms of RED-S (Low
Energy Availability in Females Questionnaire total score 2 8), and without disordered eating behavior were included. Athletes recorded
their dietary intake (prospective weighed food records) and training for seven consecutive days. The type of activity and time spent in each
intensity (1) zone (1-5) were recorded for each training session. |1 was defined as a workload of 60-72% of max heart rate (HR) (individual
performance test), 12 as 72-82% of max HR, 13 as 82-87% of max HR, 14 as 87-92% of max HR and I5 as > 92% of max HR. The nutrient analy-
sis program DietistNet, Sweden was used to assess dietary intake. CHO intake was furthermore analyzed for; key training sessions (high
intensity, in the present study starting from 13)/>120 min) and easy training sessions (all other sessions >30<120 min) as well as for training
days; hard training days (> 1 key session) and light training days (all other days). Mean difference, 95% confidence intervals (Cl) not includ-
ing 0, and a paired student’s t-test were used to determine differences between participants dietary and CHO intake and international
sport nutrition recommendations.

RESULTS: The mean daily energy intake was 2821 + 529 kcal. None of the participants met the recommended daily CHO intake based on
individual training load [Cl -1.7 (-2.4 to -0.9)], or CHO intake immediate after (1 g/kg) [CI -0.7 (-0.9 to -0.5)] or between (1 g/kg/h) [CI -1.2 (-
2.0 to -0.4)] key training sessions. Only 27% fulfilled the CHO intake during (30-60 g/h) key training sessions [CI -15.2 (-29.1 to -1.3)] even
though the minimum CHO recommendation of 30 g/h was used in the analyze. The daily CHO recommendations were more difficult to
fulfill during hard compared to light training days (p=0.014). All participants met the international sport nutrition recommendations for
protein (2.1 £ 0.6 g/kg/day vs. 1.2-2.0 g/kg/day) and fat (36.5 + 7.2 E% vs. 25-35 E%).

CONCLUSION: In the present study, female endurance athletes with symptoms of RED-S did not match their total or timing of CHO intake in
relation to training load according to international sport nutrition recommendations, while protein and fat intake was sufficient. Hence,
these results indicate that focus on optimizing CHO intake is needed to prevent and treat RED-S.
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EVALUATION OF THE FUEL INTERVENTION — A RECOVERY PROGRAM FOR FEMALE ENDURANCE ATHLETES WITH RELATIVE
ENERGY DEFICIENCY IN SPORT (RED-S)

FAHRENHOLTZ, I.L., MELIN, A.K., GARTHE, I., HOLLEKIM-STRAND, S.M., WASSERFURTH, P., LOGUE, D., KOEHLER, K., MADI-
GAN, S., KLUNGLAND TORSTVEIT, M.
UNIVERSITY OF AGDER

INTRODUCTION: Relative Energy Deficiency in Sport (RED-S) is a complex syndrome describing health and performance consequences of
low energy availability and is commonly reported among female endurance athletes. However, no systematic multicenter intervention
study aiming to improve symptoms of RED-S exists. The aim of this study was therefore to develop and test a nutritional intervention study
for female athletes with symptoms of RED-S and to investigate their experiences with the program.

METHODS: The Food and nUtrition for Endurance athletes — a Learning (FUEL) program was developed; a practice orientated 16-week
sports nutrition intervention for female endurance athletes with risk of RED-S, and with low risk of eating disorders [Low Energy Availability
in Females Questionnaire (LEAF-Q) score >8 + Eating Disorder Evaluation Questionnaire (EDE-Q) score <2.5]. The program consisted of
weekly online sports nutrition lectures and individual consultations with an experienced sports nutritionist every other week. Athletes
(n=34) from Norway (n=8), Sweden (n=18), Ireland (n=5), and Germany (n=2) were included, and all but one completed the intervention.
One week after the intervention, 29 of the 33 athletes (88%) filled out a questionnaire consisting of 21 questions regarding their experi-
ence of participating in the FUEL program.

RESULTS: On a scale from 1 to 10, the overall satisfaction for participating in the FUEL project was 9.3 + 0.9 and the level of satisfaction for
the individual nutrition consultations was 9.4 + 1.2. Athletes reported having experienced increased surplus energy (69%), improved mood
(66%), improved food pleasure (62%), improved self-esteem (59%), improved enjoyment of training (48%), improved ability to cope with
everyday stress (45%), and improved body satisfaction (45%) during the intervention. Few negative effects were reported; reduced surplus
energy (n=1), decreased ability to cope with everyday stress (n=1), reduced enjoyment of training (n=1), reduced food pleasure (n=1), and
reduced body satisfaction (n=1) during the intervention. The negative effects were reported by n=5 in combination with several positive
effects and an overall satisfaction level of 10. Among the participating athletes, 73% found the level of the teaching videos appropriate,
while 14% found the level too low and 14% found the level too high. Athletes’ motivation on a 1-10 scale for participating in the individual
consultations was 8.8 + 1.3 and 7.7 £ 1.9 for online lectures and was unchanged during the intervention period for most (59%) athletes,
although motivation for participating in the individual consultations increased during the intervention for 38% of the athletes. All respond-
ers replied that they would recommend the program to other female endurance athletes.

CONCLUSION: Based on the positive participant experiences, the FUEL program has potential for a wider range implementation among
European female endurance athletes.

SHORT TERM ENERGY RESTRICTION LOWERS RESTING METABOLIC RATE AND SLOWS POST-OCCLUSIVE FOREARM BLOOD
FLOW RECOVERY RATE IN ACTIVE EUMENORRHEIC FEMALES.

HUTSON, M.J., O’'DONNELL, E., BLAGROVE, R.C.
LOUGHBOROUGH UNIVERSITY

INTRODUCTION: Amenorrheic exercising females demonstrate lower resting metabolic rate (RMR) and impaired vascular function com-
pared to their regularly menstruating counterparts. While estrogen deficiency due to ovarian disruption has been linked with these pertur-
bations, the independent effects of low energy availability (LEA), the primary cause of menstrual disturbances in female athletes, remain
unclear.

METHODS: Healthy, regularly menstruating, active females (n=16, 23.314.2 years, BMI=22.5+2.2 kg-m2, VO2peak=46.7+8.6 ml-kg-1-min-1)
completed two 3-day conditions of controlled energy availability: 15 (LEA) or 45 kcals-kg fat-free mass-1-day-1 (balanced energy availabil-
ity, BAL). Each condition was assessed during days 1-9 of the menstrual cycle (low estrogen phase). RMR (indirect calorimetry), augmenta-
tion index normalised to 75 bpm heart rate (AIx@HR75, applanation tonometry), resting and peak forearm blood flow (FBF, venous occlu-
sion plethysmography), and other variables of interest were measured at pre- and post-intervention. General estimating equations were
used to create statistical models with condition and time as predictors. Interactions were examined and pairwise comparisons were made
for pre- to post-intervention in each condition, p<0.05 was considered significant. Data are expressed as estimated marginal mean + SE.
RESULTS: Significant interactions were observed for FFM (p<0.001), RMR (p=0.033), resting FBF (p=0.005), fifth post-peak to resting FBF
ratio (p=0.019), and peak to fifth post-peak FBF ratio (p=0.030). FFM and RMR decreased by 0.910.2 kg and 111+33 kcals-day-1 in LEA (both
p<0.001) and remained stable in BAL (both p>0.148), however, change in RMR was not correlated with change in FFM (r=0.19, p=0.311).
Resting FBF decreased in LEA and increased in BAL, but neither change was significant in pairwise comparison (both p>0.170). In LEA, the
fifth post-peak to resting FBF ratio increased by 0.25+0.10 (p=0.019), the peak to fifth post-peak FBF ratio decreased by 4.79+1.94
(p=0.014), and both ratios remained stable in BAL (both p>0.428). Change in fifth post-peak to resting FBF ratio was not correlated with
change in resting FBF (r=0.07, p=0.752), and change in peak to fifth post-peak FBF ratio was not correlated with change in peak FBF (r=0.19,
p=0.345). There were no significant interactions for heart rate, systolic and diastolic blood pressure, plasma volume, AIXx@HR75, or peak
FBF (all p>0.177).

CONCLUSION: These findings suggest that short term energy deficiency lowers resting metabolism and modulates vascular function in
healthy eumenorrheic women, highlighting an independent role for LEA in these perturbations. These observations may have relevance in
understanding the effects of LEA on metabolic and vascular health in female athletes presenting with menstrual disturbances.
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RELIABILITY OF CROSS-COUNTRY SKI SPECIFIC PERFORMANCE TESTS AND PHYSIOLOGICAL MEASUREMENTS IN HIGHLY-
TRAINED SWISS CROSS-COUNTRY SKIERS

BUCHER, E., WEHRLIN, J., MILLET, G.P., STEINER, T.
SWISS FEDERAL INSTITUTE OF SPORT MAGGLINGEN

INTRODUCTION: Measurements of performance and physiological characteristics in elite athletes need to be reliable and valid, in order to
differentiate between meaningful changes, trends and inherent test variability [1]. However, reliability measures for cross-country ski
specific test protocols involving various sub-techniques are currently lacking or remain unreported. This study aimed to investigate the
test-retest reliability of a comprehensive cross-country ski specific test battery involving endurance, sprint and neuromuscular testing
procedures.

METHODS: Twenty-seven highly-trained cross-country skiers (17 male and 10 female, age: 22 + 4 years, VO2max: 70.1 + 4.5 and 58.8 + 4.4
ml/kg/min, respectively) performed a test-retest protocol separated by two days in between. Performance testing consisted of a graded
exercise test skating (GXT), a VO2max-test classic (VO2max-test), a 24-min double poling time-trial (24-min DP), a double poling peak
velocity test (DP Vpeak), and a 1-min anaerobic capacity test skating (V2 1-min) all using roller skis on a treadmill. In addition, participants
also performed a 20-s double poling peak power test on a ski ergometer (SkiErg DP) and explosive strength test for the upper body (UB-ST)
on a custom-made device with light, medium and heavy load. Intra-class correlation coefficient (ICC), standard error of measurement
(SEM), and coefficient of variation (CV) test statistics were calculated for all variables.

RESULTS: Time to task failure performance in the GXT and VO2max-test, time-trial performance in 24-min DP and V2 1-min, as well as peak
velocity in DP Vpeak all demonstrated excellent ICC (0.96 — 0.99) and CV (1.0 — 2.3%). Measured absolute VO2max during the ski specific
treadmill test displayed excellent reliability (ICC: 0.99; CV: 1.4%; SEM: 62 mL/min). Relative peak power during the SkiErg DP showed excel-
lent reliability (ICC: 0.99; SEM: 0.18 W/kg; CV: 2.4%), whereas reliability measures for relative upper-body peak power in the UB-ST were
acceptable (ICC: 0.89 — 0.95; SEM: 0.59 — 0.91 W/kg; CV: 5.0 — 7.9%) across all loads.

CONCLUSION: In highly-trained cross-country skiers, sport-specific aerobic and anaerobic performance tests on a treadmill using roller skis
demonstrated high test-retest reliability, while neuromuscular performance measures for the upper body being somewhat less reliable.
The current study provides comprehensive cross-country ski specific test-retest reliability measures for power and endurance based test
protocols in various skiing sub-techniques. These findings allow athletes, coaches and scientists to accurately track performance changes
between trials, which is a requirement in the elite athlete population with its small inherent performance variation.

1. Hopkins, W.G., E.J. Schabort, and J.A. Hawley, Reliability of power in physical performance tests. Sports Med, 2001. 31(3): p. 211-34.

ANNUAL TRAINING CHARACTERISTICS OF ELITE NORWEGIAN FEMALE CROSS-COUNTRY SKIERS AND BIATHLETES: THE
FENDURA PROJECT.

OSBORNE, J.0., ENGSETH, T.P., WELDE, B., SANDBAKK, @., MORSETH, B., SOLLI, G.S., THOMASSEN, T.0., TAYLOR, M., AN-
DERSSON, E.P.
UIT - THE ARCTIC UNIVERSITY OF NORWAY

INTRODUCTION: Periodization of training is a systematic regulation of training content through the manipulation of exercise session dura-
tion, intensity, frequency, and modality to achieve optimal performance at the appropriate time. Several studies have previously reported
the annual training periodization of elite, endurance winter-sport athletes; however, this research has primarily used small samples sizes
(e.g., n<20), or not included female athletes. Therefore, the present study aimed to describe the annual training characteristics of elite
female Norwegian cross-country skiers and biathletes, and to compare athletes of different performance-levels.

METHODS: A total of 89 elite, female cross-country skiers and biathletes (21 £ 2.8 y; 62.5 + 4.6 kg, 628 + 109 training h/year) systematically
recorded all day-to-day training session data in an online training diary for the 2020-21 season. Variables collected included duration and
frequency of endurance training sessions distributed across three intensity zones (low intensity [LIT]; moderate intensity [MIT]; and high
intensity (HIT]), and self-reported session intensity (Borg CR10 scale). Data were grouped into five training phases: general preparatory 1
(GP1; May —July [13 weeks]), general preparatory 2 (GP2; July — October [13 weeks]), specific preparatory (SP; October — December [9
weeks]), competitive period (CP; December — March [14 weeks]), and recovery (April [4 weeks]). Data were analysed with linear or cumula-
tive logit-link mixed models and presented as mean + standard deviation or [95% confidence intervals].

RESULTS: Over the annual season, athletes trained 634 + 171 h across 412 + 89 sessions. The proportion of time spent as LIT was relatively
constant (¥90%) across all phases and only rose during recovery. In contrast, the proportion of MIT was initially elevated during GP1 (5.2%
[4.6-5.8%]) and then decreased in GP2, while HIT started at a lower proportion in GP1 (4.2% [3.6-4.7%]) and increased in subsequent
phases (p=.001-.008), peaking during CP (5.6% [5.1-6.2%]). Session intensity was constant across GP1 and GP2 but then decreased for SP
and CP (p=.011-.032). National-team athletes performed relatively more MIT than the non-national team athletes during the competitive
phase (4.8% [4.2-5.4%)] vs 3.6% [2.5,4.6%]; p=.039), although there was no difference between the groups when presented as total MIT
duration across the phase (p=.136).

CONCLUSION: This sample of elite female cross-country skiers and biathletes reported a high annual training duration (600+ hours/year).
The majority of training was completed as LIT and this proportion was relatively constant throughout the season. Periodization between
training phases appeared to be regulated via a shift from MIT to HIT over the season.

THERMOREGULATORY RESPONSE TO EXERCISE IN COLD ENVIRONMENT MEASURED AT DIFFERENT BODY PARTS IN ELITE
BIATHLETES

BLOKKER, T., BUCHER, E., STEINER, T., WEHRLIN, J.P.
SWISS FEDERAL INSTITUTE OF SPORT MAGGLINGEN: EIDGENOSSISCHE HOCHSCHULE FUR SPORT

INTRODUCTION: Extreme cold conditions have a negative impact on endurance exercise performance such as in biathlon, where muscle as
well as shooting performance, due to a decrease in manual dexterity, is affected. Hence, it is paramount that biathletes adopt clothing
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strategies preventing excessive cooling during downhill sections and on the shooting range, while avoiding excess heat production during
the skiing bouts. The purpose of the present study was to measure the thermoregulatory response at different body parts during exercise
in a cold environment in biathletes.

METHODS: Thirteen Swiss elite biathletes (6 females, 7 males; age: 27 + 4 years) performed two skiing exercise bouts (men: 4.12 km;
women: 3.49 km) lasting approximately 15 min in the skating technique on two consecutive days at about 78 + 4 % of maximal heart rate.
They were wearing a race suit in accordance to skiing conditions (ambient temperature: -3.7 £ 2.3 °C; relative humidity: 92.9 + 6.3%). Heat
flux, core and skin temperature were measured with a synchronized sensor-system (CORE, greenTEG AG, Riimlang, Switzerland) placed on
the thigh, back, anterior and lateral thorax throughout the entire bout. The subjective perceived rate of thermal comfort (SUBJ) was as-
sessed for the torso, arms, hands, legs, feet, head, neck and whole-body via a visual analog 7-point Likert-scale [1] in winter clothing (REF),
right before (PRE) and after exercise (POST).

RESULTS: Heat flux measurements during the warm-up demonstrated differences (p < 0.001) between sensor locations, with the thigh
showing the highest heat loss (344 + 37 kJ/m2), followed by the back (269 + 56 ki/m2), the lateral thorax (220 + 47 kJ/m2), and the anterior
thorax (192 + 37 kJ/m2). While core temperature slightly increased from 37.0 £ 0.2°C to 37.5 £ 0.2 °C (NS), skin temperature decreased for
all measured body parts (p < 0.001). However, the thigh skin temperature decreased to a larger extent (-7.5 + 1.2 °C) compared to the skin
temperature on the back (-2.8 £ 1.0 °C), the anterior thorax (-4.4 + 2.0 °C) and the lateral thorax (-2.5 + 1.5 °C). From PRE to POST, SUBJ at
the hands decreased from 0.51 + 0.9 a.u. to -0.53 + 1.8 a.u. (p < 0.01). Although SUBJ for other body parts did not change significantly from
PRE to POST, a large inter-subject variability was measured, in particular for the hands, head, and whole-body.

CONCLUSION: During moderate intensity cross-country skiing in cold environment, heat flux in the lower extremities appears to be higher
compared to the upper body, resulting in a significant drop in skin temperature and potential negative impact on performance.

Reference

1. ASHRAE. (2013). Standard 55-2013. thermal environmental conditions for human occupancy. New York: American Society of Heating,
Refrigerating and Air-Conditioning Engineers.

AUTOMATIC FRAME RECOGNITION FOR VIDEO TECHNIQUE ANALYSIS IN CROSS-COUNTRY SKIING USING CONVOLUTION-
AL NEURAL NETWORKS

HOLLAUS, B., MIRA, A, FUDEL, R.
MCI INNSBRUCK

INTRODUCTION: Professional sports is data-driven. Talent acquisition, optimal training, performance analysis and more rely heavily on
data. Technique analysis in Cross-Country Skiing (XCS) is no exception. Papers from [1-3] analyzed the motion and classified techniques of
XCS athletes based on inertial measurement unit data. The mandatory sensor nodes make the approach unsuited for everyday XCS train-
ing. Therefore, most XCS teams implement technique analysis by filming the athletes. However, extracting the relevant frames manually is
inefficient. To make the process more functional, this paper provides a proof of concept that automizes the common video analysis ap-
proach employed by XCS teams.

METHODS: A common approach is to extract five key frames from lateral or frontal training videos, according to a reference motion pat-
tern for the respective technique. The five patterns for skating 1-1 would be 1) the initial pose, just before the 2) pole plant followed by the
3) push, 4) pole release and the 5) leg push. To identify these five patterns within the video, a sequence of algorithms have been set up.
Each frame of a video is analyzed by Yolov3 [4] to extract the athlete within the respective frame. The result is a bounding box and its
coordinates in each frame. After cutting the frame using the bounding box the feature extraction algorithm open pose [5] is applied to
extract 25 keypoints of the athletes’ pose. Therefore, each frame delivers the bounding box, its coordinates, and key point information.
After concatenating the data of a frame into a vector, a trained convolutional neural network is able to predict whether the frame is likely
to be of pattern 1, 2, 3, 4, 5, or none of them. Since this is done for all frames within the video, the algorithm is able to pick the five most
suitable frames for the five patterns. The network was trained according to videos, which were already labeled by coaches.

RESULTS: The sequence of algorithms performed well on the test dataset of frontal skating 1-1 training video with an accuracy of 87.18%
for pose 1, 59.15% for pose 2, 81.43% for pose 3, 85.26% for pose 4, 97.09% for pose 5 and 73.86% for all poses except 1 to 5. The lateral
test dataset has led to accuracies of 82.65% for pose 1, 86.21% for pose 2, 77.5% for pose 3, 85.87% for pose 4, 86.42% for pose 5 and 68%
for all poses except 1 to 5.

CONCLUSION: Using a neural network approach to classify the poses within frames in XCS leads to highly accurate classifications for frontal
and lateral videos. As an exception pose 2 was often mispredicted in frontal videos. This can be explained by the missing information on
the pole joint positions. If pole joints were to be included in the feature extraction, a higher accuracy could be expected.

1. A. Rassem et al. (2017), 2. O. M. H. Rindal, et al. (2017), 3. J. Tipnnas, et al. (2019), 4. J. Redmon & A. Farhadi (2018), 5. Z. Cao, et al.
(2018)
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EVALUATION OF ANKLE DYNAMIC BALANCE AND MOBILITY THROUGH STAR BALANCE TEST AFTER TOTAL ANKLE RE-
PLACEMENT

SANTILLOZZI, F., ZINNO, R., BARONE, G., DI PAOLO, S., BENEDETTI, M.G., VOCALE, E., CARAVELLI, S., MASSIMI, S., MOSCA,
M., BRAGONZONI, L.

UNIVERSITY OF BOLOGNA

INTRODUCTION: Ankle osteoarthritis (AO) is a leading cause of chronic disability in a wide range of the world’s population. Frequently, AO
is secondary to traumas, and it is associated with obesity, metabolic disease, chronic inflammatory joint diseases, septic arthritis, and
anatomical pathological variations. In case of no improvement of conservative management, surgical treatment may be necessary. Total
ankle replacement (TAR) is a treatment for end-stage AO which aims to reduce pain and restore ankle function i.e. range of motion and
mobility. However, the functional improvements of TAR are still debated. The Star Execution Balance Test (SEBT) is proven to be useful for
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screening deficits in dynamic postural control among groups with lower extremity conditions. SEBT allows to assess strength, flexibility,
neuromuscular control, core stability, range of motion, balance, the interaction between proprioception, and joint stability. The aim of this
study is to evaluate dynamic balance and ankle mobility differences between side-to-side pre-and post-TAR. We hypnotize that, after the
implantation of the ankle prothesis, patients will improve the outcomes of SEBT.

METHODS: Eighteen patients (mean age = 60.3+10.1) on the waiting list for total ankle arthroplasty were enrolled in this study. All patients
were evaluated before and at minimum 9 months after the surgery. Each patient performed the short version of SEBT, which consist of 3
directions to reach with one foot: anterior (A), postero-medial (PM), and postero-lateral (PL). The means of tree trials for each direction
were reported. All directions were reached first with the non-operated leg (NoOp) and then with the operated leg (Op). The outcome was
normalized upon leg length ((distance cm/leg length cm) x 100). The pre-post surgery and the side-to-side difference in SEBT scores in A,
PM, and PL directions were calculated pre- and post-TAR and compared through a paired sample t-test (p<0.05).

RESULTS: Considering the pre- and post- surgery evaluation of the replacement ankle, all SEBT have improved (A pre=57.3, post=58.1,
p>0.05; PM pre=71.9, post=75.3, p>0.05; PL pre=53.1, post=60.6, p<0.05). Moreover, the outcomes of the healthy leg improved, even
though the results were not statistically significant (p>0.05). The mean difference between side-to-side pre-and post-TAR were 3.6% [-1.3-
8.5], 2.0% [-3.0-5.3], and 5.9% [2.2-9.5] for A, PM, and PL respectively. A significant reduction in side-to-side difference was found for PL
direction (p=0.004, Cohen’s d=0.79). No significant differences were found in A and PM directions (p>0.05).

CONCLUSION: The results of the study showed that the SEBT outcomes in patients with TAR improved after the implantation of the pros-
thesis. Indeed, the side-to-side difference between the Op and NoOp leg decreased, showing an improvement in dynamic balance and
mobility. The ankle prosthesis allows to partially restore symmetrical levels of dynamic balance between Op and NoOp legs measured
through the SEBT.

THE KINEMATICS OF THE FOOT DURING STATIC BALANCE: A SIX-SEGMENT FOOT MODEL APPROACH

FENNEN, L., DUBBELDAM, R., WAGNER, H.
WESTFALISCHE WILHELMS-UNIVERSITAT MUNSTER

INTRODUCTION: Understanding the foot’s motion during different types of exercises is crucial when investigating balancing abilities and
processes important for performance and particularly rehabilitation [1,2]. Balancing is a key ability in posture and motion. However, limited
previous research investigated the movement of multiple foot segments during static balancing. In order to understand the role of foot
segments in stance and locomotion and the implementation of these findings in rehabilitation and treatment, a kinematic analysis of the
foot segment’s motion during static balancing tasks was performed.

METHODS: 17 subjects (M(age) =24 years, SD = 5) performed three different balancing tasks captured using a 3D kinematic motion capture
system from Qualisys AB (Goteborg,

Denmark). The Ghent Foot Model with 21 markers was used, dividing the foot in six kinematic segments [1]. The tasks increased in difficul-
ty level from standing on two feet, to a one foot stance and a one foot stance with eyes closed. The kinematic analysis included joint rota-
tional angles on all three movement planes and cumulative range of motion (cum ROM) defining the amount of motion over time using an
individualize MATLAB script (The Math Works Inc., Natick, USA). The Ghent Foot Model divides the foot in the six joints: Rearfoot to tibia
(RF_T), midfoot to rearfoot (MF_RF), medial forefoot to midfoot (MFF_MF), lateral forefoot to midfoot (LFF_MF), lateral forefoot to mid-
foot (LFF_MPFF) and hallux to medial forefoot (H_MFF) . The mean CumROM on each anatomical plane was first calculated for each subject
and then for each joint. A linear mixed model was used to compare segments motion.

RESULTS: The analysis of the motion of the foot segments over time (CumROM) during the three balancing tasks with increasing difficulty
of all joints on all three anatomical planes show significantly different (F20, 1324=5.94, p < 0.001). Furthermore, high values for the Cum-
ROM are present within the frontal plane of midfoot and both medial and lateral forefoot joints, demonstrate high motion within the
forefoot section.

CONCLUSION: The results indicate that during the static balancing anatomical structures represented as the midfoot and medial and lateral
forefoot in the Ghent Foot Model have relatively high flexion and extension as well as inversion and eversion CUmROM values. Potentially
indicating that these structures are of high importance during the execution of static balancing tasks. The current findings indicate special
importance of these areas of the feet within therapy concepts after foot and ankle injuries. Further research is needed to support this
indication.

1. De Mits et al, J Orthop Res, 30 (4): 655-661, 2012.

2. Carson et al, J Biomech, 34: 1299-307, 2001.

THE RELATIONSHIP BETWEEN BALANCE ABILITY AND RATE OF FORCE DEVELOPMENT OF TOE GRIP FORCE.

DOI, N.
KYOTO UNIVERSITY

INTRODUCTION: The foot is the only body part in contact with the ground. Among them, the toes have been suggested to be associated
with the stability of the posture during standing and walking. Currently, toe grip force is used as an evaluation of toe muscle strength, that
is associated with dynamic and static balance ability. However, the relationship between balance ability and toe grip force is not clear. One
of the factors is thought to be related to the type of muscle strength. Most of the previous studies have measured maximum voluntary
contraction (MVC) as an outcome for toe grip force. However, as an evaluation of muscle strength, it is recommended to evaluate not only
MVC but also Rate of Force Development (RFD), which is an index of instantaneous muscle strength exertion. RFD is a calculation of the
gradient of muscle strength change at regular time intervals from muscle exertion. It has been reported that RFD is important for the
reaction to unexpected COP sway. Therefore, the purpose of this study was to examine the relationship between balance ability and RFD of
toe grip force.

METHODS: This study targeted 25 healthy young men and 25 healthy young women (n=50). Those with orthopedic disease on the feet
were excluded. The balance ability was measured by dividing the total trajectory length (mm), rectangular area (mm2) of the center of
pressure (COP) when standing on one leg for 40 sec. Toe grip force was measured by dedicated device. The Pearson correlation or Spear-
man’s rank correlation analysis was used to analyze the relationship between balance ability and RFD of toe grip force.

RESULTS: A significant negative correlation was observed between RFD of toe grip force and the rectangular area of COP (0-50ms : r=-0.43,
p<0.01; 0-100ms : r=-0.36, p<0.01; 0-200ms : r=-0.34, p=0.01). No significant correlation was observed in the total trajectory length and
RFD of toe grip force.
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CONCLUSION: This study suggested that there is relationship between RFD of toe grip force and the rectangular area of COP. It is conceiva-
ble that the RFD of toe grip force is instantly exerted to control the center of gravity before COP sway significantly when standing on one
leg. In addition, the shorter the time from the start point of muscle strength, the stronger the correlation tends to be. It has been reported
that RFD is strongly associated with twitching of muscle fibers in the early RFD within 50ms of muscle exertion, and that late RFD after
90ms after muscle exertion is strongly associated with maximum muscle strength. It is considered that the higher the early RFD, the more
motor units could be mobilized and the sway of the center of gravity was suppressed. Therefore, it was considered that the subjects with
high RFD of toe gripping force had a small rectangular area of the center of gravity sway when standing on one leg.

RATE OF TORQUE DEVELOPMENT AND CONTRACTILE PERFORMANCE DURING ANKLE PLANTAR FLEXION IN ELITE ATH-
LETES

HOLLVILLE, E., NORDEZ, A., GIROUX, C., HEGYI, A., DOREL, S., LACOURPAILLE, L., RABITA, G., GUILHEM, G.
FRENCH INSTITUTE OF SPORT

INTRODUCTION: The ability to generate high force levels in limited time (i.e., rate of torque development, RTD) is key factor of perfor-
mance in sprint running. As an example, a world-class athlete generates horizontal force over 10 N/kg in less than 400ms during sprint start
(1). While neural drive has been reported as the key determinant of early RTD (2), muscle-tendon interactions of the medial gastrocnemius
(MG) seem to contribute to later phases of RTD (3). However, very little is known about RTD determinants regarding elite athletes. The aim
of this study was to investigate elite athletes’ ability to rapidly generate high force levels in relation to the contractile characteristics of
plantar flexors.

METHODS: 57 French elite athletes (32 track athletes, 22 rugby players, 3 bobsledders; 54% female; 1.75 + 0.08 m; 70.5 + 11.3 kg; including
Olympic, World and European medallists) were tested. All participants completed 2-3 explosive force production trials “as fast and hard as
possible” (3). Rate of torque development (RTD) was calculated over sequential windows (RTD 0-50ms, RTD 50—-100ms, RTD 100-150ms
and RTD 0-200ms). MG fascicle dynamics was assessed during the first 200ms using an ultrafast ultrasound scanner (sampling rate = 1000
Hz). MG fascicle shortening amplitude as well as mean and maximal fascicle shortening velocity were calculated.

RESULTS: Rate of torque development at each sequential window was 437 + 159 N.m/s [0-50ms], 1000 + 323 N.m/s [50-100ms], 682 + 223
N.m/s [100-150ms], 620 + 165 N.m/s [0-200ms] (group mean + SD). MG fascicles shortened throughout the first 200ms of contraction by
1.1+ 0.4 cm, and maximal shortening velocity was -10.8 + 3.7 cm/s and peaked at 50ms on average.

CONCLUSION: This study brings novel insights about elite athletes’ explosive force ability with exceptionally high rate of torque develop-
ment, two-fold greater than those reported in healthy individuals using the same method (3). We also found that MG fascicle shortening
velocity peaked on average around 50ms in elite athletes in comparison to around 100ms in healthy individuals. This clearly demonstrates
the high explosiveness ability of elite athletes. Specifically, not only neural but also mechanical factors determine early RTD and thus sprint
propulsion in elite athletes.

REFERENCES:

1) Rabita et al., Scand J Med Sci Sports, 2015

2) Del Vecchio et al., J Appl Physiol, 2018

3) Hager et al., J Appl Physiol , 2020
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FREE PLAY AND ALTERNATIVE SPORTS THROUGH PARADOXES AND OPPORTUNITIES

BONDI, D.
UNIVERSITY OF CHIETI - PESCARA, ITALY

Creativity can be conceived as freedom in the limits of rules/constraints. It represents a prominent ability of individuals, dynamically arising
from a process, occurring in a context, and resulting into a novel product. In particular, creative motor actions emerge from adaptive
movement variability while exploring the environment, eventually optimized by manipulating constraints. Once a child develops fruitfully
motor creativity, its retention becomes easier. Considering creative moving and playfulness are interconnected, we should strive for a
virtuous loop connecting playful activities and creativity. Play needs to be discussed with an interdisciplinary criticism encompassing peda-
gogy, kinesiology, neuroscience, psychology, philosophy, anthropology, sociology, medicine, and ethology. This complex approach moves
inside the areas of creativity, human behaviour, and development. Into this framework, free play can emerge as an effective tool for favor-
ing creativity, both in physical education and sport. However, aiming to this effect, free play should be fun, voluntary, challenging, relaxed,
exaggerated in forms, spontaneous, pleasant, flexible, not stereotyped, led by intrinsic motivation and supported by reward (Bondi &
Bondi, 2021). Therefore, we should prioritize to enrich the environment, tutoring, interacting, providing a non-threatening and non-
controlling environment, and setting stress-free conditions. Moving over, through unconventional creative expression, the sense of free-
dom prospers inside the public spaces. Therefore, lifestyle (or alternative) sports, as playful physical activities opportunities, are fruitful
resources for open and flexible curricula in physical education and sport. These aesthetic and functional forms of self-exploration, as types
of creative free play, contrast to conventional ways of moving and interacting with people and places. As an example, referring to parkour
city itself becomes an open-ended toy, and material obstacles become possibilities for developing creative outcomes. Linking the design of
urban spaces for physical movements and outdoor sports with imagination and personal skills, these unconventional playful sports may be
used as inherently educational disciplines. Building alternative sports-friendly environment could convey social benefits, promote motor
competencies, and encourage active lifestyle.

Bondi, D., & Bondi, D. (2021). Free Play or Not Free Play: An Interdisciplinary Approach to Deal with Paradoxes. Creativity Research Journal,
33(1), 26-32.

ECSS SEVILLA 2022 — SPAIN, 30 AUG — 2 SEP 2022 32



Wednesday, August 31, 2022 10:00-11:15

EMPOWERING CREATIVE EDUCATION AND SPORTS CREATIVITY

LEAL DOS SANTOS, S.
UNIVERSITY OF TRAS-OS-MONTES AND ALTO DOURO

Creativity is one of the essential skill sets for shaping the possibilities of 21st-century and is a key feature of teaching and coaching that is
influencing worldwide educational and sports policies. The goal of education should be the nurturing of creative young people who are
sufficiently skilled to adjust constantly to new challenges and find innovative and original solutions, that would satisfy the needs of fast
changing society. Likewise, sports have emerged as a suitable environment to ignite creativity. In this field, creativity should be understood
as the process of perceiving, exploring, and generating novel affordances (opportunities for action) within a given context (training session
or formal game) considering the importance of contemplating the experiential process (Rasmussen, et al., 2019). Furthermore, evidence of
implementing sports-creativity training programs to cultivate overall creativity is growing. Therefore, this presentation will be centrally
focused on the Skills4Genius program tenets (Santos et al., 2017), grounded in the ‘Creativity Developmental Framework’ assumptions
(Santos et al., 2016). The Skills4Genius is a sports creativity-based intervention intended to develop social and emotional skills, such as
creative thinking, as well as in-game creativity. Besides, related research supports an interplay between thinking and sports creativity
revealing commonalities in the underlying processes responsible for driving creative thinking and children’s novel behaviors on the field
(Santos et al., 2017; Santos & Monteiro, 2020). The Skills4Genius has been implemented around 2000 Portuguese primary school-aged
children and is supported by the Calouste Gulbenkian Foundation, within the Gulbenkian Program for Knowledge, an initiative that estab-
lishes one of the most extensive European networks of educational innovation in partnership with OECD. This presentation will be filled
with fresh creative thinking strategies and a set of constructivist models to support Physical Education teachers and coaches in order to
offer a supportive environment for creativity to thrive. Finally, it will be discussed the potentials and barriers related to the design for
creativity.

Rasmussen, L., @stergaard, L., & Glaveanu, V. (2019). Creativity as a developmental resource in sport training activities. Sport, Educ. Soc,
24(5), 491-506.

Santos, S., Jiménez, S., Sampaio, J., & Leite, N. (2017). Effects of the Skills4Genius sports-based training program in creative behavior. PLoS
One, 12(2).

Santos, S., Memmert, D., Sampaio, J., & Leite, N. (2016). The Spawns of Creative Behavior in Team Sports: A Creativity Developmental
Framework. Front Psychol, 7, 1282.

Santos, S., & Monteiro, D. (2020). Uncovering the role of motor performance and creative thinking on sports creativity in primary school-
aged children. Creat Res J., 33(1) 1-15.

A COMPLEX SYSTEMS APPROACH ON CREATIVE BEHAVIOUR IN SPORT AND MOVEMENT-BASED PRACTICES

TORRENTS, C.
UNIVERSITY OF LLEIDA

Based on recent research under the complex dynamical systems approach, this presentation aims to explain how constraints can release
degrees of freedom in sport and movement-based practices. It also aims to clarify the process of emergence of creative behaviors taking
into account the interrelatedness and nesting of constraints acting on the system (Balagué et al. 2019; Torrents et al. 2021a; Torrents et al.
2021b). We base it on the formation of spontaneous multiscale synergies emerging in complex living systems when interacting with coop-
erative/competitive environments. This is especially important in our domain, as the specificity of motor creativity is conditioned by the
time scale where actions emerge, as well as by the interaction with other persons (teammates and opponents).

It will be discussed how constraints form boundaries around the exploration of certain action possibilities, while allowing the emergence of
other exploration possibilities. These actions emerge from the nonlinear interaction between the intrinsic dynamics of the creator (individ-
ual or team) and environmental constraints. Moreover, self-interaction and co-adaptive loops, as well as the interaction of all constraints
acting on the system at different time scales, allow the emergence of creative behaviour. Some team sports and contemporary dance
examples related with the manipulation of task constraints from our lab will be presented (Cantdn et al. 2021; Lacasa et al. under review;
Torrents et al. 2015).

Balagué, N., Pol, R., Torrents, C., Ric, A., & Hristovski, R. (2019). On the Relatedness and Nestedness of Constraints. Sports Medicine - Open,
5(1), 6.

Canton, A., Torrents, C., Ric, A., Guerrero, I., Hileno, R. & Hristovski, R. (2021). Exploratory Behavior and the Temporal Structure of Soccer
Small-Sided Games to Evaluate Creativity in Children. Creativity Research Journal, 33 (1), 16-25.

Lacasa, E., Cantdn, A., Brufau, |., March-Llanes, J. & Torrents, C. (under review). Rink Hockey “Ok-XS”. Motor behavior effects of scaling
games in U8 players.

Torrents, C., Balagué, N., Hristovski, R., Almarcha, M. & Kelso, J.A.S. (2021). Metastable Coordination Dynamics of Collaborative Creativity
in Educational Settings. Sustainability, 13, 2696.

Torrents, C., Balagué, N., Ric, A., & Hristovski, R. (2021). The Motor Creativity Paradox: Constraining to Release Degrees of Freedom. Psy-
chology of Aesthetics, Creativity, and the Arts, 15 (2), 340-351.

Torrents, C., Ric, A., & Hristovski, R. (2015). Creativity and emergence of specific dance movements using instructional constraints. Psychol-
ogy of Aesthetics, Creativity, and the Arts, 9(1), 65-74.
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REPEATED MAXIMAL EXERCISE TESTS OF PEAK OXYGEN CONSUMPTION IN PEOPLE WITH MYALGIC ENCEPHALOMYELI-
TIS/CHRONIC FATIGUE SYNDROME: A SYSTEMATIC REVIEW AND META-ANALYSIS

FRANKLIN, J., GRAHAM, M., ATKINSON, G.
TEESSIDE UNIVERSITY

INTRODUCTION: We aimed to synthesise studies in which the test-to-retest (24 h) changes in VO2 and work rate have been compared
between people with Myalgic Encephalitis/Chronic Fatigue Syndrome (ME/CFS) and controls.

METHODS: Seven databases (CINAHL, PubMed, PsycINFO, Web of Knowledge, Embase, Scopus and Medline) were searched. Included
studies were observational studies that assessed adults over the age of 18yrs with a clinical diagnosis of ME/CFS compared to apparently
healthy controls. The methodological quality of included studies was assessed using the Systematic Appraisal of Quality for Observational
Research critical appraisal framework.

RESULTS: The pooled mean differences in test-to-retest changes in VO2peak and VO2 at the anaerobic threshold were small and not clini-
cally relevant at -1.1 (95%Cl -3.3 to 1) ml.kg-1min-1 (Tau = 1.6 ml.kg-1min-1) and -1.83 (95%CI -3.98 to 0.32) ml.kg-1min-1, (Tau = 1.4 ml.kg-
1min-1). There was a greater decrease in the pooled mean difference in peak work rate (5 studies), measured at retest, in ME/CFS com-
pared to controls by -8.55 (95% Cl -15.38 to —1.72, Tau =4.4) W. The pooled mean difference in work rate at anaerobic threshold (4 studies)
measured at retest was greater in ME/CFS compared to controls by -21 (95%Cl -38 to -4, tau = 9.8) W. The effect size for this difference was
large (d = -0.95) providing evidence that WR at AT effectively discriminates between ME/CFS and controls. The 95% prediction interval was
-62.4 to 21.1 W, indicating a high degree of uncertainty. The likelihood that a future study in a similar setting would report a difference in
work rate at anaerobic threshold which would exceed a minimal clinically important difference (10 W) is 78% (95%Cl 40% to 91%).
CONCLUSION: Synthesised data indicate that test-retest reductions in work rate at peak and at anaerobic threshold may provide a possible
objective marker for the presence of ME/CFS.

CAN SUPRA-MAXIMAL TEST BE USED TO VERIFY MAXIMAL OXYGEN UPTAKE IN ADULT WITH OBESITY? A COMPARISON
BETWEEN MAXIMAL EXERCISE TEST ON TREADMILL VS. CYCLE ERGOMETRY

KODESH, E.1,2, KHOUREY, F.1, BAR-YOSEPH, R.3, ZUCKER TOLEDANO, M.3, MAINZER, G.4,2

1.PHYSICAL THERAPY DEPARTMENT, UNIVERSITY OF HAIFA 2. BARUCH PADEH, MEDICAL CENTER, PORIYA 3. RAMBAM MEDICAL CENTER,
PEDIATRIC UNIT, HAIFA 4 HADASSAH HOSPITAL-HEBREW UNIVERSITY, JERUSALEM.

INTRODUCTION: People with obesity often have below average VO2max values compared to normal levels for their age group and sex.
Additionally, many do not show the VO2 plateau at exhaustion, which is the primary criterion of attainment of VO2max.

Aims: 1) compare VO2max and the present of plateau using a maximal graded exercise test (GXT) on bike and treadmill ergometers, be-
tween obese (OB) and normal weight (NW) individuals. 2) Use a supramaximal exercise test (SMT) to verify that peak O2 uptake in GXT
reflects “true” maximal VO2max in the absence of a VO2 plateau.

METHODS: METHODS: 34 sedentary participants volunteered to participate; 17 NW (median BMI 22.1 kg/m2 (20.9-23.3)) and 17 with
obesity (median BMI 34.6 kg/m2 (31.4-36.3)). During 2 laboratory sessions, participants completed either a GXT on a cycle ergometer or on
a treadmill in random order. 10 minutes post GXT a 2 min SMT to verify 02 consumption values was performed. SMT involves a constant
load, one phase higher than the last load reached on the treadmill (Bruce-Ramped Protocol), or 10% higher than the maximum Watt
reached on cycle ergometer. VO2max from GXT was considered as verified if peak VO2 in the SMT was <5% higher than that attained in
GXT. 02 consumption (VO2), respiratory exchange ratio (RER), maximal heart rate (Max HR) and rate of perceived exertion (RPE) were
recorded at the end of the GXT.

RESULTS: Peak VO2 ml /kg /min at GXT was higher in NW compared to OB on treadmill (NW-37.45+7.95 ml/kg /min; OB-29.05+4.82 ml/kg
/min p<0.001) and bike (NW-29.26+7.71 ml /kg /min; OB-22.26%3.50 ml /kg/min p<0.001). 56% of participants reached VO2 plateau on the
treadmill vs. 17% on the bike, with no significant differences between groups. Max HR and RPE were higher on Treadmill than bike (F=21.86
p<0.0001 and F=14.54; p=.0006 respectively), in both groups with no significant differences between groups.

Of those not reaching a plateau true VO2max was verified by SMT in 38% tested by bike and 63% tested by a treadmill in the NW group,
and in the OB group 56% on the bike and 73% on the treadmill, were verified.

CONCLUSION: Obese participants had lower aerobic fitness levels than the NW sedentary group when VO2 was normalized to body weight.
However, no significant differences in reaching plateau were observed between the groups. Fewer participants reached plateau on the
bike than on the treadmill. In the absence of a plateau phase, the SMT verified VO2max determined by the GXT in 68% and 48% of our
cohort tested on treadmill and bike, respectively. These findings suggest that incorporation of a SMT to verify VO2max provides additional
data about the maximal aerobic capacity and can be performed using a treadmill or bike.

LONGITUDINAL DEVELOPMENT IN OXYGEN UPTAKE IN 6-12-YEAR-OLD NORWEGIAN CHILDREN. THE HEALTH-ORIENTED
PEDAGOGICAL PROJECT (HOPP).

MAMEN, A.1, BUER, J.2, STEENE-JOHANNESSEN, J.2, FREDRIKSEN, P.M.1
1 KRISTIANIA UNIVERSITY COLLEGE, 2 NORWEGIAN SCHOOL OF SPORT SCIENCES

INTRODUCTION: Enhanced aerobic capacity is associated with improved health and reduced mortality in adulthood. Aerobic capacity is
best reflected by VO2peak, and the level of VO2peak is traceable from childhood to adulthood. Mapping of VO2peak in childhood is there-
fore important for detecting deteriorations at an early stage and initiate interventions to prevent disease in adulthood. The purpose of the
present study was to evaluate the development in VO2peak in 6-12-year-old Norwegian children.

METHODS: Six-year-old students (n=451), included in the Health-Oriented Pedagogical Project, was invited to an annual VO2peak test for
six years. VO2peak was tested using an incremental treadmill test with a maximal speed of 10 km-h-1 and a maximal inclination of 16%. In
the first year, the metabolic cart was a K4b2, after that a K5 was used, both from Cosmed sri, Rome, Italy. The K4b2 used the breath-by-
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breath method, K5 a (micro) mixing chamber. A mixed linear model split by sex and grades as fixed effects were performed to evaluate the
development in VO2peak.

RESULTS: The development of aerobic power from 6- to 12-year age differed according to the expression of VO2peak used. Absolute
VO2peak increased from 1.09/1.06 L-min-1 to 1.93/1.84 L-min-1 (boys/girls). The yearly increase tapered off from 11th to 12th year.
VO2peak relative to body mass increased until age 8: from 47.1/44.3 ml-kg-1-min-1 to 52.9/48.9 ml-kg-1-min-1. At age 12, the results were
close to the results at age 6: 46.9/44.0 ml-kg-1-min-1. Allometrically scaled oxygen uptake increased from 132.6/125.4 ml-kg-0.67-min-1 at
6-year age to 169.3/158.6 ml-kg-0.67-min-1 at age 11. The results at age 12 were 157.7/150.2 ml-kg-0.67-min-1. Boys and girls differed
significantly on relative and allometrically scaled oxygen uptake from 6 to 11-year age. Absolute oxygen uptake differed significantly for
boys and girls only at age 10 and 11 year. When scaling oxygen uptake with fat-free mass, the results at age 12 year was a little higher for
girls: 57.3/57.6 ml-FFMkg-1-min-1.

CONCLUSION: When describing the development of cardiometabolic fitness in children, the choice of units has importance. Expressing
oxygen uptake in absolute form, as ml (or L) pr. minute will give another impression of the development than relating oxygen uptake to
different conditions of body mass. If sex differences are important to document, allometric scaling seems to be appropriate. To describe
the bodily growth, oxygen uptake should not be related to body mass in any form. The reason for presenting children’s fitness should thus
guide the decision of which units to use.

EFFECT OF SLEEP BEHAVIOR ON VO2MAX CAPACITY IN A SAMPLE OF ACTIVE YOUNG SUBJECTS

CASTELLI, L.1, GALASSO, L.1, CIORCIARI, A.1, MONTARULI, A.1,2, ROVEDA, E.1,2, ZIMMER, P.3
1: UNIVERSITY OF MILAN: UNIVERSITA DEGLI STUDI DI MILANO; 2: IRCCS ISTITUTO ORTOPEDICO GALEAZZI; 3: TU DORTMUND UNIVERSITY

INTRODUCTION: In addition to being an essential physiological process in humans, sleep is acknowledged as an important factor in influ-
encing physical performance. Sleep deficiency, also linked to higher self-perceived fatigue, could negatively affect physical performance,
especially endurance performance [1]. Notwithstanding this background, VO2max has been poorly investigated in relation to sleep quality
[2]. The present study aims to shed light on this relationship in a sample of active young subjects.

METHODS: Ninety-six university students (males 54.2%; 21.5 * 2.9 yrs) were assessed for sleep quality, self-perceived fatigue and motiva-
tion by the Pittsburgh Sleep Quality Index (PSQI) and two visual analogue scales (VAS), respectively. Subsequently, they completed an
incremental exercise test on a bicycle ergometer. Analyses were performed separately for males and females. Based on PSQI categoriza-
tion, VO2max, self-perceived fatigue and motivation were compared between good and bad (PSQl score 5 respectively) sleepers and longer
and shorter sleepers (sleep duration >/<7.5 hours respectively), while regression analysis defined the predictors of VO2max.

RESULTS: In the male sample, good sleepers and longer sleepers reported higher VO2max (53.9 + 8.4 vs 49.0 + 14.1 ml.kg-1.min-1; 54.2 +
10.9 vs 50.0 + 8.4 ml.kg-1.min-1) and self-perceived motivation (7.1 + 1.6 vs 6.3 £ 2.1 a.u.; 7.2 + 1.5 vs 6.4 + 2.1 a.u.), but only self-perceived
fatigue was significantly lower in good sleepers (2.3 + 2.1 a.u.) compared to bad sleepers (3.6 £ 1.7 a.u.; p = 0.04). The regression analysis
showed sleep (B =- 0.3, p = 0.02) as predictors of VO2max. There were no significant differences between good and bad sleepers and
different sleep durations in the female sample. Self-perceived fatigue (B =-0.4, p = 0.03), and not sleep, was a significant predictor of
VO2max in females.

CONCLUSION: Sleep seems to affect differently the VO2max the performance between males and females. Even without statistically signif-
icance, good and long sleepers tend to perform better and suffer significantly less from fatigue. Furthermore, sleep accounts for 20% of the
variance in males, indicating a relevant factor for cardiovascular performance. In females, physical performance seems more affected by
fatigue rather than sleep. Probably, taking into account the phase of the menstrual cycle, a different role of sleep on VO2max could have
been highlighted [3].
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ASSOCIATION OF EARLY RFD DURING A FUNCTIONAL TASK AND AN ISOMETRIC LEG EXTENSION WITH GAIT SPEED AND
BALANCE FROM THE TOLEDO STUDY FOR HEALTHY AGING IN MIDDLE AGE

GUTIERREZ REGUERO, H.
UNIVERSIDAD DE CASTILLA 'Y LA MANCHA

INTRODUCTION: The rate of force development (RFD) is positively associated with athletic performance in young people and physical
function in older people (1). Furthermore, RFD provides information on the structural and neuromuscular features of skeletal muscle and
its functional state (2). RFD is most frequently evaluated using a force plate in traditional exercises such as knee extension, squat or leg
press. However, it has been also evaluated during the sit-to-stand (STS) task (3). In this sense, it is currently unknown whether RFD during
the STS task (RFD-STS) is more strongly associated to physical performance during other functional tasks as the leg press exercise (RFD-LP)
in middle-aged adults.

METHODS: A total of 78 middle-aged adults participating in the Toledo Study for Healthy Aging in Middle Age (TSHA-ma) (32 men and 46
women; 55.3+1.9 years old) took part in this investigation. Early RFD (at 100 ms) was assessed during the first repetition of the 5-rep STS
test. On a separate occasion, early RFD was also assessed during a unilateral maximal isometric contraction in the leg press (RFD-LP, knee
joint angle: 90°). The best of 2 and 4 trials were selected for RFD-STS and RFD-LP, respectively. Functional performance was assessed by the
timed up-and-go test (TUG), maximal 30-m gait speed test and the Y-balance test.

RESULTS: There was an association between RFD-STS and RFD-LP (r=0.42, p<0.001) independently of age and sex, although there were
significant differences between both measures (348512976 vs 2221+1063 N/s). In addition, RFD-STS was more strongly associated to TUG
velocity and 30-m gait speed (r=0.34, p=0.003 and r=0.44, p<0.001) when compared to RFD-LP (r=0.32, p=0.005 and r=0.31, p=0.008). In
contrast, balance performance was more associated with RFD-LP (r=0.39, p<0.001) when compared to RFD-STS (r=0.27, p=0.019).
CONCLUSION: Early RFD obtained during the STS task was more strongly associated to gait speed test than early RFD recorded during an
isometric unilateral leg extension action, while the latter was more strongly associated to unilateral balance. These findings may help
interpret the functional relevance of these distinct RFD measures.
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BETWEEN-GENDER DIFFERENCES IN TRUNK ROTATIONAL POWER IN ATHLETES OF GYMNASTIC AND DANCE SPORTS

ZEMKOVA, E., KYSELOVICOVA, O., JELEN, M.
FACULTY OF PHYSICAL EDUCATION AND SPORT, COMENIUS UNIVERSITY IN BRATISLAVA

INTRODUCTION: A previous study revealed sport-specific differences in power-velocity-force profiling during trunk rotations at loads 210.5
kg [1]. The highest power is produced by combat sports athletes (boxing, thai boxing, karate, tae kwon do) with a maximum achieved at
10.5 kg, followed by water sports athletes (canoeing, kayaking) with a maximum at 20.0 kg, grappling sports athletes (judo, wrestling) with
a maximum at 15.5 kg, and ball sports athletes (golf, hockey, tennis) with a maximum at 10.5 kg [1]. Since body rotations represent one of
the essential elements of performance also in gymnasts and dancers, we were interested in whether between-gender differences exist in
trunk rotational power at various loads.

METHODS: Groups of female (n=24, age 20.1+1.7 y, height 168.5+6.8 cm, body mass 57.5+5.8 kg) and male (n=15, age 23.1+2.7 y, height
177.949.7 cm, body mass 78.3+11.2 kg) competitive gymnasts, aerobic, ballroom and rock & roll dancers completed two trials of standing
trunk rotations at each side with a barbell of different weights (increasing from 1 kg up to a weight at which maximal values of power were
achieved) placed on their shoulders. The power produced during trunk rotations was evaluated using the FiTRO Torso Premium.

RESULTS: Mean power in the acceleration phase of trunk rotations was significantly higher in male than female athletes at loads of 10.5 kg
(206.8422.0 W and 165.4+17.8 W respectively, p=0.033), 15.5 kg (231.8+27.5 W and 155.6+24.4 W respectively, p=0.001) and 20 kg
(196.9+25.3 W and 111.4+20.9 W respectively, p=0.001). Similar significant between-gender differences for angular velocity at weights
>10.5 kg were observed. Alternatively, power and force were significantly higher at lower velocities in male than female athletes. However,
some females were able to produce slightly greater power and force at higher velocities in spite of their lower values at lower velocities
when compared to males.

CONCLUSION: While the highest power in males is produced at a higher weight of 15.5 kg (in few of them at 20 kg), females are able to
generate the highest power at a lower weight of 10.5 kg (or at higher velocities). This may be ascribed to both the genetic predispositions
and the specificity of their acrobatic and dance elements including trunk rotations at various velocities under different load conditions.
Male athletes need to exert high forces of upper and lower body in order to lift female counterparts and perform repetitive rotational
movements of the trunk.
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SALIVARY DHT CONCENTRATIONS IN WOMEN AFTER TWO DISTINCT RESISTANCE EXERCISE.

LISTA, M., ROMAGNOLI, R., GRECO, F., PIACENTINI, M.F., SGRO, P.
UNIVERSITY OF ROME

INTRODUCTION: Distinct forms of resistance exercise can stimulate different hormonal response. Hormonal response is associated with the
intensity of exercise, time under tension, volume of exercise and muscle masses involved. Different protocols of strength exercise can
induce different changes in circulating Dihydrotestosterone - DHT. DHT responsiveness to exercise appeared greater during a heavy vol-
ume, and for females. In females DHT is produced from the reduction of free testosterone in peripheral tissues of the body by 5a-
reductase. DHT increases in response to acute exercise [Cook, C. J. et al. 2021]. We hypothesized that DHT responses would differ after two
distinct protocols and for this reason the aim of this study is to compare the effect of two different strength exercise on salivary DHT re-
lease in women.

METHODS: Ten resistance trained women from different sport or fitness activity were recruited to this study. All participants had a mini-
mum strength training history of 2 years with back squat exercise (4 +/- 2,36 Year). They were randomly assigned into 2 groups: Velocity
Loss - VL (n = 5) or Failure Training - FT (n = 5). After ten minutes of incremental full squat warm up, both training groups completed one
intervention using the back squat exercise. The VL group executed maximum number of repetitions for five sets of back squat at 75% of 1
RM. Every set ended when the barbell losses 10% of velocity recorded in the first repetition of the set. (16,4 +/- 3,5 Reps) All subjects were
constantly stimulated to move the barbell at maximum velocity as possible. The FT group executed maximum number of repetitions for
five sets of back squat at 75% of 1 RM. Every set ended when the subject failed the last repetition. (85 +/- 27,5 Reps) All subjects were
constantly stimulated to complete the maximum number of repetitions as possible. After each set RPE were collected and session RPE
were calculated. VL (6,52 +/- 1,07) FT (9,56 +/- 0,49) Saliva samples were collected before warm up (TO0), at the end of training (T1) and 30
minutes after the end of training (T2). Salivary DHT concentrations were measured by ELISA Assay Kit.

RESULTS: Our preliminary data suggested that Salivary DHT was not significantly different in the FT protocol than for VL protocol. There
were no statistically significant differences in DHT concentration from TO to T1, from TO to T2 and form T1 to T2, and no differences were
observed among the protocols, on the other hand, we observed a high individual variation. VL (A% [DHT] TO-T1 24,39% +/- 50,06%; TO-T2 -
17,77% +/- 24,15%; T1-T2 -6,65% +/- 21,34%) FT (A% [DHT] TO-T1 11,70% +/- 42,50%; TO-T2 -1,60% +/- 36,94%; T1-T2 -2,38% +/- 14,14%).
CONCLUSION: These variations can be related to training status and the menstrual cycle of the participants. Due to the small number of
participants, statistical analysis taken into account the menstrual cycle was not applicable.
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EVOLUTION OF REPETITION VELOCITY THROUGHOUT ONE SET UNTIL FAILURE AGAINST TWO RELATIVE INTENSITIES IN
THE SQUAT EXERCISE IN WOMEN

CANO-CASTILLO, C., PAREJA-BLANCO, F., SANCHEZ-MORENO, M., BACHERO-MENA, B.
UNIVERSIDAD PABLO DE OLAVIDE

INTRODUCTION: Recently, velocity-based training (VBT) has been proposed as a valid method to objectively quantify and adjust training
intensity with high precision on a daily

basis (Gonzalez-Badillo and Sanchez-Medina 2010). Most of the studies using VBT have been carried out in men (Hagstrom et al. 2020).
However, there is little information about the acute responses to resistance training in women when controlling and measuring velocity
(Rissanen et al. 2022). For this reason, the aim of this study was to analyse the evolution of repetition velocity throughout a set up to
failure in the full-squat (SQ) exercise with two different intensities (60% vs. 80% 1RM) in young women.

METHODS: Ten young physically active and resistance-trained women participated in this study (21.2 + 2.2 years old; 63.5 + 5.8 kg; 1.66 +
0.05 m; 72.2 + 14.6 kg 1RM). The protocols consisted of two training sessions separated by 1-week, performing a single set until failure
with two different intensities (60 and 80% 1RM) in SQ exercise. Firstly, an incremental loading test session was carried out in order to
establish the individual load-velocity relationship, as well as the 1RM in SQ for each participant. The order of the protocols was random-
ized. The relationships between the percentage of repetitions performed (%Rep) and the velocity loss (VL%) of two protocols were ana-
lysed.

RESULTS: Significant differences (p < 0.001) were observed in the number of repetitions performed among protocols. Higher number of
repetitions were observed for the 60% 1RM protocol (18.1 + 3.2) compared to the 80% 1RM protocol (6.8 + 2.1). However, there were no
significant differences observed in VL% among the different protocols (52.7 + 8.1 vs. 47.2 + 6.8 for 60% and 80% 1RM, respectively). In
addition, significant relationships were observed between %Rep and VL% for 60% (R2 = 0.77) and 80% (R2 = 0.74) 1RM protocols.
CONCLUSION: The highest intensity training protocol (80% 1RM) allowed to perform a lower number of repetitions and showed a lower
VL% compared to the 60% 1RM protocol. Similar results have been previously reported in men (Rodriguez-Rosell et al. 2020), indicating
that as loading magnitude increases, both, the number of performed repetitions and the magnitude of VL% progressively decrease in SQ
exercise. However, the number of repetitions performed in our study by women was slightly higher and the VL% lower than those ob-
served in men, for the same relative intensity. On the other hand, the relationships found between %Rep and VL% were strong enough to
consider the VL% as an acute measure for quantifying the degree of effort in women.

ACUTE EFFECTS OF COMBINED LOWER BODY ENDURANCE AND UPPER BODY STRENGTH EXERCISE ON EXPLOSIVE
STRENGTH PERFORMANCE IN NATURALLY MENSTRUATING WOMEN

FEUERBACHER, J.F., DRAGUTINOVIC, B., SCHUMANN, M.
GERMAN SPORT UNIVERSITY

INTRODUCTION: We have previously shown that lower body high-intensity interval training (HIIT) does not reduce upper body explosive
strength, while lower body HIIT combined with upper or lower body strength exercise has been shown to reduce both explosive squat and
bench press strength[1]. Thus, it seems that adding strength exercise to lower body HIIT impairs the subsequent explosive strength per-
formance irrespective of the muscle group, leading to a reduced exercise quality and consequently compromised adaptations. However,
evidence on these effects have been addressed exclusively in men and data in women are lacking. Therefore, the purpose of this study was
twofold: First, we aimed at investigating the acute effects of lower body HIIT on upper and lower body explosive strength in naturally
menstruating women. Additionally, we assessed the combined effects of lower body HIIT and squat compared with lower body HIIT and
bench press on both upper and lower body explosive strength.

METHODS: Twelve naturally menstruating women (age: 22.5+2.3 years, menstrual cycle length: 28.4+2.1 days) completed two concurrent
training modalities consisting of HIIT (4x4 minutes at 80% of peak power output) followed by lower (HIIT+LBS) or upper body (HIIT+UBS)
strength loading (3x5 followed by 3x3 repetitions at 80% of the one-repetition maximum) in a randomized order. Both exercise modalities
were performed in two consecutive menstrual cycles within the follicular phase (days 5-10). Squat and bench press mean propulsive veloci-
ty was assessed before HIIT (TO), after HIIT (T1) and after the strength loading (T2).

RESULTS: Mixed factorial ANOVA indicated a significant effect for time (squat: F(2,44)=10.845, p=.001; bench press: F(2,44)=10.845,
p=.001) but no interaction was present for neither squat (F(2,44)=.332, p=.634) nor bench press (F(2,44)=1.642, p=.205). Pairwise compari-
son showed that squat statistically decreased at T1 following HIIT (HIT+LBS: -5.9+9.1% and HIIT+UBS: -4.1+5.0%, p=.013), while bench
press remained statistically unchanged (HIIT+LBS: -0.6+4.5%, HIIT+UBS: -0.02+9.4%, p=1.000). Squat was found to be decreased at T2
compared to TO in both conditions (HIT+LBS: -7.3+3.0%, HIIT+UBS: -6.9+6.1%, p<.001) but not compared to T1 (p=1.000). Bench press was
statistically reduced at T2 compared to TO (HIIT+LBS:-7.7+3.7%, HIIT+UBS: -12.4+11.6%, p<.001) and T1 (HIIT+LBS:-7.0£3.4%, HIIT+UBS: -
12.349.0%, p<.001) following both loadings.

CONCLUSION: These findings indicate that lower but not upper body explosive strength is reduced by lower body HIIT in naturally menstru-
ating women. However, lower body HIIT combined with upper or lower body strength loading resulted in a reduction of both squat and
bench press explosive strength. Importantly, the magnitude of reductions in explosive strength in the two loadings was similar to that
previously shown in men.
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INFLUENCE OF MENSTRUATION/WITHDRAWAL BLEEDING ON SELF-REPORTED PHYSICAL AND PSYCHOLOGICAL DAY-TO-
DAY PARAMETERS IN NORWEGIAN CROSS-COUNTRY SKIERS AND BIATHLETES: THE FENDURA PROJECT.

ENGSETH, T.P.1, OSBORNE, J.1, SOLLI, G.S.1,2, MORSETH, B.1, THOMASSEN, T.0.1, TAYLOR, M.1, WELDE, B.1, ANDERSSON,
E.P.1

1 SCHOOL OF SPORT SCIENCES, UIT THE ARCTIC UNIVERSITY OF NORWAY, TROMS@, NORWAY, 2 DEPARTMENT OF SPORTS SCIENCE AND
PHYSICAL EDUCATION, NORD UNIVERSITY, BOD@, NORWAY.

INTRODUCTION: Menstruation, as well as the 1-4 days before bleeding has been reported to negatively interfere with sleep quality and
motivation to train. Furthermore, around 50-70% of female athletes use hormonal contraceptives (HCs), with the reduction of menstrual-
related symptoms as one common reason for using HCs. Although, previous studies provide initial insight, the influence of menstrua-
tion/withdrawal bleeding and pre-bleeding has not been investigated from a long-term perspective. The purpose of this study was there-
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fore to investigate the influence of three different phases (pre-bleeding, menstruation/withdrawal bleeding, and non-bleeding) on self-
reported readiness to train (physically and mentally), sleep quality, menstrual-related symptoms, sickness, and injury in female cross-
country (XC) skiers and biathletes.

METHODS: A total of 67 XC skiers and biathletes stratified as HC and non-HC users (21 +3y; 170 £ 5 cm; 63 + 5 kg; 632 + 111 annual train-
ing hours) volunteered to participate in a 12-month prospective cohort study. The athletes used an online training diary to report self-
perceived menstrual-related symptoms, sleep quality, and readiness to train on a 1-10 scale, as well as menstruation/withdrawal bleeding,
sickness, and injury on a day-to-day basis. Data were grouped into three phases, i.e., bleeding-days, 1-4 days pre-bleeding and non-
bleeding days.

RESULTS: In total, 63% (n = 42) of the athletes reported using HC, with 76% (n = 32) preferring progestin-only HC. Menstrual-related symp-
toms were significantly more likely to occur during bleeding or pre-bleeding compared to non-bleeding for all athletes (cumulative proba-
bility of score >1 = 57% [bleeding]; 10% [pre-bleeding]; and 3% [non-bleeding], p < 0.001). Sleep quality was lower during pre-bleeding
compared to bleeding- and non-bleeding days (p < 0.001), with no differences between HC-users and non-HC users (p = 0.104). Mental
readiness to train was lower in non-HC users compared to HC users for all phases (p = 0.025). No significant differences in sickness, injury
days or physical readiness to train were found between the different phases or between HC users and non-HC users.

CONCLUSION: In this study of highly trained endurance athletes followed during a 12-month period, we found sleep quality to be lower
during the pre-bleeding phase compared to bleeding and non-bleeding phases, independent of HC use and non-HC use. Mental readiness
to train was positively influenced by HC use.
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ANALYSIS OF THE ROLE OF HYPOXIA IN ENHANCING MUSCLE GROWTH: CURRENT STATE OF KNOWLEDGE

FERICHE, B.
GRANADA UNIVERSITY

Resistance training in hypoxia has recently emerged as a potential stimulus favoring muscle mass development. There is an association
between the production of metabolites and some ions and the activation of mechanisms related to the muscle mass growth by the re-
cruitment of additional motor units, inflammatory response, protein synthesis or satellite cell proliferation. Several studies have focused on
the hypoxic effect on protein synthesis and muscle cell proliferation, but the molecular mechanisms are largely unknown and the results on
muscle hypertrophy and strength are not conclusive. This proposal will analyze the current state of knowledge about resistance training in
hypoxia and its effect on muscle mass development.

RESISTANCE TRAINING IN HYPOXIA TO IMPROVE BONE AND CARDIOVASCULAR HEALTH IN OLDER ADULTS

TIMON, R.
SPORT SCIENCES FACULTY. UNIVERSITY OF EXTREMADURA

Bone and cardiovascular health deteriorates with age. Resistance training has been proposed as a fundamental tool to deal with these age-
induced pathologies. The addition of hypoxic stress provides a beneficial synergistic effect on disease prevention and quality of life in older
adults. The long-term effect of resistance training in hypoxia-induced adaptations will be analysed with a particular focus on metabolic
biomarkers and inflammatory responses, bone remodelling and body composition, and physical condition and functionality in older people.

TARGETING PERFORMANCE AND HEALTH ENHANCEMENT WITH HIGH-INTENSITY HYPOXIC TRAINING

BROCHERIE, F.
FRENCH INSTITUTE OF SPORT

Among the panorama of altitude/hypoxic training methods, the “living low-training high” approach is becoming an important intervention
for modern sport. In particular, systemic or local hypoxic training methods — or their combination — based on the repetition of “all-out”
efforts can be used to induce a potent physiological stimulus, up-regulate signalling pathways and eventually maximize performance out-
comes in a wide range of sports. Further, recent evidences suggest that such high-intensity exercise performed in hypoxia might be a
valuable and viable “therapeutic strategy” in conditioning/rehabilitation or clinical setting. This presentation will therefore summarize and
discuss the last “living low-training high”-based evidences related to performance or health enhancement.
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ROLE OF PSYCHOLOGICAL PROCESSES IN SPORT CLIMBING EXAMINED

SANCHEZ, X.
UNIVERSITE DORLEANS

The influence of psychological factors in sport performance has, in general, been extensively demonstrated. However, the study of the role
of the psychological aspects in the performance of climbing has not yet been systematically dealt with. Indeed, little research has examined
the psychological requirements of climbing although these are vastly acknowledged by sport scientists, coaches and practitioners alike as
being a key element in elite successful performance.

Even though climbing is considered unique from both scientific and sporting perspectives, this sporting discipline has not attracted much
interest from sport psychology field until recently, when compared to other disciplines such as physiology, biomechanics, and motor con-
trol. The present talk will address research developed by the presenter examining the role of psychological processes in climbing. Identified
climbing performance predictors will also be discussed. Lastly, a conceptual model with which to understand optimal climbing performance
will be presented. As the sport of climbing continues to develop, the present talk will also provide a basis to develop further multidiscipli-
nary research to examine most effectively how psychological aspects influence performance. From an applied perspective, the present talk
will provide an opportunity to discuss how best to plan, design and deliver holistic and coherent training programmes aimed at enhancing
competitive climbing performance.

The session will be of interest to researchers and applied scientists as well as sport practitioners with an interest in developing sport psy-
chology work and applied performance interventions. The talk will also be of relevance to anyone interested in the field of psychology and
behavioural sciences with an interest in the psychological processes engaged in the practice of sport; here climbing is used as a case-
example.

CLIMBING FLUENCY AND INTER-LIMB COORDINATION

SEIFERT, L.
UNIVERSITY OF ROUEN

Skilled climbers ascend fluently — without excessively jerky movement — and are able to link together different sections of a climb without
unnecessary stoppages. In competitive climbing, fluency is likely to be important in the lead climbing event because it relates to efficiency —
useful when climbing long pitches (or multi-pitch routes) where economy is required. And, also in the speed climbing event because climb-
ers want to maintain momentum as they ascend. Quantifying the spatio-temporal path of the climber over time allows us to assess learn-
ing and compare climbers of different skill levels. Fluency may not be so important in the bouldering event because of the limited number
of moves and the nature of the routes that require fairly static periods and occasional dynos.

This session will discuss the assessment of movement fluency, through spatial (geometric index of entropy), temporal (stationary/motion
ratio) and spatio-temporal measurements (smoothness of hip trajectory, i.e., jerk coefficient), and also the subsequent inter-limb coordina-
tion leading to this climbing fluency (notably through contact time on the wall and limb + body motions). We will examine the role of
expertise, practice and climbing route setting. We will conclude with a discussion of current limitations and potential solutions.

The session will be of particular relevance to climbers but also to anyone interested in how we think about efficient movement of the body
through the environment.

PHYSIOLOGICAL ADAPTATIONS IN CLIMBERS EXAMINED: ANTHROPOMETRY, STRENGTH, VO2, MUSCLE VO2, AND HE-
MODYNAMIC ADAPTATIONS

ESPANA-ROMERO, V.
MEDICAL RESEARCH COUNCIL

The popularity of the sport climbing as a recreational activity and as a training mode for rock climbing has been increasing over the last
years. Due to such increase in participation, interest in improving personal climbing performance through specific practice and training is
growing. Consequently, an increasing number of research outputs related to climbing performance has been produced lately; studies have
focused on both physiological and anthropometric characteristics of the climbers. The present talk will examine the physiological adapta-
tion in climbers such as aerobic capacity and muscular strength, as well as climbers’ anthropometric characteristics. Moreover, knowing
that climbing performance is largely dependent on the endurance of the forearm flexors, the present talk will also discuss the role of
forearm flexor’s specific hemodynamic adaptations in climbers.

Lastly, since the sport of climbing is also promoted as a regular activity to improve strength (e.g., by the American College of Sports Medi-
cine), the talk will address how the physiological adaptations of the sport may help the general population when it comes to dealing with
public health issues including depressive symptoms and back problems.

The session will be of interest to researchers and applied scientists as well as sport practitioners with an interest in developing strength and
conditioning work, including local intermittent endurance. The talk will also be of relevance to anyone interested in the field of physiology
and sport performance as well as sport and its health applications.
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COLD, HEAT AND THE LUNGS

KIPPELEN, P.
BRUNEL UNIVERSITY LONDON

Many athletes are routinely exposed to cold or hot environmental conditions while training and competing. In this presentation, we will
explore the challenges faced by the respiratory system when athletes exercise in extreme thermal conditions. We will also discuss the
potential implications to sport performance, and present various non-pharmacological options available to athletes to mitigate thermal-
related respiratory issues.

One key role of the respiratory system is to bring inspired air to body conditions before it reaches the alveoli. As the ventilatory demand
increases dramatically during exercise, the human body air-conditioning system can become overwhelmed. This is particularly the case
when athletes exercise in cold air, as heat and water losses within the airways are then substantial. Heat and water losses within the air-
ways often lead to dehydration of the protective airway surface lining, thereby promoting airway epithelial injury and airway inflammation.
As a consequence, airway dysfunctions (such as exercise-induced bronchoconstriction) are particularly common in cold-weather athletes,
and precautions to limit airway dehydration are warranted. After presenting how exercise could damage the fragile airway epithelium, we
will present the pros and the cons of heat and moisture exchange masks on airway function and sport performance — those working with
athletes will then to be able to make informed decisions as when, and how such face masks may be recommended.

At the other end of the thermal spectrum (i.e. in hot humid environments), there is a reduced risk for athletes to develop exercise-induced
bronchoconstriction. However, when heat load becomes excessive, humans hyperventilate. When athletes exercise for prolonged periods
of time and become hyperthermic, a ventilatory drift therefore occurs. While the underlying mechanisms and consequences of the so-
called ‘hyperthermia-induced hyperventilation’ are still disputed, the potential impact of this excessive ventilatory response on blood gases
homeostasis and sport performance will be explored.

AIR POLLUTION AND SPORT PERFORMANCE: IS THE RESPIRATORY SYSTEM THE WEAKEST LINK?

BOUGAULT, V.
UNIVERSITE COTE DAZUR

Climate change is accompanied by a growing release of pollutants in the air we breathe. In some parts of the world, pollution levels are
dangerously high on a daily basis, while in other countries, the frequency and duration of peaks of pollution are increasing. Several events,
such as the forest fires during the 2020 Melbourne tennis tournament or ozone pollution during the 1984 Los Angeles Summer Olympic
Games, have raised concerned about the safety for athletes to compete in polluted environments. Many athletes indeed complained of
respiratory symptoms — sometimes severe — during these events, which prompted some to withdraw from competition.

Since the 1984 Olympic Games and the well-known Los Angeles ozone fog, air measurements are taken to check pollution levels in the run-
up to major sporting events. During the last Summer Olympic Games (Tokyo 2020), the organizing committees took measures to reduce car
traffic and improve air quality. Such approach is however rarely in place for lower profile events. In this context, it is reasonable to wonder
about the physiological and performance consequences of acute exposure to air pollutants. Due to the complexity of the research process,
there is still very little literature on the subject. However, with the development of new tools for measuring pollutants, research under
ecological conditions is growing.

In this talk, we will identify first the main pollutants that athletes encounter while exercising indoor and outdoor. We will then present the
known effects of these pollutants on sports performance, and explore the possible mechanisms leading to performance decrement. We
will finally discuss how the respiratory system — as the point of entry of the pollutants into the body — copes with these environmental
insults, and consider preventative strategies to reduce pollution-induced respiratory issues.

HARNESSING THE GUT MICROBIOTA AND NUTRITION FOR RESPIRATORY HEALTH IN ATHLETES

WILLIAMS, N.
NOTTINGHAM TRENT UNIVERSITY

With the continued growth of evidence for the far-reaching health benefits of the gut microbiota, interest in the role of the gut for athlete
health is not surprising. Respiratory issues, including respiratory illnesses and asthma, are a leading cause of training and in-competition
time losses. The need to prevent illness and maintain health is paramount to both, athletic success and exercise adherence in the general
population. The gut microbiota is implicated in areas that are pivotal to preserving respiratory health, such as: immunity, energy provision
and defence against respiratory infections. There is emerging evidence that appropriate dietary strategies to target the gut microbiota
could be a novel management tool for respiratory issues in the exercising individual — this will be the focus of the presentation.

Initially, the talk will present the beneficial effects that exercise has upon the gut microbiota. From increasing the number of beneficial
microbial species to enriching the gut microbial diversity, exercise can help to maintain human health. Beyond the effects of exercise per
se, we will highlight the proposed interaction between the gut microbiota and respiratory health, often termed the gut-lung axis, in ath-
letes. In particular, we will focus on the latest evidence supporting the use of probiotics and prebiotics. There are now numerous studies
reporting positive improvements in athlete’s health — in particular, a reduction in the risk for upper respiratory symptoms (including infec-
tions), asthma and exercise-induced bronchoconstriction following probiotic and prebiotic interventions —, and the talk will critically discuss
the existing evidence and apply it into sporting practice. An important message that the audience will be able to take away from this talk is
that sports nutrition practices are not only fuelling the athlete, but also impacting on their gut microbiota.
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IS-MHO1 Fragile do not touch! Role of antioxidant capacity, physical activity and exercise interventions in the
management of frail older adults.

