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Abstract: On behalf of the Strength and Conditioning Society (SCS) and the Hellenic Society of
Biochemistry and Exercise Physiology (EEVFA), we are pleased to present the abstracts of the SCS
6th Annual Meeting and EEVFA—11th International Congress of Biochemistry and Physiology of
Exercise. The event was held at the Hellenic Olympic Committee headquarters in Athens, Greece, on
19–22 October 2023, and comprised several invited sessions from international and national speakers
on a variety of topics related to biochemistry and exercise physiology, strength and conditioning
practices and their application to health, injury prevention and sports performance. These included
strength training in high-performance sports, sport science and training–competition load manage-
ment in elite environments, biochemistry and exercise physiology and prescription, nutrition and
biomechanics, among others. The conference also included different practical workshops conducted
by renowned academics and practitioners on eccentric training, change of direction ability and
strength and power training in professional team-sports, and ergospirometry and exercise prescrip-
tion in specific populations. Finally, the event disseminated up-to-date strength and conditioning
research by providing practitioners and researchers with the opportunity to present their most re-
cent findings. In this regard, all abstracts of the communications presented at the SCS 6th Annual
Meeting—EEVFA—11th International Congress of Biochemistry and Physiology of Exercise can be
found in this Conference Report.

Keywords: congress; performance; exercise; health; training; injury

1. Introduction

The Strength and Conditioning Society (SCS) and the Hellenic Society of Biochemistry
and Exercise Physiology (EEVFA) are pleased to introduce the abstracts of the SCS 6th
Annual Meeting and the EEVFA—11th International Congress of Biochemistry and Phys-
iology of Exercise, which was the first international event co-organized by two different
societies. In accordance with the SCS’s and EEVFA’s vision and mission of disseminating
high-quality evidence of the performance and health benefits of strength and conditioning
practices worldwide, the 2023 Conference took place in Athens, Greece, on 19–22 October.
The SCS 6th Annual Meeting—EEVFA—11th International Congress of Biochemistry and
Physiology of Exercise, held at the Hellenic Olympic Committee headquarters in Athens,
brought together more than 350 delegates from different areas of expertise (i.e., sports
science, sports physiotherapy, sports nutrition, exercise physiology and biochemistry and
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sports medicine, among others), which provided ample opportunities to exchange and
discuss the latest evidence on strength and conditioning practices from multiple perspec-
tives. In a stimulating social and professional environment, practitioners and academics
from different countries had the possibility of attending several thought-provoking invited
sessions from international and national speakers on a variety of applied topics related
to strength training in high-performance sports and in the elderly, sport science and load
management in elite environments and the role of the Head of Performance in team-sports.
Moreover, basic science-related topics such as biochemistry and exercise physiology and
prescription, nutrition and biomechanics were also addressed. As in previous years, the
conference also offered multiple practical workshops conducted by renowned academics
and practitioners on eccentric training, change of direction ability in soccer, strength and
power training in professional basketball, and ergospirometry and exercise prescription in
chronic obstructive pulmonary disease. Also worth noting, the event fostered the dissem-
ination of up-to-date strength and conditioning research by providing practitioners and
researchers with the opportunity to present and discuss their latest findings, which can be
found in the abstracts that compose this Conference Report. Finally, the SCS, in collabora-
tion with EEVFA, recognized professional and academic excellence in the field of strength
and conditioning and presented, for the first time, the “Female Strength and Conditioning
Coach of the Year Award”, the “Male Strength and Conditioning Coach of the Year Award”,
the “Emerging Strength and Conditioning Coach of the Year Award” and the “Strength and
Conditioning Coach Career Achievement Award” to outstanding coaches, and the “Young
Investigator Award” and the “Applied Science Award” to remarkable researchers.

2. Conference Abstracts
2.1. Comparison between the Effect of Aerobic and Resistance Exercise with Different Intensities on
Post Exercise Blood Pressure Responses in Normotensive Men

Ramzi Al-horani 1,*, Tha’er Malkawi 1 and Rishad Al-Zoubi 1

1 Department of Exercise Science, Yarmouk University, Irbid, Jordan
* Correspondence: raalhorani@yu.edu.jo

Abstract: The variation in resting blood pressure among individuals engaging in
aerobic and/or resistance exercise training might be due to the level of the acute drop of
blood pressure after exercise. Therefore, this study aimed to compare the acute effect of
resistance and aerobic exercise with different intensities on post-exercise blood pressure
responses. Seven normotensive and physically active males participated in this study (age:
25.3 ± 6.2; Body mass index (BMI): 23.7 ± 2.6). Baseline blood pressure, heart rate (HR),
heart rate reserve (HRR), maximum strength (1RM) of 6 resistance exercises were measured.
Accordingly, participants performed two 40-min cycling sessions at 60% of HRR (C60) and
75% of HRR (C75), and two sessions of resistance exercise (6 exercises) at 60% 1RM (RE60)
and 75% 1RM (RE75) in random order. After each exercise session, participants sat for
60 min, during which blood pressure, HR and the rate of perceived exertion (RPE) were
measured at 0, 15-, 30-, 45-, and 60-min post-exercise. The anxiety state Y1 was obtained
at 0-, 30-, and 60-min post exercise. Systolic blood pressure decreased significantly at
15–60 min post C75 and at 60 min post RE75. Diastolic blood pressure was decreased at 0-,
15-, and 30-min post RE60 and at 30 min post RE75 only, and not decreased after C60 and
C75. Mean arterial pressure was decreased at 0 and 15 min post-RE60 and at 15 post-RE75
without changes after C60 and C75. The decrease in mean arterial pressure was lower in
RE60 and RE75 compared to C60 and C75. There were no changes in the state of anxiety
Y1. We conclude that higher intensity aerobic exercise has the greatest effect on lowering
systolic blood pressure, while low intensity resistance exercise is more effective in reducing
diastolic blood pressure and mean arterial pressure.

Keywords: systolic blood pressure; diastolic blood pressure; mean arterial pressure;
aerobic training; resistance exercise.

Funding: This research received no external funding.
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2.2. No Impact of Three Whole-Body Vibration Protocols on Isometric Knee Extension Strength and
Vastus Lateralis EMG Activity in High-Level Adolescent Soccer Players

Panagiotis Ampeliotis 1,*, Spyridon Methenitis 2, Apostolos Z. Skouras 1, Dimitrios
Antonakis-Karamintzas 1, Georgios Papagiannis 1,3, Charilaos Tsolakis 1,2 and Panagiotis
Koulouvaris 1

1 1st Department of Orthopaedic Surgery, School of Medicine, National and Kapodistrian
University of Athens, 12462 Athens, Greece; pan.ampeliotis@gmail.com;
apostolis.sk@gmail.com; jkaramintzas71@gmail.com; grpapagiannis@yahoo.gr;
tsolakis@phed.uoa.gr; info@drkoulouvaris.gr
2 Sports Performance Laboratory, School of Physical Education & Sports Science, National
and Kapodistrian University of Athens, 17237 Athens, Greece; smetheni@phed.uoa.gr
3 Biomechanics Laboratory, Department of Physiotherapy, University of the Peloponnese,
23100 Sparta, Greece
* Correspondence: pan.ampeliotis@gmail.com

Abstract: Acute whole-body vibration (WBV) has been shown to influence neuromus-
cular responses in adult soccer players, particularly those at high professional levels (1).
While there is evidence to suggest that acute WBV can enhance isometric strength and
electromyographic (EMG) activity in the quadriceps muscle in adults, the optimal protocol
for its application in adolescents remains to be fully explored (2–4). This study investigates
the acute effects of three different WBV protocols on isometric knee extension strength
and EMG activity of vastus lateralis muscle. Twelve adolescent male soccer players (aged
16.21 ± 0.32 years; height 176.94 ± 8.34 cm; weight 67.29 ± 6.50 kg) from a U-16 profes-
sional team participated. Players underwent WBV on a Galileo 900 vibration device using
three protocols: 1 set of 3 min (P1), 3 sets of 1 min (P2), and 6 sets of 30 s (P3). All were
administered at a semi-squat position with a frequency of 25 Hz. The protocols were
conducted on separate days in a random sequence, following a rest day. Isometric knee
extension at 90◦ of the dominant limb was assessed using an isokinetic dynamometer while
simultaneously recording integrated EMG of the vastus lateralis muscle. Parameters such
as isometric peak force, time to peak force production, rate of force development (RFD), and
EMG variables were measured before, and 2-, 5-, and 15-min post-intervention. The results
showed no statistically significant differences between protocols and time points (p > 0.05).
The most substantial percentage reduction in knee extension peak force was observed in
P1 at times 2 min (−15.22%), 5 min (−15.28%), and 15 min (−14.11%) post-WBV. Time to
peak force production was most affected in P1 (pre: 1.42 ± 1.08 s, 2 min: 2.81 ± 1.73 s,
5 min: 2.38 ± 1.39 s, 15 min: 2.94 ± 1.66 s; p = 0.056). Although not statistically significant,
increases of over 10% in RFD at 80 ms were noted 5 min post-intervention for both P1 and
P3, but a decrease was observed in RFD at 150 and 250 ms. The physiological activity of
the vastus lateralis was consistent across all protocols and time points (root-mean-square
across time points for P1 p = 0.901; P2 p = 0.922; and P3 p = 0.865). In conclusion, different
WBV protocols had no discernible effect on isometric knee extension strength and EMG
activity in high-level adolescent soccer players. Even though no protocol achieved sta-
tistical significance, the prolonged P1 protocol exhibited the most notable strength and
physiological impact.

Keywords: post-activation potentiation; mechanical oscillation; fatigue; elite soccer.
Funding: This research received no external funding.
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of the knee extensors. Scand J Med Sci Sports 2010, 20, 535–540. doi:10.1111/j.1600-
0838.2009.00973.x.

4. Marín, P.J.; Cochrane, D.J. The effects of whole-body vibration on EMG activity of the
lower body muscles in supine static bridge position. J Musculoskelet Neuronal Interact
2021, 21, 59–67.

2.3. The Effect of a Combination of Strength Training Programme on the Development of Vertical
and Standing Long Jump of Female Young Basketball Players

Panagiotis Androutsopoulos 1,*, Konstantinos Ntouvas 1 and Ilias Blantas 2

1 Hellenic Basketball Federation 37 Kifissias Avenue, Marousi, Greece; panagiotisan-
drouts@gmail.com
2 MSc Graduate of the Department of Physical Education & Sport Science, Aristotle Univer-
sity of Thessaloniki, Greece; iliasbladas@gmail.com
* Correspondence: panagiotisandrouts@gmail.com

Abstract: Basketball is a sport that requires outbursts of strength and power that
derives of both the extremities and the core of the body (1). In recent years, basketball
games have become more fast paced with increased physiological demands that require the
acquisition of specialized technical skills and the development of certain physical abilities
from a young age, especially in teenaged girls. The purpose of the study was to examine the
effect of applying a combination program of lower extremity plyometric exercises (jumps
with a progressively increasing degree of difficulty) and limb-trunk stabilization strength
exercises, on the improvement of the vertical jump (SJ, CMJ, DJ) and horizontal jump (SLJ)
in female basketball athletes aged 13–14 years. The hypothesis was that the intervention
group would greatly improve its jumping ability in both jumping conditions after the
implementation of the strength protocol. The sample size consisted of 65 female athletes
(13–14 years old) from various basketball academies, who were randomly divided into
2 groups (experimental n = 43 and control n = 22 female athletes). In order to acquire the
results of the jumping measurements, an optical data collection system (Optojump) was
used, which measures the contact and flight times in a series of jumps with an accuracy
of milliseconds (1/1000 s). The intervention group participated in a strength program
consisting of plyometric exercises (jumps of progressively increasing difficulty and inten-
sity), lasting 12 weeks, with practices occurring 2 times/week, along with the standardized
basketball technique training program (4 times/week). The control group only followed
the standardized basketball training program (4 times/week). Measurements were taken
before and at the end of the intervention program (12 weeks), as well as 2 months after
its completion, in order to investigate if there was strength maintenance in both groups.
All of the measurements were made in a closed basketball court so the process would not
be affected by the weather conditions. Statistical analysis of variance with repeated mea-
sures (ANOVA repeated measures) showed statistically significant differences between the
groups. The female athletes of the experimental group were significantly better in SJ, CMJ
and SLJ compared to the control group, while mixed results between the groups were found
in the DJ measurements. The findings confirm the existing literature on the positive use of
combined strength training protocols, specifically trunk-extremity strength-stabilization
exercises with plyometric and suggests that coaches use combined strength training for the
development of the jumping abilities in developmental age female basketball athletes.

Keywords: plyometric training; teenage girls; strength training; basketball.
Funding: This research received no external funding.
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2.4. Different Types of Concurrent Dry-Land Resistance and Sprint Swimming Training on
Swimming Performance

Gavriil Arsoniadis 1,*, Ioannis Chalkiadakis 1, Petros Botonis 1,2, Gerasimos Terzis 3,
Gregory Bogdanis 3 and Argyris Toubekis 1,3

1 Division of Aquatic Sports, School of Physical Education and Sports Science, National
and Kapodistrian University of Athens, 17237 Dafne, Greece; garsoniadis@phed.uoa.gr;
giannischalk@phed.uoa.gr; pboton@phed.uoa.gr; atoubekis@phed.uoa.gr
2 Division of Sports Medicine and Biology of Exercise, School of Physical Education and
Sports Science, National and Kapodistrian University of Athens, 17237 Dafne, Greece
3 Sports Performance Laboratory, School of Physical Education and Sports Science, Na-
tional and Kapodistrian University of Athens, 17237 Dafne, Greece; gterzis@phed.uoa.gr;
gbogdanis@phed.uoa.gr
* Correspondence: garsoniadis@phed.uoa.gr; Tel.: +306983599847

Abstract: Swimmers apply concurrent dry-land and swimming training (SWT) with
different training types (1–4). Aim of the study was to examine the effect of concurrent
dry-land and sprint SWT or SWT only on swimmers’ performance, physiological and
biomechanical variables following six weeks of training. Twenty-four swimmers (N = 24,
age: 16.5 ± 2.9 years, 12 males and 12 females) were assigned to three groups of equal per-
formance level, (i) maximum strength group (G-MS) performed 3 sets × 4 repetitions, load
90% of one repetition maximum (1RM), 3 min rest between sets, prior to SWT, (ii) strength
endurance group (G-SE) performed 2 sets × 20 repetitions, load 55% of 1RM, 20 s rest
between sets prior to SWT, (iii) control group (G-CON) performed only SWT (1000-m
warm-up, 4 × 50-m front crawl and 4 × 50-m in the preferred stroke starting every 2 min).
These sessions were applied 3 times per week for 6-weeks. Swimmers were evaluated in
1RM before (pre) and after (post) the 6-week training period in bench press, seated pull
rowing, half-squat, critical speed in front crawl swimming using 200 and 400-m distances.
Moreover, performance time (T), arm-stroke rate (SR), arm-stroke length (SL), arm-stroke
index (SI) were measured during 50, 100, 200, 400, and 4 × 50-m front crawl tests. Addition-
ally, force was measured during tethered swimming (TF) and shoulder isometric strength
(ISO), and hand grip strength (HG) were evaluated. Blood lactate concentration [La−] and
heart rate (HR) were measured before and after 400-m and 4 × 50-m test. Pre vs. post 1RM
was increased in bench press for all groups, while seated-pull rowing and half squat only
for G-MS and G-SE (p = 0.01). Critical speed improved in all groups (p = 0.01). Pre vs. post
T improved in all groups (G-MS, 50-m: 4.9 ± 2.4%; 100-m: 5.0 ± 2.2%; 200-m: 4.8 ± 3.9%;
400-m: 3.4 ± 2.3%, 4 × 50-m: 3.1 ± 4.6%; G-SE, 50-m: 4.7 ± 2.9%; 100-m: 4.4 ± 2.2%; 200-m:
6.0 ± 3.5%; 400-m: 4.2 ± 3.3%, 4 × 50-m: 4.0 ± 2.3%; G-CON, 50-m: 2.6 ± 2.7%; 100-m:
2.1 ± 3.2%; 200-m: 3.3 ± 1.5%; 400-m: 3.7 ± 3.3%, 4 × 50-m: 1.2 ± 4.8%, p = 0.01). Post,
SR was increased in 50, 100, and 400-m in all groups (p = 0.01), while SL only in 200-m
(p = 0.01), and SI in 400-m (p = 0.01). TF and ISO increased in all groups (p = 0.01) while
HG increased to a higher extent in G-MS (14.9 ± 8.4%) and G-SE (13.0 ± 9.4%) compared
to G-CON (5.0 ± 20.0%; p = 0.01). [La−] increased after 400-m in all groups (p = 0.01). Post
HR increased only in G-SE during 4 × 50-m (p = 0.01). Both types of dry-land resistance
training and swimming training only are equally effective in performance improvement
following a 6-week training period.

