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Editorial

Myokines relevance in exercise adaptations. A world still to be

discovered

La importancia de Ias miokinas en las adaptaciones al ejercicio
fisico. Un mundo todavia por descubrir

Alberto Pérez-Lopez’?, Paola Gonzalo-Encabo’

'Department of Biomedical Sciences and Department of Medicine and Medical Specialities. Faculty of Medicine and Health Sciences. University of Alcald. Madrid.

’Faculty of Health Sciences. Isabel | University. Burgos.

Nowadays, the beneficial effects of regular exercise are well-
known, in fact, its effectiveness has been proved in at least 26 different
pathologies'. However, little is known regarding the biomolecular and
neuroendocrine mechanisms responsible for these effects.

In this regard, exercise has shown to trigger a cross-talk communi-
cation network that produces the activation and inhibition of different
processes in several cell types facilitating, at least partially, the dissemi-
nation of the positive effects caused by exercise. The presence of this
communication network can be observed in Catoire et al? study, where
21 male adults (44-56 yr) performed Th of cyclingat 50% W, with one
leg, while the otherleg remained in resting state. Muscle biopsies were
taken from vastus lateralis of both legs before and after the exercise
session revealing significant changes not only in the genetic expression
of the exercised leg (938 genes) but also in the non-exercise leg (516
genes). The fact that some of these post-exercise genetic alterations
were similar in the exercised and non-exercise legs, especially those
changes related to the peroxisome proliferator-activated receptors
(PPAR), reinforced the existence and relevance of circulating factors
able to connect different tissues regulating the metabolic adaptations
to exercise”.

In humans, skeletal muscle has a critical role in the communication
network established by these circulating factors among organs and
tissues in response to exercise®®. Skeletal muscle has a great adaptation
ability that allows answering to any metabolic requirement stimulated
by any previous locomotor stress. In fact, the locomotor stress caused
or,in other words, the exercise dose performed dictates the adaptations
that this tissue. Accomplishes in this context, a group of biomolecules
called myokines have shown to promote a muscle-to-organ cross-talk
communication®®,

Although the study of myokines is still a novel research topic, the
existence of exercise factors with endocrine effects was proposed de-
cades ago.In 1961, in an editorial from the journal Diabetes, Goldstein’
speculated about the presence of what he called ‘humoral factors’ or
exercise factors'released from the exercised muscles with the ability to
mediate in glycaemia control, independently of insulin effects. Despite
Goldstein’s hypothesis’” was not entirely correct, since glycaemia is not
controlled by a single factor, the potential role of skeletal muscle as an
endocrine tissue capable of producing and releasing exercise factors
that regulate the metabolic adaptations to exercise remained untested.
This idea persisted in latent state until last decade when Pedersen et al?
restarted the search for exercise factors focused on interleukin(IL)-6. The
later confirmation of IL-6 as an exercise factor allowed to reinforce the
idea of skeletal muscle as an endocrine tissue**2°, as well as to delineate
the term myokine to encompass all cytokines and peptides that are
expressed, produced or released from skeletal muscle in response to
repeated contractions exerting endocrine, paracrine or autocrine effects
in other tissues and organs®®.

In the years after the elegant work performed by Pedersen et al >%8°
several other myokines were discovered and categorized. The main
muscle-to-organ cross-talk communication and functions that some of
these myokines perform in response to exercise are presented below.

Glucose metabolism:

— Muscle — Muscle. 1L-6 and IL-15 stimulate glucose uptake and oxi-
dation via GLUT4 upregulation and translocation. Moreover, IL.-13
has been related to glycogen production and oxidation, while
fibroblast growth factor 21 (FGF-21) improves insulin sensitivity.

— Muscle — Liver. FGF-21 and IL-6 promote gluconeogenesis in the
liver, while IL.-6 and IL-15 regulate glucose production.
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— Muscle - Pancreas. |L-6 stimulates beta cells proliferation and pre-
servation, while the chemokine (C-X3-C motif) ligand 1 (CX3CL1)
has revealed to promote protective effects on pancreatic islets. Also,
apelin activates insulin production in this organ.