COENZYME Q10 AND PHYSICAL CAPACITY IN OLDER ADULTS, A DIRECT RELATIONSHIP

LOPEZ-LLUCH, G.
PABLO DE OLAVIDE UNIVERSITY

Coenzyme Q10 (CoQ10) is an essential factor for mitochondrial activity and antioxidant protection of cells, tissues, and plasma lipoproteins.
Its deficiency has been associated with aging progression in animal models and in humans. Some studies have determined that levels of
CoQ10 in plasma correlate with the physical capacity of older adults (aged >65 years). We have observed that the levels of this compound
are higher in people out of frailty scores in the senior fitness tests. Interestingly, CoQ10 is also higher in people able to maintain a healthy
lifestyle related to physical activity as well as adequate fitness levels. On the other hand, CoQ10 levels show a strong inverse relationship
with sedentarism and the up-and-go test. Gender differences will be revised, as there is evidence indicating stronger correlations in women
than in men. Finally, we will highlight that the importance of the maintenance of CoQ10 levels in older adults can be related not only with
muscle performance but also with vasculature endothelial function and senescent phenotype as high CoQ10 levels are associated with
better endothelial antioxidant protection, low oxidative damage, and low inflammatory cytokines that affect muscle performance. The
combination of CoQ10 with physical activity in older adults can be an important therapeutical procedure to reduce the progression of age-
related sarcopenia and frailty.

ACCELEROMETER-ASSESSED ACTIVITY PATTERNS AS NOVEL BIOMARKER OF FRAILTY IN OLDER ADULTS

DEL POZO-CRUZ, B.
UNIVERSITY OF SEVILLE

Regular physical activity has an important role in maintaining health and functional status with ageing. Accelerometers allow detailed
measurement of free-living quantity and patterns of physical activity and sedentary time. These devices, worn on different body locations,
provide new opportunities to quantify detailed movement behavior throughout the 24-hour period. In this talk, | will present different
ways to utilize and analyze accelerometer data and to measure movement behavior among older people, illustrating their potential to
transform the way we investigate movement in older adults. | will first describe the role of overall physical activity and sedentary behavior
to assess the level of frailty and physical function in older adults. Next, | will illustrate how to derive, analyze, and interpret data on com-
plex and nuanced physical activity patterns. | will then present novel results describing the associations of physical activity patterns with
frailty and mortality outcomes in older adults. To do so, | will utilize two well-known datasets: the Toledo Study for Healthy Ageing (Toledo,
Spain; n=800 older adults with accelerometer) and the National Health and Nutrition Examination Survey, a population-based dataset with
more than 3000 older adults with accelerometry and health measurements. Collectively, the presentation will address a variety of accel-
erometer methods, metrics, and analytical methods, which provide meaningful insights into physical activity behavior among people with
advancing age.

PHYSICAL EXERCISE AS A DRUG FOR FRAILTY AND ENHANCEMENT IN QUALITY OF LIFE

GUADALUPE GRAU, A.
CASTILLA-LA MANCHA UNIVERSITY

The state of vulnerability that characterizes the geriatric syndrome of frailty exposes the older individual to an increased risk of morbidity,
disability, inappropriate healthcare use, institutionalization, poor quality of life, and death. The old framework approaches frailty by treat-
ing diseases. Overcoming it by acting on functional issues arises from the main idea of detecting and intervening in the earliest phases of
the functional deterioration leading to disability and dependence. Loss of muscle mass and its main functions (strength, power, and endur-
ance) is fundamental to the concept of physical frailty. When older adults are frail or at risk of being frail, muscle power training reaches a
higher level of relevance, since it is a cornerstone of the neuromuscular system and has a great influence on functional capacity during
aging. The effectiveness of multicomponent training programs focused on muscular power in the prevention and treatment of frailty and
multimorbidity will be discussed. Three possible scenarios of exercise programs implementation will be approached: online, healthcare
(frailty management units), and sports centers.

Oral presentations
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UPTAKE AND UTILIZATION OF 15N-LABELLED DIETARY NITRATE BY SKELETAL MUSCLE

KADACH, S., PARK, J.W., STOYANOV, Z., BLACK, M.l., VANHATALO, A., WALTER, P.J., CAI, H., SCHECHTER, A.N., PIKNOVA, B.,
JONES, A.M.

UNIVERSITY OF EXETER

INTRODUCTION: The nitrate (NO3-) and nitrite (NO2-) stored in skeletal muscle may be important in the maintenance of systemic nitric
oxide (NO) bioavailability, especially when NO requirements are elevated such as during exercise. At any given time, skeletal muscle NO3-

concentration ([NO3-]) reflects the balance between metabolism of NO3- into other nitrogen-containing species, oxidation of NO produced
via nitric oxide synthases (NOS), and NO3- uptake consequent to dietary NO3- ingestion. The purpose of this study was to use a stable
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isotope tracer (15N-labelled NO3-) to investigate the metabolic fate of ingested NO3- through the determination of changes in NO3- con-
centration in skeletal muscle alongside other tissues at rest and following exercise.

METHODS: 10 healthy adults volunteered to participate in this double-blind, randomised, placebo-controlled study. Participants completed
two experimental visits in which they consumed a beverage containing 12.8 mmol 15N-labelled potassium nitrate (K15NO3) or a potassium
chloride placebo. Skeletal muscle (m. vastus lateralis) samples were collected at baseline, for 3 h post-supplement ingestion, and immedi-
ately following the completion of 60 maximal, unilateral contractions of the knee extensors over 5 min. All biological samples were ana-
lysed using ozone-based chemiluminescence to quantify total [NO3-] and [NO2-], and by mass spectrometry to determine the endogenous
vs. exogenous origin of NO3- and NO2- (i.e., by determining the recovery of 15NO3- and 15NO2- in these tissues following the ingestion of
K15NO3).

RESULTS: Neither muscle [NO3-] nor [NO2-] were altered following placebo ingestion compared to baseline. Following K15NO3 ingestion,
muscle [NO3-] was elevated above baseline at both 1 h and 3 h (baseline, 35 + 9 nmol.g-1; 1 h, 147 + 71 nmol.g-1; 3 h, 105 + 41 nmol.g-1;
P<0.001). The majority of the increase in NO3- in muscle at 1 h was 15N-labelled (baseline: 0.9 £ 0.4 nmol.g-1; 1 h: 100 + 63 nmol.g-1; 3 h:
50 + 25 nmol.g-1; P<0.001). However, at 3 h, there was also an increase in skeletal muscle [NO3-] that was not 15N-labelled (baseline: 34 +
9 nmol.g-1vs. 3 h: 55 + 21 nmol.g-1; P<0.05). Although there was no change in total skeletal muscle [NO2-] following the ingestion of the
K15NO3 bolus, there was an increase in the contribution of 15N- labelled [NO2-] in skeletal muscle at 1 h (baseline: 0.02 + 0.01 nmol.g-1 vs.
1 h:0.12 £ 0.14 nmol.g-1; P<0.05), but not at 3 h, following NO3- ingestion. Exercise did not induce significant changes in total skeletal
muscle [NO3-] or [NO2-]; however there was a reduction in 15N-labelled skeletal muscle [NO3-] from pre- to post-exercise (50 + 25 vs. 28 +
21 nmol.g-1; P<0.05).

CONCLUSION: This study shows for the first time that skeletal muscle rapidly and robustly takes up 15N-labelled dietary NO3-. This 15N-
labelled NO3- appears to be utilized to support skeletal muscle metabolic processes, such as conversion to NO2- and NO, during maximal
contractions.

A HIGH-PROTEIN VEGAN DIET IMPROVES BLOOD-BORNE INDICES OF CARDIOMETABOLIC HEALTH BUT DOES NOT ALTER
MICRONUTRIENT STATUS COMPARED WITH AN ISONITROGENOUS OMNIVOROUS DIET DURING RESISTANCE TRAINING.

VAN DER HEIDEN, I., WEST, S., MONTEYNE, A.J., COELHO, M.O.C,, FINNIGAN, T.J.A., STEPHENS, F.B., WALL, B.T.
UNIVERSITY OF EXETER

INTRODUCTION: A hypercaloric high animal protein diet is often advocated to meet increased macro- and micro- nutrient demands for
optimal resistance training induced adaptations; though such diets are also associated with impairments in cardiometabolic health. Equiva-
lent resistance-training induced increases in skeletal muscle mass and strength can be achieved consuming high-protein vegan diets which
have also been used to improve markers of cardiometabolic health. Vegan diets, however, are potentially lower in key micronutrients
required for optimal health and adaptation during prolonged training. In the current retrospective analysis, we investigated whether a
hypercaloric, high-protein vegan diet consumed during high-volume resistance-training modulates blood-borne indices of cardiometabolic
health or micronutrient status compared with an isonitrogenous omnivorous control diet.

METHODS: Twenty-two healthy young adults (age: 2411y, BMI: 23+1 kg-m2) undertook a 10-week progressive resistance training program
(5-days/week), while following a high-protein (2 g-kg bm-1-day-1), hypercaloric (~10% daily energy surplus) omnivorous (OMNI: n=12; m=6,
f=6) or mycoprotein-rich vegan (VEG: n=10; m=5, f=5) diet. Fasting venous blood samples were collected weekly to assess circulating glu-
cose, insulin, micronutrient and lipid (using quantitative and targeted NMR-based metabonomics) statuses. Two-way repeated measures
ANOVAs were performed to detect differences in each parameter. A false discovery rate of 0.276 was applied for metabonomics analyses.
RESULTS: Fasting plasma glucose concentrations remained unaltered, but serum insulin concentrations increased during training in OMNI
only (from pre of 12+1 to post of 1441 mU:-L-1) resulting in an increased HOMA-IR index in OMNI (from pre of 2.4+0.2 to post of 2.9+0.2;
P<0.05) but not VEG (from pre of 2.30.1 to post of 2.2+0.1; P>0.05). Out of 165 lipid targets, 5 differentially changed between groups
throughout training (P<0.05). Large lipid classes (e.g. total cholesterol, triglycerides, phospholipids and fatty acids) did not change through-
out training, but were higher in OMNI compared with VEG (P<0.05). Fasting serum ferritin concentrations decreased throughout training
equivalently in both groups (OMNI: from pre of 54+14 to post of 3819 pg-L-1, VEG: from pre of 73+31 to post of 52+20 ug-L-1, P<0.05)
while serum vitamin B12, vitamin D and calcium concentrations did not change.

CONCLUSION: A hypercaloric and high-protein, mycoprotein rich, vegan diet can be followed during high-volume resistance-training to
positively influence markers of cardiometabolic health without compromising micronutrient status when compared with a more traditional
omnivorous dietary strategy.

PRE-SLEEP PROTEIN INGESTION STIMULATES MITOCHONDRIAL PROTEIN SYNTHESIS RATES DURING POSTEXERCISE
OVERNIGHT RECOVERY

VAN LIESHOUT, G., TROMMELEN, J., NYAKAYIRU, J., SENDEN, J., GOESSENS, J., GISEN, A., VERDIK, L., VAN LOON, L.

DEPARTMENT OF HUMAN BIOLOGY, NUTRIM SCHOOL OF NUTRITION AND TRANSLATIONAL RESEARCH IN METABOLISM, MAASTRICHT
UNIVERSITY MEDICAL CENTRE+, MAASTRICHT, THE NETHERLANDS

INTRODUCTION: Protein ingestion prior to sleep has been shown to stimulate myofibrillar protein synthesis rates during overnight recovery
from exercise. Whether pre-sleep protein ingestion can also be applied to augment mitochondrial protein synthesis rates remains to be
established. Furthermore, the impact of the type of protein to modulate overnight myofibrillar or mitochondrial protein synthesis rates has
not yet been addressed.

The purpose of this study is to assess the impact of pre-sleep casein and whey protein ingestion on myofibrillar and mitochondrial protein
synthesis rates during overnight recovery from a bout of endurance exercise.

METHODS: Thirty-six healthy, young men performed a single bout of endurance-type exercise in the evening (19:45 h) after a full day of
dietary standardization. Thirty min prior to sleep (23:30 h), subjects ingested 45 g casein protein, 45 g whey protein, or a noncaloric place-
bo. Continuous intravenous L-[ring-13C6]-phenylalanine infusions were applied, with blood and muscle tissue samples being collected to
assess overnight mitochondrial and myofibrillar protein synthesis rates. Overnight muscle protein synthesis rates were compared between
treatments with a one-way ANOVA with a Bonferroni correction.

RESULTS: Protein ingestion resulted in higher mitochondrial (0.087+0.020 vs 0.067+0.016 %-h-1, P=0.005) and myofibrillar (0.060+£0.014 vs
0.04710.011 %-h-1, P=0.012) protein synthesis rates when compared to placebo. Casein and whey protein ingestion did not differ in their
capacity to stimulate mitochondrial (0.082+0.019 vs 0.092+0.020 %-h-1, P=0.690) and myofibrillar (0.056+0.009 vs 0.064+0.018 %-h-1,
P=0.440) protein synthesis rates.
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CONCLUSION: Protein ingestion prior to sleep stimulates both mitochondrial and myofibrillar protein synthesis rates during overnight
recovery from endurance exercise. There is no apparent difference in the capacity of pre-sleep whey or casein protein ingestion on over-
night muscle protein synthesis rates.

EFFECT OF ACUTE KETONE BODY SUPPLEMENTATION ON CARDIORESPIRATORY EXERCISE RESPONSES AND THE INFLU-
ENCE OF BLOOD ACIDOSIS: A RANDOMIZED, CROSSOVER TRIAL

MCCARTHY, D.G., BOSTAD, W., BONE, J., POWLEY, F.J., RICHARDS, D.L., GIBALA, M.J.
MCMASTER UNIVERSITY

INTRODUCTION: Acute ketone monoester supplementation (KE) induces hyperketonemia and blood acidosis; both can affect exercise
responses but the relative influence of each is unclear. We previously found that ingestion of 0.6 g/kg body mass KE increased heart rate
(HR) and ventilation (VE) during cycling at ventilatory threshold (VT) compared to placebo (1). The present study used the same protocol (1)
to examine the effect of KE on exercise cardiac output (Q) and the influence of blood acidosis. We hypothesized that KE vs placebo would
increase Q and co-ingestion of a pH buffer would mitigate this effect.

METHODS: A sample size estimate (G*Power) determined n=12 provided 80% power to detect a change in Q (effect size f=0.4, alpha=0.05)
with repeated measures analysis of variance (ANOVA). Trained adults (11 males, 4 females; VO2peak = 60+9 mL/kg/min) completed 3 trials
in random order. Participants ingested 1 g/kg carbohydrate and 400 mL water 2 h before exercise, followed by either 0.20 g/kg body mass
of sodium bicarbonate or a salt placebo 60 min pre-exercise, and a 0.6 g/kg bolus of KE or ketone-free placebo in 500 mL of fluid 30 min
pre-exercise. This yielded 3 conditions: low blood ketone bodies and neutral pH [control (CON)], hyperketonemia and lowered pH (KE), and
hyperketonemia and neutral pH (KE+BIC). Venous blood was sampled before and during exercise. Participants cycled for 30 min at VT
intensity. Q was measured in duplicate over the last ~5 min using inert gas rebreathing (Innocor). After a 10-min rest, VO2peak and peak Q
were determined. Data were analyzed using ANOVA and a Tukey post hoc test as appropriate with alpha=0.05.

RESULTS: Blood concentration of the major ketone body beta-hydroxybutyrate differed between conditions (CON: 0.1+0.0, KE: 3.5+0.1,
KE+BIC: 4.4+0.2 mM, P<0.001 for all). Blood pH was lower in KE vs CON (7.30£0.01 vs 7.34+0.01, p<0.001) and KE+BIC (7.35+0.01, p<0.001).
Q during VT exercise was not different between conditions (CON: 18.2+3.6, KE: 17.7+3.7, KE+BIC: 18.1%3.5 L/min, p=0.4). HR was higher in
KE (15319 beats/min) and KE+BIC (154+9) vs CON (15019, p<0.02 for both). VE was higher in KE vs CON (81+16 vs 74+17 L/min, p<0.0001)
and KE+BIC (77116, p<0.01). VO2peak was not different between conditions (CON: 4.55+1.05, KE: 4.34+0.94, KE+BIC: 4.39+0.91 L/min;
p=0.2). Peak Q was also not different (CON: 21.8+3.8, KE: 21.5+3.7, KE+BIC: 21.1+3.9 L/min; p=0.3). Peak power output was lower in KE
(359161 W) and KE+BIC (363£63) vs CON (375+64, p<0.02). Peak HR was lower in KE vs CON (17949 vs 18149 beats/min, p=0.03) and
KE+BIC (18249, p=0.03).

CONCLUSION: KE increased submaximal exercise HR independent of acidosis and thus was seemingly affected by hyperketonemia. Q was
not different between conditions despite differences in HR, which suggests stroke volume may have been altered. The higher cardiorespir-
atory stress after KE may have lowered exercise capacity such that peak power output at VO2peak was reduced.

1. McCarthy et al. (2021) DOI: 10.1139/apnm-2020-09

EFFECT OF ACUTE DIETARY NITRATE SUPPLEMENTATION ON CARDIOVASCULAR FUNCTION AND EXERCISE TOLERANCE IN
WOMEN USING ORAL CONTRACEPTIVE PILLS

ROWLAND, S.N., JAMES, L.J., O'DONNELL, E., BAILEY, S.J.
LOUGHBOROUGH UNIVERSITY

INTRODUCTION: Dietary nitrate (NO3-) supplementation has been reported to lower systolic blood pressure (SBP) and improve exercise
performance in males and mixed sex groups, but very few studies have assessed these responses exclusively in females. Synthetic exoge-
nous hormone consumption, via oral contraceptive pill (OCP), is highly prevalent in young premenopausal women and is suggested to
attenuate endogenously produced nitric oxide, but it has yet to be determined whether OCP use impacts the responsiveness to dietary
NO3- ingestion. This study tested the hypothesis that dietary NO3- supplementation would lower brachial and central SBP and improve
exercise tolerance in women using OCP.

METHODS: Eight healthy, normotensive, premenopausal women using combined, monophasic OCP were recruited. Following baseline
measurements of brachial and central SBP, with the latter determined using pulse wave analysis via applanation tonometry, participants
ingested 140 mL of concentrated NO3rich (BR; 13 mmol NO3-) or NO3depleted (PL) beetroot juice. Measurements were repeated 2.5 h
post ingestion and a ramp incremental cycling test was subsequently completed. The four experimental trials, BR and PL ingestion in the
inactive and active pill phases, were administered in a double-blind, repeated-measures, cross-over experimental design. Data were ana-
lysed using repeated-measures ANOVAs and paired-samples t-tests. Values are presented as means + SD with statistical significance ac-
cepted as P<0.05.

RESULTS: There was a main effect for supplement for brachial SBP (P<0.001), but no main effect for pill phase or supplement x pill phase
interaction (both P>0.05). Brachial SBP was lower 2.5 h vs baseline in BR compared to PL in the inactive (-6 + 4 mmHg vs 0 + 3 mmHg;
P=0.003) and active (-4 + 3 mmHg vs 0 + 3 mmHg; P=0.002) pill phases. There was a main effect for supplement for central SBP (P=0.015),
but no main effect for pill phase or supplement x pill phase interaction (both P>0.05). Central SBP was reduced 2.5 h vs baseline in BR
compared to PL in the inactive (-7 £ 4 mmHg vs -2 + 3 mmHg; P=0.014) and active (-4 + 3 mmHg vs 0 + 4 mmHg; P=0.038) pill phases. There
were no main effects for supplement or pill phase and no supplement x pill phase interaction effects for peak aerobic power (PAP) or
VO2peak (all P>0.05).

CONCLUSION: These results suggest that acute consumption of NO3rich beetroot juice is effective at lowering both peripheral and central
SBP in women using combined OCP. However, acute dietary NO3- supplementation did not alter PAP or VO2peak in this population. These
findings might have implications for attenuating the proposed elevated cardiovascular strain that accompanies synthetic exogenous hor-
mone consumption in premenopausal women.
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MUSCLE FIBER TYPOLOGY IN NATIONAL LEVEL FOOTBALL AND ITS INFLUENCE ON IN-GAME FATIGUE

VAN DE CASTEELE, F., LIEVENS, E., VAN VOSSEL, K., HARDEEL, J., DEPREZ, D., DERAVE, W.
GHENT UNIVERSITY

INTRODUCTION: Physical game demands in football (soccer) are position-dependent and a large heterogeneity in muscle fiber typology
exists among national level players (1). We could expect that it is advantageous for central midfielders, who cover a large total distance, to
have a slow typology and for forwards, who sprint a lot, to have a fast typology. At the higher levels this could lead to a selection effect.
Furthermore, it was shown that fast typology individuals (FT) fatigue more than slow typology individuals (ST) (2). Therefore, we investigat-
ed if muscle typology is different between national level football players who occupy other positions and secondly if FT experience more in-
game fatigue than ST.

METHODS: Muscle typology was estimated in 147 male professional football players (24.7+4.8yr) by measuring carnosine in the soleus
muscle via proton magnetic resonance spectroscopy (3). Players were classified as ST, intermediate typology individuals (IT) or FT based on
carnosine content. Our sample comprised 17 goal keepers, 27 center backs, 20 full backs, 45 midfielders, 20 wingers and 18 forwards.
Time-motion data were collected by a multi-camera system to measure in-game fatigue as the decay in running activities from the 1st to
the 2nd half. Following categories were used: total distance; standing/walking 0-6 km/h; jogging 6-15 km/h; running 15-20 km/h; high
speed 20-25 km/h; sprinting >25 km/h; max speed; medium and high acceleration 2 to 3 m/s? and >3 m/s?; medium and high deceleration -
2 to -3 m/s? and <-3 m/s2. Players’ category values were averaged and adjusted for playtime, but only for 59 outfield players who complet-
ed at least 5 games with 75 min playtime or more. ANOVAs were used to determine differences in muscle typology between positions and
differences in distances covered in each intensity category during the whole game, 1st and 2nd half and decay from 1st to 2nd half.
RESULTS: There were no significant differences in muscle typology between positions (p=0.412), indicating that the variance within posi-
tions was larger than between positions. FT covered more high acceleration distance in the whole match (+9.3%, p=0.042) and 1st half
(+11.9%, p=0.008) than ST players, but no other differences were found between FT, IT and ST considering the whole game, 1st and 2nd
half. However, several high-intensity parameters showed a larger decline from 1st to 2nd half in FT players (high speed -10.7%; high accel-
eration -12.4%; high deceleration -12.7%) than in ST players (high speed -4.3%; high acceleration -7.7%; high deceleration -7.8%; p<0.05)
and IT players (high acceleration -6.8%; p=0.011).

CONCLUSION: Possessing a particular muscle typology is not required to play a certain football position at the national level. However, it
seems that FT are worse at maintaining their high-intensity performance from the 1st to the 2nd half compared to ST.

1 Lievens et al (2021). Sports Med, 52, 177-185

2 Lievens et al (2020). J Appl Phys, 128, 648-659

3 Baguet et al (2011). PLoS ONE, 6, 1-6

INFLUENCE OF MUSCLE FIBER TYPOLOGY ON LEG MUSCLE HYPERTROPHY AND DYNAMIC STRENGTH GAINS AFTER 10
WEEKS OF RESISTANCE TRAINING TO FAILURE

VAN VOSSEL, K., HARDEEL, J., WEYNS, A., VAN DE CASTEELE, F., LIEVENS, E., DERAVE, W.
GHENT UNIVERSITY

INTRODUCTION: Considerable heterogeneity exists in the individual hypertrophy and strength responses to resistance training. The high
variability in muscle fiber typology across humans might be one of the missing elements in understanding this heterogeneity. A recent gene
expression study demonstrated differences in the response of individual fast-twitch and slow-twitch fibers to resistance training (1). More-
over, fast typology individuals were found to recover slower and to be more vulnerable to overreaching (2,3). Therefore, we investigated if
the adaptations to resistance training are dependent on the muscle fiber typology and if different training frequencies and volumes cause
different responses in slow typology (ST) and fast typology (FT) individuals.

METHODS: Eleven untrained ST (21.942.9yr, 6 men) and 10 untrained FT (22.2+1.0yr, 5 men) performed 10 weeks of resistance training.
Muscle fiber typology was non-invasively estimated in the calf muscles and vastus lateralis by measuring carnosine using proton magnetic
resonance spectroscopy (4). Subjects performed 3-4 sets of leg extensions and leg curls to failure every training session (60%1RM). A
within-subject design was used where leg A trained 3x/week (>=48h rest) and leg B trained 2x/week (>=72h rest). Changes in muscle vol-
ume of the 4 quadriceps muscles and 3 hamstring muscles were measured by MRI (Springbok Analytics). Increase in maximal dynamic
strength was measured by 1RM determination. Paired and Independent Sample t-tests and two-way repeated measures ANCOVAs were
used to detect pre-post changes, differences between ST-FT and the 3x and 2x/week conditions.

RESULTS: The training program induced significant hypertrophy and strength increases in all trained muscles (p<0.005). Individual changes
in muscle volume and dynamic strength ranged resp. from 0.1%-11.4% and 4.17%-43.75% in the quadriceps and 2.1%-23.1% and 6.7%-
90.0% in the hamstrings. However, no significant differences were found between ST and FT in the individual (per muscle) and mean (all
muscles combined) hypertrophic and strength changes. In the 3x/week condition mean hypertrophy was 9.5+4.6% (ST) vs 8.3+3.2% (FT)
(p=0.53), mean change in 1RM was 23.9+9.13% (ST) vs 28.8+11.9% (FT) (p=0.31). The 2x/week condition caused a hypertrophy of 7.3+3.3%
(ST) vs 6.843.0% (FT) (p=0.68) and a mean change in 1RM of 23.7+10.3% (ST) vs 21.4+8.6% (FT) (p=0.62). No interaction effect was found
between muscle fiber typology and training frequency.

CONCLUSION: The heterogeneous response to resistance training seems not dependent on the muscle fiber typology as training to failure
leads to equal hypertrophy and dynamic strength changes in the leg muscles of untrained ST and FT. Additionally, the optimal resistance
training frequency and volume do not differ between ST and FT.

1 Raue et al (2012). J Appl Physiol, 112, 1625-1636

2 Lievens et al (2020). J Appl Physiol, 128, 648-659

3 Bellinger et al (2020). J Appl Physiol, 129, 823-836

4 Baguet et al (2011). PLoS ONE, 6, 1-6
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RESISTANCE-TYPE EXERCISE TRAINING COUNTERACTS THE IMPACT OF ANDROGEN DEPRIVATION THERAPY ON MUSCLE
FIBRE CHARACTERISTICS IN PROSTATE CANCER PATIENTS

OVERKAMP, M.1,2,3, HOUBEN, L.H.P.1,2,3, AUSSIEKER, T.1, VAN KRANENBURG, J.M.X.1, MIKKELSEN, U.R.4, BEELEN, M.1,3,
BEUER, S.2,3, VAN LOON, L.J.C.1,3, SNIJDERS, T.1

1: MAASTRICHT UNIVERSITY MEDICAL CENTRE+, 2: NETHERLANDS COMPREHENSIVE CANCER ORGANISATION, 3:TOP INSTITUTE FOOD AND
NUTRITION, 4: ARLA FOODS INGREDIENTS GROUP

INTRODUCTION: Androgen deprivation therapy (ADT) represents the cornerstone in prostate cancer (PCa) treatment. In addition to its
inhibitory effect on tumor progression, ADT also causes several adverse effects including substantial loss of skeletal muscle mass. Re-
sistance-type exercise training is an effective intervention strategy to counteract muscle mass loss during ADT. However, little is known
about the impact of ADT on muscle fibre characteristics in PCa patients and the effect of resistance-type exercise training to reduce this
impact. The objective of this study was to define the effect of resistance-type exercise training on ADT-induced changes on muscle fibre
characteristics in PCa patients.

METHODS: Twenty-one PCa patients (7216 y) starting ADT were included in the present study. Changes in muscle fibre characteristics were
assessed in tissue samples collected from the vastus lateralis muscle at baseline and after 20 weeks of usual care (CON, n=11) or 20 weeks
of progressive resistance-type exercise training (EX, n=10). Type | and type |l muscle fibre distribution, fibre size, and myonuclear and
capillary contents were determined by immunohistochemistry. Training-induced changes were analysed using a two-way repeated
measures ANOVA with time (baseline vs 20 weeks) and fibre type (type | vs Il) as within-subject factors and group (CON vs EX) as the be-
tween-subject factor. Significance was set at P<0.05 and all data are presented as means + SDs.

RESULTS: A significant decrease in type | (from 7401+1183 to 648911293 um2; P<0.05) and type Il (from 622541503 to 5014+714 pm2;
P<0.05) muscle fibre size was observed in the CON group. In addition, type | and type Il individual capillary-to-fibre ratio (C/Fi) declined
substantially (-12+12 and -20+21%, respectively; P<0.05) in the CON group. In contrast, significant increases in type | (from 670011464 to
777241319 um2; P<0.05) and type Il (from 52481892 to 630241385 um2; P<0.05) muscle fibre size were observed in the EX group. The
training-induced muscle fibre hypertrophy was accompanied by an increase in type | and type Il muscle fibre myonuclear content (+24+33
and +21+23%, respectively; P<0.05) and type | muscle fibre capillarization (capillary-to-fibre ratio +18+14%; P<0.05).

CONCLUSION: Twenty weeks of androgen deprivation therapy is accompanied by a decline in type | and type Il muscle fibre size and capil-
larization in PCa patients. Supervised resistance-type exercise training offsets the negative impact of ADT and increases type | and Il muscle
fibre size and type | muscle fibre capillarization in PCa patients.

THE DISTORTED MUSCLE SHAPE OF OLDER ADULTS IS ENHANCED BY THE DECLINE IN SKIN MECHANICAL PROPERTY

SUZUKI, J.1, OIWA, Y.1, MIYAMOTO, N., WASHINO, S.3, HIRATA, K.4, KANEHISA, H.5, YOSHITAKE, Y.1

1 SHINSHU UNIVERSITY 2 JUNTENDO UNIVERSITY 3 NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY 4
WASEDA UNIVERSITY 5 KANOYA UNIVERSITY

INTRODUCTION: Muscle physiological cross-sectional area (PCSA) decreases with age. Since PCSA is linearly correlated with maximal volun-
tary contraction force [1], specific tension does not change with age, possibly suggesting that muscle “quality” is comparable between
ages. Therefore, it is not clear whether and why the decrease in muscle volume is not progressed in an analogous manner as the age-
related loss of muscle mass is accompanied by a decrease in the pennation angle [2].

Our earlier study demonstrated that pennation angle and muscle shear modulus decreased after the removal of skin in Thiel-embalmed
cadavers [3]. This study suggests that the skin should play a role to determine the shape and muscle mechanical properties. Since skin
stiffness also declines with age [4], age-related distorted muscle shape is potentially due to an age-related decline in skin mechanical
properties. On the basis that the facial skin is easily pulled down in old adults at the upright position [5], age-related distorted muscle
shape might be affected by the orientation of muscle relative to the direction of gravity. The purpose of this study was to examine the
relationship between age, skin mechanical property, gravity, and muscle shape.

METHODS: 15 young (YA) and 15 old adults (OA) laid in supine and prone positions to examine the effect of orientation of gravity on mus-
cle shape. Skin shear modulus (SSM) was measured at the belly of the right medial gastrocnemius (MG) by shear-wave elastography. A 3D
ultrasound technique was utilized to reconstruct MG geometry. Then, anteroposterior (AP) and mediolateral (ML) length of the cross
section at 30% of proximal right lower leg length were calculated to evaluate MG shape. Two-factor factorial ANOVA was used to examine
the effects of age and postures on SSM, AP, and ML length. After calculating the rate of changes in AP and ML length when posture was
changed from supine to prone positions and averaging SSM between positions, the correlations between these values were analyzed.
RESULTS: SSM was lower in OA compared with YA (P < 0.05). AP length was smaller in the prone position than in the supine position for
both age groups (P < 0.05). ML length was larger in the prone position than in the supine position for both age groups (P < 0.05) and ML
length was larger for OA than for YA in the prone position (P < 0.05). SSM were positively correlated with rate of change in AP length (r =
0.58, P < 0.05) and negatively correlated with rate of change in ML length (r =-0.53, P < 0.05).

CONCLUSION: The results suggest that muscle shape was flatted for old adults more than young adults in the prone position. Distorted
muscle shape should be facilitated due to lower skin shear modulus, which cannot maintain the muscle shape against gravity.
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IDENTIFYING THE DETERMINANTS OF PERFORMANCE DURING PACED AND MAXIMAL MIDDLE-DISTANCE RUNNING
EVENTS

BELLINGER, P., LIEVENS, E., KENNEDY, B., ARNOLD, B., DERAVE, W., MINAHAN, C.
GRIFFITH UNIVERSITY

INTRODUCTION: Major championship 800-m and 1500-m races can be won in very fast times, with a sustained pace from the start, or in
relatively slow times, but with an extremely fast last lap. It is likely that the underpinning physiological and speed/mechanical determinants
would differ during these polarized middle-distance race scenarios. We conducted two separate experimental studies where we aimed to

45 27™ ANNUAL CONGRESS OF THE EUROPEAN COLLEGE OF SPORT SCIENCE



OP-PNO5 Hematology

identify the underpinning physiological and speed/mechanical determinants of performance during maximal and paced 1500-m (study 1)
and 800-m running time trials (study 2).

METHODS: In study 1, 32 trained middle-distance runners (n = 21 male) completed a 1500-m time trial in the fastest time possible
(1500MAX) and two paced trials whereby the mean speed during the 0-1100 m was reduced by 5% (1500MOD) and 10% (1500SLOW),
whereas the last lap was completed in the fastest time possible. In study 2, 20 trained male middle distance runners completed an 800-m
time trial in the fastest time possible (800MAX) and one paced trial, whereby mean speed was reduced by 7.5% (800PACE) relative to
800MAX, while the last lap was completed in the fastest time possible. In both studies, a series of additional laboratory and field tests were
conducted to determine maximal sprint speed (MAXSS), VO2peak and the velocity corresponding with VO2peak (vWO2peak), running
economy (RE), critical speed, maximal accumulated oxygen deficit (MAOD), and sprint force—velocity—power profiles. Carnosine content
was quantified by proton magnetic resonance spectroscopy in the gastrocnemius and expressed as a Z-score to estimate muscle typology.
Data were analysed using multiple stepwise regression analysis.

RESULTS: In study 1, 1500MAX time was best explained by RE and vWO2peak in female runners (adjusted r2 = 0.80, P < 0.001), in addition
to the 0-1100-m speed relative to vWO2peak in male runners (r2 = 0.72, P < 0.001). Runners with a higher carnosine Z-score (i.e., higher
estimated percentage of type Il fibres) and greater MAOD, reduced their last lap time to a greater extent in the paced 1500-m trials. In
study 2, MAXSS and vWO2peak best explained the variation in 800MAX time (r2 = 0.570; P = 0.020),whereas MAXSS was the best explana-
tory variable for the first 200-m time in 800MAX (adjusted r2 = 0.661, P < 0.001). Runners with a higher estimated percentage of type Il
fibres reduced their last lap time to a greater extent in 800PACE relative to 800MAX (r2 = 0.413, P < 0.001). A faster final 200-m time during
800PACE was associated with better maintenance of mechanical effectiveness during sprinting, a higher estimated percentage of type Il
fibres and vWO2peak (r2 = 0.761, P = 0.001).

CONCLUSION: These findings could inform the optimal racing strategies for middle-distance athletes with different physiological and
speed/mechanical profiles and provide greater insight for coaches and sport scientists as to the training requirements to maximize perfor-
mance in different types of middle-distance races.
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INVESTIGATING CHANGES IN HEMATOPOIETIC STEM AND PROGENITOR CELL CONCENTRATIONS DURING AND AFTER
CONTINUOUS VS. INTERVAL-BASED EXERCISE BOUTS

PRADANA, F., NUJAR, T., MORGAN, P.T., PODLOGAR, T., LUCAS, S.J.E., WADLEY, A.J.
UNIVERSITY OF BIRMINGHAM

INTRODUCTION: Hematopoietic stem and progenitor cells (HSPC’s) are donated by approximately 60,000 healthy individuals worldwide
every year for patients with a variety of blood cancers and genetic disorders. However, barriers exist that limit the effectiveness of this
process such as the time commitment to donate and side-effects of the drugs used to mobilise HSPC’s (e.g., bone pain and headaches). A
single bout of exercise can transiently increase the concentration of HSPC's in peripheral blood up to 2.5-fold; however, many of the exer-
cise bouts used have been too long (30-45 min) to feasibly implement in a donation setting. HSPC kinetics appear to be driven by exercise
intensity, yet the optimal balance between exercise intensity and volume to maximize mobilization of HSPC's is unclear. The current study
aimed to compare changes in HSPC concentrations during and after bouts of high-volume high intensity interval training (HV-HIIT), low-
volume high intensity interval training (LV-HIIT) and moderate intensity continuous training (MICT). Complete blood counts were conduct-
ed to determine whether HSPC mobilisation mirrored general leukocyte patterns.

METHODS: Ten males (mean * SD: age 25 + 7 years; BMI 25.7 + 3 kg:m2; Wattmax 3.9 + 0.8 W-kg-1) undertook bouts of MICT (30 min
steady state, 65-70% of a maximum heart rate (HRMax)), HV-HIIT (4 x 4 min, 80-85% HRMax) and LV-HIIT (4 x 2 min, 90-95% HRMax) in a
randomised crossover study design. HSPC’s were enumerated in whole blood at rest, after each interval and 5- and 10-minutes post-
exercise by employing a single-platform, flow cytometric method (defined as CD34+ CD45low SSClow).

RESULTS: HSPC concentrations (cell/ uL) significantly increased over time in response to all exercise trials (p < 0.0001). The peak response
was highest after interval four of LV-HIIT (Pre-Exercise: 18.87 + 2.50, post-Exercise: 34.00 + 4.72, p = 0.01), but HSPC concentration was
already elevated after just one interval (p = 0.0581, ns). Following the exercise trials, HSPC concentration decreased to resting concentra-
tion after 5 minutes of HV-HIIT (p = 0.0053), 10 minutes of MICT (p = 0.032), but remained sustained above rest 10 minutes after LV-HIIT (p
=0.0614). The peak fold change in HSPC’s relative to rest (+1.80 + 0.27) was not significantly (p > 0.05) different to total white blood cells
(+1.66 + 0.23) or lymphocytes (+1.89 + 0.32).

CONCLUSION: LV-HIIT evoked a greater increase in HSPC concentration than MICT or HV-HIIT immediately post-exercise, with just one
interval of LV-HIIT (2 minutes exercise) increasing HSPC concentration above rest. The increase in HSPC concentration was sustained for at
least 10 minutes following LV-HIIT, but not MICT or HV-HIIT. These findings highlight that exercise intensity is a key factor driving HSPC
mobilisation and sustainability in peripheral blood. Supporting some previous work, these changes largely mirrored the general mobilisa-
tion of leukocytes.

ETHNIC DIFFERENCES IN AEROBIC CAPACITY AND ITS HEMATOLOGICAL DETERMINANTS: THE CAUCASIAN-HAN CHINESE
PARADOX

GUO, M., DIAZ-CANESTRO, C., DAI, H., MONTERO, D.
UNIVERSITY OF HONG KONG

INTRODUCTION: Maximal oxygen consumption (VO2max), a hallmark of aerobic capacity, is strongly associated with large decrements in
cardiovascular events and all-cause mortality in the general population. Yet, to date, whether aerobic capacity is ethnic-specific and thus
differences are inherently present in VO2max and its main biological determinants remains uncertain.

METHODS: Healthy young (< 35 yr) Caucasian (n = 18, 44 % females) and Han Chinese individuals (n=18, 44 % females) closely matched by
age and moderate-to-vigorous physical activity (MVPA) were included in the study. VO2max was assessed with an established incremental
exercise protocol. Exercise economy was determined at a moderate absolute workload (100 W). Hematological determinants such as blood
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oxygen carrying capacity, blood volume (BV) and hemoglobin mass (Hbmass) were determined in standardized and controlled conditions
using blood gas analyses and gas rebreathing methods.

RESULTS: Physical activity status, as represented by MVPA, was similar between Caucasian and Han Chinese individuals (6.2 + 3.8 vs 6.3 +
5.9 hr/wk, P = 0.936). VO2max was 22 % higher in Caucasian compared to Han Chinese individuals (43.8 + 10.6 vs 35.9 + 12.0 mL
02/kg/min, P<0.05) in spite of similar exercise economy as measured during submaximal exercise (19.3 £ 5.2 vs 21.0 £ 5.1 mL 02/kg/min, P
=0.342). With respect to hematological variables, BV (87.4 + 9.5 vs 94.1 + 10.5 mL/kg, P = 0.055) and Hbmass (11.5+ 1.8 vs 12.1 + 1.7
mL/kg, P = 0.240) did not differ between groups. Therefore, the BV/VO2max ratio was 23 % lower in Caucasian compared to Han Chinese
individuals (2.04 £ 0.38 vs 2.51 + 0.63 respectively, P < 0.05).

CONCLUSION: Large ethnic differences between young Caucasian and Han Chinese individuals are present in VO2max despite similar
physical activity status and hematological phenotype.

IRON DEFICIENCY ANEMIA AFFECTING VO2MAX DECREASE IN HYPOXIA

KOSKOLOU, M.
UNIVERSITY OF ATHENS

INTRODUCTION: Anemia is common worldwide, particularly among women, with the most common underlying cause, iron deficiency,
affecting 12—-18% of apparently ‘fit and healthy’ women [Dugan et al. 2021, Anaesthesia, 76(Suppl.4): 56-62]. Physically active females
often participate in sports and demanding physical activities performed in hypoxic conditions. Both anemia and hypoxia are factors affect-
ing maximal oxygen uptake (VO2max) via decreases in arterial oxygen content (Ca02) and when combining these two stressors systemic
oxygen delivery and peak power output are greatly impaired [Roach et al. 1999, Am. J. Physiol. 276(2): H438-H445]. The aim of this study
was to explore whether physically active women with mild iron deficiency anemia would exhibit greater VO2max decrease in hypoxia
compared to healthy controls.

METHODS: Two groups of young physically active women matched for age, body weight, height and fitness level participated in the study;
one with normal hemoglobin (Hb) concentration and ferritin levels (C; n=15; [Hb]:13.23+0.5 g/dl; ferritin:28.33+16.9 ng/l) and another
(IDA; n=15; [Hb]:10.9610.5 g/dI; ferritin:7.25+2.8 ng/l) with mild iron deficiency anemia (10<[Hb]<12 g/dl, ferritin<12 ng/l). Both female
groups performed progressively increasing cycling exercise to exhaustion under normoxia and hypoxia (FIO2 0.21 and 0.14) on two occa-
sions, within the same phase of their menstrual cycle, separated by an interval of at least 24 hrs, and following a counterbalanced order.
Cardiopulmonary parameters were recorded in all subjects, while muscle and cerebral oxygenation (NIRS) were monitored in a subgroup of
subjects (n=16; 8 from the C and 8 from the IDA group). Data were analyzed using 2-way ANOVA and t-test for independent samples; p was
set at 0.05.

RESULTS: Normoxic VO2max did not differ significantly between groups (C:40.4+2.5, IDA:37.84.3 ml/kg/min; p>0.05), but the VO2max
drop elicited by hypoxia was more profound in IDA than in C (17.6%7.9 vs. 10.7+2.7%; p<0.01). In both conditions the two groups had
similar maximal heart rate (p>0.05). At maximal exercise, oxygenated Hb (O2Hb) was lower across groups in hypoxia (p<0.01). Interestingly,
higher values in deoxygenated Hb (HHb) were observed in the IDA compared to the C group, only under hypoxia (p<0.05). Cerebral tissue
oxygenation index (TSI%) followed the changes in Ca02.

CONCLUSION: It appears that iron deficiency anemia exacerbates the detrimental effect of hypoxia on VO2max, possibly via the role of
iron-containing proteins inducing impairment of cellular iron-dependent processes in oxygen utilization.

EFFECTS OF THE MENSTRUAL CYCLE AND ORAL CONTRACEPTIVES ON ERYTHROPOIETIN LEVELS IN ENDURANCE-TRAINED
FEMALES

GUISADO-CUADRADO, 1.1, ALFARO-MAGALLANES, V.M.1, ROMERO-PARRA, N.1,2, PEINADO, A.B.1

1. LFE RESEARCH GROUP. DEPARTMENT OF HEALTH AND HUMAN PERFORMANCE. FACULTY OF PHYSICAL ACTIVITY AND SPORT SCIENCES.
UNIVERSIDAD POLITECNICA DE MADRID, SPAIN. 2. DEPARTMENT OF PHYSICAL THERAPY, OCCUPA

INTRODUCTION: Menstrual bleeding can affect circulating levels of available iron due to iron loss during the bleeding phase [1,2]. Results
report that the lowest value of serum iron and transferrin saturation occurs during menses [1,2], concurring with the lower value of hep-
cidin, the main regulator of iron metabolism [2]. Conversely, another major hepcidin regulator and thus, iron metabolism is erythropoietin
(EPO) [3]. Increased erythropoiesis stress and therefore, increased EPO levels could down-regulate hepcidin synthesis [3,4] through its
suppression by erythroferrone (ERFE) to facilitate iron supply [3]. Nevertheless, evidence shows differences in iron availability among
naturally menstruating compared to oral contraceptive (OC) endurance-trained females [1]. The aim of this study was to compare EPO
levels throughout the different phases of menstrual cycle and OC phases in endurance-trained females.

METHODS: Nineteen eumenorrheic (30.8+6.5 years; 48.25+4.4 ml/kg-min-1) and fourteen OC users (25.8+4.8 years; 47.98+4.29 ml/kg-min-
1) participated in this study. Blood samples were taken to analyze EPO just before (PRE) an interval running test, consisting of eight bouts
of 3 min at 85% of the maximal aerobic speed, and 3 hours later (POST). The test was done in different sex hormonal environments: early
follicular (EFP), late-follicular (LFP) and mid-luteal phase (MLP) for eumenorrheic women; and withdrawal (WP) and active pill phase (APP)
for OC users. The three-step method was used to verify the menstrual cycle and OC phase [5]. Non-parametric test was used to compare
the menstrual cycle and OC phases.

RESULTS: No significant differences were found between the menstrual cycle phases either PRE (EFP: 14.5+6.55 mU/ml; LFP: 1616.45
mU/ml; MLP: 16.2+7.04 mU/ml) or POST (EFP: 11.9+6.56 mU/ml; LFP: 12.944.51 mU/ml; MLP: 13.1+6.24 mU/ml) or between OC phases
either PRE (WP: 11.7645.69 mU/ml; APP: 15.73+6.35 mU/ml) or POST (WP: 9.51+4.19 mU/ml; APP: 12.54+6.22 mU/ml). Additionally, no
significant differences were observed between the menstrual cycle phases compared to OC phases.

CONCLUSION: Serum EPO does not appear to be affected by the different sex hormonal environments. Therefore, although EPO is respon-
sible for the regulation of erythropoietic activity, and EPO may indirectly decrease hepcidin and increase plasma iron uptake [3,4], this lack
of differences indicates that EPO levels seem not contribute to the reported changes in serum iron throughout the menstrual cycle.
Funding: DEP2016-75387-P
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THE EFFECTS OF INHALING CARBON MONOXIDE PRIOR TO REPEATED SPRINT EXERCISE TRAINING ON CYCLING PERFOR-
MANCE AND EXERCISE-INDUCED ADAPTATIONS

CARDINALE, D.A.1,2, SUNDQVIST, C.1,2, ALONSO, J.2, ZUCCARELLI, L.3, GRASSI, B.3
1 THE SWEDISH SCHOOL OF SPORT AND HEALTH SCIENCES ; 2 SWEDISH SPORTS CONFEDERATION ; 3 UNIVERSITY OF UDINE

INTRODUCTION: Exercise-induced adaptations and athletic performance are improved more significantly following repeated sprint training
in hypoxia than in normoxia. However, natural or artificial altitude training is expensive and not always accessible. Therefore, it is worth-
while to develop more convenient and less expensive training approaches that can induce both physiological adaptations and enhance
athletic performance. When inhaled, carbon monoxide (CO) reduces the blood 02 carrying capacity and the 02 diffusion from capillary to
muscle tissue, similarly to what happens in hypoxia. CO also regulates vascular and cardiovascular functions, stimulates anti-inflammatory
response and mitochondrial biogenesis. Therefore, we hypothesized that, in association with improvements in repeated sprint ability
(RSA), CO inhalation before sprint training would improve skeletal muscle oxidative function evaluated by determination in-vivo of skeletal
muscle VO2 (VO2m) off-kinetics during the recovery from cycloergometer exercise.

METHODS: 23 endurance trained individuals age 33.216.9 years, body mass 78.3+11.0 kg, height 180.7+7.3 m, and VO2max 4.2+0.6 L-min-1
performed 9 supervised repeated sprint exercise sessions (3x5x10s all-out, 1:2 work to rest ratio) within 3 weeks. Cycling performance and
physiological tests were performed within a week pre and post intervention. In a single blind fashion, the participants were randomly
assigned to inhale either a bolus CO (INCO group) or placebo gas (CTRL group) before each exercise session. Analysis of covariance adjusted
for baseline and sex was used to assess the effect of treatment on all variables.

RESULTS: The CO bolus administered prior to training increased HbCO to 5.5+0.4% from baseline and remained elevated (3.3+0.3%) follow-
ing the training sessions. The training intervention increased the total work produced during RSA test by 26.7+10.3% (p= 0.001) with no
difference between groups. RSA mean power decrement differed pre to post between groups (p=0.023) and was reduced in INCO (-
2.7+7.9%) and worsened in CTRL (8.2+10.7%). HB-mass differed between groups pre to post intervention (p=0.038) and was preserved in
INCO (-0.84£2.9%; p= 0.6) and reduced in CTRL (-4.9+3.5%; p=0.01). VO2m kinetic (tau) from a subgroup (n=10) differed between groups pre
to post intervention (p=0.017), decreased in INCO (-38.8+32.9%; p= 0.05) and remained unchanged in CTRL (5.9+1.5%; p=0.72). No signifi-
cant changes were found in other measured variables as VO2max and endurance performance.

CONCLUSION: These data indicate that CO inhaled prior to repeated sprint training induced beneficial effects on RSA and could be due to
an improved mitochondrial function compared to placebo in amateur cyclists. This practice may also be beneficial to preserve HB-mass in
periods when high intensity training is prioritized over large volumes of training. The effects of CO on performance and exercise induced
adaptations could be advantageous in elite sport where even marginal gains are meaningful.
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CAN CRITICAL VELOCITY IN YOUNG SWIMMERS BE DETERMINED BY A 10X25M ALL-OUT SWIMMING TEST?

MORGADQO, J.P.1, CURTO, D.2,3, MATIAS, C.N.1,4, MONTEIRO, C.P.2,3, ALVES, F.B., REIS, J.F.2,3

1- CIDEFES, UNIVERSIDADE LUSOFONA, LISBOA, PORTUGAL 2— PHYSIOLOGY AND BIOCHEMISTRY LABORATORY, FMH-ULISBOA, PORTUGAL
3— CIPER, FMH-ULISBOA, PORTUGAL 4- BETTERY LIFELAB, BETTERY S.A., PORTUGAL

INTRODUCTION: In swimming, Critical Speed (CS) is considered one of the key markers of aerobic capacity, which is important for monitor-
ing training and competition. Recently, a 12x25m all out test was validated for CS determination in elite swimmers, a proxy of the 3 min all
out test validated for other exercise modalities [1]. In young swimmers it may be pertinent to adjust the test to 10x25m so that the total
duration approaches 3 min due to the lower maximal speed of the younger swimmers [2].

Our aim was to compare the CS calculated from the 10x25m with the traditional method using 200 and 400m efforts.

METHODS: Twenty national level swimmers (12 male, 8 female, age 14.5 + 0.7 years) performed three evaluations, with 48 h in between.
Swimmers completed ten 25 m all out front crawl swims from a push start separated by 5 seconds rest, with a maximum of 2 underwater
butterfly kicks, in a 25m pool. Subjects were told to swim as fast as they could on each 25 m repetition and hold nothing in reserve for the
rest of the test. The CS10x25 was calculated as the mean speed of the slowest two 25 m efforts in the last four repetitions [1]. In the sec-
ond and third session, swimmers performed, respectively, 200m and 400m maximal but constant efforts. CS400-200 was calculated from
the slope of the regression analysis between the distances performed and the correspondent time [3]. T-test for paired samples was used
to compare CS10x25 and CS400-200 and Bland Altman analysis and Concordance Corrrelation Coeficient (CCC) were used to determine the
agreement between both methods. Significance was set at p<0.05.

RESULTS: Despite a high correlation was observed (r=0.77; p<0.01), CS10x25 significantly overestimated CS400-200 (1.33+0.10 and
1.18+0.07 m-s-1, p<0.01, respectively). Bland Altman analysis showed that the mean difference between methods was 0.16 m-s-1 with
wide limits of agreement (-0.03 to 0.29 m-s-1). CCC was 0.27, precision 0.77 and accuracy 0.36, which indicates a poor strength of agree-
ment between the methods.

CONCLUSION: Although the 10x25m is a test that mimic training sets and can be easily integrated in the swimming sessions, our results
suggest that in young swimmers the 10x25 all out test overestimates the critical speed and can not be used interchangeably with the
classical method based on 200 and 400m maximal efforts. Future studies may consider 5-6x50 to acknowledge the specific physiological
responses of young swimmers.
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PHYSIOLOGICAL AND KINEMATIC RESPONSES AROUND MAXIMAL LACTATE STEADY STATE IN SWIMMING

ESPADA, M.C.1,2, REIS, J.F.3, ALMEIDA, T.F.3,4, SANTOS, F.J.1,2,3, FERREIRA, C.C.1,5, PESSOA FILHO, D.M.4,6, ALVES, F.B.3
1 POLYTECHNIC INSTITUTE OF SETUBAL; 2CIEQV; 3CIPER, FMH-UL; 4UNESP, BAURU; 5FCD, CACERES, UNEX; 6UNESP, RIO CLARO

INTRODUCTION: Performance enhancement in sport is closely and decisively related to accuracy in identifying exercise intensities domains
toward optimizing daily training [1] and kinematic parameters are particularly important in swimming since athletes’ classifications are
often decided by tenths of a second. The aim of the present study was to evaluate the physiological and kinematic responses around
maximal lactate steady state (MLSS) in swimming.

METHODS: Fourteen competitive male swimmers completed a maximal 400-m front crawl to use the average velocity between 50 and the
350-m as an estimate of the maximal aerobic velocity (MAV). In the subsequent days, swimmers completed an incremental step test (IST)
comprising 5x250- and 1x200-m stages and afterwards, 30 min continuous swimming velocity (SV) tests were performed for MLSSv deter-
mination, followed by two 500-m constant SV bouts at 97.5% and 102.5% of MLSSv, for oxygen uptake kinetics (VO2k) evaluation. During
all tests, VO2 was assessed through breath-by-breath gas exchange, blood lactate concentrations (BLC) were determined, and kinematic
variables stroke rate (SR), stroke length (SL) and stroke index (SI) were evaluated.

RESULTS: SV associated with 4 mmol-L-1 in the IST (1.2740.04 m-s-1) was significantly lower compared to MLSSv (1.30£0.04 m-s-1, p<0.05),
but all physiological parameters SVs derived from IST and continuous tests were highly correlated. BLC associated with Log-log methodolo-
gy (4.2+£0.7 mmol-L-1) was significantly lower compared to Dmax methodology (4.9+0.8 mmol-L-1, p<0.01), the last was not significantly
different from MLSS (4.621.1 mmol-L-1). VO2max (57.417.1 ml-kg-min-1) determined in the IST, was not significantly different from mean
VO2 during 102.5% MLSSv swim trial (56.116.0 ml-kg-min-1), both were higher compared to mean VO2 at MLSSv (49.0£8.9 ml-kg-min-1).
Mean VO2 were significantly different (p<0.01) 2.5% below and above MLSSy, the same was observed regarding SR, SL and SI. Considering
the VO2k, the amplitude of the primary phase (Ap) was significantly lower below MLSSv compared to 102.5% (45.916.7 vs 49.516.9
ml-kg-min-1, p<0.01), contrary to the time constant of the primary phase (taup) (21.248.6 vs 19.017.7-s, p>0.05), despite high correlations
observed between taup below and above MLSSv and SVs associated to physiological parameters. The same relationships were observed
between the Ap and kinematic variables, but only at 97.5% of MLSSv.

CONCLUSION: Both the continuous and IST provide useful indexes of swimming aerobic potential, but they cannot be used interchangeably
for MLSSv determination. This SV seems to represent the upper limit of stroke efficiency. MLSS cannot be associated to a fixed BLC, and gas
exchange analysis should also be considered in swimming. Since swimmers evidenced a taup of around 20-s, coaches may prescribe train-
ing sets close to 80-s to endure VO2max, because 98% of the total VO2max is attained at four times taup [2].

[1] Espada et al. (2021); [2] Burnley & Jones (2007)

AGREEMENT OF LACTATE AND HEART RATE VARIABILITY THRESHOLDS IN SWIMMING

RAMA, L., LADEIRA, R.
UNIVERSITY OF COIMBRA, FACULTY OF SPORT SCIENCES AND PHYSICAL EDUCATION

INTRODUCTION: Heart Rate Variability (HRV) as a potential marker of athlete adaptation to training load has grown exponentially in recent
years. The non-invasive character of this autonomic marker provides the basis for its use in the sports domain. The current research points
to a close relationship between the thresholds assessed from HRV indexes and the blood lactate. It reinforces its utility to determine the
exercise intensities in training prescription.

METHODS: 10 swimmers (4 male and 6 female) followed an incremental swimming protocol (5x200m freestyle), increasing the speed of
each repetition from 80%, 85%, 90%, 95%, and >95% of their personal best performance in the distance (short course). The R-R intervals
were collected with a cardiac heart rate band (Polar H10) and recorded with the heart rate monitor (Polar V800). Capillary samples were
collected from the earlobe immediately, at the end of each repetition and after 3’ and 5’ after the last step, to determine the lactate values
(Lactate Pro 2). HR data was analyzed through Kubios HRV Software. Fin). A vagal index, the standard deviation of the beat-to-beat instant
variability (SD1) that reflects the short term HRV, was used for analysis. Lactate thresholds (LT) and the individual anaerobic threshold (IAT)
values were determined through the speed-lactate relationship (Ergonizer Software.De).

RESULTS: The speeds for the Lactate and HRV thresholds do not differ statically (p=0.203 and p=0.211) for speeds of LT and IAT, respective-
ly. For LT we found 1,26 + 0.05m.s-1 and 1.27+ 0.04m.s-1,( mean difference =0.02m.s-1; ES=0.04) and 1.36+0.08 m.s-1 and 1.39 £ 0.11 m.s-
1 ( mean difference= 0.02; ES=0.06) for the speeds calculated from the SD1 HRV index and those determined from the lactate — speed
curve respectively.

CONCLUSION: Like others before, which found agreement between HRV and Lactate Thresholds assessed through incremental protocols in
running and cycling, this study also confirms the coincidence of the threshold’s speeds evaluated in incremental swimming protocol. Alt-
hough HRV analysis demands expertise to analyze the data and the investment in heart rate monitors able to r-r recording, this result
reinforces alternative methods in assessing influential makers of monitoring and training prescription without traditional invasive proce-
dures.

ANAEROBIC TEST IN FOUR FREE SWIMMING TECHNIQUES THROUGH INERTIAL SENSORS

CHIRICO, E., TESSITORE, A., VANNOZZI, G., DEMARIE, S.
UNIVERSITY OF ROME

INTRODUCTION: Water sports performance optimisation relies on specific, reliable procedures to assess physiological and biomechanical
improvement, useful for coaches to monitor the athlete’s conditions and predict future performance. [1,2,3]. A new approach to swimming
coaching has been offered by innovative wearable technologies and waterproof coatings. They provide not only reliable and objective
analysis of stroke mechanics and race performance, but also of physiological qualities such as the anaerobic capacity, all directly in free
swimming [5]. The present study aimed to assess if a free-swimming protocol with inertial sensors may provide an effective assessment of
kinematic and functional capacity in swimmers, specialized in four different techniques, by measuring speed and stroke parameters and
their correlation with race time.

METHODS: Twenty-five highly trained national level [4] swimmers (13 male, 12 female) were recruited for the study. An all-out 75m bout in
each athlete competition swimming technique was performed by all subjects in a short course swimming pool. The athletes were instruct-
ed to reach maximal velocity as fast as possible and to keep it till the end of the trial. During the protocol, temporal and kinematic variables
were recorded through a waist-mounted inertial sensor and analysed as previously described [5]. Blood lactate concentration and RPE
were assessed after the end of the test.
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RESULTS: Average velocity in all four techniques was significantly correlated with the Time Race on 50m (r =.959, p <.05) and 100m (r =
.973, p <.05). The average velocity was strongly correlated with stroke length and stroke efficient index (r =.779 and r =.702, p < .05),
demonstrating how velocity may be affected by these variables even over short distances. Concerning the Fatigue Index, a significant
correlation was highlighted with the total blood lactate production recorded after the end of the test (r = .567, p <.05). Finally, a negative
correlation between RPE and stroke length - stroke efficient index was found (r =-.716, r = -.658, p <.05).

CONCLUSION: Velocities were related to kinematic variables and to swimming performance in 50m and 100m competitions. Swimmers
with higher fatigue index presented more blood lactate concentration at the end of the tests, those with worse kinematic qualities suffered
higher perception of effort. Therefore, temporal, and kinematic variables measured by the inertial sensor in the 75m all-out tests may be
applied to infer and predict swimmers’ performance and functional capacity in all four techniques and can be used for training monitoring
and planning during the season.

REFERENCES:

1. Minganti et al. Sport Sci Health 2012,7(2),87-91

2. Chirico et al. J Sports Med Phys Fitness 2021

3. Demarie et al. Int J Environ Res Pub Health 2022,19(4):2110

4. McKay et al. Int Sports Physiol Perf 2022,17(2),317-331.

5. Demarie et al. Physiol Meas 2019,40(6):064003

TIME SPENT NEAR VO2PEAK AT THE MAXIMAL AEROBIC VELOCITY IN SWIMMING — CONTINUOUS VS INTERMITTENT SETS

ALMEIDA, T.F.1,2, ESPADA, M.C.3, MASSINI, D.A.4, MACEDO, A.G.1, OLIVEIRA, T.P.4, REIS, J.F.2, ALVES, F.B.2, PESSOA FILHO,
D.M.1,4
1UNESP, BAURU; 2CIPER, FACULTY OF HUMAN KINETICS — UL; 3POLYTHECNIC INSTITUTE OF SETUBAL,; 4UNESP, RIO CLARO

INTRODUCTION: The maximal aerobic velocity (MAV) is usually used by coaches for the planning of training at high swimming intensity
since it combines exercise economy and maximal oxygen uptake (VO2peak). Also, the time sustained near VO2peak (e.g., above either the
second ventilatory threshold (t@VT2) or 90% VO2peak (t@90%V02peak)) is associated to long term adjustments that enhance VO2max
and performance [1,2,3]. This study aimed to compare the physiological responses when performing continuous vs intermittent sets at
MAV to determine which reproduces swimming conditions with higher potential for aerobic capacity development.

METHODS: Thirteen well-trained male swimmers (16.5+1.9 years, 178.6+8.4 cm, 70.4+10.3 kg) completed a discontinuous incremental test
[3] for VO2peak, VT2 and MAV assessment. On complementary days, two swimming trials at MAV until exhaustion, continuous (CT) vs
intermittent (IT) sets composed of 100 meters repetitions (IT100) with 15 s breaks, were performed for maximal oxygen uptake (Peak-
V02), t@VT2 and t@90%V02peak evaluation. Distance and time were recorded to determine the tests’ time limit (tLim). Maximal blood
lactate concentration [La-] and rate of perceived exertion (RPE) were determined. All tests were conducted using a breath-by-breath appa-
ratus connected to a snorkel for pulmonary gas sampling, with pacing controlled by an underwater visual pacer.

RESULTS: VO2peak (4.0+0.4l L'min-1) was only reached in the CT (100.2+3.0 %VO2peak). Still, high values were reached at IT100 (96.3 + 4.6
%V02peak). VO2peak was highly correlated with Peak-VO2 during CT (r=0.94, p<0.01) and IT100 (r=0.89, p<0.01). Compared with CT, the
IT100 presented significantly higher values for tLim (940.0+470.9 vs 243.6159.3 s), distance (1215.4+612.5 vs 309.6+64.7 m), t@VT2
(419.74196.7 vs 137.5480.2 s) and t@90%V02peak (290.74214.7 vs 115.5£79.1 s). tLim between CT and IT100 were not associated. MAV
(1.3040.07 m-s-1) and Peak-VO2 during CT and IT100 correlated with the 400 m swimming performance (r=-0.55, r=-0.73 and r=-0.76
p<0.05, respectively). RPE and [La-] were not different between CT and IT100 (8.8+1.0 vs 9.5+0.8 and 7.5+2.9 vs 6.5+1.3 mmol:I-1, respec-
tively).

CONCLUSION: MAV is suitable for planning swimming intensities requiring maximal oxygen rates whatever the exercise schedule (CT or IT).
The times to exhaustion at this swimming intensity are not related to swimming performance, however, MAV and Peak-VO2 values were
related to middle-distance performance, whatever the exercise schedule and therefore highlighting their role in training for performances
requiring maximal aerobic power attainment. Therefore, the results suggest the IT100 as a preferable training schedule compared to CT for
aerobic capacity training since IT100 presented a significantly higher tLim, t@VT2 and t@90%V02peak (more ~697, ~282 and ~175 s,
respectively), without demanding different cellular acidosis and RPE.

1. Billat (2001); 2. Libicz et al. (2005); 3. Almeida et al. (2021)
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VALIDITY AND RELIABILITY OF HEART RATE VARIABILITY THRESHOLDS USING DFA Al

SEMPERE-RUIZ, N., PASTOR, D., MOYA-RAMON, M., SARABIA, J.M.
MIGUEL HERNANDEZ UNIVERSITY

INTRODUCTION: The short-term scaling exponent alphal of detrended fluctuation analysis (DFA al), a nonlinear index of heart rate (HR)
variability (HRV), has been shown to change with increasing exercise intensity. Recent studies have demonstrated that a value of 0.75 and
0.5 correlates with first and second ventilatory threshold (VT1 and VT2), respectively [1,2], and a value of 0.75 has been related to LT1 [3].
On the downside, we have not found any study about reliability of DFA al to estimate intensity thresholds. Therefore, the aim of this study
was to compare HR derived from a predefined DFA al transitional value, to that reached at VT1, VT2 and lactate thresholds, using a Polar
H10 and a 3-lead ECG to record RR time series, in order to consider/test the validity of the heart rate monitor too. Furthermore, the study
aims to assess the reliability of DFA al to measure intensity thresholds.

METHODS: 16 moderately trained volunteers performed two incremental exercise tests to exhaustion on a cyclergometer (Ergomedic
839E, Monark, Denmark). Respiratory gases (MasterScreen CPX, Jaeger, Germany) and HR (Elite HRV and BIOPAC) were measured continu-
ously during cycling, and lactate measures were collected. HRV thresholds (HRVT1 and HRVT2) were defined as the HR reached at a DFA al
of 0.75 and 0.5, respectively. To evaluate ventilatory thresholds a mixed method was used [4], and lactate thresholds were calculated with
baseline +1.0 (LT1) and Log-Exp-ModDmax (LT2). A paired t-test was used to detect changes between methods as well as correlations
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(Pearson’s r), Bland-Altman plots, intraclass correlation coefficient (ICC), typical error (SEM) and coefficient of variation (CV) to determine
validity and reliability. Significance was set at p<.05.

RESULTS: Mean HRVT1 with ECG was 158414 bpm, compared to HRVT1 with Polar H10 of 15516 bpm, VT1 of 129416 bpm, and LT1 of
132419 bpm. Mean HRVT2 with ECG was 170+10 bpm, compared to HRVT2 with Polar H10 of 170+12 bpm, VT2 of 163114 bpm, and LT2 of
161+14 bpm. No significant differences were found between ECG and Polar H10 for HRVT1 (P=0.361), and HRVT2 (P=0.747). Moderate and
low correlations were seen between methods, with Pearson’s r values of 0.43 (HRVT1-VT1), 0.67 (HRVT2-VT2), 0.69 (HRVT1-LT1), and 0.64
(HRVT2-LT2). Bland-Altman analysis for HRVT1 and VT1 showed a mean difference of 33+14 bpm, for HRVT1 and LT1 of 15+11 bpm, for
HRVT2 and VT2 of 711 bpm, and for HRVT2 and LT2 of 2410 bpm. ICC was high for both HRVT1 (0.93) and HRVT2 (0.94). SEM for HRVT1
and for HRVT2 was the same (0.29), and CV was 6.7% for HRVT1 and 5.9% for HRVT2.

CONCLUSION: Polar H10 has shown to be a valid device to measure DFA al during an incremental cycling test. In addition, intensity thresh-
olds assessed using DFA al were moderately correlated to ventilatory and lactate thresholds, showing high reliability.

1. Rogers et al. (2021) 2. Rogers et al. (2021) 3. Rogers et al. (2022) 4. Keir et al. (2021)

DEVELOPING A COURT-BASED ASSESSMENT OF MAXIMAL AEROBIC SPEED IN NETBALLERS

JOHNSTON, H.1, PROSTINAKOVA, T.1, CRANE, J.1, PARTRIDGE, N.2, ARMSTRONG, 0.3, LUCAS, S.J.E.1

1 SCHOOL OF SPORT, EXERCISE AND REHABILITATION SCIENCES, UNIVERSITY OF BIRMINGHAM, UK; 2 ENGLAND NETBALL, UK; 3 PERFOR-
MANCE CENTRE, UNIVERSITY OF BIRMINGHAM SPORT, UK

INTRODUCTION: Netball is a sport that places high physiological demands on athletes to sustain peak performance, especially at the pro-
fessional level. Despite the increase in elite performance, there remain limitations regarding the accessibility, time-efficiency, and specifici-
ty of testing methods to assess key physiological requirements of the sport, in particular the fundamental component of a high aerobic
capacity and maximal aerobic speed (MAS). The purpose of this study was to develop a valid and practical field-based fitness test, assessing
the aerobic capacity of netball players, which was compared against the gold standard laboratory-based VO2max test. It was hypothesised
that the speed at which VO2max was elicited during laboratory testing (vWO2max) would be similar to the speed at which a 30-court length
time trial was completed.

METHODS: Eleven trained female netball players (1941 years; 17617.1cm; 67.9+9.3kg) completed a standardised incremental laboratory
VO2max test on a treadmill, followed by three subsequent sessions involving a 30-court-length time trial on an indoor netball court (best
performance compared to lab). MAS was measured as the speed at which VO2max was elicited on the treadmill (vWO2max) and calculated
as the speed of completing the 30 court lengths (total distance/completion time). Heart rate peak (HRPeak) was measured via telemetry
(Polar) during all sessions, and blood lactate concentration was obtained via blood samples at 1, 3 and 5-minutes post-cessation of the lab
test and final court-based assessment. Paired t-test and linear regression examined the relationship of all outcome measures between the
lab and court-based assessments.

RESULTS: Lab-based vWO2max was significantly higher than the court-based measure of vwO2max (4.2940.30 vs. 3.75+0.25 m/s; p<0.001).
HRpeak was also significantly higher during the lab test than the court-based assessment (193+9 vs. 189+10 bpm; p =0.048). Blood lactate
was not different between lab test and court-based assessments (10.75+1.83 vs. 10.16+2.06 mmol/L; p =0.144). In addition, centre court
players showed the highest vWO2max in both lab and court tests, whilst the goal shooter position displayed the lowest vWO2max values.
Consistent with this, there was a very strong correlation between the lab and court-based vWO2max values (r =0.870).

CONCLUSION: In summary, the maximal aerobic speed achieved in the court-based assessment was not a direct reflection of lab-based
vVO2max. Potential explanations for this difference include biomechanical factors of change of direction and running mechanics on a
treadmill vs on-court, and the time-of-day differences between testing (court-based all early morning). Nevertheless, this is the first- and
only-time efficient netball-specific testing method to be compared to gold standard VO2max testing, ultimately providing a tool for practi-
tioners to profile individual players, develop tailored training programmes and improve the performance of elite netballers in the future.

BREATH TOOLS: HOW TO INSTRUCT AND QUANTIFY ADHERENCE TO BREATHING PATTERN SOUND GUIDANCE DURING
RUNNING

HARBOUR, E., VAN RHEDEN, V., SCHWAMEDER, H., FINKENZELLER, T.
UNIVERSITY OF SALZBURG

INTRODUCTION: Many runners feel physical distress and psychological discomfort due to exercise-induced dyspnea; this is especially true
for female beginners. Breathing pattern (BP) guidance, such as breathing rate (BR) sound instruction, could help runners maintain stable BP
during running. Instructing locomotor-respiratory coupling (LRC; synced step & breath) may be especially helpful since it is simple to learn
and metabolically advantageous. We sought to examine female runners’ adherence to novel BP instruction sounds during running and
compare acute effects of the instruction to baseline BP.

METHODS: Two groups of 13 healthy beginner-intermediate female runners (age=27.0+6.7) participated in a series of treadmill and field
runs at submaximal intensity. Baseline BP was collected from running without sound prior to each trial. In the first indoor experiments,
various BR and LRC sounds were played at fixed tempos derived from each runner’s baseline and at progressively slower rhythms (-15,
30%). In the second experiments, one LRC sound was step-synchronized and sonified via a smartphone application (“Breathtool”) during a
30 min outdoor run and variable intensity treadmill runs (£10% self-selected speed). BP was gathered using Hexoskin (HX) shirts (Carré
Technologies, CAN) and processed via a custom algorithm. Sound instruction adherence was estimated using BR cv (BRV), attachments, and
MAPE as done previously. Repeated-measures ANOVA was used to estimate meaningful differences between sounds, within individuals,
and experimental conditions. Pearson’s correlation coefficients were used to calculate relationships between objective adherence and
subjective experience questionnaires.

RESULTS: Baseline BP averaged BR=30.1+5.1 bpm and LRC=4.8+1.0 steps per breath across the experiment. BR sounds reduced BRV
16.5+5.2% to 9.0+3.4%, with overall excellent adherence (MAPE<2.5%, % time attached >85%), individual analysis showed a preference for
more information-rich sounds (MAPE n2 =.21). Adherence was lower with slower BR (% attached n2 =.23). LRC sounds stabilized BRV from
15.3+4.0% to 7.2+3.1%. Adherence was moderate (MAPE=1.2-3.3%, % time attached=48.6-77.3%), and best for combined breath+step
sound (n2 =.19). With Breathtool, runners exhibited much greater adherence indoors compared to the first study (% time at-
tached=92.619.7 vs. 64.9111.6%). There was lower adherence to Breathtool outdoors versus indoors (n2 =.45) and there was no effect of
speed on adherence. LRC instruction resulted in lower respiratory variability (n2 =.16-.21) versus baseline across all conditions. Finally, we
observed weak to moderate correlations between BR and RPE (r=0.52), % attached and perceived usability (r=0.31), and HR and subjective
vitality (r=-0.36).
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CONCLUSION: We suggest using information-rich, step-synced sounds to maximize adherence to BP instruction. Sound adherence can be
effectively summarized with two metrics: % time attached and MAPE. Future work should determine if psychophysiological benefits result.

VALIDATION OF A NON-EXERCISE METHOD FOR ESTIMATION OF VO2MAX BEFORE AND AFTER A PRE-SEASON TRAINING
PERIOD IN SUB-ELITE AND ELITE FOOTBALL PLAYERS

HANSEN, M.T., RBMER, T., LANGE, K., SAHL, R.E., BLOM, I., SCHMUCKER, M., PETERSEN, M.L., IBH, A.E.P., LARSEN, M.N.,
HAWARI, Y.J.E., SCHMIDT, S.E., SGRENSEN, K., DELA, F., KRUSTRUP, P., HELGE, J.W.
UNIVERSITY OF COPENHAGEN

INTRODUCTION: The gold standard for determination of maximal oxygen consumption (VO2max) is by graded exercise testing (GET) with
pulmonary gas exchange measurements and is regularly used to assess fitness status. However, this methodology requires time, maximal
exercise and expensive equipment and are therefore not always suitable. These limitations also applies for semi and professional football
clubs. A new non-exercise VO2max prediction model using seismocardiography (SCG) at rest in combination with demographic data is now
available. SCG is a measurement of precordial vibrations using an accelerometer. The prediction model is validated in normal healthy
subjects, but not yet in trained athletes. The aim was to investigate the accuracy of the SCG VO2max prediction model in sub-elite (SUB)
and elite (Elite) football players and the detection of changes following a pre-season training period.

METHODS: 35 SUB players from the 3th and 4th best division and 10 Elite players from the best division in Denmark completed both pre
and post testing. 12 SUB and 14 Elite players were lost to post testing. The SUB players were tested in 2021, hereafter the SCG VO2max
prediction model was adjusted, before testing the Elite players in 2022. Testing included determination of body composition by a DXA scan
(Pre: 79.042.3 kg and 83.115.2 kg (weight), 15.0+1.3% and 12.8+1.4% (fat), 66.9+1.8 kg and 68.5+4.2 kg (fat free mass) for SUB and Elite
players, respectively (meant95% Cl)). Subsequently, VO2max was estimated at supine rest with the SCG recording device, SeismoFit®,
placed on the lower part of sternum (Pre: 47.2+1.9 ml/min/kg (SUB) and 55.1+2.1 ml/min/kg (Elite). Lastly, a GET on a treadmill until volun-
tary exhaustion was performed for determination of VO2max (Pre: 57.1+1.6 ml/min/kg (SUB) and 57.8+3.3 ml/min/kg (Elite).