Keywords: sprint swimming training; dry-land resistance training; concurrent training.
Funding: This research received no external funding.
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3. Arsoniadis, G.; Botonis, P.; Bogdanis, G.C.; Terzis, G.; Toubekis, A. Acute and Long-
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2.5. Effects of 30 km Military Endurance March on Neuromuscular System in Spanish Army Marines

Beltrán Cáceres 1,*, Cristian Marín 2, Pablo Martínez de Baños 3 and Pedro E. Alcaraz 1,2

1 Faculty of Sport Sciences, Catholic University of Murcia, UCAM, 30107 Murcia, Spain;
beltran_2301@hotmail.com; palcaraz@ucam.edu
2 UCAM Research Center for High Performance Sports, Catholic University of Murcia,
UCAM, 30107 Murcia, Spain; cmarin@ucam.edu
3 Department of Instruction and Training, Marine Infantry School “General Albacete y
Fuster”, 30201 Cartagena, Spain; pmarma9@mde.es
* Correspondence: beltran_2301@hotmail.com

Abstract: Infantry soldiers must cover long distances carrying heavy and bulky combat
equipment [1]. At times, the success of the mission or survival depends on reaching one
point from another as quickly as possible, despite multiple stressful factors that hinder
their work [2,3]. Since the beginning of their training, Marines have undergone this
characteristic and demanding test. However, little is known about how it affects the
neuromuscular level and recovery in the days following the test. Twenty-six Marines
completed the test, of which three experienced severe discomfort, resulting in a final
sample of twenty-three Marines (age, 28.3 ± 4.98 years; height, 176 ± 5.79 cm; weight,
80.0 ± 7.79 kg) who underwent pre, post, post-24 h, and post-48 h evaluations after the
30 km endurance march carrying their 34 kg combat equipment. Grip strength (HG),
isometric mid-thigh pull (IMTP), countermovement jump height (Hmax CMJ), blood lactate
(La), body weight (BW), rating of fatigue scale (ROF), maximum pull-ups in two minutes
(PUmax), and incident reports (INRE) during the test were assessed. Repeated measures
ANOVA, paired samples t-test, and effect size (ES) analysis were conducted, presenting
the results as mean ± SD. The variable, p-value of changes over time, means ± SD and the
percentage decrease or increase [pre-post, pre-post-24 h, pre-post-48 h] are presented. ROF
(p ≤ 0.001) 1.96 ± 0.56, 7.57 ± 0.66, 4.96 ± 1.19, 3.43 ± 1.12 [+74.11% (p ≤ 0.001), +60.48%
(p ≤ 0.001), +42.86% (p ≤ 0.001)]; BW (p ≤ 0.001) 80.00 ± 7.79, 77.30 ± 7.88, 78.4 ± 7.81,
78.5 ± 8.03 [−3.49% (p ≤ 0.001), −2.04% (p ≤ 0.001), −1.91% (p ≤ 0.001)]; La (p = 0.266)
2.36 ± 0.79, 3.05 ± 2.84 [+22.62% (p = 0.266)]; PUmax (p ≤ 0.001) 17.70 ± 3.23, 13.90 ± 3.48,
15.7 ± 2.72, 16.7 ± 3.19 [−21.47% (p ≤ 0.001), −11.30% (p ≤ 0.001), −5.65% (p ≤ 0.001)];
HG left (p = 0.344) 47.00 ± 6.88, 49.1 ± 7.08, 47.7 ± 6.48, 47.9 ± 6.54 [+4.28% (p = 0.149),
+1.47% (p = 0.456), +1.88% (p = 0.487)]; HG right (p = 0.375) 49.90 ± 6.97, 50.90 ± 7.18,
51.2 ± 7.19, 50.3 ± 6.75 [+1.97% (p = 0.224), +2.54% (p = 0.145), +0.80% (p = 0.641)]; IMTP
(p = 0.004) 2612 ± 291, 2637 ± 293, 2463 ± 301, 2486 ± 248 [+0.98% (p = 0.682), −5.70%
(p ≤ 0.01), −4.82% (p ≤ 0.001)]; Hmax CMJ 32.2 ± 5.96, 27.8 ± 6.23, 28.5 ± 4.81, 27.7 ± 4.50
(p ≤ 0.001) [−13.67% (p ≤ 0.001), −11.49% (p ≤ 0.001), −13.98% (p ≤ 0.001)]. INRE showed
a progressive and significant increase over time (p value) and between first 10 km and last
5 km [%] test in perceived variables of fatigue (p ≤ 0.001) 30.0 ± 22.2 and 54.8 ± 29.5 [+45.3%
(p ≤ 0.001)], muscle pain (p ≤ 0.001) 37.8 ± 24.3 and 70.4 ± 19.4 [+46.3% (p ≤ 0.001)], joint
pain (p ≤ 0.001) 33.9 ± 26.1 and 60.0 ± 28.6 [+43.5% (p ≤ 0.001)], shortness of breath
(p ≤ 0.001) 24.8 ± 14.7 and 35.2 ± 23.3 [+29.6% (p ≤ 0.01)], excessive sweating (p ≤ 0.001)
27.4 ± 17.9 and 48.3 ± 25.2 [+43.3% (p ≤ 0.001)], and muscle tremors (p = 0.028) 24.8 ± 14.7
and 30.0 ± 18.1 [+17.3% (p = 0.103)], except for palpitations (p = 0.189) 24.8 ± 14.7 and
30.0 ± 20.2 [+17.3% (p = 0.162)]. In conclusion, the subjective perception of fatigue in
the military personnel showed optimal recovery after the test; nevertheless, the results
obtained indicate that this one had a significant impact on the neuromuscular level, with
no recovery observed in overall strength and lower limb power after 48 h. The resilient
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spirit of operational military units and their philosophy of being always ready for combat
could increase the injury rate.

Keywords: military; load carriage; neuromuscular fatigue; performance; physical
readiness and conditioning.

Funding: This research received no external funding.
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2.6. Neuromuscular Responses to 5 km Time Trial Load Carried in Spanish Army Marines

Beltrán Cáceres 1,*, Cristian Marín 2, Pablo Martínez de Baños 3 and Pedro E. Alcaraz 1,2

1 Faculty of Sport Sciences, Catholic University of Murcia, UCAM, 30107 Murcia, Spain;
beltran_2301@hotmail.com; palcaraz@ucam.edu
2 UCAM Research Center for High Performance Sports, Catholic University of Murcia,
UCAM, 30107 Murcia, Spain; cmarin@ucam.edu
3 Department of Instruction and Training, Marine Infantry School “General Albacete y
Fuster”, 30201 Cartagena, Spain; pmarma9@mde.es
* Correspondence: beltran_2301@hotmail.com

Abstract: One of the requirements for Marines is to cover a specified distance while
carrying their individual combat gear, supplies, or other military equipment through chal-
lenging terrain [1,2]. The serviceman must be capable of moving from one point to another
in the shortest time possible, both in offensive actions to reach their objective and in defen-
sive actions where the operational team must reach a secure extraction point. Training for
this distinctive physically and psychologically demanding test [3,4] is part of the routine for
Marines. Nevertheless, further studies are necessary to determine the neuromuscular im-
pact of such demanding tests, as well as their recovery in the days following. Twenty-nine
Marines (age, 28.7 ± 4.74 years; height, 176 ± 5.39 cm; weight, 78.4 ± 7.99 kg) performed
the 5 km time trial carrying their 24 kg combat gear. They were evaluated pre, post, post-
24 h, and post-48 h for grip strength (HG), isometric mid-thigh pull (IMTP) performance,
countermovement jump height (Hmax CMJ), blood lactate (La) levels, body weight (BW),
rating of fatigue scale (ROF), maximum pull-ups in two minutes (PUmax), and incident
reports (INRE) during the test. Repeated measures ANOVA, paired samples t-test, and
effect size (ES) analysis were conducted, presenting the results as mean ± SD. The variable,
the p-value of changes over time, means ± SD and the percentage decrease or increase [pre-
post, pre-post-24 h, pre-post-48 h] are presented. ROF (p ≤ 0.001) 2.34 ± 0.81, 8.95 ± 0.76,
4.12 ± 1.02, 3.59 ± 0.63 [+73.86% (p ≤ 0.001), +43.20% (p ≤ 0.001), +34.82% (p ≤ 0.001)], BW
(p ≤ 0.001) 78.4 ± 7.99, 78.0 ± 7.94, 78.0 ± 8.06, 78.4 ± 8.11 [−0.51% (p ≤ 0.001), −0.51%
(p ≤ 0.001), 0% (p = 0.915)], La (p ≤ 0.001) 2.20 ± 0.00, 10.53 ± 0.73 [+79.11% (p ≤ 0.001)],
PUmax (p ≤ 0.001) 17.3 ± 4.73, 15.3 ± 4.41, 15.0 ± 3.66, 15.7 ± 3.67 [−11.56% (p ≤ 0.001),
−13.30% (p ≤ 0.001), −9.25% (p ≤ 0.001)], HG left (p = 0.918) 49.2 ± 6.67, 49.2 ± 7.52,
48.8 ± 6.76, 49.4 ± 6.81 [0% (p = 0.981), −0.81% (p = 0.626), +0.41% (p = 0.803)], HG right
(p = 0.179) 52.0 ± 7.55, 50.1 ± 8.03, 51.2 ± 7.06, 51.3 ± 6.59 [−3.65% (p = 0.047), −1.54%
(p = 0.273), −1.35% (p = 0.0446)], IMTP (p ≤ 0.001) 2590 ± 301, 2633 ± 340, 2427 ± 301,
2472 ± 312 [+1.63% (p = 0.197), −6.29% (p ≤ 0.001), −4.56% (p ≤ 0.01)], Hmax CMJ
(p ≤ 0.001) 31.3 ± 5.00, 32.1 ± 5.4, 30.3 ± 5.12, 30.3 ± 4.97 [+2.49% (p = 0.137), −3.20%
(p ≤ 0.05), −3.20% (p ≤ 0.05)]. INRE showed a progressive and significant (p ≤ 0.001)
increase over time in all perceived variables and between first 10 km and last 5 km [%] test
of fatigue 14.5 ± 15.3 and 75.5 ± 28.5 [+80.8% (p ≤ 0.001)], muscle pain 13.4 ± 15.2 and
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45.5 ± 37.3 [+70.6% (p ≤ 0.001)], joint pain 11.4 ± 14.8 and 27.9 ± 38.4 [+59.1% (p ≤ 0.01)],
shortness of breath 12.4 ± 15.0 and 60.0 ± 34.9 [+79.3% (p ≤ 0.001)], excessive sweat-
ing 13.4 ± 17.2 and 73.4 ± 23.5 [+81.7% (p ≤ 0.001)], muscle tremors 11.4 ± 14.8 and
23.8 ± 32.4 [+52.1% (p ≤ 0.01)], and perceived palpitations 10.3 ± 14.5 and 29.0 ± 37.2
[+64.5% (p ≤ 0.001)]. In conclusion, the military test had a significant neuromuscular im-
pact on the body, resulting in a potentiation of absolute global isometric strength and lower
limb power immediately after the test, with values remaining below baseline at 24 and
48 h.

Keywords: military; soldier; military personnel; load carriage; neuromuscular fatigue;
performance; physical readiness and conditioning.
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2.7. Glycated Hemoglobin Improvements by Diet and Physical Exercise Are Not Linked to
Interleukin-6 Changes in Type 2 Diabetes

Cristina Casals 1,*, Manuel Costilla 1, María Rebollo-Ramos 1, Adrián Montes-de-Oca-
García 1, Alba Mier-Perulero 1, Rafa Baturone-Servan 1, Alejandro Perez-Bey 2, Jesus G.
Ponce-Gonzalez 1 and Juan Corral-Pérez 1
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Abstract: Molecules originating from adipose tissue regulate various physiological
mechanisms, including energy metabolism, insulin sensitivity, and the inflammatory re-
sponse (1). Indeed, a higher degree of obesity seems to be associated with a chronic increase
in interleukin-6 (IL-6), and this elevation may be even more pronounced in individuals
with type 2 diabetes (T2D) and obesity (2). However, the impact of exercise and diet on IL-6
levels and their potential relationship with the reduction of adipose tissue and glycated
hemoglobin in adults with T2D is not well-understood. Therefore, the aim of this study
was to examine the relationship between changes in IL-6, body fat mass, and glycated
hemoglobin induced by a 12-week intervention involving physical exercise, diet modifica-
tion, or both in adults with T2D. In fasting conditions, blood samples were collected for the
immediate assessment of IL-6 and glycated hemoglobin levels, and body composition was
evaluated according to international protocols using an 8-electrode bioimpedance method
(TANITA) in 81 adults with T2D and overweight/obesity. Participants were randomly
assigned to one of three groups: high-intensity intermittent training (HIIT), moderate-
intensity continuous training (MICT), or the inactive group. Within these three groups,
participants were further randomized into either the dietary group or the control group.
The training groups conducted three physical exercise sessions per week, and the dietary
groups adhered to weekly menus featuring a Mediterranean diet with a targeted reduction
of approximately 300 calories with sessions each two weeks, during 12 weeks. According
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to the factorial ANOVA, glycated hemoglobin was significantly reduced (p < 0.05) by the
diet intervention (for the HIIT, MICT, or inactive groups), but there were no significant
changes in IL-6 levels. Similarly, the bivariate correlations of the pre-post differences (∆)
revealed no significant relationships between ∆ IL-6, ∆ glycated hemoglobin, or ∆ body
fat mass. Hence, it is possible that IL-6 originating from adipose tissue may not be a main
factor contributing to impaired T2D control. In fact, substantial increases in IL-6 induced by
acute physical exercise are known to diminish relatively quickly, even in individuals who
are obese and have T2D (3). Consequently, there is an ongoing scientific debate regarding
the pro-inflammatory or anti-inflammatory role of IL-6 and other cytokines (4). Finally,
it’s important to emphasize that, despite the fact that only the dietary groups showed
significant improvements in T2D control based on glycated hemoglobin levels, physical
exercise enhances physical fitness and overall health, although other outcomes were not
included in this study.

Keywords: inflammatory markers; obesity; Mediterranean diet; body fat; body
composition.
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2.8. Mechanical Deviations in Running Kinematics during Fatigue Accumulation: An Association
with Physiological Indices of Muscle Exhaustion

Christos Chalitsios 1,2,*, Thomas Nikodelis 1 and Vassilis Mougios 3
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Abstract: Biomechanical studies often overlook physiological metrics, such as muscle
effort, thereby missing out on insights into how muscle physiology impacts movement,
especially during strenuous exercise. A key metric is muscle oxygen saturation (SmO2),
which measures the percentage of oxygen-bound heme molecules in muscle tissue. SmO2
is assessed using wearable devices employing near-infrared spectroscopy (NIRS). The aims
of this study were to (a) examine changes in the mechanical characteristics of running
as fatigue accumulates, using time series data of lower extremity kinematics, and (b)
associate these changes with SmO2 as an index of muscle fatigue. We hypothesized that
deviations from typical running patterns would increase as runners approached fatigue
and that changes in SmO2 would account for a significant portion of this variance. Sixteen
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youth competitive runners participated in the study. Biomechanical and physiological data
were collected in an outdoor track during an 8-min running test near exhaustion. Inertial
measurement units were placed on the right tibia and lower foot, and a NIRS sensor was
affixed to the rectus femoris. Data from the initial 40% of the trial were used to establish
each runner’s typical movement pattern via a one-class support vector machine model.
The percentage of outlier strides, based on the remaining data segmented into 15% test sets,
defined the overall change in each individual’s movement pattern. The model revealed
a significant increase in outliers (p < 0.001) in the last 15% of the trial. Linear regression
showed that the average SmO2 values during the same time interval accounted for 40%
of the variation in the percentage of outlier (R2 = 0.40, p = 0.009). These findings offer a
proof-of-concept and a novel methodological approach for integrating machine learning
and wearable sensor data to objectively monitor deviations in human movement patterns
in response to fatigue during high-intensity exercise.

Keywords: running patterns; fatigue; muscle oxygen saturation; one-class support
vector machine; outliers.
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2.9. Long COVID-19 Syndrome: Does Gender Affect the Outcomes of a Rehabilitation Programme?
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Abstract: Female sex is associated with higher prevalence of long COVID-19 syndrome
following hospital admission six months after discharge. Patients with long COVID-19
syndrome exhibit improvement in exercise tolerance, quality of life and functional capacity
following the implementation of pulmonary rehabilitation programmes. The benefits of
rehabilitation on the two genders remain inconclusive. Accordingly, the aim of the study
was to compare the effect of a hybrid Pulmonary Rehabilitation (PR) program on functional
capacity, quality of life and exercise tolerance in men and women with long COVID-19
syndrome. Twenty-seven patients (15 men mean ± SD (53 ± 16 years) and 12 women
(54 ± 9 years)) completed PR consisting of 8 outpatient PR sessions (twice weekly for
4 weeks) and 24 home-based sessions (3 times/week for 8 weeks), 5 ± 2 months post-
hospital discharge. QoL (fatigue, symptoms, anxiety, depression and post-traumatic stress
disorder), functional capacity (six-minute walk test, peripheral muscle strength and daily
physical activity) and maximum inspiratory (PImax) were assessed prior and following
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the completion of the programme. Exercise tolerance was assessed via an incremental
ramp cardiopulmonary exercise test. Following the completion of a hybrid PR programme,
the magnitude of improvement in PImax as a fraction of predicted normal was identical
between men and women (from 91 ± 24% to 101 ± 27% and from 34 ± 17 to 44 ± 15%
(p = 0.452), respectively). Fatigue, assessed via Functional Assessment of Chronic Illness
Therapy (FACIT) questionnaire, was similarly improved in men and women (from 30 ± 8
to 44 ± 8 and from 23 ± 11 to 40 ± 8, (p = 0.570), respectively). The improvement in the
COPD Assessment Tool score was comparable between men and women (from 13 ± 8 to
7 ± 5 and from 15 ± 9 to 7 ± 5 (p = 0.449), respectively). Only women exhibited clinically
meaningful improvement in HADS anxiety (from 7 ± 5 to 3 ± 4, p = 0.001) and depression
(from 7 ± 4 to 4 ± 4, p = 0.006) scores. Six-minute walk distance was improved in both
men and women (from 418 ± 91 metres to 506 ± 84 metres and from 385 ± 94 to 437 ± 121
metres, (p = 0.143), respectively). Exercise tolerance was similarly improved in men and
women (from 110 ± 47 Watts to 132 ± 50 Watts and from 73 ± 37 Watts to 89 ± 42 Watts
(p = 0.231), respectively). Finally, VO2peak was similarly improved in men and women
(from 17.5 ± 6.0 mL/kg/min to 20.4 ± 6.3 mL/kg/min and from 15.2 ± 17.0 mL/kg/min
to 17.0 ± 7.5 mL/kg/min, (p = 0.198), respectively). In conclusion, the application of a
hybrid PR in patients with long COVID-19 is equally effective in both men and women,
particularly for those with high anxiety and depression.