Lipid metabolism:

— Muscle — Muscle. Brain-derived neurotrophic factor (BDNF), IL-6
and IL-15 seem to increase lipolysis, while the alpha receptor of
IL-15 (IL-15Ra) mediates in the energy substrate utilization by the
mitochondria.

— Muscle-Adiposetissue. Irisin, apelin and IL-15 increase lipolysis, while
irisin and IL-15 have anti-adipogenic effects. Besides, irisin and FGF-
21 promote the browning of white adipocytes, and Nicotinamide
N-methyltransferase (NNMT) facilitates fatty acid mobilization under
low energy circumstances.

— Muscle - Liver. FGF-21 reduces the accumulation and increases the
oxidation of fatty acid on this organ. Similar to adipose tissue, NNMT
mobilizes fatty acid when energy availability is low.

Bone metabolism:

— Muscle — Bone. The osteogenesis is stimulated by an increased
osteoblasts activity promoted by irisin and IL-15Ra, as well as for
a periosteum activation caused by leukemia inhibitory factor (LIF).
Anabolic/catabolic balance:

— Muscle—Muscle. IL.-6 and decorin have been associated with diffe-
rent hypertrophy pathways. Similarly, follistatin-related protein 1
(FSTL1) promotes the increase and maintenance of skeletal muscle
mass by antagonizing myostatin effects. Lastly, IL-15 and IL-15Ra
have anti-atrophic effects, especially in the presence of immune
or metabolic diseases.

Circulatory system:

— Muscle - Endothelium. Angiopoietin-like 4 (ANGPTL4), IL-8, IL.-15 and
FSTL1 activate angiogenesis in response to exercise, also facilitating
endothelium preservation processes.

Immune system:

— Muscle = Immune cells. IL.-6, CX3CL1, chitinase-3-like protein 1
(CHI3L1) and, probably, FSTL1 and IL-15 promote anti-inflammatory
effect when they are acutely produced in response to exercise.
Although it has been suggested that these myokines mediate the
metabolism of immune cells, mainly in lymphocytes B and T, the
muscle-to-immune cells cross-talk communication remained to
be elucidated.

In addition to the myokines mentioned above, there are ~3000
uncategorized myokines'®'". This reveals the vast potential of these bio-
molecules to establish a complex communication network which might
be essential to facilitate the metabolic adaptations to exercise. Thus, the
practical applications of the communication network formed by the
myokines should not be limited to sports performance, as it is also rele-
vantin some immune and metabolic pathologies. Nevertheless, most of
the myokines have not been adequately characterized as a consequence
of the tedious and complicated process required to complete this task,
which is briefly described below®. Initially, the skeletal muscle origin of the
target myokine needs to be confirmed via transcriptomic and proteomic;
however, it should be taken into account that the genetic (mRNA) and
protein expressions of myokines could not match, and that it remains
unknown the stimuli that cause the expression of most myokines and

Myokines relevance in exercise adaptations. A world still to be discovered

the time-point in which these molecules are produced on this tissue.
Subsequently, after skeletal muscle confirmation as the released tissue
of the target myokine into the circulation, the post-exercise circulating
expression should be analysed through the artery-venous difference.
Finally, when skeletal muscle expression, production and release of a
myokine have been characterized, the next step should be to determine
those functions that the target myokine can exert in the different cell
types able to uptake it from the circulation. In this regard, animal studies
are indispensable to understand how the inhibition of a myokine can
affect cell metabolism, although, human studies are also needed to
support the functions of each myokine discovered in animal studies.

Unfortunately, in some cases, this process has not been followed
and thus myokines research has reported some limitations. For instance,
the identification of some myokines has been carried out only in non-
exercise muscle tissue; consequently, the possibility of false negatives
and the existence of undiscovered exercise factor cannot be avoided.
Moreover, there are scarce of studies performed in human which sup-
port the existence and functions of some myokines described fromin
vivoand exvivo studies in animals. Besides, in humans, some studies have
reported a limited increase in skeletal muscle and circulating expression
of some myokines in response to exercise; however, despite potential
detection issues (e.g. time-point selection or antibodies efficacy), even
low increased of these exercise factors might have an endocrine or
auto-paracrine effect in response to exercise. Adding a higher level of
complexity, some cytokines and peptides have reported exerting a dual
function, sometimes antagonistic, depending on the tissue and stimuli
that promote their expression. An example of thatidea is IL-15'> which
stimulates pro-inflammatory effects when it is produced by T cells and
remains chronically elevated in blood; while, in contrast, this cytokine
promotes beneficial effect in several tissues when is released acutely
and temporally by skeletal muscle in response to exercise.