RESULTS: Accuracy of pre testing: SCG VO2max was lower (Student’s paired t-test: p<0.0001) compared with GET for SUB, but not different
for Elite (p=0.123). A positive Pearson’s correlation of r=0.56 (p<0.0001) and a standard error of estimate (SEE) of 11.4 ml/min/kg between
SCG and GET VO2max was found for SUB, whereas no correlation (r= 0.50, p=0.138) and a SEE of 5.9 ml/min/kg was found for Elite. Chang-
es from pre to post: GET VO2max increased by 2.7+0.8 ml/min/kg (SUB, P<0.0001) and 1.6%1.2 ml/min/kg (Elite, P=0.033). SCG VO2max
increased by 1.7+1.2 ml/min/kg (SUB, p=0.011) and 0.1+1.3 ml/min/kg (Elite, p=0.921). No correlation between changes in SCG and GET
VO2max was found for either SUB (r=-0.24, p=0.171) or Elite (r=-0.06, p=0.870). Weight was unchanged for SUB and Elite (p>0.05).
CONCLUSION: The accuracy of the original SCG VO2max prediction model was poor in sub-elite football players. When the prediction
model was adjusted the accuracy improved substantially and was good in elite football players. However, the SCG VO2max prediction
model is not suitable for detecting changes in VO2max following a training period in a sub-elite and elite population.

THE ROLE OF A NOVEL HEART RATE VARIABILITY MEASURE IN ESTIMATING THE FIRST VENTILATORY THRESHOLD

MULLIRI, G., SAINAS, G., ROBERTO, S., MAGNANI, S., PINNA, V., DONEDDU, A., FANNI, M., GHIANI, G., CRISAFULLI, A.
UNIVERSITY OF CAGLIARI

INTRODUCTION: Evaluating the lactate threshold (LT) is of paramount importance for both training and clinical purposes. The first ventila-
tory threshold (VT1) has been extensively used as an alternative to LT. This method derives LT indirectly from oxygen consumption (VO2),
carbon dioxide production (VCO2), and ventilation (VE) during the incremental cardiopulmonary exercise test (CPET). In detail, VT1 corre-
sponds to the level of exercise at which an increment of the ventilatory equivalent for oxygen (VE/VO2) without a concomitant increase of
the ventilatory equivalent for carbon dioxide (VE/VCO2) takes place.

Since VT1 requires a laboratory with trained staff and expensive devices, different heart rate variability (HRV) parameters have been pro-
posed in the past as surrogate measures. This approach is based on the assumption that when a subject reaches LT, there is an almost
complete vagal withdrawal that corresponds to a great reduction of HRV indexes that are highly correlated with vagal tone. The present
study aimed at evaluating a novel HRV index derived from standard frequency-domain HRV measures, namely the sum of the power of the
low and high components of the HRV spectrum (LF-HFpower).

METHODS: 27 subjects (6 females) were recruited in this study. All participants underwent a CPET on a cycle ergometer to assess VT1,
while LF-HFpower was determined from ECG traces recorded during tests. Then, the values from 10 randomly chosen subjects were uti-
lized to conduct a Watt- LF-HFpower non-linear regression analysis, with the exponential decay being the mathematical model that best
fitted the data as demonstrated by an Akaike Information Criterion evaluation.

Afterward, Watt/ LF-HFpower curves of the 10 subjects were calculated, and the average of values at the level of exercise that correspond-
ed to VT1 for each subject were taken and used as a reference value (RF). In the end, the Watt/ LF-HFpower curves of the remaining 17
subjects were calculated, and the LF-HFpower threshold (LF-HFthreshold) was set at the level of exercise corresponding to the value that
was closest to RF. Paired sample T-test, Pearson correlation, Bland-Altmann plot analysis, mean bias, standard deviation (SD) of bias, and
limits of agreement (LoA) were employed to compare VT1 and LF-HFthreshold.

RESULTS: The paired sample T-test did not show any significant difference between the methods (p=0.7). Pearson analysis demonstrated a
good correlation (R2 0.79; p=0.0001). Bland — Altmanns plot showed good results with mean bias, SD of bias, and Loa equal to -2.06 Watt,
22,17 Watt, and -46,57/+42,56 Watt, with a more significant difference between methods for higher values.

CONCLUSION: LF-HFthreshold demonstrated a good correlation with VT1. Further studies with bigger samples are warranted to refine the
ability of LF-HFthreshold to detect VT1 more accurately. However, this method could be a valid inexpensive alternative to VT1 in evaluating
athletes and patients fitness.
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ANTHROPOMETRIC AND PERFORMANCE CHARACTERIZATION OF U16 AND U18 FEMALE HANDBALL PORTUGUESE NA-
TIONAL TEAMS

CARVALHO, A.M.1, GOUVEIA, P.1, MESQUITA, J.2, PINEU, 1.1, SA, C.1,2, SA, P.1,2

1-RESEARCH CENTER IN SPORTS SCIENCES, HEALTH SCIENCES AND HUMAN DEVELOPMENT, CIDESD, UNIVERSITY OF MAIA, ISMAI, PORTU-
GAL 2-PORTUGUESE HANDBALL FEDERATION, FPA

INTRODUCTION: Handball is an invasion team sport, characterized with high levels of impacts, change of direction and intermittent ef-
forts1. Due to all the dimensions that it comprises - technical, tactical, psychological/social and physical characteristics - handball is a very
complex sport 2. Each player has its own unique cognitive or physical characteristics that somehow are more suitable for each playing
position2. For this reason, it is important to highlight the features that coaches should search when pursuing those differentiated players
that might be suitable for national team. This topic gains more importance when it comes to female handball, where research is only
growing in the recent years 1,2. The purpose of this study was to characterize the physiological profile of the Portuguese young female
handball players.

METHODS: 36 young female handball players belonging to the Portuguese National team participated in our study. We conducted several
performance tests in the early phase of the 2021/2022 season (Vertical Jump: squat jump-SJ, Countermovement Jump-CMJ, Counter-
movement Jump free arms-CMJFA; Horizontal Jump-HJ; Medicinal ball throw-MBT; Handgrip-HG; Sprint ability-10m and 20m; Change of
direction-COD). Players were divided by age (U16 n=18 body height (BH): 170,9045,1 cm, body weight (BW): 68,88+12,88 Kg; U18 n=18
body height (BH): 171,9446,6 cm, body weight (BW): 70,36+10,27 Kg). IBM SPSS 27 was used for descriptive analyses and differences
between groups were analyzed with t-test (p<.05).

RESULTS: There were no significant differences in the anthropometric measures between the two groups. However, when looking for all
the performance variables, significant differences were found in all the tests, except MBT. As expected, the older players perform better in
all the tests, even in MBT.

CONCLUSION: From our results we may conclude that more mature players are better prepared for physical testing. Even though these two
groups are only two years apart and not significantly different when referring to the anthropometric measures, the U18 athletes have
already started their journey in the National teams a couple of years ago and have yet been present in an international competition. They
seem better prepared in the early stages of the season, most of them are already playing in their senior teams, some of them playing the
Portuguese first division. Further research should focus on comparing the beginning and the end of the season.

1. Vuleta D, Boji¢-¢aci¢ L, Milanovi¢ D, Durakovi¢ MM, Dizdar D. Positional differences in anthropometric characteristics of the croatian
ul8 female field handball players. Kinesiology. 2020;52(1):124-133. doi:10.26582/k.52.1.10
2. Michalsik LB, Aagaard P. Physical demands in elite team handball: comparisons between male and female players. J Sports Med Phys

Fitness. 2015;55(9). doi:10.1002/pds.3998

RELATIONSHIPS BETWEEN LINEAR SPRINT PERFORMANCE, COD VELOCITY, AND COD-DERIVED MEASUREMENTS IN ELITE
FEMALE RUGBY SEVENS PLAYERS

FREITAS, T.T.1,2,3, PEREIRA, L.A.2, MARIN-CASCALES, E.3, MERCER, V.P.2, MOURA, T.B.M.A.2, ARRUDA, A.F.5.4, ARENHAR,
1.4, ALCARAZ, P.E.1,3, LOTURCO, I.2

1. UCAM RESEARCH CENTER FOR HIGH PERFORMANCE SPORT, 2. NAR-NUCLEUS OF HIGH PERFORMANCE IN SPORT, 3. STRENGTH AND
CONDITIONING SOCIETY, 4. CBRU-BRAZILIAN RUGBY CONFEDERATION

INTRODUCTION: In rugby, change of direction (COD) efforts are determinant during match-play as these actions frequently precede deci-
sive game actions (e.g., a try). Thus, investigating players’ ability to effectively accelerate, decelerate, and execute cutting and turning
maneuvers in multiple directions is essential (1). When assessing COD ability, variables such as COD deficit (CODD, difference in percentage
between a linear sprint test and a COD task of equal distance) and deceleration deficit (DD, difference between the time taken to acceler-
ate and come to a complete stop when changing direction in relation to the linear sprint performance) have been shown to provide mean-
ingful and complementary information for coaches (2,3). However, to date, no study has simultaneously assessed both CODD and DD in
female rugby sevens. This research aimed to examine the relationships between linear sprint and COD velocities and indirect COD-derived
measurements (i.e., CODD, DD) in a sample of elite female rugby athletes.

METHODS: Nineteen players (age: 23.743.5 years; body mass: 66.4+7.5 kg; height: 168+10 cm) from the Brazilian National Team performed
linear sprint (i.e., 15-m) and 505 COD tests. Average velocities, CODD, and DD were computed from the sprint and 505 data. The Pearson
product—-moment analysis was used to test the correlations among the distinct variables.

RESULTS: Linear sprint velocity and COD velocity were not correlated (r=-0.21; p>0.05) but the former was largely associated with CODD
(r=0.78; p<0.05). Large inverse relationships were observed between 505 velocity and COD-derived variables (CODD: r=-0.77; p<0.05 and
DD: r=-0.79; p<0.05). Finally, a large relationship was observed between CODD and DD (r=0.79; p<0.05).

CONCLUSION: The findings indicated that, in this specialized sample, athletes with superior linear sprint velocities were not necessarily
faster when completing the 505 task (highlighting the specificity of these physical capabilities). Nevertheless, faster players in linear sprint-
ing actions tended to display superior CODD, which suggests that they were less efficient at changing direction (1). The strong negative
correlations between 505 velocity and CODD and DD support that performance in this COD maneuver is highly determined by the athletes’
capacity to abruptly (and quickly) decelerate and re-accelerate. From a practical perspective, to improve female rugby sevens’ players
ability to perform 1802 directional changes, training strategies should aim to reduce CODD and optimize their deceleration ability instead
of focusing on increasing linear sprint capabilities.

1. Freitas, TT. et al. J Strength Cond Res, 35(11), 3170-3176, 2021.

2. Bishop, C. et al. J Sports Sci, 39(10), 1088-1095, 2021.

3. Loturco, I. et al. Int J Sports Sci Coach, 17479541211068827, 2022.
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PHYSICAL AND PHYSIOLOGICAL PROFILE OF PROFESSIONAL FEMALE HANDBALL PLAYERS

RENOUF, F.
UNIVERSITY OF PAU AND PAYS DE LADOUR

INTRODUCTION: Physical profile of professional female handball (HB) team can help coaches and physical trainer to adapt and individualize
physical training. Profile knowledges allow to know which fitness qualities are required for a high level of practice. Power, aerobic fitness,
strength and an optimal body composition are required in a goal of success in different competition (1,2). To our knowledges, no study in
professional female HB has investigated physical and physiological collective and individual profile of players. Therefore, the purpose of
this study was (i) to describe collective and individual profile of a professional female HB and (ii) to compare the front line (FL) players
composed by wings and pivots, and the rear line (RL) players composed by backs.

METHODS: 11 female HB players (4FL and 7RL), belonging to the French professional League 1 were recruited for the study. Mean values
(£SE) of age, height, body mass, fat mass, and lean body mass were respectively 24.5 +1.3 years, 178.2 +2.5 cm, 70.5 +2.2 kg, 20.6 0.9 %
and 56.0 +1.3 kg. Datas were monitored in the first week of the pre-season period. Power and strength were monitored on lower body
with the iphone application (Apple Inc, USA) Myjump and a strength knee isokinetic test using the Con-trex machine (Medimex, Con-trex
Multi-Joint MJ, Ste Foy-les-lyon, France). We assessed height (cm), power (W), strength (N) and speed (m/s) for Counter Movement Jump
(CMJ) and Squat Jump (S)). Isokinetic test has collected absolute and relative peak torque (PT and PT/kg) , peak power (PP) for quadriceps
(Q) and hamstrings (H) , and H:Q ratios, using angular velocity of 240°/s (concentric Q and H), 90°/s (concentric Q and H) and 30°/s (eccen-
tric H). Aerobic profile was monitored with the Vameval outside test and the 30-15ift. VO2max was estimated with the Vameval result (3.5
x velocity of the full last step). Anthropometrics datas were assessed by the Geonaute Scale 300 (Decathlon. France) for body mass. Per-
centage of fat mass was estimated from 4 skinfolds thicknesses technical (Harpenden Skinfold Caliper).

RESULTS: Our results show no significantly difference between FL and RL for absolute and relative PT, PP, Conventional and Functional
ratios. Bilateral Force Deficit of FL was higher (P<0.01) than RL for H at 90°/s (FL: 20.6+4.1 ; RL: 4.7+1.8). No significant results for anthro-
pometric and aerobic datas are shown between FL and RL players. Concerning jumps tests, power is higher (P<0.05) for FL on CMJ and SJ
than RL (CMJ datas; FL: 2098.1+30.7W; RL: 1812.3+86.9W ; SJ datas ; FL: 2033.7+20.9W ; RL: 1722.0+93.5W). Strength is significantly higher
(P<0.05) for FL players than RL players on CMJ (FL: 1560.5+45.8N ; RL: 1374.7451.4N).

CONCLUSION: A better knowledge about the physical profil of female HB players may improve quality of individual training. Players in the
same position can have a different physical profil which means that coaches and physical coaches have to adapt work on individual needs
and not only according position.

THE ANTHROPOMETRIC AND PHYSICAL QUALITIES OF FEMALE INTERPROVINCIAL RUGBY UNION PLAYERS

CALLANAN, D., RANKIN, P., FITZPATRICK, P.
INSTITUTE OF TECHNOLOGY CARLOW

INTRODUCTION: Anthropometric and physical testing provides practitioners with valuable information on normative values for a particular
cohort, individual characteristics and group trends (Jones et al. 2016). This information can assist with team selection, identifying areas for
development, aid in more precise planning of training/physical preparation and dietary goals for athletes (Agar-Newman et al. 2017; Harty
et al. 2019). To date, no study has investigated the anthropometric and physical qualities of female interprovincial rugby union (RU) play-
ers.

METHODS: Forty-one interprovincial female RU players (n = 41) from two teams playing in the interprovincial series 2019 volunteered to
participate in this study. Each participant underwent anthropometric testing; height, body mass and skinfold assessment and physical
characteristics tests; counter movement jump height, speed (5m, 10m and 20m), isometric strength levels and Yo-Yo intermittent recovery
test level 1. Players were classified into forwards and backs and positional subcategory groups; front row (FR), second row (SR), back row
(BR), half-back (HB), midfield (MF) and back three (B3). An independent t-test was conducted to examine any differences in anthropometric
and physical qualities as a consequence of playing position (forward v back). A multivariate analysis of variance was conducted to examine
differences in anthropometric profiles and physical qualities between positional category group.

RESULTS: Forwards displayed greater height (p = 0.000; d = 1.47), body mass (p = 0.00; d = 1.56), greater total of seven (p = 0.001; d = 1.23)
and eight skinfolds (p = 0.001; d = 1.17) and a higher percentage of body fat (p = 0.001; d = 1.25) than backs. Backs were quicker for 10m
sprint time than forwards (p = 0.049; d = 0.70). Further analysis into position groups illustrated differences for both anthropometric and
physical qualities. The FR displayed the greatest levels of body mass (p = 0.004), with the SR recording the greatest height (p = 0.041). The
FR reported the highest levels of sum of 7 skinfolds (p = 0.021), the greatest levels of sum of 8 skinfolds (p = 0.024) and the highest per-
centage of body fat % (p = 0.017). The B3 recorded the quickest 10m and 20m time (p = 0.004 and p = 0.000, respectively). For strength
levels, the FR and BR recorded the greatest peak force (p = 0.018 and p = 0.002, respectively).

CONCLUSION: This study supports the concept that there are anthropometric and physical characteristic differences between forwards and
backs and positional subcategory groups. The results of this study provides normative data for coaches and practitioners who are involved
in the planning and preparation of female interprovincial RU players. This study will aid in creating physical profiles of forwards and backs
and positional category groups, which has not been investigated to date.

Agar-Newman. et al (2017)

Harty et al. (2019)

Jones et al. (2016)

ENERGY AVAILABILITY IN ELITE FEMALE AUSTRALIAN FOOTBALL PLAYERS

CONDO, D., YOUNG, C., JARDINE, J., KELLY, M., SLATER, G., CARR, A.
DEAKIN UNIVERSITY

INTRODUCTION: Energy demands of the Australian Football League-Women’s (AFLW) competition, combined with limited investment in
nutrition support, may result in issues regarding energy availability (EA). There is little published data on EA in female team-sport athletes,
with most research focusing on the risk of low energy availability (LEA), as inferred from subjective questionnaires likely due to the difficul-
ty in quantifying energy expenditure (EE). The aims of this study were to quantify EA in AFLW players while contrasting outcomes against
validated questionnaires and to investigate associations between dietary intake, EE and EA in AFLW players.

METHODS: Over 10 consecutive days during pre-season (including four training days), El and EE were collected in 14 elite AFLW players.
Weighed food diaries were recorded using the smartphone application Easy Diet Diary (Xyris Software, Australia). Exercise EE was quanti-
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fied using individual algorithms, developed from accelerometer data (PlayerloadTM, Catapult Innovations, Scoresby Australia) and oxygen
uptake during a maximal aerobic capacity test. PlayerloadTM data was collected during field training and the algorithm used to estimate
EE. The SenseWearTM Armband was used to determine EE outside of field training. Fat-free mass (FFM) was measured via Dual Energy X-
ray Absorptiometry (DXA, Hologic, QDR) and resting metabolic rate was measured via indirect calorimetry (Cosmed Quark, Italy), EA was
calculated on training and non-training days, with LEA <30cal/kg FFM. The low energy availability in female’s questionnaire (LEAF-Q) was
administered to determine the risk of LEA. Generalized linear models were used to estimate the effect of dietary intake and EE on EA.
RESULTS: There was no difference in EA between training [44.3(14.0) cal/kg of FFM] and non-training [14(12.8) cal/kg of FFM] days. El,
carbohydrate (CHO) and protein intake were higher on training vs non-training days (p<0.001). Total daily CHO, protein and fat intake were
associated with EA on both training (3=0.070, $=0.077, =0.133, p<0.001, respectively) and non-training (=0.080, f=0.064, 3=0.153
p<0.001, respectively) days. There was an association between total daily EE and EA on non-training days (B=-0.001, p=0.019). On training
days, 1/14 (14.3%) players were classified as LEA and on non-training days 2/14 (7.1%) of players were classified as LEA. The LEAF-Q classi-
fied 5/14 (35%) of players as at risk of LEA.

CONCLUSION: This is the first study to investigate EA using objective measures in female team-sport athletes. Irrespective of training, EA
remained stable, whilst dietary intake differed, likely a result of the varying EE. The identification of AFLW players ‘at risk’ of LEA via LEAF-Q
was higher compared to objective measures indicating that the LEAF-Q, validated in endurance athletes, may over-represent LEA in team
sport athletes. To accurately assess EA in female team-sport athletes, a validated method to measure exercise EE and tool to assess the risk
of LEA is required.

Invited symposia

IS-MHO2 Lifestyle psychiatry: the potential of physical exercise and other healthy habits for severe mental
disorders

AN ONLINE MENTAL HEALTH INFORMED PHYSICAL ACTIVITY INTERVENTION FOR EMERGENCY SERVICE WORKERS AND
THEIR FAMILIES: A STEPPED-WEDGE TRIAL

MCKEON, G.
SCHOOL OF PSYCHIATRY

Background: Emergency service workers are at an increased risk of experiencing poor mental health including posttraumatic stress disorder
due to prolonged, repeated exposure to potentially traumatic events. Promoting healthy lifestyle behaviours including physical activity and
diet may help to mitigate some the consequences of emergency service work. This study aimed to evaluate the impact of an online physical
activity and diet intervention on levels of psychological distress among emergency service workers and their nominated support partner
e.g., spouse, family member.

METHODS: We delivered a 10-week intervention via a private Facebook group facilitated by exercise physiologists, a dietitian and peer-
facilitators. Weekly modules on topics including overcoming barriers to exercise, reducing sedentary time, self-monitoring of activity and
nutrition were delivered. Weekly group telehealth calls were conducted and participants were provided with a physical activity tracking
device (Fitbit). A stepped-wedge design was applied to compare levels of psychological distress (Kessler-6) during baseline, to intervention
by comparing slopes of change. Separate slopes were modelled for a) baseline; b) intervention slope 1; c) intervention slope 2; d) change in
level of knot points. Secondary outcomes included a pre-post assessment of mental health symptoms, physical activity levels, quality of life,
sleep quality and suicidal ideation.

Results: In total, N=90 participants (n=47 emergency service workers and n=43 support partners) were recruited in 4 separate cohorts
(mean age 42.3(SD=11.5) years, 51% male). Levels of psychological distress did not change significantly during the baseline (control) slope,
while during the first 6 weeks of intervention (intervention slope 1) levels reduced significantly. The interaction between baseline and
intervention slopes were significant, b=-0.351, p = 0.003, (i.e., the trajectories of change were significantly different) and improvements
plateaued until the 4-week follow up (intervention slope 2). Retention was high (92%) and participation was associated with improvements
in mental health symptoms, weekly minutes of physical activity, sedentary time and quality of life.

Conclusions: A 10-week physical activity intervention delivered via social media is feasible and effective in improving psychological distress
among emergency service workers and their support partners.

IMPLEMENTING AN EXERCISE PHYSIOLOGY CLINIC FOR CONSUMERS WITHIN A COMMUNITY MENTAL HEALTH SERVICE: A
REAL-WORLD EVALUATION

MORELL, R.
UNSW, SYDNEY

Background: Physical activity significantly improves mental illness symptoms and physical health for people living with mental illness.
Mental health services do not routinely provide their consumers with access to exercise professionals for physical activity engagement.
Barriers exist to integrating physical activity as part of standard care including staff culture, finance, and resources. This study examines the
feasibility of newly established exercise physiology clinic within a mental health service in Sydney, Australia.

METHODS: A single site, open trial was conducted in a community centre within a large mental health district. A meeting room was con-
verted into a part-time exercise physiology clinic where individualised physical activity interventions were delivered by an accredited
exercise physiologist. Outcome measures including BMI, cardiovascular fitness, and self-reported physical activity were collected.

Results: A total of 84 mental health consumers (17% of eligible consumers within the mental health service) participated in the clinic on
average for one exercise session weekly. Moderate-to-vigorous physical activity significantly increased and sedentary time significantly
decreased (p < 0.001).

Conclusions: Exercise physiology clinics are feasible within mental health services and should be incorporated as part of standard care.
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PHYSICAL ACTIVITY, SEDENTARY LIFESTYLE AND SLEEP, KEY FACTORS IN THE HEALTH AND WELL-BEING OF PEOPLE WITH
SEVERE MENTAL DISORDERS

BUENO-ANTEQUERA, J.
UNIVERSIDAD PABLO DE OLAVIDE

Psychiatric disorders, such as schizophrenia, major depression and bipolar disorder, are among the leading causes of all-cause death, and
disability worldwide. The global economic burden of psychiatric disorders in 2010 was similar to that of cardiovascular diseases and higher
than that of cancer, chronic respiratory diseases and diabetes and expected to more than double by 2030. Therefore, reducing the growing
burden of psychiatric disorders is a global health priority.

To try to close this gap, exercise physiologists from the Universidad Pablo de Olavide promotes a line of research (called PsychiActive) and
another for the transfer of knowledge to society (called PowerONyou) to help people with psychiatric disorders to improve their health-
related quality of life through physical exercise and other healthy habits.

This talk summarizes two outstanding scientific contributions derived from the PsychiActive project, in detail, (1) the effects of a 18-month
lifestyle changes, primarily increasing time engaged in physical activity and eating healthier, improved cardiovascular health and fitness,
and reduced sedentary behaviour, body weight, severity of psychiatric symptoms and mediation use in a woman with bipolar disorder and
(2) the effects of a 12-week group-based intervention of supervised aerobic and strength exercise training that was safe, feasible, and
effective for improving cardiorespiratory fitness, muscular strength, and anthropometric parameters in psychiatric men inmates. Addition-
ally, this talk will present recent results on scientific studies that addressed the changes related to physical activity, sedentary lifestyle and
daily sleep in people with psychiatric disorders, applying a statistical technique called analysis of compositional data and the evolution
towards the PowerONyou project.

In conclusion, the work carried out highlights the usefulness of physical activity, sedentary lifestyle and sleep to promote the health and
well-being of people with severe mental disorder and the need to invest efforts in the transfer of knowledge to get the scientific message
to society.

Oral presentations
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CHALLENGE-BASED LEARNING INTERVENTION IN PHYSICAL ACTIVITY AND SPORT SCIENCES DEGREE FROM A GENDER
PERSPECTIVE

GONZALEZ-PENO, A., TRUCHARTE, P., OCETE, C., MARTINEZ-MAJOLERO, V., FRANCO, E.
UNIVERSIDAD POLITECNICA DE MADRID; UNIVERSIDAD PONTIFICIA COMILLAS

Introduction

Challenge-Based Learning (CBL) is an innovative learning methodology that consists of posing a challenge as the main didactic element
(Nichols et al., 2016). This methodology has been addressed in different disciplines, although few studies have been carried out in physical
activity-related educational (PAE) contexts. However, not only its implementation seems to be a challenge, but also the integration of the
Information and Communication Technologies (ICT). A recent proposal in PAE context have been recently developed (Franco et al., 2020).
The objectives of the present study were (1) to analyse the effect of implementing this methodology on university students learning out-
comes; and to analyse differences in the impact of the intervention by gender.

Methods

The sample consisted of 94 students (71 male and 23 female) studying Physical Activity and Sport Sciences degree (M= 20.04 and SD = 1.74)
between year one and year four. The intervention was implemented over 14 weeks. A pre-post questionnaire was administered, with a
sample of 105 responses. Mann-Whitney and Wilcoxon tests were performed with each group.

Results

After the experience, significant differences were found between groups in CBL knowledge (M=-1,26 y DT =-1,52), ability to develop pro-
posals with CBL (M=-1,35 y DT =1,44) and innovative proposals (M=-1,06 y DT =-1,42), and ability to use ICT (M=-1,20 y DT = 1,44). When
deepening in gender differences, no influence was found.

Discussion

The results of the experimental group showed higher scores after the CBL intervention in all variables. It seems that experiential learning
can promote teachers’ self-efficacy in the implementation of such a methodology. When teachers perceive self-efficacy, they are likely to
use creative teaching, for example, by implementing innovative methodologies or ICT. Finally, no significant differences were found accord-
ing to gender. Although there is evidence that perceived experiences in PAE contexts differ according to gender, the present study did not
found differences between women and men, fact that posits CBL as an excellent alternative regardless of teachers’ gender.

References

Franco, E., Martinez-Majolero, V., Almena, A., & Trucharte, P. (2020). Efectos de una experiencia de aprendizaje basado en retos para la
ensefianza deportiva en alumnos universitarios. In J. J. Gdzquez, M. M. Molero, A. AMartos, A. B. Barragédn, M. M. Simén, M. Sisto, R. M. Del
Pino, & B. M. Tortosa (Eds.), Investigacion en el dmbito escolar. Nuevas realidades en un acercamiento muldimensional a las variables
psicolodgicas y educativas (pp. 399-414). Dykinson.

Nichols, M., Cator, K., & Torres, M. (2016): Challenge Based Learner User Guide.

Redwood City, CA: Digital Promis

MANIPULATING CONSTRAINTS TO LEARN VOLLEYBALL SKILLS WITH NOVICES: ANALYSIS OF A REAL SITUATION

PONS-OLIVER, M.1, LOPEZ-ROS, V.1,2
UNIVERSITAT DE GIRONA

INTRODUCTION
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Sport skills acquisition requires an effective interaction with the environment. Constraints-Led Approach (CLA) suggests that constraints
shape the emergence of coordinated action through self-organisation processes [1]. In this study, we implemented a Volleyball Unit follow-
ing the Integrated Technique-Tactical Model [2] in regular lessons of a Physical Education (PE) program. Following CLA, practice was de-
signed to afford certain specific actions highlighting its functional key elements [3]. The aim of this study was to investigate the effects of
three task constraints manipulation in the learning of overhand and underhand pass in volleyball with novices, considering two different
skill levels of mastery: emergence/exploration and refinement [4].

METHODS

Forty-eight subjects (26F; 10-11Y) with no prior experience in volleyball, divided into two natural school classes (C1 & C2), performed 6 PE
lessons (50’) aimed at the learning of basic technique and tactic elements. During practice, task constraints (serve direction and trajectory,
and pass precision required) were altered to provoke the emergence and refinement of functional movement patterns. An adaptation of
Game Performance Assessment Instrument [5] was used to assess learning through collection of effective or ineffective executions (E_EX &
I_EX respectively). Assessment task (3 vs 3 match) was conducted and recorded in sessions 1, 4 and 6. Two-way RM ANOVAs and Bonferro-
ni post-hoc tests were performed to analyse the intervention effects. Significance was set at P<0.05. A qualitative analysis was used to
determine the parameters varied within each constraint, their effects on the subject, and if they were directed to the skill emergence or
refinement.

RESULTS

The overall results displayed an increase in E_EX and I_EX at the end of the unitin C1 and C2. C1 showed significant increases in E_EX
between baseline and intermediate assessment (p<0.05) and final assessment (p<0.05). C2 significantly increased E_EX and I_EX between
baseline and intermediate assessment (p<0.05) and E_EX between baseline and final assessment (p<0.05). The qualitative analysis revealed
three key parameters modified: a) serve ball initial and final position, b) performer initial position, c) level of precision required in the pass.
They affected mainly the impact spot, orientation and intention of the subject. Tasks aiming technique emergence presented different
parameter variations than tasks aiming skill refinement.

CONCLUSIONS

The findings of this study suggest that a unit of intervention implementing constraints manipulation was effective to promote learning of
the overarm and underarm volleyball skills with novices. The qualitative results show that constraints were shaped differently depending
on whether the goal was to provoke the emergence of the movement pattern or to refine it.

1. Davids et al. (2008) 2. Lépez-Ros & Castejon (2005) 3. Orth et al. (2019) 4. Newell (1985) 5. Oslin et al. (1998)

INCIDENTAL TEACHING STRATEGIES FOR LEARNING BASKETBALL THROUGH SMALL-SIDED GAMES

CAMACHO LAZARRAGA, P.
CENTRO UNIVERSITARIO SAN ISIDORO

INTRODUCTION: Introduction

In recent years there has been an increasing number of studies that have tried to find out whether incidental teaching strategies favor
learning and performance more than deliberate strategies in team sports-related skills, or if not, whether they produce the same benefits.
Many studies conclude that in this type of sports, such as basketball, characterized by high uncertainty, time limits and high stress, inci-
dental or intuitive strategies reduce the possibility of performance degradation under pressure, as the amount of conscious information
processed by the brain (cognitive load) decreases, thus freeing resources for other important processes, such as decision making. Reduced
games seem to be an ideal learning environment where players can develop both types of processing, those that allow a more deliberate
thinking, when there is time to think, and those that activate other more intuitive or incidental processing, when there is no time to think,
as they represent an approximation to the real game that allows players to regulate their performance according to each of the specific
situations they face and must solve. The aim of the present study is to analyze whether the manipulation of practice conditions in reduced
game situations in basketball without the explicit external intervention of the coach can provoke learning in the players and reduce the
possibilities of performance degradation under pressure conditions.

METHODS: Methods

An intrasubject design with repeated measures pretest and posttest was elaborated on a reduced situation of collective 3x3 basketball
game with temporal and functional limitation (number of bounces). Twelve participants belonging to a male basketball team aged 15-16
years (M=15.32; £1.26) with more than 5 years of basketball practice participated. Four groups were randomized: incidental group, inci-
dental control group, explicit group and explicit control group.

RESULTS: Results

The incidental group showed the same performance as the explicit and control group when time was not limited. On the other hand, it
showed higher performance when the time to perform the actions was shorter. In addition, the incidental group showed a progressive
reduction in the use of the pot and an increase in its efficiency under time limit conditions, thus showing an improvement in the use of this
skill, and therefore a better learning.

CONCLUSION: Discussion & Conclusion

In general, we can affirm that reduced game situations in basketball represent an effective learning environment for the use of incidental
teaching strategies, as they reduce the possibility of degradation of the players performance in conditions of increased pressure, and can
also favor the achievement of learning of different specific skills in a real environment, with the advantages that this entails.
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MODERATING EFFECTS OF AGE AND INDIVIDUALIZATION ON MHEALTH INTERVENTIONS TO REDUCE PHYSICAL INACTIVI-
TY AND SEDENTARY BEHAVIOR IN CHILDREN AND ADOLESCENTS

BAUMANN, H., FIEDLER, J., WUNSCH, K., WOLL, A., WOLLESEN, B.
UNIVERSITY OF HAMBURG

INTRODUCTION: Children and adolescents increasingly do not meet physical activity (PA) recommendations. Hence, insufficient physical
activity (IPA) and sedentary behavior (SB) among children and adolescents are relevant behavior change domains for using individualized
mobile health (mHealth) interventions. The current review and meta-analysis investigates the effectiveness of mHealth interventions on
IPA and SB with a special focus on age level of individualization.

METHODS: . The Review was preregistered on PROSPERO International Prospective Register of Systematic Reviews (CRD42020209417).
PubMed, Scopus, Web of Science, SPORTDiscus, and Cochrane Library were searched for randomized controlled trials published between
January 2000 and March 2021. mHealth interventions for primary prevention in children and adolescents addressing behavior change
regarding IPA and SB were included. Included studies were compared for content characteristics as well as methodological quality and
summarized narratively. In addition, a meta-analysis with a subsequent exploratory meta-regression examining the moderating effects of
age and individualization on overall effectiveness was performed.

RESULTS: Based on inclusion criteria, 11 of the preliminary 825 identified studies were included for qualitative synthesis and 10 were
included for the meta-analysis. Trials included a total of 1515 participants (Age (M, SD) = 11.69 * 0.788; 65% male; 35% female) with self-
reported (n = 4) or device-based measured (n = 7) health data on the duration of SB and IPA for an average of 9.3+5.6 weeks. Studies with
high levels of individualization decreased insufficient PA levels significantly (d = 0.33; Cl = 0.08, 0.58; z = 2.55; p = 0.01), whereas those with
low levels of individualization (d = -0.06; Cl =-0.32, 0.20; Z = 0.48; p = 0.63), or targeting SB (d =-0.11; Cl =-0.01, 0.23; z = 1.73; p = 0.08)
indicated no overall significant effect. Heterogeneity of the studies was moderate to low, and significant subgroup differences between
trials with high and low levels of individualization (x2 = 4.04; df = 1; p = 0.04; 1 = 75,2%) were found. Age as a moderator variable showed a
small effect, but the results were not significant which might have been due to being underpowered.

CONCLUSION: Evidence suggests that mHealth interventions for children and adolescents can foster moderate reductions in IPA but not SB.
Moreover, individualized mHealth interventions to reduce IPA seem more effective for adolescents than for children. Although to date only
a few mHealth studies address inactive and sedentary young people and their quality of evidence is moderate, these findings indicate the
relevance of individualization on the one hand and the difficulties in reducing SB using mHealth interventions on the other hand.

EVALUATION OF THE FEASIBILITY, PSYCHOSOCIAL EFFECTS, INFLUENCE AND PERCEPTION OF ELASTIC BAND RESISTANCE
BALANCE TRAINING IN OLDER ADULTS.

DAVIS, N.M.1, PRINGLE, A.1, KAY, A.D.2, BLAZEVICH, A.J.3, TESKEY, D.1, FAGHY, M.A.1, MINA, M.A.1
1, UOD (DERBY, UK), 2: UON (NORTHAMPTON, UK) 3: EDITH COWAN UNIVERSITY (JOONDALUP, WESTERN AUSTRALIA)

INTRODUCTION: Physical activity (PA) interventions improve balance, strength and coordination, positively contributing to independence
and quality of life reducing the risk of falls in older adults (OA). However, PA interventions often consider efficacy as the primary outcome
measure, whilst failing to integrate older adults into the co-design and co-production to ensure internal validity and improve participant
enjoyment, satisfaction and adherence [1]. Therefore, the aim of this study was to develop and justify a novel PA intervention using differ-
ent elastic band exercise techniques attached to the hip or chest to challenge balance using qualitative variables (feedback/opinion and
perceptions) to create a practically feasible, accessible and cost-effective intervention specifically designed for OA to reduce the risk of
falls.

METHODS: Twenty-three active participants (age = 66.5 + 8.3y, height = 1.6 £ 0.1 m, mass = 83.2 + 14.9 kg) volunteered for the study. The
participants completed 8 exercises (8-12 repetitions) using elastic bands designed to challenge postural stability in two conditions (HIP and
CHEST) by providing lateral resistance and instability. Conditions were performed 15 min apart in a randomised counterbalanced order.
Heart rate (HR) and rate of perceived exertion (RPE) were measured throughout with an interview conducted after to investigate the
preferences, comfort and difficulty of the exercises performed. Template analysis was conducted to examine participant feedback with
two-way repeated measures ANOVAs used for quantitative data with statistical significance set at P < 0.05.

RESULTS: Similar significant increases in HR (baseline 83-85 bpm; mid 85-88 bpm; post 88-89 bpm) and RPE (baseline 8-9; mid 10; post 10-
11) occurred during the HIP and CHEST conditions. Interviews revealed that participants thought the interventions challenged balance and
they perceived the exercises to be beneficial for stability and balance, confirming that the exercises were suitable for themselves and
others. Participants’ reported a positive experience and confirmed they would perform the exercises again, preferably in a group with the
band placed at either the hip or chest region due to individual preference and comfort.

CONCLUSION: Participants reported key preferences contributing to the design of a PA intervention using elastic bands confirming the use
of these exercises as a feasible, accessible and appropriate PA intervention set at low-to-moderate intensity for OA These qualitative
variables will inform intervention design and delivery in future studies with the potential to improve balance and stability in OA with fur-
ther research required to confirm its efficacy for altering balance and sway patterns.

References

[1]. Boulton, E. R., Horne, M., & Todd, C. (2018). Multiple influences on participating in physical activity in older age: Developing a social
ecological approach. Health Expectations, 21(1), 239-248.
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HIGH INTENSITY INTERVAL TRAINING IN SCHOOLS: METHODS FOR QUANTIFYING INTENSITY AND THE VALIDITY OF SES-
SION RATING OF PERCEIVED EXERTION

DUNCOMBE, S.L., STYLIANOU, M., PRICE, L., WALKER, J.L., BARKER, A.R.
UNIVERSITY OF QUEENSLAND; UNIVERSITY OF EXETER

INTRODUCTION: Few studies report the exercise intensity of high intensity interval training (HIIT) interventions in schools. When reported,
heart rate (HR) is the most common measure, but the methods for quantification have not been consistent. Further, due to the setting, it
will be important to understand the utility of quick, lost-cost measures when HR is not feasible. The aims of this study were to: 1) investi-
gate the different methods used to quantify intensity via HR in school-based HIIT research and 2) assess the criterion validity of session
rating of perceived exertion (sRPE) for quantifying the training load of school-based HIIT workouts.

METHODS: Ten-minute HIIT workouts were completed in 6 classes at 2 schools during health and physical education lessons for 8 weeks.
HR (via Polar 10 monitors) and sRPE (via Children’s Omnibus RPE scale) data were collected on average once per week during and immedi-
ately after HIIT workouts, respectively.

The following aspects were examined: 1) mean average and peak HR for all students and sessions combined; 2) percentage of time spent in
various deciles (>80%, and >90% HRmax); 3) percentage of students with an average HR >80% and >90% HRmax; 4) variability within and
between students; and 5) mean sRPE for all students and sessions combined. To assess criterion validity of session-RPE, a training impulse
(TRIMP) for HR was calculated using the Edwards’ method. To calculate sRPE (in arbitrary units), student’s RPE was multiplied by the total
duration (seconds) of the workout.

Means, standard deviations and frequencies were determined for HR and RPE quantification methods. Variability within and between
students was examined using linear mixed models. Within-participant correlation (r) between TRIMP and session-RPE was calculated for
validity of RPE.

RESULTS: In total, 761 measurements were collected from 132 students (X age 13.2 + 0.6 years; 17 females) across 47 HIIT sessions. Mean
average and peak HR were 79% + 7% of HRmax and 92% + 6% of HRmax, respectively. Students spent 38% + 21% of time with a HR be-
tween 80-89% and 14% + 20% of time with a HR of >90%. The mean percentage of students within a class with an average HR >80% was
53% + 22%. The within person variation was 14.8 % points of HRmax for peak HR with a decrease of 0.42% per week (p < 0.001). Mean sRPE
across all students and sessions was 5.9 + 2.4 points. The within-person correlation between sRPE and TRIMP was 0.46 (p < 0.001).
CONCLUSION: Reporting intensity is necessary for understanding if the intervention was implemented as intended. Further, it is useful to
report more than one outcome to showcase the variability in the data: across participants; throughout the session; and across the inter-
vention timeline. Further work is needed to confirm our findings on the relationship between HR and RPE in a large, generalisable popula-
tion of students, but results suggest the utility of using SRPE when HR is not a viable option.

REPLACING SITTING WITH LIGHT-INTENSITY PHYSICAL ACTIVITY THROUGHOUT THE DAY VERSUS 1 BOUT OF VIGOROUS-
INTENSITY EXERCISE: SIMILAR CARDIOMETABOLIC HEALTH EFFECTS IN MS

NIESTE, I., FRANSSEN, W.M.A., DUVIVIER, B.M.F.M., SPAAS, J., SAVELBERG, H.H.C.M., EIJNDE, B.O.
HASSELT UNIVERSITY

INTRODUCTION: Persons with Multiple Sclerosis (PwMS) are physically inactive and spend more time in sedentary behaviours than healthy
persons. Reduced physical activity increases the risk of developing cardiometabolic diseases. In this proof-of-concept study, the cardiomet-
abolic health effects of replacing sitting with light-intensity physical activity (LIPA) and exercise (EX) were investigated.

METHODS: In a randomised crossover study, 28 mildly disabled PwMS performed four 4-day activity regimens in free-living conditions: (1)
CONTROL: 9.7h sitting/day, (2) SIT: 13.3h sitting/day, (3) LIPA: 8.3h sitting, 4.7h standing and 2.7h self-perceived light-intensity walking/day
and (4) EX: 11.6h sitting/day with 1.3h vigorous-intensity cycling. During LIPA and EX, perceived exertion was monitored daily. On day 5,
following each regimen, plasma glucose and insulin during a 2-hour oral glucose tolerance test, plasma lipids, inflammation, resting heart
rate, blood pressure and body weight were measured.

RESULTS: Compared to SIT, significant improvements (p<0.001) after LIPA and EX were found for insulin total area under the curve (-
1701945708 and -23303+7953pmol/L*min), insulin sensitivity (Matsuda index +1.8+0.3 and +1.9+0.4) and blood lipids (triglycerides: -
0.4%0.1 and -0.5+0.1mmol/L; non-high density lipoprotein cholesterol: -0.3+0.1 and -0.5+0.1mmol/L), with no difference between LIPA and
EX. Triglycerides were also lower after LIPA compared to CONTROL (-0.4+0.1mmol/L, p=0.011). Heart rate was lower after LIPA compared
to SIT (-3+1bpm, p=0.05) and diastolic blood pressure after EX compared to SIT and LIPA (-5+1 and -4+1mm Hg, p=0.044). Perceived exer-
tion was higher after EX compared to LIPA (Borg scale [6-20]: +2.6+3.3, p=0.002).

CONCLUSION: Replacing sitting with LIPA throughout the day is more feasible and exerts similar cardiometabolic health effects as one daily
bout of vigorous-intensity exercise in PwMS.

THE EFFECT OF DOMAIN-SPECIFIC EXERCISE INTENSITY PRESCRIPTION ON MAXIMAL AEROBIC CAPACITY IN YOUNG
HEALTHY INDIVIDUALS: A RANDOMIZED CONTROLLED TRIAL

INGLIS, E.C.1, IANNETTA, D.1, MACKIE, M.1, RASICA, L.1, KEIR, D.A.2, MURIAS, J.M.1
1 UNIVERSITY OF CALGARY, CANADA; 2 WESTERN UNIVERSITY, CANADA

INTRODUCTION: Exercise intensity is a key-factor modulating the magnitude of health- and performance-related improvements in response
to exercise training. Despite this, the true contribution of exercise intensity to these changes remains elusive. This is because current
exercise prescription methods, such as those based on percentage of maximal oxygen uptake (VO2max) or its surrogates (e.g., maximal
heart rate), ignore differences in the position of individual-specific intensity thresholds (i.e., the exercise intensity domain schema) and
consequently do not ensure a homogenous metabolic stimulus across individuals. Thus, this study assessed the effect of exercise intensity
through individualized, domain-based exercise prescription on changes in VO2max. We hypothesized that domain-specific prescription,
matched for total work, would elicit distinct improvements in VO2max that are proportional to the level of exercise intensity.

METHODS: Eighty-four young healthy participants (42 F, 42 M) were randomly assigned to six different groups (5 exercise, 1 control (CT);
14 participants per group). The exercise interventions consisted of three continuous cycling groups in the 1) moderate (MOD)-, 2) lower
heavy (HVY1)-, and 3) upper heavy intensity (HVY2)- domain and two interval cycling groups including 4) high-intensity interval training
(HIIT) in the severe-intensity domain and 5) sprint-interval training (SIT) in the extreme-intensity domain. All training groups, except SIT,
were work-matched. Training participants completed three training sessions per week for six weeks with physiological evaluations per-
formed before (PRE) and after (POST) intervention.
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RESULTS: At PRE, there were no significant differences in relative (p=0.866) VO2max between groups. All training groups, except for MOD
(+1.8 £ 2.7 ml/kg/min), had a significant increase in VO2max at POST compared to CT (+0.1 £ 1.2 ml/kg/min). HIIT demonstrated the high-
est increase in VO2max (+6.2 * 2.8 ml/kg/min) followed by HVY2 (+5.4 + 2.3 ml/kg/min), SIT (+4.7 + 2.3 ml/kg/min) and HVY1 (+3.3 £ 2.4
ml/kg/min). The VO2max increases observed in HVY2, HIIT and SIT were all greater than MOD (p<0.05) while HIIT was significantly greater
than HVY1 (p<0.05).

CONCLUSION: These results demonstrate that work-matched exercise training at well-defined exercise intensities elicit distinct improve-
ments in VO2max. Specifically, the magnitude of these changes was greater with exercise intensities from the lower heavy- to the extreme-
intensity domain when compared to that observed in the moderate-intensity domain and the control condition. Therefore, this study
exemplifies the importance of exercise intensity for improving maximal aerobic capacity and supports the implementation of individual-
ized, domain-based exercise intensity prescription to accurately deliver the desired metabolic stimulus and its associated adaptations
across individuals.

13:45 - 15:00

Oral presentations

OP-PNO1 Amino acids and proteins

COLLAGEN PEPTIDE SUPPLEMENTATION DURING RESISTANCE EXERCISE TRAINING DOES NOT INCREASE MYOFIBRILLAR
AND MUSCLE CONNECTIVE TISSUE PROTEIN SYNTHESIS RATES

KIRMSE, M.1, LOTTMANN, T.M.1, VOLK, N.R.1, DE MAREES, M.1, HOLWERDA, A.2, VAN LOON, L.J.C.2, PLATEN, P.1
1 DEPARTMENT OF SPORTS MEDICINE AND SPORTS NUTRITION, RUHR UNIVERSITY BOCHUM;

INTRODUCTION: Exercise has been reported to increase myofibrillar and muscle connective protein synthesis rates. Protein ingestion
during recovery from exercise further increases myofibrillar protein synthesis rates and is typically applied by athletes to support the
skeletal muscle adaptive response to prolonged resistance exercise training. The post-exercise increase in muscle connective tissue protein
synthesis rates does not seem to be modulated by post-exercise protein ingestion. However, the latter may be attributed to the type of
protein consumed. Due to the greater glycine and proline content of connective tissue, it has been hypothesized that collagen peptide
ingestion may be (more) effective in stimulating muscle connective tissue protein synthesis rates. The present study assessed the impact of
daily collagen peptide ingestion on myofibrillar and muscle connective tissue protein synthesis rates during one week of resistance exercise
training.

METHODS: A double-blind parallel group design was used. Twenty-five male recreational athletes (2443 y, 1.82+0.05 m, 76.916.4 kg) were
selected to perform one week of resistance type exercise training (daily whole-body resistance exercises, drop jumps, and rope skipping)
with (COL) and without (PLA) collagen peptide supplementation. Subjects were randomly assigned into a group receiving 15 g collagen
peptides or a non-caloric placebo twice daily. Deuterium labeled water was applied throughout the intervention, with blood and muscle
biopsies collected prior to and after the training period to assess both myofibrillar and muscle connective tissue protein synthesis rates.
Welch’s t-test for independent groups was used to compare protein synthesis rates and a 2-way ANOVA was used to compare plasma
amino acid profiles concentrations, daily food intake, and trainings loads between the groups.

RESULTS: Myofibrillar and muscle connective tissue protein synthesis rates averaged 1.34+0.19 and 1.97+0.47 %/d (COL) and 1.34+0.27 and
2.00+0.27 %d (PLA), respectively, with no differences between treatments. Muscle connective tissue protein synthesis rates were higher
than myofibrillar protein synthesis rates (1.99+0.38 vs 1.34+0.23 %/d, respectively; p<0.001). No differences were observed in food intake
and training load between treatments.

CONCLUSION: Muscle connective protein synthesis rates are higher than myofibrillar protein synthesis rates during one week of intense
resistance exercise training in male recreational athletes. Collagen peptide supplementation (15 g twice daily) does not further increase
myofibrillar or muscle connective protein synthesis rates during one week of intense resistance exercise training.

QUARK INGESTION INCREASES MUSCLE PROTEIN SYNTHESIS RATES AT REST AND DURING RECOVERY FROM EXERCISE IN
HEALTHY, YOUNG AND OLDER MALES.

HERMANS, W.J.H.1, FUCHS, C.J.1, HENDRIKS, F.K.1, HOUBEN, L.H.P.1, SENDEN, J.M.1, NYAKAYIRU, J.2, VAN LOON, L.J.C.1,
VERDUK, L.B.1
1. MAASTRICHT UNIVERSITY; 2. FRIESLANDCAMPINA

INTRODUCTION: Ingestion of protein concentrates and isolates increases muscle protein synthesis rates, with exercise further augmenting
the anabolic response to feeding. However, far less information is available on the muscle protein synthetic response following ingestion of
(dairy) wholefoods. Our objective was to assess the impact of ingesting 30 g protein provided as quark on in vivo muscle protein synthesis
rates at rest and during recovery from exercise in both young and older males.

METHODS: In this parallel-group intervention trial, fourteen healthy, young (2445 y; BMI 24.0£3.5 kg/m2) and fifteen healthy, older (7313
y; BMI 24.2+2.4 kg/m2) males ingested 291 g quark (30 g protein, 693 k) following a single-legged bout of resistance-type exercise on leg
press (6 sets) and leg extension machines (6 sets). Primed, continuous intravenous L-[ring-13C6]-phenylalanine infusions were combined
with the collection of blood and muscle tissue samples to assess both postabsorptive and 4-h postprandial muscle protein synthesis rates
at rest and during recovery from exercise. Data were analyzed using repeated measures ANOVA with time and leg as within-subjects fac-
tors and age group as between-subjects factor, with an a level of 0.05, and appropriate post-hoc testing in case of significant interactions.
Data represent means+SD; n2 was used for effect size.

RESULTS: Plasma leucine and total amino acid concentrations increased following quark ingestion, peaked at t=1 h in both groups and
returned to postabsorptive concentrations at t= 4 h (Time: P<0.001; n2>0.8), with no differences between groups (Time x Group: P>0.1;
n2<0.1). In the rested leg, muscle protein synthesis rates increased following quark ingestion in both the young and older males from
0.030%0.011 to 0.051+0.011 %/h and from 0.036+0.011 to 0.062+0.013 %/h, respectively (Time: P<0.001). In the exercised leg, muscle
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protein synthesis rates increased even further following quark ingestion in both the young and older males from 0.030+0.012 to
0.07110.023 %/h and from 0.042+0.015 to 0.078+0.019 %/h, respectively (Time: P<0.001; Time x Leg: P=0.003; n2>0.3). No differences in
postprandial muscle protein synthesis rates were observed between age groups (all Time x Group: P>0.3; n2<0.03).

CONCLUSION: Quark ingestion increases muscle protein synthesis rates at rest and during recovery from exercise in both young and older
males. The muscle protein synthetic response following fermented dairy ingestion does not differ between healthy, young and older males
when ample amounts of protein (30 g) are ingested.

This collaboration project is co-funded by FrieslandCampina BV, and the PPP Allowance made available by Health-Holland, Top Sector Life
Sciences & Health, to stimulate public-private partnerships.

PRE-SLEEP PROTEIN INGESTION STIMULATES MITOCHONDRIAL PROTEIN SYNTHESIS RATES DURING POSTEXERCISE
OVERNIGHT RECOVERY

VAN LIESHOUT, G., TROMMELEN, J., NYAKAYIRU, J., SENDEN, J., GOESSENS, J., GIJSEN, A., VERDIK, L., VAN LOON, L.

DEPARTMENT OF HUMAN BIOLOGY, NUTRIM SCHOOL OF NUTRITION AND TRANSLATIONAL RESEARCH IN METABOLISM, MAASTRICHT
UNIVERSITY MEDICAL CENTRE+, MAASTRICHT, THE NETHERLANDS

INTRODUCTION: Protein ingestion prior to sleep has been shown to stimulate myofibrillar protein synthesis rates during overnight recovery
from exercise. Whether pre-sleep protein ingestion can also be applied to augment mitochondrial protein synthesis rates remains to be
established. Furthermore, the impact of the type of protein to modulate overnight myofibrillar or mitochondrial protein synthesis rates has
not yet been addressed.

The purpose of this study is to assess the impact of pre-sleep casein and whey protein ingestion on myofibrillar and mitochondrial protein
synthesis rates during overnight recovery from a bout of endurance exercise.

METHODS: Thirty-six healthy, young men performed a single bout of endurance-type exercise in the evening (19:45 h) after a full day of
dietary standardization. Thirty min prior to sleep (23:30 h), subjects ingested 45 g casein protein, 45 g whey protein, or a noncaloric place-
bo. Continuous intravenous L-[ring-13C6]-phenylalanine infusions were applied, with blood and muscle tissue samples being collected to
assess overnight mitochondrial and myofibrillar protein synthesis rates. Overnight muscle protein synthesis rates were compared between
treatments with a one-way ANOVA with a Bonferroni correction.

RESULTS: Protein ingestion resulted in higher mitochondrial (0.087+0.020 vs 0.067+0.016 %-h-1, P=0.005) and myofibrillar (0.060+£0.014 vs
0.04710.011 %-h-1, P=0.012) protein synthesis rates when compared to placebo. Casein and whey protein ingestion did not differ in their
capacity to stimulate mitochondrial (0.082+0.019 vs 0.092+0.020 %-h-1, P=0.690) and myofibrillar (0.056+0.009 vs 0.064+0.018 %-h-1,
P=0.440) protein synthesis rates.

CONCLUSION: Protein ingestion prior to sleep stimulates both mitochondrial and myofibrillar protein synthesis rates during overnight
recovery from endurance exercise. There is no apparent difference in the capacity of pre-sleep whey or casein protein ingestion on over-
night muscle protein synthesis rates.

BONE TURNOVER FOLLOWING HIGH-IMPACT EXERCISE IS NOT MODULATED BY COLLAGEN SUPPLEMENTATION IN
YOUNG MEN

VAN DIJK, J.W., HILKENS, L., BOERBOOM, M., VAN SCHIUNDEL, N., BONS, J., VAN LOON, L.J.C.
HAN UNIVERSITY OF APPLIED SCIENCES

INTRODUCTION: High-impact exercise can increase bone formation, although the optimal frequency of such exercise has not been estab-
lished. Furthermore, it has been suggested that collagen supplementation can further augment the positive effect of high-impact exercise
on bone turnover. In the present study, we assessed whether collagen supplementation augments the effects of high-impact exercise on
bone turnover and whether a higher exercise frequency is accompanied by a greater impact on bone metabolism.

METHODS: In this randomized, cross-over trial, 14 healthy males (age 24+4, BMI 22.0+2.1) performed once (COL1 and PLA) or twice daily
(COL2) 5-min high-impact exercise during a 3-day intervention period. One hour before every exercise bout participants ingested 20 g
hydrolyzed collagen (COL1 and COL2) or a placebo control (PLA). Blood markers of bone formation (P1NP) and resorption (CTX-1) were
assessed in the fasted state before the ingestion of the initial test drink and 24, 48, and 72 h following the first exercise session. In PLA and
COL1, additional blood samples were collected in the postprandial state at 0, 1, 2, 3, 4, and 12 h after the first exercise session. Two-factor
repeated measures ANOVA were applied to assess whether bone turnover following exercise and test drink ingestion differed between
conditions. Data are presented as meanSD.

RESULTS: Over the first 4 hours following exercise PINP decreased marginally from 98.6+37.2 to 93.2+33.1 ng/mL in COL1, and from
96.8+32.4 to 91.7431.3 ng/mL in PLA, although this time-effect did not reach statistical significance (P=0.053). Serum levels had returned to
baseline after 12 hours (COL1: 100.7+38.3 ng/mL, PLA: 99.1+40.6 ng/mL). Moreover, no differences in PANP concentrations between COL1
and PLA were observed in the postprandial state (time x treatment, P=0.58). CTX showed a ~50% decline (time, P<0.001) in the postprandi-
al state in COL1 (0.940.3 to 0.4+0.2 ng/mL) and PLA (0.910.3 to 0.4+0.2 ng/mL), without differences between conditions (time x treatment,
P=0.17). Interestingly, fasted P1NP concentrations increased ~8% by daily jumping exercise (time-effect, P<0.01), without differences
between conditions (time x treatment, P=0.71). Fasting CTX were stable over time (time effect, P=0.41), without differences between
conditions (time x treatment, P=0.58).

CONCLUSION: Short, once-daily high-impact exercise in the morning is effective in stimulating bone formation, as indicated by an increase
in fasted P1NP concentrations. The exercise induced stimulation of bone formation is not further increased by collagen supplementation or
by increasing exercise frequency. Bone resorption does not seem to be affected by high-impact exercise with or without collagen supple-
mentation.
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FUTURE CONSIDERATIONS FOR CONTEXTUALISING FORCE PLATE TEST RESULTS IN PROFESSIONAL FOOTBALL

MCMAHON, J.
UNIVERSITY OF SALFORD

Commercial force plate (FP) systems are now common in professional football codes and are often used daily to assess athletes. Practition-
ers, such as sport scientists and physiotherapists, are responsible for administering FP tests, but there are few quality resources and pub-
lished studies available to guide their interpretation of the results. As professional football clubs are private companies, they are solely
responsible for tests conducted with their athletes, without industry-wide performance standards or regulations to abide by. Various FP
tests (mainly vertical jump and multi-joint isometric tests) are broadly applied in football for benchmarking athletes’ performance, inform-
ing and evaluating exercise interventions, monitoring neuromuscular (NM) fatigue, and guiding injured athletes’ return to play.

Jump height is mostly reported as the primary outcome measure for vertical jump tests, but it may mask subtle acute and chronic altera-
tions in NM strategies which variables derived from FP measurements can illuminate. Also, jump height is biased towards lighter athletes
and may not be a fair metric for comparing athletes’ performances when there are large variations in body mass, such as is in rugby. Jump
height alone will also not reflect any changes in body mass that occur between testing occasions, which is especially relevant for maturing
youth athletes or adult athletes who complete a hypertrophy-focussed training programme. Additionally, youth athletes who grow in
height between testing occasions will be afforded with a greater distance over which to apply force to their mass, which may alter their NM
strategy and/or their jump height score. In multi-joint isometric tests, the peak forces attained may require scaling to body mass depending
on the football code, position and intended application. Thus, there is a requirement to better contextualise popular FP test results in
football to inform practitioner decision making.

The presentation will include key results from several ongoing FP studies that have been funded either by a leading commercial FP compa-
ny or the English Football Association. A comprehensive FP testing battery has been completed for 200 professional football athletes across
the domestic season and international tournaments. The data is contextualised to facilitate quick and accurate decision making via a varie-
ty of statistical approaches (e.g., standardised scores) and data visualisation tools (e.g., traffic light systems). The results highlight future
considerations using FPs in football for benchmarking athletes’ performances, seasonal monitoring to inform supercompensation and/or
chronic fatigue, and acute fatigue monitoring both pre- and post-match and when fixture congestion is high. The target audience is sport
science and medicine practitioners and researchers who routinely assess athletes with FPs, particularly footballers, and any delegate who is
interested in conducting physical performance tests in sport.

UNDERSTANDING BIOMECHANICAL VARIABLES TO ANALYSE ISOMETRIC AND DYNAMIC TESTS: THE IMPORTANCE OF
VERBAL CUES AND IMPULSE

SANCHEZ-SIXTO, A.
CENTRO DE ESTUDIOS UNIVERSITARIOS CARDENAL SPINOLA CEU

Athlete performance assessments are commonly conducted in several sports. An athlete’s ability to apply force is one of the most frequent
capacities evaluated by sport scientists. Force plates are widely used for this purpose because they are well accepted and yield good relia-
bility and validity. Force plates measure the force that an athlete applies when they perform an action on its surface. Force plates can even
register force production when the athlete remains static. For that reason, both isometric and dynamic tests are measured by force plates
and the software used can automatically calculate many force variables, trying to simplify the analysis of the executions performed by
participants. However, it is important to pay attention to how we measure and analyse the force data because most information is typically
limited, and important variables are often discarded, which could lead to misinterpretation of the data.

When isometric or dynamic tests are performed, the researchers and coaches have to instruct how athletes must execute the tests. The
verbal cues utilised modify the test results and most of the biomechanical variables that are relevant to explain the performance obtained
by athletes. Most commercial force plate software can provide the most common discrete variables for standardised tests. However,
discrete variables represent just a single point within a test and it is important to analyse more than one variable to provide information of
the test performed by athletes. In addition, variables including information about the whole test performance are relevant to understand
how athletes apply the force during the allotted time. Net impulse is a variable that is underutilised when evaluating isometric and dynamic
tests with athletes. It is frequent to observe that test performance is evaluated by the maximum force applied or the maximum velocity
obtained but to understand how this performance is achieved, it is necessary to understand how the impulse was produced by athletes.
Furthermore, in current research articles, there is an increased use of continuous analysis to avoid discarding data from the executions
performed by athletes. In that sense, statistical parametric mapping (SPM) is one of the most powerful analyses to compare force-time
curves.

The presentation will include results from several studies showing how verbal cues affect the measures obtained from force plate tests and
how sports scientists need to consider the proper instruction depending on the purpose of the test. Then, investigations will be presented
comparing the use of impulse and discrete force variables, highlighting the importance of the variables selected to facilitate correct inter-
pretations. Finally, investigations and the results of force plate tests carried out on athletes, with different verbal cues and evaluated
through the SPM, will be presented, including an explanation of how to interpret the results.

ALTERED FORCE PRODUCTION STRATEGIES IN COUNTERMOVEMENT JUMPING FOLLOWING SEVERE LOWER LIMB INJURY

BAYNE, H.
UNIVERSITY OF PRETORIA

The measurement of vertical ground reaction force during jumping tasks is becoming commonplace in sports medicine and athletic per-
formance centres and continues to gain popularity as the accessibility of equipment and software improve. The countermovement jump
(CMJ) is one of the most widely used tests. Processing of the CMJ force-time data involves the calculation of acceleration and impulse from
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the raw signal. Velocity, displacement and power are then calculated, and key events are identified to subdivide the jump into functionally
relevant phases. Typically, these are the unweighting, braking, propulsion, flight and landing phases. Standard analysis relies on metrics
such as phase-specific minimum, maximum or mean values, phase durations, and calculated ratios. When dual force plate systems are
used, inter-limb asymmetry is also calculated. These metrics are used in profiling athletes, monitoring performance changes over time, and
assessing rehabilitation progress to guide return to sport following injury.

While these metrics are important and useful to practitioners for evaluating jump performance, meaningful information may be lost by
excluding large portions of the force-time curve. A variety of different propulsion phase force-time curve shapes have been observed which
reflect different jump strategies. Researchers have categorised these as unimodal or bimodal based on the number of distinct force peaks,
however, the evidence for practical implications of these two jump strategies has been mixed. Further subcategories of force-time curve
shape have been proposed based on the relative magnitude and timing of propulsion phase force peaks, with some evidence for an associ-
ation between an earlier peak and jump performance. This categorisation approach, however, still does not account for variation at each
data point along the force-time series. A functional data analysis method, such as statistical parametric mapping, is needed to investigate
between-athlete, within-athlete and between-limb differences across the entire time-series curve.

The presentation will include a summary and critique of force-time curve modality categorisations, with implications for practice. Novel
research findings from investigations that apply a statistical parametric mapping approach to assess CMJ performance in athletes recover-
ing from severe lower limb injury will be presented and discussed. The target audience would include sport science and clinical practition-
ers who are interested in objective measurements of performance to inform training prescription and rehabilitation, as well as researchers
that collect biomechanical time-series data. The topic is of relevance to improve data-informed decision making in sport, in particular with
regards to rehabilitation following serious injury. It will also enhance the awareness of methodological approaches to better understand
the data that researchers and practitioners work regularly with.

Oral presentations
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H-REFLEX MODULATION BETWEEN SEATING AND STANDING IS NOT ASSOCIATED WITH POSTURAL CONTROL IN FALLERS
AND NON-FALLERS

HENRY, M., DUCHATEAU, J., BAUDRY, S.
UNIVERSITE LIBRE DE BRUXELLES

INTRODUCTION: Previous work reported a greater decrease in the Hoffmann (H) reflex amplitude from seated to standing in older com-
pared with young adults (1). This specific modulation likely reflects an age-related change in the neural control of upright standing (2). This
may cope with the increase in postural instability (3), which is one of the strongest risk factors for falls (4). This study investigated the
relation between postural control and the H-reflex modulation from seated to standing in older adults with (fallers) and without (non-
fallers) a history of falls during the last 12 months. We hypothesised a lesser H-reflex modulation in individuals with poor postural control,
especially in fallers.

METHODS: The path length of the centre of pressure (CoP-path) was measured (40-s epoch) in 9 fallers [mean (SD); 69 (4) yrs] and 13 non-
fallers [69 (5) yrs] when standing on a force platform with eyes open. The maximal amplitude of the soleus H reflex (Hmax) was recorded in
seated and standing postures and normalised to the M-wave maximal amplitude (Mmax). Correlations between the change in H reflex
from seated to standing postures and CoP-path were investigated for each group.

RESULTS: The CoP-path was greater for fallers [318 (83) mm] than non-fallers [234 (44) mm, p=0.006]. The Hmax was lesser in fallers than
non-fallers when seated [22.0 (10.1) vs 35.3 (13.7) %Mmax] and standing [17.1 (10.9) vs 26.5 (12.9) %Mmax; p=0.032]. The decrease in
Hmax from seated to standing was similar between groups [-26% vs -21%; p=0.64], and no association was observed between the change
in Hmax and the CoP-path (r? < 0.13).

CONCLUSION: As evidenced by the smaller Hmax in the two positions in fallers, the H-reflex pathway undergoes greater age-related chang-
es in fallers than in non-fallers. However, these modifications do not seem specific to upright standing and postural control. In contrast
with our hypothesis, Hmax was modulated similarly in both groups, and the extent of the modulation from seated to standing was not
associated with CoP-path. Thus, the risk of falls may not be associated with the modulation of the H-reflex pathway.

1. Baudry et al. 2015. Exp Gerontol, 69, 62-69.

2. Katz et al. 1988. Brain, 111 ( Pt 2), 417-437.

3. Abrahamova & Hlavacka. 2008. Physiol Res, 57, 957-964.

4. Ambrose et al. 2013. Maturitas, 75, 51-61.

EXPERTS VERSUS NOVICES: STIFFNESS REGULATION DURING VARIOUS STRETCH LOADS

WALDVOGEL, J.1, FREYLER, K.1, RINGHOF, S.1, RITZMANN, R.1, GOLLHOFER, A.1
1 UNIVERSITY OF FREIBURG

INTRODUCTION: High neuromuscular activity before and during ground contact (GC) are the prerequisites to benefit from energy saving
mechanisms during stretch-shortening type actions (1). Especially time critical disciplines such as long jump (2) require immediate transi-
tion from eccentric to concentric muscle action (1). To meet such criteria athletes are highly involved in plyometric training. Therefore they
have an exclusive neuromuscular control and stiffness regulation during the eccentric phase (3). During excessive stretch loads the eccen-
tric activity is negatively affected possibly due to inhibitory influences (2,4). By directly comparing experts and novices the present study
investigate the effect of expertise on the neuromuscular control and leg spring behavior in vertical jumps.

METHODS: By combining 3D motion capture system with electromyography of the shank and thigh muscles differences in biomechanical
and neuromuscular control were elaborated between 13 professional youth elite track and field athletes and 13 sportive novices. All partic-
ipants performed bipedal drop jumps from 25, 37, 49 and 61 cm. The seven trials with the highest reactive strength index (RSI) were se-
lected for statistical analysis. Two-way Mixed-ANOVA (group x condition) was performed.
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RESULTS: Significant interaction effect reveal higher RSI and leg stiffness in experts compared to novices. In both groups RSl is significantly
reduced in 61 cm. Experts realize highest leg stiffness during low stretch loads; leg stiffness in novices remains constant. Overall experts
demonstrate significant lower ankle and knee joint flexion compared to novices; both groups increase ankle and knee flexion with increas-
ing stretch load. Significant interaction is evident for soleus (SOL), gastrocnemius medialis (GM) and vastus medialis (VM) with overall
higher pre-activity in experts. During GC SOL activity is significant higher in experts; activity diminishes with increasing stretch load only in
experts. During GC GM and TA activity is similar in both groups; GM activity diminishes whereas TA and VM activity increases with increas-
ing stretch load. Further analysis revealed that RSl is positively correlated with leg stiffness (r = .57, p <.01) and eccentric SOL activity (r =
.51, p<.01).

CONCLUSION: Our results reveal higher neuromuscular activity before GC in experts to achieve an immediate transition and high ballistic
performance (2). Compared to previous experiments higher eccentric activity in experts is only evident for SOL (4). Although both groups
compensate highest stretch loads by increasing joint flexion and VM activity, experts are able to achieve high stiffness which is associated
with RSI. Immediate eccentric-concentric transition is more dominant in low stretch loads.

1) Seyfarth et al., ) Biomech, 1999

2) Komi & Gollhofer, J Appl Biomech, 1997

3) Viitasalo et al., Eur J Appl Physiol, 1998

4) Taube et al., Exerc Sport Sci Rev, 2012

DEGENERATION OF NEUROMUSCULAR CONTROL IN HUMANS IS DETECTABLE AFTER 10 DAYS OF LIMB SUSPENSION AND
IS COMPLETELY RECOVERED AFTER A 21 DAYS TRAINING INTERVENTION

VALLI, G., SARTO, F., CASOLO, A., DEL VECCHIO, A., FRANCHI, M., NARICI, M., DE VITO, G.
UNIVERSITY OF PADOVA

INTRODUCTION: The multiple effects of disuse on skeletal muscle health have been described in several studies but limited literature exists
about its consequences on neuromuscular control. In addition, neuromuscular control after disuse has been investigated only by invasive
needle electromyography (EMG) and considering small hand muscles [1, 2]. Recently, the introduction of the high-density EMG (HD-EMG)
allowed for non-invasive investigation of the MUs properties in vivo. Therefore, in the present study, HD-EMG was used to investigate how
disuse affects neuromuscular control in the vastus lateralis, a large muscle with key functional implications. Moreover, we also tested
whether and how the neuromuscular control is restored following a reconditioning training period.

METHODS: Eleven young male participants (22.1 £ 2.9 years, 22.87 + 2.07 kg/m2) underwent 10 days of unilateral lower limb suspension
(ULLS) followed by 21 days of moderate-intensity resistance training. Maximum voluntary isometric force (MViF), force steadiness and
motor units (MUs) properties were measured at baseline, immediately after ULLS and after the training period. MUs were detected with
HD-EMG during the execution of trapezoidal isometric contractions at 10, 25 and 50% MViF and tracked longitudinally across the interven-
tion. Repeated measures ANOVA was performed to detect differences in MViF and steadiness while MUs properties were analysed with
linear models.

RESULTS: MUs recruitment/derecruitment thresholds were reduced after ULLS at all contraction intensities, and the changes between the
two variables were strongly correlated. After ULLS, MUs discharge rate (DR) was reduced at 10 and 25% but not at 50% MViF. The slope of
the regression line representing the rate of change of MUs DR as a function of the rate of change of force (i.e., motoneuron input/output
relation (I/0)) was increased after ULLS while the intercept was reduced. After resistance training, all the impairments were recovered and
force steadiness even improved compared to baseline.

CONCLUSION: 10 days of ULLS can induce deterioration of neuromuscular control by affecting predominantly the DR modulation, while the
strategies of MUs recruitment/derecruitment seem to be preserved. The motoneuron 1/0 after ULLS, and the different DR modulation at
50% vs 10 and 25% MViF, suggest a different motoneuron response depending on the level of presynaptic input . 21 days of resistance
training were sufficient to restore, and slightly improve, the original neuromuscular control.

CHANGES IN NEUROMUSCULAR JUNCTION TRANSMISSION STABILITY, MOTOR UNIT PROPERTIES AND RELATED GENE
EXPRESSION WITH SHORT-TERM UNLOADING AND RETRAINING

SARTO, F., STASHUK, D.W., MONTI, E., ZAMPIERI, S., FRANCHI, M.V., VALLI, G., SIRAGO, G., CANDIA, J., HARTNELL, L.M.,
PAGANINI, M., MCPHEE, J.S., DE VITO, G., FERRUCCI, L., REGGIANI, C., NARICI, M.V.
UNIVERSITY OF PADOVA

INTRODUCTION: While there is convincing evidence that neuromuscular junction (NMJ) integrity is affected by unloading, whether NM)J
transmission stability is also impaired is currently unknown. Moreover, electrophysiological alterations in motor units potential (MUP)
properties and related molecular mechanisms are poorly understood. With this study, we aimed to investigate the neuromuscular changes
in response to a short period of unloading and retraining (RT) in humans with a particular focus on NMJ function and MUP properties.
METHODS: Eleven healthy males volunteered for a 10-day unilateral lower limb suspension (ULLS) period, followed by 3-week RT based on
resistance exercise. At baseline, after the unloading period and after RT, quadriceps femoris (QF) muscle size and knee-extensors maximum
voluntary contraction (MVC) were evaluated by ultrasonography and isometric dynamometry, respectively. Activation capacity (AC) was
assessed with the interpolated twitch technique. Intramuscular electromyography recordings were collected from vastus lateralis (VL)
during submaximal contractions at 10% and 25% of the MVC. The NMJ transmission stability and MUP properties were assessed using
decomposition-based quantitative electromyography. Blood samples and VL muscle biopsies were collected for the evaluation of NMJ
damage (via c-terminal agrin fragment concentration, CAF), fibre type, diameter and muscle biomarkers of denervation (fibre type group-
ing, presence of flat-shaped/angulated and neonatal myosin positive fibres). RNA sequencing was also performed to study changes in the
expression of gene pathways involved in the NMJ and ion channels regulation.

RESULTS: The ULLS induced QF muscle atrophy (4.5%) and impairments in MVC (29.3%) and AC (6.0%). Evidence of NMJ molecular instabil-
ity (5.4% increase in CAF) was found with unloading, together with changes in the expression of many NMJ-related genes, including up-
regulation of acetylcholine receptors subunits and downregulation of Homer proteins. However, NMJ transmission stability, evaluated
through the assessment of near fibre Jiggle and segmented Jitter, was unchanged, while alterations in MUP properties (decreased firing
rate, MUP complexity and increased near fibre duration) were found after ULLS. A possible explanation for these electrophysiological
alterations is skeletal muscle ion channels remodelling (as suggested by an overall downregulation of the related gene set), rather than
marked innervation/reinnervation processes. The RT period restored most of these neuromuscular degenerations.
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CONCLUSION: We showed that the human NMJ is destabilized at molecular level but remains functionally robust in response to short-term
unloading. However, we observed alterations in MUP properties occurring after ULLS, possibly due to alterations in skeletal muscle ion
channels dynamics. These maladaptations are reversed by three-week resistance training.

Funding by ASI, MARS-PRE Project, n. DC-VUM-2017-006

FASCICLE BEHAVIOUR, KINEMATICS, AND ELECTROMYOGRAPHY OF THREE NORDIC HAMSTRING EXERCISE VARIATIONS

RIPLEY, N., COMFORT, P., MCMAHON, J.J.
UNIVERSITY OF SALFORD

INTRODUCTION: Bicep femoris (BF) fascicle length (FL) is extremely adaptable to training, which is important for the reduction of hamstring
strain injury risk [1]. The Nordic hamstring exercise (NHE) should be performed supra-maximally, with progressive overload resulting in a
greater adaptive response [2]. Popular regressions using elastic bands or other devices can result in submaximal performance. Performing
the NHE on an incline or decline surface could alter the force required for any given knee angle. The aims of the present study were to
determine the effects of performing the NHE at different inclinations and the influence on the kinematics, hamstring EMG and BF fascicle
dynamics.

METHODS: 13 physically active individuals (24.7+3.7 years, 79.56+7.89 kg, 177.40+£12.54 cm) performed three repetitions of the NHE
performed on neutral (0°), incline (20°) and decline (20°) surfaces. Three-dimensional lower limb data, ultrasound (US) videos of the BF,
and EMG activity of BF and medial hamstrings (MH) were captured. Onset was identified when participants moved >5° of knee extension,
breakpoint was identified with a knee angular velocity of 220°.s-1. Relative BF muscle tendon unit (MTU) length was calculated [3]. Raw
EMG signals were analysed with an RMS filter and US videos were analysed using Ultratrack. Between-trial reliability was assessed using
ICCs and CMCs. Peak measures (BF MTU length, BF and MH EMG and absolute BF FL) were compared between NHE variations using a
series of RMANOVAs with Bonferroni post-hoc analysis, the same measures were time normalised (onset to breakpoint) and compared
between NHE variations.