Keywords: long COVID-19 syndrome; quality of life; functional capacity; exercise
tolerance.
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2.10. Effects of Moderate-Intensity Continuous and High-Intensity Interval Training on Gut
Microbiota Composition in Type 2 Diabetes Mellitus
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Abstract: Type 2 diabetes (T2D) patients have an altered dysbiotic gut microbiota
that increases fat mass and insulin resistance (1). Despite some articles have shown a
positive relationship between physical exercise and gut microbiota (2), research in T2D is
scarce. This study aims to compare the effects of 12-week High-Intensity Interval (HIIT)
and Moderate Intensity Continuous (MICT) training programs on skeletal muscle mito-
chondrial function in adults with T2D. This randomized controlled trial was conducted
with 33 participants with T2D, aged between 40 and 65 years (57.56 ± 7.32 years), with
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overweight/obesity (Body Mass Index = 33.50 ± 7.02 kg/m2), no antibiotics taken in the
last 6 months, and no diseases that could alter the measurements (irritable bowel). Par-
ticipants were randomly assigned to three groups: HIIT (10 × 1 intervals of pedalling
at 90% of peak power output, n = 11, including 3 females), MICT (continuous pedalling
at 10% above the first ventilatory threshold for 50 min, n = 12, including 5 females), or
a control group (n = 10, including 2 females). Both exercise groups engaged in three ses-
sions per week for 12 weeks. Diet was controlled during the past 7 days of the faecal
sample collection using a 7-day dietary rec-ord. Faecal samples were collected both pre-
and post-intervention for microbiome composition analysis. DNA extraction utilized the
mini QIAamp DNA stool kit (QIAGEN, Barcelona, Spain), while quantification employed
the NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, DE, USA). Statis-
tical analysis employed mixed factorial ANOVA with Bonferroni post hoc comparisons
to evaluate the changes in microbial mean relative abundance. Additionally, correlations
(Pearson’s R) between changes in microbiota distribution and species richness were used.
A time effect was observed for Escherichia fergusoni_ATCC35466 (F = 8.58, η2p = 0.15,
p = 0.032), with the HIIT group showing a significant increase (+6.2 ± 4.2%). A time-group
effect was found for Marseillibacter massiliensis (F = 2.58, η2p = 0.210, p = 0.032), with
both HIIT (+10.2 ± 4.3%) and MICT (+12.3 ± 3%) groups exhibiting significant increases.
The increase in Marseillibacter massiliensis correlated significantly with species richness
(r = 0.58, p = 0.042). This study demonstrates that both HIIT and MICT induce an increase in
Marseillibacter massiliensis, associated with enhanced species richness. Given that species
richness has been associated with lower insulin resistance and low-grade inflammation
in T2D patients (3) this enhancement could potentially ameliorate these two important
markers for T2D. However, it is essential to note that HIIT training also elevates the mean
relative abundance of Escherichia fergusoni_ATCC35466, linked to a higher T2D risk (4),
which may offset the benefits of increased species richness.

Keywords: intestinal bacterial communities; intestinal health; metabolic diseases;
physical activity.
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Abstract: The pathophysiology of Type 2 Diabetes Mellitus (T2D) involves skeletal
muscle mitochondrial dysfunction and insulin resistance (1). Despite it is well known
that exercise can improve mitochondrial function, few studies compare the efficacy of
different exercise models, including High-Intensity Interval Training (HIIT) and Moderate-
Intensity Continuous Training (MICT). This study aims to compare the effects of 12-week
HIIT and MICT training programs on skeletal muscle mitochondrial function in adults
with T2D. This randomized controlled trial was conducted with 32 participants with
T2D, aged between 40 and 65 years (56.31 ± 7.46 years), with overweight/obesity (Body
Mass Index = 33.73 ± 6.04 kg/m2), and no diseases that could alter the measurements.
Participants were assigned to three groups: HIIT (10 × 1 intervals of pedalling at 90% of
peak power output n = 9, including 3 females), MICT (continuous pedalling at 10% above
the first ventilatory threshold for 50 min, n = 13, including 5 females), or a control group
(n = 9, including 2 females). Both exercise groups engaged in three sessions per week
for 12 weeks. Mitochondrial respiration was assessed in permeabilized skeletal muscle
fibres using an Oxygraph-2k. The testing protocol included the sequential addition of
pyruvate (2 M) + malate (0.4 M) + glutamate (2 M) and ADP (0.5 M) + Mg (0.3 M) to
stimulate the electron transport chain complex I (CI). Succinate (1 M) was subsequently
added to stimulate maximal respiratory capacity (CI + II). Statistical analysis employed
mixed factorial ANOVA with Bonferroni post hoc comparisons. No significant differences
in CI or CI + II were observed between groups at the pre-intervention assessment. For
CI activity, there was a time effect for CI activity (F = 12.58, η2p = 0.30, p = 0.001) with a
significant increase in the MICT group after the intervention (18.82 ± 10.80 vs. 37.03 ± 17.21
pmol s−1 [mg w.w.]−1), with no significant time-group effect. For CI + II, a significant
time effect was shown (F = 29.87, η2p = 0.516, p < 0.001), a trend to signification in time-
group effect (F = 2.58, η2p = 0.156, p = 0.69) with both HIIT and MICT groups exhibited
significant increases in CI + II activity (HIIT: 38.22 ± 12.38 vs. 66.88 ± 27.84 pmol s−1

[mg w.w.]−1, p = 0.001; MICT: 38.46 ± 17.02 vs. 75.40 ± 20.98 pmol s−1 [mg w.w.]−1,
p < 0.001). This preliminary study suggests that both HIIT and MICT effectively enhance
maximal respiratory capacity in adults with T2D. However, MICT appears to be more
effective as it significantly increases the capacity of both CI and CI + II, while HIIT primarily
improves CI + II.

Keywords: muscle metabolism; high-resolution respirometry; aerobic exercise; exer-
cise intensity; muscle biopsy.
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Abstract: The load-velocity (LV) relationship is commonly used to estimate one rep-
etition maximum (1RM) and to prescribe and monitor velocity-based resistance training
sessions (1,2). The aim of the study was to evaluate differences between measured 1RM
and 1RM estimated from different models, using LV data. 26 resistance-trained females
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(age: 24.2 ± 3.5 years; BW: 57.11 ± 5.1 kg; height: 164 ± 4.50 cm) performed a maximal
incremental test (1RM) on the Back Squat. Mean propulsive velocity (MPV) of the barbell
was recorded by a linear position transducer (Vitruve). Load-velocity profiles were con-
structed for each subject using linear and quadratic regression models to estimate 1RM
using different minimum velocity thresholds (MVT): the Generalized MVT (GMVT), where
the MVT used to predict 1RM was 0.30 m·s−1; the Individualized MVT (IMVT) correspond-
ing to the MVT measured experimentally for each subject, the Equation MVT (EQMVT),
using the MVT provided by the regression model of each subject. Repeated measures
ANOVA was used to investigate differences in 1RM prediction between the three equations
of each model. Furthermore, the agreement between measured 1RM and predicted 1RM
was explored using the Bland-Altman plots. Lastly, Pearson correlation coefficients (r) was
investigated. Our analysis revealed how real 1RM and 1RM predicted by GMVT were
significantly different in both linear and quadratic equations. Meanwhile, 1RM provided
by IMVT and real 1RM showed no significant difference in both cases. Furthermore, no
significant difference was found between real 1RM and 1RM provided by EQMVT in linear
equations, but, differences were found in quadratic equations. Based on our analysis we
can point out that IMVT is a better predictor of real 1RM when a quadratic equation is used.
Meanwhile, no differences between IMVT and EQMVT were found with linear equation
condition. Overall, we suggest to use IMVT when possible, with no distinction between
linear or quadratic equations. On the other hand, if IMVT cannot be measured, EQMVT
could be utilized, but only using a linear equation.

Keywords: load-velocity relationship; 1RM prediction; 1RM estimation; resistance
training; velocity-based training.
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2.13. Pro- and Anti-Inflammatory Cytokine Responses Following Three Distinct Exercise
Conditions in Young Active Males
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Abstract: Acute exercise triggers the synthesis of several pro- and anti-inflammatory
markers via skeletal muscle contraction. Physiological responses to different types of
exercise vary, influencing the production of pro- and anti-inflammatory cytokines (1). This
study aimed to compare the acute effects of different exercise conditions on interleukin (IL)-
6, IL-10 and C-reactive protein (CRP). Ten young active healthy adults (24.6 ± 2.1 years)
completed three different exercise protocols: (a) high intensity interval exercise (HIIE,
4 sets × 4 min at 85–95% HRmax with 3 min recovery at 50–55% HRmax), (b) moderate-
intensity continuous exercise (MICON, 70–80% HRmax), and (c) whole-body resistance
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exercise (RE), consisting of six exercises (3 sets of 10 repetitions at 70% of 1RM with
90 s recovery between sets and 3 min between exercises). A venous blood sample was
taken pre-exercise, at 10 min post-exercise and at 2 h post-exercise. All laboratory visits
took place a week apart, in a randomised cross-over fashion. There was a significant
difference in percentage change of IL-6 from pre-exercise to 10 min post-exercise between
the three exercise conditions, (p = 0.013). Post-hoc analysis showed that there was a large
significant difference between HIIE and RE (137.1 ± 38.6% vs. 41.9 ± 9.1%, p = 0.03,
d = 1.07), a moderate difference between HIIE and MICON (137.1 ± 38.6% vs. 64.4 ± 26.2%,
p > 0.05, d = 0.70) and a small difference between MICON and RE (64.4 ± 26.2% vs.
41.9 ± 9.1% p > 0.05, d = 0.36). Percentage change of IL-6 from pre-exercise to 2 h post-
exercise was not statistically significant (p > 0.05). For IL-10 the percentage change from
pre-exercise to 10 min post-exercise differed significantly between conditions, p = 0.003.
Post-hoc comparisons revealed a significant large difference between HIIE and MICON
(56.0 ± 25.1% vs. −23.5 ± 8.4%, p = 0.002, d = 1.34), a large difference between HIIE and RE
(56.0 ± 25.1% vs. −4.2 ± 5.5%, p > 0.05, d = 1.04) and a large difference between MICON and
RE (−23.5 ± 8.4% vs. −4.2 ± 5.5%, p > 0.05, d = 0.86). No statistically significant differences
were observed for the percentage changes from pre-exercise to 2 h post-exercise (p > 0.05).
For CRP no significant differences were found for the percentage changes in any time-point
between the exercise conditions (p > 0.05). The results of the present study indicate that
IL-6 and IL-10 responses depend on the exercise modality, with HIIE appearing to induce
the largest increases.

Keywords: high intensity interval exercise; resistance exercise; inflammation; inter-
leukin, myokine.
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2.14. Post-Activation Potentiation Mechanisms with Temperature Influence: A Randomized Study
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Abstract: Post-activation potentiation (PAP) is defined by Sale (1) as an increase in the
force/torque of an electrically evoked contraction after submaximal and maximal condi-
tioned contractions. In other words, it is an increase in peak isometric force contraction or
low frequency/torque tetanic force after (i) a series of evoked stimuli, (ii) an evoked tetanic
contraction, or (iii) a maximal voluntary contraction (MVC) (e.g., conditioned contraction).
The study and analysis of the relationship between the physiological phenomena associated
with PAP and temperature manipulation could be an asset for the targeted intervention of
professionals, particularly coaches and strength and conditioning coaches. The objectives
were to identify the relevance of this phenomenon for the increase of performance in explo-
sive sports athletes and explore the relationship between temperature and the occurrence
of the PAP phenomenon. For that, a quantitative, cross-sectional, descriptive-correlational
study with 14 athletes was carry out at the Biomechanics Laboratory of Porto (LABIOMEP).
The protocols consisted of 3MVC before 10 stimuli with the current defined by the analysis
of the M-wave and H-reflex at the beginning of the session. Then, the cooling or heating
packs (depending on the protocol) were placed around the leg for 5 min, or the subjects
remained that time at room temperature (protocol control). The protocol ended with the
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performance, again, of the 10 stimuli under the same conditions of current. With that, no
significant differences were found in the variables in the PAP activation exploration proto-
col except for the MVC values (MVC with p = 0.041; H-reflex with p = 0.362; M-wave with
p = 0.258). Furthermore, no advantages were found in the manipulation of temperature
under the mechanisms of activation of this phenomenon. In conclusion, further studies
are needed to understand the activation of PAP mechanisms and the importance to sports
performance and if cold and local heat applications genuinely modify the mechanisms of
PAP activation with the exploration of different temperature manipulation methods and
different exposure times to these instruments.

Keywords: potentiation post-activation; temperature; h-reflex; maximal voluntary
contraction; high performance training.
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2.15. Comparative Effects on Quadriceps Function and Posterior Chain Flexibility of an Acute Bout
of Self Myofascial Release on Plantar Fascia with Auramat® vs. Traditional Warm-Up

Danilo Gaias 1, Antonio Martínez-Serrano 1,2,3 and Luis Manuel Martiínez-Aranda 4,5,*
1 UCAM Research Center for High Performance Sport, Catholic University of Murcia,
Murcia, Spain.; danilo.gaias26@gmail.com; amartinez30@ucam.edu
2 Strength and Conditioning Society, Murcia, Spain
3 Faculty of Sport Sciences, Catholic University of Murcia, Murcia, Spain
4 Physical and Sports Performance Research Centre, Faculty of Sports Sciences, Pablo de
Olavide University, Seville, Spain; lmmarara@upo.es
5 SEJ-680: Science-Based Training (SBT) Research group, Pablo de Olavide University,
Seville, Spain
* Correspondence: lmmarara@upo.es; Tel.: (+34)-954977599

Abstract: Self-myofascial release (SMFR) is a treatment that can be done with a large
variety of tools and whose main benefits are enhanced recovery and increased flexibility
without the impairment of performance parameters (1). Many natural surface SMFR
tools have entered the market in recent years, Auramat® being one of them, but they
have not been investigated until now (1). The aim of this study was to determine the
effects of Auramat® Platform (AUR) on posterior chain flexibility and knee extensor’s
function. A second aim was to compare those effects with the effects of a traditional
warm-up (TW) comprising of low-intensity cardiovascular exercise, dynamic stretching,
and bodyweight resistance training (2). 20 healthy physically active subjects (12 male and
8 female subjects; age = 27.2 ± 4.98 years; weight = 76.4 ± 12.14 kg; height = 1.73 ± 0.09 m),
participated in this research. The study was a randomized, counterbalanced, cross-over
design were participants attended the laboratory three times over a two-weeks period. The
first week took place the familiarization session to prepare the subject to perform the tests.
The second week the groups that were randomly assigned at two different interventions
performed the two protocols separated by 48h. During the testing sessions Straight Leg
Raise Test, knee extensors MVIC and RFD were performed only on the dominant limb pre
and post intervention. A 2-way ANOVA with repeated measures for two factors (group
and time) was performed on all dependent variables recorded in the precondition and
postcondition. No significant differences in MVIC and RFD for group (p = 0.910), time
(p = 0.240), group*time (p = 0.410) were found. Both groups improved posterior chain
flexibility after the intervention (p < 0.001; ↑5.75%). RPE for TW showed significant higher
values compared to AUR RPE (p < 0.001; ES = 2.32; TW = 4.3 ± 1.45 vs. AUR = 1.55 ± 0.82).
A bout of SMFR on the plantar fascia with AUR increased flexibility while maintaining knee
extensors force production. TW and AUR seem to have the same effects on flexibility and
force production, with AUR being a less time-consuming strategy with less perceived effort.

Keywords: superficial back line; knee extensor; range of motion; performance.
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Abstract: Session-RPE (RPEs) method has been demonstrated to be valid, reliable and
very useful on the field scenarios. Studies show that the correlation level of RPEs with
mechanical variables is high and significant. However, due to the changes in physical
and mental exertion that occur throughout the season, we do not know if the correlation
value changes as the team approaches the end of the season. The aim of the study is
to test if the correlation degree of RPEs with mechanical variables changes throughout
the season in its three stages: preseason, regular season, and playoffs. The study was
conducted in a Spanish semi-professional football team during the 2020/2021 season. The
team consisted of 22 football players (23.21 ± 04.22 years, 74.98 ± 5.78 kg and 1.79 ± 0.06
m). Data were recorded throughout all training sessions and competitive matches of the
season. The Borg subjective scale was used in its version: RPE 6–20 and this number was
multiplied for session or match (time played) duration (min) in order to get RPEs. RPE
data were requested prior to the session at the same time as the GPS-GNSS waistcoats
were assigned using Playertek+ Catapult devices. GPS-GNSS data were loaded into the
Playertek software and aggregated into spreadsheets. Correlations analyzed were: week-
RPEs with total distance (TD (m)), high-intensity distance (HS (>21 km/h)), acceleration
(ACC (number)) and deceleration (DEC (number). Data were processed globally and
in three periods of the season (pre-season, regular season and playoffs) RPEs showed
significant correlation with TD, HS, ACC y DEC (r = 0.82 to 0.89; p < 0.001) for whole
season data. During preseason, RPEs showed significant correlation for TD, HS, ACC and
DEC (r = 0.54 to 0.83; p < 0.001). On regular season, TD, HS, ACC and DEC correlated
with RPEs (r = 0.56 to 0.79; p < 0.001) and, during playoffs, the strength of the correlation
was even larger (r = 0.62 to 0.91; p < 0.001). RPEs is a low cost, viable and reliable tool
to estimate on-field mechanical variables during the season. However, coaches must be
cautions since changes in players’ level of exertion throughout season might alter the
strength of correlation between RPEs and mechanical load variables.

Keywords: RPE; GPS-GNSS; workload; external load; internal load; monitoring; soccer.
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2.17. Has Covid-19 Pandemic Influenced the Performance of Top-Class Duathletes of the World
Duathlon Championship?