Summarizing, myokines are capable of establishing a muscle-
to-organ cross-talk communication network that facilitates exercise
adaptations. Myokines are a hot topic that brings different research
disciplines together given their unlimited implication in sports per-
formance but especially as molecular targets in the prevention and
treatment of some immune and metabolic diseases. Therefore, although
myokines will possibly be a recurrent topic in the future, myokines'world
is still to be discovered and given its potential repercussion to health
and performance, rigorous studies are required to puzzle out the real
implication of the communication network established by the myokines
in the metabolic adaptations to exercise.
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Heart rate variability is lower in patients with intermittent
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Summary

Introduction: Peripheral arterial disease is a chronic disorder affecting blood flow to lower limbs and many patients can
develop intermittent claudication (IC). They suffer a blood flow decrease to lower limbs, making impossible to walk short
distances without feeling pain or stopping the gait. Heart Rate Variability (HRV) is a non-invasive tool based on the calculation
of time variations along consecutive heartbeats. It is reasonable to think that, since HRV assess the autonomic balance through
the cardiovascular system, it could be useful in the assessment of patients with IC.

Objectives: The aim of this study was to assess if there are differences in resting HRV between patients with IC and age
matched controls, both with linear and non-linear analysis, and its possible relation with the gait capacity.

Methods: 14 control male subjects (60+5 years) and 14 male IC patients (6446 years) underwent 10 minutes of HRV analysis.
The study calculated Time Domain variables, Poincaré Plot analysis and nonlinear parameters (Entropy and slopes of Detrend
Fluctuation Analysis).

Results: The main finding of this study is the presence of a clear sympathetic predominance at rest in the IC patients and a
significant correlation between the parasympathetic rest tone and the distance covered in the 6SMWT when all subjects are
included.

Conclusions: HRV seems to be an accurate method to detect the sympathetic misbalance present in patients with IC but
as a nonspecific finding that could be present in other cardiovascular pathologies. Complex structure of the heartbeat signal
is not affected by IC.

La variabilidad de la frecuencia cardiaca es menor en pacientes con
claudicacion intermitente: un estudio preliminar

Resumen

Introduccion: La enfermedad arterial periférica es un trastorno crénico que afecta al flujo sanguineo de los miembros in-
feriores y muchos pacientes desarrollan claudicacion intermitente (Cl), sufriendo una reduccién del flujo sanguineo que les
hace imposible caminar cortas distancias sin sufrir dolor o tener que detenerse. La variabilidad de la frecuencia cardiaca (VFC)
es una herramienta no invasiva basada en el célculo de las variaciones de tiempo entre latidos sucesivos. Es razonable pensar
que, puesto que la VFC evalua el balance autonémico a través del sistema cardiovascular, podria ser Util en la valoracion de
pacientes con Cl.

Objetivos: Evaluar si hay diferencias en la VFC de reposo entre pacientes con Cly controles de la misma edad (tanto con
andlisis lineal como no lineal) y su posible relacion con la capacidad de marcha.

Métodos: Se realiza un andlisis de VFC de 10 min a 14 controles (60+5 afos) y 14 pacientes con Cl (64+6 afnos). Se calcularon
variables del dominio de tiempo, grafico de Poincaré y pardmetros no lineales. Todos los sujetos realizaron a continuacion
un test de 6 min.