RESULTS: Peak and time-series data demonstrated moderate-good reliability (ICCs = 0.62-0.84; CMCs = 0.68-0.82). A significant main effect
was observed for peak kinematic and fascicle dynamics (p<0.001). Pairwise comparisons revealed greater peak MTU length (1.00+0.04 &
0.91+0.02, p=0.006) and peak BF FL (7.34+0.18 cm & 6.91+0.16 cm, p=0.013) during the incline versus the decline NHE. There were no
differences (p>0.05) in peak EMG between inclinations. EMG time normalised curves showed the incline NHE favoured BF, in comparison
to the neutral and decline NHE favouring the MH. Time-normalised curves revealed peak EMG occurred between 65-89%, whereas peak
MTU length and BF FL occurred between 98-100%. BF FL initially shortened for up to 38-40%.

CONCLUSION: The NHE performance angle manipulates the lever arm through which the centre of mass is acting. The incline NHE results in
greater MTU length and BF FL, which could result in enhancement in resting BF FL via training, until athletes can perform the entire range
of motion where additional overload will be required [2]. The differences in performance angle resulted in a change in the neuromuscular
contributions of the BF and the MH, favouring BF for incline variations despite no differences between peak EMG.

1.Bourne et al., SportsMed, 2018

2.Pollard et al., Scand J Med SciSports, 2019

3.Hawkins & Hull, J Biomech, 1990
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THE ACUTE EFFECT OF KETONE MONOESTER INGESTION ON CARDIAC FUNCTION AT REST AND DURING EXERCISE IN
PEOPLE WITH TYPE 2 DIABETES MELLITUS.

PERISSIOU, M., FEKA, K., EDWARDS, C., JAMES, T.J., SAYNOR, Z.L., CORBETT, J., MAYES, H., SHUTE, J., CUMMINGS, M., LIT-
TLE, J., SHEPHERD, A.l.

UNIVERSITY OF PORTSMOUTH FACULTY OF SCIENCE; QUEEN ALEXANDRA HOSPITAL, PORTSMOUTH HOSPITALS NHS TRUST; UNIVERSITY OF
BRITISH COLUMBIA OKANAGAN, CANADA

INTRODUCTION: Type 2 diabetes mellitus (T2DM) is a chronic progressive metabolic disease associated with an increased prevalence of
cardiovascular events [1]. Insulin resistance impairs the body’s ability to utilise glucose and leads to an increased reliance on the metabo-
lism of less efficient fuel sources which ultimately leads to increased cardiac burden [2]. Recent evidence in people with heart failure,
suggests that infused ketone bodies (B-hydroxybutyrate; BHB) leads to increased cardiac output and stroke volume [3]. Oral ingestion of
ketone monoesters (Kme) has been shown to provide a rapid increase in blood RHb levels within 30 min in healthy humans [4]. The aim of
this study was to examine the acute effect of oral consumption of Kme on cardiac function in people with T2DM at rest and during incre-
mental exercise.

METHODS: In a double blind, randomised, crossover design study, 13 people with T2DM (age, 6619 yrs.; body weight, 90.3 £15.2; HbAlc,
547 mmol/mol) attended the lab in 2 separate visits during which they ingested either a Kme drink (0.115 g/kg (R)-3-hydroxybutyl (R)-3-
hydroxybutyrate) or a placebo drink. After 30 min from ingestion, participants underwent measurements of cardiac output (CO) and stroke
volume index (SVi) via thoracic impedance cardiography and circulating [RHb] at rest and during incremental cycling exercise.

RESULTS: Circulating [RHb] was higher at rest (mean diff. 1.51 mM, 95%CI 0.68 to 2.12, P=0.016) and during exercise (mean diff. 1.38 mM;
95%Cl 0.85 to 2.1, P=0.001) compared to placebo. Resting SVi (mean diff. 10.58 ml/m?; 95C%CI 3.85 to 20.3, P=0.016) and resting CO (mean
diff. 1.38 L/min; 95%Cl 0.28 to 2.48, P=0.018) were higher after Kme ingestion compared to placebo. Similarly, SVi (mean diff. 16.32 ml/m?;
95C%Cl 5.28 to 27.3, P=0.001) and CO (mean diff. 3.34 L/min; 95C%Cl 2.18 to 4.47, P=0.001) were higher during incremental cycling exer-
cise after Kme ingestion compared to placebo. No significant HR differences (P>0.05) were observed at rest or during exercise between the
two drinks.

CONCLUSION: Ingestion of Kme acutely improves cardiac function at rest and during incremental exercise in people with T2DM. Large scale
chronic interventions are needed to establish whether Kme can be used as an adjunct treatment for improving cardiac health in people
with T2DM.
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1. Type 2 Diabetes: National Clinical Guideline for Management in Primary and Secondary Care (Update). 2008, London: Royal College of
Physicians of London.

2. Reusch, J.E.B., M. Bridenstine, and J.G. Regensteiner, Type 2 diabetes mellitus and exercise impairment. Reviews in endocrine & meta-
bolic disorders, 2013. 14(1): p. 77-86.

3. Nielsen, R., et al., Cardiovascular Effects of Treatment With the Ketone Body 3-Hydroxybutyrate in Chronic Heart Failure Patients. Circu-
lation, 2019. 139(18): p. 2129-2141.

4. Cox, P.J., et al., Nutritional Ketosis Alters Fuel Preference and Thereby Endurance Performance in Athletes. Cell Metab, 2016. 24(2): p.
256-68.

EXOGENOUS KETOSIS SUPPRESSES DIURESIS AND ATRIAL NATRIURETIC PEPTIDE DURING EXERCISE

ROBBERECHTS, R., POFFE, C., HESPEL, P.
KU LEUVEN

INTRODUCTION: We have previously demonstrated that exogenous ketosis reduces urine production during exercise. However, the under-
lying physiological mechanism of this anti-diuretic effect remained unclear. Therefore, we investigated whether acute exogenous ketosis by
oral ingestion of ketone ester (KE) during a simulated cycling race (RACE) affects the hormonal pathways implicated in fluid balance regula-
tion during exercise.

METHODS: In a double-blind crossover design, 11 well-trained male cyclists participated in RACE consisting of a 3-h submaximal intermit-
tent cycling (IMT180’) bout followed by a 15-minute time trial (TT15’) in an environmental chamber set at 28 °C and 60 % relative humidity.
Fluid intake was adjusted to maintain euhydration. Before and during RACE, the subjects received either a control drink (CON) or the
ketone ester (R)-3-hydroxybutyl (R)-3-hydroxybutyrate (KE), which elevated blood B-hydroxybutyrate to ~2-4 mM during RACE.

RESULTS: Compared with CON, N-terminal pro-atrial natriuretic peptide (NT-pro ANP) concentration during RACE was ~20% lower in KE (p <
0.05). KE also raised plasma noradrenaline concentrations during RACE. Performance in TT15’ was similar between CON and KE.
CONCLUSION: Our current findings demonstrate exogenous ketosis to suppress diuresis during prolonged exercise. The underlying physio-
logical mechanism remains, however, unclear. Interestingly, we also for the first time demonstrate ketone ester ingestion to suppress ANP
secretion. Such effect could contribute to explain the previously reported effect of exogenous ketosis to lower circulating non-esterified
fatty acid levels during exercise.

SUPERCOMPENSATION CURVED KETO-ADAPTATION: NUTRITION AS QUICK-FIX OR STIMULUS FOR ADAPTATION?

PRETORIUS, A.
STELLENBOSCH UNIVERSITY

INTRODUCTION: The supercompensation time-course of adaptation to training as stimulus is well-known (i.e., initial decline precedes
physiological adaptation, resulting in enhanced performance). While the term keto-adaptation frames the ketogenic diet (KD) as a physio-
logical stimulus, the supercompensation phenomenon has, to my knowledge, not been accepted in response to a nutritional intervention.
METHODS: To depict the time-course of metabolic keto-adaptations in energy system contributions, and changes in intermittent sprint
fatigue, this study employed a time-series design. 15 Recreationally active participants (7 men, 8 women) performed cycle ergometer
intermittent sprints (6 x 10 s separated by 2 min rest), while metabolic data were collected for the calculation of energy system contribu-
tions. Participants were tested prior to the KD intervention on their habitual diet (HD: 35% CHO, 45% fat, 20% protein) and subsequently
every two weeks over a 6-week KD intervention (7% CHO, 66% fat, 28% protein).

RESULTS: While the anaerobic glycolytic energy contribution decreased at KD week 2 (-14.4 + 28.16 Joule; P = 0.031; ES = -0.10) and re-
mained suppressed throughout the 6-week KD, the phosphocreatine contribution gradually increased until it reached statistical significance
at KD week 6 (+22.0 + 43.15 Joule; P = 0.019; ES = 0.47). Intermittent sprint fatigue initially increased from HD at KD week 2 (8.8 £ 5.12% vs.
7.4 £3.92%; P =0.720; ES = 0.31; Cl =-0.42; 1.02), whereafter a very large decrease in fatigue occurred from KD week 2 to 6 (8.8 £ 5.12%
vs. 5.7 £ 2.64; P = 0.066; ES =-1.17; Cl =-1.91; -0.36) resulting in a net moderate decrease over the 6-week KD (HD vs. KD week 6; 7.4 £
3.92% vs. 5.7 + 2.64; P = 0.332; ES =-0.50; Cl =-1.21; 0.24).

CONCLUSION: Collectively, steady upregulation of phosphocreatine energy metabolism over the 6-week KD, gradually compensated for
lowered glycolytic energy, which aligns with the decline and subsequent supercompensation in intermittent sprint fatigue. Although the
net decrease in fatigue at KD week 6 was not yet statistically significant, the phosphocreatine adaptations also did not plateau, suggesting
further adaptation can be expected with longer KD interventions.

EFFECT OF ACUTE KETONE BODY SUPPLEMENTATION ON CARDIORESPIRATORY EXERCISE RESPONSES AND THE INFLU-
ENCE OF BLOOD ACIDOSIS: A RANDOMIZED, CROSSOVER TRIAL

MCCARTHY, D.G., BOSTAD, W., BONE, J., POWLEY, F.J., RICHARDS, D.L., GIBALA, M.J.
MCMASTER UNIVERSITY

INTRODUCTION: Acute ketone monoester supplementation (KE) induces hyperketonemia and blood acidosis; both can affect exercise
responses but the relative influence of each is unclear. We previously found that ingestion of 0.6 g/kg body mass KE increased heart rate
(HR) and ventilation (VE) during cycling at ventilatory threshold (VT) compared to placebo (1). The present study used the same protocol (1)
to examine the effect of KE on exercise cardiac output (Q) and the influence of blood acidosis. We hypothesized that KE vs placebo would
increase Q and co-ingestion of a pH buffer would mitigate this effect.

METHODS: A sample size estimate (G*Power) determined n=12 provided 80% power to detect a change in Q (effect size f=0.4, alpha=0.05)
with repeated measures analysis of variance (ANOVA). Trained adults (11 males, 4 females; VO2peak = 60+9 mL/kg/min) completed 3 trials
in random order. Participants ingested 1 g/kg carbohydrate and 400 mL water 2 h before exercise, followed by either 0.20 g/kg body mass
of sodium bicarbonate or a salt placebo 60 min pre-exercise, and a 0.6 g/kg bolus of KE or ketone-free placebo in 500 mL of fluid 30 min
pre-exercise. This yielded 3 conditions: low blood ketone bodies and neutral pH [control (CON)], hyperketonemia and lowered pH (KE), and
hyperketonemia and neutral pH (KE+BIC). Venous blood was sampled before and during exercise. Participants cycled for 30 min at VT
intensity. Q was measured in duplicate over the last ~5 min using inert gas rebreathing (Innocor). After a 10-min rest, VO2peak and peak Q
were determined. Data were analyzed using ANOVA and a Tukey post hoc test as appropriate with alpha=0.05.

RESULTS: Blood concentration of the major ketone body beta-hydroxybutyrate differed between conditions (CON: 0.1+0.0, KE: 3.5+0.1,
KE+BIC: 4.4+0.2 mM, P<0.001 for all). Blood pH was lower in KE vs CON (7.30£0.01 vs 7.34+0.01, p<0.001) and KE+BIC (7.35+0.01, p<0.001).
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Q during VT exercise was not different between conditions (CON: 18.2+3.6, KE: 17.7+3.7, KE+BIC: 18.1%3.5 L/min, p=0.4). HR was higher in
KE (15349 beats/min) and KE+BIC (154+9) vs CON (15019, p<0.02 for both). VE was higher in KE vs CON (81%16 vs 74+17 L/min, p<0.0001)
and KE+BIC (77£16, p<0.01). VO2peak was not different between conditions (CON: 4.55+1.05, KE: 4.34+0.94, KE+BIC: 4.39+0.91 L/min;
p=0.2). Peak Q was also not different (CON: 21.8+3.8, KE: 21.5+3.7, KE+BIC: 21.1+3.9 L/min; p=0.3). Peak power output was lower in KE
(359161 W) and KE+BIC (363£63) vs CON (375+64, p<0.02). Peak HR was lower in KE vs CON (17949 vs 18149 beats/min, p=0.03) and
KE+BIC (18249, p=0.03).

CONCLUSION: KE increased submaximal exercise HR independent of acidosis and thus was seemingly affected by hyperketonemia. Q was
not different between conditions despite differences in HR, which suggests stroke volume may have been altered. The higher cardiorespir-
atory stress after KE may have lowered exercise capacity such that peak power output at VO2peak was reduced.

1. McCarthy et al. (2021) DOI: 10.1139/apnm-2020-09
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THE INFLUENCE OF TRAINING TWO OR THREE TIMES PER WEEK ON HYPERTROPHY AND STRENGTH ADAPTATIONS IN
INDIVIDUAL LEG MUSCLES AFTER 10 WEEKS OF RESISTANCE TRAINING TO FAILURE

HARDEEL, J., VAN VOSSEL, K., WEYNS, A., VAN DE CASTEELE, F., LIEVENS, E., DERAVE, W.
GHENT UNIVERSITY

INTRODUCTION: The influence of resistance training (RT) variables (e.g. training frequency) on muscle hypertrophy and strength gains has
been extensively researched (1). The majority of analyses on hypertrophy effects focused on measuring whole muscle groups, rather than
on responses on the individual muscle level. The American College of Sports Medicine guidelines recommend training 2 to 3x/week for
novices (2). However, an additional training may not be beneficial for every individual muscle considering their heterogeneity (e.g. muscle
typology). Therefore, this study aimed at investigating the difference between training 2 and 3x/week on RT-induced adaptations in indi-
vidual muscles.

METHODS: Twenty-one untrained individuals (22.06+2.18yrs, 11 men and 10 women) performed a 10 week resistance training program. A
within-subject design was used in which leg A and leg B were randomly assigned to either training 2x/week (>=72h recovery) or 3x/week
(>=48h recovery). Every training session included a leg extension and leg curl exercise performed to failure (3 or 4 sets/exercise, 60% 1RM).
Changes in dynamic strength were assessed by measuring 1RM. Magnetic Resonance Imaging (MRI; Siemens 3T) was performed and mus-
cle volumes were calculated by an artificial intelligence-based 3D rendering technique (Springbok Analytics). Paired Samples T-tests were
used to detect differences between training 2x and 3x/week.

RESULTS: Dynamic strength and muscle volume increased significantly in all trained muscle groups and individual muscles (p<0.005). No
significant differences were found in mean strength increases between training 2x and 3x/week, neither for the leg extension (2x: 18.76%,
3x: 22.07%, p=0.25), nor for the leg curl (2x: 26.36%, 3x: 30.38%, p=0.173). No significant difference in mean hypertrophy was found be-
tween training 2x and 3x/week for the hamstrings (2x: 9.18%, 3x: 11.26%, p=0.056) on muscle group level and for semimembranosus (2x:
4.42%, 3x: 3.86%), rectus femoris (2x: 6.23%, 3x: 7.76%), vastus lateralis (2x: 5.74%, 3x: 7.22%), medialis (2x: 3.08%, 3x: 4.82%) and inter-
medius (2x: 4.83%, 3x: 7.05%) on individual muscle level. However, hypertrophy was significantly higher when training 3x/week compared
to 2x/week for the quadriceps (2x: 4.94%, 3x: 6.58%, p=0.018) on muscle group level and for biceps femoris (2x: 8.86%, 3x: 12.18%,
p=0.012) and semitendinosus (2x: 15.62%, 3x: 19.31%, p=0.045) on individual muscle level.

CONCLUSION: Training 2 or 3x/week causes similar strength gains in leg muscles of previously untrained individuals. However, with regard
to hypertrophy, specific individual muscles (biceps femoris and semitendinosus) benefit more from training 3x/week. These muscles were
found to have higher mean percentual increases in muscle volume, indicating that muscles that are more prone to hypertrophy may bene-
fit more from an additional training session.

1. Grgic et al. (2019). J of Sci and Med in Sport, 22(3), 361-370.

2. ACSM (2009). Med and Sci in Sports and Exerc, 41(3), 687-708.

PHYSICAL ACTIVITY INTENSITY DOES MATTER FOR RELATIVE MUSCLE POWER: THE TOLEDO STUDY FOR HEALTHY AGING
IN MIDDLE AGE

LEAL-MARTIN, J., BALTASAR-FERNANDEZ, I., GARCIA-AGUIRRE, M., SOTO-PANIAGUA, H., MUNOZ-MURNOZ, M., GUTIERREZ-
REGUERO, H., ALCAZAR, J., LOSA-REYNA, J., ALEGRE, L.M., GARCIA-GARCIA, F.J., ARA, 1.

1 GENUD TOLEDO RESEARCH GROUP, UNIVERSIDAD CASTILLA-LA MANCHA, SPAIN; 2 CIBER FRAILTY AND HEALTHY AGING, SPAIN; 3 HOSPI-
TAL VIRGEN DEL VALLE, SPAIN

INTRODUCTION: Preserving adequate muscle power during senescence has already been associated with sedentary behavior (SB) and
moderate-to-vigorous physical activity (1). The decline of muscle power in older adults often leads to a deterioration of functional capacity
and loss of independence. It is therefore of great importance to be able to anticipate this problem in earlier stages such as middle-age
adulthood. However, there are hardly any studies that have analyzed how lifestyle components related to SB and physical activity are
associated with muscle power in this population. Therefore, the aim of this study was to investigate the association of SB and physical
activity with relative muscle power in middle-aged adults.

METHODS: A total of 138 individuals (53.91 + 1.46 years; 58% women) from the Toledo Study for Healthy Aging in Middle Age (TSHA-ma)
were included. Relative muscle power was assessed using the 30-second Sit-to-Stand Muscle Power Test, while SB and physical activity
were monitored for 7 days using GENEActiv (Kimbolton, UK) accelerometer devices placed on the non-dominant wrist. Multiple linear
regression analyses were performed with relative muscle power as the dependent variable, while SB, light physical activity (LPA), moderate
physical activity (MPA), and vigorous physical activity (VPA) were independent variables. The model was adjusted for sex, age, educational
level, and number of valid accelerometry days.
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RESULTS: Multiple linear regression analysis showed no association between SB (B: 0.000; 95%Cl: -0.003, 0.003; p = 0.926), LPA (B:-0.001;
95%Cl: -0.009, 0.008; p = 0.900) and MPA (B: 0.004; 95%Cl: -0.005, 0.012; p = 0.388) with relative muscle power. Only VPA (B: 0.039; 95%Cl:
0.009, 0.069; p < 0.05) significantly explained relative muscle power in middle-aged adults.

CONCLUSION: This study suggests that VPA appears to be the only physical activity component to be associated with increased relative
muscle power in middle-aged adults. Conversely, neither the SB nor the LPA or the MPA appeared to be related. Therefore, future strate-
gies focused on preventing relative muscle power loss in middle-aged adults should encourage the increase of VPA, as it may attenuate
functional decline or loss of independence in old age. However, future experimental studies should confirm this hypothesis.

REFERENCES:

1. Ramsey KA, Rojer AGM, DAndrea L, Otten RHJ, Heymans MW, Trappenburg MC, et al. The association of objectively measured physical
activity and sedentary behavior with skeletal muscle strength and muscle power in older adults: A systematic review and meta-analysis.
Ageing Res Rev. 2021;67:101266.

MONITORING TRUNK INCLINATION IS ESSENTIAL TO DETERMINE MECHANICAL POWER OUTPUT DURING FIELD-BASED
WHEELCHAIR PROPULSION

VAN DUK, M.
DELFT UNIVERSITY OF TECHNOLOGY: TECHNISCHE UNIVERSITEIT DELFT

INTRODUCTION: Over the last decades, the abilities to monitor wheelchair sport performance have increased significantly. One important
performance determinant in wheelchair sports is the mechanical power exchanged between the wheelchair athlete and the environment.
However, a feasible method to determine power in the field is not yet developed. The aim of current study was to determine the mechani-
cal power based on full-body kinematics during wheelchair propulsion on a treadmill. Subsequently, this power was compared to power
estimated from two inertial sensors (at the trunk and at the wheelchair) and to a commonly used approach which uses only one inertial
sensor at the wheelchair.

METHODS: Twenty-five healthy participants performed five different 120s-trials at 1.2 m/s in an instrumented sports wheelchair on a
treadmill. The five trials differed with respect to mass (+0, +5 or +15 kg) or tire pressure (1.75, 3.5, 5.25 bar). Before each trial, body mass
inertial parameters were obtained and wheel friction coefficients were determined based on drag tests. During the trials, inertial sensors
were attached to the participants’ trunk (thorax) and wheelchair (wheel), upper body kinematics were monitored using an optical motion
capture system. Participants were instructed to maintain a constant push frequency induced by a metronome during the entire session,
which consisted of 60s normal wheelchair propulsion and 60s wheelchair propulsion without trunk motion.

Based on the calculated instantaneous rolling friction and instantaneous center of mass (COM) kinematics and power per push were de-
termined. The resulted power was compared to power predicted using more simplified approaches that used one and two inertial sensors,
respectively. In addition, we assessed the influence of trunk motion on these comparisons.

RESULTS: Mechanical power output increased significantly with added mass and decreased tire pressure. Although power estimated from
one inertial sensor differed significantly from power based on all kinematics, no significant difference was found for the method that used
two inertial sensors. Trunk motion increased when rolling friction increased and was positively related to the difference in power between
the methods. For the parts without trunk motion, differences between methods were negligible.

CONCLUSION: During wheelchair propulsion, the trunk moves considerably within each push cycle. As a result, the COM of the wheelchair-
user system moves relative to the wheelchair. Also, rolling friction changes with mass distribution due to the differences between castor
and rear wheels. In this way, trunk motion influences power output. Therefore, to be able to determine power during straight-line wheel-
chair propulsion in the field, at least wheelchair and trunk kinematics should be obtained, implying the use of two inertial sensors. Power
based on wheelchair kinematics only is likely to be underestimated with trunk motion, leading to unfair comparisons between athletes
with different abilities.

RESISTANCE TRAINING CAN AFFECT MUSCLE STRENGTH, FAT MASS AND TESTOSTERONE LEVELS IN HYPOGONADAL MEN
WITHOUT HORMONE REPLACEMENT THERAPY

SEDLIAK, M.1, KRALIK, M.1, PUTALA, M.1, BUZGO, G.1, TIRPAKOVA, V.1,2, BUIDAK, P.2, KOLLARIK, B.3, UKROPCOVA, B.4,
UKROPEC, J.4, PAYER, J.5, KILLINGER, Z.5, RAASTAD, T.6

1 COMENIUS UNIVERSITY IN BRATISLAVA, FACULTY OF PHYSICAL EDUCATION AND SPORTS, BRATISLAVA, SLOVAKIA; 2 THE SLOVAK MEDI-
CAL UNIVERSITY IN BRATISLAVA, FACULTY OF MEDICINE, BRATISLAVA, SLOVAKIA; 3 UNIVERS

INTRODUCTION: Male hypogonadism is a clinical syndrome manifesting with low testosterone (TT) including symptoms like decline in lean
mass, muscle strength, increased adiposity, visceral obesity and incidence of insulin resistance and metabolic syndrome. There are only few
studies dealing with effect of physical activity on hypogonadal males [1]. The aim of the study was to examine the effect of 12-week
strength training program on muscle strength, body composition and selected biochemical parameters in hypogonadal men without hor-
mone replacement therapy.

METHODS: The effect of resistance training (RT) on hypogonadal patients without hormonal therapy (HP, n=6, 48.41+6.38 yrs, TT=7.911.75
nmol/L) and control group of eugonadal males (EM, n=8, 49.31+5.84 yrs, TT= 15.81+3.99 nmol/L) was studied. The subjects performed RT
twice a week, the training program consisted of 6 exercises at an intensity from 60-80% of 1RM. Muscle strength was assessed by predict-
ed dynamic leg press 1RM from multiple repetition maximum. Body composition, more specifically relative body fat mass was measured by
DXA, Fasting morning venous blood samples were collected. The blood serum parameters included glucose, total testosterone, SHBG and
cortisol.

RESULTS: Subjects from both the HP and EM groups significantly decreased relative fat mass by 6.2 % and 4.91% (p>0.05 and p<0.01,
respectively). Muscle strength of lower extremities increased in both group (p<0,01), from 148 + 16 kg to 211 + 20 kg and from 183 + 17 kg
to 224 + 19 kg in HP and EM, respectively. When both groups were merger, a negative correlation between TT and fat mass (p<0.01) and TT
and body mass (p<0.01) was found before and after the intervention in both groups. Correlation between SHBG and TT pre-training (r =
0.52, P < 0.05) and post-training (r = 0.75, P < 0.01) was also observed. Interestingly, TT level was significantly increased in HP from 7.90 =
2.90 nmol/L to 9.6 nmol/L (p<0.05) and unchanged in HM. Resistance training also influenced glucose, when effect size with Cohen D was
calculated (d=-0.54).

CONCLUSION: Resistance training protocol of 3-month duration significantly improved muscle strength and reduced body fat regardless of
the total testosterone levels. A significant increase in circulating levels of TT after resistance training in the groups of hypogonadal men
could be of high clinical relevance in male hypogonadism treatment when testosterone-replacement therapy is contraindicated.
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THE IMPACT OF TRUNK STRENGTH IN TEMPORAL AND KINETIC VARIABLES DURING VERTICAL JUMPING

PETRIDIS, L., PALINKAS, G., UTCZAS, K., TROZNAI, ZS., KOVACS, B.
HUNGARIAN UNIVERSITY OF PHYSICAL EDUCATION AND SPORT SCIENCE

INTRODUCTION: The purpose of this study was to examine the relationship of trunk strength with kinetic and temporal measures of a
countermovement vertical jump (CMJ). It was assumed that higher trunk strength will be associated with better performance in vertical
jump. We also hypothesized that trunk strength will affect eccentric and concentric phases of the jump similarly, and the effectiveness of
the elastic energy recoil from the eccentric to the concentric phase.

METHODS: N=45 male handball and basketball players participated in this study (mean age=17.4+0.3 years) performing CMJ on a force
platform (HUR labs) and trunk strength testing. From force-velocity-time data we divided the jump into eccentric and concentric phases
registering the time duration (Tecc and Tcon) and the average force (Fecc and Fcon) values for each phase. We calculated the average rate
of force development during the eccentric phase (RFDecc) from the moment ground reaction force exceeded body weight. Trunk strength
was measured with an isokinetic dynamometer (BioniX Sim3 Pro) at 302/s angular velocity. Participants performed left/right trunk rotation
(Rot), trunk flexion (Fl), extension (Ext), and left/right trunk flexion (Lat Fl). Maximal peak torque from the best attempt (out of three) was
used in further analysis. Left and right sides were averaged. Data were analysed using multiple linear regression and Pearson-type correla-
tion in SPSS 25.0.

RESULTS: The relationship of trunk strength with CMJ performance was from trivial to small (r=.017 to .028; p>.05). Using the trunk move-
ments as predictors and CMJ measures as dependent variables, the regression analysis showed that trunk strength explained the 24.7% of
the total variance for rel. Fecc (F=3.12; p<.05), 33.1% for rel. RFDecc (F=4.70; p<.05), and 9.9% for rel. Fcon (F=1.05; p>.05). Besides Fl, the
rest movements had a moderate, but significant negative correlation with Tecc, while Tcon had slightly lower negative correlation with Ext
and Lat Fl. Rel RFDecc showed large correlations with Lat Fl (r=.53; p<.01) and Ext (r=.50; p<.01) and moderate correlation with Rot (r=.41;
p<.01). Fcon correlated only with Lat Fl (r=.35; p<.05).

CONCLUSION: Performance in CMJ was not related to trunk strength, nevertheless the latter seems to have a significant contribution
during the two subphases of the jump. During CMJ, trunk muscles stabilize the upper body improving movement optimization and in
consequence performance. This contribution was larger for the eccentric phase compared to the concentric, indicating that trunk strength
contributes to a more rapid execution of the countermovement and a higher eccentric force and RDF. The higher (and more explosive)
eccentric force may increase the stored elastic energy, which potentially may increase concentric force production. However, based on our
results, we could not confirm the connection of trunk muscles with a more efficient strain energy recoil from the eccentric to the concen-
tric phase.
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DYSANAPSIS AS A DETERMINANT OF EXPIRATORY FLOW LIMITATION DURING PHYSICAL EXERCISE IN MASTER ATHLETES

MONS, V.1,2,3, HADDAD, T.1,3, MESTE 0.3,4, MAUROY, B.2,3, BLAIN, G.M.1,3

1LAMHESS, UNIVERSITE COTE D’AZUR, FRANCE 2LJAD, CNRS, UNIVERSITE COTE D’AZUR, FRANCE 3CENTRE VADER, UNIVERSITE COTE
D’AZUR, FRANCE 413S, CNRS, UNIVERSITE COTE D’AZUR, FRANCE

INTRODUCTION: In older highly trained populations or master athletes, the decline in pulmonary function might play a role in limiting high-
intensity endurance exercise performance. Increased airway resistance with aging can be associated during exercise with expiratory flow
limitation (EFL), defined as the inability to increase expiratory flow despite increased transpulmonary pressure. EFL can lead to hyperinfla-
tion, lower inspiratory reserve volume, greater respiratory muscles work / effort, and therefore exercise intolerance. For a given lung size,
the reduction of airway size increases airflow turbulence and resistance and might increase the prevalence and severity of EFL. The aim of
this study is to determine how the uncoupling between lung and airway size, termed dysanapsis, determines EFL in master athletes during
maximal exercise.

METHODS: Ten male master athletes, (mean + SD; age, 68.5+5.7 years; VO2MAX, 51.917.7 mL.min-1.kg-1) performed a maximal and grad-
ed test to exhaustion on a cycle ergometer. The maximal flow-volume (MFV) curve was determined based on flow and volume measured at
the mouth from maneuvers performed prior and after exercise. To determine operational lung volumes, participants performed inspiratory
capacity (IC) maneuvers during each stage of the test. The end expiratory lung volume (EELV) was calculated by subtracting the IC volume
from the forced vital capacity (FVC) volume. EFL was defined as the percentage of the tidal volume that intersected the MFV curve during
expiration. Subjects were flow limited when the severity of EFL was >5%. Dysanapsis was estimated using the ratio (DR) between forced
expiratory flow at 50% of vital capacity (FEF50) and the product of FVC and static recoil pressure at 50% of FVC (Pst50), [i.e.
DR=FEF50/(FVC* Pst50)].

RESULTS: During the exercise test (peak power output (PPO): 256+33.7 W), all participants experienced EFL at workloads (WEFL) ranging
from 50% to 100% of PPO (average: 70.2 + 20.2%). EFL severity reached 48.3 + 16.6% at the highest workloads. DR was significantly corre-
lated to WEFL (r=0.72, p=0.02) and participants who experienced EFL at lower workload (LOW) had a significantly lower DR than partici-
pants who experienced EFL at higher workloads (HIGH) (0.31+0.03 vs. 0.43+0.08, p=0.01, respectively). At maximum exercise, the LOW
group also had a significantly higher EELV relative to FVC compared to the HIGH group (38.1+8%FVC vs. 32.416%FVC, p< 0.05, respectively).
CONCLUSION: All master athletes experienced EFL during exercise and EFL was related to airway dysanapsis. A lower DR was associated
with both an EFL occurring at lower relative exercise intensities and with a higher EELV at maximal exercise. These findings thus suggest
that dysanapsis (uncoupling between lung and airway size) is an important determinant of flow limitation in male master athletes during
exercise.
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FREEZING HYPOXIA AND EXERCISE: HOW DO THEY AFFECT LUNG FUNCTION AND RESPIRATORY MUSCLE FATIGUE?

CALLOVINI, A.1,2, FORNASIERO, A.1,2, SAVOLDELLI, A.1,2, DECET, M.1,2, SKAFIDAS, S.1, PELLEGRINI, B.1,2, BORTOLAN,
L.1,2, SCHENA, F.1,2
1 CERISM, UNIVERSITY OF VERONA, ITALY

INTRODUCTION: Cold temperatures (<-15°C) increase exercise-induced bronchoconstriction (EIB) [1], whilst cold and hypoxic environments
exacerbate respiratory muscle fatigue (RMF) development during prolonged sub-maximal exercise [2]. The aim of this study was to deter-
mine the independent and combined effects of cold and hypoxia on lung function (LF) and RMF development after strenuous exercise.
METHODS: 12 trained male subjects (age 27+3; VO2max: 6415 mL/kg/min) randomly performed a maximal cardiopulmonary exercise test
(CPET) followed by an 8-min bronchoconstriction test (8-BT), under four environmental conditions: Normothermic Normoxia (NN: 18°C,
20.9% Fi02), Normothermic Hypoxia (NH; 18°C, 13.5% FiO2), Cold Normoxia (CN: -20°C, 20.9% FiO2) and Cold Hypoxia (CH: -20°C, 13.5%
FiO2). Maximal workload (WL), ventilation (VE), respiratory frequency (Rf) and tidal volume (VT) were measured during exercise; maximal
inspiratory pressure (MIP) and maximal expiratory pressure (MEP) were evaluated before and immediately after the CPET, whereas LF
(forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC), forced expiratory flow at 25%-75% (FEF25-75) and forced expira-
tory flow at 50% (FEF50)) was evaluated at baseline and 1,3, 6, 10 and 15min post the 8-BT.

RESULTS: Cold and hypoxia decreased maximal workload (both p<0.001), VE (p<0.001, p=0.017, respectively) and VT (p<0.001, p=0.004,
respectively) at the end of CPET, whereas cold only decreased VE (p<0.001) and VT (p=0.003) at the end of the 8-BT. A time effect
(p=0.025) was seen in MEP (A% pre to post exercise, NN:-6.8+11.9%; NH:-3.38410.1%; CN: -8.14+16.7%; CH: -10.2+16.4%), independently
from environmental condition. Cold*time interactions (p<0.01) were found in FEV1 (A% pre to post exercise, NN: -3.446.7%, NH: 3.9+6.3%,
CN: -7.746.0%, CH: -8.2+7.1%), FEF 25-75% (NN: 3.2+11.5%, NH: 0.11+10.1%, CN: -12.948.7%, CH: -8.12+13.8%) and FEF50% (NN:
2.1412.4%, NH: -0.4£11.6%, CN: -11.2+9.7%, CH: -13.3+17.1%). Multiple correlation analysis showed that lower peak ventilatory responses
during both CPET and 8-BT were associated with a higher decrease (A %) in LF parameters (all p<0.001, descriptor: moderate (0.35 CON-
CLUSION: These data showed greater LF impairment after strenuous exercise in the cold with no additional hypoxic effect. On the other
hand, RMF development after maximal CPET seemed to be independent from environmental condition. Further studies are needed to
clarify the relationship between LF impairment and the reduced ventilatory responses in the cold.

1. Kennedy MD, Faulhaber M. Respiratory function and symptoms post cold air exercise in female high and low ventilation sport athletes.
Allergy, Asthma Immunol Res. 2018;10(1):43-51.

2. Hinde K, Low C, Lloyd R, Cooke C. Interaction between ambient temperature, Hypoxia, and load carriage on respiratory muscle fatigue.
Aerosp Med Hum Perform. 2018;89(11):952-960.

ASTHMA PREVALENCE IN NORWEGIAN ELITE ATHLETES

MELSOM, H.S., RANDA, A., STANG, J., HISDAL, J., STENSRUD, T.
NORWEGIAN SCHOOL OF SPORT SCIENCES

INTRODUCTION: Asthma is a common problem among elite athletes and represents a health risk interfering with the athlete’s performance
status. This study aimed to evaluate the asthma prevalence in Norwegian summer and winter elite athletes and asthma prevalence across
sport categories. We also aimed to examine if bronchial hyperresponsiveness (BHR), lung function, fraction of exhaled nitric oxide (FENO)
and allergy differed between asthmatic and non-asthmatic elite athletes.

METHODS: We included Norwegian athletes qualifying for the Beijing Olympic Summer games 2008 (n=80) and the Vancouver Olympic
Winter Games 2010 (n=55). The athletes performed clinical respiratory examination including lung function measurement, methacholine
bronchial challenge for assessment of BHR, FENO and allergy assessed with skin prick test. Asthma was diagnosed based on respiratory
symptoms and clinical examination including objective measurements.

RESULTS: Asthma was more prevalent among winter athletes (50%) than summer athletes (20%). Thirty-three (52%) endurance athletes, 3
(6%) team sport athletes and 7 (33%) technical sport athletes had doctor diagnosed asthma. Significantly lower lung function (p<0,001) and
significantly higher prevalence of severe BHR (p<0,001) were shown in asthmatic athletes compared to non-asthmatic athletes. Allergy and
FENO did not differ between asthmatic and non-asthmatic athletes.

CONCLUSION: Asthma prevalence is high in Norwegian elite athletes, with winter athletes and endurance athletes showing the highest
prevalence. Asthmatic athletes were characterized by lower lung function and more severe BHR compared to non-asthmatic athletes. The
high asthma prevalence in winter sport athletes and endurance athletes demonstrate a need for increased attention to prevent and reduce
the prevalence of asthma among those athletes.

Athletes, medical staff, and coaches should be aware of the high asthma prevalence among athletes training in unfavourable environmen-
tal conditions such as cold and dry air, polluted air and in swimming pools with high concentration of chlorine combined with poor ventila-
tion. However, it is still unclear if asthma, BHR and reduced lung function are persistent in elite athletes after retirement from elite sport
and if respiratory health may be a limitation for physical activity and exercise after career end. Follow up studies are needed to evaluate
how athletes’ respiratory health are over time, and if the asthma diagnosis is reversible.

EFFECT OF REPEATED SPRINT TRAINING WITH VOLUNTARY HYPOVENTILATION ON PERFORMANCE AND MUSCLE OXY-
GENATION

IMAI, A., YAMAGUCH], K., GOTO, K.
RITSUMEIKAN UNIVERSITY

INTRODUCTION: Repeated sprint training in hypoxic condition has been shown to improve repeated sprint ability. Moreover, repeated
sprint training with voluntary hypoventilation at low lung volume (VHL) is growing attention as an alternative procedure for establishing
hypoxic environment in the body. The training with VHL previously demonstrated further increase in repeated sprint ability compared with
the same training with normal breath [1]. However, no direct comparison has not been conducted between “repeated sprint training in
hypoxia” and “repeated sprint training with VHL”. The purpose of this study was to compare the training adaptations between repeated
sprint training with VHL and the same training in hypoxia.

METHODS: Twenty-four healthy physically active males (age, 21.9 + 0.4 years; height, 172.9 + 1.2 cm; weight, 71.0 + 21.9 kg) performed
repeated cycling sprints twice per week for three weeks (six sessions in total). All participants were randomly assigned to one of three
different groups, (1) normoxia with normal breathing (NOR group; 23°C, FiO2 = 20.9%), (2) hypoxia with normal breathing (HYP group;
23°C, FiO2 = 16.4%), or (3) normoxia with breath holding (VHL group; 23°C, FiO2 = 20.9%). The repeated sprint ability (12 x 6-s maximal
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sprint with 24-s rest periods between sprints) and maximal oxygen uptake (VO2max) were determined before and after the training peri-
ods. Power output, systemic oxygen uptake, and cardiac function were monitored during the repeated sprint test. Muscle oxygenation in
vastus lateralis and respiratory muscle was also evaluated using near infrared spectroscopy.

RESULTS: Power output was significantly increased in VHL and HYP during the repeated sprint test (VHL, 57521 W vs. 659430 W, p < 0.05;
HYP, 604426 W vs. 671+35 W, p < 0.05), whereas NOR group did not show significant change after training period (592432 W vs. 623130 W,
p > 0.05). After the training period, muscle oxygen saturation in vastus lateralis during the repeated sprint test was significantly decreased
in VHL (p < 0.05) but not in HYP and NOR (p > 0.05). In addition, muscle oxygen saturation in respiratory muscle was slightly decreased in
HYP (p = 0.1) but not in VHL and NOR (p > 0.05). VO2max significantly increased in VHL after the training period (46.2+1.3 mL/kg/min vs.
47.2+1.4 mL/kg/min, p < 0.05), but HYP and NOR did not show significant change (HYP, 47.0£1.5 mL/kg/min vs. 49.6+1.6 mL/kg/min, p >
0.05; NOR, 46.2+1.3 mL/kg/min vs. 48.7+2.6 mL/kg/min, p > 0.05).

CONCLUSION: Three weeks of repeated sprint training with VHL and same training in hypoxia further enhanced power output during
repeated sprint test compared with the training with normal breath in normoxia. In addition, the training with VHL presented different
tendency of muscle tissue oxygenation in vastus lateralis and respiratory muscle compared with the training in hypoxia.

1. Woorons et al. (2019)
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BAYESIAN MULTILEVEL REGION-SPECIFIC INVESTIGATION OF RISK FACTORS FOR ELIMINATION FROM FEDERATION
EQUESTRE INTERNATIONALE ENDURANCE RIDES DUE TO IRREGULAR GAIT AND METABOLIC PROBLEMS (2012-2019)

ZUFFA, T.1, BENNET, E.D.1, DOWSEY, A.1,2, PARKIN, T.D.H.1
UNIVERSITY OF BRISTOL

INTRODUCTION: Endurance is a popular equestrian sport with the second largest number of events among all Fédération Equestre Interna-
tionale (FEIl) disciplines. At the international level, horse and rider combinations race over distances of 80 to 160 km, which puts a signifi-
cant load on equine and human athletes’ musculoskeletal systems and metabolism and gives rise to the risk of injuries and other issues.
The sport is practised and regulated globally and organised within eight FEI Regional Groups (RGs). Despite common regulation, the sport’s
specifics vary among RGs, with RG7 - North Africa/Middle East hosting significantly faster and larger competitions, with a younger, predom-
inantly male rider population and lower proportion of completed rides. To date, risk factors for the two most prevalent adverse outcomes,
elimination due to irregular gait (FTQ-GA) or metabolic problems (FTQ-ME), have been investigated using global models or models for one
or more countries across RGs. Such models, however, allow limited examination of RG-specific factors. This study focused on RG7 and
aimed to identify regional risk factors for FTQ-GA and FTQ-ME, which may be specific or more important to rides in this area, and which
have thus not been detected or investigated in detail in global or national models.

METHODS: This retrospective cohort study used data from the FEI's Global Endurance Database. The study included 30,138 starts made by
11,119 horses ridden by 4,649 riders in 568 one-day international competitions held in 10 RG7 countries. This represents 94% of all starts
made in RG7 from July 2012 to December 2019. Bayesian Generalised Additive Multilevel Models were fit to investigate associations be-
tween the outcomes and 61 potential risk factors identified based on earlier studies and a priori hypotheses. Modelling accounted for
clustering at horse, rider, trainer, competition, and venue level, nonlinear shapes of associations, and biologically plausible interactions.
RESULTS: The study identified multiple risk factors including horse and rider sex, age, eliminations history, competition frequency and
progression. Fast riding speed was associated with a sharp increase in the likelihood of FTQ-GA (ELPD diff. 269.2, SE diff. 21.5), and the
curve of the association was, on average, steeper for higher- compared to lower-level rides. Experience was associated with a decrease in
the odds of FTQ-GA in both riders (38.6, 9.4) and horses (33.3, 8.7). Female riders were less likely to end with FTQ-GA (OR 0.84, 95% Cl
0.73-0.98) and FTQ-ME (0.63, 0.49-0.80) than male riders, and junior rides were more likely to result in FTQ-ME than non-junior ones
(2.16, 1.52-3.10).

CONCLUSION: Identified modifiable factors, including high riding speed and frequency, can be mitigated by appropriate rules, and consid-
ered by athletes when planning competition schedules or during the ride itself. Other factors can aid officials at in-ride inspections as
additional inputs when assessing combinations’ fitness to continue in the ride.

EFFORT DISTRIBUTION AND TACTICAL BEHAVIOUR ON THE MEN’S 1500 METRES AT THE WORLD ATHLETICS INDOOR
CHAMPIONSHIPS BELGRADE 2022

CASAL GARCIA, N., LOPEZ DEL AMO, J.L.
INEFC, UNIVERSITAT DE BARCELONA

INTRODUCTION: The 1500 meters is a middle-distance discipline. Due the distance of the race, tactic behaviour is important to achieve a
good performance. Placing yourself in the first positions at the start of the race can be overrated since the medallists are usually decided in
the last laps due the final “kick”(Sandford, Day & Rogers, 2019) or also to the lower loss of speed in the last 200 meters (Hanley, Stel-
lingwerff & Hettinga, 2019). The aim of this study is to analyse the distribution of effort and tactical behaviour during the high-level mens
1500-meter race.

METHODS: The men’s 1500 metres competition of the 2022 World Athletics Indoor Championships Belgrade was analysed. Have been
included all the athletes participating in the final (n=12). Official data has been obtained from the official results of the World Athletics
Federation. The temporal and spatial variables analysed are final time (s), time of each 100 m. partial (s), partial time of every split
(100,200,300,400,500,600,700,800,900,1000,1100,1200,1300,1400,1500) (s), number of splits in first position (n), number of 100 m. splits
in first position (n) and position every 100 metres (n). Correlations between final time or final position and time of each 100 m. split (s),
time of every split (s), number of changes in position during the race (n), position every 100 metres (n) and number of 100 m. splits in first
position (n) were performed. Shapiro-Wilk test was performed for checking the sample normality. All data was analysed with JASP
(0.16.1.0).
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RESULTS: Mean final time was 3’41”79+12”31. Significant differences were found between a better split time in every 100 m. (s) and the
final time in 100-200 (p 0,629,p<.05), 300-400 (p 0.895, p<.001), 1000-1100 (p 0.825, p<.01), 1100-1200 (p 0,736, p<.01), 1200-1300 (p
0,666,p<.05), 1300-1400 (p 0,695,p<.05) and 1400-1500 (R 0,601,p<.05).

No significant differences were found between final position or final time and number of changes in position during the race. On the other
hand, inversely significance has been found between the number of 100 m. splits in first position (n) and the final position (n) (R -
0,604,p<.05).

CONCLUSION: The last third of the race seems to be the most decisive for the final performance. The changes of position or the number of
times in first position during the race do not seem to be determining for performance, so take the firsts positions towards the end of the
race seems to be the best tactical behaviour.

REFERENCES

Hanley, B., Stellingwerff, T. & Hettinga, F. (2019). Successful Pacing Profiles of Olympic and IAAF World Championship Middle-Distance
Runners Across Qualifying Rounds and Finals. International journal of sports physiology and performance. 14. 894-901. 10.1123/ijspp.2018-
0742.

Sandford, G. N., Day, B. T., & Rogers, S. A. (2019). Racing Fast and Slow: Defining the Tactical Behavior That Differentiates Medalists in Elite
Mens 1,500 m Championship Racing. Frontiers in sports and active living, 1, 43. https://doi.org/10.3389/fspor.2019.00043

CHANGES IN VO2MAX AND MAXIMAL AEROBIC PERFORMANCE FOLLOWING 3H RUNNING VS CYCLING EXERCISE
MATCHED FOR INTENSITY

SABATER PASTOR, F., FARICIER, R., METRA, M., BROWNSTEIN, C., MILLET, G.Y.
UNIVERSITE JEAN MONNET, SAINT-ETIENNE

INTRODUCTION: The variables that determine endurance exercise performance are often assessed in non-fatigued state. It has been previ-
ously shown that some endurance performance determinants, such as running economy or critical power, decrease following endurance
exercise. However, it is unclear whether maximal oxygen uptake (VO2max) is negatively affected by previous endurance exercise, and if
exercise modality plays a role in the magnitude of change. The purpose of this study was to assess whether VO2max decreases following 3h
of endurance exercise, and to assess the differences in cycling vs running.

METHODS: Recreational athletes trained in both running and cycling (N =17, 33 £ 8 yrs, 72.1 + 5.3 kg, 178 + 6 cm) visited the lab in four
occasions. On visits 1 and 2 they performed a 30-s step incremental test to determine VO2max, gas exchange threshold (GET) and peak test
performance (PTP, measured as average power output or speed during the last 30 s of the test). Heart rate (HR) and peak blood lactate
concentration were also measured during each test. On visits 3 and 4 subjects cycled or ran during 3 h at 105% of GET after which the
incremental test was repeated, and the same variables were measured. Only 11 subjects were able to perform both incremental tests on
visits 3 and 4, the remaining 6 not completing them due to injury or pain. PTP data was normalized to the mean of the corresponding
variable measured at pre to compare power and speed data. The changes in all variables at rest vs following the 3 h test were assessed
using a two-way repeated measures ANOVA with two factors, time and modality. Data are expressed as mean + SD.

RESULTS: There was a time x modality interaction effect for VO2max (p=0.004), with a significant decrease for running compared to base-
line (4.28 + 0.40 vs 3.92 + 0.39 L/min, p=0.031) but no significant change for cycling (4.28 + 0.50 vs 4.20 + 0.58 L/min, p=0.859). There was a
significant effect of time for PTP (p<0.001) but no modality or interaction effects. Specifically, PTP decreased significantly for running from
20.5+1.2t017.9 £ 1.7 km/h (p <0.001) and for cycling from 407 + 51 to 366 + 52 W (p <0.001). Furthermore, there was no effect of time in
maximal HR (p=0.115). There was a significant effect of time on peak blood lactate concentration (p<0.001), which decreased following
both running (from 12.0 + 2.4 t 6.3 + 2.1 mmol/L, p<0.001) and cycling (from 14.0 + 1.9 to 8.9 + 3.6 mmol/L, p<0.001), but there was no
interaction for this variable.

CONCLUSION: The main finding of this study was that running exercise lasting 3 hours at 105% of the GET has a negative effect on VO2max,
but cycling exercise of the same duration and intensity does not lead to a similar VO2max reduction despite the reduction in test perfor-
mance not being significantly different between exercise modalities. It is possible that a greater loss of efficiency in cycling may lead to the
greater decrease in PTP relative to the smaller change in VO2max.

CAN VIDEO- AND SENSOR-BASED FEEDBACK BY IMPLEMENTING A TERRAIN-SPECIFIC MICRO-PACING STRATEGY IMPROVE
PERFORMANCE IN CROSS-COUNTRY SKIING?

SEEBERG, T.M.1,2, KOCBACH, J.1, TALSNES, R.K.3, MEYER, F.4, LOSNEGARD, T.5, TI®NNAS, J.2, SANDBAKK, @.B.1, SOLLI,
G.S.6

1.NORWEGIAN UNIVERSITY OF SCIENCE AND TECHNOLOGY, 2.SINTEF DIGITAL, 3. TRONDELAG COUNTY COUNCIL, 4.UNIVERSITY OF OSLO,
5.NORWEGIAN SCHOOL OF SPORT SCIENCES, 6.NORD UNIVERSITY

INTRODUCTION: Cross-country (XC) skiers employ a variable pacing pattern with higher metabolic rates and power production during uphill
than flat and downhill sections. To improve performance, refining XC skiers’” micro-pacing strategy through adjustments of speed in specific
parts of flat and downhill terrain sections can be beneficial. Therefore, the aim of this study was to investigate performance-effects of
video- and sensor-based feedback by implementing a terrain-specific micro-pacing strategy in XC skiing.

METHODS: Following a simulated 10-km skating time-trial (Racel) on snow, 26 national-level male XC skiers were randomly allocated into
either an intervention (INT, n=14) or control group (CON, n=12), before repeating the race (Race2) two days later. Between races, INT
received video- and sensor-based feedback through a theoretical lecture and a practical training session aiming to implement a terrain-
specific micro pacing strategy focusing on active power production over designated hilltops to save time in the subsequent downhill. CON
only received their overall results and performed a training session with matched training load. During the races the skiers were equipped
with wearable sensors (GNSS, IMUs, heart rate), and prior to the field test, performance and physiological measures were collected in the
laboratory.

RESULTS: From Racel to Race2, INT increased the total variation of chest acceleration on all hilltops (p<.001) and reduced the time spent in
a specifically targeted downhill segment (mean group difference: -0.55 s, CI95[-0.9,-0.19 s], p=.003), as well as the overall time spent in
downhill (-14.4 [-21.4,-7.4] s, p<.001) and flat terrain (-6.5 [-11.0,-1,9] s; p=.006) compared to CON. The increased speed in the specifically
targeted downhill segment did not correlate with the skiers’ laboratory measures or a 20-m on-snow speed test, implying that the increase
in performance occurred independent of the skiers’ physical capacities. However, there were an association between the skier’s speed on
the hilltop in Racel with improved speed on the hilltop from Racel to Race2 (R=-0.57, p=.036) and reduced time in the following downbhill
segment (R=-0.68, p=.007). This means that the skiers with lower speed on the hilltop in Racel improved more than the skiers with higher
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speed. There was also an association between race-time in Racel and improvement in race-time, so that skiers with longer race-time in
Racel improved more than the faster skiers (R=0.86, p= <.001). No between-group differences were found for overall time spent in uphill
terrain (-9.3 [-31.2,13.2] s, p=0.426) or total race-time (-32.2 [-100.2,35.9] s, p=.339).

CONCLUSION: Targeted training combined with video- and sensor-based feedback led to successful implementation of a terrain-specific
micro-pacing strategy in XC skiing, which induced reduced time spent in downhill and flat terrain for INT compared to CON. However, no
change in overall performance were observed between the two groups of XC skiers.

THE FLYING RABBIT: THE USE OF A DRONE TO IMPACT PACING BEHAVIOUR IN 1500M RUNNING.

VAN SON, B.L., VERHOEF, T., MENTING, S.G.P.
LEIDEN UNIVERSITY

INTRODUCTION: In middle-distance time-trial sports events, like 1500-m runs, pacing is a determining factor for performance [1]. Pacing is
the decision-making process regarding the distribution of effort over the duration of the race [2]. The development of adequate pacing
behaviour during adolescence is thought to be an important factor for future performance [3]. Currently, very few technologies are availa-
ble to assist athletes with optimal pacing behaviour on the track. This study explores the use of a drone as a tool to help junior runners to
better approximate their pacing plan in a 1500-m race.

METHODS: Eleven well-trained junior athletes (Male: n = 7, Female: n = 5; mean age, 17.4 years, SD = 2.4) performed four 1500-m races,
while they tried to best approximate their personal pacing plan. The pacing plan described the 400m lap times and the 1500m finish time.
The participants first ran two races as part of the familiarisation phase followed by two races as part of the experiment phase. All races
took place on different days. In both phases, one race was self-paced (SP) by the athletes, the other was drone-paced (DP); a drone accom-
panied them on the track flying at the pace of the athlete’s pacing plan. For all races, split times, finish times and rate of perceived exertion
(RPE) scores were recorded. The deviation from the pacing plan and differences in RPE scores were compared between the SP and DP of
the experiment phase.

RESULTS: Participants deviated less from the pacing plan in DP (M = 1.17, SD = 1.20) than in the SP (M = 3.05, SD = 3.34) (F(1,86) = 12.30, p
< 0.001). The average deviation of the four set lap times from the planned lap times were compared, participants deviated on average less
from the split times planned in the pacing plan in DP (M = 0.74, SD = 0.35) than in the SP (M = 1.23, SD = 0.65) (F(1, 86) = 19.41, p < 0.001).
No significant difference was found between the RPE scores.

CONCLUSION: A drone can alter the pacing performance of youth athletes on the 1500m. Athletes adhered better to their pacing plan in
the presence of a drone, while perceived exertion scores were unaffected. This leads to the conclusion that a drone can potentially be used
to support the development of pacing and performance of junior runners. The introduction of a drone as a pace-setter is novel within the
academic context, and is worth further exploration for potential application in athletic talent development programs.

1. Edwards, A. M., & Polman, R. C. J. (2013).

2. Menting, S. G., Hendry, D. T., Schiphof-Godart, L., Elferink-Gemser, M. T., & Hettinga, F. J. (2019).

3. Elferink-Gemser, M. T., & Hettinga, F. J. (2017).
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COMPARISON BETWEEN DIFFERENT AFTER EXERCISE RECOVERY STRATEGIES—AN UMBRELLA REVIEW

LI, S., KEMPE, M., LEMMINK, K.
UNIVERSITY MEDICAL CENTER GRONINGEN, UNIVERSITY OF GRONINGEN

INTRODUCTION: Numerous overview studies for individual recovery strategies, like for massage or active recovery, have been conducted in
the field of sports sciences. However, only a few studies compared different types of recovery strategies or have a narrative rather than a
systematic approach. Thus, the purpose of this study was to use an umbrella review to compare various types of post-exercise recovery
strategies and provide a bird’s view on the effectiveness of recovery strategies.

METHODS: Electronic searches of the PubMed, Cochrane Database of Systematic Reviews, and Web of Science databases were conducted
for studies published up to April 2021 under the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement.
Additionally, the AMSTAR 2 tool was used to assess the methodological quality of the identified studies.

RESULTS: Twenty reviews (nine systematic reviews and eleven meta-analyses) were fully reviewed out of the 130 identified. Methodologi-
cal quality assessment via AMSTAR 2 revealed that two reviews had high quality, and eighteen had moderate to low quality. According to
the outcome variables, we classified the various recovery metrics in physiological, psychological, and performance metrics following quan-
titative and qualitative synthesis. The included passive recovery methods (massage, nutrition, and foam rolling) indicated that carbohy-
drate, curcumin, and pomegranate supplementas provided a positive effect mostly on performance variables. Massage had a negligible or
no effect on the recovery process. Regarding active recovery strategies (cryotherapy, varying combinations of submaximal activities),
cryotherapy showed mixed results of effectiveness. Active recovery lasting 6-10 minutes improves performance. The effect of compression
garments was the only strategy with beneficial effects (marginal to large) within proactive recovery (compression garments, alcohol con-
sumption).

CONCLUSION: According to the criteria used in the current umbrella review, the majority of recovery studies have low methodological
quality in terms of systematic reviews and meta-analyses. Most of the systematic reviews included in this umbrella review demonstrated
that the recovery findings lacked adequate evidence, meaning that the majority of strategies are not helpful. Future original research on
this subject should focus on improving experimental studies’ methodological quality and design. Also, researchers should agree on stand-
ard outcome measures in the field of recovery to allow for a more objective assessment within and between the different types of recov-
ery.
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INFLUENCE OF SECOND-GENERATION ORAL CONTRACEPTIVE USE ON MUSCLE RECOVERY FOLLOWING REPEATED BOUTS
OF RESISTANCE EXERCISE IN TRAINED WOMEN

OXFELDT, M., BUNDGARD, A., HANSEN, M.
AARHUS UNIVERSITY

INTRODUCTION: Oral contraceptives (OCs) are the preferred type of contraception used by female athletes. The exogenous sex hormones
from OCs suppress the endogenous secretion of sex hormones and thereby change the sex hormonal profile. Limited evidence suggests
that the female sex hormone estrogen may have a protective role against muscle damage. However, the role of the exogenous adminis-
tered sex hormones is still uncertain. In untrained women, the use of OCs is associated with delayed strength recovery and greater increas-
es in markers of muscle damage after muscle-damaging exercise when compared to non-users of OCs in a few, but not all studies. There-
fore, there is a need for a well-controlled study comparing muscle recovery in trained OC-users and non-users of OCs before any conclu-
sions can be drawn. Thus, the aim of the present study was to investigate if OC use influences muscle recovery following repeated bouts of
resistance exercise in trained women.

METHODS: Trained OC-users and - non-users of OC were recruited to perform three strenuous resistance exercise bouts within a 24-hour
period. Before, and 3, 24, and 48 hours after the resistance exercise sessions, the participants completed measurements of maximal volun-
tary isometric (MVIC) and dynamic contraction (MVDC), vertical jump height, and Wingate power performance. All participants were
provided with an energy-macronutrient balanced diet during the experimental period.

RESULTS: Results from eight OC-users and six non-users of OCs demonstrated that MVIC, MVDC, jump height, jump power, Wingate peak
and average power were all significantly reduced following resistance exercise (p < 0.05). However, in OC-users a significantly greater
reduction in MVDC was observed 24 hours after the last exercise session compared to non-users of OCs (interaction: p < 0.05). No other
significant interactions were observed.

CONCLUSION: The results indicate that OC-users experience a greater deterioration of maximal dynamic strength compared to non-users
of OCs following repeated bouts of resistance exercise. However, no significant difference was observed in the other performance parame-
ters. To enhance the statistical power, further 26 subjects are recruited. The test period is scheduled to end in June 2022. The full data set
will be presented at the conference.

ASSOCIATION BETWEEN SLEEP QUALITY PERCEPTION AND FATIGUE, MENTAL, STRESS AND MUSCLE SORENESS IN HAND-
BALL ATHLETES BEFORE PRE-OLYMPIC GAMES

SA, C., MONTEIRO, S., OSORIO, S., CATARINO, P., SILVA, F., SOARES, M., SA, P.
ISMAI/IPB/CIDESD

INTRODUCTION: According to recent research, sleep is directly related to the individual’s sports performance, which means that better
sleep quality is an important element contributing to a better physical and emotional recovery for the athlete. However, stress and travel-
ing may be factors that lead to poor sleep quantity and quality, which can be the cause of decrements in performance and increased risk of
iliness.

The aim of this study was to compare the sleep quality perception in handball players to their stress levels, fatigue, mental and muscle
soreness perception.

METHODS: Twenty-four male Portuguese handball athletes completed a questionnaire based on the Hooper Scale, to assess the quality of
the previous night’s sleep, stress levels, fatigue levels and perceived muscle damage, during handball training before pre-Olympic games.
This questionnaire consists of 5 self-rated items and each question is individually scored on a scale from 1 (“Very, very low or good”) to 5
(“Very, very high or bad”). This relation was evaluated by Pearson correlation, statistical level of p<0.05 was accepted.

RESULTS: 24 athletes, in average, reported that sleep quality perception was 3.40.8, which 90,5% had a “good sleep”. Fatigue level was
3.9+0.6; mental state was 4.5+0.8 and energy perception was 4.01£0.8. Athletes with better perception of sleep quality felt significantly less
fatigue (r = 0.465; p = 0.034), felt psychological better (r = 0.609, p = 0.003), and reported a significantly higher level of energy (r =0.484, p
=0.026) and nonphysical muscle soreness. Athletes with a that felt less fatigue had a significantly higher level of psychological state (r =
0.726, p <0.001) and energy perception (r = 0.804, p = 0.000). Athletes with higher psychological state had a significantly higher energy
perception (r = 0.822, p <0.001).

CONCLUSION: Handball athletes, before pre-Olympic games, who report a good quality of sleep have a positive mental state, more energy
perception, less level of fatigue physical and less muscle soreness. The process of monitoring will help prescribe the correct dosage of
training in order to maximize athlete performance and to implement the appropriate recovery protocols (rest, nutrition, and others).

MUSCLE OXYGEN SATURATION CONTRIBUTES TO DETERMINING THE RECOVERY TIME INTERVALS IN MAXIMAL
STRENGTH TRAINING. CONTRIBUTION TO UNDERSTANDING THE TRAINING PROCESS OPTIMIZATION

TEIXEIRA, A.M., CARVALHO, J., RAMA, L.
UNIVERSITY OF COIMBRA, NIF:501617582

INTRODUCTION: Training for maximum strength is commonly based on manipulating great magnitude external resistances (80% to 100% of
the 1RM). The literature suggests long rest times to ensure a complete recovery between each set to optimize the training process. This
study aimed to verify the relationship between muscle oxygen saturation (SmO,) in the vastus lateralis muscle and the rest interval using
the performance analysis over a training protocol to improve maximal force capacity in the back squat exercise.

METHODS: Six male subjects experienced in powerlifting practice (mean + SD: age, 24.1 + 2.68 years; height, 147 +71.4 cm; body mass,
83.9 + 8.93 kg) participated in the study. On two separate days, 48hours apart, athletes come to the weight room at the same time of the
day (10:00 — 12:00 AM). Athletes underwent a training task to improve their capacity to produce maximum strength (5 sets of 3 repetitions
at 83%RM). The training, nutrition, and hydration regime of 48 hours before the performance assessment were maintained.

In the first moment (PT1), the rest time between sets was timed in 8 minutes to assure the reduction of muscular acidity produced by the
muscular exertion. A NIRS sensor (Humon muscle oxygen sensor) was placed at the medial part of the right vastus lateralis muscle to assess
the SmO2 in the muscle. In the second moment (PT2), the rest time was individualized according to the time needed to reach the plateau
of SmO2 (time delay) observed in PT1. A linear transducer Encoder was used to control the velocity of each repetition. Capillary blood
samples were taken from the earlobe immediately after each set for Lactate assessment. Heart rate and RPE were also controlled during
the experiment.
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RESULTS: The rest time between sets was reduced by around 2’ from PT1 to PT2. The mean recovery %SmO02 does not differ significantly
between moments 79,7+7.55% and 76,315,33%, respectively. Additionally, the % of the concentric velocity loss also did not differ between
PT1 (50.6+24,8%) and PT2 (42.2+14.2%).

CONCLUSION: The mean values of the %SmO2 observed after the rest period align with the literature and suggest that the rest times based
on the SmO, values allowed for a complete recovery. The observed percentage of mean concentric velocity loss suggests that this indicator
of neuromuscular fatigue was not affected by the reduced recovery time.

Our findings lead us to conclude that the recovery periods estimated through the %SmO02 allowed for complete recovery between sets in
maximal strength training in powerlifters avoiding the detrimental effect of accumulated fatigue.

THE EFFECT OF MUSCLE CONTRACTION TYPE ON MUSCLE OXYGEN SATURATION DURING DYNAMIC VERSUS ISOMETRIC
BACK SQUAT

SANTAREM, D.1, MACHADO, I.1,2, ABRANTES, C.1,2

1.UNIVERSITY OF TRAS-OS-MONTES E ALTO DOURO, VILA REAL, PORTUGAL; 2.RESEARCH CENTER IN SPORTS SCIENCES, HEALTH SCIENCES
AND HUMAN DEVELOPMENT , UTAD, VILA REAL, PORTUGAL.

INTRODUCTION: Exercise monitoring is indispensable for improving performance and for achieving the defined objectives. Physiological
variables such as heart rate, oxygen uptake, or blood lactate concentration are considered the most widely used as global parameters (1),
and muscle oxygen saturation, through near-infrared spectroscopy, has been gaining emphasis as a local muscle parameter (2). This pilot
study aimed to compare the effect of the type of muscle contraction in the back-squat exercise in muscle oxygen saturation (Sm02) and
total hemoglobin (tHb) during a dynamic contractions protocol (DCP) and an isometric contractions protocol (ICP).

METHODS: Seven voluntary participants (age: 26.4+6.1 years old; height: 176.619.7 cm; body mass: 76.79.6 kg) with back-squat experi-
ence were recruited. They were physically active and reported no musculoskeletal injuries to exercise. Before the protocols, one-repetition
maximum (1RM) was determined (114.29+38.45 kg) with standard methodology. The DCP comprised 3 sets of 16 repetitions at 50% of
1RM (57.14+19.23 kg), with a 120-second rest interval between sets and 2 seconds per cycle of movement. The ICP comprised 3 sets of 1
isometric contraction with the same load and set duration (32 seconds) of DCP. NIRS derived parameters, i.e., minimum SmO2 (SmO2min),
mean SmO02, and SmO2deoxygenation (% change from baseline) were assessed in vastus lateralis, soleus, longissimus, and semitendinosus
muscles. Statistical significance was set at p<0.05 and the results are presented as means + standard deviation.

RESULTS: Although paired sample t-tests revealed no significant differences in mean SmO2 in vastus lateralis, longissimus, and semitendi-
nosus muscles, soleus muscle had lower values in DCP but only in the first set (p=0.023). Related to SmO2min, just the soleus muscle
presented differences (p<0.05) and lower values in the DCP compared with ICP regardless of the set (1st: 27.3+8.9 % vs 44.2+10.2 %; 2nd:
26.1+11.4 % vs 38.6+17.6 %; 3rd: 24.5£12.7 % vs 40.5+16.4%) and an interesting point was that the minimum values in the four muscles
analysed were reached after the end of exercise in 78% of the cases. The SmO2deoxygenation showed no significant differences between
protocols in all analysed muscles. No differences were seen in tHb between DCP and ICP.

CONCLUSION: These findings suggested that the variation in the type of muscle contraction with the same load and exercise duration
promoted a lower SmO2 in the soleus muscle in DCP, probably due to a higher demand of specific muscle activation, reflecting a more
pronounced gap between oxygen supply and consumption. The identical behaviour of tHb between the protocols and the decreasing
pattern along sets might be due to the similar intramuscular pressure.

1) Thornton et al., Int J Sports Physiol Perform, 2019

2) Barstow, J Appl Physiol, 2019
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WEAK ASSOCIATIONS BETWEEN POLYGENIC RISK SCORE FOR PHYSICAL ACTIVITY AND AEROBIC CAPACITY IN HUNT 3
FITNESS STUDY

TYNKKYNEN, N.1, PALVIAINEN, T.2, TORMAKANGAS, T.1, KLEVJER, M.3, JOENSUU, L.1, KUJALA, U.1, KAPRIO, J.2, BYE, A.3,
SILLANPAA, E.1,2
1, UNIVERSITY OF JYVASKYLA; 2, UNIVERSITY OF HELSINKI; 3, NORWEGIAN UNIVERSITY OF SCIENCE AND TECHNOLOGY

INTRODUCTION: Both physical activity (PA) behaviour and aerobic capacity are heritable phenotypes. Polygenic risk scores (PRSs) can be
used to estimate the individual’s genetic propensity for a trait that is explained by variation in thousands of genetic variants. We have
previously shown that PRS for PA (PRS PA) accounted for statistically significant but overall small proportion of the variation in PA in the
Finnish cohorts (1). The purpose of this study was to investigate if genetic inheritance of PA affects aerobic performance and to replicate
our previous findings using a cohort representing different genetic ancestry.

METHODS: Genotyped participants of the HUNT 3 Fitness Study with directly measured maximal oxygen uptake (VO2max) measurements
(age 19-89 years, 49% males, N = 4,521) were included in analysis. PRS PA was calculated for self-reported moderate to vigorous PA
(MVPA) minutes per week using UK Biobank genome-wide association study summary statistics and SBayesR methodology (2). In HUNT,
self-reported PA was estimated using Kurtze score. A treadmill protocol was conducted to estimate VO2max (ml/kg/min). Linear regression
models adjusted for age, sex and genetic principal components of ancestry were used to assess if standardized PRS PA predicts PA and
aerobic capacity.

RESULTS: In fully adjusted model high PRS PA predicted higher PA in HUNT 3 cohort (B = 0.104 per one SD change in PRS PA, SE=0.042,P =
0.013). PRS PA independently accounted 0.13% of the variation (R2) in the in the Kurtze score. PRS PA was not associated with VO2max (B
=0.099, SE =0.103, P = 0.338).

CONCLUSION: PRS PA explained a minor proportion of variation in PA among HUNT cohort. This is probably because of low predictive value
of the used PRS PA or low correlations among PA methods (MVPA minutes vs. Kurtze score). The fact that no statistically significant associ-
ation was observed between PRS PA and VO2max may be explained by low predictive value of PRSPA or that the variants included in PRS
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PA are mainly related to PA behavior and not to physiological determinants of aerobic capacity but also to the unreliability inherent in the
self-reported PA measurement.

References:

1. Kujala UM, et al., Med Sci Sports Exec. 2020

2. UK Biobank Web site, http://www.nealelab.is/blog/2017/7/19/rapid-gwas-of-thousands-of-phenotypes-for-337000-samples-in-the-uk-
biobank

TRANSCRIPTOMIC ANALYSIS OF MURINE SPLENIC CD3+ T CELLS AFTER ACUTE EXERCISE
YE, X., LIU, R.
SCHOOL OF PHYSICAL EDUCATION, CHINA UNIVERSITY OF GEOSCIENCES (WUHAN)

INTRODUCTION: Exercise is a key factor that affects the immune functions. It is generally accepted that appropriate exercise could improve
immune functions, while exhaustive exercise has been shown to impair the immune response. Acute exercise or overload exercise could
cause an "open window" period (3 to 72 h after exercise) of weakened immune function[1], and the mechanism of exercise induced immu-
nosuppression is still poorly understood. This study focused on the transcriptomic characterization of the effects of acute exercise on
murine splenic CD3+ T cells by transcriptome sequencing (RNA sequencing, RNA-seq) technique.

METHODS: Mice were randomly assigned to the control, sedentary group, and the experimental groups, which performed a single bout of
intensive and exhaustive treadmill exercise. Murine splenic lymphocytes were separated by density-gradient centrifugation after exer-
cise.Cells were labeled with anti-CD3-PE antibody and sorted by a flow cytometry.The effect of exercise was evaluated by the immunologi-
cal parameters (lymphocyte proliferation and cellular inflammatory factor secretion). The combination of flow cytometry and carboxy-
fluorescein succinimidyl ester labeling technique was used for determination of cell proliferation, and Th1/Th2 cytokines in the culture
medium with cytometric bead array(CBA).Transcriptomic analysis of murine splenic CD3+ T cells was performed by RNA-seq technology,
and differentially expressed genes were screened by the standard of |log 2 FC|>1 and P-adjust<0.05. Hierarchical cluster analysis was done
for the screened differentially expressed genes, and gene ontology analysis (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis were performed for the differentially expressed genes.Experimental validation of the screened key expressed
genes was performed by gRT-PCR.

RESULTS: Compared with the control group, exercise significantly reduced Con A-induced proliferation of CD3+ cells in vitro (p <0.05), and
increased the levels of IL-6, IL-5, and IL-13 in the culture medium (p <0.001/0.001/0.05, respectively), down-regulated the level of IL-2 (p
<0.05). KEGG pathway enrichment analysis showed the effect of exercise were significantly enriched to cytoskeletal proteins and signal
transduction mechanisms.Compared with the control group, exercise significantly increased the transcription level of the factors (SERCA2B,
PKC8, Cav3.3, Bcl-xL and FADD) in CD3+ cells.

CONCLUSION: Acute exercise has immunosuppressive effects, and its mechanism could be related to the regulation of the gene expression
from the calcium signaling pathway, providing a theoretical basis for the further research into the mechanisms of exercise immunity.

THE EFFECT OF TNF-A INHIBITOR ON THE INFLAMMATORY RESPONSE AFTER ONE-OFF EXHAUSTIVE EXERCISE

LI, X.
CHINA INSTITUTE OF SPORT SCIENCE

INTRODUCTION: Acute inflammation caused by overtraining and insufficient rest can evolve into a chronic inflammatory response, leading
to systemic immune response, inducing exercise fatigue, affecting performance and reducing athletic performance. TNF-a inhibitor (thalid-
omide) specifically inhibit TNF-a protein synthesis, acting by interfering with transcription, translation or affecting mRNA half-life. It is thus
hypothesized that a reduction or inhibition of TNF-a contributes to a reduction in the validation response in exercise fatigue. In the present
study, we investigate the effect of one-off exhaustive exercise on the TNF-a/NF-kB signaling pathway-mediated inflammatory response in
skeletal muscle and the effect of TNF-a inhibitor intervention.

METHODS: Male 8-week-old Wistar rats were randomly divided into three groups: control group (EC group, n=10), exhaustive exercise
group (EE group, n=10), and exhaustive exercise combined with TNF-a inhibitor intervention group (TEE group, n=10). The EE and TEE
groups performed an exhaustive treadmill exercise at 16m/min with an incline of 0°after three days of acclimatization. The TEE group
received 200mg/kg body weight of TNF-a inhibitor (thalidomide) by oral infusion 4h prior to each exercise. After 24 hours of exhaustive
exercise, the serum CK, BUN, IL-1 and TNF-a were sampled and the expression of NF-kB, TNF-a and IL-1B was measured by western-
blotting.

RESULTS: The exercise to exhaustion time was significantly increased in the TEE group compared with the EE group. Serum CK, BUN, IL-1B
and TNF-a values were significantly higher in the EE group compared to the EC group, while serum BUN, IL-1B and TNF-a values were
significantly lower in the TEE group compared to the EE group. The protein expression of NF-kB, TNF-a and IL-1B in the gastrocnemius
muscle of rats was significantly higher in the EE group than in the EC and TEE groups.

CONCLUSION: TNF-a inhibitors reduced the TNF-a/NF-kB signaling pathway-mediated inflammatory response in rat skeletal muscle in-
duced by one-off exhaustion exercise, prolonged the duration of exercise to exhaustion and improved the exercise capacity of rats.

ASSOCIATION OF DAILY DIETARY INTAKE AND MYOKINES IN MARATHON RUNNERS

CURY-BOAVENTURA, M.1, PASSOS, B.1, LIMA, M.1, DE SOUSA, C.1, PAZ, 1.1, BARROS, A.1, SIERRA, A.2
1CRUZEIRO DO SUL UNIVERSITY, 2UNIVERSITY OF SAO PAULO

INTRODUCTION: Daily food intake is crucial to determine endogenous fuel to practice endurance exercise and consequently to maintain
muscle mass. Chronic low nutrients availability has been demonstrated to be one of the main factors related to endocrine and metabolic
dysfunction. Myokines are chemical messengers release by skeletal muscle tissue during contraction and have autocrine, paracrine and
endocrine effects modulating muscle mass and function. The aim of this study was to associate daily dietary intake with myokines response
in marathon runners.