Pablo García-González 1 and José Antonio González-Jurado 1,*
1 University Pablo de Olavide, Seville, Spain; pablogartri@gmail.com
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Abstract: Triathlon is the most studied multi-sport from the ITU. Triathlon perfor-
mance has been the subject of extensive analysis in other Championships (1), as well as
in other distances, including Long Distance (2), Ironman (3) or the Triple or Deca Iron,
not belonging to ITU the last two (4). World Championships are attractive to the scien-
tific community and have been investigated in a wide range of sports, duathlon among
them (5). The ITU World Duathlon Championship is the top championship for this sport.
The influence of COVID-pandemic on duathlon is not yet clear. The aim of the present
study is to provide a comprehensive analysis of the effect of COVID-19 pandemic on
performance in the World Duathlon Championship focusing on male and female categories;
The dataset for this study was obtained from the ITU World Triathlon Series (WTS) website
(http://wts.triathlon.org/). Individual discipline times and overall times from 2018 and
2022 were collected for analysis, excluding 2020 due to the COVID-19 outbreak. The total
number included athletes in this study was 265 subjects (177 males and 88 females). The
mean age of subjects overall was 27.01 for males and 29.11 for females. The Student’s
t-test for independent samples comparing sex was used for normal variables, whereas the
Mann-Whitney U-test was used for non-normal variables.; It displayed significant changes
in performance in most of the analyzed variables. The analysis revealed significant changes
in many studied variables for either sex. Of those, cycling performance had greater values
after COVID-19 pandemic for either sex (p-values < 0.000) whereas swimming, running and
final performance showed worse values (p-values < 0.000 for the first two and 0.002; 0.335
for final performance. Women’s performance decreased less than men’s in second running
performance and final performance (p-values < 0.01; <0.000). These results suggest that
athletes participating in the World Duathlon Championship experienced a decrease in their
performance after COVID-19 pandemic in all variables except for cycling and first transition
performance. This decline is comparatively less pronounced in the women’s category.

Keywords: SARS-CoV-2; World Championship; transition.
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2.18. Has COVID-19 Pandemic Influenced the Performance of Top-Class Triathletes in the Sprint
Distance of the World Triathlon Series?

Pablo García-González 1,* and José Antonio González-Jurado 1

1 University Pablo de Olavide, Seville, Spain; pablogartri@gmail.com
* Correspondence: pablogartri@gmail.com

Abstract: World Championships are attractive to the scientific community, and have
been investigated in a wide range of sports (1), sometimes related somehow to triathlon (2)
but also very similar sports as duathlon (3) The World Triathlon Series (WTS) is the top
championship for triathlon in sprint (SPD) distance. Sex differences in triathlon perfor-
mance have been found to depend on discipline and distance, as previous studies have
shown (4). Lepers & Stapley (5) have asserted that the sex gap is narrower in the Olympic
distance when compared to other larger distances. Even though there are indeed studies
that demonstrate the harm the virus caused to endurance athletes, other studies provide
overwhelmingly positive evidence regarding the influence of lockdown. For instance, it
has been demonstrated that lockdown was beneficial in maintaining the physical fitness
of gymnasts in the United Kingdom and was perceived as time for rest and recovery. The
influence of COVID-pandemic on Triathlon is not yet clear. The aim of the present study is
to provide a comprehensive analysis of the effect of COVID-19 pandemic on performance
in the WTS focusing on male and female categories; The dataset for this study was obtained
from the ITU World Triathlon Series (WTS) website (http://wts.triathlon.org/). Individual
discipline times and overall times from 2018 and 2022 were collected for analysis, excluding
2020 due to the COVID-19 outbreak. The total number included athletes in this study was
1153 subjects (606 males and 547 females). The mean age of subjects overall was 26.28 for
males and 26.90 for females. The Student’s t-test for independent samples comparing sex
was used for normal variables, whereas the Mann-Whitney U-test was used for non-normal
variables.; It displayed significant changes in performance in most of the analyzed variables.
Men and women improved all the analyzed variables that showed significant differences.
All variables improved for men, women and when both were analyzed together (except
for swimming performance in women). Men showed greater change values in swimming
and cycling performance (p-values < 0.000) whereas women showed them in running
performance (p-value < 0.000).; These results suggest that triathletes participating in WTS
of both sex were able to not only maintain but also improve their final performance level
despite COVID-19 pandemic.
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2.19. Physiological Determinants in Rhythmic Gymnastics: A Systematic Review with
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Abstract: Rhythmic gymnastics (RG) is an “early specialization” sport, characterized
by high training load (1), and participation in year-round intense training from an early
age (i.e., 7–8 years old). Physical conditioning is an integral part of rhythmic gymnasts’
preparation (2), aiming to improve performance while reducing the risk of sports-related
injuries. However, evidence on the development of physical fitness parameters in RG
is limited. The purpose of this systematic review was to provide an overview of fitness
parameters related with RG and to examine if they depend on gymnasts’ age, and level
of performance. In addition, the association between fitness tests scores and rhythmic
gymnastics performance were examined. PubMed, Scopus, and Sport Discus databases
were searched using a structured algorithm. Cross-sectional and intervention studies were
included in this systematic review. No restrictions to language or date of publication were
applied. From the 586 records retrieved, 47 studies were included in this study (N = 2087
participants, aged 13.6 ± 1.8 years). The included studies examined flexibility (n = 16),
muscle power (n = 21), balance (n = 11), aerobic capacity (n = 9), coordination (n = 11),
muscle endurance (n = 8), muscle strength (n = 2), sprint speed (n = 3), and agility (n = 4),
assessed using both, general and sport-specific tests. It was found that, higher-level gym-
nasts outperformed lower-level gymnasts in all the fitness parameters examined and the
same was found for rhythmic gymnasts compared to athletes from other sports or controls.
Furthermore, older gymnasts demonstrated better fitness scores than younger gymnasts.
No difference between gymnasts’ levels was found in agility when measured using a
sport-specific shuttle run test. General tests were not sensitive enough to detect differences
between performance levels and their results correlated poorly with performance. From
a young age, performance scores were associated with flexibility, leaping ability, balance,
aerobic capacity, coordination, and agility. Muscular strength, speed, and agility are largely
under-researched in RG. Although flexibility, lower limb muscle power, aerobic capacity,
balance, coordination, speed, and agility are important performance determinants in RG,
there is limited evidence on the possible role of muscular strength, endurance, speed, and
agility development on injury risk. This is important because of the demands of training in
RG from a very young age, placing high stress on skeletally immature athletes, who possi-
bly have sub-optimal strength levels. Further research should examine developmentally
appropriate programs of muscular fitness development in youth rhythmic gymnasts.
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Abstract: Many higher education students have an unhealthy lifestyle, leading to,
among others, reduced academic performance. The aim of this study was to compare
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body mass index (BMI), alcohol use parameters and physical activity levels among higher
education students in different disciplines, related or not to health promotion through
lifestyle changes. One hundred students (age 20.9 ± 0.2; BMI 22.2 ± 0.2) in physical
education and sport science (PESS), 100 students (age 21.3 ± 0.5; BMI 22.8 ± 0.3) in nutrition
and dietetics (ND), and 100 students (age 20.5 ± 0.3; BMI 23.5 ± 0.3) in departments
whose discipline is not related to health promotion through lifestyle changes (engineering,
accounting) (EA) completed a demographic data form, and questionnaires on alcohol
consumption, Alcohol Use Disorder Identification Test (AUDIT; 1), and physical activity
levels (International Physical Activity Questionnaire—IPAQ; 2). Results are shown as
mean ± standard error, statistical significance threshold is p < 0.05. It appeared that the
BMI of EA students was significantly higher than that of PESS students. Regarding the
physical activity levels, ND students had lower IPAQ score, both compared to PESS students
(1852 ± 182 vs. 3457 ± 250 MET-minutes/week; p = 0.001) and EA students (1852 ± 182 vs.
4086 ± 446 MET-minutes/week; p = 0.000). There was no difference in physical activity
levels between PESS and EA students. Regarding alcohol, there was no difference in
the number of drinks they reported to consume per day among all groups of students.
However, ND students reported that they used to drink fewer drinks per week compared
to both PESS students (2.1 ± 0.5 vs. 3.8 ± 4.5; p = 0.001) and EA students (2.1 ± 0.5 vs.
3.8 ± 4.5; p = 0.035). Nevertheless, the AUDIT score was <8 (indicating absence of alcohol
use disorder) in all the three groups (PESS students 4.5 ± 0.4 vs. ND students 3.6 ± 0.3
vs. EA students 4.5 ± 0.4), among which no differences were observed. In conclusion,
the discipline of studies could influence lifestyle parameters, in some cases in a positive
way (e.g., limited alcohol use in ND students). More research on the association between
discipline of studies and lifestyle parameters may contribute to targeted interventions to
improve students’ health and academic performance.
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Abstract: Two specific sprint training methods that are combined uphill–downhill
sprinting (UDS) and resisted sprint training methods (RS). Both methods seem to improve
sprint performance, but to the author’s knowledge a comparison does not exist investigat-
ing the differences between the two training protocols and traditional sprinting. The present
systematic review and meta-analysis investigated sprint performance changes between
combined uphill–downhill sprinting and resisted sprinting methods (sleds, cables/bands,
vests, uphill) and how these compared with traditional sprinting. A literature search was
performed on 19 December 2022, in the databases PubMed, SPORTDiscus, Web of Science
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and SCOPUS, which from 22 studies yielded a total of 24 eligible groups (UDS, n = 6; RS,
n = 18). Studies that measured sprint performance, had a traditional sprinting control, and
used either training intervention in healthy individuals of any age for ≥ 4 weeks were
eligible for the meta-analysis. The change in sprint performance from baseline to post inter-
vention was compared between the interventions and their traditional sprinting control
group. Outcomes were expressed as standardized mean differences (SMD). The standard-
ized changes in sprint performance between intervention groups and traditional-sprinting
controls (negative in favour of intervention, positive in favour of traditional sprint) and
95% confidence interval (CI) were as follows: small for UDS (SMD − 0.41 [−0.79, −0.03];
p = 0.03), trivial for RS (SMD − 0.14 [−0.36, 0.07]; p = 0.19). Combined uphill–downhill
sprinting was more effective than traditional sprinting, while resisted sprinting was not. It
appears that resisted sprint interventions do not increase sprint performance any more than
traditional sprinting. Sub- group analysis and meta-regression appear to show differences
between sled loads and possible differences across distances tested. The results of this
review and meta-analysis seem to warrant further investigations into the possibility that
UDS may be a superior sprint training method to resisted and traditional sprinting.
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Abstract: Muscle injuries comprise of 31% of the total injuries in soccer (1) and
decreased injury occurrences in the squad is related with a higher ranking in the league (2).
Thus, monitoring training load has been an essential concept in the soccer environment to
prevent players from potential non-contact injury incidences. However, selecting sensitive
workload variables and indices to detect injury risk is a complex process for practitioners
and sport scientists. This systematic review aimed to investigate the relationship between
training load variables and non-contact injury incidences in soccer players. The studies
were retrieved through three databases: SportDISCUS, PubMed and Web of Science. The
search was limited to studies published prior to May 2022 and Newcastle-Ottawa Scale
(NOS) was used to assess the methodological quality of the included studies. A total of
the 18 included studies, 13 showed significant relationship between workload variables
and non-contact injury incidences in soccer players. The use of sRPE (session-rating of
perceived exertion) combined with ACWR (acute:chronic workload ratio) and weekly
cumulative load was correlated with non-contact injury incidences while GPS-derived
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load variables were shown to have a conflicting evidence to be utilized through injury
prevention purpose in practical soccer environment.

Keywords: football; training load; injury risk; monitoring.
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Abstract: Tennis is a high-intensity intermittent sport characterized by multidirec-
tional movements, while performance is influenced by the playing surface. This study
aimed to compare performance in physical measures during training on different court
surfaces in young tennis players. Twenty-nine male and female tennis players from dif-
ferent tennis clubs volunteered to participate in this study. Fourteen participants trained
mainly in a hard court surface (Group A; mean ± SD: chronological age 13.96 ± 1.53
years, height 165.79 ± 15.37 cm, body mass 57.16 ± 13.77 kg, Tanner stage 3.07 ± 1.07,
PHV 0.61 ± 1.57 years), while 15 had clay court as their basic training surface (Group B;
mean ± SD: chronological age 12.61 ± 1.38 years, height 156.50 ± 13.53 cm, body mass
45.21 ± 12.82 kg, Tanner stage 2.00 ± 0.85, PHV −0.98 ± 1.63 years). The physical perfor-
mance measures included acceleration (5 m), running speed (20 m), vertical jumping ability
(CMJ), change of direction (Spider test), agility (505 test), and aerobic endurance (Hit &
Run test). Both groups were evaluated in both court surfaces. According to the results, the
performance of Group A was higher during all field tests on the respective training court
surface (hard court) (p ≤ 0.01; 0.05), while Group B showed higher performance in the
clay court only during the Hit and Turn test (p ≤ 0.05). In addition, both groups showed
enhanced performance in all tests when evaluated on hard court (p ≤ 0.05), compared to
clay court, with the exception of Hit and Run test where no differences were observed. The
main training surface can affect physical performance measures and should be considered
by coaches when organizing physical conditioning programs or during the performance
assessment for young tennis players.
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2.24. Physiological Responses to Repeated Maximum-Intensity Efforts in Finswimming
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Abstract: Finswimming (FS) athletes often train by swimming short distances under
apnoea conditions, which results in the gradual development of arterial hypoxaemia and
hypercapnia, but also in the manifestation of the diving reflex (1). The purpose of this study
was to compare physiological responses to repeated maximum-intensity efforts under two
different finswimming conditions: surface finswimming and apnoea finswimming. The
participants were elite finswimming athletes (n = 13, age: 17.3 ± 2.7 years, body mass:
70.6 ± 16.4 kg, height: 176 ± 7 cm). They performed four 50-m swimming maximum-
intensity efforts with monofin (4 × 50 m) under two different conditions: (i) on the surface
(S), with a snorkel, and (ii) underwater (U) (total apnoea). Recovery time between each
effort was 2 min (2). The swimming time was recorded for each effort. Heart rate (HR)
was recorded continuously in both conditions. Performance time in the U condition was
better than in the S condition (U:17.73 ± 1.18 vs. S:19.94 ± 1.41 s, p < 0.01). Mean heart
rate during four 50-m was decreased in U compared to S as it was also observed in peak
heart rate of each 50-m sprint (U: range 167–177 vs. S: range 183–185 b/min, p < 0.05).
Interestingly, heart rate during U showed a progressive decrease during the last 10 s of
each sprint and maintained at lower level during 20 s of recovery compared to S session (U:
range 141–151 vs. S: range 166–174 b/min, p < 0.05). Heart rate subsequently increased
to a second peak within the first 30 s of recovery in U to reach values similar to S session.
Upon comparison of the two conditions, we conclude that FS athletes moved with a higher
velocity underwater (3). This observation can be explained by the fact that underwater
swimming involves less hydrodynamic drag. Moreover, heart rate was decreased because
of the apnoea activated diving reflex (4).
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Abstract: Multi-directional plyometric training (MPT) has been shown to optimize
training adaptations in youth soccer (1,2), however studies conducted in female athletes are
limited (3). This study assessed the effect of a combined balance and MPT on jumping and
explosive performance in young male and female soccer players. Twenty (10 male, 10 fe-
male, age: 12.6 ± 1.6 years, body mass: 47.1 ± 10.8 kg) under-13 (U-13) young soccer players
with 4.5 ± 2.7 years of training experience followed a 6-week balance and MPT (2 ses-
sions/week, 20 min/session) consisting of static and dynamic balance and stabilization as
well as multi-directional plyometric exercises applied at progressively increasing difficulty
with regards to base of support, visual information, speed of movement. Training sessions
were carried out before the typical soccer training, following 5–7 min of standardized warm-
up and 48-h apart. Before (PRE) and after (POST) training, the vertical ground reaction force
was recorded by means of a custom-made uniaxial force platform (Wii, 1000 Hz, Biovision)
to evaluate vertical jumping and lower-limb explosive performance by measurements of
countermovement (CMJ) and squat jumps (SJ) with no arm swing (3 trials/jump). Off-line,
the best trial per jump was selected and performance was determined by the parameters
of push-off duration (ms), jump height (cm), maximum force (N), maximum power (watt)
and maximum impulse (N·s−1). Two-way (training x sex) repeated-measures ANOVA
with Bonferroni post-hoc comparisons were applied to compare anthropometric, vertical
jumping (VJP) and explosive performance parameters. The Cohen’s d was used to calculate
the magnitude of change (calculated as (POST-PRE/PRE)*100%)) between male and female
players. Significant (p < 0.01) differences in age, body mass and height were found PRE
and POST training regardless of sex. Neither training nor sex had a significant (p > 0.05)
main effect on any of the VJP and explosive parameters either in CMJ or SJ. No significant
(p > 0.05) training by sex interaction was found in any examined parameter either in CMJ
or SJ. In the CMJ, small to large ES (d = 0.27–0.85) across nearly all parameters and small
to medium ES (d = 0.20–0.68) in SJ respectively suggested that the magnitude change was
higher for the young female than their male counterparts. Conclusively, the 6-week balance
and multi-directional plyometric training program was not effective to improve jumping
and explosive performance of U-13 soccer players, however the differentiated magnitude
of training between male and female players suggests that gender may be considered as
possible mediator when designing training interventions.

Keywords: multi-directional plyometric training; balance; soccer; preadolescence.
Funding: This research received no external funding.

References

1. Ramirez-Campillo, R.; Alvarez, C.; Garcia-Hermoso, A.; Ramirez-Velez, R.; Gentil, P.;
Asadi, A.; et al. Effect of vertical, horizontal, and combined plyometric training on
explosive, balance, and endurance performance of young soccer players. J Strength
Cond Res 2015, 29, 1784–1795.

2. Jlid, M.C.; Coquart, J.; Maffulli, N.; Paillard, T.; Bisciotti, G.N.; Chamari, K. Effects
of in Season Multi-Directional Plyometric Training on Vertical Jump Performance,
Change of Direction Speed and Dynamic Postural Control in U-21 Soccer Players.
Front Physiol 2020, 11, 374.