Resultados: El principal hallazgo de este estudio es la presencia de un claro predominio simpatico en reposo en los pacien-
tes con Cly una correlacion significativa entre el tono parasimpatico de reposo y la distancia recorrida en el test de 6 min.
Conclusiones: La VFC parece ser un método adecuado para detectar la disfuncion simpética presente en pacientes con Cl
pero como un hallazgo inespecifico que puede estar presente en otras patologias vasculares. La estructura compleja de la
sefal cardiaca no se ve afectada en la Cl.
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Introduction

Peripheral Arterial Disease (PAD) is an atherosclerotic occlusive
disorder of arteries distal to the aortic bifurcation’. Due to the arterial
occlusion, lower limb muscles do not receive the oxygen required while
exercising provoking pain and necessity of stop walking. This pheno-
menon is called intermittent claudication (IC) and it affects around 12
million people in the United States of America®. The estimated overall
prevalence of the disease is 3-10% at all ages and 15-20% in patients over
70years®. Thus, one in five patients over 65 years has either symptomatic
or asymptomatic PAD*.

Atherosclerosis, and thereby PAD, are especially found in elderly
and it is associated to diabetes mellitus and other cardiovascular risk
factors such as hypertension, high body mass index and dyslipidemia'“.
Being current smoker or having smoked in the past increases also the
possibilities of developing PAD'.

PAD is asymptomatic in the first stages of the disease and people
may be affected without knowing it*. In more advanced stages PAD turns
symptomatic appearing IC and claudicating patients tend to reduce their
mobility due to pain? Moreover, the loss of work capacity affect not only
to the ischemic limb but also to the healthy one®.

Since the nineties, several qualitative and quantitative methods
have been proposed to assess the state of the disease in IC patients®'?
including studies of gait variability's.

The analysis of Heart Rate Variability (HRV) is a non-invasive tool
based on the calculation of time variations along consecutive heartbeats.
It reflects cardiovascular (CV) response to autonomic activity in such a
way that a reduced HRV is related to CV risk™.

HRV analysis comprises different methods for its calculation™: A) The
Frequency-domain analysis includes the determination of the frequency
spectrum using the Fast Fourier Transform (FFT): high-frequency (HF),
low-frequency (LF), very low frequency (VLF) and ultra-low frequency
(ULF)™™. B) The Time-domain analysis includes statistical measures
which basically reflect parasympathetic activity, such as the Mean RR
Interval, the Root-Mean-Square differences of successive heartbeat
Intervals (rMSSD) or the percentage of RR intervals >50ms (PNN50)'1>,
C) The Poincaré Plot analysis'® provides an ellipse-shaped graph of RR
intervals in which transverse (SD1) and longitudinal (SD2) diameters can
be measured. SD1 reflects parasympathetic activity while SD2 is inverse
to sympathetic activity. Recently, a new index based in Poincaré Plot has
been proposed'”'8. It is the Stress Score and it reflects in a direct way the
sympathetic activity. D) The nonlinear analysis of HRV studies the comple-
xity of the signal and it includes the fractal characteristics of the series'.

It is reasonable to think that, since HRV assess the behavior of the
autonomic system through the cardiovascular system, it could be useful
in the assessment of patients with IC. To our knowlege, only four studies
have analyzed HRV in patients with IC?**%. Two of them??' did not find
relation between HRV and the improvement in patients' walking ability.
The third one? found significant differences in the HRV between patients
and healthy subjects and suggested its use in the risk stratification. The
fourth one? reported that time domain and non-linear indices of HRV
were positively associated with maximal walking distance, but not with
claudication distance, in symptomatic PAD patients.

The aim of our study was to assess if there are differences in resting
HRV between patients with IC and age matched controls, both with
linear and non-linear analysis, and its possible relation with the gait
capacity.

Material and method

14 control male subjects (60+5 years, 90+12 kg, 174+7 cm) and
14 male PAD patients with IC (age 6446 years, 83+17 kg, 168+7 cm)
were recruited from two Hospitals in the town of Sevilla (Spain). The
inclusion criteria for controls were not suffering from cardiovascular
disease, not following any medical treatment and having an Ankle
Brachial Index (ABI) >1. On the other hand, the inclusion criterion
for the patients was to be referred by the Vascular Surgery Service
of one of the two hospitals participating in the study, where they
had to have a history with the diagnosis of PAD without surgery
and an ABI <0.9%4%, All subjects included in the study (patients and
controls) were non-smokers and none of them were taking any
medications that had a relationship with the cardiovascular system
in the past three months.