METHODS: Participated in this study sixty-one Brazilian male amateursB runners (age, 41 7 years; height, 1.7 + 0.01 m, body mass, 74 +
14 kg). Blood samples were collected 1 day before and after Sdo Paulo International Marathon. The plasma levels of myokines were deter-
mined using the Human Magnetic bead Panel. Dietary intake was determined using a prospective method of three food records in the
week before marathon race.
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RESULTS: Before race, energy and carbohydrate intake was correlated positively with musclin (p<0.05, r=0.28 and 0.38, respectively) and
myostatin (p<0.05, r=0.33 and 0.40, respectively); and sugar intake with musclin (p<0.05, r=0.30). Musclin concentration also had a positive
correlation with the micronutrients manganese (p<0.05, r=0.28) and vitamin C daily intake (p<0.001, r=0.43) and myostatin levels with
vitamins B1, C and iron intake (p<0.05, r=0.27-0.30) before race. BDNF, IL-15, apelin, irisin, apelin, FSTL, FGF-21 levels were not associated
with daily dietary intake before race. After race, daily sugar intake was correlated positively with BDNF, FSTL, IL-6 and FGF-21 concentra-
tions, which are crucial to muscle recovery (p<0.05, r= 0.31-0.33); fiber intake with musclin and myostatin (p<0.05, r=0.29); and vitamin C
with IL-15 (p<0.05, r=0.26). Cholesterol intake was correlated negatively with apelin and irisin levels (p<0.05, r=-0.32 and -0.27, respective-
ly), sodium intake with BDNF and FGF-21 levels (p<0.05, r=-0.30 and -0.37, respectively) and protein intake with BDNF and apelin levels
(p<0.05, r=-0.26).

CONCLUSION: The results highlight the importance of carbohydrate and fiber consumption in runners for good muscle recovery and alert
to the adequacy of sodium and cholesterol consumption due to its negative correlation with BDNF, apelin and irisin levels. The data also
could contribute to elucidate the mechanisms of beneficial effects of adequate intake in runners. In conclusion, daily dietary intake may
influence some myokineslevels responsible to maintenance of muscle mass, such as myostatin, musclin, apelin and irisin, and to recovery
of muscle mass and function, such as BDNF, FSTL, IL-6 and FGF-21.

Oral presentations

OP-AP18 Relative age effect

NEURO-MUSCULAR DEVELOPMENT AND AGE-RELATED PROFILING IN ELITE YOUTH SOCCER PLAYERS: CONVENTIONAL
STATISTICS AND CONTRIBUTIONS OF MACHINE LEARNING

SCHWIETE, C., BROICH, H., MESTER, J., WIGGER, U., WAHL, P., BEHRINGER, M.
GOETHE UNIVERSITY

INTRODUCTION: From a neuromuscular perspective, soccer is characterized by the need to move ones own body mass at high speed. In
addition, rapid changes of direction and quick responses to visual stimuli are needed. For these reasons, performance diagnostics often
include jumping, tapping, balance and sprint tests and are supplemented by tests on changes of direction and visual information pro-
cessing. However, little is known about the development of these skills in youth elite athletes. Therefore, this cross-sectional study investi-
gated neuromuscular performance tests of elite youth soccer players across different age groups.

METHODS: 232 male elite youth soccer players (17.3+2.8 yrs) performed neuro-muscular tests including counter-movement jump (CMJ),
squat jump (SJ), drop jump (DJ), star run (StR), chase next (CN), tapping (Tap), balance (Ba) and sprinting (Spr). For each athlete, 1-11 tests
were carried out in a period of 4 years (number of tests: U15 = 88, U16 = 168, U17 = 263, U19 = 229, U23 = 192). The data were organized
in a “data warehouse” and used for conventional statistics and machine learning, such as clustering and decision trees.

RESULTS: Conventional Statistics

There were significant differences between certain age groups (meanSD) e.g. regarding CMJ, SJ, DJ, StR and Reactive Strength Index (RSI)
as a key indicator for neuro-muscular reactivity. These differences, however, cannot statistically be related to biological age or age groups
as the intraindividual or groupwise within variation is very high. So is the individual development in the context of soccer specific training.
Thus an individual profiling is required.

Examples for groupwise results are: CMJ [cm]: U15 = 33.8+4.2, U16 = 36.6.1+4,6, U17 = 38.0+3.9, U19 = 40.6+4.5, U23 = 40.5+4.1. StR [s]:
U15=18.4+1.2, U16 = 18.0.41.1, U17 = 17.5¢1.1, U19 = 17.3+1.2, U23 = 17.2+1.1). RSI [cm/ms]: U15 = 0.141+0.030, U16 = 0.148%0.033,
U17 =0.163+0.031, U19 = 0.182+0.035, U23 = 0.185+0.033).

Machine Learning

In order to obtain to gain a better understanding of complex key indicators a “dimension reduction” by means of factor-analyses with
varimax-rotation was carried out. Two major factors with an explained variance of 39% were extracted, which can be associated with
dominant reactive components (24%) and more coordinative features (15%).

CONCLUSION: The data show that neuromuscular performance differs between age groups, but that this difference is not simply a function
of age. It is conceivable that the difference between and high variance within age groups is the result of individual training stimuli, causing
some individuals to stand out from the rest over time. It turns out that the interindividual variance is primarily based on two factors that
can be attributed to reactive or coordinative abilities. These results will help athletic trainers to understand the development of the neu-
romuscular performance in youth athletes, set appropriate priorities in training, and identify talent.

WHY ARE THEY ALWAYS OLDER AND STRONGER? RELATIVE AGE EFFECT AND TALENT IDENTIFICATION FACTORS IN
YOUTH ELITE SOCCER PLAYERS.

RUBAIJCZYK, K.
UNIVERSITY OF HEALTH AND SPORT SCIENCES IN WROCtAW

INTRODUCTION: Assessment of the players motor potential for soccer is multidimensional. In most cases, testing set dedicated to youth
players take into account the anthropometric, linear or curve sprinting characteristics, jumping and agility testing and the ability to rapidly
change direction. Nevertheless, interpretation of the obtained data is disturbed by the phenomenon of relative age effect (RAE) and differ-
ent maturity statuses in youth soccer players. There is a lack of studies that investigated the relationship between anthropometric profile,
body composition, results of motor tests, and different methods of maturity-based banding for the Talent Identification (Tl) process in
soccer. The aims of the study were: a) examination of anthropometrical and motor performance with traditional age-grouping by chrono-
logical age (CA) and Midway Point methods (MP) proposed by Helsen and colleagues (2021), and b) identify the birth-date distribution in
elite polish youth soccer payers.

METHODS: Two hundred thirty-six (236) elite youth soccer players aged 12-14 selected by Polish Football Association to National Develop-
ment Camp (NDC) completed a physical performance battery with anthropometric and body composition analysis. Players biological ma-
turity status was assessed with the age at peak height velocity (APHV) method. All data were compared to growth charts and distribution of
birth dates for the Polish Population. Homogeneity of variance was checked, and no violations were found. The X2 test was used to deter-
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mine the differences between the observed and expected frequencies of a birth-date quartile. Differences in body height and match statis-
tics were analyzed with ANOVA and Tukey's post hoc test. The calculations used a confidence interval of p < 0.05. An independent t-test
was conducted to determine the differences in anthropometric characteristics and performance tests results between grouping methods
and the first and fourth birth quarter.

RESULTS: Before relocation RAE was identify in each sub-group (U13, x2=13,5, p=0,0023, V=0,3; x2=14,34, p=0,0025, V=0,29; U15 x2
=17,65, p<0,001, V=0,33). Analysis shows the quarterly significant differences for U13 grup for body mass (p<0,05), body height (p<0,01),
total body water (p<0,01), total protein mass, skeletal muscle mass and power peak output for 30 meters sprint (p<0,05). No significant
differences in jumping abilities (SJ, CMJ) and results of CODAT Test. In addition, the study shows the quarterly difference in APHV for U15
(p<0,01). After relocating players with MP guidelines, results show that only 34% of player was correctly banded by age-grouping and over
47 % was older than their CA age-group.

CONCLUSION: The results of this study show that maturity status and CA are crucial in the Tl and selection process in youth soccer. The
method proposed by Helsen and colleagues (2021) may lead to fewer dropouts and thus a larger talented player pool, which benefits, in
turn, the talent identification process for soccer academies.

PHYSICAL DEVELOPMENT OF YOUTH FOOTBALL PLAYERS

TINGELSTAD, L., LUTEBERGET, L., RAASTAD, T.
NORWEGIAN SCHOOL OF SPORT SCIENCE

INTRODUCTION: Due to the frequent high intensity efforts in football, well developed physical qualities are necessary to perform at a high
level (Bradley et al., 2009). During youth years, athletes progressively improve in physical characteristics concurrently with growth and
maturation (Malina et al., 2004). However, due to varying timing and tempo of growth and maturation in individuals, interpretation of
physical qualities among youth is challenging. Several studies have characterized physical qualities at different ages in boys, but studies
including girls and studies comparing sexes are scarce. Therefore, the aim of this study was to compare physical performance characteris-
tics between age groups and sexes in youth football players.

METHODS: In a cross-sectional study design, 141 football players, boys (n=83) and girls (n=58), from U14, U16, and U18 age groups were
tested. The test battery consisted of 30 m sprint, change of direction ability (CoD), countermovement jump (CMJ) with a force plate and
yoyo-intermittent recovery test level 1 (YYIR1). An independent t-test was used for differences between sexes for each test, and one-way
ANOVA were used to calculate the significance level between the groups.

RESULTS: Boys performed significantly better than girls in all tests (p<0.001); 30 m sprint (5.03 vs. 4.71 sec), CoD (10.96 vs 10.20 sec), CMJ
(27.5 vs 31.6 cm) and YYIR1 (590 vs 908 m). Boys were also significantly better at all ages, and the difference between sexes increased with
age for both 30 m sprint (U14: -3.5% p=0.03; U16: -6.9%, p<0.001; U18: -11%, p<0.001) and CoD (U14: -4.1%, p=0,001; U16: -7.9%, p<0,001;
U18:-9.1%, p<0,001). The same trend was shown for CMJ, but there was no difference between the sexes in the U14 group (U14 = 10.7%,
p=0.151; U16 = 15.5%, p=0,006; U18 = 31.8%; p=0,004). Though there was a trend for increasing differences with age also for the YYIR1,
only the U16 had significant sex differences (U16 = 71%, p=0.003).

CONCLUSION: This study shows that boys perform better than girls at a wide range of physical qualities during youth years and that these
differences increases as they get older. These results adds to the fact that girl’s plateau in physical development at an earlier stage than
boys, that suggests that sex differences should be taken into account in training prescription. However, there is a need for more research
looking into longitudinal development to confirm this.

Bradley, P. S., Sheldon, W., Wooster, B., Olsen, P., Boanas, P., & Krustrup, P. (2009). High-intensity running in English FA Premier League
soccer matches. Journal of Sports Sciences, 27(2), 159-168. https://doi.org/10.1080/02640410802512775

Malina, R. M., Bouchard, C., & Bar-Or, O. (2004). Growth, Maturation, and Physical Activity. Human Kinetics.
https://books.google.no/books?id=VqFcFsykj6EC
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SELF-SELECTED VS. IMPOSED RUNNING INTENSITY AND THE ACUTE EFFECTS ON MOOD, COGNITION, AND BRAIN ACTIVI-
TY

BRAUNSMANN, L.1, BEERMANN, F.2, STRUDER, H.K.1, ABELN, V.1
1 GERMAN SPORT UNIVERSITY COLOGNE, GERMANY; 2 ALBERT-LUDWIGS-UNIVERSITAT, FREIBURG, GERMANY

INTRODUCTION. People state to go for a run because it helps them to ‘clear their mind’. Based on the self-determination theory (Deci &
Ryan, 1985), perceived autonomy is considered as key factor for positive effects of exercise on mood (Ekkekakis, 2009). Here, we investi-
gate how two identical bouts of exercise with differing degree of autonomy influence the psychological and electrocortical outcomes.
Because neuroscientific investigations revealed inconsistent results previously, we focus on aperiodic brain dynamics (1/f), which — to the
best of our knowledge — have not been considered in sports science, yet. As a decrease of 1/f activity is associated with more efficient
neuronal communication (Voytek & Knight, 2015), we hypothesize that there will be a reduction after exercise going along with improve-
ments in mood and cognitive performance.

METHODS. 29 experienced recreational runners (aged 22 + 2.5 years, 14 females) completed two 30-minute runs. During the first interven-
tion, the participants chose their individual feel-good intensity in a self-selected run (SR). Four weeks later, during an imposed run (IR)
under blinded conditions, the same running speed was externally prescribed, which should influence the perception of autonomy. The
acute effects on mood (Feeling Scale, Felt Arousal Scale, MoodMeter®) and cognition (d2-R, digit span test) were examined using t-tests
and Wilcoxon tests, respectively. Brain activity in the electroencephalogram (slope, offset, 1/f-corrected alpha and beta band) was ana-
lyzed using cluster-based permutation tests with repeated measures ANOVA and Bonferroni post-hoc tests.

RESULTS. Both running interventions were equal in terms of duration, running speed, heart rate and lactate concentrations. Activation in
the Felt Arousal Scale increased following both runs (SR: p<.001, d=1.27; IR: p<.001, d= 1.54). No acute changes were found in the Feeling
Scale or MoodMeter®, but slight improvements were indicated in several dimensions, such as motivation after the SR (p=.054, r= 0.36),
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which were not present after the IR (p=.306, r=0.19). Cognitive performance improved after both runs in the d2-R (p< .05, r>0.48). The
scores in the digit span test remained stable after the SR (p>.05), but decreased after the IR (p< .05, r>0.39). Brain activity increased only
after the SR in the 1/f-corrected alpha band (p< .05), whereas it was reduced after both runs in the beta band (SR: p< .01; IR: p< .05), slope
(each p<.001), and offset (SR: p< .001; IR: p<.05).

CONCLUSION. The IR did not clearly affect mood or cognition directly after running, but there are indications for deteriorations even
though the physical workload was the same as for the SR. This highlights the potential relevance of perceived autonomy in exercise. Re-
duced aperiodic brain activity could reflect exercise-induced behavioral effects facilitated by improved neural communication and provide
a neurophysiological explanation that running ‘clears the mind’.

SELF-CONTROL EXERTION AND GOAL PRIMING: EFFECTS ON TIME-TO-EXHAUSTION CYCLING PERFORMANCE

HUNTE, R., COOPER, S.B., TAYLOR, .M., NEVILL, M.E., BOAT, R.
NOTTINGHAM TRENT UNIVERSITY

INTRODUCTION

Prior self-control exertion has been shown to have a detrimental effect on subsequent physical performance (Hunte et al., 2021). However,
interventions to attenuate these negative effects on physical performance are limited. The current study had two primary objectives: a) to
investigate whether prior self-control exertion reduced subsequent performance on a time-to-exhaustion cycling task (TTE), b) to investi-
gate if goal priming could help to attenuate the detrimental effects of self-control depletion on subsequent physical performance. In addi-
tion, the study examined the potential for any observed performance decrements to be explained by changes in perceptions of pain and
motivation.

METHODS

Fourteen recreationally active males (22.9+3.1 y) completed three TTE cycling tasks at 80% VO2 max on an electromagnetically braked
cycle ergometer (Lode Bike). Prior to each TTE participants completed a congruent Stroop task (non-self-control depletion condition) or an
incongruent Stroop task (self-control depletion condition) for 4 min. During the TTE, participants were asked to watch a video on the
screen in front of them. During this video participants were exposed to a goal priming sequence (intervention condition) or a random letter
sequence (control condition). Participants’ perceptions of pain and motivation were recorded every 3 min during the TTE task.

RESULTS

A one-way repeated measures ANOVA revealed that there was no significant difference in TTE task performance between all experimental
conditions (p = 0.28). Furthermore, there were no significant changes in perceptions of pain (p = 0.36) or motivation (p = 0.21) throughout
the TTE cycling task. However, a significant difference was demonstrated for participants cycling cadence (p = 0.01). Post hoc t-tests re-
vealed that participants cycled at a statistically significant higher cadence in both the self-control depletion and goal priming intervention
condition and non-self-control depletion and control condition when compared to the self-control depletion and control condition (both p
<0.01).

DISCUSSION

The findings indicate that prior self-control exertion does not negatively affect subsequent TTE cycling performance. In addition, the find-
ings suggest that goal priming does not improve endurance performance or attenuate the effects of initial self-control exertion on subse-
quent physical task performance. However, participants cycled at a higher cadence when exposed to a goal prime related to self-control.
Participant’s perceptions of pain and motivation during the TTE task were not influenced by prior self-control exertion or a goal prime.
REFERENCES:

Hunte, R., Cooper, S. B., Taylor, I. M., Nevill, M. E., & Boat, R. (2021). The mechanisms underpinning the effects of self-control exertion on
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FROM THE LAB TO THE FIELD: THE RELATIONSHIP BETWEEN INHIBITORY CONTROL AND SPORTS PERFORMANCE IN
TAEKWONDO

HSIEH, W.L., WU, C.T., KAOQ, S.C., WANG, C.H.
NATIONAL CHENG KUNG UNIVERSITY

INTRODUCTION

Inhibitory control has been shown to have to capacity the predict the success in sports. In terms of taekwondo, previous research has
demonstrated the relationship between laboratory inhibitory control measures and taekwondo training experience. Despite this, the utility
of field-based cognitive measures and on-field performance correlation remains unclear. To address this issue, the present study aimed to
examine the associations of lab- and field-based inhibitory control measures with on-field performance.

METHOD

Twenty-five senior high school taekwondo athletes (aged 16.5 + 1.5 years) with taekwondo experience of 8 + 5 years were recruited to
participate in this study. Lab-based inhibitory control was measured using a go/no-go task. A similar go/no-go task administered by a
specific LED equipment was used to assess the field-based inhibitory control. On-field performance was evaluated using a 5-point Likert
scale including six questions by two seventh dan grade and a fourth dan grade black belt certified by the World Taekwondo Headquarters.
The correlations between lab and field-based inhibitory control and on-field performance measures were investigated using Pearson’s
Correlation analysis.

RESULTS

Results revealed a significant correlation between lab- and field-based inhibitory control evaluated by go/no-go task designs. Moreover,
on-field performance was significantly correlated with inhibitory control selectively for the field-based measure but not for lab-based
measure, indicating that a taekwondo athlete with a high level of sports performance also has better ability of field-based cognitive func-
tion than their low-level counterparts.

DISCUSSION

We observed that lab-based inhibitory control was related to the field-based, indicating that the validity and feasibility from the lab may
copy to the real field by the medium (e.g., LED equipment). However, only the taekwondo athletes field-based inhibitory control correlates
with the on-field performance by experts’ ratings, indicating that field-based inhibitory control may be a more sensitive measure to reflect
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real-world performance of taekwondo. In conclusion, the present findings provided a basis for field-based cognitive function applications in
taekwondo.

DOES IMPROVING PHYSICAL LITERACY LEAD TO ENHANCED FITNESS STATUS? A 12-WEEK INTERVENTION STUDY

GILIC, B., SUNDA, M., SEKULIC, D.
UNIVERSITY OF SPLIT

INTRODUCTION: Physical literacy (PL) is believed to improve physical activity, physical fitness, and overall healthy lifestyle habits [1]. How-
ever, the concept of PL is not embraced in South-eastern European countries [2]. Thus, the goal of this research was to apply and evaluate
the effectiveness of the specific 12-week intervention aimed at the improvement of PL (PL-intervention) among high school students in
Croatia. The aim was to determine whether PL-intervention will lead to changes (improvement) in the physical fitness of adolescents.
METHODS: This research was conducted on 364 high school students (244 females), grouped into intervention group (n = 207), and control
group (n = 157). The intervention group was educated on PL-related topics by online-educational materials for 12 weeks (3 min video-
animated education delivered 3 times a week) as an addition to regular physical education classes (PE), while the control group participat-
ed in PE only. Variables included anthropometric indices (body mass, body height, and body mass index), and physical fitness tests (stand-
ing broad jump, sit-and-reach test, sit-ups, and multilevel endurance test). Two-way ANOVA for repeated measures (group x time) was
calculated to determine the effects of PL-intervention.

RESULTS: Significant group x time ANOVA effects were evidenced for body mass index (F=3.94, p<0.05) with negative changes in the inter-
vention group (i.e., decreased body mass index), and the multilevel endurance test (F=23.71, p<0.001), with positive changes in the inter-
vention group.

CONCLUSION: A 12-week PL-intervention induced positive changes in indicators of cardiovascular and metabolic health. It is important to
emphasize that PL-intervention was relatively short, not time-consuming, and conducted during the COVID-19 pandemic, a crisis of un-
precedented scale. Thus, similar interventions should be applied as online education both during the normal and crisis situation and can be
embedded in the PE curriculum to improve the physical fitness and general health of children and adolescents.
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MOTIVATION, EXERCISE AND EATING BEHAVIOR ENTANGLEMENT: A 12-MONTH’S CROSS-LAGGED ANALYSIS

PALMEIRA, A.1, CARRACA, E.1, SANTOS, 1.1, SILVA, M.N.1, SANCHEZ-OLIVA, D.2, STUBBS, J.3, HEITMANN, B.L.4, MATA, J.5
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Purpose

A healthy lifestyle involves several behaviors, such as regular exercise and balanced eating. Do changes in motivation for one health behav-
ior affect other health behaviors? Previous research showed spill-over effects from intrinsic exercise motivation to eating and exercise
behaviors among Portuguese women with obesity (Mata et al., https://doi.org/10.1037/a0016764). The current study extends these find-
ings by examining reciprocal relations between motivation and health behaviors over time in a European group of men and women from
the NoHoW trial, which tested behavior change sustainability mechanisms of action after an initial weight loss. We hypothesize that cross-
lagged effects occur between exercise motivation, eating motivation, eating behavior, and physical activity (steps) during the 12-month
trial.

Methods

The NoHoW trial includes data from 1627 adults seeking weight loss maintenance from the UK, Denmark, and Portugal. The present study
involved 753 participants with complete data (66.3% women, 45.8 +-11.1y). Eating motivation (REBS), exercise motivation (BREQ3), and
Eating Behavior (TFEQ - Restraint and Disinhibition) were measured with validated questionnaires. Physical activity was operationalized as
daily average of steps (FitBit Charge 2) in the 14 days after the baseline, 6- and 12-months measurements. We ran four cross-lagged panel
models with Mplus, including exercise and eating autonomous vs. controlled motivation, steps, and restraint vs. disinhibition as variables.
Results

The models presented a good fit (RMSEA .023-.065) with an explained variance between R2 =.34 and .78. We found cross-lagged effects
between steps and exercise autonomous motivation as well as eating behavior and eating autonomous motivation, suggesting cyclic in-
creases in the quality of motivation, steps, and eating behavior. In contrast, cross-lagged effects among eating and exercise controlled
motivations favored cyclic detriments on the quality of motivation. Disinhibition predicted exercise and eating controlled motiva-

tion. Higher exercise autonomous motivation at 6 months spilled over to increasing eating autonomous motivation, steps, and restraint. In
the autonomous motivation models, motivation predicts behavior (i.e., cross-lag as expected). In contrast, behavior seems to predict
motivation in the controlled models.

Discussion

This study partially replicated Matas spill-over results, providing extra layers of evidence. The results show that autonomous motivation
predicts behavior. The "Whys" of the behavior are coherent with the behavior itself, hence less attrition. Interestingly, higher controlled
motivation leads to a low-quality motivation spiral. In addition, disinhibition is predicting controlled motivation. Therefore, one can specu-
late that controlled motivations represent excuses for not being able to eat healthily instead of driving healthy behaviors. We will discuss
results in light of behavior change maintenance theories

ECSS SEVILLA 2022 — SPAIN, 30 AUG — 2 SEP 2022 80



Wednesday, August 31, 2022 13:45 - 15:00

Oral presentations

OP-SHO04 Learning in PE Il

THE EFFECT OF THE AMOUNTS OF STUDENTS VERBAL COMMUNICATION IN JUNIOR HIGH SCHOOL PHYSICAL EDUCATION
CLASSES ON LEARNING OUTCOMES

KONDO, Y.1, ASANO, Y.2, HOJO, A.1, UMEMURA, T.3, NAKAJIMA, T.4

1: GRADUATE SCHOOL OF HOKKAIDO UNIVERSITY OF EDUCATION, 2: GRADUATE SCHOOL OF EDUCATION, HOKKAIDO UNIVERSITY,
3:HOKUSHO UNIVERSITY, 4: HOKKAIDO UNIVERSITY OF EDUCATION SAPPORO

INTRODUCTION: In Japan, physical education classes are required to " To enable students to improve physical fitness and harmonious
development of both body and mind through engaging in physical activities appropriately. " (1). Previous studies have argued that increas-
ing time for verbal communication in physical education classes is related to the learning of skills (2). In this research, we investigated the
relationship between the amounts of students verbal communication and changes in students thinking.

METHODS: The target was one physical education teacher working in K junior high school and 27 students in one class (17 boys and 10
girls) in charge of the teacher. In addition, one physical education teacher working in N junior high school and 35 students in one class (20
boys and 15 girls) in charge of the teacher were the target too. The two physical education teachers are those who are in a leadership
position and have sufficient experience.

One unit (8 hours) of dance lessons was given in K junior high school, and one unit (9 hours) of volleyball lessons was given in N junior high
school. Each lesson, the amounts of students verbal communication was measured with a business microscope of Hitachi, Ltd. It can meas-
ure verbal communications by body movements. The amounts of students verbal communication in all lessons was individually averaged
and divided by quartiles, with the top 25 percent in the top group and the bottom 25 percent in the bottom group. Changes in students
thinking read by worksheets in each lesson, and we compared the top group to the bottom group.

Results and discussion:

In K junior high school, students in both groups looked back on their own dances and described the joy of dancing with a number of people
in worksheet in the seventh and eighth hours. In addition, the top group touched on variations of dance in the fifth and sixth hours and
development of performances by communicating with others in the seventh and eighth hours.

In N junior high school, the teacher promoted students verbal communication. So students in both groups looked back their verbal com-
munication in worksheet in the final. But, Compared to the bottom group, the top group specifically described what kind of communication
produced what kind of results.

From these two results, it is considered that the difference in the amounts of students verbal communication in the physical education
class influence the learning outcomes such as the changes in students thinking.
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of
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PHYSICALLY ACTIVE LEARNING AS A WAY TO MOVE BODY AND KNOWLEDGE IN SECONDARY SCHOOL STUDENTS?

SCHMIDT, S.K., TOFTHAGEN, F., RUUD, A., BRATLAND-SANDA, S.
UNIVERSITY OF SOUTH-EASTERN NORWAY

INTRODUCTION: Schools have been identified as a key setting to promote and implement more physical activity. Physically active learning
(PAL) has become a popular approach where the curriculum is combined and/or integrated with physical activity in subject lessons [1].
Research about PAL is limited in secondary school, and it is unclear how physically active students are in such learning activities. This study
aimed to examine students’ physical activity in PAL activities in secondary school and explore their teacher’s reflections on the use of PAL
to fuller understand how PAL may or may not contribute to more physical activity in lessons.

METHODS: This study has a concurrent mixed methods design [2]. The participant group was one 10th grade class with 24 students and
their teacher (male, 42 yrs.). Data were collected at four different times when students were taught Norwegian. Data collected in PAL
activities: 1) Students’ physical activity levels measured with accelerometers, 2) semi-structured observation of PAL activities, and 3) inter-
view with the teacher post PAL activity.

RESULTS: During a 20-minute PAL lesson, the students spent on average 2.7 minutes in moderate to vigorous physical activity, 3.8 minutes
in light activity, and 13.4 minutes in sedentary time. Girls were significantly more sedentary than boys (p = 0.004). In contrast, researchers
evaluated the students’ participation and engagement with the activities to be high, with positive energy and good moods based on the
semi-structured observations. First, the teacher experienced PAL activities as a resource for teaching language and a valuable tool to create
variation and interrupt sedentary time during school hours, even though those students have different needs, skills, and motivations.
Second, the teacher expressed that his motivation for PAL is for the students to have fun. Thus, PAL is viewed as a way to “spice up” sub-
jects’ perceived as uninteresting by the students. The teacher’s focus was on the activities themselves and less on the learning outcomes.
Third, the teacher recognized that PAL could make some students feel both academic and physical performance pressure.

CONCLUSION: The PAL led to surprisingly low levels of executed physical activity compared to what was perceived by the researchers’
observation. Further, knowledge on how to increase physical activity levels in general and for both genders and how to integrate the
subject learning outcomes with physical activities is an important goal for future research in PAL.
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PHYSICAL EDUCATION: AN EMBODIED APPROACH TO IMPROVE CHILDREN’S MATHS ACHIEVEMENT

TOSI, I., CASOLO, F., MARTA, G., MASPERI, G., GALVANI, C.
UNIVERSITA CATTOLICA DEL SACRO CUORE

INTRODUCTION: The viewpoint of embodied cognition holds that cognitive processes are rooted in the body’s interactions with the world
aimed at gathering and collecting as much information as possible: cognition is situated, body based and for action1. Therefore, embodied
education research may have important implications for education because it highlights an approach to learning through whole-body
engagement2. To date, there has been little agreement on the positive effect of classroom-based lessons integrating mathemat-
ics/geometry and physical activity3,4. The aim of this research was to examine the effect of embodied education on mathematical
achievement and physical fitness (PF) level.

METHODS: The study was designed as a school-based controlled trial targeting primary school children and was carried out between Octo-
ber 2020 and May 2021. Pupils were divided into the experimental group (EG) and the control group (CG), involving 82 children in the first
and 39 in the second group. The intervention lasted 8 months, with two 50-min lessons per week, for a total amount of 30 lessons, carried
out in the gym or in an open space. The CG did traditional physical education (PE) lessons, whereas EG, through practical activities during
curricula PE lessons, learned geometrical and mathematical concepts. The assessments, performed twice, at the beginning and at the end
of the project comprised: a mathematical achievement evaluation with the “Test for the evaluation of calculating and problem solving
abilities” (AC-MT 6-11)5; three PF measurements by the six min walking test (6MWT)6, the 4x10m shuttle run test (4X10m SRT) and the
standing broad jump test (SBJ)7.

RESULTS: Mathematical skills significantly improved throughout the sample with a greater achievement in the EG compared with CG (EG:
X2=27.88; p<0.05; CG: X2=12.11; p<0.05). Children in the EG were significantly more successful in problem solving ability in maths than the
CG (p=0.0120). Children in both groups significantly (p=0.0210) improved their 6MWT distance (EG: 538166 and 564+55m; CG: 550+62 and
562+47m), however no significant intervention effect on 4x10m SRT (EG: 15.842.2 and 15.7+2.2s; CG: 15.9+2.3 and 15.9+2.3s) and SBJ (EG:
111.0+19.8 and 116.5+18.3cm; CG: 116.1+18.9 and 118.5+17.8cm) was observed.

CONCLUSION: To the best of our knowledge, this study investigated innovative aspects of the embodied education, not yet deepened by
the recent literature. Participation in a 8-month PE intervention improved math achievement among elementary school children. This
research confirms previous findings4 and contributes to the understanding of the close relationship between perception and action, mind
and body.
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EFFECTS OF SCHOOL-BASED PHYSICAL ACTIVITY INTERVENTIONS ON LANGUAGE SKILLS: A SYSTEMATIC REVIEW AND
META-ANALYSIS OF RANDOMIZED CONTROLLED TRIALS

MARTIN-MARTINEZ, C., MARTINEZ-ZAMORA, M.D., VALENZUELA, P.L., MARTINEZ-DE-QUEL, O.
UNIVERSITY COMPLUTENSE OF MADRID

INTRODUCTION

School seems to be an ideal context for the promotion of physical activity (PA), particularly given that children spend most of their school
time sedentary [1]. School-based PA interventions appear as an overall beneficial strategy for the improvement of cognitive performance,
general academic achievement or mathematical skills, but the evidence on their benefits on language skills remains unclear. Recent re-
search proposes that language and action are both linked through the neural overlap between mirror neuron system for action and Broca’s
area for speech articulation [2], [3]. We aimed to assess the effects of school-based PA interventions on language skills in children and
adolescents.

METHODS: Relevant articles were systematically searched in PubMed, PsycINFO and Scopus from inception to December 2020. We includ-
ed randomized controlled trials (RCTs) that performed a school-based PA intervention in children and adolescents (aged 3-18) and that
assessed at least one outcome related to language skills (i.e., reading, spelling, vocabulary, verbal fluency and comprehension) or language
academic achievement (i.e., school grades). A meta-analysis was conducted to determine the differences between groups (expressed as
standardized mean difference [SMD] along with 95% confidence intervals [95%Cl]) when >3 interventions assessed the same outcome.
RESULTS

Twenty-nine studies (14600 participants) were included, of which 16 performed an integrated PA intervention (i.e., performing PA along
with the academic content), 10 a non-integrated one (e.g., extra physical education lessons), and three a combination thereof. Methodo-
logical quality of the studies was overall high. Significant benefits were observed for reading (SMD: 0.18; 95%Cl: 0.09, 0.27), vocabulary
(SMD: 0.65; 95%Cl: 0.09, 1.21) and language school grades (SMD: 0.74; 95%Cl: 0.23, 1.25), but no effects were observed for spelling, com-
prehension or verbal fluency (all p>0.05). No consistent differences were observed between integrated and non-integrated PA interven-
tions, although sub-analyses were not possible for some outcomes.

CONCLUSIONS

School-based PA interventions appear as an effective strategy for improving different language-related skills and overall language school
grades, although further research is needed to determine how interventions’ and children’s characteristics moderate these effects.

Key words: exercise; sedentarism; education; embodied learning; cognition.
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HIGH INTENSITY INTERVAL TRAINING PRACTICES IN COMPETITIVE FIELD-BASED INVASION TEAM SPORTS

GRASSICK, S., O CATHAIN, C., KELLY, D., Ni CHEILLEACHAIR, N.
TECHNOLOGICAL UNIVERSITY OF THE SHANNON: MIDLANDS MIDWEST, ATHLONE CAMPUS

INTRODUCTION: High intensity interval training (HIIT) can be defined as alternating bouts of short duration exercise (e.g., 5s to 10 min) at
near maximal or maximal intensities separated by complete rest or low intensity activity (1). Competitive field-based invasion team sports
(FITS) such as rugby, soccer and Gaelic games demand high fitness levels in order to complement technical and tactical aspects of perfor-
mance. Despite the high profile nature of FITS there remains a paucity of scientific literature examining training prescription practices of
FITS coaches [2]. Given the potential of HIIT to elicit positive physiological adaptations and replicate match demands, the aim of this study
is to investigate HIIT practices in FITS.

METHODS: A self-administered online survey consisting of 14 sections was developed to investigate coaches HIIT practices. Sections in-
cluded coaches background information, general HIIT practices and practices specific to short intervals (SI’s), long intervals (LI’s), sprint
interval training (SIT) and repeated sprint training (RST). Content validity of the survey was carried out using the modified Delphi technique.
Fixed response questions were evaluated using a frequency analysis, with open-ended questions analysed using a thematic-analysis ap-
proach

RESULTS: Ninety-two coaches working across 9 FITS participated with 57% of coaches having more than 5 years coaching experience. In
total, 80% of coaches (n=74) prescribed HIIT. While HIIT was used during all stages of the season by 77% (n=57), 86% (n=51) of coaches
varied their prescription depending on the time of the season. Fitness levels (74%), injury (69%) and number of days since a previous match
(61%) were frequently cited reasons for coaches adapting their sessions for individuals in the squad. SI’s (n=65) and SIT (n=47) were the
two most commonly used methods of HIIT. However, LI’s (n=35) and RST (n=38) were also frequently implemented by coaches.
CONCLUSION: This study provides insight into the use of HIIT in FITS and identified that coaches implemented HIIT due to its time efficient
nature, its ease of implementation and its sport specificity. Although the specific content of HIIT sessions (number of reps, work-rest ratio,
intensity) was highly variable between coaches, the results of this study can be a valuable resource to FITS coaches when prescribing vari-
ous HIIT formats during various stages of the season. In particular, this information can be beneficial to coaches who do not implement HIIT
as one of the most commonly cited reasons for coaches not implementing HIIT included a lack of knowledge.
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EFFECTS OF INCLUDING HIGH-INTENSITY INTERVALS DURING REGULAR TRAINING ON MAXIMAL OXYGEN UPTAKE IN 12-
YEAR OLD PHYSICALLY ACTIVE ADOLESCENTS - A RANDOMIZED CONTROLLED TRIAL.

GRENDSTAD, H., HALLEN, J.
NORWEGIAN SCHOOL OF SPORT SCIENCES

INTRODUCTION: Maximal oxygen uptake (VO2max) increases during puberty in parallel with the increase in fat-free mass (1, 2). If high-
intensity training (HIT) adds to the effects of growth and maturation is controversial (3). Therefore, the aim of this study was to investigate
if inclusion of HIT during an 8-weeks training period was superior to either strength and coordination training (SC), or minimal training, in
young adolescents.

METHODS: Thirty-five adolescents from a cross-country ski club (age: 12.3 + 0.3) were randomized into a HIT group (HITgr) (n=22, girls=15)
and a SC group (SCgr) (n=12, girls=8), while also including a group of less active or sedentary school children (age: 12.3 £ 0.3) (C, n=29,
girls=15). HITgr performed high-intensity intervals (> 10 min work period, target heart rate > 90% of HRpeak) twice weekly, while SCgr
conducted low-intensity SC training. Training volume was reported through a training log, and training intensity assessed with a HR moni-
tor. Physical activity (PA) was monitored with an accelerometer for one week. Fat-free mass (FFM), VO2max and hemoglobin mass
(Hbmass) were tested pre- and post-training. A one-way and two-way ANOVA analysis were performed to detect mean group differences
and pre-post changes, respectively. Level of significance was set to p<0.05, and results are presented as mean + SD

RESULTS: The number of training sessions per week during the training period were higher for HITgr (5.4 £ 1.7) and SCgr (4.5 + 1.2) com-
pared to C (1.7 £+ 2.0) (p<0.05). HITgr had 1.9 + 0.2 interval sessions per week, while SCgr and C had none. At baseline, there was no differ-
ence between groups in FFM (HITgr: 31.7 + 4.7kg, SCgr: 32.3 + 3.4kg, C:33.5 + 5.9kg), but both HITgr and SCgr had significantly higher
absolute VO2max (ml-min-1) and VO2max relative to FFM (HITgr: 73.2 + 6.1 ml-kgFFM-1-min-1, SCgr: 75.1 + 5.8 ml-kgFFM-1-min-1, C: 61.0
+ 5.9 ml-kgFFM-1-min-1) compared to C (p<0.01). There were no differences in total Hbmass (g) or Hbmass relative to FFM between HITgr
(13.5 0.7 g-kgFFM-1), SCgr (13.7 + 1.0 g-kgFFM-1) or C (13.0 £ 1.6 g-kgFFM-1). The change in VO2max absolute values was 6% * 6% for
HITgr (p<0.01), 5% + 7 for SCgr (p=0.13), and 5% * 13% for C (p=0.13) with no differences between groups. VO2max relative to FFM did not
change significantly for either HITgr (3% + 6%), SCgr (3% + 7%) or C (4% + 14%), due to the similar increase in FFM for HITgr (3% + 2%), SCgr
(3% = 2%) and C (2% = 3%). There were no changes in Hbmass relative to FFM for either HITgr (-2% + 4%), SCgr (-2% + 4) or C (3% £ 5).
CONCLUSION: The change in VO2max was similar in all groups, which suggests that development of VO2max over a short-term training
period in a group of physically active adolescents is not affected by HIT. Both VO2max and Hbmass seems to increase parallel to the in-
crease in FFM.

1. Landgraff & Hallén (2020) 2. Landgraff et al. (2021) 3. Dotan (2017)
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OXYGEN UPTAKE AND HEART RATE BASED TIME-IN-ZONE ANALYSIS OF FOUR ISOCALORIC HIGH-INTENSITY INTERVAL
TRAININGS WITH RESPECT TO FITNESS LEVEL AND SEX

STREPP, T.1, HALLER, N.1,2, STOGGL, T.1,3
IUNIVERSITY OF SALZBURG; 2UNIVERSITY OF MAINZ; 3RED BULL ATHLETE PERFORMANCE CENTER SALZBURG

INTRODUCTION: Athletes use a variety of high-intensity interval training (HIIT) forms to improve endurance performance [1]. Maximizing
time in the “high-intensity zone” (Z3) (290% maximal oxygen uptake (VO2max) or 290% maximal heart rate (HRmax)) is crucial for trigger-
ing positive adaptations [2]. Previous studies comparing different HIIT forms used mainly work-matched protocols with well-trained ath-
letes [3,4]. To date, no study used an isocaloric approach (i.e., equal energy expenditure (EE)) to compare different forms of HIIT. Here, we
compared the time-in-zone (TIZ) between four different isocaloric HIIT forms and the effects of fitness level and sex.

METHODS: Five untrained females (VO2max: 37.4+2.5 ml/min/kg.), 5 well-trained females (VO2max: 56.2+2.5 ml/min/kg), 5 untrained
males (VO2max: 47.624.9 ml/min/kg) and 5 well-trained males (VO2max: 69.3+4.2 ml/min/kg) underwent a cycling ramp test to exhaustion
to determine peak power output (Ppeak), VO2max, HRmax and lactate kinetics to set training intensities and zones (VO273:290%V02max,
HRZ3:290%HRmax). Subsequently, three aerobic HIIT forms in counterbalanced order were performed using the EE of the first HIIT to
ensure isocaloric EE for the following forms (1) “5x4”min at power output at 90%HRmax with 2.5min recovery at power output at
1.5mmol/L lactate (PLIT) (2) “30x30”s at 100%Ppeak with 30s recovery at PLIT (3) “15x1”min at 100%Ppeak with 1min recovery at PLIT and
(4) speed endurance production (SEP) training with 40s intervals at 125%Ppeak and 4min 20s recovery at PLIT. There was at least 48 hours
between all forms of HIIT. Breath-by-breath and HR data (Quark CPET, Cosmed, Italy) was measured continuously and resampled for one
second values using linear interpolation. A two-factor repeated measures ANOVA was used to detect differences between programs as well
as sex and fitness level. Effect sizes (ES) are expressed as partial eta-squared.

RESULTS: Mean V0O2Z3 time was 1794298, 95+306, 91+162, 12+20s for 5x4, 30x30, 15x1 and SEP, respectively. No differences were found
between forms (P=0.07, ES=0.391). Mean HRZ3 time was 793406, 8901691, 9274588, 206+223s for 5x4, 30x30, 15x1 and SEP, respective-
ly. Significant differences were revealed between forms (P<0.001, ES=0.871) with SEP achieving lower time compared with all other HIIT
versions (P<0.001). No effects were observed for fitness level (P=0.81, ES=0.064) or sex (P=0.25, ES=0.248) on VO2Z3 time. Regarding HRZ3
time, a significant effect for sex (P=0.04, ES=0.447) with higher times in females compared with males but no significant effects for fitness
level (P=0.54, ES=0.139) was observed.

CONCLUSION: Different isocaloric HIIT forms may lead to differences in TIZ parameters. TIZ regarding HR demonstrated a different pattern
when compared with VO2. While sex had a significant effect on HRZ3, fitness level had no effect on either HRZ3 or VO2Z3.

1. Buchheit & Laursen (2013) 2. Wenger & Bell (1986) 3. Bossi et al. (2020) 4. (Rgnnestad & Hansen (2016)

TIME SPENT ABOVE 90% VO2MAX DURING UPHILL VS. HORIZONTAL RUNNING DURING HIGH INTENSITY INTERVAL
TRAINING: POLARIZATION IMPLICATIONS FOR ENDURANCE TRAINING

GIESEN, R., HELD, S., DONATH, L.
GERMAN SPORT UNIVERSITY COLOGNE

INTRODUCTION: Polarized training (POL) is an effective model of training intensity distribution (TID) for competitive distance runners to
increase aerobic performance [1,2]. Thereby, less than 20% of the total weekly training sessions is high intensity training and spent above
90% of maximal oxygen uptake (VO2max). Athletes often spent less time than intended above 90% VO2max. Thus, real polarization seems
partly violated as high intensities trend to threshold intensities. Compared to horizontal running, uphill running reduces the mechanical
impact [3] and increases relative muscle activation [4]. However, comparative data on how and to which extend uphill running affects HIIT
compared to horizontal HIIT running given as time spent above 90% VO2max is still lacking. Thus, the present study examined the effects of
uphill versus horizontal HIIT on the relative percentage of VO2max.

METHODS: Nineteen well-trained distance runners (7 females, 9 males; 26 + 7 y; VO2max: 62,4 +4,6 ml/min/kg) had 4 randomly assigned
lab visits in 4 weeks (one test each week) on a treadmill at uphill (8% incline) and horizontal (1 %): Prior to the HIIT protocols, an incremen-
tal exercise test were conducted to determine VO2max. Running speed associated with 90% VO2max and was applied. HIIT running com-
prised 4 x 5 min intervals, with 90 s rest in between while respiratory gas exchange was measured together with heart rates (HR), blood
lactate concentrations and rate of perceived exertion (RPE). A repeated measures analyses of variances (rANOVA) was computed to detect
interaction effects between the conditions and intervals (INT1-4). Bonferroni post-hoc tests were calculated in case of significant interac-
tion effects.

RESULTS: Time spent running above 90% VO2max was significantly (p=0.001; SMD=0.95) higher for uphill HIIT (11.6 + 2.9min) compared to
horizontal HIIT (8.7 + 2.5min). HR (p =0.17) and blood lactate (p =0.14) did not differ significantly. Interestingly, lower RPE levels (p =0.006,
SMD=0.64) were observed for uphill HIIT (INT1: 13.6 £ 1.4; INT2: 14.8 £ 0.7; INT3: 16 + 1.2; INT4: 16.9 + 1) compared to horizontal HIIT
(INT1:13.9+1.3; INT2: 15.6 £ 1.4; INT3: 17.5 + 1.4; INT4: 18.6 + 1.3).

CONCLUSION: Our findings indicate that uphill HIIT result in more time spent running at or above 90% VO2max at lower RPE with compa-
rable HR and lactate levels. Thus, uphill HIIT can be seen as a valuable training approach fore successful training polarization at high
VO2max levels and lower running impacts and mechanics.

1. Stoggl & Speerlich (2014) 2. Holfelder (2016) 3. Hoogkamer (2014) 4. Sloniger (1997)

QUANTIFICATION OF IN-SEASON HIGH-INTENSITY RUNNING IN YOUNG SOCCER PLAYERS.

HIDALGO-DE MORA, J.1,2, LOPEZ-SEGOVIA, M.1,3, CAMPOS-VAZQUEZ, M.A.1,4, PAREJA-BLANCO, F.4
CEU ANDALUCIA UNIVERSITY, SEVILLA

INTRODUCTION: During the past decade, high-intensity running has exponentially increased throughout soccer matches (1, 2), being con-
sidered a key factor in elite soccer (3). In this regard, elite soccer players spend longer times at low speeds across training sessions com-
pared to those attained during matches (4, 5). Therefore, the aim of this study was to compare the training load and high-intensity running
recorded during training sessions and official matches.

METHODS: On-field in-season training load during four training days was analyzed with respect to the number of days before or after a
match (MD; MD+1; MD-4, MD-3 and MD-2) (5). A total of ten young soccer players from an U23 semi-professional team (22.4 years + 2.0)
and an U19 (17.9 years + 0.6) elite team, having played at least 60 min during 14 matches, were included into this study. Running activity
was collected with GPS (Catapult, EVO) and the following variables were analyzed: total distance covered (TD), distance covered between
19.9 and 25.2 km.h-1 (HID), distance covered at above 25.2 km.h-1 (SR) and peak speed achieved (PS).
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RESULTS: Match demands were significantly higher to all training days in both teams (p < 0.05), except for PS which were not significantly
different in MD-3, as well as SR for U23 team (p = 1.000). Multiple differences were found between teams, in particular, significant higher
values of TD and HSR were observed during MD, MD+1, MD-4, MD-3 and MD-2 in U19 compared to U23. Moreover, no significant differ-
ences were found during MD-3 in SR and PS between teams (p = 0.227 and 0.195, respectively).

CONCLUSION: Our findings show that high-intensity running during training sessions are lower than those achieved during matches in
young soccer players, regardless to their performance level. Moreover, MD-3 is the typical high-velocity training day, although it is not
enough to stimulate the competitions demands in young elite teams.

1. Barnes et al. (2014) 2. Bradley et al. (2016) 3. Faude et al. (2012) 4. Martin-Garcia et al. (2018) 5. Akenhead et al. (2016)

15:30 - 16:45

Invited symposia

IS-MHO03 Dimensions of health threats due to headers in soccer

BEHAVIORAL EFFECTS OF HEADER INDUCED HEAD IMPACTS IN SOCCER

HERMSDORFER, J.
TECHNICAL UNIVERSITY OF MUNICH

As behavioral assessments, still, are the most frequently used means to investigate potential header-related deficits, this presentation will
first address the current evidence concerning behavioral impairments as a result of soccer heading and specifically focus on the most
common methodological approaches. These typically rely on the administration of pre-specified test batteries (e.g., ANAM, CogState, etc.)
to assess players’ neuropsychological performance across several domains including attention, working memory, and executive function-
ing. Although performance decrements have been reported in active players after an acute bout of heading (Di Virgilio et al., 2016) as well
as in retired soccer players (Prien et al., 2020), current systematic reviews argue that the empirical evidence for neuropsychological im-
pairments as a result of to soccer heading remains inconclusive (Kontos et al., 2017; Tarnutzer et al., 2017).

In addition to these neuropsychological outcomes, we would like to emphasize the importance of expanding these behavioral assessments
towards the inclusion of sensorimotor tests. While evaluation of sensorimotor performance across balance, gait or eye movement tasks
revealed heading-related deficits in short-duration lab-tests (Caccese et al., 2021; Nowak et al., 2020), knowledge about potentially persist-
ing sensorimotor deficits associated with soccer heading remains scarce due to the limited application of sensorimotor assessments in
longer-term observational studies. However, as persisting motor deficits, such as impairments in fine motor control, have been commonly
observed in contact sport athletes (e.g., American football players) following concussion (Pearce et al., 2015), they might also result from
repetitive head impacts due to heading the ball.

Recently, we employed a prospective design to investigate the potential relationship between purposeful heading and behavioral changes
in 22 female soccer players (mean age: 22.0 + 3.9 years). Behavioral performance was assessed immediately before and after one competi-
tive season by means of an extensive test battery consisting of neuropsychological as well as sensorimotor tests. Head impacts were regis-
tered using video recordings and miniaturized accelerometers affixed behind the players’ ears. Multiple linear regression analysis revealed
a statistically significant model with four factors (R2adj = 0.65, p < 0.01). A greater number of headers was associated with negative altera-
tions in postural control (8 = 0.49, p < 0.01) and concomitant positive changes in working memory performance (8 =0.33, p=0.03) in a
dual task as well as fine motor deficits in a writing task (8 = 0.35, p = 0.02 and B =-0.47, p < 0.01). Our findings will be discussed in relation
to the existing literature on neuropsychological and sensorimotor deficits due to soccer heading and with regard to further recommenda-
tions for the application of behavioral assessments in the context of head impact research.

STRUCTURAL AND FUNCTIONAL BRAIN CHANGES INDUCED BY HEADERS OVER 12-18 MONTHS

REINSBERGER, C.
PADERBORN UNIVERSITY

Heading the ball in soccer may be related to structural and functional brain changes as measured by (f)/MRI. Regional brain volumes, corti-
cal thickness and functional connectivity (FC) have been shown to be associated with repetitive head impacts (RHI), although causality,
dose response relationships and clinical modifiers are still vividly debated. Most data have so far only been derived from cross-sectional
studies and therefore contains some methodological flaws.

In this presentation data from a longitudinal study will be presented that included 14 active professional soccer players (mean age 20.36 +
3.34 years). MRI scans (3T), neuropsychological and neurophysiological assessments were performed before and after an observation
period of 12-18 months (median 17.2 months), during which each training session and game was recorded on video to allow characteriza-
tion of each header performed by any player who participated in the study. Structural T1 images and resting state fMRI sequences were
used to analyze changes in cortical thickness and functional connectivity between the two time points (controlled for age) with specific
emphasis to the default mode network (medial prefrontal cortex, lateral parietal left and right, posterior cingulate cortex) representing the
default mode network (DMN), as the DMN is one of the primary targets for RHI induced structural or functional brain changes. During the
observation period between 146 and 943 (median 340.5) headers per player were recorded and used as a regressor for the imaging as well
as neurophysiological and neuropsychological data. Cortical thickness measures in single clusters were higher before the observation, but
no significant correlation with heading frequency was detected. FC changed significantly from pre- to post-observation in a cluster compris-
ing the superior frontal gyrus and frontal pole bilaterally, but also without significantly correlating with heading frequency. Results will be
discussed in relation to clinical, neuropsychological and neurophysiological data as well as characteristics of headers beyond frequency
(e.g. playing situation, length of pass leading to header, header duel etc.) and clinical recommendations will be provided.
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PHYSIOLOGICAL BRAIN CHANGES AS A RESULT OF HEADER INDUCED HEAD IMPACTS IN SOCCER

IETSWAART, M.
UNIVERSITY OF STIRLING

INTRODUCTION: Across the sporting world there is growing concern about long-term consequences of sport-related head impact on brain
health. To date, relatively little attention has been paid to understanding mechanisms by which these chronic effects arise. In principle,
however, the origins of long-term damage must first be evident in acute brain changes. This presentation will therefore focus on the acute
physiological brain alterations that occur following routine head impacts in soccer, and what this means for the current understanding of
brain health in contact sport.

Our research was the first direct demonstration that soccer heading disrupts the brain. Critically, we examined the impact of the modern
football, because any effects of heading on brain health have often been dismissed as an issue of the past (related to old leather footballs
being heavy in wet conditions). This presentation will show the direct evidence for brain and brain-to-muscle changes following the routine
impacts of a standard soccer heading drill, utilises the neuroimaging technique of Transcranial Magnetic Stimulation (TMS). In this lab-
based research, soccer players headed a modern football 20 times, as is typical in training sessions. The ball was fired from a ball machine
to simulate the pace and power of a corner kick. Before and after the heading sessions we measured brain inhibition using TMS, as well as
assessing players’” memory function. We found that soccer heading resulted in immediate and measurable disruption to brain function:
increased inhibition in the brain was detected in 74% of participants, and cognitive tests revealed memory performance was also reduced
by 41-67%. In this presentation, we will also examine further research on the physiological brain changes following a standard heading drill.
It is currently not known how much impact is safe in contact sport. We therefore examine the dose-response relationship of soccer heading
and physiological changes at a brain level. Also unknown are the mechanisms through which changes to brain health in contact sport arise.
In this presentation, we therefore look at the relationship between changes in brain chemistry following soccer heading and the physiologi-
cal brain response when learning and attending. We will also look at how, by combining different neuroscientific methods linked to the
effects of soccer heading on blood biomarkers of brain injury, we can develop the understanding of what happens in the brain when play-
ers head the ball and reveal critical evidence on cause and effect of brain health in contact sport. Our findings and research approaches will
be discussed in relation to the existing neuroscientific and brain health literature and with regards to recommendations around the safety
of routine head impact in sport.
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THE EFFECT OF SHORT-TERM DIETARY NITRATE SUPPLEMENTATION ON SKELETAL MUSCLE CALCIUM HANDLING AND
HIGH-INTENSITY INTERMITTENT EXERCISE PERFORMANCE IN HEALTHY ADULTS

ALSHARIF, N.S.1,2, COCKSEDGE, S.P.1, ACTON, J.P.1, FERGUSON, R.A.1, CLIFFORD, T.1, MARTIN, N.R.W.1, MITCHELL, E.A.1,
@RTENBLAD, N.3, BAILEY, S.J.1

1 LOUGHBOROUGH UNIVERSITY, UNITED KINGDOM; 2 KING ABDULAZIZ UNIVERSITY, KINGDOM OF SAUDI ARABIA; 3 UNIVERSITY OF
SOUTHERN DENMARK, DENMARK

INTRODUCTION: Dietary supplementation with nitrate (NO3-), which can undergo a stepwise reduction to nitrite (NO2-) and then nitric
oxide, has been reported to improve performance in a variety of exercise settings. The ergogenic effect of NO3- supplementation has been
attributed to improved skeletal muscle calcium (Ca2+) handling, based on data from mouse muscle indicating improved sarcoplasmic
reticulum (SR) Ca2+ release or reuptake after NO3- or NO2- administration, but this has yet to be tested in human skeletal muscle. This
study tested the hypothesis that NO3- supplementation would improve high-intensity intermittent exercise (HIIE) performance and skeletal
muscle SR vesicle (SRV) Ca2+ release and reuptake.

METHODS: In a randomised, double-blind, cross-over study design, 16 recreationally active adults (23 + 2 yrs) consumed NO3rich (BR, 13
mmol of NO3- ) or NO3depleted (PL, <0.1 mmol of NO3-) beetroot juice for 7 consecutive days. Muscle biopsy (n=6) and blood samples
were collected on day 7 of supplementation at rest and after attaining 80% of task failure during a HIIE test, which was established during a
preliminary HIIE performance test. The HIIE protocol consisted of repeated 15 s cycle intervals at 160% of maximal aerobic power inter-
spersed with 30 s recovery. After 20 min passive rest, the HIIE protocol was repeated and continued until task failure. A paired samples t-
test was used to analyse HIIE performance, with plasma [NO3-] and muscle SRV Ca2+ handling data analysed with two-way repeated-
measures ANOVAs.

RESULTS: Resting plasma [NO3-] (381 + 105 vs 44 + 22 uM, p<0.001) and the number of repetitions completed in the HIIE protocol (13 £ 5
vs 12 + 4, P=0.04) were higher after BR compared to PL supplementation. While SRV Ca2+ release rate was lower after HIIE compared to
rest in the PL condition (1.5 + 0.3 vs 1.7 + 0.4 umol/gr prot/min, p=0.03), there was no main effect for supplement or no supplement x time
interaction effect on SRV Ca2+ release rate (P>0.05). There was a main effect for supplement and a supplement x time interaction effect on
the rate of SRV Ca2+ reuptake (p<0.05). Compared to rest, SRV Ca2+ reuptake rate was slower after HIIE in PL(31.1+7.1vs35.7+ 7.3,
p<0.01), but not BR (30.0 £ 7.3 vs 29.9 + 8.3 5, p>0.05). There was no difference in SRV Ca2+ reuptake between BR and PL at rest (p>0.05),
but SRV Ca2+ reuptake was faster after HIIE in BR compared to PL (p<0.01).

CONCLUSION: Short-term NO3- supplementation improved performance and speeded skeletal muscle SRV Ca2+ reuptake during HIIE in
healthy adults. While SRV Ca2+ release rate was impaired following HIIE, this was not alleviated by BR. These observations improve under-
standing of the physiological mechanisms by which NO3- supplementation may enhance exercise performance.

INTERMITTENT EXOGENOUS KETOSIS FACILITATES THE REHABILITATION OF MUSCLE DISUSE ATROPHY

POFFE, C., STALMANS, M., ROBBERECHTS, R., KUSTERS, M., COUDYZER, W., HESPEL, P.
KU LEUVEN

INTRODUCTION: Muscular disuse has debilitating effects on muscle mass and strength, and impairs functional capacity (1). Previous re-
search indicated that elevated blood ketones can negate catabolic events during energy deficit (2). In addition, we recently showed ketone
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ester ingestion to enhance the anabolic response post-exercise (3) as well as to stimulate exercise performance during endurance training
overload (4). From this perspective, we hypothesized that ketone ester (KE) ingestion may be a potent strategy to attenuate the decline in
muscle mass, strength, and functional capacity following muscle disuse as well as to stimulate subsequent rehabilitation.

METHODS: A randomized, double-blind trial was performed in young healthy volunteers (9 females and 15 males). Subjects underwent 2-
weeks of immobilization of their dominant leg followed by a 4-week rehabilitation program involving unilateral resistance exercise (3
sessions/week). Half of the subjects received 3 x 20g of the ketone monoester (R)-3-hydroxybutyl (R)-3-hydroxybutyrate (KE) per day,
whilst the others ingested a taste-matched, isocaloric placebo (CON). Before and after immobilization and after 2 and 4 weeks of rehabilita-
tion, in both legs, muscle volume was assessed using a computed tomography scan, and maximal dynamic and isometric knee-extension
torques were measured. Exercise capacity was evaluated by a graded exercise test on a cycling ergometer with the immobilized leg only. A
two-way repeated-measures ANOVA was performed to evaluate differences between both groups and over time.

RESULTS: KE intake increased blood D-R-hydroxybutyrate levels up to 2.9 + 0.2 mM within 30 min, whereas in CON blood ketone levels
remained at baseline (interaction effect, p<0.001). Immobilization decreased quadriceps muscle volume (~5%) and knee-extension torque
(~15%) by the same magnitude in both groups. Compared with CON, KE intake stimulated the rehabilitation of muscle volume and isomet-
ric knee-extension torque by ~5% (interaction effects, p < 0.05). KE intake also gradually increased muscle volume in the contralateral leg
(CON: +1.7 £ 0.8% vs. KE: +4.7 + 0.7%, interaction effect, p < 0.05) without affecting knee-extension torque. Peak power output in the
unilateral cycling test decreased upon immobilization in CON (pre: 133 + 10W vs. post: 114 + 9W) but not in KE (pre: 126 + 12W vs. post:
121 + 11W, interaction effect, p < 0.05).

CONCLUSION: These findings indicate that KE intake does not affect disuse muscle atrophy but attenuates the decline in functional capacity
as well as facilitates rehabilitation of muscle mass and strength.

1. Vigelsg et al., J Physiol, 594, 2339-2358 (2016).

2. Pawan et al., Lancet, 594, 1983, 15-17 (1983).

3. Vandoorne et al., Front Physiol, 8, 1-12 (2017).

4. Poffé et al., J Physiol, 597, 3009-3027 (2019).

MOUTH RINSING AND INGESTING SALTY OR BITTER SOLUTIONS AFTER HEAVY INTENSITY CYCLING DOES NOT INFLUENCE
SPRINT PERFORMANCE OR NEUROMUSCULAR FUNCTION.

GRAY, E., SIEGLER, J.
WESTERN SYDNEY UNIVERSITY

INTRODUCTION: Previous research suggests that ingesting an unpleasant bitter tastant can enhance cycling sprint performance. However,
the mechanisms facilitating changes in performance are unclear and it is not known if other unpleasant tastes could also be ergogenic.
Therefore, the purpose of the present study was to explore the effect of unpleasant salty and bitter tastes on cycling sprint performance
and neuromuscular function in different fatigue states.

METHODS: Eight trained male cyclists (age: 37 + 9 years, weight: 82 + 9 kg, VO2max: 55 + 4 ml.kg-1.min-1) participated in five laboratory
visits. In the first visit participants completed a cycling ramp test to determine VO2max and the respiratory compensation point (RCP). In
the familiarisation and the three main trials participants cycled at 85% of RCP for 45 minutes and then, after a 5 minute rest, completed a
maximal 1 minute cycling sprint. Neuromuscular function was assessed using two knee extensor maximal voluntary contractions (MVC)
immediately before, between and after the cycling efforts. Participants mouth rinsed (5 s) and ingested a 25 ml test solution immediately
before each MVC and the cycling sprint. Using a randomised cross-over design the test solution in the three main trials were salt (1 M),
bitter (2 mM quinine) and a water control condition.

Differences between conditions in cycling performance were assessed using one-way repeated measures ANOVA. Differences in neuro-
muscular function were assessed using a time*condition repeated measures ANOVA. Bonferroni post-hoc comparisons located significant
differences. Data are presented as mean + SD.

RESULTS: Average and maximum power were not significantly different between conditions during the 1 minute cycling sprint (average:
512 +64 W, 513 £ 67 W, 515 + 74 W, and 503 + 80 W; maximum: 876 + 86 W, 884 + 136 W, 884 + 145 W, 890 + 108 W in the familiarisa-
tion, water, salt and bitter conditions, respectively). Additionally, there was no significant difference in average and maximum cadence
during the sprint.

Maximal voluntary force and 100-200 ms impulse declined following exercise in all conditions, showing a significant main effect for time.
However, for 0-50 ms and 0-100 ms impulse there was no significant main effect for time. Furthermore, there was no significant effect of
condition or condition*time interaction for maximal voluntary force or any impulse variables.

CONCLUSION: Previous research has shown ingesting a bitter solution improves sprint performance when it is commenced without prior
fatigue. However, the present study found no effect of a bitter taste on 1 minute cycling performance after heavy intensity cycling. Fur-
thermore, the bitter taste had no influence on neuromuscular function at rest or in a fatigued state. Similarly, an unpleasant salty solution
had no effect on cycling performance or neuromuscular function. Further research is required to determine if and how ingesting bitter, or
other unpleasant tastes, may be beneficial for sprint performance.

ARE THE ACUTE EFFECTS OF NEW ZEALAND BLACKCURRANT EXTRACT ENDURANCE PERFORMANCE-DEPENDENT IN
TRAINED CYCLISTS: A HOME BASED STUDY.

MONTANARI, S.1, BLACKER, S.D.1, LEE, B.J.2, WILLEMS, M.E.T.1
1 UNIVERSITY OF CHICHESTER; 2 COVENTRY UNIVERSITY

INTRODUCTION: Acute intake of blackcurrant anthocyanins improved vascular function (1) and reduced oxidative stress post-exercise (2).
Responses seem to be dose-dependent reaching a plateau at 310 mg of anthocyanins (1). No data is available on exercise performance
with intake of such a dose. In December 2019, a novel coronavirus, named COVID-19, became pandemic forcing people to stay at home.
Therefore, this study presents a novel approach testing the acute effects of 900 mg of New Zealand blackcurrant (NZBC) extract (315 mg of
anthocyanins) on endurance cycling performance in a home-based environment using an online software.

METHODS: A randomized, double-blind, placebo-controlled trial was implemented. Thirty-four cyclists [(26 males and 8 females, age: 38 +
7 years, V O2max: 57 + 5 ml/(kg-:min)] completed four 16.1 km time trial (TT) (two full familiarizations and two experimental trials) in the
morning connecting their turbo-trainers to an online simulator (ZWIFT). Females reported symptoms on a menstrual cycle questionnaire
(MCQ) before starting. Capsules containing 900 mg of NZBC extract or an equivalent placebo (PLA) were consumed 1.5 h before the TT.
Time, power, speed, distance, heart rate, and cadence were recorded. Data were analysed as a group and for evenly separated faster
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(<1400 s) and slower riders (>1400 s). Differences between conditions were assessed with a t-test. A repeated-measures ANOVA was
implemented to analyse differences between distance points (4, 8, 12 and 16.1 km). Coefficient of variation (CV), typical error (TE) of the
model and 95% Cl were calculated. Significance was set at p<0.05 and data reported as mean + SD.

RESULTS: Consumption of NZBC extract resulted in a faster TT compared to PLA, close to significance (1414 + 91 s vs 1422 + 104 s; 95% Cl [-
0.53, 17.06], p=0.06) with a small effect size (d=0.3). No difference was observed for power, speed, HR, RPM and RPE. The slower group
(n=17) average time to complete the 16.1 km TT was 20 s faster with NZBC extract compared to PLA (1479 + 83 s vs 1499 + 91 s; 95% Cl
[4.18, 34.52], d=0.65, p=0.01,). Power profile across the whole TT in the slow group was higher with data close to significance at 8 km (PLA:
234 + 54 W, NZBC: 239 + 54 W, p=0.06, d=0.4) and being different at 12 km (PLA: 232 + 54 W, NZBC: 239 + 51 W, p=0.02, d=0.6). Slower
group CV was 1.3% with a TE=20 s. There was no difference between conditions for time, power, speed, HR and RPM in the faster group.
No differences between conditions for MCQ symptoms were reported.

CONCLUSION: Acute consumption of 900 mg of NZBC extract improved 16.1 km cycling TT performance in the slower group (>1400 s) with
no changes in the faster group. However, variation within the model showed a ~20 s TE which is within the improvement observed. The
effectiveness of anthocyanin-rich supplementation seems to be cycling performance-dependent, but more research is warranted to con-
firm these preliminary results.

1. Rodriguez-Mateos et al., (2013)

2. Lyall et al., (2009)

COMPARISON IN THE CONSUMPTION OF SPORTS SUPPLEMENTS ACCORDING TO COMPETITIVE LEVEL.

SANCHEZ-OLIVER, A.J., PUYA-BRAZA, J.M., LOPEZ-LEON, ., MORENO-LARA, J., SANCHEZ-TRIGO, H., SANUDO, B.
UNIVERSIDAD DE SEVILLA

INTRODUCTION: Powerlifting is a sport based on lifting the maximum weight possible in three exercises: squat, bench press, and deadlift
(1). The range of consumption of supplements in sports (SS) is very wide and, currently, we place it between 30-95% (2). This variation in
consumption can depend on various variables, mainly the type of physical activity or sport (i), the level of performance or competition of
the athlete (ii), gender (iii), and age (iv) (3). The studies that collect the consumption of SS in powerlifters are scarce. Knapik et al (4),
Petkova et al (5), and Al Saffan et al (6) show a high prevalence of use in this discipline with a percentage of consumption of 85%, 100%,
and 73.1%, respectively. Currently, there is no research that studies the prevalence and pattern of consumption based on the variables that
determine it in powerlifters. Thus, the objective of this study was to analyze possible differences in performance and consumption of SS in
powerlifters of the international level (INT) with respect to the national level (NAT).

METHODS: 32 male powerlifters (10 INT, 22 NAT) completed a 72-hour supplement diary (2 training days and 1 rest day), as well as a
questionnaire regarding SS consumption. In addition, the best performance in squat, bench press, and deadlift during a competition in the
month previous to the study was recorded.

RESULTS: INT level athletes reported a higher total performance (+20,1%; p<0,001; ES=1,46) and in each of the exercises: squat, bench
press and deadlift (p<0,05; ES=0,99-1,29). The 100% of the sample consumed SS, the most consumed being creatine monohydrate (63%),
whey protein (59%), vitamin complex (34%), caffeine (25%) and branched-chain amino acids (19%), there being only differences in the
consumption of whey protein by INT level athletes (90% vs 45%; p=0,024; OR=1,75 [1,11-2,76]).

CONCLUSION: INT level athletes reported higher performance. However, there were no significant differences in overall SS consumption.
References:

1. International Powerlifting Federation (IPF). Reglamento Técnico IPF 2019. https://bit.ly/2NcmI74

2. Sanchez-Oliver, AJ, et al. A survey on dietary supplement consumption in amateur and professional rugby players. Foods 10.1 (2020): 7.
3. Mata, Fernando, et al. Analysis of the consumption of sports supplements in elite fencers according to sex and competitive level. BMC
Sports Science, Medicine and Rehabilitation 13.1 (2021): 1-9.

4. Knapik A, Gallert-Kopyto W, Jendrysik K, Ziemianek P, Horodecki M, Mysliwiec A. The use of supplementation among people practicing
powerlifting and its connections with their self — esteem and body value. Cent Eur J Sport Sci Med. 2019; 25(1): 35-42.

5. Petkova E, Ivanov K, Ivanova S, Gueorguiev S. The use of dietary supplements by professional athletes. Biomed Res. 2018; 29(9): 1953-
1955.

6. Al Saffan A, Alshahry RM, Alrwissan SA, Aljanoubi ZA, Alswailem RA. The effect of sports on oral health in Riyadh city: A cross-sectional
study. Saudi J Oral Sci. 2010; 7: 18-23.
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BOTH HIGH- AND LOW-FREQUENCY BLOOD-FLOW RESTRICTION WALK TRAINING INCREASE MAXIMAL AEROBIC CAPACI-
TY INDEPENDENT OF BLOOD-VOLUME CHANGES

THOMPSON, K.M.A., GAMBLE, A.S.D., KONTRO, H., BURR, J.F.
UNIVERSITY OF GUELPH

INTRODUCTION: At rest, the occlusion of leg blood flow (BFR) has been shown to cause an increase in sympathetic activity and circulating
blood-volume regulating hormones. Given that fluctuations in blood pressure and ion concentrations affect blood-volume control, the
perturbation of these regulating systems is likely amplified with the addition of exercise. Over time, repeated exposure to fluid retention
hormones could lead to increases in total blood volume, which would explain how BFR exercise has repeatedly shown to improve maximal
aerobic capacity (VO2max) in the absence of more localized muscular changes.

METHODS: To determine changes in serum copeptin and renin concentration, venous blood samples were collected from 23 subjects
before and after an acute bout of BFR or time-matched walking exercise (5 sets x 3 min walking, separated by 1 min rest, 5% grade,
S5km/hr, BFR condition used 100% of lowest occlusion pressure). Twenty of these subjects and an additional eight (n=28) were then divided
into control (CON), high-frequency (BFRH) and low frequency (BFRL) training groups. CON and BFRH performed a twice daily walking proto-
col for 4 weeks, while BFRL performed a twice weekly walking protocol for 6 weeks. VO2max and blood volume (CO-rebreathe) were tested
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at baseline (PRE) and following training (POST). Paired samples t-tests using changes in serum renin and copeptin concentrations (pre to
post BFR/free-flow walking) were used to determine whether greater increases were observed following BFR walking. A repeated
measures ANOVA was performed to compare changes in aerobic capacity and blood volume.

RESULTS: BFR walking resulted in significantly greater changes in serum copeptin (BFR: 5.5+2.9 to 57.8199.4 pmol/L; free-flow: 6.313.8 to
6.7+4.0 pmol/L; p=0.02) and renin (BFR: 19.1+8.2 to 44.5+27.1 ng/L; free-flow: 19.41+7.2 to 28.5+15.1; p=0.001). Significant changes in
maximal aerobic capacity were observed following training (p=0.03). Increases in VO2max were observed from PRE to POST for both BFRH
(46.7+8.8 to 50.7+9.5 ml.kg-1.min-1, p=0.004) and BFRL (48.1+7.4 to 52.5+10.2 ml.kg-1.min-1, p=0.02) groups but not CON (48.8+9.4 to
49.248.6 ml.kg-1.min-1, p=0.6). No changes in blood volume were evident (BFRH: 83.4+12.3 to 82.0+10.5 ml.kg; BFRL: 76.6112.8 to
78.2+13.9 ml.kg; CON: 77.319 to 78.4+8.7 ml.kg; p=0.7).

CONCLUSION: The current results support findings of improved maximal aerobic capacity following BFR exercise. Of note, mean improve-
ments in VO2max were of a similar magnitude in both the high- (+9.6%) and low-frequency (+9.0%) BFR training groups. Despite large
increases in circulating fluid retention hormones following an isolated bout of BFR exercise, blood volume over the training period did not
increase in either group. The notable adaptations promoting greater endurance capacity with low intensity BFR exercise require further
investigation to elucidate the mechanisms responsible.

NRF2 AND NF-KB SIGNALLING, AND ANTIOXIDANT ENZYME ADAPTATIONS TO SPRINT INTERVAL TRAINING ARE POTEN-
TIATED BY BRIEF ISCHAEMIA APPLICATION DURING THE RECOVERY PERIODS

GALLEGO-SELLES, A., GALVAN-ALVAREZ, V.1, MARTINEZ-CANTON, M.1, GARCIA-GONZALEZ, E.1, GELABERT-REBATO, M.1,
GARCIA-PEREZ, G.1, SANTANA, A.2, MORALES-ALAMO, D.1

11UIBS AND ULPGC, SPAIN; 2 CLIN. GENETICS UNIT CHUIMI, LPA, SPAIN; 3 DEP. OF MORPHOL., UNIV. OVIEDO, SPAIN; 4 SCHOOL OF KINESI-
OLOGY, UBC, CANADA; 5 DEP. PHYSICAL PERFORMANCE, NIH, NORWAY

INTRODUCTION: *more authors: FERNANDEZ-GARCIA, B.3, BOUSHEL, R.4,HALLEN, J.5, CALBET, J.A.L.1,4,5, MARTIN-RINCON, M.1

Reactive oxygen and nitrogen species (RONS) stimulate signalling pathways essential for the adaptative response to exercise. Nrf2 and
NFkB transcription factors regulate over 150 genes involved in redox homeostasis, inflammation, and the antioxidant response. High-
intensity exercise increases RONS and activates Nrf2, NFkB, and CaMKII signalling in human skeletal muscle (HSM), an effect potentiated by
immediate ischaemia application (PMID: 32863217). It remains unknown how sprint interval training (SIT) modulates antioxidant enzyme
expression and regulatory transcription factors. It is uncertain whether additional metabolic and RONS-mediated stress could further
stimulate the adaptive response to SIT. We hypothesized that SIT would upregulate the basal and exercise-induced Nrf2 and NFkB signal-
ling, with this effect being exacerbated by post-exercise ischaemia.

METHODS: Ten active subjects were tested before and after SIT (4-6 30s sprints, 4min recovery, 6 sessions in 2 weeks). Immediately after
each sprint, the circulation of one leg was instantaneously occluded (300mmHg) for 30-50s. The main PRE and POST-training tests consist-
ed of an incremental exercise to exhaustion (IE) followed by 90min rest and 6 bouts of supramaximal exercise to exhaustion at
120%V02max (SPE) interspaced with 20s recovery, during which circulation of both legs was fully occluded. In addition, VL biopsies were
taken at rest, 90 min after |E, and immediately after SPE unilaterally at PRE and bilaterally at POST from the leg training with free circula-
tion (FCL) and the leg training with ischaemia (IS) for Western Blotting. Statistics: repeated-measures ANOVA

RESULTS: After SIT, basal protein levels of pSer536p65, IkBalpha, IkBbeta, pSer40Nrf2, Nrf2, Nrf2/Keap1 ratio, Catalase, SOD1, GR,
pThr287CaMKIl, and CaMKIl were largely increased (~2.3-fold) solely in IS (p<0.05). Besides, SIT increased basal protein levels significantly
more in IS for pSer176/180IKK, p50, p65 (~1.9-fold vs. FCL) (p<0.05). The acute upregulation following SPE observed at PRE and after SIT in
FCL was blunted in IS (p<0.05) for pThr287CaMKII, IkBbeta, TrxR1, Nrf2, pSer40Nrf2, p65, pSer536p65, pSerl76/180 IKK and pTyr705STAT3.
CONCLUSION: These findings show that Nrf2 and NFkB signalling and their downstream antioxidant enzymes are largely upregulated by
additional time under oxidative stress during 2 weeks of SIT in HSM. Furthermore, we have shown that a marked elevation of the basal
antioxidant response with training suppresses the acute exercise-induced activation of Nrf2 and NFkB signalling otherwise required in the
non-trained state. This was achieved by employing a novel experimental approach where immediate ischaemia is applied after each bout in
only one leg, exacerbating RONS and metabolite build-up, which may enhance the antioxidant capacity of HSM. Whether these adaptations
are beneficial for performance or long-term adaptation to training remains to be evaluated.