3. Ramirez-Campillo, R.; Alvarez, C.; Garcia-Hermoso, A.; Ramirez-Velez, R.; Gentil, P.;
Asadi, A.; et al. Methodological characteristics and future directions for plyometric
jump training research: a scoping review. Sports Med 2018, 48, 1059–1081.

2.26. The Specificity of Regulated Blood Circulation in the Limbs during Resistance Training

Marek Kokinda 1,*, Tomáš Kozák 1, Pavel Ružbarský 1, Bibiana Vadašová and Michal
Fečík 2

1 Faculty of Sports, University of Presov, Presov, Slovakia; marek.kokinda@unipo.sk



Sports 2024, 12, 126 26 of 54

2 Musculoskeletal and Sports Medicine Clinic, Pavol Jozef Šafárik University, Košice,
Slovakia; michal.fecik@nke.agel.sk
* Correspondence: marek.kokinda@unipo.sk

Abstract: The purpose of this study was to elucidate the effect of resistance training
with regulated blood circulation in the limbs on changes in body weight (BW), body fat mass
(BFM), skeletal muscle mass (SMM) and muscle strength. Six males aged 25 ± 2.6 years,
who are studying at the Faculty of Sport and can be classified as strength athletes, par-
ticipated in the study. The experimental period lasted 10 weeks and was divided into
measuring changes with a pretest, an 8-week intervention period and a posttest. The
research methodology was divided into two stages with an emphasis on body composition
and muscle strength. The parameters measured and assessed included body composition
using the direct segmental multi-frequency bioelectrical impedance analysis which was
complemented by the measurement of circumferential characteristics with emphasis on
the biceps in elbow flexion, quadriceps femoris in knee extension and chest in inspiration.
Muscle strength was assessed by maximal hand grip dynamometry, flexed-arm hang, front
squat with barbell and bench press with emphasis on speed in the concentric phase of the
movement for two repetitions. The applied intervention program was implemented 3 times
per week for 40 min and consisted of 8 exercises performed in a horizontal sequence. The
loading intensity was at 20% of the 1RPM with increasing the cuff pressure by 20 SKUs
each week. The parameters were assessed by the Wilcoxon signed rank test. The results
showed that there are no changes in somatic parameters BW, BFM, SMM and included
circumference characteristics by the applied intervention. Concerning muscle strength,
there was a significant improvement (p < 0.05) in power in the front squat by 8 kg and
75.5 W with a 0.02 m/s increase in velocity during the concentric phase of the movement.
On the other hand, there was a deterioration (p < 0.05) in flexed-arm hang by 7.5 s. Based
on these results, the periodization of explosive strength development can be modified.
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Abstract: This study compared knee flexor and extensor strength using two muscle
strength assessment systems: isokinetic dynamometry (ISD) and isometric handheld dy-
namometry (HHD). The aim was to assess the feasibility of using low-cost measurement
tools, such as HHD, to evaluate muscle strength across the entire range of motion (ROM) of
the knee joint, as an alternative to ISD, which is considered as the “gold” standard. Twelve
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healthy athletes (7 men, 5 women) aged 24 ± 2 years performed three maximal concentric
flexion-extension efforts on the ISD at and angular velocity of 60◦/s and two isometric
efforts at various angles (10◦, 30◦, 50◦, 70◦, 90◦, 110◦) in the prone and seated positions. In
a separate session, the corresponding isometric efforts were evaluated using the HHD in
the prone position. The knee angle vs. force relationships were modeled using third order
polynomials (r2 = 0.995), and comparisons of the peak force at each knee angle, as well
as the calculated hamstring-to-quadriceps (H/Q) ratios for each knee angle were made
between the measurement systems. The HHD measurements for knee extension did not
significantly differ from the isometric ISD results in the prone position. Also, the HHD
measurements for knee flexion were similar with the ISD results in the seated position
(p > 0.05). H/Q ratios calculated for each knee angle ranged from 0.2 to 4.7 and were differ-
ent between angles (p < 0.001). However, when calculated conventionally (i.e., peak flexion
divided by peak extension strength) were similar between HHD and ISD-seated positions
(50–55%). The wide range of H/Q ratios between angles was attributed to variations in the
force-length characteristics of the rectus femoris (1) and hamstring muscles (2), due to the
different hip angle depending on the evaluation position (prone or seated) (3). This study
demonstrated that HHD may be a practical and affordable tool for sports professionals to
conduct fast, accurate, and reliable strength measurements on athletes, emphasizing the
importance of assessing a joint’s entire ROM, so as to quantify the force-angle relationship
of the knee joint according to each sport’s specific demands.

Keywords: handheld dynamometry; isokinetic dynamometry; H/Q ratio; angle-
specific force.
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Abstract: The marksmanship ability of biathletes and military personnel is affected by
postural sway, which is influenced by both balance and external load (1, 2). Nonetheless,
the impact of their synergy on marksmanship ability remains uncharted territory. The aim
of our study was to examine the combined impact of balance disruptions and increased load
on marksmanship ability. The research involved 17 males and 1 female officer cadets from
the Hellenic Army Academy, who aged 18 ± 3 years old. Their body mass was 75 ± 5 kg
and their stature was 178 ± 7 cm. The rifle shooting test involved firing 30 shots while
standing, divided into three sets of 10 shots each. The test was conducted twice on different
days. All assessments performed in a shooting simulator across four circumstances: one
on a stable (onB) and another on an unstable (offB) surface, and with subjects attired
in either military-inspired gear and equipment (L—mean weight of 22.5 ± 1.7 kg) or
athletic clothing (noL). The variables under analysis were the score and the % center of
gravity (COG) of shots in the proximity of a designated point. Although balance and
load had individually adverse effects on both shooting score and COG, their combined
impact was more substantial. Specifically, the score was significantly lower for offB-L in
comparison to all other conditions [63 ± 14, 55 ± 13, 56 ± 14 and 46 ± 14 for onB-noL,
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offB-noL onB-L and offB-L, respectively; F(1,17): 15, p < 0.01, η2 = 0.60]. Likewise, offB-L
displayed a lower COG compared to the other three conditions [77 ± 10, 66 ± 10, 72 ± 11
and 59 ± 13 for onB-noL, offB-noL onB-L and offB-L, respectively; F(1,17): 15, p < 0.00,
η2 = 0.76]. By causing a disturbance in postural sway, balance and external load were seen
to have a negative impact on shooting accuracy. The combined effect of these factors was
found to exacerbate the decline in performance. Consequently, training programs aimed
at improving shooting ability should emphasize a comprehensive approach that includes
balance and core stability exercises with external load, rather than exclusively focusing on
isolated training of these elements.
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Abstract: Hemodialysis (HD) patients often experience a decline in both muscle mass
and function, a phenomenon that can be linked to elevated levels of pro-inflammatory
proteins, particularly interleukin 6 (IL-6). Nevertheless, the resistance training (RT) emerges
as a promising strategy not only to enhance muscle function and preserve overall functional
capacity but also to potentially improve the inflammatory profile in these patients (1, 2).
It’s important to note, however, that the responses to RT can vary among individuals
due to several individual factors. Thus, the aim of this study is to identify if the gain in
muscle mass after 12 weeks of RT is associated with inflammatory markers levels. Methods:
Fifty HD patients (51% of males, aged 30–75 years old), undergoing HD treatment for
at least three months, were enrolled in a 12-week intradialytic RT program per-formed
three times per week. The training groups consisted of a high-load intradialytic group
(HLG n = 14, 8–10 repetitions), moderate-load intradialytic group (MLG n = 16, 16–18
repetitions), and control group (CG n = 20, stretching exercise). The total training volume
was equalized among training groups. Results: The HLG had superior gains in lean leg
mass compared to the CG (p = 0.04; +2.84%; effect size = 0.92). There were no differences in
serum concentration of IL-6, IL-10 and tumour necrosis factor α (TNFα) any group after
the RT period. However, when analyzing all individuals who trained, it was noted that
those who responded to the training had 59.2% lower baseline serum concentration of
IL-6 compared to non-responders (1.6 ± 0.9 pg/mL versus 2.7± 2.4 pg/mL, p = 0.041).
Moreover, there was an inverse correlation between changes in muscle mass and baseline
concentra-tion of IL-6 (r= −0.31 p = 0.036). Among the subjects who performed the RT,
73% were considered responders, with 4 subjects each in the HLG and MLG groups being
considered non-responders (28.5% versus 22.2%). This interesting data could be related to
the role of IL-6 in muscle mass (3). Studies in health subjects have shown that the infusion
of IL-6 causes an increase in net muscle protein breakdown and ~50% reduction in total
muscle protein turnover (4). Conclusion: Inflammatory conditions impair the ability of the
muscle to respond to RT

Keywords: resistance training; hemodialysis; inflammation.
Funding: This research received no external funding.
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Abstract: Basketball is an intermittent team-sport characterized by repeated high-
intensity efforts (e.g., sprints or jumps) that put a high demand on the neuromuscular
system (1). Thus, during the season, practitioners frequently assess neuromuscular function
and readiness (2). The countermovement jump (CMJ) is one of the most utilized tests, and
jump height is the most reported metric (1). However, previous studies have argued that:
(i) CMJ height may not accurately portrait neuromuscular readiness as players may modify
movement strategy to achieve similar jump performances (3); and (ii) in basketball, fast
stretch-shortening cycle actions are predominant and these may not be properly assessed
with the CMJ (2). Therefore, the repeated jump test (RPJ) has been recently proposed as
an alternative but it remains unknown whether variables like the reactive strength index
(RSI) are actually better indicators of neuromuscular readiness. The aim of this study was
to compare the acute changes in RPJ RSI and CMJ height to determine which metric is a
better indicator of neuromuscular readiness in young basketball players. Seventeen players
(10 females, age = 16.3 ± 1.3 years, height = 172.4 ± 7.4 cm, body mass = 63.9 ± 7.0 kg and
7 males, age = 15.0 ± 1.1 years, height = 188.7 ± 4.9 cm, body mass = 75.5 ± 6.8 kg) from an
elite basketball academy volunteered to participate. Twice per week, during a one-month
off-season training camp, players completed 3 CMJs and a RPJ test (consisting of 5 reactive
jumps) on a force platform before and after a standardized warm-up (performed prior to
a resistance training session). The best CMJ performance and the average of the 3 best
reactive jumps were kept for analysis. A linear mixed model was used to examine the
differences in jumping variables pre- and post-warm-up accounting for individual repeated
measures. A significant interaction was found for RPJ RSI (p = 0.012) but not for CMJ height
(p = 0.143). Specifically, the former variable increased from pre- to post-warm-up whereas
the latter did not significantly change. The results suggest that RSI was more sensible
than CMJ height to assess neuromuscular readiness, most likely because, during the CMJ,
players may have modified their jumping strategy (e.g., different countermovement depth
or movement velocity) to achieve similar outputs. In conclusion, practitioners should
consider utilizing the RSI to obtain more accurate information about young basketball
players neuromuscular priming and readiness instead of CMJ height.
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2.31. Influence of Human Knee Flexors Contraction Intensity on Ham-String Load-Sharing
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Abstract: The mechanical characteristics of muscles have been studied using ultrasound-
based shear wave elastography (SWE), revealing information on muscle stiffness and load
distribution (1–3). However, the active stiffness of biceps femoris long head (BFlh) and
semitendinosus (ST) muscles under fatigue conditions at various contraction intensities
have not been explored. This study aimed to compare the effects of knee flexor’s isometric
contraction until exhaustion performed at 20% vs. 40% of maximal voluntary isometric
contraction (MVIC), on the active stiffness responses of BFlh and ST. Eighteen recreationally
active males performed two experimental sessions. The knee flexors’ MVIC was assessed
before the fatiguing task, which involved a submaximal isometric contraction until failure
at 20% or 40% of MVIC. Mean active stiffness of BFlh and ST for each percentile during
the fatigue task was determined (i.e., 10 percentiles were calculated, each corresponding
to 10% of the contraction duration). BFlh active stiffness remained unaltered in all exper-
imental conditions (20% MVIC: p = 0.190 η2 = 0.087; 40% MVIC: p = 0.458 η2 = 0.054),
while ST active stiffness decreased from 60% contraction time (p = 0.006) in the 20% MVIC
session. These results suggest that contraction duration could play a major role to induce
changes on hamstrings mechanical properties during fatigue tasks when compared to
contraction intensity.

Keywords: shear wave elastography; biceps femoris; semitendinosus; mechanical;
performance.
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2.32. Effects of Cueing on Vertical Jump Performance in Professional Volleyball Players
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Abstract: The strength and conditioning specialists seek the optimal ways to control
the physical performance of the athletes and to monitor their neuromuscular fatigue (1).
One of the frequently implemented tests to measure lower-body explosive power is a
countermovement jump (CMJ) (2,3). Various technologies have been introduced to perform
the measurements with force platforms being considered as ‚gold standard’ and contact
mats being more affordable option (4). In this study 9 professional volleyball players (age:
23.8 ± 1.5 years; body height: 192.9 ± 8.3 cm; body mass: 83.6 ± 7.1 kg) performed with two
different cueing approaches 1008 CMJs throughout 2 competitive seasons (S1 and S2)-540
(60 ± 10.4 by each athlete) in S1 and 468 (52 ± 6.2 by each athlete) in S2 respectively. In both
seasons the measurements were performed 1 to 2 times per week after the standardized
warm-up. The athletes performed 2 attempts of CMJ without arm swing (hands placed
on the hips) on the contact mat in the same order with approximately 90s rest period
between attempts. In both seasons the athletes could choose their stance width and were
instructed to descend quickly until they reach approximately 90 degrees of knee flexion
and jump as high as possible. In S1 the athletes were instructed to perform the jump in
the same manner every testing session while having more freedom in the movement (i.e.,
bending the hips during the flight as in the volleyball block). In S2 additional cues included
forbidding athletes any movement during the flight and an additional quick rebound
jump immediately after landing to ensure soft landing on the mat in the same position as
during the take-off (full plantar flexion). The mean jump height (46.7 ± 3.53 cm in S1 and
44.5 ± 3.32 cm in S2) and standard deviation were calculated. Significance of difference
was determined by Wilcoxon’s test and effect size (ES) using Cohen’s d. The significant
difference between S1 and S2 in jump height (p: 0.01; ES: 0.64) was noted. After introducing
additional cueing in S2 mean jump height decreased by 4.6% and standard deviation by
30.4%. The results of the study indicate that the cueing and subsequent execution of the
jump may impact vertical jump height using contact mat. Thus, the practitioners should
consider introducing more rigorous testing procedures using this type of equipment in
order to obtain more repeatable measurements and detect the potential neuromuscular
fatigue more efficiently.
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2.33. Muscle Perfusion and Hemodynamic Responses during Resistance Exercise
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Abstract: Near-infrared spectroscopy (NIRS) is widely employed in the study of
muscle oxygenation and perfusion in exercise, with use also in resistance exercise in recent
years. Muscle perfusion during resistance exercise depends on training parameters, type
of muscle activity, and muscle (1–4). Data separating the eccentric and concentric phases
are lacking. We have recently reported that muscle oxygenation undulates during the
two phases of resistance exercise (3). The aim of this study was to examine whether this
is also true with muscle perfusion. Eighteen young resistance-trained males performed
5 sets of parallel high-bar back squat in a Smith machine, with 15 repetitions each: two
warm-up sets [at 14% and 45% of 15-repetition-maximum (15RM)] and three main sets
at 100% 15RM. NIRS devices were attached to vastus lateralis (VL), vastus medialis (VM)
and rectus femoris (RF). During the protocol, total heme (muscle perfusion index) and
heart rate (HR) were continuously monitored. After each set arterial blood pressure were
measured. Repeated measures ANOVA was performed for data analysis. The significance
level was set at α = 0.05. Total heme kinetics showed a slight decrease during the first
seconds of each set, an increase in VL, relative stabilization in VM and decrease in RF
during the rest of the set, and a slight decrease in VL or increase in VM and RF during
recovery. RF had lower total heme starting and final values than VL and VM. From set
to set, the starting value increased, while the final value did not change. Also, there was
an interaction of muscle and set in the final value (p = 0.027). Importantly, total heme
undulated during each repetition, decreasing during the descending phase and increasing
during the ascending phase. Starting, final, and mean HR values within each set had an
increasing trend in the warm-up sets, while remaining relatively stable in the main sets.
Systolic pressure gradually decreased after each set, while diastolic pressure remained
constant. In conclusion, quadriceps muscle perfusion during back squats displayed diverse
patterns depending on the specific muscle, undulating within each repetition in a way
that is in accord with the decreased oxygen demand during the descending phase and the
increased oxygen demand during the ascending phase. This highlights the rapid response
of the circulatory system according to the needs of the exercising muscles.