Subjects came to the Lab in the morning, 2 hours after breakfast,
without drinking caffeine or exercising one day prior data collection.
HRV was recorded for 15 minutes at rest in supine position using a
Firstbeat Bodyguard recorder (Firstbeat Technologies Ltd, Jyvaskyld,
Finland). The first five minutes of every record were excluded assuming
this time for relaxing. After the HRV record, each subject underwent a
6-minutes walking test (6MWT) in a closed hallway 50 m long.

All RR intervals were analyzed with the software Kubios HRV v2.0
(Biosignal Analysis and Medical Imaging Group, Department of Physics,
University of Kuopio, Kuopio, Finland). All time series were visually
examined to detect possible artifacts and to apply, if necessary, any of
the filters available in the program.

The variables analysed were rMSSD and pNN50 in the Time Domine
and SD1,SD2 and SS in the Poincaré Plot. The Sample Entropy (SampEn)
and the slopes a1 and a2 of Detrend Fluctuation Analysis (DFA) were
calculated as complexity indexes.

The normality of distribution was assessed through the Shapiro
Wilk test. For the contrast of hypothesis between two distributions,
the Student t-Test was applied for those variables with normal distri-
bution (SD2, SampEn and DFA a1 and a2 for both groups) and the
Mann-Witney U-Test for the non-normal (Mean RR, rMSSD, pNN50,
and SS for both groups).

To assess de magnitude of the changes, the Effect Size was deter-
mined and interpreted according to the Hopkins criteria: 0.2 small; 0.6
moderate; 1.2 large; 2.0 very large; 4.0 extremely large?®.

A Pearson correlation analysis was performed between the distan-
ces covered in the 6BMWT and all HRV variables.

The statistical analysis was performed using the SPSS Statistics
Software version 18 (SPSS Inc, Chicago, IL, USA).

The study was approved by the Ethics Board of the University and
all the subjects signed an informed written consent in accordance with
the Declaration of Helsinki.
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Results

Table 1 shows the results for the variables in the Time Domine and
the Poincaré Plot. A significantly lower parasympathetic activity (lower
rMSSD, pNN50 and SD1) is observed in patients as well as a significantly
higher sympathetic activity (lower SD2 and higher SS). In both cases
the difference not only was significant but also had an effect size large
or very large.

Table 2 shows the results for the complex variables. Any significant
difference is observed between patients and control subjects and the
effect size was moderate or small.

The distance covered in the 6MWT was 518.77+61.51 m for con-
trols and 326.82487.76 for patients (p = 0.00001; Effect Size 2.57, very
large). Four patients could not complete the 6 minutes of the walking
test, stopping at 4 and 5 minutes. The distance covered at the time of
stopping was counted.

Table 3 shows the correlations between distances and HRV parame-
ters. There was no correlation in the groups separately, but when con-
sidering the total of subjects a significant correlation appears between
the distance covered and rMSSD, pNN50, SD1 and SD2.

Table 1. Data for HRV variables in the Time Domine and Poincaré
Plot.

rMSSD  pNN50 SD1 SD2 SS
Control Mean 22.73 3.85 15.83 62.9 20.16
SD 8.19 3.87 5.67 24.92 14.22
Patients Mean 10.19 0.33 7.21 25.25 45.55
SD 5.27 0.39 3.73 9.13 19.51

% change  -552%  -91.5%  -545% -59.9% 125.9%

PValue 0.005 0.013 0.006 0.0001  0.0002
Effect size 1.86 1.65 1.83 2.21 =11:51
Large Large Large Verylarge Large

rMSSD: Root-Mean-Square differences of successive heartbeat Intervals; pNN50: percentage
of RRintervals >50ms; SD1: transverse diameter of Poincaré Plot analysis; SD2: longitudinal
diameter of Poincaré Plot analysis; SS: stress score.

Table 2. Data for non-linear variables.

DFA.a 1 DFA. o 2 SampEn
Control Mean 1.31 1 1.28
SD 0.14 0.12 0.3
Patients Mean 1.22 1.07 1.36
SD 0.12 0.1 0.13
% change -6.8% 6.2% 6.2%
PValue 0.198 0.11 0.292
Effect size 0.69 -0.64 -0.37
Moderate Moderate Small

DFA: Detrend Fluctuation Analysis with slopes a1 and at2; SampEn: Sample Entropy.