PREMATURITY AND MAXIMAL EXERCISE CAPACITY AT HIGH-ALTITUDE: EVIDENCE OF HYPOXIC PRECONDITIONING?

MANFERDELLI, G.1, NARANG, B.J.2,3, BOURDILLON, N.1, DEBEVEC, T.2,3, MILLET, G.P.1

1: UNIVERSITY OF LAUSANNE, LAUSANNE, SWITZERLAND; 2: JOZEF STEFAN INSTITUTE, LIUBLIANA, SLOVENIA; 3: UNIVERSITY OF LIUBLIA-
NA, LJUBLJIANA, SLOVENIA

INTRODUCTION: Premature birth induces several long-term sequelae on the pulmonary and cardiovascular systems that contribute to
reduced exercise capacity. However, preliminary data suggest that prematurity might, at least in-part, protect against some altitude-
induced physiological alterations. Accordingly, we aimed to investigate the cardiorespiratory and muscle oxygenation responses to incre-
mental exercise to exhaustion performed at sea level and at altitude in preterm and full-term born adults, to clarify the mechanism(s)
underpinning prematurity-related impairments in exercise capacity.

METHODS: Healthy preterm (n=17; age, 21+1 years; gestational age, 29+1 weeks) and age-matched full-term (n=17; gestational age, 400
weeks) adult men underwent a hypoxic sensitivity test (i.e., random 1 to 8 consecutive breaths with 100% N2) to assess the hypoxic venti-
latory response (HVR) and two incremental exercises to exhaustion on a cycle ergometer — one at sea level and the other at altitude (3375
m). Gas exchange, hemodynamics, and muscle oxygenation were assessed continuously by metabolic cart, transthoracic impedance, and
near-infrared spectroscopy, respectively. Intramuscular matching between 02 delivery and utilization was assessed by the presence of a
deoxygenation (A[deoxy(Hb+Mb)]) overshoot in the transition from rest to exercise.

RESULTS: The HVR was comparable between preterm and full-term adults (0.38310.061 vs. 0.270%0.029 L/min/%, p=0.11). In normoxia,
preterm demonstrated lower peak power output (27610 W vs. 312412 W, p=0.04) compared to full-term adults, but not in hypoxia
(24810 vs. 279110 W, p=0.07 and 2.62+0.11 vs. 2.84+0.09 L/min, p=0.47), despite similar peak O2 uptake in both normoxia (48.5+2.6
mL/kg/min vs. 51.9+1.9 mL/kg/min, p=0.36) and hypoxia (36.4+1.6 mL/kg/min vs. 37.9+1.1 mL/kg/min, p=0.87). At peak, stroke volume
(1166 vs. 13845 mL, p=0.02) and cardiac output (21.7+1.2 vs. 26.0+1.0 L/min, p=0.01) were lower in preterm compared to full-term adults
in normoxia, but not in hypoxia (113+7 vs. 12245 mL, p=0.53 and 21.1+1.2 vs. 23.2+0.9 L/min, p=0.35). Peak A[deoxy(Hb+Mb)] was in-
creased from normoxia to hypoxia in full-term (11.0+1.5 vs. 16.242.1 uM, p=0.04) but not in preterm (13.5+2.5 vs. 13.7+2.0 uM, p=0.84)
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adults. Intramuscular matching between 02 delivery and utilization was improved by hypoxia relative to normoxia in the preterm (1.910.6
vs. 0.3+0.2 uM, p<0.01) but not in the full-term (1.1+0.4 vs. 0.210.2 pM, p=0.13) group.

CONCLUSION: These data suggest that prematurity reduces exercise capacity primarily via impaired convective, rather than diffusive, 02
transport. However, hypoxia-induced impairments in physiological responses to maximal exercise appear to be attenuated in healthy
preterm adult men, compared to their full-term counterparts. These findings lend further support to the potential hypoxic preconditioning
effect of premature birth and/or perinatal treatment that warrant further scrutiny.

Funding: SNSF grant n. 320030L_192073, ARRS grant n. N5-0152

EXERCISE-COGNITION INTERACTION IN HYPEROXIA DURING APPLIED UNDERWATER FIN-SWIMMING IN SCUBA-DIVING

MOLLER, F.1,2, JACOBI, E.1, HOFFMANN, U.1, VOGT, T.2
GERMAN SPORT UNIVERSITY COLOGNE, COLOGNE, GERMANY

INTRODUCTION: Executive functions (EF) positively interact with moderate and severe exercise intensity in laboratory studies, but this
interaction might be modulated by environmental factors, oxygen supply, and resulting changes in prefrontal and muscle oxygenation (1-
3). These aspects are combined in the applied setting of SCUBA-diving, where hyperoxia occurs when breathing air at depth, and gas mix-
tures with elevated oxygen fractions are commonly used (4). Intact EFs enable higher-level processes like goal-directed behavior and
problem-solving, which are highly relevant in the demanding underwater environment, and especially in critical situations or rescue scenar-
ios where additional exercise stress occurs. It was hypothesized that (I) the positive interaction between exercise intensity and EF perfor-
mance would be amplified by an increased inspiratory oxygen pressure and (Il) that environmental impacts and increased physiological
demands might attenuate this effect during severe exercise intensity.

METHODS: Based on a priori power analysis (f = 0.5; Power 1-B = 0.9), 15 experienced SCUBA-divers (age: 27 + 6 years; 7 females) per-
formed 3 x 8 min of underwater fin-swimming (UFS; 4 m depth) at individual work rate intensities of 20 % (low), 30 % (moderate), and 55 %
(severe) heart rate reserve. HRmax was derived from an incremental UFS step test. Eriksen Flanker tasks for inhibition, which is considered
a core EF, were performed directly after rest and exercise at the pools edge (100 stimuli). This scenario was repeated on three separate
days with different oxygen fractions in the breathing gas (21 %, 40 %, 100 % O2; double-blind). ANOVAs with repeated measures on the
factor intensity (rest, low, moderate, severe) and gas were performed for the normally distributed variables accuracy (ACC) and reaction
times that required inhibitory control (RTincom).

RESULTS: RTincom showed a significant main effect for intensity (P < 0.001; np2 = 0.4) but not for gas. Significantly faster RTs were ob-
served after severe intensity exercise compared to rest (P = 0.022), low (P < 0.001), and moderate-intensity (P < 0.001). ACC showed no
effects.

CONCLUSION: The results comply with superior EF performance after severe exercise from elevated lactate and serotonin levels (5,6).
Cerebral oxygenation was possibly maintained during exercise (7) despite environmental and exercise-dependent competing physiological
demands (8), which hyperoxia might have met. In summary, EF performance was slightly elevated and remained intact during hyperoxic
exercise settings in SCUBA-diving.

1-Sudo et al. (2017), 10.1007/s00421-017-3692-z 2 - Ando et al. (2009), 10.1007/s00421-009-0989-6

3 - Pontifex et al. (2019), 10.1016/j.psychsport.2018.08.015 4 - Bosco et al. (2018), 10.3389/fpsyg.2018.00072

5 - Zimmer et al. (2016), 10.1007/s00421-016-3456-1 6 - Hashimoto et al. (2018), 10.1096/fj.201700381RR

7 - Moreau et al. (2019), 10.1177/1745691619850568 8 - Tempest et al. (2017), 10.1016/j.bandc.2017.02.001.

THE FRACTIONAL UTILIZATION OF VO2MAX IS HIGHER IN HYPOBARIC HYPOXIA EQUIVALENT TO 2800 M THAN NEAR SEA
LEVEL

OBERHOLZER, L., AAMASS, N.S., HALLEN, J.
NORWEGIAN SCHOOL OF SPORT SCIENCES

INTRODUCTION: The lower 02 availability at altitude leads to a 6% reduction in maximal oxygen uptake (VO2max) for every 1000 m of
increasing altitude (1). In contrast, the decline in endurance performance with hypoxic exposure is variable, depending on the discipline
and event duration. Typically, 800—10"000 m track and field performances are decreased by 0.4-2.4% at events above 1000 m of altitude
(2), while time trial (TT) performances in cycling are also lowered at altitude but presumably to a lesser extent than VO2max (e.g. 3). Gen-
erally, a greater decline in VO2max than in endurance performance suggests a higher fractional utilization of VO2max (the VO2 over a
given time or distance as a percentage of VO2max; %V02max) at altitude, provided that anaerobic capacity and exercise economy are
unaltered. Thus, it was hypothesized that the %V0O2max is higher during a cycling TT in hypoxia than near sea level.

METHODS: Sixteen amateur cyclists (8 women, age: 3117 years [meanzSD], body mass: 68+8 kg, VO2max: 60+8 ml.min-1.kg-1) underwent
exercise testing in a hypobaric hypoxic chamber set to 300 m (97612 hPa, 18.0+0.3 °C) or 2800 m (72442 hPa, 17.9+0.3 °C). VO2max and
maximal power output (Pmax) were assessed by an incremental test to exhaustion and average power output (Pavg) and average VO2
were determined during a 40 min all out cycling TT. The %VO2max was calculated as the average VO2 during the TT as a percentage of
VO2max. All participants performed each exercise test at both altitudes.

RESULTS: VO2max and Pmax decreased from 41194783 ml.min-1 and 349+49 W at 300 m to 3655+710 ml.min-1 and 313+44 W at 2800 m
(-11.2+2.9%, p<0.001; -10.243.7%, p<0.001). Similarly, average VO2 and Pavg during the TT were lower at altitude, namely 31134571
ml.min-1 and 223439 W at 300 m and 28544516 ml.min-1 and 199434 W at 2800 m (-8.2+4.4%, p<0.001; -10.743.1%, p<0.001). The lower
decline in VO2 than in Pavg suggests poorer cycling economy during the TT in hypoxia and indeed, VO2 per completed kJ was higher at
2800 m (+3.0£2.9%, p=0.001); all in all leading to an increased %VO2max at altitude (300 m: 76.0+4.5%, 2800 m: 78.4+4.2%, p=0.023).
CONCLUSION: As hypothesized, the %VO2max was higher during a 40 min cycling TT at altitude than near sea level. However, this was not
explained by a lower decline in performance than in VO2max, but it is rather suggested that the poorer cycling economy during the TT is
compensated by enhancing %V0O2max at altitude. Future studies should address the mechanisms underlying the higher %V0O2max with
hypoxia.

REFERENCES:

(1) Wehrlin & Hallén. Eur J Appl Physiol. Mar;96(4):404-12 (2006).

(2) Hollings et al. Eur J Sport Sci. Aug; 12(3):201-206 (2012).

(3) Faulhaber et al. J Sports Sci. Mar;28(5):513-9
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UPPER AND LOWER EXTREMITY CONTRIBUTIONS TO LOAD-VELOCITY PROFILES IN SEMI-TETHERED FRONT CRAWL
SWIMMING

KELLER, S.1,3, WAHL, P.2,3
GERMAN SPORT UNIVERSITY COLOGNE

INTRODUCTION: In swimming, maximum speed is achieved by generating high propulsive forces while minimizing resistance. Although
upper and lower extremities contribute to propulsion in all swimming strokes, it has been assumed that in front crawl swimming the upper
extremities provide most of the thrust (Toussaint & Beek, 1992). However, findings from laboratory ergometer and tethered swimming
suggest that the contribution of the lower extremities may be greater than previously thought (Morougo et al., 2015). As both methods
differ substantially from the biomechanics of free-swimming, we aimed to estimate extremity contributions to propulsive force and speed
using load-velocity profiles during semi-tethered swimming.

METHODS: Nine male and seven female well-trained swimmers (18 + 3 yrs; 180 + 10 cm; 70 + 7 kg) performed five 20-m all-out semi-
tethered swimming trials with increasing loads in whole-body front crawl swimming (W), upper extremity movement only (A) or lower
extremity movement only (L) in a randomized order. Starting from 1 kg, resistance was increased by 2 and 1 kg in W, by 1 and 0.5 kg in A
and by 0.5 in L for male and female athletes, respectively. Load was applied and velocity was recorded at 333 Hz by a robotic resistance
device (1080 Sprint; 1080 Motion AB, Lindingd, Sweden). Theoretical maximum velocities (VO) and loads (LO) were calculated from the
linear regression between load and velocity (R2 =0.99 £ 0.01 in W, 0.98 + 0.03 in A and 0.97 £ 0.04 in L). For both parameters, all values
were normalized to the sum of the lower and upper extremity values (100%) to calculate percent force and speed deficits and contribu-
tions.

RESULTS: VO was 1.90 + 0.07 and 1.68 £ 0.04 m-s-1in' W, 1.59 £ 0.06 and 1.36 £ 0.06 m-s-1in Aand 1.15+0.10and 1.10 £ 0.05 m-s-1in Lin
male and female swimmers, respectively. LO was 19.0+ 2.4 and 15.5+2.1kgin W, 11.9+2.7and 8.6 +2.3 kginAand 6.6+ 1.9and 6.0+
0.9 kg in Lin male and female swimmers, respectively. Upper and lower extremity contributions to VO were 58 + 2 and 42 + 2% in male and
55+ 2 and 45 + 2% in female athletes. For LO, contributions were 64 + 9 and 36 + 9% in male and 58 + 9 and 42 + 9% in female athletes. A
speed deficit of -30 + 4 and -32 + 2% was found for VO (p < 0.001), while LO in W was similar to the sum of Aand L (+4 + 15 and +8 + 15%, p
>0.05) in male and female athletes, respectively.

CONCLUSION: Our data show that the lower extremities contribute significantly to maximal force and speed in semi-tethered front crawl
swimming in male and female athletes. While force production in W was similar to the sum of A and L, we found a substantial speed deficit.
These findings highlight the importance of minimizing speed deficit by more efficiently converting force into propulsion or improving
whole-body coordination, which has the potential to maximize swimming speed even at high performance levels.

TUNING BETWEEN MUSCLE ACTIVATION AND TENDON OPERATING LENGTH FACILITATES ENERGY OUTPUT IN TRICEPS
SURAE MUSCLES DURING HIGH WALKING SPEEDS

KHARAZI, M., BOHM, S., THEODORAKIS, C., ARAMPATZIS, A.
HUMBOLDT-UNIVERSITAT ZU BERLIN

INTRODUCTION: Increased walking speed is associated with higher ankle joint moments (1), which suggest higher muscle force generation
of the triceps-surae muscles (TSM). On the other hand, the generated TSM force is impaired due to its force-velocity relationship at walking
speeds of ~2.0 m/s [2]. This indicates lower muscle forces at higher speeds. Our main purpose was to investigate experimentally the Achil-
les tendon (AT) force as a proxy of the TSM force generation and the mechanical work done at the ankle joint by the TSM with increasing
walking speed. A secondary objective was to assess mechanics and energetics within the gastrocnemius medialis (GM) muscle-tendon unit
(MTU). We hypothesized that decoupling between muscle and tendon regulated by an appropriate muscle activation would increase the
muscular mechanical work despite lower muscle forces.

METHODS: In fifteen young adults, we measured the electromyographic activity (EMG) of the TSM during walking at speeds of 0.7 m/s
(slow walking), 1.4 m/s (preferred walking), 2.0 m/s (transition walking) and maximum walking speed capacity (2.6+0.3 m/s) on a treadmill.
Further, we measured the length of the AT tendon during walking with a combination of the ultrasound and motion capture systems and
using the individual AT force-elongation relationship, we assessed AT force during the walking trials [3]. We calculated the moment gener-
ating at the ankle joint and the mechanical work done from all TSM. Finally, we investigated the mechanical work done by the GM-MTU,
assuming a constant based on the physiological cross-sectional area contribution of GM muscle force.

RESULTS: We found a decrease (p<0.05) in the maximum AT force and AT strain energy recoil in the two higher speeds compared to the
preferred one. With increasing speed, the net mechanical work done at the ankle joint from the TSM increased significantly (p<0.001, from
-0.0241.06 J to 7.63+0.36 J). In the transition and maximum velocity speed, a rapid increase in the EMG-activity of the TSM initiates muscu-
lar energy gain despite a continued elongation in AT. At the GM-MTU level, the rapid increase of the GM activity in the two higher speeds
causes a shortening in the muscle belly while the tendon is elongated.

CONCLUSION: Our findings show for the first time that at walking speeds higher than the preferred, muscular work of the TSM provides a
higher contribution than the AT energy recoil to the needed mechanical work. A rapid increase in the muscle activation at low tendon
strain operating length introduces a decoupling between tendon and muscle belly resulting in an earlier muscular energy gain which in-
creases the net muscle belly and MTU mechanical work. A part of this earlier muscular energy gain is transferred to the tendon despite the
shortening of MTU and muscle belly.

REFERENCES:
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3. Kharazi et al., Sci. Rep. 2021
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EFFECTS OF FATIGUE ON PERCEPTION OF VELOCITY DURING BACK SQUAT

ROMAGNOLI, R.1, LISTA, M.1, CIVITELLA, S.1, PARIS, D.1, SANTILLI, R.1, SGRO, P.1, PIACENTINI, M.F.1,2

1: UNIVERSITY OF ROME FORO ITALICO, ROME, ITALY; 2: VRIJE UNIVERSITEIT BRUSSEL, DEPARTMENT OF HUMAN PHYSIOLOGY AND SPORTS
MEDICINE, BRUSSELS, BELGIUM

INTRODUCTION: The two necessary key components to prescribe velocity-based training are the percentage of loss of velocity (VL) and the
mean concentric velocity (MCV) of the fastest repetition[1]. However, electronic devices are necessary and this is impractical when several
athletes train at the same time. Recently a subjective perception of velocity scale has been validated showing a high correlation between
real velocity (Vr) measured with encoders and perceived velocity (Vp)[2]. The purpose of the present study was to investigate whether
perception of barbell velocity is affected by fatigue induced by two different training protocols with the hypothesis that Vp would be
unaffected despite changes in Vr.

METHODS: Resistance trained participants were randomly divided in two groups: the 10% velocity loss group (VL10) (6 males, 5 females,
age=2918.23 years; 1RM=118.36+38.51 kg;) and repetitions to failure group (EX) (6-males, 5-females, age=24.313 years;
1RM=119.05%+26.97 kg). Both protocols included 5 sets at 75%1RM but differed in the number of repetitions performed, using the 10%
velocity-loss method in one case and repetitions to failure in the other. The accuracy in perceiving concentric velocity Vp was assessed
during a test with 3 blinded loads (heavy: MCV 2 0.4 m-s-1, medium: 0.6-0.8 m-s-1, light: 2 1m-s-1), in the Back Squat exercise on 2 differ-
ent days, in random order. One day rested (REST) and one day immediately following one of the two designated training protocols (VL10 or
EX)). Vr was measured by a linear position transducer (Vitruve, SPEEDALIFTS S.L., Madrid-Spain) and at the same time the subjects reported
their Vp. The accuracy of the Vp was analyzed by calculating the delta score (DS), (difference between Vp and Vr). Data are presented as
median * interquartile range. Mann-Whitney tests were used to compare DS and Vr between conditions in the 2 groups, and separately for
the 3 loads. Bland-Altman plots were used to represent the agreement between Vp and Vr in the 3 loads.

RESULTS: Vr and DS did not change between REST and VL10 conditions (Vr: REST=0.57 £ 0.55 m-s-1, VL10= 0.6 + 0.57 m-s-1 (p > 0.129);
DS: REST=0.04 + 0.11 m-s-1, VL10= 0.04 + 0.08 m-s-1 (p= 0.704). In the EX-group a significant decrease in Vr was found (Vr: REST=0.61 +
0.51 m-s—-1, EX= 0.55 + 0.50 m-s-1 (p< 0.05), but no difference in DS. The EX-group showed a significant reduction in Vr at light and medium
loads (p< 0.05) compared to REST with no differences in DS. The VL10-group showed no difference in Vr and DS, at all loads.

CONCLUSION: This is the first study that investigates the effects of two different training protocols on Vp. Vr changed after the EX-protocol
only. However, in both cases the delta score (the accuracy of the Vp) did not change. These results, although preliminary, are comforting
demonstrating that Vp is a stable parameter on which athletes can base their training.

REFERENCES:

1. Guerriero, A., et al., (2018)
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THE EFFECT OF PELVIC STABILIZATION TRAINING ON DYNAMIC KNEE VALGU

AMBRUS, M., WOLF, G., HORVATH, T., LACZA, Z.
UNIVERSITY OF PHYSICAL EDUCATION

INTRODUCTION: Pelvic instability is often associated with angular deviations of the lower limb and often causes valgus shift of the knee
joint under load. In addition, non-contact ACL tears during sport activity are often caused by muscles weakness around the pelvis. There-
fore, reinforcing the physiological function of the pelvic stabilizing muscles may counterbalance dynamic knee valves, hence decreasing ACL
injury risk. The aim of this research is to increase the activity of the pelvic stabilizing muscles through a specific exercise program and to
investigate its effect of dynamic knee valgus.

METHODS: Twenty-two subjects (male/female: 16/6) participated in the study. The aim of the six-week pelvic stabilization training was to
strengthen the m. gluteus maximus, medius and m. vastus medialis obliquus and to harmonize the ratio of quadriceps and hamstring
muscle strength. Before and after the training, dynamic knee valgus was determined on both sides using a Microsoft Kinect Azure camera
and Dynaknee software. The software gives the medio-lateral displacement of the knee during single-leg squats as a function of leg length.
The normality of the pre- and post-training knee displacement data was analyzed using the Shapiro-Wilk test and the difference was ana-
lyzed using Wilcoxons signed rank test.

RESULTS: Dynamic knee valgus decreased from 3.15 % to 1.03 % for the left knee and from 3.89 % to 1.26 % for the right knee. The magni-
tude of change was significant on both sides (p<0.001).

CONCLUSION: Strengthening the pelvic stabilisation muscles induced a substantial improvement in knee valgus, and thus reduced the risk
of developing cruciate ligament injuries. This study provides a direct link between an easy diagnosed predisposing factor a common sports
injury, and offers a simple countermeasure in the form of specific exercises, that may be included in the routines of athletes at risk for ACL
injuries.

Support: Scientific Excellence Program 2019, Ministry of Innovation and Technology, Hungary

PROSPECTIVE ASSOCIATIONS BETWEEN SPATIOTEMPORAL AND GROUND REACTION FORCE CHARACTERISTICS AND IN-
JURY RISK IN 800+ LEISURE-TIME RUNNERS

MALISOUX, L., DELATTRE, N., GETTE, P., THEISEN, D.
LUXEMBOURG INSTITUTE OF HEALTH

INTRODUCTION: Running biomechanics may be involved in the mechanisms underlying the development of some types of running-related
injury. However, contrary to widespread beliefs, only few potential biomechanical risk factors have been prospectively associated with
injury risk so far. Therefore, the main objective of this study was to identify injury risk factors among spatiotemporal and ground reaction
force characteristics in leisure-time runners. The secondary objective was to investigate whether shoe cushioning modifies the association
between these biomechanical factors and injury risk.

METHODS: This study is a secondary analysis of a participant and assessor blinded randomized trial in which 848 recreational runners were
tested on an instrumented treadmill at baseline at their preferred running speed in randomly allocated, standardized running shoes (Hard
or Soft cushioning, respectively). The most common kinetic and spatiotemporal metrics were derived from a 2-minute ground reaction
force signal recording. Participants were subsequently followed-up for 6 months regarding running activity and injury. Cox proportional
hazard regression models for competing risk were used to investigate the association between biomechanical risk factors and injury risk,
including stratified analyses by shoe version.
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RESULTS: The mean (+SD) participants’ preferred running speed at baseline was 9.9 (+1.5) km/h. On average, 326 (+19) steps were ana-
lyzed per participant. During the follow-up, the participants reported 22 521 hours of running, and 128 participants (15.1%) sustained a
running-related injury. In the crude analysis, greater injury risk was found for greater step length (sub-hazard rate ratio — SHR [95% Confi-
dence Interval] = 1.01 [1.00; 1.02], p = 0.038), longer flight time (SHR = 1.00 [1.00; 1.01], p = 0.028), shorter contact time (SHR = 0.99 [0.99;
1.00], p = 0.030), and lower duty factor (defined as the ratio between contact time and stride time; SHR = 0.95 [0.91; 0.98], p = 0.005). In
the stratified analyses by shoe version, adjusted for previous injury and running speed, lower duty factor was associated with greater injury
risk in those using the Soft shoes (SHR = 0.92 [0.85; 0.99], p = 0.042), but not in those using the Hard shoes (SHR =0.97 [0.91; 1.04], p =
0.348). No other significant association with injury risk was found.

CONCLUSION: Lower duty factor is an injury risk factor, especially when using softer shoes. Contrary to widespread beliefs, vertical impact
peak, vertical loading rate and step rate were not injury risk factors in recreational runners. Duty factor is an interesting target for preven-
tive measures in runners, as it can be easily monitored with wearable devices. Increasing duty factor may help reducing the risk of running-
related injury, but this needs to be confirmed by intervention studies. Conversely, vertical impact peak, loading rate and step rate may not
be the most relevant biomechanical factors for overall injury prediction.
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THE ASSOCIATION BETWEEN MEASUREMENTS OF EXTERNAL LOAD AND BONE STRUCTURAL CHARACTERISTICS IN ELITE
CRICKETERS AND FOOTBALL PLAYERS.

SCOTT, R.1, SALE, C.1,2, JAMES, R.1, BARNETT, C.1, VARLEY, I.1
INOTTINGHAM TRENT UNIVERSITY; 2MANCHESTER METROPOLITAN UNIVERSITY

INTRODUCTION: Despite exercise being prescribed to benefit bone health [1], little is known about the specific external loading character-
istics of exercise required to promote bone accrual. It Is not known how limb specific loading variables are associated with bone character-
istics. We aimed to assess if quantified external loading is associated with tibial bone characteristics in elite cricketers and football players.
METHODS: Eleven professional cricketers (right-arm fast bowlers) and eighteen professional footballers (outfield) were monitored with
Inertial Measurement Units placed on the anteromedial tibia at 14% of the distal length during a standardised training session. Six competi-
tive overs for cricketers and a warm-up for footballers (hopping, sprinting, cutting) were performed. Peak tibial acceleration, peak positive
acceleration (PPA), cumulative load and relative load were calculated as loading variables. Whole-body dual-energy x-ray absorptiometry
(DEXA) and tibial peripheral computed tomography (pQCT; 4%, 14%, 38% and 44% of the tibial length) scans were performed on each leg
to retrieve bone characteristics. Paired sample t-tests were performed on all variables between legs in each group. Correlations were
performed between loading variables and bone characteristics for both groups.

RESULTS: Cricketers showed greater left leg external load variables (peak acceleration (+91 g, +53%) and PPA (+59 g, +38%)) than the right
leg (p<0.001). The left leg of cricketers showed greater bone characteristics derived from DEXA (leg bone mass (+0.86 kg, +12%), relative
leg mass (+0.78, +5%), total BMD (+0.08 g/cm?2), leg BMC (+82 g; p<0.028)) and pQCT (bone mass (+0.22 kg, +4%), periosteal circumference
(38% site; +2.07 mm, +2%) torsional strength (14% site; +214 mm3, +7%; p<0.035), and axial strength (14% site; +39 mm3, +3%: 38% site;
(+111 mm3, +7%)) than the right leg. There were no differences between legs in football players or correlations between loading variables
and bone characteristics in either group.

CONCLUSION: The greater bone characteristics in the left leg during a fast-bowling action may be reflective of the higher left leg loads
experienced. No correlations were shown between loading and bone in either group, this likely to be due to factors, such as load frequen-
cy, which is known to influence bone accrual [2]. The unilateral aspect of cricket fast bowling causes the planting leg to experience consist-
ently higher loads than the other leg, likely explaining the differences in bone between limbs. The bilateral movement patterns of football
likely explain the lack of differences in this group.

REFERENCES:

1. Harding, A.T. and Beck, B.R., 2017. Exercise, osteoporosis, and bone geometry. Sports, 5(2), p.29.

2. Turner, C.H. and Robling, A.G., 2003. Designing exercise regimens to increase bone strength. Exercise and sport sciences reviews, 31(1),
pp.45-50.

BONE MINERAL DENSITY IN ELITE MALE AND FEMALE CYCLISTS AT DIFFERENT STAGES OF A PROFESSIONAL CYCLING
CAREER

HILKENS, L., WELJER, V.C.R., VAN SCHIJNDEL, N., BOERBOOM, M., VAN DER BURG, E., KEMPERS, R., PETERS, V., BONS, J.,
VAN LOON, L.J.C., VAN DIJK, J.W.
HAN UNIVERSITY OF APPLIED SCIENCES

INTRODUCTION: Bone health appears to be compromised in many elite male cyclists, while bone health in female, adolescent and retired,
elite cyclists remaining largely unexplored. The lack of osteogenic stimuli and low energy availability may predispose elite cyclists to im-
paired bone health, although clear evidence for this presumption is lacking. In the present study we assessed the prevalence of low bone
mineral density (BMD) in male and female elite cyclists at different stages of a professional cycling career, and evaluated potential predic-
tors of low BMD in elite cyclists.

METHODS: In this cross-sectional study, 93 male and female early (n=31), advanced (n=42) and post (n=20) career elite cyclists underwent
dual-energy X-ray absorptiometry for the assessment of total and regional bone mineral density and body composition. Proposed markers
of low energy availability (IGF-1, T3) and bone metabolism (CTX-I, P1NP, 25-hydroxy vitamin D) were assessed in fasted blood samples.
Training history and injury prevalence were assessed by a questionnaire, complemented with the bone-specific physical activity question-
naire (BPAQ). Backward stepwise multiple regression analysis was conducted to explore associations between BMD and its potential pre-
dictors in early and advanced career (i.e. active career) cyclists. Data are presented as mean+SD.

RESULTS: With a Z-score of -0.3+0.8, -1.5+1.0, and -1.0+0.9, low BMD (Z-score <1) of the lumbar spine was prevalent in 27, 68, and 50% of
the early, advanced and post-career elite male cyclists, respectively. The lumbar spine Z-scores of -0.9£1.0, -1.0£1.0, and 0.2+1.4 in early,
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advanced, and post-career elite female cyclists, respectively, indicated low BMD in 55, 45 and 20% of these female subpopulations. Re-
markably, 59% of the active career elite cyclists, exceeded the P1NP reference range, while the CTX-I reference range was exceeded by 10%
of these cyclists. Furthermore, 25-hydroxy vitamin D levels were inadequate (<50 nmol/L) in 13% of the active career elite cyclists. Statisti-
cal analysis revealed that BMI, past fracture incidence, past bone-specific physical activity, 25-hydroxy vitamin D and T3 were associated
with lumbar spine BMD Z-score in the final model, F(5, 49) = 8.314, P < 0.001, adjusted R2 = .40. All retained variables significantly contrib-
uted (P < 0.05) to the final regression model.

CONCLUSION: Low bone mineral density is highly prevalent in elite cyclists, especially in early career females and advanced career males
and females. These low BMD values may not fully recover after the professional cycling career, given the high prevalence of low BMD in
post-career male cyclists. Exploratory analyses suggest that low BMD is associated with fracture incidence, lack of bone-specific physical
activity and low energy availability in active career elite cyclists. Collectively, these findings provide direction for exercise and nutritional
strategies to prevent or treat low BMD in elite cyclists.

TRAINING AND DETRAINING EFFECT AFTER HOME-BASED EXERCISE PROGRAM ADMINISTERED AS MONITORED INDIVID-
UAL HOME TRAINING OR SUPERVISED ONLINE GROUP TRAINING

PINELLI, E., BARONE, G., BENVENUTI, F., ZINNO, R., SANTILLOZZI, F., AUDINO, G., BRAGONZONI, L.
UNIVERSITY OF BOLOGNA

INTRODUCTION: Osteoporosis is a disease characterized by low bone mass and is accompanied by increased risk of fracture resulting in
pain, decreased physical and social functional capacity and quality of life. Many studies have shown that resistance training can safely
increase both muscle strength and bone mass, and improve functional performance. On the contrary, cessation of training has been found
to be associated with a loss of muscle mass and strength. The aim of the present study was to determine training and detraining effects on
functional status induced by a specific combinate exercise program for 18 months and after a 6-month detraining period in osteoporosis
women. The exercise program administered as monitored individual home training (MIHT) or supervised online group training (SOGT).
METHODS: 20 women with postmenopausal osteoporosis (age: 66 + 5.7 years) were randomly assigned to an MIHT group (n = 10) or an
SOGT group (n = 10). All participants completed 18 months of training consisting of two 1-hour sessions per week using small equipment
and bodyweights. The SOGT performed the training sessions under the direct supervision of a trainer via a digital platform. The MIHT
participants were instructed by the trainer on how to perform each exercise individually at home in one or two preliminary sessions and
were also given printed educational material. In addition, the trainer contacted the MIHT participants at preset time intervals to encourage
them to exercise regularly and to obtain information on their health status. Every 6-8 weeks, the exercise workload was reviewed and
updated. Physical performance measures were administered at baseline, after 12-month and 18-month training, and after the 6-month de-
training period. The function was evaluated with the 6-minute walking test (6MWT), sit-and-reach test (SRT), Wand test (WT), while the 30-
second chair stand test (30CST) was used to measure muscle strength.

RESULTS: At the18 month follow-up assessment at the end of the exercise program, both MIHT and SOGT groups showed statistically
significant improvements in 6MWT (p <0.05); in the other tests an improvement was found in both groups but not statistically significant.
In both groups, the 6MWT training-induced improvements remained significantly above baseline after the detraining period (p <0.05),
while WT indicated a statistically significant decrease in shoulder mobility (p <0.05). The comparisons between MIHT and SOGT showed no
significant differences after during and after the training or detraining periods for all variables (p >0.05).

CONCLUSION: The exercise program administered as MIHT or SOGT improves gait function in women with postmenopausal osteoporosis in
both groups. These gains were largely preserved after the cessation of the exercise program with the exception of shoulder mobility.
Supervised or monitored online individual training at home can both be practical alternatives to home-based physical activity.

RELATIVE MUSCLE POWER AS A PREDICTOR OF AREAL AND VOLUMETRIC BONE HEALTH IN OLDER ADULTS WITH LIMITED
FUNCTIONAL CAPACITY.

MORADELL, A., NAVARRETE-VILLANUEVA, D., FERNANDEZ-GARCIA, A.l., GESTEIRO, E., ALCAZAR, J., HERNANDEZ-MOCHOLI,
M.A., ARA, I., CASAJUS, J.A., GOMEZ-CABELLO, A., VICENTE-RODRIGUEZ, G.
UNIVERSIDAD DE ZARAGOZA

INTRODUCTION: Muscle power (MP) declines with age faster than muscle mass and strength (1). It is an important determinant of func-
tional ability, mortality and quality of life. It is known that muscle and bone metabolism are related both mechanical and metabolically.
Thus, the objective of this study was to analyse if relative MP, as mechanical proxy, could predict bone volumetric and areal parameters
considering it as an important predictor of other age-related physiopathologies such as osteoporosis.

METHODS: 110 older adults (mean age 80.7+5.7 y, 34 males) were evaluated in the framework of the EXERNET-Elder 3.0 study. To be
included, all of them needed to score <10 points in the Short Physical Performance Battery which means they have a limited functional
capacity. The sit-to stand test of 5 repetitions was used to assess the MP using the equation developed by Alcazar et al. (2). Height and
weight data was also measure. Peripheral computed tomography was used to evaluate areal and volumetric cortical and trabecular param-
eters at 4% and 38% of the tibia length, respectively. Polar stress strain index (SSIp) and bending (Fracture Load) were also recorded. Linear
regression analyses were performed to evaluate association between relative MP and bone variables, adjusted by sex and age.

RESULTS: Relative MP was associated to total bone mineral content at 4% (standardized f=0.202) and 38% of the tibia length (standardized
B=0.205), cortical thickness (standardized B=0.222), Fracture Load X (standardized B=0.200) and SSlp (standardized $=0.117) (all p<0.05).
No significant associations were found for bone area or bone mineral density variables.

CONCLUSION: Relative MP shows association with volumetric and fracture indexes of bone tissue in older adults with limited functional
capacity, which may indicate that exercise-induce MP enhancement strategies could be associated with reduced fracture risk. However,
further studies should be needed to determine if it could be a feasible measurement to determine risk of fractures in older adults.
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P1NP AND B-CTX-1 RESPONSES TO A PROLONGED, CONTINUOUS RUNNING BOUT IN HEALTHY ADULT MALES: A SYSTEM-
ATIC REVIEW AND INDIVIDUAL PARTICIPANT DATA META-ANALYSIS

CIVIL, R.1,2, DOLAN, E.3, SWINTON, P.4, SANTOS, L.1, VARLEY, I.1, ATHERTON, P.J.5, ELLIOTT-SALE, K.J.1,6, SALE, C.1,6

1 NOTTINGHAM TRENT UNIVERSITY, 2 UNIVERSITY OF BIRMINGHAM, 3 UNIVERSIDADE DE SAO PAULO, 4 ROBERT GORDON UNIVERSITY, 5
UNIVERSITY OF NOTTINGHAM, 6 MANCHESTER METROPOLITAN UNIVERSITY

INTRODUCTION: Circulating biomarkers of bone formation and resorption are widely used in exercise metabolism research, but their
responses to exercise are not clear. PURPOSE: To quantify group responses and inter-individual variability of PLNP and B-CTX-1 after pro-
longed, continuous treadmill running (60-120 min at 65-75% VO2max) in healthy adult males.

METHODS: The study’s protocol was designed following PRISMA-IPD guidelines and pre-registered (1). Studies were identified from the list
of articles included in a recent systematic review and meta-analysis on this topic (2) in accordance with pre-defined eligibility criteria.
Changes in PINP and B-CTX-1 relative to baseline were measured during, immediately after, and following exercise on an absolute scale
(ng-ml-1). Typical hourly and daily variations were estimated from P1NP and B-CTX-1 changes relative to baseline during the hours/days in
non-exercise (control) conditions. Responses were quantified based upon estimates of the mean and standard deviation (SD) of the differ-
ence, and the proportion of participants exhibiting an increased response. All models were conducted using a Bayesian framework with
random intercepts to account for systematic variation across individual studies.

RESULTS: Levels of PINP increased during and immediately after running, where the proportion of response was estimated to be close to
100 (75% Crl: 99 to 100%). P1NP levels returned to baseline levels within 1 hour and over the next 4 days, showing similar mean differ-
ences and SDs to the typical hourly (0.1 + 7.6 ng-ml-1) and daily (-0.4 + 5.7 ng-ml-1) variations. Levels of B-CTX-1 decreased during and for 4
hours after running, but these changes were similar to the typical hourly variation (-0.13 + 0.11 ng:ml-1); there were trivial changes in B-
CTX-1 over the next 4 days after running, which were also similar to the typical daily variation (-0.03 £ 0.10 ng:ml-1).

CONCLUSION: Transient increases in PANP were likely caused by biological aspects (e.g., leakage from connective tissues) rather than being
reflective of bone formation. Small decreases in B-CTX-1 were shown in control and running data, suggesting that these changes were due
to the marker’s circadian rhythm and not the running intervention. Hence, prolonged continuous treadmill running did not elicit bone
responses, as determined by P1INP and B-CTX-1, in healthy adult males.

References:

1. Civil R., Dolan E., Swinton P., Santos L., Varley I., Atherton P. J., Elliott-Sale K. & Sale C. (2021, May 10). B-CTX-1 and P1NP responses to a
prolonged and continuous running bout in young adult males: protocol for an individual data meta-analysis.
https://doi.org/10.17605/0SF.I0/Y69ND

2. Dolan E., Dumas A., Keane K. M., Bestetti G., Freitas L. H. M., Gualano B., Khort W., Kelley G. A., Pereira R. M. R., Sale C. & Swinton P. The
Bone Biomarker Response to an Acute Bout of Exercise: A Systematic Review with Meta-Analysis (2022, February).
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THE UMEA HIT STUDY: A RANDOMIZED CONTROLLED TRIAL EVALUATING THE EFFECTS OF SUPRAMAXIMAL HIGH-
INTENSITY INTERVAL TRAINING ON AEROBIC CAPACITY AND COGNITIVE FUNCTION IN OLDER ADULTS

SIMONSSON, E., SANDSTROM, S., HEDLUND, M., HOLMBERG, H., JOHANSSON, B., LINDELOF, N., BORAXBEKK, C.J., ROSEN-
DAHL, E.
FACULTY OF MEDICINE, UMEA UNIVERSITY

INTRODUCTION: Supramaximal High-Intensity Interval Training (HIT) is a time-efficient training method with health benefits potentially
superior to traditional aerobic Moderate-Intensity Training (MIT). However, with all-out sprint efforts not being a feasible training method
for everyone, this study aimed to examine the effects of controlled and regulated supramaximal HIT intervals adapted for older adults, as
compared to MIT, on aerobic capacity, cognitive function, blood pressure, lower-limb muscle strength and subjective quality-of-life.
METHODS: Sixty-eight non-exercising older adults (65-78 years old, 44% males) were randomized to 12 weeks of controlled and regulated
supramaximal HIT or MIT. HIT consisted of ten 6-second intervals with a total session time of 20 minutes, and MIT consisted of three 8-
minute intervals with a total session time of 40 minutes. The participants exercised twice weekly in groups of 8-10, on stationary bicycles in
an ordinary gym setting. Individualized target intensity was watt-controlled, with standardized pedalling cadence and individual adjustment
of resistance load (1). Standardized escalation criteria regulated the gradual progression of resistance loading between the sessions. Prima-
ry outcomes were aerobic capacity (VO2peak) and global cognitive function (unit weighted composite score of 11 cognitive tests).
RESULTS: Overall attendance at exercise sessions was 88.1% with no difference between the groups. After 12 weeks of exercise regardless
of intensity, a significant increase in VO2peak was observed (1.36 ml/kg/min, [0.52, 2.20]), with no difference in change between groups
(0.05, [-1.17, 1.25]). No improvement was observed for global cognition (-0.03, [-0.13, 0.06]), nor any difference in change between groups
(0.11, [-0.04, 0.24]). Significant between-group differences in change were observed for maximal isometric knee extensor muscle strength
(0.07 Nm/kg, [0.003, 0.137]), and for working memory (0.32, [0.01, 0.64]), indicating an advantage for the HIT-group. Overall, regardless of
group, there was a significant decrease in systolic blood pressure (-2.21 mmHg, [4.25, 0.18]), and a negative change in episodic memory
(0.26, [0.45, 0.08]). No other significant effects were observed.

CONCLUSION: In previously non-exercising older adults, 12 weeks of supramaximal HIT with controlled target intensity appears to have a
positive effect on muscle strength in comparison to aerobic moderate-intensity training. Further, our findings suggest that the HIT intervals
improve aerobic capacity and blood pressure to a similar extent as MIT, but with only half the amount of training time. The effects of
supramaximal HIT on cognitive function appears to be limited, mainly influencing working memory performance.

Clinical Trial Registration: NCT03765385

1. Hedlund M, et al. Development and Feasibility of a Regulated, Supramaximal High-Intensity Training Program Adapted for Older Individ-
uals. Front Physiol. 2019;10:1-12. doi: 10.3389/fphys.2019.00590
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CARDIORESPIRATORY ADAPTATIONS AND PERFORMANCE IMPROVEMENT IN RESPONSE TO HIGH-INTENSITY INTERVAL
TRAINING IN DISTANCE RUNNERS: PHYSIOLOGICAL VS RACE PACE APPROACH

MAZZOLARI, R.1,2, VILLANOVA, S.2,3, CASADO, A.4, MORENO-PEREZ, D.5, SANTOS-CONCEJERO, J.1, PORCELLI, S.2

IUNIVERSITY OF THE BASQUE COUNTRY ; 2UNIVERSITY OF PAVIA; 3UNIVERSITY OF THE WEST OF SCOTLAND; 4REY JUAN CARLOS UNIVER-
SITY; 5COMILLAS PONTIFICAL UNIVERSITY

INTRODUCTION: High-intensity interval training (HIIT) represents an important constituent of athletes’ training programs [1]. HIIT prescrip-
tions, characterized by repeated short to long bouts, may be based on individual physiological responses to exercise to keep intensity close
to the maximal oxygen uptake (VO2max). Although this approach leads to improvement in functional indexes of endurance performance,
some studies failed to report evidence of performance benefits in this population [2]. Data from world-class runners suggest that individu-
alizing training prescriptions according to a given percentage of the target race pace may maximize running performance due to the specif-
ic nature of the stimulus [3]. Thus, we compared the effects of the application of the ‘physiological-based approach’ (PHY) and ‘race pace-
based approach’ (RACE) to HIIT prescriptions on cardiorespiratory adaptations and performance in distance runners.

METHODS: Thirty-one distance runners (20 men and 11 women, age: 389 yr, 10-km speed: 14.0+1.4 km/h) were tested before and after 8
weeks of training. The intervention consisted of performing 2 HIIT sessions per week (¥25% of the training volume) prescribed using either
RACE (n=16) or PHY (n=15). HIIT prescriptions for PHY were the same as those described in [2]. HIIT sessions in RACE consisted of bouts of
one km at 110% of the 10-km race pace, interspersed by 300-m recovery distances to be covered in 2 min. The average intensity and
distance of the intervals and recovery phases were comparable between PHY and RACE. VO2max and peak treadmill running speed (Vpeak)
were determined through an incremental treadmill test, followed by a verification test, whereas 10-km performance was tested on a 400-
m track.

RESULTS: VO2max improved significantly in PHY (+2.9 mL/kg/min, p<.001, 95% confidence interval [CI]: +1.6 to +4.2) and decreased in
RACE (-1.9 mL/kg/min, p=.009, 95%Cl: —3.3 to —0.6), with a statistical difference of 4.8 mL/kg/min (p<.001, 95%Cl: 3.3 to =) between the
groups. Vpeak improved significantly in PHY (+0.4 km/h, p<.001, 95%Cl: +0.2 to +0.6) with a statistical difference of 0.5 km/h (p=.002,
95%Cl: 0.2 to o) between the groups. 10-km speed improved significantly in RACE (+0.5 km/h, p<.001, 95%Cl: +0.3 to +0.8) with a statisti-
cal difference of 0.4 km/h (p=.05, 95%Cl: 0.0 to =) between the groups.

CONCLUSION: The approach adopted to individualize HIIT prescriptions impacts the type of training response in distance runners, leading
to improved cardiorespiratory adaptations when based on physiological parameters and performance when prescribed according to race
pace. Coaches should select a specific approach depending on the different goals of the training phase.

1. Campos et al. (2021) 2. Helgerud et al. (2007) 3. Kenneally et al. (2018)

TWO REPEATED INTERVENTIONS OF HIGH-INTENSITY INTERVAL TRAINING INDUCE DIFFERENT FUNCTIONAL AND MO-
LECULAR ADAPTATIONS OF SKELETAL MUSCLE IN MICE

PILOTTO, A.M., BROCCA, L., CREA, E., BOTTINELLI, R., PORCELLI, S., PELLEGRINO, M.A.
UNIVERSITY OF UDINE

INTRODUCTION: In murine model a first exposure to hypertrophic stimuli, such as testosterone, mechanical loading or resistance exercise,
has been shown to lead to faster and larger growth of skeletal muscle when subsequently repeated [1,2,3]. This mechanism, called muscle
memory, has been related to the retention of acquired myonuclei or epigenetic modifications [4,5]. Interestingly, greater changes in mito-
chondrial content and biogenesis were also observed after repeated resistance training interventions [3]. Thereby, even mitochondrial
adaptations might be influenced by muscle memory, and it remains to be explored whether repeated endurance training interventions can
rely on the same mechanism. The aim of the study was to investigate functional and molecular adaptations of skeletal muscle to two
repeated interventions of high-intensity interval training (HIIT) in mice.

METHODS: Twenty-four C57BL/6 adult mice were divided into 4 groups: untrained controls; trained; detrained for 12 wks after training;
retrained after detraining. Each HIIT (10 bouts of 2 min separated by 2 min of recovery) intervention lasted 8 wks. Physiological adaptations
were compared between initial training (TR) and retraining (RETR) by calculating the difference between controls and trained mice and
detrained and retrained mice, respectively. Maximal running velocity (Vmax) was assessed 48 h prior to sacrifice by graded exercise test
(GXT). Markers of mitochondrial biogenesis and content, and fusion-fission mitochondrial key factors were analyzed on gastrocnemius
muscle by western blot and qPCR.

RESULTS: Vmax increased more in RETR than TR (+10.7 £ 3.3 vs +6.5 + 1.9 m*min-1, respectively, p<0.001). Mitochondrial biogenesis in-
creased in TR (PGCla: +19%) but changes were larger in RETR (PGCla: +72%, p<0.001), being also associated to pAMPK increase (+39%,
p<0.05). Mitochondrial content resulted higher in RETR than TR (CS: +49% vs +10%, respectively, p<0.001). Mitochondrial dynamics during
TR were characterized by no significant changes in fusion (+9% and +3% for OPA1 and Mfn1, respectively, p>0.05) and an increase in fission
(Fis1: +51%, p<0.001) . RETR induced a significant reduction in fusion (-13% and -17% for OPA1 and Mfn1, respectively, p<0.05) and a larger
increase in fission compared to TR (Fis1: +96% vs +51%, p<0.001).

CONCLUSION: Endurance performance improved to a greater extent after retraining than training. This functional adaptation was support-
ed by a larger mitochondrial content resulting from a more pronounced mitochondrial biogenesis response after retraining. Interestingly, a
shift toward fission rather than fusion was observed after retraining, highlighting a crucial role of detraining for these molecular adapta-
tions. In conclusion, the present study corroborates the existence of muscle memory in response to HIIT endurance training affecting both
mitochondrial biogenesis and dynamics.
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BASAL AUTOPHAGY SIGNALLING IS UPREGULATED BY SPRINT INTERVAL TRAINING (SIT) IN HUMAN SKELETAL MUSCLE,
AN EFFECT POTENTIATED BY APPLICATION OF IMMEDIATE POST-EXERCISE ISCHAEMIA.

MARTINEZ-CANTON, M., GALVAN-ALVAREZ, V., GALLEGO-SELLES, A., GARCIA-GONZALEZ, E., GELABERT, M., SANTANA, A,,
MORALES, D., FERNANDEZ-GARCIA, B., BOUSHEL, R., HALLEN, J., MARTIN, M., CALBET, J.A.L.

1 1UIBS AND ULPGC, SPAIN; 2 CLIN. GENETICS UNIT CHUIMI, LPA, SPAIN; 3 DEP. OF MORPHOL., UNIV. OVIEDO, SPAIN; 4 SCHOOL OF KINESI-
OLOGY, UBC, CANADA; 5 DEP. PHYSICAL PERFORMANCE, NIH, NORWAY.

INTRODUCTION: Autophagy is a cellular mechanism of self-renewal based on the degradation and recycling of damaged or dysfunctional
cellular components, which is necessary for a normal skeletal muscle adaptation to training. Autophagy activation has been associated with
high-intensity exercise, hypoxia, and exhaustion. However, little is unknown regarding the molecular signals regulating exercise-induced
autophagy in human skeletal muscle. Therefore, this study aimed to determine the role of metabolic stress on the exercise-induced stimu-
lation of autophagy. For this purpose, we used a novel experimental model in which ischaemia is applied to one leg for a few seconds after
each repetition of an all-out exercise during a sprint interval training (SIT) program based on Wingate tests. We hypothesized that the
application of post-sprint ischaemia during SIT would result in greater stimulation of basal autophagy than SIT alone.

METHODS: Ten physically active subjects were tested before and after a SIT program (4-6 30-s isokinetic sprints with 4 min recovery peri-
ods, 6 sessions in total, in 2 weeks). Immediately after each 30-s sprint, the circulation of one leg was instantaneously occluded (300mmHg)
for 30-50s, followed by unloaded pedalling for the rest of the recovery interval. The main pre and post-training tests consisted of incremen-
tal exercise (IE) to exhaustion followed by 90min rest and 6 bouts of supramaximal exercise to exhaustion at 120%V02max (SPE) inter-
spaced with 20-s recovery periods, during which the circulation of both legs was completely occluded. Vastus Lateralis m. biopsies were
obtained at rest (basal), 90 min after the IE, and immediately after SPE unilaterally at Pre and bilaterally from the leg training with free
circulation (FCL) and the leg training with ischaemia (IS) at Post for Western Blotting analysis. Statistical analysis: repeated-measures ANO-
VA.

RESULTS: SIT induced upregulation of autophagy activating kinases in basal conditions, which was more marked for the leg training with
post-exercise ischaemia, particularly pSer253-FOX03, pSer2448-mTOR, pSer555-ULK1, LAMP2A, and the ratio pSer15/total Beclin1 (IS
effect p<0.01). These changes did not occur in the FCL. Moreover, the stress kinases response to SPE was attenuated or blunted after SIT,
more markedly in the IS trained leg. No significant changes were observed in basal pThr172/total AMPKa, p62 and LC3BII/I ratio.
CONCLUSION: This research shows that the application of post-exercise ischaemia immediately after each bout of sprint training further
amplifies the stimulation of autophagy signalling observed in response to SIT by a mechanism involving the chaperone-mediated autopha-
gy and independent of mTOR and FOXOs. Our experimental model indicates that the increased metabolite accumulation and RONS produc-
tion caused by post-exercise ischaemia may enhance the basal autophagy response. The latter may accelerate the adaptive response to
SIT.

Grant: DEP2017-86409-C2-1-P

THE EFFECTS OF 6-WEEKS SPRINT INTERVAL TRAINING AND POST-EXERCISE BLOOD-FLOW RESTRICTION ON MITOCHON-
DRIAL RESPIRATION AND DETERMINANTS OF ENDURANCE PERFORMANCE.

PEDEN, D.L., STANGIER, C., BAILEY, S.J., MITCHELL, E.A., MANSBRIDGE, G., FERGUSON, R.A.
SCHOOL OF SPORT, EXERCISE AND HEALTH SCIENCES

INTRODUCTION: The addition of post-exercise blood-flow restriction (BFR) to sprint-interval training (SIT) induces greater homeostatic
perturbations that acutely augment gene expression of key signaling transcripts compared with SIT alone [1]. Furthermore, 4-week SIT with
BFR in trained individuals has been demonstrated to increase peak oxygen uptake (VO2peak) [1][2]. Despite these findings, the addition of
BFR to SIT did not result in skeletal muscle phenotypic changes [2]. High-intensity training interventions are postulated to be a potent
stimulus for improving mitochondrial respiration [3], however, this is yet to be investigated following combined SIT and BFR. The aim of
this study was to examine the effects of 6-week SIT and BFR on mitochondrial respiration and markers of endurance performance.
METHODS: Trained males (n = 20; age, 25 + 6 yrs) completed 6-weeks of SIT (2 x per week), performing repeated 30-s maximal sprints
interspersed with 4.5-min rest (CON; n = 8) with 2-min BFR applied immediately post-sprint in the experimental group (BFR; n = 12). Prior
to and following training, VO2peak and lactate thresholds (LT1 and LT2) were determined, and muscle biopsies were obtained for the
determination citrate synthase (CS) activity, as a marker of mitochondrial content, and mitochondrial respiration parameters. ADP-
stimulated phosphorylation (P) and uncoupled maximal electron transfer (E) states through mitochondrial complexes | — IV (Cl — IV) were
measured and corrected to CS activity.

RESULTS: Training increased VO2peak (CON, 52.1 + 5.2 to 53.1 + 5.1; BFR, 52.8 + 4.3 to 54.5 + 4.9 mI-min-1-kg-1; p = 0.04), LT1 (CON, 181 +
44 t0 192 + 37; BFR, 201 + 32 to 219 + 31 watts; p = 0.03) and LT2 (CON, 198 + 27 to 208 + 20; BFR, 215 + 39 to 227 + 34 watts p = 0.04).
However, BFR did not augment increases compared with CON (p > 0.101). A group x time interaction effect was observed for CS activity
(mol-h-1-kg-1; CON =-4.6 £ 6.3 %, BFR =12.1 £ 17.5 %, p = 0.01) , however, there were no differences between groups (p = 0.27). CS activi-
ty corrected mitochondrial P and E (pmol-s-1-CS-1; p < 0.04) were increased after training in both conditions. BFR enhanced improvements
in CIIE (interaction, p = 0.05) and CIVE (p = 0.01) compared to CON with improvements in CIIE (2.6 £ 0.8 to 4.2 + 1.3 pmol-s-1-CS-1; p = 0.02)
and CIVE (11.9 + 1.6 to 19.5 + 2.8 pmol-s-1:CS-1; p = < 0.001) following training in BFR, but not in SIT (2.5+ 0.7 t0 2.7+ 7.3 and 15.3 + to
14.2 +5.7 pmol-s-1-CS-1, respectively; p > 0.54).

CONCLUSION: BFR augmented improvements in maximal mitochondrial oxidative capacity following 6-weeks of SIT. BFR did not, however,
augment improvements in parameters of endurance performance.

1. Taylor et al. (2016)

2. Mitchell et al. (2019)

3. Granata et al. (2016)
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SUCCESSFUL AGING: THE ASSOCIATION OF BODY COMPOSITION, MUSCULAR FITNESS AND PHYSICAL EXERCISE WITH
COGNITION, BRAIN VOLUME, NEURODEGENERATION AND NEUROINFLAMMATION

VINTS, W.
LITHUANIAN SPORTS UNIVERSITY

INTRODUCTION: The proportion of physically inactive, old, obese and sarcopenic adults in our society is gradually increasing, and all of
these are associated with a risk of cognitive decline. Cognitive disorders like dementias are the fastest increasing cause of disability and
death in older adults. Notably, there is a wide variability between persons with respect to the speed of age-related cognitive decline.
Therefore, a better understanding of the biological mechanisms that predict successful cognitive aging is of major interest. It was recently
proposed that blood biomarkers may be mediating the link between body and brain. Specifically, inflammatory factors released from
senescent cells and adipose tissue have detrimental effects, while neurotrophic and anti-inflammatory factors released from healthy
muscle -especially during exercise- facilitate neuroplastic processes in the brain, promoting cognitive function.

METHODS: 74 older adults (60-85y) were enrolled in a 12 week leg resistance exercise program directed to improve understanding of
blood-brain interactions that may mediate the association of body composition, muscular fitness and physical exercise with cognition,
brain volume, and markers of neurodegeneration and neuroinflammation. Analysis was done with bio-impedance analysis, handgrip
strength, knee flexion/extension peak torque, 8-Foot Up-and-Go test (8UG), the Montreal Cognitive Assessment (MoCA), brain magnetic
resonance imaging (MRI) and brain proton magnetic resonance spectroscopy (1H-MRS). Peripheral inflammation was assessed with serum
interleukin-6 and kynurenine, measured with ELISA.

RESULTS: Decreased handgrip strength was associated with elevated peripheral inflammation, markers of neurodegeneration and lower
hippocampal gray matter volume. Also, higher body fat percentage was associated with signs of neurodegeneration and decrease of total,
hippocampal and medial temporal gray matter volume. Contrary to what we expected, higher skeletal muscle mass index and better per-
formance on the 8UG were also associated with elevated markers of neurodegeneration. No associations were found with MoCA results.
Of interest, serum kynurenine was positively associated with signs of neurodegeneration and neuroinflammation. 12 weeks resistance
training did not result in significant changes in peripheral inflammatory markers, brain volume or markers of neurodegeneration or neu-
roinflammation. However, a positive association between knee flexion and extension peak torque gain and neural density increase in the
sensorimotor cortex was found.

CONCLUSION: Muscle strength corresponds to neurochemical correlates of brain health in older adults. Of importance, brain health seems
to respond to resistance exercise in those showing muscle strength gain. Finally, it is critical to older adults’ brain health to maintain a
healthy body fat percentage.

HEALTH-RELATED PHYSICAL PARAMETERS IN ACTIVE AND COMPETITIVE OLDER ADULTS OF DIFFERENT AGE

ZOPPIROLLI, C., MODENA, R., GILLI, F., SKAFIDAS, S., FORNASIERO, A., CALLOVINI, A., SAVOLDELLI, A., BORTOLAN, L., SCHE-
NA, F., PELLEGRINI, B.
UNIVERSITY OF VERONA

INTRODUCTION: Previous literature has shown that older adults who exercise regularly have improved physical abilities compared to their
sedentary counterparts and reduced age-related decline across ageing. In this study we aimed at investigating the effect of exercising for
well-being or competitive purposes on physical and socio-emotional functioning across late adulthood, in healthy older adults.

METHODS: 17 male competitive cross-country skiers (COMP) and 17 active subjects (ACT) matched for age (8 subjects under 70 years old
and 9 over, for both the groups) and amount of weekly physical activity (GPAQ questionnaire) were tested for body composition, health-
related physical parameters (arm and leg maximal strength, flexibility, balance, reaction time to auditory stimulus, leg and armcycling
efficiency) and socio-emotional functioning (perceived quality of life (SF-36 v.2 questionnaire) and sleep (PQSI questionnaire)). A two Way
ANOVA test verified the effect of group (COMP vs ACT), age (under vs over 70) and their interaction.

RESULTS: COMP spent more time than ACT performing in vigorous exercise but less time in moderate daily work and active travelling (all
P<0.05). Weight, BMI, skinfolds and % fat mass were lower in COMP compared to ACT (all P<0.05), arm and leg maximal strength higher (all
P<0.05) while flexibility, reaction times, balance and metabolic efficiency were comparable. Physical and socio-emotional parameters of
both groups were better when compared to normative data for sedentary older adults and did not show a worsening trend across age (p>
0.05). Only balance was better maintained in COMP than in ACT (interaction: P=0.05).

CONCLUSION: Systematically exercising for both well-being and competitive purposes at comparable volumes (around 6000 MET/week)
seems to improve health-related physical performances and life quality perception, attenuating the age-related natural decline and guar-
anteeing a successful aging. Exercising to compete provides further advantages as far as concerned body composition, arm and leg muscle
strength, maybe due to more vigorous and targeted stimuli (around 1700 MET/week) but its suitability in relation to cardio-vascular heath
must be verified by a specialized medical doctor.

EFFECTIVENESS OF SUPERVISED CENTER-BASED VS. UNSUPERVISED HOME-BASED TRAINING ON MUSCLE POWER AND
QUALITY OF LIFE IN OLDER ADULTS: A SYSTEMATIC REVIEW AND META-ANALYSIS OF RANDOMISED CONTROLLED TRIALS
GOMEZ-REDONDO, P.1,2, VALENZUELA, P.L.3, MORALES, J.S.4, ALEGRE, L.1,2, ARA, 1.1,2, MANAS, A.1,2

1. GENUD TOLEDO RESEARCH GROUP, UCLM; 2. CIBERFES, MADRID; 3. PHYSICAL ACTIVITY AND HEALTH LABORATORY, 'IMAS12', PAHERG,
MADRID; 4. MOVE-IT RESEARCH GROUP, UNIVERSITY OF CADIZ

INTRODUCTION: Physical exercise is an effective tool for reducing the detrimental effects of aging. However, some older adults do not have
access to a gym nor a center to perform exercise under the supervision of a specialist; thus, unsupervised home-based programs (UHB)
might be a suitable option for this population. Although it has previously been shown that UHB can provide health benefits (1), we still do
not know how effective an UHB exercise programme can be compared to one that is supervised.
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METHODS: Two researchers systematically searched five databases (PubMed, CINAHL, Psycinfo, SPORTDiscus and Web of Science) up to
12/01/2022. The electronic search was supplemented by a thorough manual review. Randomized controlled trials that compare supervised
center-based (SCB) versus UHB in older adults (260yrs) were included. The outcomes analysed were health-related quality of life (HRQOL)
through different self-reported questionnaires (e.g. EuroQol 5-D, SF-36, etc.) and lower limb muscle power using the sit-to-stand test.
RESULTS: A total of 8,068 articles were found. Finally, 16 studies were included in the final synthesis (N= 1,812; mean age 71). SCB training
significantly improved muscle power measured through the sit-to-stand test (SMD=0.35, 95%CI=0.09-0.60, p=0.007) compared to UHB,
with moderate heterogeneity (64.8%) and signs of publication bias (Begg’s test p=0.012). Sensitivity analyses confirmed significance when
removing each study at a time. No greater effectiveness was found in the HRQOL variable for SCB training compared to training without
the supervision of a professional (SMD=0.06, 95%Cl=-0.18-0.31, p=0.606), with no heterogeneity (19.5%) nor signs of publication bias
(Begg's test p=0.484).

CONCLUSION: Our analyses suggest that SCB training improved measures of muscle power to a greater extent than UHB programs. Never-
theless, no additional benefits for training under the supervision of a professional in a center compared to training performed at home
without direct supervision on the HRQOL variable were found. Although more quality evidence is lacking, whenever possible, SCB exercise
sessions are recommended, whenever possible, to improve muscle power in older adults.

(1) Mafias, A., et al. (2021). Ageing Research Reviews, 69, 101368.

COMPARISON OF WALKING EXERCISE ALONE OR TOGETHER WITH RESISTANCE EXERCISE AS HEALTHY AGING PROMOT-
ING INTERVENTION: A PILOT STUDY

JAMRASI, P.1, LI, X.1, KIM, D.1, AHN, S.1, KANG, Y.1, SUNG, Y.1, SONG, W.1,2

1 DEPARTMENT OF PHYSICAL EDUCATION, INSTITUTE OF SPORT SCIENCE, SEOUL NATIONAL UNIVERSITY, KOREA; 2 INSTITUTE ON AGING,
SEOUL NATIONAL UNIVERSITY, KOREA

INTRODUCTION: The advancements in life expectancy in Korea have been raised the necessity for proper programs to improve the well-
being and longevity of the elderly [1]. There is some evidence that maintaining the recommended physical activity could promote healthy
aging [2]. However, there is a controversy over which type of exercise confers a greater functional benefit in the elderly. This study aimed
to overcome aging-related disease by comparing two different types of exercise for improvement of muscle function and cognition in the
elderly population.

METHODS: A total of 62 healthy elderly aged >65 years were randomly assigned to one of the following groups: aerobic(AG), re-
sistance+aerobic(RAG), and control(CG) for a 12-week intervention. AG subjects were instructed to follow the walking exercise program
and maintain their weekly goal of total walking steps. RAG subjects participated in strength exercise together with the walking program.
And CG subjects performed stretching. Participants’ body composition, Mini-Mental State Exam and Stroop test (ST), Physical Performance
Battery (SPPB), timed up and go (TUG), maximal aerobic capacity (VO2max), handgrip strength (HGS) and knee strength isokinetic test were
measured at baseline and at the end of 12 weeks.

RESULTS: As a result of our 12-week intervention, there was a significant difference between RAG and AG in the total score of SPPB
(0.4240.2, p=0.049). Within-group results showed a decrease in fat mass (p=0.038) and enhancement in congruent stimuli of ST score
(p=0.043) which was observed in RAG. The walking program alone also improved both scores of neutral (p=0.033) and congruent (p=0.016)
stimulus of ST in AG; however, a decline in HGS (p=0.034) and VO2max (p=0.034) was recorded. Moreover, the performance of CG in both
the 5-time sit-to-stand test (p=0.020) and TUG (p=0.001) got worse.

CONCLUSION: Our 12-week walking exercise alone or combined with resistance exercise was effective in improving cognitive function and
maintaining physical function of the elderly. However, the longer duration of intervention and larger sample size are required to compare
which type of exercise is more beneficial for the elderly to maintain and enhance their physical and mental health.
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COLD AND HOT WATER IMMERSION IN ELITE YOUTH FOOTBALL PLAYERS: EFFECT ON RECOVERY OF PHYSICAL PERFOR-
MANCE AFTER A SIMULATED GAME

GUSTAFSSON, J.1, MONTIEL-ROJAS, D.1, EDHOLM, P.1, JOHANSSON, E.1, ROMARE, M.1, FOLKESSON, M.1, VENCKUNAS, T.2,
CHAILLOU, T.1, PONSOT, E.1
1: SCHOOL OF HEALTH SCIENCES, OREBRO UNIVERSITY, OREBRO, SWEDEN; 2: LITHUANIAN SPORTS UNIVERSITY, KAUNAS, LITHUANIA

INTRODUCTION: Recovery in competitive team sport such as football is important. Cold Water Immersion (CWI) and Hot Water Immersion
(HWI) have become a common practice based on the assumption that they can restore physical performance. While the use of CWI in
football is well studied, there are fewer studies on HWI, or studies comparing HWI and CWI. Furthermore, it is important to account for the
potential placebo effect in the design of studies assessing recovery. In this study, we investigated the effect of CWI and HWI after a simu-
lated football match (SFM) on the recovery of physical performance in male elite youth football players.

METHODS: Forty male elite youth football players (15-19 years) were included in this study. They were randomized to either CWI (10°C, 10
min), HWI (42°C, 20 min) (immersion up to iliac crest), or placebo (PLA, 6 min, sham laser). The recovery modality was applied 1 h after a
90-min SFM (modified Copenhagen Soccer Test). Physical performance was assessed using the following tests: 20m sprint, submaximal
Yoyo Intermittent Recovery Test 1 (until 4 min, i.e. stage 14.1), counter movement jump (CMJ), knee extension maximum isometric volun-
tary contraction (MIVC), time to exhaustion at 60% of MIVC and MIVC following time to exhaustion. All tests were performed at baseline,
immediately after, as well as 21 and 45 h after the SFM.

RESULTS: During the SFM, no significant differences for distance covered, heart rate (HR), rating of perceived exertion (RPE) and blood
lactate concentration [lactate] were observed between the three groups. Sprint performance, HR, RPE and [lactate] during the submaximal
Yoyo test, as well as CMJ height were affected by time (p<0.05), but not by recovery modality. MIVC force was reduced by ~8% after the
SFM vs baseline in the three groups (p<0.05). At 21 and 45 h after the SFM, MIVC was no longer significantly reduced in CWI (91.7 £ 11.9
and 94.1 + 9.8% of baseline, respectively) and HWI (96.8 + 8.9 and 93.8 + 9.2% of baseline, respectively), while it remained decreased in
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PLA (88.2 + 6.5 and 90.8 + 9.4% of baseline, respectively, p<0.05). However, no recovery modality effect was observed for MIVC. Time to
exhaustion was reduced by ~30% immediately and 21 h after the SFM in all three groups vs baseline (p<0.01). At 45 h after the SFM, time
to exhaustion remained reduced in PLA (73.0 = 19.6% of baseline, p<0.01) and HWI (85.7 + 19.4% of baseline, p<0.05) but not in CWI (96.3
+ 28.4% of baseline, p=0.95). For time to exhaustion, a main effect of recovery modality was detected (p<0.05), but no specific differences
between groups were detected. MIVC following time to exhaustion was neither affected by time nor by recovery modality.

CONCLUSION: CWI and HWI did not improve recovery of sprint, submaximal running as well as jumping performance during a 2-day recov-
ery period following a SFM, while these modalities may positively affect recovery of strength during this period. CWI may also have a
beneficial effect on fatigue resistance after 45 h.

THE EFFECT OF TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION ON THE RECOVERY OF QUADRICEPS FEMORIS FA-
TIGUE IN RECREATIONAL ROWERS

XINYU, M.1, JIAYU, Z.1, YU, C.1, KAIYUAN, Q.1, ANQJ, L.1, ZHIHAI, W.1, MINGMING, Y.1, XIAOWEN, C.1, XIN, Y.1, YINAN, Z.,
DAN, W.1
SHANGHAI UNIVERSITY OF SPORT

INTRODUCTION: Quadriceps muscle contributes significantly to the performance during rowing and is prone to fatigue easily. Transcutane-
ous electrical nerve stimulation (TENS) can effectively delay the onset of fatigue, and thus might play a role in fatigue recovery after exer-
cises. Therefore, the objective of the study was to investigate the effect of TENS on quadriceps muscle post a rowing ergometer induced
fatigue.

METHODS: Twenty-eight recreational rowers were evenly and randomly assigned to experiment (TENS intervention) and control group
(placebo TENS intervention). Variables of ratings of perceived exertion (RPE), blood lactate, and peak torque of quadriceps were collected
following a brief warm-up and the rowing ergometer induced fatigue program respectively. The rowing ergometer induced fatigue program
included 2000m race on the Concept Il rowing ergometer(Model D, Concept Il Inc., USA). Then the experiment group received a 20-min
TENS, and the control group received a 20-minute placebo TENS. One-way repeated measures ANOVA was used for data analysis. Signifi-
cance was set at P < 0.05.

RESULTS: Participants in experiment (RPE: 17.79 + 1.05, blood lactate: 18.56 + 3.40 mmol/L) and control group (RPE: 18.50 * 1.45, blood
lactate: 17.82 + 2.72 mmol/L) were fatigue after the rowing. When compared to control group, peak torque of the right (mean difference =
4.25 +0.45, F =3.535, P = 0.041, n2p = 0.153) and left quadriceps (mean difference = 3.91 + 0.45, F = 4.305, P = 0.048, n2p = 0.142) in-
creased, blood lactate decreased (mean difference = 8.7310.73, F = 6.768, P = 0.015, n2p = 0.207) significantly in experiment group follow-
ing TENS intervention. REP decreased from 17.79 + 1.05 t0 9.71+2.19.

CONCLUSION: TENS might be effective in fatigue recovery in quadriceps of recreational rowers. It could be utilized as an assistive strategy
for fatigue recovery in recreational rowers.

AETIOLOGY AND RECOVERY OF NEUROMUSCULAR FUNCTION FROM A PROFESSIONAL SOCCER ACADEMY TRAINING
WEEK

DEELY, C., TALLENT, J., BENNETT, R., WOODHEAD, A., GOODALL, S., THOMAS, K., HOWATSON, G.
NORTHUMBRIA UNIVERSITY

INTRODUCTION: We profiled the aetiology and recovery time-course of neuromuscular function in response to a mixed-content, standard
training week in professional academy soccer players. We concurrently examined physical performance, cognitive function, and perceptual
measures of mood and wellness states to identify a range of simple tests applied practitioners could use in the field as surrogate measures
of neuromuscular function.

METHODS: Sixteen professional academy soccer players completed a strenuous training day (pitch and strength sessions), followed by a
moderate training day two days later. Pre-, post-, and at 24, 48, and 72 h post-strenuous day, participants completed a range of neuromus-
cular, physical, perceptual, mood, and cognitive function tests. Maximal voluntary contraction force (MVC) and twitch responses to electri-
cal stimulation (femoral nerve) during isometric knee-extensor contractions and at rest were measured to assess central nervous system
(voluntary activation, VA) and muscle contractile (potentiated twitch force, Qtw,pot) function. Fatigue and perceptions of wellness and
mood states were assessed via visual analogue and likert scales. Cognitive function was assessed via the Stroop task. Countermovement
jump, reactive strength index, and bilateral isometric adductor contraction (adductor squeeze) were assessed to profile the recovery of
physical function.

RESULTS: Strenuous training elicited decrements in MVC force post-session (-11%, P = 0.001) that remained unresolved at 72 h (-6%, P =
0.03). Voluntary activation (motor point stimulation) was reduced immediately post-training only (-4%, P = 0.03). No change in muscle
contractile function (Qtw,pot) was observed post-training, though was reduced at 24 h (-13%, P = 0.01), and had not fully recovered 72 h
after (-9%, P = 0.03). Perceptions of fatigue, muscle soreness, training difficulty and sleepiness increased post-training, and had recovered
by 24 h (sleepiness) and 48 h (fatigue, muscle soreness, training difficulty). Perceived levels of energy and readiness to train were de-
creased at post-training, before recovering at 24 h (energy levels) and 48 h (readiness to train). Countermovement jump performance,
though unchanged immediately post-training, declined at 24 h and took 48 h to recover. RSI decrements persisted at 48 h, before recover-
ing by 72 h. No changes were evident in adductor squeeze measures, mood scores or cognitive function.

CONCLUSION: Elite youth soccer training elicits substantial decrements in neuromuscular function, which are still present 72 h post-
strenuous exercise. Though central processes contribute to post-exercise neuromuscular alterations, the magnitude and prolonged pres-
ence of impairments in contractile function indicates it is the restitution of muscular function (peripheral mechanisms) that explains recov-
ery from strenuous training in academy soccer players. Collectively the findings could inform training, preparation and recovery activities to
maximise longer-term player development and athletic progression at this critical point in their maturation.

EFFECT OF NAP OPPORTUNITY ON PHYSIOLOGICAL RESPONSES AND SPECIFIC ABILITIES IN ELITE BASKETBALL PLAYERS

SOUABNI, M., HAMMOUDA, 0., SOUABNI, M.J., ROMDHANI, M., DRISS, T.
UNIVERSITY PARIS NANTERRE

INTRODUCTION: Sleep disturbances are common among elite athletes on training days, night(s) before and following competitions in elite
athletes. It was showed that sleep deprivation deteriorates athletes’ physical and cognitive performance, increases muscle damage, im-
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pairs the recovery from high-intensity exercise, and is associated with higher injury risk. According Souabni et al. [1], napping is a safe and
non-invasive intervention in athletes’ schedules. However, studies investigating the effect of napping on physical performance showed
inconclusive and contradictory results. This study investigates the effect of 40-min nap opportunity on physiological responses and specific
abilities in elite basketball players

METHODS: Each participant of twelve professional male basketball players accomplished randomly two conditions: 40-min nap opportunity
(NAP) and control condition (CON). Wellness Hooper index was measured before and after both conditions. At 15:00 h, participants com-
pleted the shooting skills test (SST) (10 shots from the free throw line) followed by a 15 min standardized warm-up. Then, defensive (MAT)
and offensive (CDT) agility, and upper body strength (MBCP) were tested. Next, participants played a 10min small sided game (SSG) fol-
lowed by the shooting skills retest. RPE at the end of SST-test, SSG and SST-retest and heart rate (HR) during both nap and control condi-
tions, SST-test, SSG and SST-retest were measured.

RESULTS: Better performance for MAT and CDT was obtained in NAP compared to CON condition (p<0.02, d>0.74, A>2.7%). MBCP perfor-
mance was higher in NAP (p<0.0005, d=1.67, =5.6%). Although no significant difference was reported in test session, SST performance was
significantly higher in NAP compared to CON condition in retest session (74.2+12.4% vs. 59.2+11.6%, respectively) (p=0.003, A=20.2%).
HRmean was significantly lower in NAP compared to CON condition during SSG (p=0.02, A=6.09%). HRpeak was significantly lower in NAP
compared to CON condition during SSG (p=0.02, A=4.9%) and SST-retest (p=0.01, A=5.25%), however no significant difference was reported
during SST-test. RPE score was significantly lower in NAP compared to CON condition for SSG (p=0.001) and SST-retest (p=0.003). Hooper’s
stress and fatigue score were significantly lower after nap compared to values before nap (p=0.009 and p=0.01, respectively), however no
significant difference was reported in CON condition.