Keywords: barbell squat; concentric phase; eccentric phase; NIRS; resistance exercise;
muscle perfusion; undulation of muscle perfusion.
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2.34. Not All Power Training Volumes Result in Muscle Power in-Crease: The Role of Muscle
Damage/Inflammation, Oxidative Stress on Muscle Fiber Composition and Power
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Abstract: Divergent data exist about the effect of power training volumes on muscle
power adaptations. Increased training volumes, especially when eccentric or plyomet-
ric exercises are included in a power training session, could lead to significant muscle
damage and oxidative stress, which may compromise the magnitude of adaptations. How-
ever, until now, this has not been investigated. The aim of the present study was to
examine the effect of power training induced muscle damage/inflammation and oxida-
tive stress on muscle fiber composition and power performance. Twenty-nine females
were assigned into three groups and performed for 10 weeks either 3 (LV), 6 (MV) or 9
(HV) sets/session of 4 fast velocity eccentric-only half-squats against 70% of 1RM, fol-
lowed by 3 maximum countermovement jumps (CMJ) after each set. Before and after
the intervention half squat 1RM, CMJ, leg press maximum isometric force (MIF) and
rate of force development (RFD), as well as vastus lateralis muscle fiber type compo-
sition and cross-sectional areas (CSA), were evaluated. One hour before, 2, 24 and 48
h after the 1st training session, blood samples were collected for the determination of
muscle damage/inflammatory (CK, CRP, LDH) and of oxidative stress markers (GPX3,
PC) concentrations. Half squat 1RM and MIF were increased in all groups (p < 0.05),
with the highest increases observed in HV (30.1 ± 9.9%–42.2 ± 7.85% and the lowest in
LV group (18.6 ± 10.0%–20.2 ± 8.6%). Early RFD increased only after LV and MV, with
the largest changes observed after LV (p = 0.000; LV: 10.0 3 ± 7.59%–34.76 ± 13.45%, MV:
8.01 ± 4.12–25.39 ± 13.79%, HV: −18.61 ± 7.30%–12.75 ± 2.55%). Significant reductions in
type IIx muscle fiber percentages and %CSAs after MV and HV, with concomitant increases
in type IIa fibers were found (p = 0.001). HV, followed by MV induce significant increases
in muscle damage/inflammation and oxidative stress markers after the 1st training session
(16.6 ± 10.9%–259.1 ± 111.3%; p < 0.01). No significant changes were observed after LV. Sig-
nificant correlations were observed between the changes of muscle damage/inflammation,
oxidative stress markers after the 1st training session, and the training induced adaptations
in muscle fiber composition, early RFD and CMJ performance (r: −0.678 to 0.821; p < 0.05).
These results suggest that relatively large power training volumes result in significant
increases in muscle damage/inflammation, oxidative stress, which compromise the magni-
tude of power training adaptations on power performance, probably because they mediate
the reduction of type IIx muscle fibers percentage cross sectional areas.

Keywords: rate of force development; eccentric power training; explosive perfor-
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Abstract: Resistance exercise is an effective method to increase muscle strength and
mass but these adaptations retract after detraining. The use of a multi-joint or a single-joint
resistance exercise to increase muscle strength and mass might result in different loss rates
of these adaptations at de-training, however, this issue has not been investigated. The
aim of the study was to compare the effect of resistance training using either a multi-joint
or a single joint exercise on preserving muscle strength and mass gains after 8 weeks
of detraining. Fourteen young moderately trained females (height 173 ± 6 cm, mass
62 ± 10 kg), unacquainted with resistance exercise, followed 8 weeks of unilateral leg
strength training. One lower extremity was trained with the leg press (LP) and the opposite
lower extremity with the knee extension (KE) for 2 sessions per week, 4 sets X 6 repetitions,
80% maximal strength. After 8 weeks of training, they entered a detraining period of
8 weeks. Unilateral maximum strength (1-RM) in leg press and knee extension as well as
quadriceps’ muscle cross sectional area (CSA, via ultrasonography) at 3 different sites of the
thigh length (20%, 40%, 60%) were evaluated before training (T1), at the end of systematic
training (T2) and at the end of detraining (T3). Unilateral maximum strength (1-RM) in leg
press and knee extension increased (36.5 ± 11.5% and 28.3 ± 14.8%, respectively, p < 0.05)
after training, with no difference between interventions (p < 0.05). Quadriceps muscle CSA
increased at 20% of thigh length (LP: 10.5 ± 5.1% and KE: 7.5 ± 3%, p < 0.05, significant
difference between training protocols, p < 0.05), at 40% of thigh length (LP: 10.2 ± 3.6% and
KE: 8.2 ± 3.4%, p < 0.05) and at 60% of thigh length (LP: 11.2 ± 4.5% and KE: 7.1 ± 3.2%,
p < 0.05, significant difference between training protocols, p < 0.05), after systematic training.
Maximum strength decreased between T2 and T3 (LP: −11.2 ± 6.3% and KE: −16.8 ± 6.5%,
p < 0.05, significant difference between training protocols, p < 0.05) and quadriceps muscle
CSA decreased at 20% of thigh length (LP: −6.2 ± 2.7% and KE: −5.7 ± 3.1%, p < 0.05) at
40% of thigh length (LP: −5.9 ± 2.1% and KE: −6.3 ± 3.4%, p < 0.05) and at 60% of thigh
length (LP: −7.0 ± 2.8% and KE: −4.8 ± 2.1%, p < 0.05), with no difference between training
protocols. There was no difference in the loss of muscle CSA between intervention, from T1
to T3. These results suggest that LP results in larger increases in quadriceps muscle mass
compared to the KE. However, after 8 weeks of detraining a similar decrease in muscle
mass is expected after the implementation of either exercise paradigms.
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Abstract: The financial loss due to injury is severe in professional football (1). Never-
theless, when describing the economic impact of injuries in football, a statement by a CEO
of a UCL’s club, not based on objectively quantified data, is used (2–3). Therefore, this study
aims to determine the number of injuries (muscular, joint and remaining injuries), and their
corresponding missed matches in order to analyze their economic impact in Bundesliga,
LaLiga and Premier League clubs. For that, a cross-sectional study was carried out for the
season 2021/2022, and for all players of all clubs of aforementioned leagues. The economic
impact of injuries was estimated taking into consideration player´s availability, as a ratio
between missed matches and total matches played by each club, and the mean salary cost
per club. The high number of injuries, which vary from 1200 to 1400, implies an annual high
cost for professional first division football clubs, specifically €110 M, €181 M, and €265 M in
Bundesliga, Laliga and Premier League, respectively. Nevertheless, the differences among
the three leagues related to the type of injury and the missed matches are statistically
significant. For example, LaLiga seems to managed joint injuries better than the others
leagues, but not with muscular ones, which are quite superior. Premier League shows
the highest number of missed matches, being this difference statistically significant when
compared to Bundesliga. These results highlight the importance of reducing the number of
injuries through multidisciplinary teams as well as recovery times and let compare strong
and weak points of these three leagues in regard to the analyzed variables.
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2.37. Effect of a Single Bout of Foam Rolling Exercise on Postural Balance Performance in Young
Female Gymnasts
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Abstract: Foam rolling (FR) is acknowledged as an effective method substituting for
an intense warm-up to increase the joint range of motion with some studies reporting small
balance performance improvements in recreationally active young subjects (1, 2). This study
examined the effect of a single bout of FR exercise on postural balance performance in fe-
male rhythmic gymnastics athletes. Seven female athletes (age: 22.8 ± 2.2 years, body mass:
61 ± 20 kg) with training experience >10 years and training frequency 4 days/week × 2 h,
participated with a counterbalanced randomized order in 3 experimental conditions: (a) FR
without vibration (NoVibr) (Live up™, 13 × 38 cm, 650 g), (b) FR with vibration (Vibr)
(25 Hz, Pulseroll™, 15 × 38 cm, 1.100 g) and (c) control condition (resting in a comfortable
sitting position). The NoVibr and Vibr FR sessions consisted of 3 sets of 30 sec FR bilaterally
on the knee flexors—extensors and plantar flexors with 14 min total duration and 15 s rest
between set series and muscle groups. FR pressure was applied parallel to the muscle fibers’
orientation at 40 beats/min controlled by a metronome and up to the athletes’ discomfort



Sports 2024, 12, 126 36 of 54

threshold. Before (PRE) and after (POST) the experimental conditions, the vertical ground
reaction force was recorded by a custom-made uni-axial force platform (Wii, 1.000 Hz,
Biovision™) during quiet barefooted stance trials of: (a) static two-legged, and (b) static
one-legged (left-right) postural conditions (open eyes, 30 sec of 3 trials/condition). Off-line,
the center of pressure (CoP) data were calculated (∆t analysis = 20 sec, average of 3 trials)
and postural balance performance was assessed by: (a) CoP path length (PL, cm), and
(b) CoP sway amplitude (cm) in the anteroposterior (APsway) and mediolateral (MLsway)
directions. Two-way repeated-measures ANOVA (condition x measure) with Bonferroni
post-hoc comparisons were applied (a = 0.05). There was no significant (p > 0.05) main
effect of condition either in two-legged (% change, PL: −4 ± 14, APsway: 0.2 ± 33, MLsway:
17 ± 32) or one-legged (% change, Left: PL: −12 ± 13, APsway: 6 ± 33, MLsway: −8 ± 20;
Right: PL: 2 ± 19, APsway: 2 ± 29, MLsway: 15 ± 28) stance in any CoP parameter. Simi-
larly, no significant (p > 0.05) effect was found between PRE and POST measures and no
significant (p > 0.05) condition by measure interaction was found in any postural condition.
Conclusively, in a highly demanding for fine postural control sport such as rhythmic gym-
nastics (3), a single FR session with or without vibration does not appear to be a sufficient
stimulus to invoke positive changes in postural balance.

Keywords: myofascial release; foam rolling; vibration; postural balance; gymnastics.
Funding: This research received no external funding.

References

1. Zhang, Q.; Trama, R.; Fouré, A.; Hautier, C.A. The immediate effects of self-myofacial
release on flexibility, jump performance and dynamic balance ability. J Hum Kinet 2020,
75, 139–148.

2. Chia-Lun, L.; I-Hua, C.; Bo-Jhang, L.; Wen-Dien, C.; Nai-Jen, C. Comparison of
vibration rolling, nonvibration rolling, and static stretching as a warm-up exercise on
flexibility, joint proprioception, muscle strength, and balance in young adults. J Sports
Sci 2018, 36, 2575–2582.

3. Vuillerme, N.; Teasdale, N.; Nougier, V. The effect of expertise in gymnastics on
proprioceptive sensory integration in human subjects. Neurosci Letters 2001, 311,
73–76.
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High-Intensity Choreography

Stavroula Ntomali 1,*, Argyris Toubekis 1 and Petros Botonis 1

1 School of Physical Education and Sports Science, National and Kapodistrian University
of Athens, Division of Aquatic Sports; sdomali@phed.uoa.gr
* Correspondence: sdomali@phed.uoa.gr

Abstract: Artistic swimming training routinely involves various repeated high-intensity
bouts that necessitate from athletes to learn and deliver the choreographed and technical
movements required in competition. Mental fatigue may increase the rate of perceived
exertion (RPE) without altering the physiological responses of athletes executing endurance-
based exercise tasks (1). However, it remains unknown whether mental fatigue has similar
effect following repeated, long-interval high-intensity efforts simulating competition. The
aim of the present study was to assess the influence of mental fatigue on artistic swimmers’
physiological responses following long-interval, high-intensity choreography. Twelve fe-
male artistic swimming athletes (age: 17.5 ± 3.7 years, body mass: 20.7 ± 3.0 kg) completed
a free routine of four repetitions and four-minute duration (4 × 4-min) with a two-min of
passive rest in-between, on two occasions a week apart. Each occasion was preceded either
by an implementation of a 30-min mental fatigue test (Stroop task; experimental condition;
EC) or by watching an emotionally neutral video of similar duration (control condition;
CC) in a randomized and counterbalanced order. Heart rate was continuously recorded
during the routines (s610i, Polar electro, Finland). Fingertip blood samples were collected
before the initiation, after the second, as well as at the end of the fourth 4-min routine
and analyzed for blood lactate concentration (Lactate Scout+, SensLab GmbH). RPE was
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also recorded at the end of each 4-min routine. Heart rate was similar between conditions
(EC: 172 ± 8 vs. CC: 174 ± 5 beats·min−1 p > 0.05, n = 8). Blood lactate concentration was
higher following the second (6.4 ± 3.6 mmol·l−1) and the fourth bout (5.9 ± 3.7 mmol·l−1)
compared to pre-exercise values (2.5 ± 1.5 mmol·l−1). Nonetheless, it was higher in CC
compared to EC condition (6.6 ± 3.4 vs. 5.7 ± 3.8 mmol·l−1, p = 0.03). RPE was progres-
sively increased over time being higher in the third (8.3 ± 1.2 a.u.) and fourth 4-min bout
(8.4 ± 1.4 a.u.), compared to the first one (7.2 ± 0.9 a.u., p < 0.05), regardless of condition.
Nevertheless, it was no different between conditions (EC: 7.7 ± 1.4 vs. CC: 8.1 ± 1.2 a.u.,
p > 0.05). Despite similar heart rate and perceived exertion values, the reduced blood lactate
concentration following a stroop test indicates a lower activation of anaerobic metabolism;
thus, suggesting that mental fatigue has likely a negative effect on repeated 4-min duration
high-intensity efforts.

Keywords: mental fatigue; physiological characteristics; exercise performance; artistic
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Abstract: This study compares the effects of high-load cluster training (CLUST) versus
traditional high-load training (TRAD) using the half-squat on changes in strength and
power. The aim of this study is, therefore to find out whether, at heavier loads than those
often studied in the literature, notably at 80% of 1RM or less, the cluster makes it possible to
maintain a high level of power for longer than with work at equivalent loads in continuous
effort (1,2). We hypothesize that the 9*1 repetition at 90% 1 repetition maximum (1RM)
would enable greater power to be produced and therefore greater strength to be developed.
Twenty resistance-trained individuals were divided into two matched groups. Group
CLUST (n = 10) performed 9 sets of 1 repetition at 90% of 1RM with cluster having a
45-s inter-repetition, whereas Group TRAD (n = 10) performed the Traditional 3 sets of
3 repetitions at 90% of 1 repetition maximum (1RM) with a 3-min interset rest. The 1RM
half-squat, the number of repetitions at 90% of the 1RM assessed in the pre-test, and the
countermovement vertical jump (CMVJ) test were assessed 1 week before and 1 week after
six weeks of training, including two sessions per week. Measures of changes of power were
assessed during each repetition of all sessions. A 2-way analysis of variance was calculated
to compare differences between-groups and Time (PRE, POST). 1RM half-squat strength,
power, number of repetitions at 90% of 1RM assessed in the pre-test and CMVJ increased
significantly in both the CLUST (p < 0.001 for all variables) and the TRAD (p < 0.001 for
all variables) groups. No significant difference existed between groups for all variables
(p > 0.05). Strength training in 90% of 1RM during six weeks can lead to similar gains in
strength and power of half-squat despite differences in rest between the repetitions. We
conclude that the CLUST would not be able to produce greater power and, therefore greater
strength than TRAD. However, CLUST avoids any tendency to fail and is, therefore, safer
and simpler for athletes to improve half-squat strength like TRAD.

Keywords: maximal strength; cluster; power; training.
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Abstract: Prolonged application (>20 min) of local vibration (LV) on muscles or
tendons is known to reduce maximal isometric strength (1–4). However, the effect of short
vibration durations (<6 min) is still un-known. The aim of the present study was to identify
the shortest duration that would induce a reduction in the knee extensor muscles’ force
and to confirm the central origin of such losses. In fourteen participants, the changes in
maximal voluntary isometric contraction (MVIC) were measured after 1, 3, and 6 min
of rest (CONT) or local vibration (LV) over the quadricipital tendon (frequency: 100 Hz;
amplitude: 0.5 mm). Before and after each condition, the amplitude of the twitch induced
by a 100 Hz potentiated electrical doublet (PDPOT), relative electromyographic activity
of the vastus medialis and rectus femoris muscle during the MVIC (RMSMVIC.M-1), the
torque developed 50 ms after the onset of contraction (T50) and the voluntary activation
level (VAL) were evaluated. Repeated measures ANOVAs with three within-subject factors
[Condition (CONT, LV) × Duration (1, 3, 6) × Time (PRE, POST)] on raw data forall
variables were performed. None of the three LV durations significantly changed MVIC
compared with the control condition (p = 0.379). Indices of central (i.e., VAL, T50, RMS-
MVIC.M-1) and peripheral (PDPOT) fatigue were unaffected (p > 0.147). In conclusion, a
short duration of LV (<6 min) on a voluminous muscle group does not impair maximal
force production nor induce any central or peripherical fatigue.
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2.41. Physiological Parameters Related to the Rate of Power Recovery during Resistance Exercise in
Upper Limbs
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Abstract: The aim of this study was to examine the relationship between physiological
parameters and the rate of power recovery during resistance exercise of the upper limbs.
Fourteen men aged 25.0 ± 6.3 years (height: 1.78 ± 0.09 m, body mass: 78 ± 11 kg), with at
least 2 years of experience in resistance training took part in this study. In a preliminary
session, maximum bench press strength (1 repetition maximum, 1RM) and the optimum
load for the highest power generation were measured in the horizontal bench press exercise
on a Smith machine (95.0 ± 17.4 kg and 56.3 ± 1.4% of 1RM, respectively). Also, the slope of
performance decline was calculated during a maximum number of repetitions (MNRslope)
test, executed as fast as possible against the optimum load. On another visit maximum
aerobic power of the upper limbs was determined via an increasing load protocol on an
arm crank ergometer (−0.026 ± 0.006 m/s/rep and 104.6 ± 18.1 W, respectively). In the
next five sessions, participants performed four 10 s sets of bench press executed as fast
as possible, against an external load corresponding to the optimal load. The rest interval
between sets was either 30 s or 1 or 2 or 3 or 5 min in a random and counterbalanced
order. During the exercise, bar velocity and mean power of all repetitions were measured
with a linear position transducer. The percentage of bench press performance recovery
between the 1st and the 2nd set was calculated to provide the individual rate of power
recovery. Multiple linear regression showed that 68% (p < 0.01) of the variation in the rate of
power recovery could be explained by MNRslope and maximum theoretical velocity (V0).
Furthermore, high correlations were found between power recovery and the rate of decrease
in mean velocity per repetition in the MNR test (r = −0.605 to −0.633, p = 0.015–0.022),
as well as between the aerobic power of the upper limbs expressed per kilogram of body
mass and power recovery (r = 0.54, p = 0.047). Neural networks analysis showed that
the time required for a person to achieve 95% power recovery from the 1st to the 2n set
could be predicted with an accuracy of 94–99%. Power recovery could be predicted by
the combination of MNR slope, V0, and by the rate of decreasing of the mean velocity per
repetition or aerobic power.

Keywords: resistance training; bench press; linear position transducer.
Funding: This research received no external funding.

References

1. Davó, J.L.H.; Ruiz, J.B.; Sabido, R. Influence of strength level on the rest interval
required during an upper-body power training session. J Strength Cond Res 2017, 31,
339–347.

2. González-Hernández, J.M.; Jimenez-Reyes, P.; Janicijevic, D.; Tufano, J.J.; Marquez, G.;
Garcia-Ramos, A. Effect of different interset rest intervals on mean velocity during
the squat and bench press exercises. Sports Biomech 2020, 1, 14.