Table 3. Correlation between HRV variables and distance cove-
red in the 6 minutes walking test.

Total Control Patients

distance distance distance
rMSSD r Pearson 0.47 -0.31 0.07
p 0.02 0.31 0.84
PNN50 r Pearson 0.44 -0.01 0.28
p 0.03 0.99 0.40
SD1 r Pearson 0.47 -0.30 0.07
p 0.02 0.32 0.84
SD2 r Pearson 0.45 -0.56 0.11
p 0.03 0.05 0.75
SS r Pearson -0.37 0.50 0.10
p 0.08 0.08 0.77
alphat r Pearson 0.26 0.04 -0.15
p 0.21 0.89 0.66
alpha2 r Pearson -0.22 -0.20 0.18
p 0.31 0.52 0.60
SampEn r Pearson -0.04 0.44 0.04
p 0.85 0.13 0.91

rMSSD: Root-Mean-Square differences of successive heartbeat Intervals; pNN50: percenta-
ge of RR intervals >50ms; SD1: transverse diameter of Poincaré Plot analysis; SD2: longitu-
dinal diameter of Poincaré Plot analysis; SS: stress score; SampEn: Sample Entropy.

Discussion

The main finding of this study is the presence of a clear sympathetic
predominance at rest in the PAD patients and a significant correlation
between the parasympathetic rest tone and the distance covered in
the 6MWT when all subjects are included.

Parasympathetic HRV variables (tMSSD, pNN50 and SD1) were hig-
herin controls indicating a healthier general state””. On the other hand,
patients with IC had a higher sympathetic status showed by a lower
SD2 and a much higher SS. Although the sample is not very large (as is
usual in this type of study), the differences found between both groups
present a very high level of significance for these variables together
with a large or very large effect size. Therefore, there is no doubt about
the existing differences.

Regarding nonlinear dynamics, no difference has been found bet-
ween groups in the SampEn values and the alpha and alpha2 slopes of
the DFA, indicating that, regardless of the existing autonomic imbalance,
both groups retain the same complex structure in their heartbeat.

When comparing our data with the previously published works,
we find that the Sandercock study?' only analyzes HRV in the frequency
domain using the Fast Fourier Transform, so it is not comparable with
our results. The Leicht study® analyzes practically the same variables
as we do, and in a very similar age range, but does not find differences
between healthy subjects and patients with PAD. In our opinion, this
may be due to the fact that this study includes men and women, which
makes the variability of the data much greater (for example, IMSSD data
provided by Leicht et al show a coefficient of variation of 77%). Regarding
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the Goernig study? all subjects are patients with cardiovascular disease
with and without PAD. They find significant differences in time domain
variables between both groups and attribute it to the existence of PAD. In
the study of Lima et al”® there was no control group and they performed
a treadmill test. They reported values of SDNN, rMSSD, pNN50, SD1 and
SD2 much higher than ours.

As for the nonlinear variables, only the work of Leicht et al® reports
data from SampEn, alphal and alpha2. The values referred by them
are almost identical to ours and do not present differences between
patients and healthy subjects, which seems to reinforce the idea that,
whatever the changes in sympathetic-parasympathetic balance, the
complex structure of the signal does not change.

Limitations

The main limitation of the current study was the small sample size.
However, itis very difficult to achieve a greater number of subjects when
the homogeneity of the groups is established with the criteria of this
study. Thus, the work of Gornig et al*> contains two groups of 26 and 27
subjects but including all kinds of basic cardiovascular pathologies. The
Leicht et al study® is done with two groups of 24 and 25 subjects but
mixing men and women. Finally, the Sandercock et al study?'included
52 patients but with different concomitant pathologies and taking 11
different drug types (including statins, beta blockers, ACE inhibitors or
diuretics).

In conclusion, HRV seems to be an accurate method to detect the
sympathetic misbalance present in patients with PAD but as a nonspe-
cific finding that could be present in other cardiovascular pathologies.
Complex structure of the heartbeat signal is not affected by PAD.
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Summary

Purpose: The aim of this study was to estimate the effect of unstructured table tennis participation on motor coordination
level in young recreational players.