CONCLUSION: NAP had a positive effect on physiological response operationalized through lower HR values compared to CON condition.
This resulted in lower RPE scores and could explain the improvement of shooting performance in retest session. In conclusion, NAP reduces
sleepiness, stress and fatigue and enhances physical outcomes of specific skills in elite basketball players. It is also an effective strategy to
overcome the deterioration in shooting performance caused by the fatigue induced during exhaustive gameplay situations.

EFFECTS OF COMBINED INTERVENTIONS TO OPTIMISE RECOVERY DURING HIGH-INTENSITY EXERCISES IN TRAINED INDI-
VIDUALS

BELTRAMI, F., HANSELMANN, L., SPENGLER, C.M.
ETH ZURICH: EIDGENOSSISCHE TECHNISCHE HOCHSCHULE ZURICH

INTRODUCTION: Team sports such as ice hockey offer the opportunity of recovery breaks between high-intensity work intervals. Strategies
aiming to mitigate fatigue during intermittent physical activity are seldom investigated in combination, although several different mecha-
nisms of action exist, which might be cumulative and therefore beneficial for athletes. This study examined the effects of seven combined
recovery interventions (enhanced recovery package, ERP) on exercise capacity during intermittent high-intensity cycling.

METHODS: 16 trained men (age: 24.8 + 3.4 y; maximal power output: 5.0 + 0.5 W-kg-1) completed a repeated sprint exercise (RSE) proto-
col consisting of six 30-s cycling sprints with 3-min breaks between each sprint. The first sprint was always performed at a similar load,
while sprints 2-6 were performed with the ergometer in cadence dependent mode (0.075 kg- kg-1). During the breaks, the ERP, Placebo, or
Control protocols were applied, all on different days. The ERP condition combined 1) 3-min ice gel packs to the neck; 2,3) 5-s mouth rinsing
of a 10% carbohydrate and caffeine (6 mg-kg-1), 4) ingestion of 50 mL of a 6% carbohydrate solution, 5,6) 30 s of all-out hyperventilation
while breathing 100% 02 (hyperoxia); and finally, 7) potentiation manoeuvres via performance of 3 half-squats at 75% of one maximal
repetition. The placebo intervention masked the interventions except for the ice packs and potentiation manoeuvres. Participants were
told they were performing a simplified version with only the known beneficial interventions. Power output, heart rate, blood lactate con-
centration, rate of perceived exertion and gas exchange were compared between the ERP and Placebo conditions.

RESULTS: Mean power output (W) was significantly higher for the ERP condition compared to Placebo (570 + 74 W vs. 560 + 71 W, t(15) =
4.603, P <0.001, 95% Cl diff =5—14 W, dz = 1.15). The rate of power decrement over sprints 2-6 was very similar between trials (ERP -14.2
W per sprint, 95% Cl =-21.6 —-6.8 W; Placebo -17.4 W per sprint, 95% Cl =-24.7 —-10.2 W per sprint, P = 0.407). Mean heart rate was
higher (3 £ 4 bpm, P = 0.012) for the ERP compared to the Placebo condition, as was breathing frequency (2.4 + 4.0 breaths* min-1, P =
0.028) and respiratory exchange ratio (0.12 + 0.06, P < 0.001). Oxygen uptake was 80 + 109 mL-min-1 (P = 0.013) lower for ERP. No differ-
ences were found with regards to the rate of perceived exertion or blood lactate concentration.

CONCLUSION: ERP optimised recovery when applied during the breaks of a high-intensity repeated sprint exercise and shows a small but
consistent increase in mean power output. It is possible that the ERP prevented a loss of aerobic efficiency. A top-down approach when
tailoring packages for individual athletes might overcome the issue of small improvements that are difficult to detect when strategies are
tested in isolation.

Oral presentations
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PERFORMANCE AND FATIGABILITY ACROSS DIFFERENT TRIATHLON RACE DISTANCES: FROM SPRINT TO IRONMAN

PASTORIO, E., VILLANOVA, S., COLOSIO, M., MAZZOLARI, R., PILOTTO, A., MARCIANO, A., GATTI, M., PAPETTI, G., PORCELLI,
S.
UNIVERSITY OF MILAN

INTRODUCTION: Triathlon is a unique endurance sport including swimming (S), cycling (C), and running (R) [1]. Classically, triathlon races
are classified in Sprint (SP), Olympic (0), Half (H) and Full (F) distances [2]. Previous studies have demonstrated alterations in neuromuscu-
lar function after prolonged exercise [3] and a greater muscle contractile properties impairment with increasing exercise duration both in
cycling and running [4,5]. Only one previous study investigated fatigue after a long-distance triathlon [6] but, how each discipline can
impact neuromuscular function throughout different triathlon distances remains unclear. This study aimed to evaluate and compare the
magnitude of neuromuscular function impairments in SP, O, H and F.
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METHODS: Forty-two male triathletes (Age:3919 yrs; VO2peak:54.4+5.6ml-min-1-kg-1) were enrolled in the study. Four triathlon races
were selected: SP (n=12, 0.75Km S; 20Km C; 5Km R), O (n=16, 1.5Km S; 40Km C; 10Km R), H (n=11, 1.9Km S; 90Km C; 21.1Km R), and F (n=4,
3.8Km S; 180Km C; 42.2Km R). Performance fatigability was quantified by maximal voluntary isometric contraction (MVIC) force of the knee
extensors performed: i) before the race (PRE); ii) during the transition phases after S (T1), iii) after C (T2) and iv) immediately after the end
of the race (POST). Race speed was monitored by a GPS system.

RESULTS: Triathletes completed SP, O, H, and F in 77+7min, 158+14min, 400+48min, and 883+96min, respectively. Race speed did not
change in S among the races, whereas it was higher in SP and O compared to H and F for both C (3343 and 34+3Km/h vs 2443 and
23+3Km/h, respectively; P<.05) and R (13+2 and 12+1Km/h vs 10+1 and 8+1Km/h, respectively; P<.05). MVIC force did not decrease signifi-
cantly in T1 in any race, whereas it decreased significantly in T2 and POST, resulting at the end -19£9%, -23+9%, -29+15%, and -32+8% from
PRE in SP, O, H, and F, respectively (all P<.05). In C, MVIC force loss was greater in SP compared with H (-17+11% and -6+10%, respectively,
P<.05). Conversely, in R MVIC force loss was lower in SP than H (3£12% and -17+26%, respectively, P<.05).

CONCLUSION: Triathletes experienced a reversible decline in the ability to produce force which was progressively larger with increasing
race distance. Neuromuscular function impairment was primarily affected by cycling in SP and running in H, suggesting an important inter-
play between exercise intensity and race distance on fatigability in triathlon. The present results will help coaches to select the most ap-
propriate training program in accordance with the target race distance of their athletes.

1. Garcia et al. (2016) 2. Bentley et al. (2002) 3. Millet et al. (2004) 4. Temesi et al. (2021) 5. Lepers et al. (2001) 6. Margaritis et al. (1999)

A COMPARISON OF THE NEUROMUSCULAR CONSEQUENCES OF EXERCISE WITHIN THE MODERATE AND HEAVY INTENSI-
TY DOMAINS

BROWNSTEIN, C.G.1, SABATER PASTOR, F.1, MIRA, J.1, MURIAS, J.M.2, MILLET, G.Y.1,3

IUNIV LYON, LIBM, UIM-SAINT-ETIENNE, SAINT-ETIENNE, FRANCE; 2FACULTY OF KINESIOLOGY, UNIVERSITY OF CALGARY, CALGARY, CAN-
ADA; 3INSTITUT UNIVERSITAIRE DE FRANCE

INTRODUCTION: Performance fatigability is substantially greater when exercising in the severe versus heavy intensity domain (1). However,
the relevance of the boundary between moderate and heavy intensity exercise, the gas exchange threshold (GET), to performance fatiga-
bility is unclear. This study compared alterations in neuromuscular function during work-matched exercise above and below the GET.
METHODS: Sixteen male participants completed work-matched cycling for 90, 110 and 140 min at 110, 90 and 70% of the GET, respectively.
Knee extensor isometric maximal voluntary contraction (MVC), high-frequency doublets (Db100), low- to high-frequency doublet ratio
(Db10:100), potentiated twitch force (Qtw,pot), voluntary activation (VA), motor evoked potential (MEP) and thoracic motor evoked po-
tential (TMEP) were measured at baseline, 25, 50, 75 and 100% of task-completion. During the initial, baseline visit, and following each
constant load bout, ramp-incremental exercise was performed, and peak power output and oxygen uptake (VO2peak) were determined.
RESULTS: While impairments in neuromuscular function occurred for all exercise intensities, the reductions in MVC (p=0.008) and Db100
(p=0.029) were up to 1.7-fold greater in response to the 110% GET trial relative to the 90% GET trial, with no difference between the 90%
and 70% GET trials (p20.175). Voluntary activation and MEP were similarly reduced for all trials, while a reduction in TMEP was only ob-
served for the 110% and 90% GET trials (p<0.044). Peak power output and VO2peak during ramp-incremental exercise were reduced by
7.0£11.3% and 6.51+9.3%, respectively following the 110% GET trial relative to the baseline ramp (p<0.015), with no changes following the
moderate intensity trials (p=0.078).

CONCLUSION: When exercising at 70% or 90% GET, no differences were observed in fatigability for a given level of work. However, when
the power output was elevated by the same magnitude between 90% and 110% GET, thus transcending the moderate-heavy domain
boundary, fatigability was substantially exacerbated. These results indicate that even marginally exceeding the moderate-heavy domain
boundary has negative implications for neuromuscular function, with evoked twitch responses to relaxed muscle indicating that the greater
fatigability is due to intramuscular mechanisms. Moreover, the lower peak power output found only following the 110% GET trial suggests
that prolonged heavy intensity exercise has negative implications for subsequent exercise tolerance.

1) Burnley et al. (2012)

CHANGES OF AGONIST AND SYNERGIST MUSCLES ACTIVITY DURING A SUSTAINED SUBMAXIMAL BRAKE-PULLING GES-
TURE

MARINA, M., TORRADO, P., BOU-GARCIA, S., BAUDRY, S., DUCHATEAU, J.
INEFC BARCELONA

INTRODUCTION: There is a need to consider functional grip tasks in research, ensuring that the setup and ergonomics of instruments are
optimal for interpreting fatigue-induced changes on surface electromyography (SEMG) signals accurately. The braking gesture on a motor-
cycle can be considered as a “power grip” task that require the involvement of both flexor and extensor muscles of the forearm and arm to
control finger flexion forces while handling the handlebar in a firm grip while stabilizing the wrist (1)

We aimed to analyze the course of changes in muscle activity of the prime mover and synergist muscles during a sustained a braking action
on a motorcycle setup and to investigate the relationship between muscle activity and braking force fluctuation (FF).

METHODS: Thirty-two young adults performed a continuous fatiguing protocol (CFP) at 30% of maximal voluntary contraction (MVC) until
failure, on a motorcycle setup that simulated a typical body position when riding a road motorcycle. Moreover, surface electromyography
(EMG) was used to analyze root mean square (EMGRMS) values in the flexor digitorum superficialis (FD), flexor carpi radials (FC), extensor
digitorum comunis (ED), extensor carpi radials (EC), brachioradialis (BR), biceps brachii (BB), and triceps brachii (TB). Ratios between ago-
nist and antagonist muscles were also calculated for the fingers gesture (RatioFingers: FD/FC), the wrist (RatioWrist: FC/EC) and the elbow
[RatioElbow: ((BB+BR)/2)/TB)]. The FF was normalized with the averaged signal of the same periods as a measure of steadiness (2).

All signals were synchronized online by an external analog-to-digital converter (Power 1401; Cambridge Electronics Design -CED-). The
offline analysis was done with the Spike2 Software. A multivariate analysis of variance was performed to study the EMGRMS and FF chang-
es across the CFP. The degrees of association and the relations between braking forces, SEMG and time variables were examined by regres-
sion analysis. The level of significance was set at 0.05.

RESULTS: The FF and EMGRMS both increased progressively during the CFP, with sharp increments occurring before failure (P<0.001). This
was confirmed by a significant correlation between these variables (r = 0.995; P<0.001). At the time limit, the EMGRMS of the FD and FC
muscles were comparable to the baseline MVC values (P<0.003). The three flexor/extensor ratios used to measure coactivation levels
decreased significantly (P<0.001). The MVC force was still depressed (14+8%) after 10 min of recovery (P<0.001), in spite of the similar
EMGRMS values (P>0.516) of the forearm flexors in comparison to pre-fatigue condition.
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CONCLUSION: Overall, our results indicate that performance was mainly constrained by fatigue-related mechanisms located at muscle level
in the prime movers when exerting a CFP in a natural and ecological setup aimed to reproduce the brake-pulling action on a motorcycle.

THE SMILE REVOLUTION — A FACIAL ELECTROMYOGRAPHY APPROACH FOR FATIGUE EVALUATION DURING CYCLING
AEROBIC EXERCISE TEST

IBRAHIM, R.1, KETKO, 1.1,2, SCHEINOWITZ, M.1,3, HANEIN, Y.1
1 FACULTY OF ENGINEERING, TEL-AVIV UNIVERSITY, ISRAEL; 2 IDF MEDICAL CORPS; 3 FACULTY OF MEDICINE, TEL-AVIV UNIVERSITY, ISRAEL

’

INTRODUCTION: Recently, a novel, multiarray electrodes sticker was introduced, allowing continuous measurements of facial surface
electromyography (sEMG) for long term recordings in freely behaving humans [1]. This sensor has been used for mapping spontaneous and
“masked” smiles [2], and to detect facial expressions for emotional affect recordings [3]. Development of a, non-invasive, real-time capabil-
ity to identify athletes’ fatigue during exercise is important for performance enhancement and to avoid over-training and exercise-related
injuries. Despite the increasing interest in facial expressions and facial SEMG for fatigue evaluation [4,5], this topic has not been widely
studied. The aim of the current study was, therefore, to analyze the facial muscles activity patterns, while focusing on smiles, in response
to graded exercise stress test, to exhaustion.

METHODS: 5 young, healthy, and recreationally active participants (3 males), performed an incremental cycling exercise test consisting of
3-minutes stages, below the lactic-acid based threshold, and increasing intensity every 1-min until exhaustion. Facial SEMG sensor, which
was applied on the participant’s left side of the face, covering the forehead, zygomatic, buccal, nasal, and labial regions by 16 embedded
electrodes, was recorded continuously throughout the exercise stress test. Blood lactate and heart rate were documented at each stage.
To evaluate the exercise intensity effect on facial expressions, participants were asked, during each stage, to smile spontaneously. The
facial SEMG signal’s envelope root mean square (eRMS) of the smile-event, recorded from each electrode, was calculated, and then aver-
aged for each stage. The calculated eRMSs were translated into heatmaps and correlated with exercise intensities. Paired T-tests were
used to analyze the differences of eRMS values between muscles (spatial variations) and during the exercise (temporal variations).
RESULTS: Average eRMS (obtained from 5 subjects X 16 electrodes each) showed a different stepwise increase with exercise intensity in
the frowning muscles (FMs) reaching a maximal value of 2.40+1.14 [uV], versus 1.31+0.42 [uV] for light intensity (p<0.05). No significant
differences were found between the Zygomatic and Buccal muscles (ZBMs) to exercise. Differences between the FM muscles and the ZBM
muscles were only found during high intensity exercise (p<0.005).

CONCLUSION: Our data demonstrate that there is a smile signature for different exercise intensities during an incremental aerobic exercise
test, in particularly an increased activity of the frowning muscles while smiling close to exhaustion. The data allow us to better understand
the spatial and temporal relationships of the facial muscles during aerobic exercise.

RERERNCES:

1. Inzelberg, Rand et al. (2018) 2. Inzelberg et al. (2020) 3. Inzelberg et al. (2018) 4. de Morree & Marcora (2010) 5. Chen & Chung (2004)

SEX DIFFERENCES IN FATIGABILITY DURING LONG-DISTANCE TRIATHLON RACE

VILLANOVA, S.3,5, COLOSIO, M.1,2,5, PASTORIO, E.2,5, DELLO IACONO, A.3, PILOTTO, A.4, MARCIANO, A.5, GATTI, M.,
PAPETTI, G., QUAGLIAROTTI, C., ROMAGNOLI, R., PIACENTINI, M.F., EASTON, C., PORCELLI, S.

1INSTITUTE OF BIOMEDICAL TECHNOLOGIES, NATIONAL RESEARCH COUNCIL, SEGRATE, ITALY; 3INSTITUTE FOR CLINICAL EXERCISE AND
HEALTH SCIENCE, THE UNIVERSITY OF THE WEST OF SCOTLAND, GLASGOW, UK

INTRODUCTION: Human performance during athletic events is in part determined by an acute reduction of force or power in both men (M)
and women (W) [1]. Physiological mechanisms responsible for this phenomenon, defined as performance fatigability, can involve inade-
quate central nervous system activation and/or altered skeletal muscle function, being potentially different between sexes [2]. Several
studies demonstrated that W can be less fatigable than M after long-duration cycling [3] and running exercise [4] suggesting a primary role
in muscle contractile impairments. Less is known about sex differences in performance fatigability and its determinants when different
dynamic tasks are combined. Thus, this study aimed to characterize sex differences in central and peripheral determinants of performance
fatigability during a long-distance triathlon.

METHODS: Twenty-two trained triathletes were recruited: 10W (age:41+12ys) and 12M (age:47+6ys). Subjects completed 1.9km of swim-
ming, 90Km of cycling, and 21.1km of running (RACE). Neuromuscular function evaluations were performed before (PRE) and after (POST)
the RACE by: i) maximal voluntary isometric contractions (MVIC) of knee extensors; ii) electrically evoked contractions by single (Pt) and
doublets stimuli (Db100 and Db10) on a femoral nerve; and iii) countermovement jump (CMJ). The interpolation Twitch Technique was
used to quantify the Voluntary activation (VA). The rate of perceived exertion (RPE) was monitored by Borg scale (1-10), speed and pace
were obtained from GPS system.

RESULTS: RACE time was longer in W compared to M (7h16+41min; 6h38+43min; P=0.02). RPE was 8+2 for both participants at the end of
RACE, with no differences between sexes. At PRE, MVIC torque and CMJ power were lower in W (123.9+38.7N*m and 1902+299W, respec-
tively) compared to M (186.0+28.5N*m and 2674+484W, respectively; all P<0,001). At POST, W showed a smaller MVIC torque loss and
CMJ power reduction (-14.419.9% and -0.8+7.2%, respectively) compared to M (-29.1+16.1% and -11.6+14.5%; all P<0.05). VA decreased
less in W than M (-14.4+10.0% vs -24.9+11.6%; P=0.047) whereas Db100, Db10 and Pt decreased similarly for both sexes.

CONCLUSION: After a long triathlon race, W exhibited a smaller decrease in MVIC torque and CMJ power, suggesting a difference between
W and M in performance fatigability. In addition to impaired contractile properties, the loss in torque and power was attributable to
changes in central nervous system activation voluntary which differed between sexes. The present results will help coaches in identifying
the optimal training patterns for men and women, promoting athletic excellence.

References

1 Hunter SK., Med Sci Sports Exerc. 2016.

2 Ansdell et al., Exp Physiol. 2020

3 Glace BW. & Kremenic IJ., Eur J Appl Physiol. 2013.

4 Temesi et al., Med Sci Sports Exerc. 2015.
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AGING AND RUNNING IMPACT LOADING IN DIFFERENT FOOTWEAR (PRESCHOOLERS VS. YOUNG ADULTS)

PLESEK, J., HAMILL, J., FREEDMAN SILVERNAIL, J., JANDACKA, D.
UNIVERSITY OF OSTRAVA

INTRODUCTION: Effects of various footwear on running impact loading was immensely studied adult population. However, there is lack of
scientific knowledge about possible differences between different age groups (children, adolescent, adults). Running skill (technique)
substantially develops in preschool children and most children achieved mastery level of running before sixth year of their life (1,2). Never-
theless, there is only one recent study which compared biomechanics during shod running between 10 preschoolers (3-6 year) and 10
adults (3). In abovementioned study, there were no differences in running impact loading, although study had several significant limita-
tions, including small sample resulting in very heterogeneous group of preschoolers (from developmental perspective), non-standardized
footwear etc. Therefore, this study aimed to compare impact loading among four groups of preschool children (crucial period of running
skill development) and one group of young adult people (A) in three footwear conditions (B-barefoot, M-minimalist, SRS-standard running
shoes).

METHODS: Sixty healthy participants (32 males/28 females) performed simple running game in three standardized footwear conditions (B-
M-SRS). Participant were divided into 5 age groups (3-4-5-6-yr-old children and 20-24-yr-old adults). There were 12 participants in each
group. Six recorded running trials for each participant were included into the 3-D biomechanical analysis. A two-way mixed ANOVA (5x3)
was performed on vertical instantaneous loading rate (VILR). Consequently, a one-way ANOVA was used for each footwear separately to
compare mean values of VILR among age groups followed by post hoc pairwise comparisons.

RESULTS: An interaction was found between age and footwear condition in VILR (P=0.010). Further analysis showed differences among age
groups in both type of shoes; in M (3yr= 233, 4yr= 231, 5yr= 196, 6yr= 170 and A= 136 BW/s; P=0.008) and SRS (3yr= 225, 4yr= 220, 5yr=
164, 6yr= 149 and A= 74 BW/s; P=0.001). There were clear descending trends of VILR with increasing age in both shod conditions. No
differences were found when B (3yr= 175, 4yr= 184, 5yr= 165, 6yr= 143 and A= 134 BW/s; P=0.254). Pairwise comparisons showed signifi-
cant differences in M between 3yr-A (P=0.019), 4yr-A (P=0.023); and in SRS between 3yr-6yr (P=0.012), 3yr-A (P=0.001), 4yr-6yr (P=0.023),
4yr-A (P=0.001), 5yr-A (P=0.002) and 6yr-A (P=0.014).

CONCLUSION: Three and four-year-old children should use minimalist and running shoes gradually with cautious, at least during introduc-
tion to running on hard surfaces. It is in accordance with previous study (4) which showed that 3 and 4 had lower VILR in barefoot than in
shod condition, on the contrary running shoes in the current study significantly reduced VILR in adults. It seems that barefoot running
could be safely used in preschool age with relative less loading than during minimalist and standard shod running. 1)Plesek et al., 2021
2)Hardy et al., 2010

3)Wei et al., 2021

4)Plesek et al, 2022

HIGH-LEVEL PATELLAR TENDON STRAIN AS RISK FACTOR FOR TENDINOPATHY IN ADOLESCENT ATHLETES — A PROSPEC-
TIVE LONGITUDINAL APPROACH

MERSMANN, F., DOMROES, T., TSAI, M.S., PENTIDIS, N., SCHROLL, A., BOHM, S., ARAMPATZIS, A.
HUMBOLDT-UNIVERSITAT ZU BERLIN

INTRODUCTION: The magnitude of strain applied to a tendon determines both sub-rupture fatigue damage progression and the balance of
anabolic-catabolic signaling upon repetitive loading (1). High-levels of patellar tendon strain during maximum isometric muscle contrac-
tions have been observed in vivo in adolescent risk groups for tendinopathy (2), yet the direct association with tendon overuse has not
been established. Therefore, in the present longitudinal study, we regularly measured in vivo patellar tendon strain in adolescent athletes
from sports with a high prevalence of tendinopathy (i. e. handball, basketball and volleyball) and examined the hypothesis that athletes
which develop tendon pain show higher levels of tendon strain than healthy athletes prior to becoming symptomatic.

METHODS: In 44 adolescent athletes (12-17 years), patellar tendon mechanical properties were measured by combining ultrasonography
and inverse dynamics at four time-points during a competitive season. Fourteen athletes developed clinically relevant tendon pain (> 13
points reduction of VISA-P score; SYM), while 23 remained completely asymptomatic (ASYM). Tendon mechanical properties of SYM in the
session prior to the development of symptoms were compared to a randomly selected ASYM time-point using Bayesian modelling. Cohens
d was calculated to estimate effect sizes.

RESULTS: There was a large effect of group on tendon strain (d = 0.85) with a high probability of increased tendon strain in SYM compared
to ASYM (mean difference [MD]: 1.17 %; 95 % credibility interval [CI]: 0.08 %, 2.26 %). While tendon force appeared to be similar in both
groups (d = 0.18; MD: 0.30 kN; CI -0.95, 1.54 kN) a small effect on stiffness (d = -0.23) pointed towards slightly lower values in SYM, yet with
considerable uncertainty (MD: -0.13 kN; Cl: -0.57 kN, 0.32 kN). A subgroup analysis however indicated that tendon force likely increased
prior to the development of symptoms in SYM (MD: 0.39 kN, CI: -0.08 kN, 0.87 kN), while remaining constant in ASYM (MD: -0.01 kN; CI -
0.24 kN, 0.23 kN).

CONCLUSION: The present prospective study provides novel longitudinal evidence that high levels of tendon strain could be an important
risk factor for the development of patellar tendinopathy in adolescent athletes. We suggest that inadequate adaptation of tendon stiffness
to increases in muscle strength may occur if adolescent athletes with certain preconditions — e.g. a distorted tissue turnover (3) or reduced
mechanosensitivity (4) — are subject to mechanical loading which does not offer effective tendon stimulation.

REFERENCES:

1. Wang et al. 2013, Biotechnol Bioeng, 110, 1495-1507

2. Mersmann et al. 2016, J Appl Physiol 121, 893-899

3. Heinemeier et al. 2018, FASEB J 32, 4763-4775

4. Passini et al. 2021, Nat Biomed Eng 12, 457-1471
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EFFECT OF SEX ON MUSCLE-TENDON IMBALANCES AND MICROMORPHOLOGY IN ADOLESCENT ATHLETES — A LONGITU-
DINAL CONSIDERATION

DOMROES, T., WEIDLICH, K., ARAMPATZIS, A., MERSMANN, F.
HUMBOLDT-UNIVERSITAT ZU BERLIN

INTRODUCTION: In male adolescent athletes, there is a high prevalence of imbalances between muscle strength and tendon stiffness (1)
which may lead to tendon structural impairments and an increased risk of tendinopathy (2). As sex-specific hormone concentrations and
hormone fluctuations related to the menstrual cycle may affect the adaptation of the muscle-tendon unit (3), it remains unclear if muscle-
tendon imbalances are influenced by sex. The purpose of this study was to investigate the sex-specific development of quadriceps femoris
muscle strength and patellar tendon stiffness during a competitive season with regard to potential imbalances and tendon micromorpho-
logical impairments in adolescent athletes.

METHODS: In 15 female (14.3 £ 0.7 yrs., 168.8 £ 7.7 cm, 63.1 £ 9.8 kg) and 13 male (16.0 £ 0.6 yrs., 186.3 £ 6.9 cm, 80.4 * 10.3 kg) elite
handball players, knee extensor muscle strength, patellar tendon stiffness and peak spatial frequency (PSF) of the proximal part of the
tendon (as a measure of micromorphology) were determined at four time points during a competitive season using dynamometry and
ultrasonography. A linear mixed model was used to analyze time- and group-dependent developments. The residuals to the model were
used as a measure for fluctuations of the investigated parameters.

RESULTS: Males demonstrated significantly greater muscle strength (p < 0.001) and patellar tendon stiffness (p = 0.018) compared to
females with no significant changes of both parameters during the season (p = 0.346 and 0.182). Tendon strain during maximum isometric
contractions (iMVC) and PSF neither differed between groups (p = 0.215 and 0.583) nor changed over time (p = 0.258 and 0.558). We found
greater fluctuations of muscle strength (p < 0.001) in males during the season but no sex-specific differences in the fluctuations of maxi-
mum tendon strain, stiffness and PSF (p = 0.560, 0.201 and 0.118 respectively). Descriptively, there was a similar frequency of athletes with
high-level tendon strain (i.e. > 9%) in both groups (on average 42% in males and 38% in females).

CONCLUSION: Our findings show a similar development in the adaptation of tendon stiffness in relation to muscle strength in the two
groups, as the greater muscle strength in boys is accompanied by greater tendon stiffness. Furthermore, sex did not seem to have any
specific influence on musculotendinous imbalances in adolescent athletes, but the high frequencies of high-level tendon strain during
iMVCs in both groups request the need for specific individual tendon training. The lack of an association between maximum tendon strain
and PSF, however, indicates marginal effects on tendon micromorphological impairments in the investigated groups.

REFERENCES:
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INJURIES AND SPECIFIC MEDICAL SUPPORT IN AUSTRIAN YOUTH ATHLETES — A MIXED-METHODS STUDY

REIF, A.1,2, SCHARHAG, J.1,3

1 INSTITUTE OF SPORT SCIENCE, UNIVERSITY OF VIENNA, VIENNA, AUSTRIA. 2 LEISTUNGSSPORT AUSTRIA, BRUNN AM GEBIRGE, AUSTRIA. 3
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INTRODUCTION: Already in youth competitive sport, high physical and mental demands in children and adolescence have been observed
(Baur et al., 2008). Due to a large number of health-related issues adequate physical treatment and medical support is required. The aim of
this study was to evaluate sports medical and performance assessment and especially of in young athletes.

METHODS: In this mixed-methods research, qualitative and quantitative methods have been combined. First, qualitative, semi-structured
interviews were conducted with young athletes, coaches, medical employees and further supportive staff-members (N = 22). The tran-
scripts of the interviews were then processed using the analysis method of Mayring (2015). Based on these results, an online questionnaire
was created and answered by young competitive athletes of different sport disciplines (N = 300; 16.8+1.4 yrs; 47.7% female). The statistical
evaluation using unpaired T-Tests was conducted using IBM SPSS (Vers. 27). Significance was accepted at p<0.05.

RESULTS: The average of total training time of the subjects was 13.1 (£6.7) hours per week. Athletes desired to have more medical support
(61.2%) and sports scientific support (51.3%). Surprisingly, more than 40% of athletes had no resting and stress ECG examination for at
least one year. It was shown that significantly more athletes have already suffered from an injury (85.3%) compared to uninjured (14.7%) (P
< 0.001). The group of uninjured athletes was significantly younger than the group of those who had already suffered from an injury (P =
0.009). Most frequently injured body parts were lower extremities (ankle/foot/toes 59.0%; knees 45.3%) and upper extremities (fore-
arm/hand/fingers 51.7%). The most common types of injuries are bruises (69.0%), muscle or ligament strains (58.0%), and inflammations
(42.0%).

CONCLUSION: The results show that a large number of young athletes has already been injured and an association between the age and
the appearance of injuries has been found. According to young athletes sports medical examinations are required more regularly and have
to be standardised for different sports disciplines, in particular for internal and orthopedic examinations. Injury prevention programs which
are fitted for the requirements of each sport should be implemented in the training to support young athletes and enable a successful
career.

HOW TO COMMUNICATE SLEEP AS A RISK FACTOR FOR SPORT INJURY AMONG YOUTH ATHLETES: A WAKE-A-THON TO
CREATE AWARENESS AND INCREASE UPTAKE OF INJURY PREVENTION PRACTICES.

RICHMOND, S.A., PIKE, 1., BABUL, S., JACOB, J., IPSIROGLU, O.
UNIVERSITY OF TORONTO

INTRODUCTION: Sport injury is the leading cause of emergency room visits among youth ages 10 — 14 in Canada and among developed
countries around the world. Known risk factors such as decreased muscular strength and neuromuscular control are often addressed to
reduce the risk of injury in sport; however, less is known about the importance of sleep and sleep deprivation on sport performance and
injury risk among young athletes. Literature demonstrates that athletes with less than the recommended sleep per night have an increased
risk of a sport-related injury; however, mechanisms to effectively communicate lack of sleep as a risk factor to athletes are lacking. There is
a need to not only provide this information to both athletes and practitioners in sport injury prevention, but to have athletes acknowledge
for themselves signs of sleep deprivation on performance.
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METHODS: An innovative, participatory action initiative (Wake-a-Thon) that used the concept of vigilance and vigilance performance test-
ing as a communication strategy on sleep deprivation and sport injury was co-developed with student athletes and sleep and injury preven-
tion researchers. The Wake-a-Thon included games and activities that athletes used to assess their own vigilance and experience how sleep
deprivation impacts performance. Measures included basic cognition such as hand eye coordination, motor skills, logical/critical thinking
and memory in various game formats.

RESULTS: Interim results suggest the Wake-a-Thon was successful at increasing student athlete’s ability to recognize and communicate
signs of sleep deprivation and its effect on their performance, attentiveness and emotional state.

CONCLUSION: Increasing an athlete’s ability to recognize signs of sleep deprivation and acknowledge its impact on performance can reduce
the risk of sport-related injury. The Wake-a-Thon is an innovative initiative that allows athletes to both quantitatively and qualitatively
monitor their vigilance over time and communicate strategies to address their lack of vigilance and its effect on performance.

OP-AP24 Training and learning

SKILL-TIME-RELATED TEST FOR BASKETBALL PLAYERS. EVALUATING RELIABILITY, USEFULNESS, VALIDITY AND CORRELA-
TION OF TIME-RELATED TESTING PROTOCOLS

JODAR-PORTAS, A.1, LOPEZ-ROS, V.1,2, PRATS-PUIG, A.1, BELTRAN-GARRIDO, J.V.1,3, MADRUGA-PARERA, M.1,4, ROMERO-
RODRIGUEZ, D.1,4,5, GONZALO-SKOK, 0.6, FONT-LLADO, R.1

1. UNIVERSITY SCHOOL OF HEALTH AND SPORT (EUSES); 2. UNIVERSITY OF GIRONA; 3. UNIVERSITY OF JAUME I; 4. FUTBOL CLUB BARCELO-
NA; 5. INTERNATIONAL UNIVERSITY OF CATALONIA; 6. SEVILLA FC

INTRODUCTION: Change-of-direction speed while bound dribbling appears to be of interest for on-court physical performance in basketball
players. Several studies have assessed basketball change-of-direction tests. However, these tests do not consider other basketball-specific
skills which are mainly involved in changes of direction during the game. Also, the effect of somatic maturity in change-of-direction speed
while dribbling has not been studied yet. The main objectives were (1) to assess the test-retest reliability, usefulness and validity of VcutBk
test in basketball players; (2) to analyse correlation of the VcutBk test with other time-related testing protocols and skill-time-related
deficit in basketball players, (3) to describe skills-time-related deficits involved in VcutBk in basketball players considering somatic maturity.
METHODS: VcutBk test design was based on the Vcut test protocol (Gonzalo-Skok et al., 2015). Bounce dribbling was added to the execu-
tion of the test to assess a specific basketball skill. To examine test-retest reliability. Test reliability was assessed through absolute (typical
error of measurement = TEM) and relative (intra-class correlation coefficient = ICC) reliability. In order to analyse correlations between the
VcutBk test with other skills-time-related testing protocols, participants also completed 25m linear sprint (Sp) and 25m sprint while bound
dribbling (SpBk). Test-derivated scores - dribbling deficit (Dd) = SprintBK — Sprint (Scanlan et al., 2018); change-of-direction deficit (CODd) =
Vcut —Sprint (Nimphius, Callaghan, Spiteri, & Lockie, 2016); dribbling deficit with change of direction (DdCOD) = VcutBk — Vcut; change-of-
direction deficit with dribbling (CODdD) = VcutBk — SprintBk, were used for the analysis.

RESULTS: Test-retest reliability and usefulness analysis does not show substantial between-trial differences in VcutBk (i. e., ES < 0.2). Relat-
ed to convergent validity, the relationship between the VcutBk and the Vcut was very large [r (90% CL) = 0.85]. The usefulness is adequate
TEM (0.35)0.51) to very large (r> 0.71). The effect size between pre-PHV and post-PHV groups of basketball players shows significant and
large effect in the VcutBk (d = 2.04, MD = 2.59 95% CI [1.86, 3.32]). Also, significant main effect when comparing PHV groups was reported
in all skill-time-related deficits (p< 0.001) with large effect sizes (n2p = 0.13 to 0.28).

CONCLUSION: The VcutBk is a reliable, useful and valid test to assess specific skill-time-related mastery in the change of direction during
dribbling performance in basketball players. Additionally, VcutBk correlated larger when skills-time-related deficits were shown in a specific
and simultaneous skills situation with change-of-direction deficit while bound dribbling. Performance in specific-skills-time-related deficits
seems to be sensitive to somatic maturity.

FORECASTING SOCCER INJURIES BY COMBINING SCREENING, MONITORING AND MACHINE LEARNING

HECKSTEDEN, A.1, SCHMARTZ, G.P.2, EGYPTIEN, Y.1, AUS DER FUNTEN, K.1, KELLER, A.2, MEYER, T.1

1 SAARLAND UNIVERSITY, INSTITUTE OF SPORTS AND PREVENTIVE MEDICINE, SAARBRUCKEN, GERMANY 2 SAARLAND UNIVERSITY, CHAIR
FOR CLINICAL BIOINFORMATICS, SAARBRUCKEN, GERMANY

INTRODUCTION: INTODUCTION:Acute, exercise related injuries and their negative consequences for player health and team performance
are an important issue in football. Identifying players or circumstances associated with an increased risk of injury is fundamental for suc-
cessful risk management. So far, a considerable number of risk factors have been identified. However, univariable predictive accuracy is
low and from the few multivariable prediction models none has been scientifically verified outside the original setting. Of note, time-
constant (screening) and volatile (monitoring) risk factors are so far generally considered separately resulting in a restricted set of explana-
tory variables. Consequently, improvements in predictive accuracy may be expected when screening- and monitoring-data are combined,
especially when analysed with current machine learning (ML) techniques able to account for interactions

within a “web of determinants”. Expectably, screening parameters will set a personal level for injury risk while monitoring parameters
account for short term variations around it.

METHODS: This trial was designed as a prospective observational cohort study aiming to predict non- contact time-loss injuries in male
professional soccer on a daily basis. Considering the expectable number of injuries, a panel of 12 explanatory variables (covering basic
player characteristics, screening, monitoring and exposure characteristics) had been specified a priori. Injuries were registered according to
the Fuller consensus. Gradient boosting was used for data analysis. Respecting the nesting of timepoints within players, cross-validation
was performed on the level of players (not datapoints). Upsampling was implemented with the training set to account for the imbalance
between days with and without injury occurrence, respectively. Different splits of the original dataset were used to probe the robustness
of results.

RESULTS: Data of 88 players from 4 teams (German 3rd and 4th league) could be analysed. 51 non-contact, time-loss injuries could be
included in the final analysis. The cross-validated (ROC area under the curve 0.66) and test set performance (ROC area under the curve
0.64) of the

gradient boosted model in forecasting injury occurrence was promising and superior to comparator models without integration of screen-
ing features. However, the variation of predictive accuracy and feature importance with different splits of the original dataset reflects the
relatively low number of events.
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CONCLUSION: It is concluded that injury prediction based on the integration of screening and monitoring data in combination with ML is
promising. However, external prospective verification and continued model development with accumulating numbers of injuries are re-
quired before application in sports practice may be envisaged.

METHODS: RESULTS: CONCLUSION: THE DURATION OF THE PREPARATION PHASE IS A PRE-DETERMINANT FACTOR OF
BALL PERFORMANCE FOR SUCCESSFUL AND UNSUCCESSFUL FOREHAND STROKES IN TENNIS

BAYRAM, I.1, CERRAH, A.O.2, SOYLU, A.R.3, ERTAN, H.2, GIZZI, L.4
1 ANADOLU UNIVERSITY, 2 ESKISEHIR TECHNICAL UNIVERSITY, 3 HACETTEPE UNIVERSITY, 4 STUTTGART UNIVERSITY

INTRODUCTION: Understanding how a player perceives ball trajectory while the ball is approaching from the opponent and adjusting
appropriate joint angles based on both visual and auditory information during forehand directly influence the stroke accuracy. The player
consequently needs to create appropriate body positions based on the information also coming from muscle and joint receptors in an
attempt to make a prediction on the ball’s first bounce location. Detailed investigation of different phases and the total time of forehand
could assist player skill development and possibly reduce the number of unforced errors within a real match. The purpose of this study was
to identify time-based perception-action coupling differences in the phases of accurate and inaccurate forehand drive.

METHODS: 12 male tennis players who play tennis at the club level volunteered for the study. They were equipped with a total of 52 reflec-
tive markers and then performed 10 strokes to the balls sent by the ball throwing machine placed on the opposite side of the court. Motion
Capture (MoCap) data were recorded with a semi-infrared MoCap System [Qualisys, Sweden] with 500 Hz. Perception-action times of the 4
stroke phases (preparation, backswing, forward swing, follow-through, and total stroke time) based on 5 events (ball release, racket swing
star, racket backswing maximum, impact, and end of the stroke) of successful and unsuccessful forehand strokes to the balls coming with a
constant speed (72-75 km/h) were evaluated for 4 stroke types (out, net, low, high).

RESULTS: The duration of the preparation phase was 298+44, 311+15, 227+105, 269+4; the duration of the backswing phase was 765+33,
80218, 941478, 840+46; the duration of the forward swing phase was 272420, 279+1, 259413, 264+13; duration of the follow-through
phase were 459191, 406140, 36315, 427+74 and duration of total time were 1794413, 1798+18, 179048, 1801174 for out, net, low and
high strokes, respectively. Normality of the data set was tested via D’Agostino-Pearson and homogeneity of variances was tested via the
Levene test. Two-way repeated-measures ANOVA (factors: ball performance vs. phase duration) revealed that despite total stroke times
are not statistically different, unsuccessful strokes exhibited significantly (p < 0.05) longer delay during the preparation phase than success-
ful shots, indicating this parameter was a determining factor for the stroke accuracy.

CONCLUSION: These findings demonstrate how the perception of the ball and just after action coupling during forehand stroke can influ-
ence the accuracy of strokes. The duration of the preparation phase highlights the need for an early start (but not too early) of backswing
for a high-performance stroke. Our data shows that experienced trainers’ consistent warning ““do not be late to open your racket” is clearly
true but there is an optimum time block.

AUTONOMY-SUPPORTIVE TEACHING ON LEARN-TO-SWIM IN (SCHOOL)CHILDREN: AN EXPLORATIVE EMPIRICAL STUDY

OHLENDOREF, L., STAUB, I., VOGT, T.
GERMAN SPORT UNIVERSITY COLOGNE

INTRODUCTION: It is demanding to design swimming lessons in which all children are motivated to participate and, thus, sustainably learn
to swim regardless of their prerequisites (e.g. inclusion). The concept of “Autonomy-Supportive Aquatic Education” (ASAE) [1] is based on
the Self-Determination Theory [2], linking autonomy support in teaching to a strengthening of intrinsic motivation. This explorative empiri-
cal study investigates hypothesised benefits of ASAE on autonomy support and intrinsic motivation.

METHODS: A quasi-experimental approach was used to conduct a study with non-swimmers (n=60; female 43.3%, age 8.6 + 0.82) in five
primary schools’ regular swimming lessons. An intervention for five weeks (one lesson per week) compared autonomy-supportive teaching
(AST) with instructor-centered teaching (ICT). AST learning objective contents including respective games and tasks were offered to partici-
pating children by choice with the teacher taking on an accompanying and moderating role. Whereas in ICT the identical learning objective
contents, games, and tasks were instructed by a teacher taking on a guide-instructive role without any choices given to the participating
children. Autonomy support [BPNSF scale; 3] and intrinsic motivation [SRQ-A scale; 4] were assessed using standardised questionnaires in
each lesson.

RESULTS: Autonomy support and intrinsic motivation positively correlate (r=.345). AST led to an improved perception of autonomy support
(p<.05; d=.351), while a strongly self-regulated intrinsic motivation revealed no statistical significance (p=.453; d=.104) despite a visible
negative trend in ICT.

CONCLUSION: All children were highly and rather intrinsically motivated. AST implemented by the concept of ASAE supports autonomy in
learn-to-swim as a promising approach.

With respect to this explorative design, further research will be necessary.

Funding: Prime Minister of North Rhine-Westphalia (8273-2021).
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CAPOEIRA TEACHING-LEARNING PROCESSES IN A SCHOOL IN SOUTHERN BRAZIL

MARINHO, A., MARTINS, S.E., LUIZ, M.E.T.
STATE UNIVERSITY OF SANTA CATARINA

Introduction

Capoeira is a complex cultural manifestation, which involves elements of music, fight, and game. Coming from Afro-Brazilian origins,
capoeira was born through black Africans who were brought to be enslaved in Brazil, from the 16th century onwards, as a form of re-
sistance to the oppression and violence suffered. Currently, in Brazil, capoeira is part of the school environment as a subject, a content, or
a method, and can be approached in partnership with playfulness. This last one, in its turn, is understood as a spontaneous and creative
manifestation, which can be further elaborated for the construction of an alternative educational practice to traditional teaching methods,
valuing the child and the culture. Thus, this research aimed to investigate the relationship between capoeira and playfulness in the teach-
ing-learning processes at school.

Methods

The study included 18 students, aged between 6 and 9 years old, from a capoeira project that takes place after school in a public school in a
city in Southern Brazil, as well as the teacher of that project. This is a descriptive-exploratory field research with a qualitative approach to
the data. The instruments used were participant observations of the classes, semi-structured interviews with the teacher, and focus groups
with the children. Data were organized using the N-VIVO 11 software and analyzed using the content analysis technique proposed by
Bardin (2016).

Results and Discussion

Two categories of analysis were found: Playfulness experience in capoeira classes and Pedagogical strategies for capoeira classes. The
playfulness is manifested in capoeira classes, through feelings of joy and tension, being enhanced by pedagogical strategies that value the
character of the game present in capoeira. The feelings of joy and pleasure experienced in the context of capoeira classes and reported by
the children were more emphatically observed in the moments of the class when they had more freedom of expression, indicating that
these moments favored the playfulness experience. Although the project teacher uses more traditional teaching strategies, such as line
formation and technicist repetition, it was also possible to perceive the use of pedagogical strategies that value the free expression of
children, as well as the playful aspects that permeate the issue of playing and game.

Conclusion

The results indicate that capoeira has an intrinsic playfulness potential in its game aspect, which can be favored by the pedagogical strate-
gies adopted by the teachers. This fact contributes to significant teaching-learning processes for children, and favors their development,
leading them to better understand their own abilities and limits, as well as the cultural and historical aspects that surround them.
Reference

Bardin, L. (2016). Content analysis.
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MECHANISMS LINKING PHYSICAL ACTIVITY WITH PSYCHIATRIC SYMPTOMS IN YOUTHS: A LONGITUDINAL POPULATION-
BASED STUDY

RODRIGUEZ-AYLLON, M.1, NEUMANN, A.2,3, HOFMAN, A.1, JANSEN, P.W.4,5, VOORTMAN, T.1,6, LUBANS, D.R.7, VER-
NOOlJ, M.W.1,8, MUETZEL, R.L.4
ERASMUS MC UNIVERSITY MEDICAL CENTER ROTTERDAM, THE NETHERLANDS

INTRODUCTION: Participation in physical activity protects against psychiatric symptoms in youths. However, the underlying mechanisms
remain underexplored. Lubans et al. suggested a conceptual model which postulates three groups of potential mechanisms (i.e. neurobio-
logical, psychosocial, and behavioral). Few studies have explored whether any of these three mechanisms in isolation mediate the relation-
ship between physical activity and psychiatric symptoms. Nevertheless, an integrated model examining the joint and independent contri-
butions of the proposed mechanisms is lacking, making it difficult to obtain the overall picture.

Aim: To test an integrative model of the mechanisms linking physical activity with psychiatric symptoms in youths.

METHODS: We analyzed data from 4,216 children (6.010.4 years at baseline; 50.2% girls) at three-time points (TP) from the Generation R
Study (around ages 6, 9, and 13 years). Physical activity included weekly frequency and duration of walking or cycling to/from school,
outdoor play, and sports (TP1). Psychiatric symptoms (internalizing and externalizing symptoms) were assessed by the Child Behavior
Checklist (TP3). The neurobiological mechanisms included total brain volume, white matter microstructure, and resting-state connectivity
assessed using a 3T MRl scanner (TP2). The psychosocial mechanisms included self-esteem assessed by the Self-perception Profile, body
image by the Development of the Children’s Body Image Scale, and friendships by the Friendship Quality Questionnaire (TP2). The behav-
joral mechanisms included sleep assessed by the Children’s Sleep Habits, eating behavior by the Eating Behaviour Questionnaire, and
screen time in weekly frequency and duration of watching television and playing video games (TP2). First, we explored the correlation
between physical activity (predictor) measures and psychiatric symptoms (outcome). Mediation analyses were performed using the Lavaan
package in R when a correlation between predictors and outcomes exists (p<0.05). Baseline data of the outcome, parents” education level,
children’s gender, ethnicity, age, body mass index, and intelligence quotient were modeled as potential confounders.

Results: Sports participation was negatively associated with internalizing problems at the age of 13 (B=-0.025; p=0.031). Only self-esteem
(at the age of 9) mediated the relationship between sports participation and internalizing symptoms (3=-0.009; p=0.002). No other correla-
tions were observed for other measures of physical activity and psychiatric symptoms.

Conclusion: This integrative model provides an overall picture of the mechanisms linking physical activity with psychiatric symptoms in
youths. Only one psychosocial mechanism (i.e., self-esteem) mediated the association between sports participation in childhood and
internalizing problems in adolescence. These findings may guide the design of future physical activity interventions which aim to improve
mental health in youths
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ASSOCIATIONS OF PHYSICAL ACTIVITY AND FITNESS WITH STRESS REACTIVITY IN CHILDREN AGED 10-13 YEARS

MUECKE, M., GERBER, M., LUDYGA, S.
UNIVERSITY OF BASEL

INTRODUCTION: High stress reactivity can be detrimental for physiological and psychological health. According to the cross-stressor-
adaptation hypothesis, physical activity has health-beneficial effects on psychosocial stress reactivity. However, studies investigating such
effects in children are scarce. Therefore, our ongoing study (data collection continues until April 2022) aims to investigate the association
of physical activity and aerobic fitness with physiological and psychological stress reactivity in children.

METHODS: Sixty healthy, right handed children aged 10-13 years (34 male, 26 female) were recruited from schools and through distribu-
tion of flyers in public places (target sample of the study N=108). On two different lab appointments, the Trier Social Stress Test for Chil-
dren (TSST-C) and a non-stressful control condition were performed. Appointments were scheduled in randomized order. Before and after
both conditions, salivary cortisol (samples directly before and 0 min, 15 min and 30 min after the stressor) and state anxiety (8-item ques-
tionnaire based on the state scale of the State-Trait Anxiety Inventory) were measured representing physiological and psychological stress,
respectively. For cortisol analysis, the area under the response curve was calculated. Psychological stress was analyzed using a pre-post-
stressor comparison. Actigraphs worn over the course of 7 days were used to quantify moderate-to-vigorous physical activity (MVPA), and
aerobic fitness was measured using a submaximal bicycle ergometer test (PWC170).

RESULTS: A median split was performed on MVPA and fitness, respectively, and separate analyses of variance were performed. For both
cortisol (F(1, 49) = 8.45, p =.005, np2 = 0.147) and state anxiety (F(1, 55) = 46.81, p <.001, np2 = 0.460), a significant main effect of condi-
tion was found. Significant interactions condition x MVPA indicated lower physiological and psychological stress reactivity in more physical-
ly active participants (cortisol: F(1, 47) = 4.08, p = .049, np2 = 0.080) and anxiety: F(1, 53) = 4.43, p =.040, np2 = 0.077)), while interactions
condition x fitness were not significant for both cortisol (F(1, 48) = 3.04, p =.088, np2 = 0.060) and anxiety (F(1, 47) = 0.16, p = .695, np2 =
0.003)).

Discussion/CONCLUSION: Preliminary results of our ongoing study indicate health-beneficial associations of higher levels of MVPA with
physiological and psychological stress reactivity. For aerobic fitness, neither beneficial nor detrimental effects on stress reactivity were
observed. Further longitudinal and intervention studies are necessary to confirm potential causal relationships.

INDEPENDENT AND COMBINED ASSOCIATIONS OF DOMAIN-BASED PHYSICAL ACTIVITY AND ULTRA-PROCESSED FOOD
CONSUMPTION WITH ELEVATED DEPRESSIVE SYMPTOMS: A CROSS-SECTIONAL STUDY OF THE NUTRINET-BRASIL CO-
HORT

WERNECK, A.O., COSTA, C.S., MONTEIRO, C.A.
UNIVERSIDADE DE SAO PAULO

INTRODUCTION: Although physical activity (PA) is a recognized protective factor for depression, gaps still exist regarding the association
between the different domains of PA and depression. In addition, the consumption of ultra-processed foods (UPF) can also be associated
with depression by similar mechanisms to those of PA. However, how the consumption of UPF could affect the association between PA
practice in different domains and depression is unknown.

METHODS: We used data from the NutriNet-Brasil cohort study, a web-based prospective cohort study, for a cross-sectional analysis in-
cluding 25,501 adults (19,969 women), with a mean age of 43.3 (SD:12.9) years, who provided information on both outcome and exposure
at the baseline. Depressive symptoms were assessed using the Patient Health Questionnaire-2. Domain-based PA (i.e., leisure-time, trans-
portation, and occupational) was assessed through the Global Physical Activity Questionnaire. We used the highest tertile of each PA
domain (gender-specific) as the cutoff point. Consumption of UPF was assessed using a validated short questionnaire containing 23 UPF
subgroups, based on the Nova classification, during three non-consecutive days. The Nova-UPF score is a simple sum of the subgroups
consumed in the previous day. We divided the score into quintiles. Gender, age, education, ethnicity, living status, month of the question-
naire completion, and consumption of fruits, vegetables, legumes, whole grains, and nuts were used as covariates. Poisson regression
models were used for the association analyzes, reporting prevalence ratio (PR) and 95% confidence interval (Cl). Multiplicative interaction
was tested including interaction terms in the models, while additive interaction was tested through the estimation of relative excess risk
due to interaction and attributable proportion.

RESULTS: In the independent models, leisure-time PA (PR: 0.74; 95%Cl: 0.71-0.78) and transportation PA (0.94; 0.90-0.98), but not occupa-
tional PA (0.97; 0.92-1.03), were associated with a lower prevalence of elevated depressive symptoms. UPF consumption (reference: Q1 =
Q2:1.17;1.09-1.26, Q3: 1.24; 1.16-1.33, Q4: 1.25; 1.16-1.34, Q5: 1.37; 1.28; 1.47) was associated with higher prevalence of elevated de-
pressive symptoms. There were no multiplicative or additive interactions between domain-based PA and UPF consumption in the associa-
tion with elevated depressive symptoms.

CONCLUSION: The association between PA and elevated depressive symptoms is domain-dependent, with leisure-time and transportation
domains acting as protective factors, while a higher UPF consumption was associated with higher elevated depressive symptoms. However,
the associations of domain-based PA and UPF consumption with elevated depressive symptoms were independent. Our findings highlight
the need for interventions targeting increasing leisure-time and transportation PA as well as reducing UPF consumption.

A PSYCHOLOGICAL STRESS ASSESSMENT MODEL BASED ON PHYSIOLOGICAL SIGNALS IN A VIRTUAL REALITY ENVIRON-
MENT

HUANG, Y.H., SUN, L.X., TAO, K.
BEIJING SPORT UNIVERSITY

A psychological stress assessment model based on physiological signals in a virtual reality environment

Yuhan Huang1, Lixin Sun1, Kuan Taol

1 Al Sports Engineering Lab, School of Sports Engineering, Beijing Sport University

INTRODUCTION: With the development of virtual reality (VR) technology, virtual reality exposure therapy (VRET) offers a great opportunity
to explore stress disorder recognition and treatment [1],[2]. With integrated sensors, VRET could acquire users’ physiological data under
specified stress. Physiological signals exhibit unique characteristics during stress, hence the extraction of features and classification of
stress levels from signals are gaining enormous popularity and importance currently. Therefore, the aim of this study was to create a psy-
chological stress assessment model based on physiological signals using the machine learning algorithm, which is adaptable to different
stress conditions provided by VR.

109 27™ ANNUAL CONGRESS OF THE EUROPEAN COLLEGE OF SPORT SCIENCE



OP-AP28 Tactical analysis

METHODS: 57 adults (20.9+1.9 yrs) volunteered to participate in this study after signing informed consent forms. Participants were asked
to first take the Short State Anxiety Inventory (SSAI) to assess benchmark stress states before putting on a heart rate belt, EDA (electro-
dermal activity) wrist band and a VR head-mounted display. Then they logged into the self-developed VR stress training system, which
comprises of three stressful scenes with two stress modes and sit peacefully in a chair for 3 min, during which benchmark values of EDA,
heart rate and eye-blink rate were recorded. Participants then entered the three VR scenes in a random order and complete the SSAI
immediately after the experience of each mode.

The physiological dataset was divided into training and validation sets (sample size ratio 8:2) respectively, and stress levels were labeled as
“no stress” (1-2) , “low stress” (2-3) and “high stress” (>3) based on the score intervals from SSAI. Moreover, the statistics of EDA,
heart rate, and eye-blink rate per participant were calculated as the feature vector to feed into the machine learning models.

RESULTS: Rest-state values were significantly lower than those in stress modes. Average heart rate and EDA were higher in the high-stress
mode than the low-stress mode. As for the self-reported stress ratings, results showed that all three VR scenes produced a higher stress
level. In addition, mean, median, standard deviation, maxima and minima of EDA, heart rate and maxima of eye-blink rate were used as an
eleven-element feature vector to feed into the SVM, LR, RF, kNN, XGBoost and bagging supervised learning algorithms. The performance
metrics of bagging algorithm achieved the highest scores on accuracy (0.742), F1-score (0.709) and recall (0.774).

CONCLUSION: This study revealed the relationship between physiological data and self-reported stress ratings and the psychological stress
assessment model adopted the bagging ensemble learning algorithm for the best classification results, which motivates the further investi-
gations of stress disorder recognition and treatment.

1. Salkevicius et al. (2019) 2. Taneja et al. (2017)
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ON ROUTE TO THE OLYMPIC PODIUM: A COMPARATIVE NEW ZEALAND YOUTH RUGBY SEVENS MATCH ANALYSIS

WINTERSHOVEN, K., BEAVEN, C.M., GILL, N.D., MCMASTER, D.T.
UNIVERSITY OF WAIKATO - ADAMS CENTRE FOR HIGH PERFORMANCE

INTRODUCTION: 9.6 million people play rugby in 124 countries and 40 teams will compete in the 2022 Rugby World Cup Sevens. Rugby
Sevens (7s) has gained in popularity since its introduction to the 2016 Olympics and the 2018 Youth Olympics saw 11 countries from 6
regional associations compete at 7s. Rugby 7s school youth participation has grown by 185% between 2012 and 2020 in New Zealand.
While microsensor technology has been applied to field-based sports, little is known about the physical demands of Youth Rugby 7s.
METHODS: Two New Zealand-based male academy cohorts (U15 n=13, 14.9 £ 0.3 y; U19 n=14, 16.9 + 1.2 y) were monitored in 7 games
during a national Rugby 7s tournament using 10 Hz VX Sport microsensor technology.

RESULTS: Time-motion and heart rate (HR) analysis across squads showed an average work rate (WRavg) of 111.4 + 11.9 m/min covered at
an average speed (Vavg) of 6.7 £ 0.7 km/h and 90.0 + 0.04% HRmax. Players performed 41.6 + 7.6 sprints per game with maximal speed
(Vmax) averaging 27.6 + 2.9 km/h, while a peak velocity of 33.7 km/h was measured. The U15 players demonstrated a higher WRavg than
U19 (115.7 £ 13.3 vs. 107.8 £ 10.5 m/min [ES= 0.66]) at greater Vavg (6.9 £ 0.8 vs. 6.5 + 0.6 km/h [ES= 0.66]) (p<0.01). Average HR intensity
was statistically similar between U15 and U19 (90 £ 3 vs. 89 + 4% HRmax), yet a small effect was detected for ActivityLoad 3D rate (cumula-
tive X, Y, Z-accelerometry per unit of time: 5.2 + 1.4 vs. 4.7 + 0.6 AU, p= 0.06 [ES= 0.42]). No significant differences were found for any high-
intensity (HI) running nor Hl acceleration/deceleration measures. Both cohorts covered significantly different distances in different relative
speed and HR zones (Vzones, HRzones), with most distance covered between 20-50% Vmax and >90% HRmax. Of note, 57.9 + 24.1% (U15)
and 56.8 + 26.4% (U19) of game time was performed at >90% HRmax. The U15 players covered more distance than U19 in Vzone2 (55.9 £
11.8 vs. 53.6 £ 9.0 m/min, p= 0.01 [ES= 0.51]) and Vzone3 (25.7 + 8.8 vs. 22.5 + 6.9 m/min, p= 0.04 [ES= 0.41]). Pairwise comparisons for
distance and time spent in relative HRzones revealed no differences between cohorts.

CONCLUSION: Youth Rugby 7s games are characterised by very high physical demands. Different age cohorts demonstrate overlapping
match characteristics with key differences on specific performance markers, relative to the metrics used. Younger players show higher
values for speed and distance, which suggests greater loads could be placed on youth as compared to senior players and other cohorts
described in the literature. Training approaches, including monitoring and classification of metrics, should be differentiated by target
population, individualised, and complemented with age-specific performance targets. Practitioners should be aware that younger 7s play-
ers may undergo higher loading relative to older cohorts; thus, there is a need for clear developmental benchmarks.

RECOGNIZING TEAM TACTICS USING REPRESENTATIVE SEARCH

SCHWENKREIS, F.
BADEN-WUERTTEMBERG COOPERATIVE STATE UNIVERSITY STUTTGART

INTRODUCTION: Team tactics are coordinated moves of team members as for example in team handball or soccer. In the past, the applica-
tion of deep learning methods has been proposed to automatically recognize team tactics based on positional data of players and the ball.
The spatiotemporal data of players and the ball can be collected for example using systems from Kinexon or Catapult. However, deep
learning approaches need pre-classified data of team tactical moves as so-called training and test data. l.e., a class label must be manually
assigned that identifies the class of the tactical move that is contained in the spatiotemporal data. Since deep learning approaches need a
lot of training data to derive appropriate models, thousands of video clips need to be classified before the training might be able to pro-
duce a model with an acceptable recognition accuracy.

METHODS: Rather than directly training a deep learning network with pre-classified data, the approach presented follows the idea to
identify segments of similar tactical moves first. Then, one move of each segment can be used as a representative of the segment it be-
longs to. Only the representatives are then evaluated by the experts to assign the class label. All moves belonging to the same segment
also belong to the same class of tactical moves, thus getting the same label. Hence, the number of video clips that need to be evaluated
corresponds to the number of classes of tactical moves rather than to the number of cases needed to train a deep learning network.
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RESULTS: A mechanism to extract sets of spatiotemporal data that represent timeframes of interest, i.e., that contain at least potentially a
tactical move of a team, will be presented. It will be shown how match information can be used to extract the interesting timeframes.

A canonical representation will be introduced to avoid problems with changing origins of the coordinates, changing sides of the field,
changing sequences of player coordinates and such. The canonical data is a prerequisite to be able to compare the data of the moves.
Based on the spatiotemporal data of 275 attacks, three different clustering approaches have been compared. It has turned out that Hierar-
chical Clustering is the optimal method in case of offense tactics and Self-Organizing Maps are best to group defense tactics. Using these
clustering techniques 22 clusters of offense tactics and 15 clusters of defense tactics have been identified and a representative of each
cluster has been extracted to be classified by a professional handball coach.

CONCLUSION: Examples of representatives in terms of tactic videos are presented to visualize the results of the representative search.
These "visual" representatives are used to identify the “tactical class” of a segment and thus of all members of the same segment. The key
prerequisites for the approach are to define an appropriate distance function for tactical moves as well as a problem specific quality indica-
tor for the extracted clustering models.

AMPLIFYING SPACE EXPLORATION AS RESULT OF PITCH OBSTACLES DURING ASSOCIATION FOOTBALL LARGE-SIDED
GAMES IN SEMI-PROFESSIONAL PLAYERS

COUTINHO, D.1,2,3, FOLGADO, H.4,5, GONCALVES, B.4,5,6, SANTOS, S.1,2,3, TRAVASSOS, B.6,7, ABADE, E.2,3, SAMPAIO,
J.1,2

1. UTAD, VILA REAL, PORTUGAL; 2. CIDESD, VILA REAL, PORTUGAL; 3. UMAIA, MAIA, PORTO; 4. UNIVERSIDADE DE EVORA, EVORA, PORTU-
GAL; 5. CHRC, EVORA; 6. PORTUGAL FOOTBALL SCHOOL, 7. UBI, COVILHA, PORTUGAL

INTRODUCTION: Football coaches design training tasks to optimize the team performance while amplifying the players’ ability to support
their actions on the relevant information from the environment. To assist them, a wide body of research has explored how different rules
affect players’ performance. However, there is scarce information on how adding specific location pitch obstacles may impact players’
behaviour. Thus, this study aimed to explore the effects of adding wall barriers on ball possession behaviours during Gk+9vs9+Gk football
large-sided games.

METHODS: Twenty semi-professional players performed 3 LSG consisting of: 1) Control condition (CTR) - without any obstacle; 2) central
wall barrier (MID), in which a 6m length wall barrier was placed 20m in front of each target; and 3) side-line wall barrier (SIDE), in which
four 3m wall barriers were placed at each half, 4m from each side-line. The LSG was performed on a 70x50m natural turf pitch and consist-
ed of 6-min interspersed with 2-min of passive recovery. Positional data were collected with GPS units while video analysis, allowed to
compute multidimensional parameters.

RESULTS: Results revealed lower width in MID than in CTR (Cohen’s d with 95% of confidence intervals: -0.67 [-1.03; -0.3], p =.017), while
in turn higher length in MID (-0.85 [-1.12; -0.47], p = .017). Also, there were higher values of length in the MID than the SIDE (-0.49 [-8.56; -
0.1], p =.006). In addition, players covered more distance while walking and jogging in the MID than in both the SIDE and CTR (p<.001; and
p< .001, respectively). From the technical analysis, players were further from the closest defender when performing a pass in the MID
compared to the CTR (018 [0.12; 0.35], p =.041).

CONCLUSION: Overall, coaches may use centre pitch obstacles to emphasize the use of pitch length, while increasing the physical demands.
Accordingly, having the obstacles in the middle zone may afford the offensive team to explore diagonal movements towards the oppo-
nents’ goal, while limiting the position of the defenders contributing to the highest distance compared to the CTR. Thus, this condition may
be helpful to prepare matches against deep defending teams, whereas players usually have higher distances to the closest defenders and
may have to explore movements in the longitudinal direction. In contrast, removing it emphasizes the use of the pitch width under lower
physical demands. It may be expected that the defensive team close the space in the front of the target, which in turn may guide the
offensive team to explore the wide channels. Thus, playing without obstacles can be used in the latter days of the microcycle due to the
lower physical demands, while strategically enhancing the team ability to use the pitch width to develop offensive actions. Overall, coaches
may vary the location and inclusion of obstacles to induce movement adaptability during ball possessions and enhance the players’ ability
to sustain their actions on surrounding information.

PHYSICAL AND PHYSIOLOGICAL RESPONSES OF SOCCER PLAYERS PERFORMING REPEATED MAXIMAL EFFORTS: THERMO-
NEUTRAL CONDITIONS VS SIMULATED CONDITIONS OF THE FIFA WORLD CUP QATAR 2022

CHMURA, P.1, LIU, H.2, KONEFAL, M.1, CHMURA, J.1, ROKITA, A.1, ANDRZEJEWSKI, M.1

1 WROCLAW UNIVERSITY OF HEALTH AND SPORT SCIENCES, WROCLAW, POLAND; 2 SOUTH CHINA NORMAL UNIVERSITY, GUANGZHOU,
CHINA; 3 POZNAN UNIVERSITY OF PHYSICAL EDUCATION, POZNAN, POLAND

INTRODUCTION: This year, for the first time in history, the FIFA World Cup in Qatar 2022 will be moved to November and December in
order to make the climatic conditions more bearable and less thermally troublesome for players (Konefat et al., 2021). According to the
calculations of climatologists, despite the fact that during the tournament there will not be extremely high temperatures as in June and
July, it can still reach close to, or even exceed 30 C degrees (Chodor et al., 2021). This study aimed to assess the capacity for repeated
maximal effort (RME) of soccer players in the thermo-natural conditions (NC) and in simulated conditions for the 2022 FIFA World Cup in
Qatar (QSC).

METHODS: Twenty-four semi-professional soccer players participated in the study. The exercise test consisted of ten 6-second maximal
efforts on a cycloergometer. A 90-second passive rest interval was used. The test was performed in a Weiss Technik WK-26 climate cham-
ber under two different conditions: 1) thermo-neutral (NC - 20.5°C; 58.7% humidity); 2) simulated for the 2022 World Cup in Qatar (QSC -
28.5 1+ 1.92°C; 58.7 £ 8.64% humidity). Power-related, physiological, psychomotor, blood, and electrolytes variables were recorded.
RESULTS: Results showed that, (1) players achieved higher peak power, needed less time to peak power, had higher values of fatigue slope
in QSC than in NC (in each repetition of research protocol); (2) comparing to the 1st repetition, subsequent repetitions were observed
many significant changes among physiological, blood-related, and electrolyte variables, but their direction was similar in both simulated
conditions; (3) an 8°C of temperature difference between the climatic conditions did not significantly affect the physical and physiological
responses of the soccer players in RME.

CONCLUSION: The current study provides a better understanding of the effects of different climatic conditions, with particular emphasis
wide group of parameters to determine the different reactions of players on RME. Results can be used in the design of training programs to
increase players physiological adaptations by simulating soccer-specific conditions of play in terms of anaerobic capacity, in particular
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repetitive maximal effort. These findings will be useful during the upcoming FIFA World Cup in Qatar 2022 and in locations where high
ambient temperatures are customary.

References:

1. Konefat, M., et al. (2021). The influence of thermal stress on the physical and technical activities of soccer players: lessons from the 2018
FIFA World Cup in Russia. Int. J. Biometeorol, 65, 1291-1298.

2. Chodor, W., et al. (2021). Impact of climatic conditions projected at the World Cup in Qatar 2022 on repeated maximal efforts in soccer
players. PeerJ, 9, €12658.

“ONE SIZE DOES NOT FIT ALL!” HIGH-SPEED AND SPRINT RUNNING EXPOSURE DURING SIDED-GAMES TRAINING IN SOC-
CER PLAYERS: A STATE-OF-THE-ART SYSTEMATIC REVIEW AND META-ANALYSIS

DELLO IACONO, A.1, MCLAREN, S.J.2,3, MACPHERSON, T.W.1, BEATO, M.4, WESTON, M.5, UNNITHAN, V.B.1, SHUSHAN, T.6

1. UNIVERSITY OF THE WEST OF SCOTLAND; 2. NEWCASTLE FALCONSRUGBY CLUB; 3. DURHAM UNIVERSITY; 4. UNIVERSITY OF SUFFOLK; 5.
UNIVERSITY OF EDINBURGH; 6. WESTERN SYDNEY UNIVERSITY

INTRODUCTION: Sided-games (i.e., small- [SSG], medium- [MSG], large-sided [LSG]) involve tactical, technical, and physical elements and
are therefore widely assumed as time efficient means for physical development and match preparation in soccer. The objective of this
systematic review and meta-analysis was to: 1) synthesise the existing evidence on high-speed and sprint running exposure induced by
sided-games in senior soccer players, 2) establish pooled estimates and intra-individual reliability for high-speed and sprint running expo-
sure, and 3) explore the moderating effects of game format and playing constraints.

METHODS: A literature search was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
2020 guidelines. Four databases (PubMed/MEDLINE, Scopus, SPORTDiscus, Web of Science) were systematically searched up to 25 January
2022. Eligibility criteria were senior soccer players (population); an acute or chronic training programme incorporating sided-games (inter-
vention); game manipulations including number of players, pitch dimension, game orientation (comparator); and high-, very high-speed
and sprint relative (m-min-1) running distances and their associated intra-individual reliability (outcome). Pooled estimates for high-speed
and sprint running exposure, and their intra-individual reliability, along with the moderating effect of running velocity thresholds, pitch
dimension (i.e., area per player), and game orientation (i.e., score or possession), were determined via multilevel mixed effects meta-
analysis. Estimate uncertainty is presented as 95% compatibility intervals (ClI) with the likely range of relative distances in similar future
studies determined via 95% prediction intervals (PI).

RESULTS: A total of 104 and 7 studies met our eligibility criteria for the main and reliability analyses, respectively. The range of relative
distances covered across SSG, MSG and LSG was 14.8 m-min-1 (95% Cl 12.3 to 17.3) to 17.3 m-min-1 (13.6 to 21) for high-speed running,
2.6 m'min-1 (1.8 to 3.5) to 3.6 m-min-1 (2.3 to 4.9) for very high-speed running, and 0.2 m-min-1 (0.1 to 0.4) to 0.7 m-min-1 (0.5 to 0.9) for
sprinting. Across different game formats, 95% PI’s showed future exposure for high-speed, very high-speed running, and sprinting to be
from 0 m-min-1 to 48 m'min-1, 0 m-min-1 to 14.3 m'min-1, and 0 m-min-1 to 2.6 m-min-1, respectively. High-speed, very high-speed run-
ning, and sprinting showed poor reliability with a pooled coefficient of variation of 22.6% with distances being moderated by velocity
thresholds, pitch dimension and game orientation.

CONCLUSION: Irrespective of format, sided-games do not replicate the physical demands of soccer match play; therefore, their application
as a panacea for physical preparation is discouraged. Large intra-individual variability and the moderating influence of velocity thresholds,
area per player and game orientation should be considered for the effective programming of SSG, MSG and LSG training games.

17:00 - 18:15

Invited symposia

IS-MHO04 High-intensity interval exercise training for the promotion of health in children and adolescents

HIGH-INTENSITY INTERVAL EXERCISE AS A MODEL FOR IMPROVING HEALTH IN CHILDREN AND ADOLESCENTS: INSIGHTS
FROM LABORATORY-BASED STUDIES

BARKER, A.
UNIVERSITY OF EXETER

This talk will draw on recent observational data showing that as little as 10 minutes of vigorous intensity physical activity per day may drive
improvements in health outcomes in youth. As a vehicle for promoting vigorous intensity physical activity, the talk will provide an overview
of controlled laboratory-based studies using both acute and chronic exercise models to examine the efficacy of high-intensity interval
exercise (HIIE) to improve health outcomes in children and adolescents. Specifically, a range of health outcomes will be explored, including
blood markers (e.g. glucose, insulin, and triglyceride), blood pressure, lipid oxidation and vascular function both in the fasted and post-
prandial states. Recent work examining exercise enjoyment and feelings of pleasure/displeasure in youth in response to HIIE will be evalu-
ated, given their importance for future participation in exercise. Where possible, the talk will examine the effects of HIIE in relation to a
comparative bout of continuous moderate intensity exercise, and recommendations for the prescription of HIIE will be provided.

THE ROLE OF SCHOOL-BASED HIGH-INTENSITY INTERVAL EXERCISE FOR IMPROVING HEALTH IN CHILDREN AND ADOLES-
CENTS

WESTON, K.
EDINBURGH NAPIER UNIVERSITY

Over the last decade the application and evaluation of high-intensity interval exercise (HIIE) training within school settings has substantially
increased, such that its use as a potential health promotion tool for children and adolescents is now being explored across different conti-
nents, climates and school systems. While it appears that school-based HIIE training can improve outcomes such as cardiorespiratory
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fitness, its impact on other cardiometabolic risk factors and outcomes such as mental health and habitual physical activity is less clear.
Accordingly, this talk will discuss contemporary evidence on the use of school-based HIIE training as a means of improving various health
and fitness markers in children and adolescents, and offer perspectives and critical insight on the variety of school-based HIIE training
models utilised to date. Important methodological issues associated with conducting HIIE interventions within schools will also be ap-
praised. Specifically, challenges regarding study design, activity modes, exercise intensity monitoring, participant recruitment and scalabil-
ity will be discussed; thus, bringing together the considerations of paediatric exercise scientists and practitioners. The overarching aim is to
provide clear, evidence-based directions for future school-based HIIE training research, and create a platform for international and inter-
disciplinary collaborations on the topic.

EFFICACY OF HIGH-INTENSITY INTERVAL EXERCISE TRAINING FOR MANAGEMENT OF PAEDIATRIC OBESITY

INGUL, C.
NORWEGIAN UNIVERSITY OF SCIENCE AND TECHNOLOGY

Obesity in childhood predisposes individuals to cardiovascular disease and increased risk of premature all-cause mortality. Management of
paediatric obesity mostly focus on the importance to prevent further weight gain, but should we focus on the improvement of the cardi-
ometabolic profile through increased cardiorespiratory fitness rather than on weight loss alone? Very few children and adolescents meet
current physical activity guidelines and children with obesity are less physically active compared with healthy-weight children. This talk will
summarise the current knowledge about the effect of exercise intensity in the form of high-intensity interval exercise (HIIE) training in
comparison to traditional moderate-intensity continuous exercise training on cardiometabolic health in paediatric obesity. Specifically, the
effect of HIIE training on cardiac structure and function, body composition and cardiorespiratory fitness, their relationships and importance
will be discussed. This session will be of relevance to researchers and practitioners interested in exercise training interventions as a lifestyle
modification for obese children to prevent increased risk of morbidity and premature mortality as adults.

Oral presentations

OP-APO2 Fatigue

MENTAL FATIGUE REDUCES TIME TO EXHAUSTION IRRESPECTIVELY FROM EXERCISE INTENSITY

MARCIANO, A.1,2, PAPETTI, G., ARTHUR, R., GATTONI, C., VILLANOVA, S., MARCORA, S.M., EASTON, C., PORCELLI, S.
1 UNIVERSITY OF THE WEST OF SCOTLAND; 2 UNIVERSITY OF PAVIA

INTRODUCTION: It has been demonstrated that mental fatigue (MF) impairs exercise tolerance [1,2]. Although some authors have hypoth-
esized that the higher the exercise intensity the lower the impact of MF [3], it is unclear whether physiological determinants of endurance
performance at different intensity domains are modulated by ergolytic effects of MF. Thus, we evaluated the effect of MF on time to
exhaustion (TTE) during cycling at heavy- and severe-intensity exercise.

METHODS: Twenty-three highly trained triathletes (2615 yr; 7116 kg) performed an incremental cycling test to exhaustion immediately
followed by a 2-minute all-out test, enabling the detection of the Critical Power (CP) [4]. Each subject underwent four testing sessions on
different days, involving either 45-min of intervention followed by TTE tests at heavy (90%CP) or severe (110%CP) intensity. Interventions
consisted of a documentary watching (CTRL), used as control task, or a continuous Simon Task (SIM), used to induce MF. The time-course
of reaction time (RT) and error-rate (ER) during SIM was monitored. Subjective rating of MF, assessed by VAS scale, and mental workload
(MW), evaluated by NASA TLX questionnaire, were collected before exercise. Cardio-respiratory and metabolic responses to exercise were
monitored.