2.42. Gastrocnemius Medialis Fascicle Length in Female Athletes of Different Maturity Status

Ioli Panidi 1, *, Gregory C. Bogdanis 1, Vasiliki Gaspari 1, Gerasimos Terzis 1, Anastasia
Donti 1, Andreas Konrad 2 and Olyvia Donti 1

1 School of Physical Education & Sport Science, National and Kapodistrian University
of Athens, 17237 Athens, Greece; ipanidi@phed.uoa.gr; gbogdanis@phed.uoa.gr; vgas-
pari@phed.uoa.gr; gterzis@phed.uoa.gr; adonti@phed.uoa.gr; odonti@phed.uoa.gr



Sports 2024, 12, 126 40 of 54

2 Institute of Human Movement Science, Sport and Health, University of Graz, Graz,
Austria; andreas.konrad@uni-graz.at
* Correspondence: ipanidi@phed.uoa.gr; Tel.: +30-21-0727-6109

Abstract: Fascicle length is a muscle architectural characteristic related to muscle
extensibility and performance. Systematic flexibility training and maturational growth
have a significant effect on muscle fascicle length (1), but data on growing athletes are
sparse (2). The aim of this study was to examine gastrocnemius medialis fascicle length
(FL) in female athletes of different ages and stages of maturity. Furthermore, the association
between FL and athletes’ age, training experience and anthropometric characteristics was
also examined. FL at the medial part of gastrocnemius medialis was assessed in 99 female
volleyball athletes, aged 8–18 years, using ultrasonography. Athletes were assigned to
three maturation groups: pre-pubertal (n = 25), circa-pubertal (n = 26) and post-pubertal
(n = 48). Height, sitting height, body mass, leg- and calf length were also measured. As
expected, muscle fascicles were longer in post-pubertal compared to pre- and circa-pubertal
athletes. FL was similar between circa-pubertal compared to pre-pubertal girls (4.11 vs.
3.99 cm, respectively, p = 0.702), but was longer by 8% in post-pubertal compared to circa-
pubertal (4.46 vs. 4.11 cm, respectively, p = 0.034) and by 12% in post-pubertal compared
to prepubertal (4.46 vs. 3.99 cm, respectively, p = 0.003). Moderate correlations were
found between FL and athletes’ age, training experience and anthropometric characteristics
(r = 0.333 to 0.482, p < 0.001). Multiple regression analyses indicated that in pre-pubertal
girls, calf length and training experience explained 28.1% of the variance in FL (p = 0.010),
while in circa- and post-pubertal girls body mass accounted for 31 and 12.5% of the
variance in FL, respectively (p = 0.002 and p = 0.008, respectively). In conclusion, FL in
pre-pubertal athletes was associated with calf length and the mechanical loading imposed
on the muscles during training. In circa-and post-pubertal athletes, FL was more related to
body and muscle mass, possibly due to accelerated maturation.
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Abstract: Ultra-endurance events have gained significant popularity during the last
decades worldwide. However, research concerning biochemical indices and performance
data in racing athletes is scarce. The purpose of the present study was to present a case
report of a well-trained ultra-endurance cyclist (years: 42, VO2 peak: 50.8 mL min −1·kg −1)
during an extreme endurance cycling race (3779 km total distance, 302.3 ± 104.6 km/day)
which was completed in 12 days, 11 h and 49 min. Body composition characteristics and
blood samples were collected and analyzed pre- and post-race. Athlete’s raw data and
environmental conditions were recorded daily throughout the race. Body fat mass reduced
from 7.8 to 6.1 kg post-race while on the contrary, muscle mass increased (pre: 62.6; post
67.5 kg). Extracellular Body Water increased from 17.5 to 19.7 L after the completion
of the race. Creatine Kinase (pre: 208; post: 358 U/L), Lactate DeHydrogenase (pre:
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188; post: 266 U/L), SGOT (pre: 29; post: 48 U/L) and SGPT (pre: 31; post: 61 U/L)
were all significantly elevated above reference values post-race. Mean cycling speed
during the course was 18.7 km/h (ranging from 15.2 to 26.5 km/h), while mean cycling
power was measured at 98 Watts (ranging from 83 to 125 watts). Mean environmental
temperature throughout the 12 racing days was 23.4 ◦C (ranging from 0 to 45 ◦C). Although
specific recommendations cannot be given on the basis of these data, this report indicates
significant muscle damage, and possible edema due to high water retention during an
extreme endurance event. Individual nutrition approaches and racing strategies should be
implemented and investigated.
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Abstract: Jumping and balancing are common activities for adolescents, not only
in their daily lives, but also in competitive sports. While movement efficiency appears
to improve during adolescence, the rapid increase in height around peak height velocity
(PHV) may impede this improvement. These disturbances may be due to neuromuscular
and sensorimotor adaptations, as well as structural and neural changes during the growth
spurt. The full scope of the aforementioned subject is currently not entirely clear. Thus, this
study seeks to investigate the potential mechanisms involved in performing jumping and
balancing tasks during the maturation period of adolescence. Additionally, this study aims
to examine the effects of the growth spurt on such movements. Twenty-three boys (average
age: 12.5 ± 0.29) and twenty-two girls (average age: 10.5 ± 0.32) participated. We calculated
each participant’s time relative to PHV. The study had three assessment points: 18 and
9 months before PHV, and at PHV. Participants completed balance tests (bilateral, unilateral,
and with eyes closed) and a countermovement jump (CMJ). Additionally, Achilles tendon
(AT) and plantar flexor muscle forces were measured using a dynamometer. Muscle activity
in the medial gastrocnemius (MG) and tibialis anterior (TA) was measured with surface
EMG electrodes during balance tasks and the jump’s phases. Regression analysis showed
a correlation between increased AT stiffness and contraction amplitude of plantar flexors
during a closed eyes task, 9 months before peak height velocity (PHV), in girls. Meanwhile,
it demonstrated a link between increased AT stiffness and increased TA activity during
bilateral, closed eyes and unilateral balance tasks, in boys, 18 and 9 months before PHV.
Linear Mix Model analysis showed a significant interaction between sex and AT stiffness
for both jump velocity and jump height, where boys had higher values than girls. We
have discovered unique strategies that early adolescent boys and girls rely on to perform
static balancing maneuvers. Boys adopt a peripheral mechanism characterized by high AT
stiffness and increased TA activity. In contrast, girls exhibit central balance regulation with
a more compliant AT and elevated co-activation of plantar flexors. Superior performance
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in boys regarding CMJ is associated with higher AT stiffness, though maturity growth
designates a plateau phase in jump performance near PHV.

Keywords: adolescence; balance control; jumping performance; Achilles tendon
stiffness; plantar flexors force; muscle activity.
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Abstract: In soccer, external match-load management and testing is used to facilitate
training session planning and recovery, maintain performance, and reduce injury risk (1).
However, to effectively monitor post-match changes in physical performance, valid, reliable
and practical measures which are sensitive to change are required (2). Despite the previous
research on post-game neuromuscular fatigue (NMF) and external match-load (3), their
correlations and variation of these metrics across a season, have not been examined. The aim
of this study was to determine the variation and correlations between match external load
metrics, kinetic countermovement jump (CMJ), and 90:20 isometric posterior chain (IPC)
test variables across the season. Match-day physical demands (total distance (TD), high-
speed running distance (HSRD), and metres per minute) and 24 h post-game NMF (kinetic
CMJ metrics and 90:20 IPC) performance testing data were collected by 19 footballers in
Spanish La Liga Division Segunda B during the 2020–2021 season. Jamovi software (Jamovi
version 2.3.24, Sydney, Australia) and costumed Microsoft Excel used for the statistical
analysis. Coefficient variation (CV), intraclass coefficient variation (ICC), typical error
(TE), and correlation for all the metrics was performed. The kinetic CMJ and 90:20 metrics
CV was low (<10%) across the season, except eccentric peak power presented 13.4% CV.
Regarding match external load, TD and HSRD metrics presented high 14.9% and 21.6%
respectively, CV. ICC was good to excellent for all the variables. Significant positive
correlations were observed between CMJ height and the maximal force produced in the
90:20 test (p < 0.001). HSRD and metres per minute (m/min) were negatively correlated
with CMJ peak power (p < 0.001). m/min. Significant positive and negative correlations
found between CMJ kinetic metrics. The variation for all fatigue-indicator variables across
the season was relatively low, demonstrating low variation in NMF from the season start to
end following a match. The correlations observed may help practitioners in monitoring
season load and highlight variables to focus on when monitoring NMF.

Keywords: soccer; countermovement jump; isometric strength; sensitivity.



Sports 2024, 12, 126 43 of 54

Funding: This research received no external funding.
References

1. Bengtsson, H.; Ekstrand, J.; Hägglund, M. Muscle injury rates in professional football
increase with fixture congestion: an 11-year follow-up of the UEFA Champions League
injury study. Br J Sports Med 2013, 47, 743–7.

2. Hader, K.; Rumpf, M.C.; Hertzog, M.; Kilduff, L.P.; Girard, O.; Silva, J.R. Monitoring
the Athlete Match Response: Can External Load Variables Predict Post-match Acute
and Residual Fatigue in Soccer? A Systematic Review with Meta-analysis. Sports
Med-Open 2019, 5, 48.

3. Martínez-Serrano, A.; Freitas, T.T.; Franquesa, X.; Enrich, E.; Mallo, M.; Alcaraz, P.E.
Does External Load Reflect Acute Neuromuscular Fatigue and Rating of Perceived
Exertion in Elite Young Soccer Players? J Strength Cond Res 2023, 37, e1–e7.
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Abstract: The time available for improving physical fitness in soccer is limited (1).
This study investigated the physiological and neuromuscular adaptations of an integrated
high intensity interval aerobic and power training protocol during the off-season pe-
riod (2). Twenty-four young high level soccer players (age: 14.9 ± 0.2 years, maturity
offset: 1.4 ± 0.6 years, height: 175.1 ± 8.3 cm, body mass: 64.9 ± 9.3 kg), were divided
into three groups and performed a 2 × 6 min interval training protocol with 2 min passive
recovery between sets, two times per week for 6 weeks. Each 6 min set included repeated
periods of 15 s exercise interspersed with 15 s passive rest. One group (RUN) performed
all exercise periods with running at 10% of anaerobic speed reserve. The second group
(JUMP) performed these periods with jumping, i.e., each 6-min set included four periods of
jumping exercise (9 drop jump per 15 s work interval separated with 75 s rest intervals).
The third group performed an integrated protocol (INT), in which each 6-min set included
four periods of jumping exercise (9 drop jump per 15 s work interval) in combination with
running (i.e., one 15 s jumping period every two running 15 s periods) (3, 4). The Yo-Yo
Intermittent Recovery Level 1 (YYIR1) test was conducted to evaluate aerobic capacity.
Countermovement jump (CMJ), 10 m, and 30 m sprint were used to assess neuromuscular
adaptations. A two-way mixed ANOVA was conducted to find the differences between
the three groups. After 6 weeks of training, all groups improved similarly in all param-
eters evaluated, except 10 m sprint performance which decreased by 2.2% in all groups
(main effect of time for YYIR1: 1828 m ± 32 m to 1963 m ± 79 m, p < 0.05; 10 m sprint:
1.81 s ± 0.07 s to 1.85 s ± 0.04 s, p = 0.016; 30 m sprint 4.46 s ± 0.2 s to 4.41 s ± 0.19 s,
p = 0.018), while CMJ remained unchanged (43.4 cm ± 0.35 cm to POST: 43.7 cm ± 0.3 cm,
p = 0.74). The results of this study suggest that all methods may be effective for improving
aerobic fitness and maintaining leg power at high levels during the pre-season in elite
youth soccer players but could not prevent a small decrease in sprinting ability.

Keywords: high intensity interval training; plyometric training; neuromuscular
performance.
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2.47. The Impact of Static and Dynamic Exercises on Cardiac Para-Sympathetic Modulation
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Abstract: The present study explored how static and dynamic stretching exercises
affect the cardiac parasympathetic modulation of the autonomic nervous system (ANS),
particularly in the context of sports, where understanding these differences is crucial for
greater performance. Thirty-two individuals participated in this study, comprising 16 males
(Age: 22.81 ± 1.56 years, BMI: 22.4 ± 3.09 kg/m2) and 16 females (Age: 22.56 ± 1.31 years,
BMI: 20.34 ± 3.11 kg/m2). Participants from the static stretching (SS) group engaged in
SS routines lasting 5 min, while those in the dynamic stretching (DS) group performed DS
exercises for the same duration. After a 48-h washout period, participants who initially
practiced SS switched to DS for 5 min, while those who started with DS switched to SS
for 5 min. Before engaging in their respective exercises, both groups ran for 5 min at
a self-selected pace in both scenarios. To monitor changes in cardiac parasympathetic
modulation, we used a Polar H10 heart rate monitor to record RR data for 5 min duration
before and after the interventions. Subsequently, we analyzed the recorded data using
the Kubios HRV version 3.3.1 software (Biosignal Analysis and Medical Imaging Group,
Department of Physics, University of Kuopio, Kuopio, Finland). Before analyzing the
data, an artifact was corrected using the medium threshold artifact correction function. If
the number of sample artifacts of the relevant RR interval sample was more than 5%, the
sample was not included for the study (1). The root mean square of successive differences
between normal heartbeats (RMSSD) data were obtained following the analysis (2). In both
situations, the post-test findings revealed a significant decrease in the RMSSD parameter
((SS: M = 35.32, SD = 28.10; p > 0.0001), (DS: M = 25.45, SD = 25.82; p > 0.0001)) when
compared to the pre-test ((SS: M = 51.26, SD = 27.83), (DS: M = 55.78, SD = 31.50)) results.
Additionally, when comparing the impact of the two treatments, it became evident that DS
led to a greater and statistically significant reduction (p = 0.001) in the RMSSD parameter.
The findings of the study show that both static and dynamic exercises decrease cardiac
parasympathetic dominance in the autonomic nervous system. Interestingly, DS exercises
demonstrated a greater effect on the reduction of cardiac parasympathetic modulation in
healthy individuals. In conclusion, these findings may suggest that including DS exercises
in the warm-up session has a more positive impact on an athlete’s readiness for physical
activities compared to SS.

Keywords: dynamic stretching; HRV; parasympathetic modulation; RMSSD; static
stretching.
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Abstract: The biomechanical properties of human tendons are crucial in understand-
ing their function and the vulnerability to injury (1). Previous studies have documented
great variability between and within hamstrings in their architectural characteristics (2) and
in tendon morphology (3). While the importance of hamstring tendons is well documented,
there is a limited understanding regarding hamstrings tendon mechanical properties. Three-
dimensional ultrasound (US) images of the medial and lateral hamstring tendons were
obtained from fifteen healthy individuals both at rest and during 20%, 40%, 60%, and
80% of their maximum voluntary isometric contraction (MVC) of knee flexors. US images
underwent a manual digitization process to create a three-dimensional representation of the
hamstring tendons. Subsequently, the reconstructed tendon models were used to calculate
tendon length, volume, and cross-sectional area (CSA) in three measurement locations
across the tendon length. Tendon length, volume and CSA strain at the different force
levels were quantified relative to the resting condition. Semitendinosus showed the greatest
tendon elongation (strain) as well as the highest CSA strain while the biceps femoris short
head presented the lowest tendon elongation compared to other tendons (p < 0.05). No
differences in tendon volume strain were found between tendons and force levels (p > 0.05).
Further, tendons deformation was region-specific with the proximal site demonstrating the
lowest CSA strain compared to other measurement sites. The present results suggest that
there were significant differences in the mechanical properties between hamstrings tendons,
emphasizing the importance to consider their distinct biomechanical characteristics when
assessing vulnerability to injury and function. These findings contribute to our understand-
ing of hamstring tendon mechanics and may have implications for the development of
specified injury prevention and rehabilitation strategies.

Keywords: hamstrings; tendon mechanics; semitendinosus; biceps femoris; tendon
strain; ultrasound.
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Abstract: The implementation of blood flow restriction (BFR) during resistance train-
ing (RT) has increased markedly due to the higher induced adaptations in relation with
strength and muscle hypertrophy (1). Furthermore, velocity loss (VL) is well known as a
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critical variable to provide valid information about the degree of fatigue necessary to maxi-
mize strength gains and physical performance (2). However, the use of VL during BFR-RT
programmes has not been studied yet. For that, the aim of this study was to analyze the
effects of four different VL thresholds (0%, 10%, 20% and 40%) with BFR implementation on
the strength performance measured by the evolution of 1RM during each training session
throughout the different resistance training programmes. Forty-nine strength-trained men
took part in the study (BFR0 (n = 12), BFR10 (n = 12), BFR20 (n = 12) and BFR40 (n = 13)).
Participants carried out an eight-week (twice per week) VBRT program ranging from 55
to 70% of 1RM using the full squat (FS). Subjects performed 3 sets per training session
including BFR implementation at 50% of individualized maximal arterial occlusion pres-
sure with 2 min of inter-set recovery. The specific warm-up consisted of 2 set at 40% (six
repetitions) and 50% (four repetitions) of 1RM respectively separated by 3 min. Before and
after the RT programmes, participants performed an isoinertial progressive loading test
in the FS exercise prior to estimate the individual load-velocity relationship and 1RM at
pre- and post- training. 1RM estimations were obtained during each training sessions and
at pre- and post- training using the common load employed during the specific warm-up
(50% 1RM). Although no significant group x time interaction was observed, BFR10 reported
significant differences in comparison with BFR40 at session seven (p = 0.008). Regarding
intra-group changes, BFR10 attained significant increases in 1RM strength from pre- to
session seven (p = 0.02) whereas BFR20 and BFR40 reported significant enhancements from
pre- to post training (p < 0.001 and p = 0.03, respectively). It should be noted that during
the training programmes there was a tendency to greater increases for BFR0, BFR10 and
BFR20 compared to BFR40. These results show that low to moderate velocity loss thresholds
attained within the set with BFR implementation could be a better choice to improve 1RM
strength in FS throughout and at the end of resistance training programmes.