RESULTS: Maximal oxygen uptake (V'O2max) and maximal work-rate were 53.5+8.0m|*min-1*kg-1 and 368+65w, respectively. CP was
279458w. VAS score and MW were significantly higher after SIM than CTRL (VAS: CTRL 8.26+4.4 vs SIM13.244.3, p<0.01; WL: CTRL
23.3+22.9 vs SIM 74.5%15.4 p<0,01). During SIM, RT did not change over time (p>0.05) but ER increased significantly (p<0.01). TTE at heavy
was significantly lower after SIM compared to CTRL (CTRL: 2004+903s; SIM: 17661907s, p<0.05), whereas physiological responses to exer-
cise were not different between conditions. TTE at severe was also significantly lower after SIM (CTRL: 438+270s; SIM: 393+248s, p<0.05)
but led to a reduced V'O2 and heart rate values. No significant differences in performance loss due to MF between intensity domains were
observed (H -9,2+25,7%, S -7,5+24,8%, p>0,05).

CONCLUSION: Completion of 45-min cognitive task significantly impaired cognitive function, induced significantly higher ratings of mental
fatigue and mental workload, decreasing exercise tolerance to a similar extent in both heavy and severe domains. Thus, performance
impairments induced by mental fatigue do not seem to be exercise-intensity dependent. Our results suggest avoiding tasks that may in-
duce MF before activities and competitions irrespectively of their intensity above anaerobic threshold.

1. Boksem & Tops (2008) 2. Marcora et al. (2009) 3. Van Cutsem et al. (2017) 4. Murgatroyd et al. (2014)

THE INDIVIDUAL RESPONSE TO MENTAL FATIGUE: A SYSTEMATIC REVIEW AND META REGRESSION

HABAY, J., UYLENBROECK, R., VAN DROOGENBROECK, R., DE WACHTER, J., PROOST, M., TASSIGNON, B., DE PAUW, K.,
MEEUSEN, R., VAN CUTSEM, J., ROELANDS, B.
vuB

INTRODUCTION: Mental fatigue, a psychobiological state that is induced when engaging in prolonged cognitive activity, affects both cogni-
tive as well as physical performance. However, the significance and magnitude of these effects has recently been questioned. One of the
underlying reasons could be the interindividual differences that are present in mental fatigue-effects. However, it’s not known yet whether
these interindividual differences are trait or state-related, or which internal and/or external factors mediate these interindividual differ-
ences. The aim of this systematic review and meta-regression was to give an overview of interindividual differences in the effects of mental
fatigue on physical performance, and possible internal factors influencing this effect.

METHODS: Pubmed, Web of Science, SPORTDiscus and PsycINFO were searched for studies detailing the effect of mental fatigue on dy-
namic maximal whole body endurance performance. Studies needed to feature healthy participants with the inclusion of at least one
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internal factor in participants’ characteristics, and were required to include at least one manipulation check. The Cochrane crossover risk of
bias tool was used to assess risk of bias. The meta-analysis and regression itself were conducted in R.

RESULTS: 29 studies were selected for inclusion, with 24 studies eventually added to the overall random-effects meta-analysis (with 34
distinct effects) based on the successful induction of mental fatigue. This meta-analysis showed a small but significant effect of mental
fatigue on endurance performance (g = - 0.31, 95% ClI [-0.44; -0.17], t = -4.83, p < 0.001). The multiple meta-regression analysis (incorporat-
ing 11 effects) showed a significant influence of physical fitness level on mental fatigue-effects (estimate = 0.18, SE =0.06,t =2.84, p =
0.0296). However, this effect was only present when incorporated within the model together with sex ratio, mean age and body mass
index.

CONCLUSION: The present review confirms findings of the overall literature regarding the mediating influence of physical fitness level on
the negative effects of mental fatigue on endurance performance. However, this influence is only apparent when different individual
factors, such as sex, are taken into account. Moreover, multiple limitations still undermine these conclusions, from the overall underreport-
ing of different participant characteristics to significant publication bias. An overall experimental study incorporating multiple different
internal factors is therefore necessary to draw a definitive conclusion on this subject.

SUBJECTIVE FEELINGS OF MENTAL FATIGUE DIFFERS BETWEEN COMPETITIVE PHASES IN SEMI-PROFESSIONAL SOCCER

DIAZ-GARCIA, J., RUBIO-MORALES, A., LOPEZ-GAJARDO, M.A., PONCE-BORDON, J.C., GARCIA-CALVO, T.
UNIVERSITY OF EXTREMADURA

Soccer game scenarios imply vigilance, decisions making, emotions or constantly processing information causing mental fatigue in soccer
players (Coutts, 2016). Mental fatigue may impair soccer physical and technical-tactical performance (Badin et al., 2016; Coutinho et al.,
2017). Therefore, controlling and limiting the presence of mental fatigue may be important for enhancing soccer performance. The present
study aimed to check the influence of play a play-offs phase on the mental fatigue reported by semi-professional soccer. 53 players
(Mage=24.59 years) for two semi-professional teams participated during the 2020/21 season. Mental fatigue was quantified with a Visual
Analogue Scale during four trainings per week (Monday=MD+1, Wednesdey=MD-4, Thursday=MD-3 and Saturday=MD-1), with a competi-
tive match on Sunday. The total duration of the study was 10-weeks (five dates of regular season — five dates of play-offs). A Linear Mixel
Model was performed with R-studio, using the competitive phase as independent variable. The results showed that the mental fatigue
reported by players was significantly higher during the play-offs phase that during the regular season. The play-offs phase is played by the
best teams of a competition whereplayers usually have monetary recompenses by achieve the objectives or possibilities to sign better
contracts the next season. Despite we have not the specific data to confirm this, the results suggest that the play-offs phase implies emo-
tional demands that may increase the mental fatigue reported by players. Then, in agreement with Van Cutsem and Marcora (2021) we
recommended coaches the possibility to use recovery strategies for mental fatigue during the play-offs phase (specially nearly the match
day) and to avoid the presence of mentally fatiguing tasks nearly competitions.
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NO BRAIN, NO GAIN: ATHLETE MENTAL FATIGUE AND RECOVERY IN PRACTICE, WHAT DO WE KNOW AND HOW DO WE
MANAGE IT?

RUSSELL, S.1,2, JOHNSTON, R.D.1,3, STANIMIROVIC, R.2, HALSON, S.L.1
1. AUSTRALIAN CATHOLIC UNIVERSITY 2. AUSTRALIAN INSTITUTE OF SPORT 3. LEEDS BECKETT UNIVERSITY

INTRODUCTION: INTRODUCTION: Mental fatigue and recovery have recently gained scientific attention in relation to sporting perfor-
mance. The potential negative effects on physical, technical, tactical, and psychological performance determinants are demonstrated,
however research has traditionally been critiqued for a lack of ecological validity. Whilst large scope exists for practitioners to manage
mental fatigue and recovery to aid in maximisation of performance, little is understood about current practices used by

performance staff in the daily training and competition environment.

METHODS : A mixed methods approach through a cross-sectional survey obtained perceptions from 156 high-performance practitioners
working in a performance support, sports science, or sports medicine capacity. The public survey questioned practitioner knowledge and
confidence, sources of evidence, perceived impact, assessment and management, role responsibility, and challenges. Descriptive outputs
were analysed using RStudio with the R statistical programming language, and Braun & Clark’s thematic

analysis approach identified patterns in context of theoretical understanding.

RESULTS : More than 97% of respondents believed mental fatigue and recovery impacts training and competition performance. Deliberate
inducement of mental fatigue was reported by 44.2%, and 54.5% reported deliberate enhancement of mental recovery. In training and/or
competition practices, 38.5% and 23.7% reported assessment of mental fatigue and mental recovery respectively. A low number of
respondents reported to be very knowledgeable on mental fatigue (11.5%) or mental recovery (5.1%). The minority reported being largely
confident in applying their knowledge of mental fatigue (10.9%) and mental recovery (8.3%) to maximise performance. A multitude of staff
were perceived as being responsible for the inducement and management of mental fatigue and recovery. Staff knowledge was

the most common barrier to implementing mental fatigue or recovery protocols, followed by athlete buy-in and time-availability. In terms
of accessing information, colleagues and published research, were the most common sources, interestingly, asking researchers was the
fourth least frequently used source.

CONCLUSION : High-performance practitioners perceive mental fatigue and recovery to impact on training and competition, yet their
knowledge, confidence in application and current assessment and management is limited. Researchers should endeavour to undertake
research which builds a progressive evidence-base for the practitioner to assess and manage mental fatigue and recovery in athletes.
Greater focus on education, and use of translational and behavioural change models to influence applied practice,
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whilst targeting frequently used sources of evidence, and responsible practitioner roles, may aid in maximising performance through
improved assessment and management of athlete mental fatigue and
recovery.

METHODS: RESULTS: CONCLUSION: IS THE ACUTE MENTAL FATIGUE CAUSED BY DIFFERENT SPORT TRAININGS SIMILAR?

RUBIO-MORALES, A., DIAZ-GARCIA, J., PONCE-BORDON, J.C., LOPEZ-GAJARDO, M.A., GARCIA-CALVO, T.
UNIVERSITY OF EXTREMADURA

Is the acute mental fatigue caused by different sport trainings similar?

Know the mental fatigue caused by trainings may help staffs to adequate the state of mental fatigue of their players correctly. This study
aimed to compare how mentally fatiguing are two different trainings. Twenty-three physically active (Seventeen males: Mage = 24yr; 7
females: Mage = 22,57yr) performed two experimental sessions: (1)Physically fatiguing (PF): 30-minutes of cycleergometer work (at 65-
75% of maximum heart rate), (2)Mentally fatiguing (MF): 30-minutes of an incongruent Stroop task. Pre- and post- fatiguing protocol were
measured: Electroencephalogram (EEG) signals, subjective mental fatigue using a Visual Analogue Scale, ocular-manual reaction time using
a Psychomotor Vigilance Task and cognitive performance with 45-seg of Incongruent Stroop. Furthermore, EEG was measured during the
experimental protocols. Results indicated significant increments in the subjective perceptions of mental fatigue after the two tasks, alt-
hough this increment was significantly different between protocols. Due to the increases in the perceptions of mental fatigue was signifi-
cantly higher by MF, only MF caused significant impairments in reaction time. With regard EEG signals, the activity of the cerebral cortex —
specifically at the pre-frontal area - was significantly higher during MF than PF. These results suggest that the use of PF and MF, should be
avoided nearly competitions by the negative consequences that mental fatigue may cause on performance. Findings also showed more
light about the brain areas that are more related with mental fatigue in sports.

Keywords: mental fatigue, cognitive fatigue, physical fatigue, sport practitioners, EEG.
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SEX-MEDIATED DIFFERENCES IN CORE TEMPERATURE AND THERMOREGULATORY SWEATING ARE NOT EVIDENT IN CHIL-
DREN EXERCISING IN THE HEAT

TOPHAM, T.H.1, SMALLCOMBE, J.W.2, CLARK, B.1, BROWN, H.A.1, TELFORD, R.D.1, JAY, 0.2, PERIARD, J.0.1
1 THE UNIVERSITY OF CANBERRA, AUSTRALIA; 2 THE UNIVERSITY OF SYDNEY, AUSTRALIA

INTRODUCTION: Historically, both females and children have been perceived to be thermoregulatory disadvantaged, which may increase
their vulnerability to hyperthermia during exercise in the heat. However, previous research comparing thermoregulatory responses to
exercise between independent groups (e.g., males/females, adults/children) may have been limited due to a failure to account for differ-
ences in body size, which can confound the interpretation of findings. When isolating the effect of an independent variable (i.e., sex, age)
on the change in core temperature and thermoregulatory sweating during exercise, work rate should be prescribed to elicit a matched rate
of metabolic heat production (Hprod) per unit body mass and body surface area, respectively (1). To our knowledge, no prior studies have
investigated whether a sex difference in exercise thermoregulation occurs within children using this methodology. Thus, we aimed to
evaluate sex-mediated differences in the change in core temperature and sweating between boys and girls during exercise at a matched
Hprod per unit body mass and per body surface area respectively.

METHODS: In two separate trials, 11 boys (mean + SD: age 14 + 1 yr; body mass 60.0 + 9.1 kg; body surface area 1.69 + 0.15 m2) and 11
girls (age 13 + 2 yr; body mass 52.6 * 8.5 kg; body surface area 1.53 + 0.15 m2) walked for 45 min at a fixed Hprod per unit body mass (8
W-kg-1) and per body surface area (300 W-m-2) in 40°C and 30% relative humidity. Changes in gastro-intestinal temperature and local
sweat rate (back and forearm) were measured continuously. Whole-body sweat loss was estimated from pre and post body mass and
reported in grams per body surface area (g:m-2).

RESULTS: In the W-kg-1 trial, the change in gastro-intestinal temperature did not differ between boys (1.08 + 0.40°C) and girls (1.23
0.32°C; P = 0.358). In the W-m-2 trial, end-exercise local sweat rate on the back was not significantly different between the boys (1.24 +
0.10 mg-cm-2-min-1; n = 9) and girls (1.10 + 0.24 mg-cm-2-min-1, P = 0.096; n = 11). Similarly, local sweat rate on the forearm did not differ
between the boys (0.85 + 0.25 mg-cm-2-:min-1; n = 7) and girls (0.75 + 0.17 mg-cm-2-min-1, P = 0.340; n = 11). Whole-body sweat loss in the
W-m-2 trial was not significantly different between boys (355 + 47 g-m-2) and girls (334 + 45 g-m-2; P = 0.315).

CONCLUSION: Our data indicate no significant difference in the core temperature change and time-dependent thermoregulatory sweating
responses between boys and girls during exercise at a matched Hprod per unit body mass and per body surface area, respectively. These
findings suggest that girls are not thermoregulatory disadvantaged when compared to boys during exercise matched to body size in a hot
environment.

REFERENCES:

1. Cramer & Jay, J Appl Physiol (2014)

MEASUREMENT OF THERMAL SWEATING AT REST AND STEADY-STATE EXERCISE IN HEALTHY ADULTS: INTER-DAY RELIA-
BILITY AND RELATIONSHIPS WITH COMPONENTS OF PARTITIONAL CALORIMETRY

PEEL, J.5.1, MCNARRY, M.A.1, HEFFERNAN, S.M.1, NEVOLA, V.R.1,2, KILDUFF, L.P.1,3, WALDRON, M.1,3,4

1SWANSEA UNIVERSITY, UK.; 2DEFENCE SCIENCE AND TECHNOLOGY LABORATORY , UK.; 3WELSH INSTITUTE OF PERFORMANCE SCIENCE,
SWANSEA UNIVERSITY, UK.; 4UNIVERSITY OF THE SUNSHINE COAST, AUSTRALIA.

INTRODUCTION: Valid and reliable measurements of the thermal sweating response to exercise are important for accurate estimations of
evaporative cooling and detection of heat acclimation. Indeed, changes in measures of thermal sweating, such as local sweat rate (LSR;
~30%) and sweat gland activation (SGA; ~27.9%) have been reported following heat acclimation [1]. Therefore, these measures, and their
determining factors (metabolic heat production [Hprod] and evaporative requirement for heat balance [Ereq]), are fundamental to the
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investigation of human thermoregulation. The purpose of the current study was to: i) evaluate the inter-day reliability of various sweat
measurements, including the absorbent patch and modified iodine-paper techniques, at rest and a range of exercise intensities; ii) evaluate
the effect of iodine-paper size and the method of establishing SGA (sweat gland counting or surface area covered) on reliability; iii) deter-
mine the relationships between all measurement techniques and Hprod or Ereq.

METHODS: Twelve healthy, non-heat acclimated males and females (29 + 6 years, 175.0 £ 7.6 cm, 76.5 + 11.6 kg) participated in an inter-
day test-retest reliability trial. Participants were assessed for whole-body sweat loss (WBSL), LSR (absorbent patch technique) and SGA
(modified iodine-paper technique) during rest and 30-min periods of sub-maximal cycling at Hprod ~200, ~250 and ~300 W/m2 while
exposed to ambient heat (37.6 + 0.4°C and 27.0 + 5.9% relative humidity). Heat balance parameters, including Hprod and Ereq, were esti-
mated for each exercise period via partitional calorimetry. Variations in iodine-paper size (1 cm2 to 9 cm2) were used to quantify SGA by
counting sweat glands or determining surface area covered. The ‘optimal’ area of SGA was also determined within the 9 cm2 area, as the
highest density of recruited glands.

RESULTS: Hprod and Ereq were positively related with all sweating response measures (r = 0.53 to 0.84; P < 0.05), with the 9 cm2 and 6
cm2 iodine-paper sizes observed to have the strongest correlation for SGA (r = 0.66 to 0.84). Inter-day reliability was greater for all
measures during exercise (CV% = 7.8 to 30.0) compared to rest (CV% = 33.5 to 77.9). The modified iodine-paper technique was most relia-
ble at 9 cm2 (CV% = 15.9) or when the 1 cm2 (CV% = 17.6) and 3 cm2 (CV% = 15.5) optimal area of SGA was determined, particularly when
measuring the sweat gland number as opposed to surface area covered.

CONCLUSION: WBSL, LSR and SGA measurement techniques are sufficiently reliable during exercise - but not at rest - to detect the changes
in thermal sweating typically reported. We recommend using 9 cm2 iodine-paper sizes or establishing the 1 cm2 or 3 cm2 optimal area
using either sweat gland counting or surface area covered to determine SGA.

1. Ravanelli et al., 2018, Med. Sci. Sports Exerc.

CARDIOVASCULAR RESPONSES TO ORTHOSTASIS DURING A SIMULATED 3-DAY HEATWAVE

FISHER, J.T., CIUHA, U., IOANNOU, L.G., SIMPSON, L.L., POSSNIG, C., LAWLEY, J., MEKJAVIC, |.B.
INSTITUT JOZEF STEFAN

INTRODUCTION: Global warming has caused an increase in the frequency, duration, and intensity of summer heatwaves (HW). Prolonged
exposure to hot environments caused by these heatwaves, and orthostasis, may cause conflicting demands of thermoregulation and blood
pressure regulation on the vasomotor system, potentially contributing to cardiovascular complications and heat strain. The type of heat
strain produced may have severe impacts on athletes in competition, as well as workers in industry. The study assessed cardiovascular and
skin blood flow (SkBF) responses to orthostasis before, and during a 3-day simulated HW.

METHODS: Seven male participants were confined to the Planica PlanHab Facility (Ratece-Planica, Slovenia) where they maintained a
standard work/rest schedule for nine consecutive days split into 3-day segments; thermoneutral pre-HW (25.4°C), simulated HW (35.4°C),
thermoneutral post-HW (25.4°C). Gastrointestinal (Tgi) and skin (Tsk) temperatures, cardiovascular responses, and SkBF were monitored
during a 10-minute supine rest period and 10-minute 60° head-up tilt (HUT) period. SkBF, indexed using proximal-distal skin temperature
gradient (ATskP-D), was also validated using Laser-Doppler Flowmetry (LDF).

RESULTS: During the HW, there was a significant increase in heart rate, cardiac output, and SkBF of the leg, in the supine position; whereas
during HUT, there was an increase in SkBF of both the arm and leg, and all cardiovascular variables were significantly affected besides
cardiac output. Significant regional differences in SkBF presented between the arm and leg in all conditions; the arm displaying vasodilation
throughout, while the leg vasoconstricted in non-HW before shifting to vasodilation in the HW. Additionally, the validation of ATskP-D
displayed a strong correlation with LDF (r =-.78, p<0.001).

CONCLUSION: Prolonged HW exposure and orthostasis elicited significant yet expected responses to cardiovascular variables and SkBF
variables. In addition, varying regional blood flow responses were observed between the arm and the leg, suggesting the upper and lower
vasculature receives differing vasomotor control. Combined cardiovascular alterations and shifts towards vasodilation indicate an in-
creased challenge to athletes and industrial workers during HWs.

ACCLIMATION PROCESS OF MARATHON ATHLETES FOR THE TOKYO OLYMPIC GAMES 2020

CUPIDO SANTOS, A.1,2, AFONSO, J.1,2, GASPAR, A.R.2, DA SILVA, M.G.2
UNIVERSITY OF COIMBRA

INTRODUCTION: Women’s marathon of Tokyo Olympic Games 2020 was held on the 7th of August in Sapporo, Japan. This region has
recorded, exactly in this day its highest temperature in 21 years, at 6 a.m. at the start of the race, the sky was clear, the temperature was
25 °C and a relative humidity was 82%. The temperature rose during the competition to above 30°C with relative humidity above 80%,
which means values of WBGT exceeding 30, already in the dangerous category. With this type of warning, the acclimatization process
becomes essential in an athletes sports preparation, not only to improve sport performance but also to preserve physical integrity.
METHODS: In this study, two female athletes underwent a period of 15 days of acclimation. The process was carried out in the climatic
chamber (CC) located at the laboratory of Industrial Aerodynamics (LAI) of the University of Coimbra. In all sessions, the duration was 60
min, temperature was 34.2°C+0.4, relative humidity 77.2% +5.4%, and air speed was lower than 2.1 m s-1 at the chest level. A treadmill (HP
Cosmos) was used for all sessions, VO2 max tests were performed on the first day of each acclimatization period using a gas analyser
(Metamax cortex), to define the work intensity of the following acclimatization sessions (60% of VO2 max). Oxygen consumption tests were
performed at days 1, 7 and 15. Urine temperature and density, body mass, heart rate variability before and after effort were controlled
(Polar V800+H10 chest band). In addition, heart rate and lactate concentration (spectrophotometer Dr. Lange) and fluid consumption, loss
of plasma volume and percentage of loss of body mass throughout each session were also controlled.

RESULTS: Due to the acclimatization process the following changes were observed: an increase of 3.3% in the athletes running velocity and
a decrease in oxygen consumption around 2.1 ml/kg/min, for the same percentage of VO2max; plasma volume loss varied from 9.98% to
3.97%; a decrease of urine density (1013 to 1007.5) and heart rate (151 to 138 bpm), a 1073 ml/h increase in sweat rate; an increase of
percentage of loss of body mass (1.12% to 2,72%); as regards Heart Rate Variability, a decrease in LF/HF ratio (3.46 ms2 to 1.38ms2), Mean
RRincreased (951 - 1203 ms) and LnRMSSD increased (3.69 ms to 4.44 ms). The core temperature after the exercise had not large varia-
tions. Its average was 38°C 0.53°C, which is 2.9°C+0.38°C above the initial temperature, across all training sessions. Mean blood lactate
was 1.23 +0.27 mmol/I.

CONCLUSION: The acclimatization process showed a clear improvement in performance indicators and the decrease in sympatho-vagal
activity prior to exercise may suggest an adaptation to thermal adverse conditions. Additionally, decreases in the plasma volume loss, heart
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rate, ventilation and oxygen consumption were verified for the same intensity which is essential to be able to maintain body thermoregula-
tion and hight levels of performance in adverse weather conditions.

THE INFLUENCE OF L-CITRULLINE SUPPLEMENTATION ON HYPOHYDRATED ENDURANCE RUNNING PERFORMANCE IN THE
HEAT.

CABLE, T.G., HUDSON, E.F., REYNOLDS, K.M., FUNNELL, M.P., JOHNSON, D.A., TAYLOR, L., BAILEY, S.J., MEARS, S.A., JAMES,
LJ.
LOUGHBOROUGH UNIVERSITY

INTRODUCTION: 7 days L-Citrulline supplementation decreases oxygen uptake during cycling in a temperate environment through in-
creased nitric oxide availability in the blood. During exercise in the heat, and/or where dehydration occurs and total blood volume and
blood flow to the muscles are compromised, L-Citrulline supplementation may be ergogenic. Therefore, this study assessed the impact of 7
days L-Citrulline supplementation on 3 km running performance in the heat whilst in a state of hypohydration.

METHODS: 9 endurance runners (8 male, 1 female) (age 32 + 7 y; VO2max 59 + 6 mL/kg/min) participated in a randomised, double-blind,
crossover trial with 7 days of L-Citrulline (CIT) (6 g/day) or placebo (PLA) supplementation. Participants completed a 50 minute running
‘preload’ at 65% VO2max in the heat (32 C, 50% RH) to induce hypohydration (~2% body mass loss) before a 3 km running time trial. Body
mass, core and skin temperature, heart rate, perceptual responses, sweat rate and oxygen uptake were recorded during the preload and
time trial.

RESULTS: During the preload and time trial, alterations in the physiological variables associated with thermoregulation and hypohydration
(i.e. core temperature, skin temperature, heart rate and oxygen uptake) were increased, but were not different between trials (P>0.150).
Local sweat rate was similar between trials (CIT 2.99 + 1.22 mg/cm2/min, PLA 2.71 + 1.99 mg/cm2/min, P=0.563). Thirst, RPE, gastrointes-
tinal comfort and thermal sensation increased throughout the preload but were not different between trials (P>0.360). Thermal sensation
was lower at the final stage of the time trial in CIT (CIT 7.0 + 1.1, PLA 8.0 £ 0.9, P<0.010). Time trial performance was not different between
trials (CIT 865 + 142 s, PLA 892 + 154 s, P=0.161). Pacing of the time trial was similar between trials for 0 — 1 km (CIT 298 + 52 s, PLA 305 +
54's, P=0.254), 1—2 km (CIT 288 + 49's, PLA 288 + 56 s, P=1.000) and 2 — 3 km (CIT 280 + 42 s, PLA 300 * 53 s, P=0.08).

CONCLUSION: 7 days L-Citrulline supplementation did not alter physiology or performance responses to running in the heat whilst hypohy-
drated. The lack of attenuation of core and skin temperature may be attributable to the intense nature of the environmental conditions.
However, perception of thermal sensation was lower during the time trial, indicating that L-Citrulline may be used in an endurance context
to reduce the perception of heat stress during competition. Further research should assess increased dosage of L-Citrulline in this context.

Oral presentations
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NETWORK FUNCTIONAL CONNECTIVITY RESPONSE TO SUBMAXIMAL EXERCISE AFTER A SPORT-RELATED CONCUSSION

COENEN, J., VAN DEN BONGARD, F., DELLING, C., REINSBERGER, C.
INSTITUTE OF SPORTS MEDICINE, PADERBORN UNIVERSITY

INTRODUCTION: Return-to-sport (RTS) after a sport-related concussion (SRC) is guided by clinical symptom presentation and assessments,
however there is a need to explore and develop objective biomarkers. Resting state electroencephalography (rsEEG), may be a suitable
technique to identify functional deficits in relevant networks that are assumed to be affected by SRC. The aim of this study is to explore
rsEEG whole brain and network changes in response to submaximal exercise during RTS.

METHODS: Thirty-six athletes were recruited for this study; 18 patients post SRC (age: 24 + 5, BMI: 24 * 2, time since concussion: 2 — 140
days, symptom score: 1 - 87), and 18 matched controls (age: 25 + 5, BMI: 23 + 2). 128-channel rsEEG recordings were collected pre- and
post- submaximal cycle exercise (70% of the athletes’ age calculated maximal heart rate (HR)). Functional connectivity (FC) calculated by
mean phase locking value (PLV), within the alpha band (7-13 Hz) was analyzed for whole brain (68 ROI, Desikan Killiany atlas), default mode
network (DMN, 14 ROI) and central autonomic network (CAN, 24 ROIl). Wilcoxon Signed Rank Tests were used to explore statistical signifi-
cance between pre and post exercise.

RESULTS: For concussed athletes, there was a significant difference between pre- (Mdn = 0.258, IQR = 0.082), and post- (Mdn = 0.275, IQR
=0.079; Z=-2.635, p = 0.008, r = -.62) exercise for whole brain FC. In addition, concussed athlete’s pre- (Mdn = 0.363, IQR = 0.060, and
post- (Mdn = 0.370, IQR = 0.080) exercise FC within DMN differed significantly; Z=-2.678, p = 0.007, r = -.63, and within CAN pre- (Mdn =
0.298, IQR = 0.069), and post- (Mdn = 0.320, IQR = 0.081) exercise; Z =-2.809, p = 0.005, r = -.66. For control athletes, there was no signifi-
cant difference between pre- and post- exercise FC within whole brain and selected networks.

CONCLUSION: Whole brain and network FC significantly increased pre- to post-exercise within the concussed patient group, but not the
control group. There appears to be an altered response to submaximal exercise in SRC athletes, possibly driven by altered central network
activity.

THE FOOTBALL ASSOCIATION INJURY AND ILLNESS SURVEILLANCE STUDY: THE INCIDENCE AND SEVERITY OF INJURIES IN
ENGLISH MEN’S SENIOR INTERNATIONAL FOOTBALL

SPROUSE, B.1, ALTY, J.2, KEMP, S.2, COWIE, C.2, HENNIS, P.1, MORRIS, J.G.1, COOPER, S.B.1, VARLEY, I.1
1 NOTTINGHAM TRENT UNIVERSITY, NOTTINGHAM, UK; 2 THE FOOTBALL ASSOCIATION, BURTON-UPON-TRENT, UK

INTRODUCTION: Injury surveillance is an integral part of elite football given medico-legal responsibilities and the need to mitigate injury
occurrence in the interests of player welfare. Long-term, large-scale studies characterising specific injury diagnosis in international football
are scarce, with previous studies only examining international tournaments [1,2]. The aggregation of injuries into broad categories, a lack
of injury severity analysis and the inability to assess specific match and training injury patterns limit the practical use of current literature.
This study aimed to compare injury patterns and specific diagnoses in matches and training, and their associated incidence and severity, in
English men’s senior international football over 8 seasons.
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METHODS: Time-loss injuries and match and training exposure were collected across 8 seasons (2012-20) in English men’s international
teams (U20/U21/Senior). Incidence (injuries/1000h), and severity (% of total days absent) of injury patterns and specific injury diagnoses
were determined. Chi-square test was used to assess differences in the distribution of injuries between matches and training. Significance
was set at P<0.05.

RESULTS: 215 injuries were recorded (match: 126, training: 89) over 8 seasons. The most common match injury diagnoses were lower limb
haematomas (22%,7.0/1000h), hamstrings muscle/tendon (13%,4.0/1000h) and lateral ankle ligament injuries (10%,3.3/1000h). In training,
lower limb haematomas (12%,0.4/1000h), hamstrings muscle/tendon (11%,0.4/1000h) and quadriceps and hip/groin muscle/tendon
injuries (both 9%,0.3/1000h) were most common. There were no differences in commonality between matches and training (P>0.05). The
most severe match injury diagnoses were ACL (19%), lateral ankle ligament (13%) and quadriceps muscle/tendon injuries (11%). In training,
MCL (19%), quadriceps muscle/tendon (16%) and hamstrings muscle/tendon injuries (12%) were most severe. ACL and lateral ankle liga-
ment injuries were more severe in matches than training (both P<0.001). Quadriceps muscle/tendon (P<0.001), MCL (P<0.001) and ham-
strings muscle/tendon injuries (P=0.048) were more severe in training than matches.

CONCLUSION: No differences were shown in the patterns and specific diagnoses of injuries in matches compared to training, suggesting
that the differing contextual factors between matches and training did not influence injury commonality. Lateral ankle ligament injuries
were more severe in matches compared to training, potentially attributed to increased player contact through tackling and fouls in match-
es. The greater severity for hamstrings and quadriceps muscle/tendon injuries in training compared to matches warrants further investiga-
tion.

REFERENCES:

[1]Hagglund M, Waldén M, Ekstrand J. UEFA injury study-an injury audit of European Championships 2006 to 2008. BJSM. 2009 1,43:483-9.
[2]Junge A, Dvordk J. Football injuries during the 2014 FIFA World Cup. BJSM. 2015 1;49:599-602.

DIFFERENT MOTOR RECOVERY PROGRESS BETWEEN ADOLESCENT AND ADULT RECREATIONAL ATHLETES AFTER ANTERI-
OR CRUCIATE LIGAMENT RECONSTRUCTION

ALESSANDRO, C.1, TURATI, M.1,2,3, BENEDETTINI, E.1, BACCHIN, V.1, PIATTI, M.3,4, ALBANESE, F., ACCADBLED, F., RIGA-
MONTI, L.3,4, BIGONI, M.1,3,4

1 UNIVERSITY OF MILANO-BICOCCA, 2 SAN GERARDO HOSPITAL, 3 TRANSALPINE CENTER OF PEDIATRIC SPORTS MEDICINE AND SURGERY, 4
POLICLINICO SAN PIETRO HOSPITAL

INTRODUCTION: In recent years the incidence of anterior cruciate ligament (ACL) injuries in the skeletally immature population has grown
[1]. Nonetheless, there is still a limited understanding of the recovery processes of these patients after reconstructive surgery, making it
difficult to define appropriate criteria for their safe return to sport. The progress in motor recovery in ACL-injured patients is often evaluat-
ed using isokinetic tests [2]. Here, we compare for the first time the outcomes of these tests between adolescent and adult patients after
ACL reconstruction (ALCR) with bone-patellar tendon-bone (BPTB) technique, providing critical insights into their different processes of
motor recovery.

METHODS: Fifty-five adolescents (13-18 years old) and 76 adults (19-39 years old), who underwent BPTP ACLR, performed isokinetic tests 6
months after surgery. The outcomes of these tests were: (1) the maximum torque produced by hamstrings (H) and quadriceps (Q) muscles
(i.e. muscle strength) during flexion and extension movements at 30°/s normalized by body weight; (2) the ratio of hamstrings to quadri-
ceps strength (HQ ratio); (3) the ratio of muscles strength in the injured to the uninjured leg (limb-simmetry, LSI). Mixed models with
repeated measures were used to compare the outcomes between adolescents and adults, and between legs within patients.

RESULTS: Both adults and adolescents exhibited a decrease of quadriceps strength in the injured compared to the uninjured leg (Aadoles-
cents: -0.5+0.8 Nm/kg; Aadults: -0.8+0.9 Nm/kg; p<0.001), but no change in the hamstring strength (Aadolescents: -0.1+0.6 Nm/kg;
Aadults: -0.1+0.6 Nm/kg; p=1). Interestingly, in adolescents this decrease was significantly lower than in adults (injured Q adolescents vs
adults, p<0.05). As a result, in both populations the quadriceps LSI was lower than the hamstring LS| (p<0.001). Yet, quadriceps LSI of
adolescents was higher than that of adults (p<0.001), with no significant difference between populations in hamstring LSI (p=1). The HQ
ratio in the injured leg was significantly higher than in the uninjured leg in both populations (adolescents: 0.66+0.13 vs 0.53+0.07; adults:
0.74+0.15 vs 0.53+0.08; p<0.05). However, in adolescents this measure was lower than in adults for the injured (p<0.001) but not for the
uninjured leg (p=1).

CONCLUSION: There were clear differences between the recovery progress in adolescents and adults. Since the hamstring muscles are
synergistic and the quadriceps muscles are antagonist to the ACL [3], the lower HQ ratio in adolescents suggests that in these patients the
reconstructed ligament may be subject to higher loads than in adults 6 months after surgery. Adolescents may therefore need a longer
period of rehabilitation to have a safe return to sport.

REFERENCES:
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3. Luque-Seron et al., Sports Health, 2007

NEUROMUSCULAR CONTROL OF THE CONTRALATERAL LEG DURING JUMP LANDINGS FOLLOWING AN ACL INJURY

CALISTI, M., MOHR, M., FEDEROLF, P.
LEOPOLD-FRANZENS-UNIVERSITAT, INNSBRUCK

INTRODUCTION: After an anterior cruciate ligament (ACL) injury and subsequent repair, there is a high risk of sustaining a second ACL injury
(1). Interestingly, the rates of contralateral ACL injuries exceed the rates of ipsilateral graft rupture (1). One underlying mechanism may be
that the loss of afferent input from the ruptured, ipsilateral ACL leads to a reorganization of activity in motor areas of the brain, ultimately
affecting neuromuscular function of both legs (2). The current study tested the hypothesis that dynamic postural stability, quantified
through the time to stabilization (TTS) during jump landings, would be reduced for the healthy contralateral leg in individuals with a previ-
ous, unilateral, fully rehabilitated ACL injury in comparison to healthy controls. Further, effects of leg dominance were investigated.
METHODS: Twenty-three females with a previous ACL injury (8 dominant leg; 15 non-dominant leg) and eighteen healthy females (control
group) performed unilateral horizontal jump landings over a 30cm hurdle onto a force plate (1000Hz) (3). They were instructed to stabilize
as quickly as possible and remain still for 10 seconds. Medio-lateral TTS (TTS-ML) was calculated as the time required for the medio-lateral
force to reach and remain within £ 1 SD of the subject’s overall series mean for 1s. Independent t-tests were used to compare the ACL
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leg/contralateral leg to the control group irrespective of leg dominance. Two Kruskal-Wallis and Bonferroni-corrected posthoc tests (alpha
=0.05) were used to compare injured, contralateral and control-group legs separately for the dominant and non-dominant side.

RESULTS: Average unilateral TTS-ML was significantly higher in the ACL injured leg (1.59s versus 1.26s; p=0.006; d= 0.90) and borderline
significant in the contralateral leg (1.51s; p= 0.050; d= 0.68) compared to the control group. For dominant leg injuries a significant increase
was found between injured and control-group legs (1.89s versus 1.30s; p= 0.006; r= 0.49) and contralateral and control-group legs (1.73s
versus 1.26s; p= 0.034; r= 0.40). However, this was not found for injuries on the non-dominant leg.

CONCLUSION: Our results suggest an interaction effect: neuromuscular control was less effective in the contralateral leg compared to
healthy controls if the injury had happened on the dominant leg. A deficit in contralateral leg control was not detectable if the injury had
occurred on the non-dominant leg. Rehabilitation programs following ACL injury should also focus on neuromuscular training of the contra-
lateral leg, and in particular so, when the patient’s dominant leg was injured.

REFERENCES:

1) Wiggins et al., Am J Sports Med, 2016.

2) Needle et al., Sports Med, 2016.

3) Heinert et al., Int J Sports Phys Ther, 2018.

EVALUATION OF POSTURAL STABILITY AND PROPRIOCEPTION IN SUBJECTS BEFORE AND AFTER TOTAL ANKLE REPLACE-
MENT

BARONE, G., BRAGONZONI, L., ZINNO, R., VOCALE, E., DI PAOLO, S., SANTILLOZZI, F., PINELLI, E., CARAVELLI, S., MASSIMI, S.,
ZAFFAGNINI, S., BENEDETTI, M.G., MOSCA, M.
UNIVERSITY OF BOLOGNA

INTRODUCTION: Ankle osteoarthritis is a debilitating condition, which includes balance impairment, range of movements limitations and a
consequence increased risk of falls. Conservative management is the first approach but for severe ankle osteoarthritis, total ankle replace-
ment (TAR) should be taken into account. The aim of this study is to measure postural control and proprioception in subjects with primary
TAR, before and nine months after the surgery.

METHODS: Subjects with ankle osteoarthritis admitted in the Istituto Ortopedico Rizzoli of Bologna (Italy) waiting for a TAR were recruited.
Delos Postural Proprioceptive System (Delos S.r.l, Turin, Italy) was used to assess postural control and proprioception. All subjects per-
formed the Static Riva test, which consists of maintaining a single leg stance with open and closed eyes. The parameter considered is the
Stability Index (SI) which is a percentage score where 100% is a theoretical task performed with maximum stability.

RESULTS: Subjects recruited were 17 (12 male and 5 Female) aged 59.29 + 10.83 years with a body mass index of 28.20 + 2.45. The S, of
the operated limb, decreased from 68.22% + 18.65 to 60.93% + 18.86 with opened eyes (p = 0.16) and from 37.09% + 14.14 to 34.24% +
10.17 with closed eyes (p = 0.37). The Sl of the contralateral limb, slightly decreased from 87.51% + 4.10 to 86.75% + 6.03 with opened eyes
(p=0.53) and from 53.19% + 16.58 to 52.16% + 13.89 with closed eyes (p = 0.67). Considering all tasks, the operated limb has significant
lower results than the contralateral (p<0.001). There is a strong correlation between the open and closed eyes results in the operated limb
both before (r = 0.79; p<0.001) and after surgery (r = 0.63; p<0.01). Same correlations are found in the contralateral limb. Age and BMI did
not influence the SI.

CONCLUSION: The static Riva test with his open and closed eyes tasks is an indicator respectively of postural stability and proprioception.
Subjects showed a consistent difference between limbs in all tests; therefore, we suppose that postural stability and proprioception are
strongly influenced in a severe ankle osteoarthritis condition. Moreover, even if the current literature shows great results after TAR in
terms of function and pain, 9 months seems is not to be enough to restore balance and proprioception.

Reference: Riva D et al. (2013) Single stance stability and proprioceptive control in older adults living at

home: Gender and age differences. J Aging Res 2013: 561695
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ASSOCIATION BETWEEN STRINGENCY OF COVID-19 CONTAINMENT MEASURES AND WALKING MOBILITY. AN ANALYSIS
OF MOBILE DATA FROM 60 COUNTRIES.

LUCIANO, F.1, CROVA, F.1, CANELLA, F.2
1. UNIVERSITA DEGLI STUDI DI MILANO; 2. POLITECNICO DI MILANO

INTRODUCTION: COVID-19 containment measures curb virus transmission, but increase the risk of physical inactivity [1,2]. Movement
restrictions, travel bans, and stay-at home recommendations can hamper walking mobility, and reducing daily steps is a risk factor for non-
communicable diseases and all-cause mortality [3]. The relation between stringency of containment measures and walking mobility has not
been quantified; however, combined global-scale datasets on population mobility, containment policies, weather and solar light may allow
to investigate it while controlling for major confounders. Our aim was to assess the dose-response relation between containment stringen-
cy and walking mobility across the 60 countries of the Apple Mobility Trends Reports (AMTR) dataset [4], and model the impact of the
subsequent physical inactivity on health outcomes.

METHODS: Daily data on 60 countries from the 21st January 2020 to the 21st January 2022 were harmonized from open-access sources:
AMTR, Oxford COVID-19 response tracker, and National Oceanic and Atmospheric Administration weather stations. Walking mobility was
regressed over containment stringency in a mixed effect model, while controlling for weather factors. A non-linear model estimated how
different containment levels impacted on the all-cause mortality hazard (expressed as hazard ratio, HR) due to physical inactivity, having as
parametres the regression results, data on pre-pandemic walking mobility, and the association between daily steps count and HR.
RESULTS: A negative log-linear association was found between stringency of containment measures and walking mobility (-1.202-107-2 [-
1.221-107-2; -1.183-107-2]; fixed effect [95% Cl]). Increasing the stringency of containment measures, thus deceasing walking mobility,
incremented the modelled HR, with the greatest effect when starting from lowest stringencies and a maximum predicted HR of 1.42 [1.24;
1.60] (central value [95% ClI]).
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CONCLUSION: A higher stringency of containment measures was associated with lower walking mobility with a non-linear relation; such
results agree with previous evidence from mobile data and self-reported physical activity [1,2]. As containment measures curb active
mobility, they can increase the HR due to physical inactivity. The modelled HR reached a maximum with maximal containment measures,
and the magnitude of its changes was comparable to that observed in large pre-pandemic cohorts of people who sustainedly reduced their
physical activity level [5]. The present findings can help shaping balanced containment policies during pandemics and planning counter-
measures against the subsequent physical inactivity. Besides, they serve as a model of how environmental factors jointly impact on active
mobility worldwide.

1. Hale, T. et al., Nat Hum Behav (2021)

2. Wilke, J. et al, Int J Environ Res (2021)

3. Jayedi, A. et al, Sports Med (2022)

4. Apple. covid19.apple.com/mobility (2020)

5. Byberg, L. et al. BMJ (2009)

EPIDEMIOLOGICAL DATA AND PERSISTANCE OF CLINICAL SYMPTOMS OF COVID-19 POSITIVE ELITE ATHLETES

DIEBOLD, K., ZACHER, J., SCHIFFERDECKER, I., SCHNEEWEIS, C., VASSILIADIS, A., PREDEL, H.G.
INSTITUTE OF CACRDIOLOGY AND SPORTS MEDICINE GERMAN SPORT UNIVERSITY COLOGNE

INTRODUCTION: The COVID-19 pandemic is posing profound challenges to the athletic community. While there are numerous studies
investigating the SARS-CoV-2 infection and its consequences in the general population, there is a lack of data concerning elite athletes.
The objective of this study was to evaluate the epidemiological data to identify contact mechanisms of SARS-CoV-2 and the prevalence of
persisting symptoms with a focus on sport-restricting complaints 16 weeks after COVID-19 infection in elite athletes.

METHODS: 65 German Olympic Sports Confederation athletes (43 men, 22 women; age 23 * 4.6), including 16 Olympic athletes, from
various sports with laboratory-confirmed COVID-19 (via reverse transcription-polymerase chain reaction (PCR) or serum immune globulin G
antibody against SARS-CoV-2) were included. Data were collected longitudinally between June 2020 and October 2021. Standardized
questionnaires were used to collect data about contact mechanisms, number, type and duration of symptoms, severity of the disease,
training suspension and the current perceived physical performance ability. SARS-CoV-2 antibody status was determined at the Institute of
Cardiology and Sports medicine of the German Sports University Cologne.

RESULTS: 39 athletes (60%) were infected in Germany, whereas 22 (33.8%) were infected abroad. In 4 (6.2%) athletes the location of infec-
tion could not be determined. 48.8% of the infections occurred in the athletic context, with most (40.6%) being infected during a competi-
tion abroad. Combat sport athletes were most frequently affected (53.8%).

96.8% of the athletes experienced a symptomatic course. 93.8% had at least one Covid-specific symptom (e.g. cough), while 71.2% report-
ed of other symptoms, that are not officially declared as COVID-specific. In 44.1 % of the symptomatic cases, symptoms lasted > 4 weeks,
while 28.8 % and 20.3 % experienced symptoms lasting longer than 8 and 16 weeks, respectively. After 16 weeks, the majority of athletes
(63.8%) reported not being symptom-free during physical exercise. Most frequently a reduction in physical performance ability (19%),
fatigue and shortness of breath during physical exertion (15.5% respectively) and musculoskeletal complaints (6.9%) were notified. 78.1%
of the athletes reported reduced performance ability at baseline. Of these, 42.2% indicated their performance to be reduced by 30% or
more. 16 weeks after baseline, 42.6% had not regained their former performance level, but only 3.8% reported a reduction by 30% or
more. In 80% of the cases, a training suspension of at least 4 weeks was recorded. None of the SARS-CoV-2 positive athletes required
hospitalization.

CONCLUSION: The main cause of SARS-CoV-2 transmission in elite sports was competitions abroad. Although no hospitalization was re-
quired, a broad spectrum of clinical symptoms was evident in the studied cohort 16 weeks after confirmed infection, especially sport
restricting complaints and performance limitations.

PHYSICAL ACTIVITY AND SEDENTARY BEHAVIOUR CHANGE DURING THE FIRST COVID-19 ‘LOCKDOWN’ IN AN ADULT
ENGLISH COHORT WITH A BODY MASS INDEX 225 KG/M?.

KASS, L., WELLS, A., DESAI, T., CLARKE, A., HURST, R.
UNIVERSITY OF HERTFORDSHIRE

INTRODUCTION: The SARS-CoV-2 (Covid-19) pandemic, resulted in enforced ‘lockdown’ restrictive measures. Negative effects upon health
promoting behaviours (physical activity (PA) and sedentary behaviour (SB)) are likely. A body mass index (BMI) =25 kg/m? has been associ-
ated with severe COVID-19 symptoms, research analysing the lockdown’s impact within this population is limited. This study aims to inves-
tigate this contemporary area of research.

METHODS: Based on an online survey (n=818) incorporating the International Physical Acitvity Questionnaire Short From (IPAQ-SF), data
from 376 participants with BMI>25 kg/m? were analysed for self-reported daily walking time and weekday and weekend-day sitting time.
Descriptive statistics and a contingency table using Pearson’s-Chi square/Fishers exact test was carried out.

RESULTS: Daily walking time, X2= 281.6 and p<0.01, 42% increased, 21% decreased. Weekday sitting time, X2=216.9 and p<0.01, 43%
increased, 16% decreased. Weekend-day sitting time, X2=322.1 and p<0.01, 41% increased, 7% decreased. Large increases in sitting >10
hours/day (weekday, 105%; weekend-day, 194%).

CONCLUSION: The first COVID-19 lockdown increased both PA (daily walking time) and SB (weekday and weekend-day sitting time)
amongst UK adults with a BMI 225 kg/m2 concurring with other studies from different countries.

Further analysis of the BMI categories showed that the obese category showed a 37% increase in daily walking time and the morbidly
obese category showed a 33% increase in daily walking time, however 38% of the morbidly obese decreased their walking time.
Regarding self-reported weekday sitting time, 43% of the overall cohort increased and 16% deceased. Specific to weekday sitting time,
105% increased sitting time >10 hours/day and at weekend-days there was a 194% increase.

Distinguishing sitting time between weekdays and weekend-days is not well documented within current literature, however, the overall
conclusion within this present study is that the COVID-19 lockdown has negatively influenced daily sitting time. It is widely accepted that
sitting is a SB associated with all-cause mortality (impartial to PA), due to its dangerous impact upon metabolic and cardiovascular health.
The increase in sitting time >10 hours/day for both weekday and weekend-days within the present study, shows the sobering negative
effect the first COVID-19 lockdown has had upon SB amongst UK adults with a BMI 25 kg/m2.

With this increase in both PA and SB this change in behaviour concurs with the term ‘active couch potato’.
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VERY LOW-VOLUME HIGH-INTENSITY INTERVAL TRAINING MAINTAINS CARDIOMETABOLIC HEALTH AND QUALITY OF LIFE
AMONG HOME-OFFICE WORKERS DURING COVID-19 PANDEMIC: A 1-YEAR FOLLOW-UP STUDY

RELJIC, D., EICHHORN, A., HERRMANN, H.J., NEURATH, M.F., ZOPF, Y.
UNIVERSITY HOSPITAL ERLANGEN

INTRODUCTION: Initially, this study aimed to investigate the long-term effects of cycle-ergometer-based very low-volume high-intensity
interval training (LOW-HIIT) performed over 1 year in a supervised worksite setting on cardiometabolic health and self-reported outcomes
in a cohort of sedentary office workers. As the COVID-19 pandemic unexpectedly emerged during the study, training was discontinued and
participants were given recommendations on how to continue exercising at home. One year after study onset, participants were invited for
a follow-up examination to evaluate their physical actvity (PA) behaviour and outcome changes during lockdown.

METHODS: 114 sedentary office workers (50.2+10.1 yrs, 46% females) from a large company participated. All participants received a com-
prehensive baseline health examination (T-1) at our Research Center to ensure safe participation in exercise and to collect study outcomes.
Examination included blood sampling, assessment of body composition, cardiopulmonary exercise testing including resting and exercise
electrocardiography, blood pressure measurements and determination of maximal oxygen uptake (VO2max) and collection of self-reported
data including quality of life (QoL, EQ-5D-5L VAS score) using validated questionnaires. LOW-HIIT (5x1 min intervals at 80-95% maximum
heart rate, 14 min total session time including warm-up, cool-down) was performed twice weekly within the workplace at the companys
sports center in supervised group classes. Outcome reassessment was conducted after 6 months (T-2, termination of supervised LOW-HIIT)
and after 12 months (T-3, follow-up). T-1 and T-2 data were compared in a pre-/post intervention manner. T-3 data analyses were per-
formed as subgroup analysis after dividing participants into 3 groups based on their PA behavior during lockdown: A) Continued with LOW-
HIIT (HIIT), B) continued regular exercising but not with LOW-HIIT (EX) or C) discontinued exercise in general (NON-EX).

RESULTS: At T-2, data from n=72 were available. We observed significant improvements in VO2max (+1.4 mL/kg/min, p=0.002), mean
arterial blood pressure (MAB, -4 mmHg, p<0.001), glycated hemoglobin Alc (-0.2%, p=0.005), high-sensitivity C-reactive protein (-1.5 mg/L,
p=0.040) and QoL score (+5 points, p<0.001). N=57 (HIIT: n=19; EX: n=12; NON-EX: n=26) finished the T-3 examination . The HIIT-group
maintained VO2max and QoL score and further improved MAB (-3 mmHg, p=0.032). The EX-group (mainly performing walking, moderate
running and gymnastic exercises) maintained MAB and QoL but experienced a decrease in VO2max (-3.7 mL/kg/min, p=0.002). In the NON-
EX group, VO2max (-5.8 mL/kg/min, p<0.001), MAB (+3 mmHg, p=0.035) and QoL score (+5 points, p=0.015) values deteriorated.
CONCLUSION: Six months of worksite LOW-HIIT improve VO2max, QoL and cardiometabolic health indices in sedentary office workers.
Only participants who continued LOW-HIIT during COVID-19 lockdown for 6 months at home maintained VO2max and QoL and further
improved blood pressure.

MECHANISTIC BASES OF EXERCISE INTOLERANCE IN PATIENTS WITH POST-ACUTE SEQUELAE OF COVID-19: A TRANSLA-
TIONAL APPROACH BY IN-VIVO AND EX-VIVO MEASUREMENTS

COLOSIO, M., BROCCA, L., GATTI, M., CADILE, F., CANEPARI, M., PELLEGRINO, M.A., POLLA, B., ROBERTO BOTTINELLI, R.,
PORCELLI, S.
UNIVERSITY OF MILAN

INTRODUCTION: Covid-19 has become a global health issue since December 2019. Although the clinical manifestations of COVID-19 may be
life threating due to severe respiratory and cardiac failure in acute phase (1), previous studies showed persisting and often debilitating
symptoms at long-term even in patients who develop the mild form of the disease (2,3). Patients report exercise intolerance, muscle
weakness and fatigue that seem to be related to impairments in 02 supply and utilization by skeletal muscle (4). Aim of the study was to
investigate the mechanistic bases of exercise intolerance in patients with post-acute sequelae of Covid-19 (PASC).

METHODS: At least 3 months after infection, non-hospitalized PASC patients (n=10, ys:52+9; PASC) and patients without long-term symp-
toms (n=8, ys:47+9; CTRL) visited the laboratory on three non-consecutive days. Spirometry, lung diffusion capacity and quality of life (5)
were assessed at rest. Peak 02 consumption (VO2peak) was evaluated during cardiopulmonary incremental exercise test (CPX). Oxygen
consumption (VO2) kinetics were determined by moderate-intensity exercises. Muscle oxidative capacity recovery rate constant (k) was
assessed by repeated arterial occlusion by near-infrared spectroscopy. Mitochondrial respiration was evaluated by high-resolution respi-
rometry in permeabilized muscle fibers from vastus lateralis using saturating substrates for complexes I+l combined (CI+).

RESULTS: Pulmonary functions were within normal range in all patients. Quality of life was significantly lower in PASC vs CTRL (6615 vs
912, respectively, P<.01). VO2peak was lower in PASC than CTRL (24.9+0.3 vs 33.7+0.5 m|*min-1*kg-1, respectively, P<.005). VO2 kinetics
were slower in PASC than CTRL (43%2 vs 3141 min-1, P<.05). k was lower in PASC than CTRL (1.64+0.57 vs 2.35+0.36 min-1, P<.05). 02 flux
for CI+Il in activated state of oxidative phosphorylation and maximal uncoupled state condition were lower in PASC (36.7+16.3 and
51.2+20.1 pmol*s-1*¥*mg-1) than CTRL (56.9+11.7 and 79.61+15.6 pmol*s-1*mg-1, all P<.05).

CONCLUSION: Exercise intolerance of PASC patients is primarily due to impaired mitochondrial function as suggested by both functional in-
vivo indexes of muscle oxidative metabolism and ex-vivo measurements on permeabilized muscle fibers.

1. Huang C et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 395:497-506,2020.

2. Singh | et al. Persistent Exertional Intolerance After COVID-19: Insights From Invasive Cardiopulmonary Exercise Testing. Chest 161:54—
63,2022.

3. Soares MN et al. Skeletal muscle alterations in patients with acute Covid-19 and post-acute sequelae of Covid-19. J Cachexia Sarcopenia
Muscle 13:11-22,2022.

4. Serviente C et al. From heart to muscle: Pathophysiological mechanisms underlying long-term physical sequelae from SARS-CoV-2 infec-
tion. J Appl Physiol 132:581-592,2022.

5. Devlin NJ et al. Valuing health-related quality of life: An EQ-5D-5L value set for England. Heal Econ 27:7-22,
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THE ASSOCIATION OF MUSCULAR STRENGTH AND GRAY MATTER VOLUME IN COGNITIVELY — HEALTHY OLDER ADULTS:
THE AGUEDA TRIAL

COCA-PULIDO, A.1, SOLIS-URRA, P.1, SCLAFANI, A.1, TOVAL, A.1, MARTIN-FUENTES, 1.1, GARCIA-RIVERO, Y.2, HILLMAN,
H.3,4, CATENA, A.5, ERICKSON, K.1,6, MORA-GONZALEZ, J.1, ESTEBAN-CORNEJO, I.1

1. PROFITH, UNI OF GRANADA, 2. BIOSANITARY RESEARCH INST., 3. NORTHEASTERN UNI., 4. NORTHEASTERN UNI., 5. UNI. OF GRANADA, 6.
UNI OF PITTSBURG.

INTRODUCTION: The association between higher cardiorespiratory fitness and gray matter volume in the hippocampus and prefrontal
cortex led to the prediction that participation in greater amounts of physical activity might be associated with greater gray matter volume
as well. Nevertheless, the role of muscle strength in brain structure is still unknown. Thus, this study investigated the associations of mus-
cular strength and gray matter volume in older adults.

METHODS: A total of 86 cognitively normal older adults aged 65-80 years from the AGUEDA trial participated in the present cross-sectional
study. Muscular strength was measured with a Handgrip Dynamometer (TKK 5101 Grip D, Takey, Tokyo Japan). The test was performed
twice for each hand and the score was recorded in kilograms. The maximum scores of the left and right hands were averaged to calculate
an absolute indicator of muscular strength (kg). T1-weighted images were acquired with a 3.0 T Siemens Magnetom Prisma Fit scanner and
were pre-processed using Statistical Parametric Mapping software (SPM12, London, UK). Gray matter volume was determined by voxel
based morphometric analysis. General linear models assessed the association between muscular strength and gray matter volume, control-
ling for age, sex and years of education. The statistical threshold for the cluster extent was calculated with AlphaSim, and further Hayasaka
adjusted to account for the non-isotropic smoothness of structural images.

RESULTS: The main results showed that higher muscular strength was related to greater gray matter volume (p<0.001) in 3 clusters, includ-
ing two clusters in the culmen (left: k=1286, t=5.42; right: k=261, t=4.02), and one in the left middle frontal gyrus (k=291, t=3.72). Muscular
strength was not negatively related to gray matter volume in any brain region.

CONCLUSION: Muscular strength is associated with greater gray matter volume in the frontal lobe and the cerebellum in cognitively normal
older adults. Future exercise-based randomized control trial should examine whether increases in muscle strength by an exercise program
may positively influence the development of distinctive gray matter regions, and thus counteract the harmful effect of aging in this popula-
tion.

COMPARING THE EFFECTS OF TWO PERTURBATION-BASED BALANCE TRAINING PARADIGMS IN FALL-PRONE OLDER
ADULTS: A RANDOMIZED CONTROLLED TRIAL

SCHWENK, M., HEZEL, N., ARAMPATZIS, A., BRULL, L.
HEIDELBERG UNIVERSITY, HUMBOLDT UNIVERSITY OF BERLIN

INTRODUCTION: The declining ability to successfully react to slipping and tripping is a key component of the multifactorial etiology of falls.
There is increasing evidence that perturbation-based balance training (PBT) is highly effective for improving the ability to recover balance
after an unexpected event such as a slip or a trip. However, it is unclear, which PBT paradigm is most effective. Two different paradigms of
PBT seem to be promising: 1. Training of dynamic stability mechanisms in the presence of perturbations induced by unstable surfaces (PBT-
unstable); 2. Technology-supported training on a perturbation treadmill (PBT-treadmill). The aim of this study was to compare the effects
of both programs.

METHODS: Seventy-one adults aged 65 years and older with a verified fall risk were randomly assigned into three groups: PBT-unstable
using unstable conditions such as balance pads, PBT-treadmill on a motorized treadmill and a passive control group. In both intervention
groups, participants conducted a 6-weeks intervention with 3 sessions/week. Effects were assessed in balance ability (Brief-Balance-
Evaluation-Systems-Test, Stepping-Threshold-Test, Center-of-Pressure, Limits-of-Stability), leg strength capacity, functional performance
(Timed-up-and-Go, Chair-rise), gait (speed) and fear of falling (Short-Falls-Efficacy-Scale-International). Analysis of covariance (ANCOVA)
was used to compare the effect of the intervention on outcome parameters at follow-up. Statistical analysis was conducted according to
the intention-to-treat principle.

RESULTS: Fifty-one participants completed the study (74.815.9 years, 65% female). Training adherence was high in both intervention
groups (91% for PBT-treadmill and 87% for PBT-unstable). The ANCOVA revealed an effect of group in the Brief-Balance-Evaluation-
Systems-Test (p=.009) and in the Limits-of-Stability (p=.020) in favor of PBT-unstable and a group effect in the Stepping-Threshold-Test
(p<.001) in favor of PBT-treadmill. The other outcomes demonstrated no effects.

CONCLUSION: Both training paradigms induced distinct task-specific effects. PBT-treadmill showed higher improvements in reactive bal-
ance, which might be promoted by the unpredictable nature of the included perturbations. PBT-unstable showed more wide-ranging
effects in balance ability, although with a smaller magnitude. Leg strength was only affected significantly in PBT-treadmill. Advantages of
both formats should be evaluated in the light of individual needs and preferences before recommending either format. Larger studies are
needed to investigate the effects on falls.

BOTH GAIT SPEED AND IN-GAME PERFORMANCE (IGP) IMPROVE AFTER A MIXED-REALITY TRAINING IN PEOPLE WITH
INTELLECTUAL DISABILITY. A PRELIMINARY STUDY.

LALY, A.1, ROSNET, E.1, TIXIER, P.A.2, FERRARI, A.2, BIARD, J.C.2, HOUEL, N.1

1 UNIVERSITE DE REIMS CHAMPAGNE ARDENNE, PERFORMANCE SANTE METROLOGIE SOCIETE , REIMS, FRANCE; 2 LABORATOIRE DE
RECHERCHE ET D’ETUDE SUR LE MOUVEMENT, NEVERS, FRANCE

INTRODUCTION: People with intellectual disability (ID) often show motor impairments (1) due to their poor cognitive skills or their physical
activity level which is frequently low (2). Long term consequences of altered motor skills might be severe. Falls occur more frequently in
people with ID than in healthy pairs (3). Better motor skills might also help in everyday tasks and social interactions. In addition, gait speed
is a relevant indicator of motor functioning (2). In recent years, new therapeutics such as Virtual, Augmented and Mixed Reality technolo-
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gies developed (4). This study aims at investigating if adults with ID might increase their in-game performance and gait speed after a Mixed
Reality (MR) training.

METHODS: Participants were 18 adults with ID from a home for disabled adults. They participated in a weekly intervention using the appli-
cation PopBalloons (Actimage, France) on a Microsoft Hololens2 MR device for 15 to 25 minutes, for 9 weeks. Its purpose is to detect, walk
to and pierce virtual balloons with the finger. Both cognitive and motor functions are thus stimulated. In-game performance (IGP) was
assessed by the average time to complete a level (piercing 5 balloons) at first and last weeks. Gait speed was measured with a Zeno walk-
way gait analysis system before and after training.

RESULTS: Both IGP (in s; PRE: 255.4+181.9, POST: 163.7+136.0; P=0.002) and gait speed (in cm/s; PRE: 78.1+22.0, POST: 89.1+29.9; P=0.02)
significantly improved.

CONCLUSION: Gait speed naturally tends to decrease with age (5). Thus, increased gait speed is evidence of improved motor functioning.
This can explain the better IGP at the end of training. The low training load (15-25 minutes/week) may have been enough to induce motor
improvement due to the novelty of the motor demand during the activity and the low initial physical activity level of the participants (2).
The MR task also demanded cognitive involvement (attention, detection, space orientation, strategy elaboration etc.). Thus, cognitive-
motor abilities might also have been improved thanks to the cognitive-motor MR training (5). This study shows that adults with intellectual
disability can improve their motor functioning after a cognitive-motor Mixed-Reality training, despite a low training load. Further research
should focus on the impact of such MR training on this populations motor skills and cognitive functions, in comparison with usual activity
only, so they could be used as therapeutics. One might also wonder if performance increase in the activity is necessary to get motor im-
provement, or if practicing only is enough. The present study takes part in a larger project which tries to answer these questions.
REFERENCES:

1) Oppewal et al., Am J Intellect Dev Disabil, 2018

2) Hilgenkamp et al., Res Dev Disabil, 2012

3) Smulders et al. J Intellect Disabil Res, 2012

4) Bioulac et al., Encephale, 2018

5) Verlinden et al., Gait Posture, 2013
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OVERWEIGHT/OBESITY IN CHILDHOOD AND ADOLESCENCE INVOLVES A REDUCTION IN POSTURAL COMPLEXITY

BUCHECKER, M., WIESINGER, H.P., MULLER, E., STOGGL, T., BIRKLBAUER, J.
UNIVERSITY OF SALZBURG

INTRODUCTION: Department of Sport and Exercise Science (University of Salzburg, Austria),

Red Bull Athlete Performance Center (Salzburg, Austria)

Using techniques borrowed from dynamical systems theory (i.e., sample entropy, largest Lyapunov exponent, and detrended fluctuation
analysis), we have recently reported postural control deficits in young overweight/obese children and adolescents (YO) during quiet bilat-
eral standing (1). Indeed, the YO revealed a stiffening strategy for maintaining balance, which was interpreted as a less complex and, thus,
less flexible control of posture. To further challenge this conclusion, the present work aimed to re-investigate our original records (employ-
ing a purely complexity-based procedure, that is, refined composite multiscale entropy (rCMSE) analysis (2).

METHODS: Nineteen YO and 19 carefully matched young normal-weight (YN) secondary school students were asked to stand as still as
possible for 60 s, first on firm, and after a break of 2 min, on foam ground. Trunk acceleration signals in medio-lateral (ML) and anterior-
posterior (AP) directions were captured with an inertial measurement unit and pre-processed to correct for tilt and noise. Resultant time
series were then scrutinized with the rCMSE method, while the sum of the associated entropy values from scale 1 to 7 was considered as a
complexity index (Cl). ANOVAs and ICCs(1,1) were calculated to compare means and to address data reliability (test-retest design).
RESULTS: 2 (group) x 2 (task) x 2 (visit) ANOVAs revealed no significant main or interaction effect except themain effects of task and group
(p < 0.05). Here, the post-hoc analysis revealed the following: first, standing on firm ground caused higher CI-ML and CI-AP values than
standing on foam in each group (all p < 0.05), and, second, compared to their YN controls, the YO displayed lower Cl values in the ML
direction (p < 0.05) and tendentially also in the AP direction (p < 0.10) in both tasks. The reliability of the measures studied was fair to
excellent [0.44 <1CC(1,1) < 0.80], except for the CI-AP variable [ICC(1,1) = 0.38] as regards the YN within the firm condition.

Discussion

The currently conducted rCMSE analysis successfully underlined our original notion that the YO would undergo a decline of postural com-
plexity reflected as rigidity. Such less complex patterns are usually linked with diverse pathologies, are detrimental to compensate for
internal or external perturbations, and are attributed to lower adaptability and task performance (see 3 for review). Without targeted
balance stimuli, the YO likely end in a lifelong vicious circle of mutually dependent poor balance.

CONCLUSION: 1. Wiesinger et al. (2022). Front Hum Neurosci, Ahead of print.

2. Wu et al. (2014). Phys Lett A, 378, 1369-1374.

3. Goldberger et al. (2002). Neurobiol Aging, 23, 23-26.
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LONG TERM ATHLETIC TRAINING AND MATURATION EFFECTS ON MUSCLE-TENDON PROPERTIES IN PREADOLESCENCE

PENTIDIS, N., MERSMANN, F., BOHM, S., SCHROLL, A., GIANNAKOU, E., AGGELOUSIS, N., ARAMPATZIS, A.
HUMBOLDT-UNIVERSITAT ZU BERLIN

INTRODUCTION: Systematic research concerning the effects of long-term athletic training on muscle-hypertrophy and tendon stiffness in
preadolescence is scarce. The purposes of this study were (a) to investigate training effects on triceps surae muscle strength, gastrocnemi-
us medialis (GM) morphometrics and Achilles tendon stiffness in preadolescence and (b) to examine the development of these properties
over 1-year with regard to potential imbalances between muscle and tendon adaptation in preadolescent athletes.

METHODS: We recruited 21 preadolescent artistic gymnastic athletes (9.2 £1.7 yr, 14 Tanner stage | and 7 Tanner stage Il) and 11 untrained
participants (9.0 £1.7 yr, 5 Tanner stage | and 6 Tanner stage Il) as a control group. Muscle strength of the plantar flexors, GM morphomet-
rics and Achilles tendon stiffness were measured over 1-year with 3-month intervals using dynamometry, ultrasonography and electromy-
ography. Furthermore, we documented the training volume in athletes 3 months before the first measurement and for the entire period of
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the investigation. A linear mixed-effects model for repeated measures was used to compare the outcomes between the two groups and to
investigate their development over time.

RESULTS: The athletes trained on average for 20 h/wk. They demonstrated greater muscle strength (p<0.001) but no differences in GM
pennation angle, thickness and fascicle length (p>0.05) compared to non-athletes. Muscle strength and GM thickness increased similarly in
both groups during the 1 yr period (p<0.001). Achilles tendon stiffness neither differed between athletes and non-athletes (p>0.05) nor
changed over time in both groups (p>0.05). Athletes showed greater fluctuations in muscle strength (p=0.033), pennation angle (p=0.005)
and maximum tendon strain (p=0.017) than non-athletes over time. Further, the frequency of individuals that reached high-level tendon
strain values (29%) during the 1-yr was higher in athletes (up to 67%).

CONCLUSION: We found higher muscle strength in athletes but no significant differences in Achilles tendon stiffness between the two
groups, which indicates imbalances between muscle strength and tendon stiffness in preadolescent athletes. Similar to tendon stiffness,
we did not find significant differences between groups in GM morphometrics despite a high sport-specific muscle-tendon loading. We
propose that the hormonal status could be the limiting factor for both training-induced alterations in GM morphometrics and Achilles
tendon stiffness in preadolescence (1,2). Our findings provide first-time evidence that athletic training in preadolescence is associated with
higher fluctuations of Achilles tendon strain and a temporarily increased tendon mechanical demand. Therefore, we recommend the
implementation of individual training concepts to preserve a balanced adaptation in preadolescent athletes.

References

1) Veldhuis et al. 2000; J Clin Endocr Metab

2) Doessing et al. 2010; J Physiol
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AGREEMENT BETWEEN TWO OBJECTIVE MEASURES FOR CATEGORIZING INDIVIDUALS AS SUFFICIENTLY ACTIVE BASED
ON CONTINUOUS PHYSICAL ACTIVITY MONITORING

WESTERN, B., DEMMELMAIER, I., VISTAD, I., HENRIKSEN, H.B., NORDIN, K., BLOMHOFF, R., BERNTSEN, S.
UNIVERSITY OF AGDER

INTRODUCTION: Physical activity (PA) is a multidimensional concept, and PA level (PAL) can be presented in numerous ways. Wearable PA
monitors are rapidly improving as technological developments increase their accuracy and ability to capture several PA dimensions. PA
profiles, where activity level is conditioned on more than one dimension, may be the future of PA monitoring. Many sophisticated monitors
allow for continuous wear and measurement. Continuous PA monitoring is increasingly used for research purposes, but also by the general
population through various activity watches. Reaching 150min MVPA/week is a widely used threshold for categorizing individuals as suffi-
ciently active, both in research and in public health promotion. However, this threshold may be inappropriate to use with continuous
monitoring as the development of this recommendation was largely based on self-reported PA. PAL-values are also used for categorizing
individuals as sufficiently active and represent total energy expenditure (TEE) relative to basal metabolic rate (BMR). A PAL of 1.75 are
commonly used as the lower cut-off for being moderately active. The objective of the present study was to compare 150min MVPA/week
and PAL 1.75 as thresholds for categorizing individuals as sufficiently active based on continuous PA monitoring.

METHODS: The SenseWear Armband (SWA) was worn >22hours/day for six consecutive days in 692 cancer survivors. Mean MVPA/day was
used to estimate MVPA/week. The SWA calculates metabolic equivalents (METs) based on a tri-axial accelerometer and temperature
sensors, and MVPA was defined as METs 3. PAL-values were calculated as TEE measured by the SWA divided on BMR calculated with the
formula by Mifflin-St Jeor. Linear regression determined the association between PAL-values and time in MVPA and was used to predict the
amount of MVPA corresponding with PAL 1.75. The ROC curve was used to assess the sensitivity and specificity corresponding with this
predicted value.

RESULTS: Mean MVPA/week was 556.9+396.9min and mean PAL was 1.63+0.20. MVPA was significantly association with PAL (R2=0.646,
B=0.003, p<0.001). With MVPA >150min/week, 91% were categorized as sufficiently active, while 25% of the sample had PAL >1.75. The
likelihood of being categorized as sufficiently active based on PAL-value for a person having 2150min MVPA/week was 28%. The predicted
amount of MVPA corresponding with PAL 1.75 was 735 min/week, achieved by 27.6% of the sample, with a sensitivity of 76.9% and speci-
ficity of 85.0%.

CONCLUSION: Time in MVPA was significantly associated with PAL when assessed on a continuous scale, however, their thresholds for
categorizing individuals as sufficiently active were not compatible. Time in MVPA corresponding with PAL 1.75 was approximately five
times the current recommendations. When PA is monitored continuously, 150min MVPA/week appear inappropriate for categorizing
someone as sufficiently active.

ASSOCIATIONS OF SKELETAL MUSCLE MASS WITH OBJECTIVE AND SUBJECTIVE MEASURES OF PHYSICAL FUNCTION IN
MEN TREATED WITH ANDROGEN DEPRIVATION THERAPY FOR PROSTATE CANCER

UMLAUFF, L., BLOCH, W., SCHUMANN, M.
GERMAN SPORT UNIVERSITY COLOGNE

INTRODUCTION: Androgen deprivation therapy (ADT) in men with prostate cancer (PC) is associated with a loss of skeletal muscle mass
resulting in reduced muscle strength and physical function [1]. The disturbance of normal skeletal muscle function caused by ADT put
individuals at a higher risk of falls and physical impairment [2]. However, studies have shown that the majority of men treated with ADT are
unaware of these side effects and their potential long-term consequences [3]. In order to examine whether muscle mass determines the
actual or perceived level of physical function during ADT, we assessed its associations with objective and subjective measures of physical
function in men with advanced PC. Furthermore, we investigated the relationship between objective and subjective measures of physical
function.

METHODS: Sixteen men (age: 65 * 8 years; body mass index (BMI): 26 + 3 kg:m-2) treated with continuous ADT for metastatic PC partici-
pated in this cross-sectional pilot study. Body composition measurements included bioimpedance analysis to assess lean body mass (LBM)
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and panoramic ultrasound to assess muscle cross-sectional area (CSA) of the rectus femoris. Objective measures of physical function in-
cluded muscle strength, which was assessed using a leg extension one-repetition maximum (1RM) test, as well as aerobic capacity
(VO2max) and 400 m walking time. The activities-specific balance confidence scale (ABC-scale) was used to determine subjective physical
function.

RESULTS: Neither whole-body LBM nor muscle CSA of the rectus femoris were associated with any objective or subjective measures of
physical function (p >.05). Subjective ratings (ABC-scale: 88% + 18) indicated a high level of physical function among the participants but
were not associated with any of the objective measures of physical function (p >.05).

CONCLUSION: Despite the importance of skeletal muscle mass for overall health and physical performance, we did not find an association
with any measures of physical function in our study. Interestingly, subjective physical function was also independent of objective measures
such as maximal strength or cardiorespiratory fitness, indicating a potential mismatch between perceived and actual physical capabilities.
Defining the determinants of physical performance in men with advanced PC treated with ADT may help to improve the design of future
exercise intervention studies.

REFERENCES:

1. Gonzalez, BD, et al., Support Care Cancer 2016, 24 (5), 2201-2207. DOI 10.1007/s00520-015-3016-y.

2. Bylow, K, et al., Urology 2008, 72 (2), 422-7. DOI 10.1016/j.urology.2008.03.032.

3. Walker, LM, et al., Urol Oncol 2013, 31 (7), 1098-105. DOI 10.1016/j.urolonc.2011.12.015.

CHARACTERIZATION OF THE COMBINED EFFECTS OF ACUTE EXERCISE AND IMMUNO CHEMOTHERAPY TREATMENTS ON
SKELETAL MUSCLE IN MC38 COLORECTAL CANCER MICE

DAMON, M.
UNIVERSITY CLAUDE BERNARD LYON 1

INTRODUCTION: Colorectal cancer (CRC) usually leads to skeletal muscle cachexia, characterized by loss of skeletal muscle mass and func-
tion (Baracos et al., 2018). Treatment with immunochemotherapy (ICT) improves patient survival but induces muscle toxicity leading to
increase in inter-cures time and/or to dose reduction (Feather et al., 2018). Aerobic exercise may increase tumor perfusion (Zhang et al.,
2019). In addition, the combination of physical activity and ICT may be the most effective method to fight the adverse effects of cancer and
treatment and could limit cachexia. However, so far, no studies have tested the effects of acute exercise-ICT interaction on CRC. Thus, the
objective of this study is to investigate the effects of acute aerobic exercise on skeletal muscle pre-injection of ICT in a mouse model of
colorectal cancer.

METHODS: Four weeks mice model of colorectal cancer (MC38) were divided in four groups (n=4/group): control (CTRL), immune-
chemotherapy (TRT), exercise (EXE) and combined intervention (TRT-EXE). Mice in EXE and TRT+EXE groups performed daily aerobic exer-
cise for one week on a treadmill at 60% of their maximal aerobic running speed. Mice in TRT and TRT+EXE groups received ICT treatment
(anti-PDL-1 + capecitabine + oxaliplatine) five times for one week, just before the daily exercise for the TRT+EXE group. After one week,
tibialis anterior (TA) and gastrocnemius (GAS) muscles were collected and weighed. Histological staining were performed to assess muscle
characteristics. Results were 