Keywords: blood flow restriction; velocity based resistance training; velocity loss; full
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Abstract: Gait instability are major risk factors for falling, particularly in elderly peo-
ple (1,2). Several recent reports have indicated that tooth loss also has a negative impact
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on body balance and stride variability in elderly especially under dual task condition (3,4).
The purpose of this study is to investigate the influence of tooth loss and wearing complete
dentures on walking at three different conditions. Healthy fourteen dentulous (14) and
twenty-one edentulous patients (21) over the age of 65 years. participated in this study. All
the edentulous subjects were wearing complete dentures and executed the measurements
under two conditions: wearing dentures and not wearing dentures. Gait stability was
evaluated by measuring the parameters gait velocity and stride-time variability in a 20-m
distance, during self-selected normal walking speed, fast walking speed and under dual-
task performance, with a tri-axial accelerometer at a sampling rate of 128 Hz. Differences
for the above variables were assessed with the two-way ANOVA (p < 0.05). Dentulous
participants had a significantly lower stride-time variability compared to edentulous partic-
ipants with denture wear in all conditions (p = 0.03). Only in dual task condition dentulous
participants differenced significant with edentulous participants irrespective wearing and
not wearing dentures exhibiting higher stride stability (p = 0.012). Complete dentures
produced an effect on the gait velocity stability of edentulous patients under all conditions.
The present results suggest that tooth loss in healthy seniors is associated with lower gait
velocity and therefore may have a negative impact on gait stability.

Keywords: Gait–stride instability; elderly; dentulous; edentulous participants
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Abstract: Multiple myeloma is a type of cancer detected in the bone marrow plasma
cells affecting life quality and expectancy as well as everyday physical function. The
presence of >10% of abnormal plasma cells in the bone marrow is a diagnostic criterion
for multiple myeloma (1). After an effective first line medical treatment there are patients
that no abnormal plasma cells are detected, while there are others with residual abnormal
plasma cells in their bone marrow (about 0.001–0.01%). Yet, it is unknown if there is a
correlation between the residual abnormal plasma cells and physical function or quality
of life in multiple myeloma patients. The aim of the study was to examine if there is
difference in physical function and quality of life between multiple myeloma patients with
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residual abnormal plasma cells and patients with undetectable abnormal plasma cells in the
bone marrow, after the first line medical treatment. Fourteen multiple myeloma patients
(4 females, 10 males; age 47.2 ± 5.9 years; mass 79.6 ± 21.4 kg) were included in the study.
After completing the first line medical treatment, bone marrow samples were collected
from the posterior iliac crest with a bone marrow aspiration needle after local anesthesia.
Abnormal plasma cells of the bone marrow were evaluated with flow cytometry. Quality of
life (SF-36 questionnaire), six-minute walking test, handgrip strength (sum of both hands)
and maximal aerobic power in a cycle ergometer were assessed one week later. In seven
patients no abnormal plasma cells were detected in the bone marrow (PC group), while
in the other seven patients 0.009 ± 0.018% of the total bone marrow nucleated cells were
abnormal plasma cells (APC group). Quality of life was similar between groups (p > 0.05).
Six-minute walking test performance was 520 ± 64 m for the APC group and 497 ± 72 m for
the PC group with no difference between groups (p = 0.535). Handgrip strength was similar
between APC and PC (73 ± 8 kg, and 67 ± 17 kg, respectively, p > 0.05). No statistical
difference was found in maximal aerobic power between groups (APC: 116.7 ± 20.4 Watt,
PC: 89.3 ± 31 Watt, p = 0.098). Detection of abnormal plasma cells in the bone marrow
after the first line medical treatment is a negative clinical outcome for multiple myeloma
patients. Nevertheless, it does not affect quality of life and physical function of these
patients. Further studies are needed to investigate these parameters in long term.
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Abstract: Futsal is an indoor sport characterized as a high-intensity intermittent
modality with high physical, technical, and tactical demands (1). Furthermore, quantifying
external load during futsal competition can provide objective data for the management
of the athlete’s performance and late-stage rehabilitation, however, research in female
futsal is very limited (2). This study aimed to report the match external load collected
via wearable technology and analyze the differences time periods (i.e., halves 1st and
2nd half) in female futsal. Eight female futsal players competed in the 2nd Division of
Spain used a GPS-accelerometer unit during all games of the 2022–2023 season. Player
load (PL), PL·min−1, moderate- and high-intensity acceleration (ACC) and deceleration
(DEC) data were collected. Linear Mixed Model used to analyze the differences between
the halves via Jamovi software. During match, on average every player displayed values
of: total PL 478 ± 126 a.u; PL·min−1: 10.4 ± 1.5 a.u; number of medium-intensity ACC
16 ± 6, high-intensity ACC 9 ± 5 and medium-intensity DEC 8 ± 3, high-intensity DEC
3 ± 3. Nonsignificant differences were found between halves. This study indicates that
futsal players are exposed to great number of mechanical external loads, and perform a
great number of ACC, and DEC. Coaches and sports scientists in female futsal are advised
to implement high intensity exercises, with high number of ACC and DEC activities in
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the training sessions, and may use these reference values to design specific training and
return-to-play plans.
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Abstract: It has been hypothesized, through animals’ studies, that depending on
the type of “exercise” performed there is a specialization as to which nuclear factor of
activated T-cells (NFAT) isoforms will function, migrate and enter the muscle nuclei, so that
the different myosin heavy chain (MHC) isoforms are expressed as appropriate with the
exercise-induced stimulus. However, to date this mechanism has not been studied in human
skeletal muscle, following a session of physical exercise. The purpose of this study was to
investigate the migration of the c1 isoform of NFAT in the nuclei of muscle cells after either
one session of endurance exercise or one session of power exercise, in humans. Eight young,
healthy males (age: 20.8 ± 0.3 years, body mass: 76.4 ± 7.7 kg, height: 180.2 ± 5.5 cm)
were divided into two groups and performed a session of either aerobic exercise (30 min
at 70% of maximum heart rate) or power training (16 countermovement jumps and then
16 drop jumps from a 32 cm box). Before and 50 min after the end of the training sessions,
muscle biopsies were collected from vastus lateralis of the non-dominant limb. Muscle
samples were ana-lyzed with immunohistochemistry, for fiber type composition and to
identify the c1 isoform of NFAT within muscle nuclei. Fifty minutes after the end of each
exercise session, no significant difference was found either in the number of muscle nuclei
with NFATc1 (Power: Before 10.8 ± 13.0/After 8.8 ± 12.9; p = 0.463, Aerobic: Before
5.0 ± 1.0/After 6.7 ± 2.3; p = 0.789), nor in the ratio of the number of muscle nuclei with
NFATc1/total number of cores (Power: Before 0.021 ± 0.008/After 0.017 ± 0.022; p = 0.397,
Aerobic: Before 0.012 ± 0.007/After 0.021 ± 0.006; p = 0.285). No differences were found
between groups at any time-point. In conclusion, the results of the present study indicate
that 50 min after either aerobic or power exercise, there is no significant activation and
migration of the c1 isoform of the NFAT transcription factor in muscle nuclei in human
muscle tissue.

Keywords: muscle fiber type distribution; aerobic exercise; resistance exercise; power
exercise.
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Abstract: In recent years, vibration stimulation at rest had been widely investigated,
and used to improve strength conditioning (1,2). Although, little is known about the effect
of superimposed local vibration (SLV) on strength resistance. Thus, the aim of this study
was to investigate the effect of SLV (100 Hz, 0.5 mm) on the quadricipital tendon during
a fatiguing task. Each of the eleven participants had to realize, in three different sessions,
twenty isometric knee extensions at 70% of the maximal strength with either; SLV at each
contraction (VIBSuperimposed), SLV from when the participant could not sustain 70% of
his maximal strength, to the end of the protocol (VIBFatigue) or control without vibration
(CON). SLV was applied only during the 15 s of contraction and not during the 15 s rest
time. Maximal strength, low and high frequency fatigue ratio (LFF/HFF) as well as volition
activation level (VAL) has been tested before and after the fatiguing protocol (Post 0 min,
10 min, and 30 min). During the contractions, the torque and the electromyographic activity
(EMGA) of the Vastus Medialis (VM), Vastus Lateralis (VL), Rectus Femoris (RF) have
been studied. For the fatiguing task, the torque had been reported to a percentage of
the maximal strength. Compared to CON, our results showed a significant increase for
VIBFatigue total mean torque (p = 0.018) but not for VIBSuperimposed (p = 0.746), respectively
(57.5 ± 13.5% and 56.5 ± 13.0% and CON: 55.4 ± 12.3%). ANOVAs did not reveal any
significant differences for the EMGA for VM (p > 0.062), RF (p > 0.335) nor VL (p > 0.066)
during the fatiguing task. No significant differences were found between groups in PRE
and POST test for maximal strength, LFF/HFF and VAL (p > 0.14). However, significant
decrease was found in time (p < 0.001) between PRE and POST0 and POST10 for maximal
strength. The ratio LFF/HFF decreased significantly between PRE and POST0, POST10
and POST30 (p < 0.001). Our results suggest that SLV is an effective method to enhance
strength during a fatiguing task when applied when the force is decreasing as fatigue
appears. Furthermore, this increase in strength is not associated with increased loss of
strength or fatigue markers compared to without SLV.

Keywords: local vibration; strength; neuromuscular; fatigue.
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Abstract: Lean body mass (LBM) is correlated with powerlifting performance (1).
However, it remains uncertain whether training-induced changes in lean body mass may
predict performance changes in powerlifting athletes. The purpose of the study was to
investigate the correlation between changes in lean body mass and changes in powerlifting
performance, before and after a short preparation period towards a major powerlifting
event. Eleven well-trained powerlifters (8 males, 3 females, age 32 ± 11 years, height
171 ± 12.3 cm, weight 90.9 ± 21.6 kg), participated in the study. Athletes followed 12 weeks
of training aiming to maximize their performance at the national competition event. Max-
imal strength (1-RM) in squat, bench press, and deadlift, body composition (dual x-ray
absorptiometry), quadriceps cross sectional area and vastus lateralis muscle architecture
(ultrasonography), were measured before and after the training period. Maximal strength
in squat increased by 5.8 ± 7.0% (p < 0.05), bench press increased by 4.9 ± 9.8% (p = 0.05)
and deadlift increased by 8.3 ± 16.7% (p < 0.05). Lean body mass of trunk increased by
3.1 ± 4.7% (p < 0.05). No alterations were observed for vastus lateralis muscle architecture
after the training period (p > 0.05). Percentage changes in 1-RM in squat, bench press
and deadlift, were highly correlated with percentage changes in LBM of the legs (r = 0.81,
p = 0.003) and total body LBM (r = 0.63 and r = 0.69, p < 0.05), respectively. Also, changes
in 1-RM in squat after the training intervention were significantly associated with changes
in quadriceps cross sectional area (r = 0.67, p < 0.05). These results suggest that individual
changes in lean body mass due to systematic resistance training toward a competition may
predict increases in 1-RM performance in trained powerlifters.

Keywords: body composition; ultrasonography; resistance training; muscle strength.
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2.56. Physiological Responses in Winter Swimmers after a Swimming Session
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Abstract: Winter swimming is a popular activity among swimmers, with some studies
providing evidence of possible health benefits. However, there is a lack of comprehensive
research regarding the acute physiological responses associated with winter swimming.
Therefore, the aim of this study was to examine the physiological responses after winter
swimming in a sample of amateur swimmers in Greece. The study involved 24 amateur
winter swimmers aged 57.0 ± 11.7 years, who performed a free session of winter swimming
during March with 15.6 ◦C in the water. Demographic information and anthropometrics,
including weight, height, and body mass index were recorded in all participants. Body
temperature from ear measurements, oxygen saturation, heart rate and subjective sensation
of heat were recorded before and after swimmers entered the water. The results showed a
significant decrease in body temperature, oxygen saturation and thermal sensation after
swimming (p < 0.01), while correlation analysis revealed a positive significant relation
between age and thermal sensation after swimming (rs = 0.405, p = 0.050). Also, a statisti-
cally significant difference was found between men and women in body temperature after
swimming (Mann-Whitney U = 28.500, p = 0.010), without any significant difference in the
other physiological parameters (p > 0.05); however, the mean BMI was 24.5 ± 4.9 kg/m2

for women and 26.8 ± 3.9 kg/m2 for men. The results of this study showed that swimming
in cold water not only reduces body temperature, but also alters oxygen delivery, possible
due to vasoconstriction and oxygen usage. In addition, older swimmers found to have
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a resistance to thermal sensation after swimming in cold water. Also, sex differences in
temperature regulation or sensation may exist, since men reported higher values of thermal
sensation than women, which could be partially explained by the fact that in this sample
men were overweight, while women had normal weight.

Funding: This research received no external funding.

2.57. Acute Effects of Fast vs. Slow Tempo of Movement with Equated Time under Tension on
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Abstract: This study examined the acute effect of the bench press exercise executed
with fast or slow tempo and equal time under tension (TUT) on bench press throw perfor-
mance. Eleven men (age: 23.5 ± 5.4 years, height: 1.79 ± 0.04 m, body mass: 79.1 ± 6.4 kg,
maximum strength 1-RM: 91.0 ± 12.0 kg) with at least 2 years of experience in the bench
press (conditioning activity-CA) performed three conditions at 70% of 1-RM on a Smith
machine in a randomized and counterbalanced order 5–7 days apart: (a) 2 sets of 6 rep-
etitions with maximum velocity (FAST) or (b) 2 sets of 3 repetitions at half maximum
velocity (SLOW) or (c) rest (CTRL). Before and at 0.75, 4, 8 and 12 min after the bench press
exercise the participants performed three bench press throws (BPTs). Mean velocity of all
the repetitions of the conditioning bench press as well as the BPTs were assessed with a
linear position transducer. Peak force of the acceleration phase of the bench press (average
peak forces of the 6 and 3 repetitions of the FAST and SLOW conditions respectively) was
calculated based on measures obtained by an accelerometer. The tempo of the SLOW
condition was determined during a preliminary session. During the main conditions a
metronome used to pace the exact tempo of the SLOW condition. Total TUT of the FAST and
SLOW conditions was equal between conditions (FAST: 12.9 ± 1.5 s vs. SLOW: 11.8 ± 1.3 s;
p > 0.05). Peak force of the 1st and 2nd set of the bench press (CA) were 43.0 ± 28.9% and
52.0 ± 30.0% higher during the FAST compared with the SLOW (p < 0.001). Two-way
ANOVA showed that mean velocities of the BPTs were greater at 4, 8 and 12 min compared
with pre in both FAST and SLOW conditions (p < 0.001) and both were higher compared
with the CTRL at the same time points (p < 0.001). No differences were observed between
the experimental conditions (p > 0.05). Fast and slow tempo of movement with equated
time under tension exhibit a similar acute improvement of BPT performance. This indicate
that load, recovery time and the specificity of movement determine the acute improvement
of performance and not the movement tempo.

Keywords: postactivation performance enhancement; resistance exercise; movement
velocity; power training.
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Abstract: Mobile apps can accurately and reliably measure jump height from slow-
motion captured video, but the apps require a time-consuming manual identification
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of take-off and landing frames (1). We investigated the concurrent validity of a novel
app automatically estimating jump height from audio recordings. Fifty university-aged
participants (26 ± 9 years) jumped on a force platform (i.e., criterion) while a smartphone
recorded the jump sound. We compared the jump height estimates from audio against force
platform applying flight time (FT) and impulse-momentum “gold-standard” (J) methods.
Validity was determined by regression analysis, Pearson product-moment correlation
coefficient (r), and standard error of estimates (SEE). Almost perfect correlations exist
between the audio and FT (r = 0.99, SEE = 1.4 cm) and J (r = 0.96, SEE = 2.2 cm). The results
show that jump height can be accurately and quickly measured from audio recording using
an automatized mobile app.

Keywords: mobile application; exercise test; functional physical fitness.
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Abstract: Dynamic stretching (DS) has been suggested as a warm-up strategy to
improve muscle performance acutely. However, the impact of DS movement velocity on
the magnitude of these improvements still needs clarification. Thus, this study aimed
to verify the effects of DS velocity on isometric muscle strength. Fourteen individuals
(11 men and 3 women, age 27 ± 4.4 years; mass: 74.9 ± 13.1 kg; height: 175.7 ± 11 cm)
performed four experimental sessions in random order: (1) DS at fast velocity (90 beeps
per minute-bpm); (2) DS at moderate velocity (70 bpm); (3) DS at slow velocity (50 bpm);
(4) Control Session. The protocols were performed on plantar flexors of the right ankle
with individuals lying sideway on the isokinetic machine. The protocols consisted of 4 sets
of 10 repetitions with a rest interval between sets of 30 s. Muscle strength was assessed
with a single maximal voluntary isometric contraction of 5 s performed before (PRE),
immediately after (POST), 7 (P07), and 14 (P14) minutes after each protocol. The mean
and standard deviations of the isometric muscle strength assessments (N/m) in the PRE,
POST, P07, and P14 were respectively: (1) 103.22 ± 32.77, 99.78 ± 30.76, 95.70 ± 34.52, and
98.35 ± 33.41 for the Control Session; (2) 102.82 ± 39.86, 105.69 ± 38.19, 99.76 ± 35.26,
and 104.10 ± 36.04 for Slow DS; (3) 101.00 ± 30.56, 105.25 ± 38.72, 104.91 ± 39.26, and
103.54 ± 39.35 for moderate DS; (4) 98.55 ± 29.83, 104.29 ± 35.78, 102.43 ± 36.94, and
100.99 ± 33.30 for Fast DS. The Repeated Measures ANOVA reported neither significant
effect for time (p = 0.356) nor condition (p = 0.586) for isometric muscle strength. Moreover,
there was no interaction between time and condition (p = 0.285). Therefore, DS independent
of the velocity performed did not influence muscle strength production.
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