Method: A retrospective quasi-experimental study, with ex post facto design, was conducted. Sample was extracted from a
population of 207 students aged 12 to 15 years enrolled in a public full-time school. Experimental (n=18) and control (n=18)
groups were formed, resulting in a final sample of 36 participants (17 girls, 19 boys). Table tennis participation was experienced
inside the school of the participants and consisted of an unstructured activity in which the subjects played recreationally
during 30-40 minutes, 3 to 5 times per week, during one year. Post-intervention measures were performed within one week
after one-year of table tennis participation. Motor coordination level was assessed using the Kérperkoordinationstest fur Kinder.
Repeated measures analysis of variance was used to examine between- and within-subjects differences.

Results: Both groups showed higher values of motor coordination level over one-year. Tennis table participation group had
significantly higher motor coordination levels than control group across both time periods (F=12.483, p=0.01). However, the
interaction effect between tennis table participation and time was not significant (F=1.552, p=0.221).

Conclusion: Motor coordination levels of young recreational players were not improved due to unstructured table tennis
participation, even after one year of regular practice. The lack of adequate opportunities for practice may have led to these
findings. Additional research involving both structured and unstructured practice of this sport should be pursued.

El efecto de un aiio de la participacion no estructurada del tenis de mesa
en el nivel de coordinacion motora entre los jovenes jugadores recreativos

Resumen

Objetivo: El objetivo de este estudio fue estimar el efecto de la participacion no estructurada del tenis de mesa en el nivel
de coordinacion motora en jovenes jugadores recreativos.

Método: Se realizd un estudio retrospectivo cuasi-experimental. Se extrajo una muestra de una poblacion de 207 estudiantes
de 12 a 15 anos matriculados en una escuela publica a tiempo completo. Se formaron un grupo experimental (n=18) y control
(n=18), resultando una muestra final de 36 participantes (17 chicas y 19 chicos). La participacion en tenis de mesa se llevd
a cabo dentro de la escuela de los participantes y consistié en una actividad no estructurada en la que los sujetos jugaban
recreativamente durante 30-40 minutos, 3 a 5 veces por semana, durante un afno. Las medidas post-intervencion se realizaron
una semana después de completar un afo de participacion en el tenis de mesa. El nivel de coordinacion motora se evalud
utilizando el Kérperkoordinationstest fur Kinder. El andlisis de la varianza de medidas repetidas se utilizd para examinar las
diferencias entre los sujetos.

Resultados: Ambos grupos mostraron mayores valores de coordinacion motora alo largo de un afo. El grupo de participacion
en tenis de mesa tuvo niveles de coordinacion motora significativamente mas altos que el grupo control en ambos periodos
de tiempo (F=12.483, p=0,01). Sin embargo, el efecto de interaccién entre la participacion en tenis de mesa y el tiempo no
fue significativo (F=1.552, p=0,221).

Conclusion: Los niveles de coordinacién motora de los jugadores jévenes recreativos no mejoraron debido a la participacion
no estructurada en el tenis de mesa, incluso después de un afo de practica regular. La falta de oportunidades adecuadas
para la practica puede haber llevado a estos hallazgos. Deberia llevarse a cabo una investigacion adicional que incluya tanto
la practica estructurada como la no estructurada de este deporte.
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Introduction

Motor coordination is the harmonious functioning of body compo-
nents involving synchrony of gross and fine motor control and motor
planning'. As a measurable phenomenon, there are different assessment
tools which can be used for estimating motor coordination levels.
Among these tools, there are those which use gross and fundamental
movement skills performance for estimating motor coordination levels
in children and adolescents, such as the widely used M-ABC, BOT-2,
TGMD-2 and KTK tests?.

Motor coordination levels estimated through these tests were firstly
used in clinical setting for assessing neurological or functional status, as
well as developmental delays, in children. In the last years, however, the
usefulness of motor coordination level as a measure is not restricted to
solely clinical assessments®. There is a scope of evidence supporting a
range of correlates of global motor coordination level?, such as health
outcomes*®, academic achievement®” and sport-related attributes®’,

Sport participation is one of sport-related attributes that have
been examined as a correlate of motor coordination level"'2. Previous
studies have suggested a positive effect of structured sport activities
on motor coordination level in children and adolescents'*'. Although
unstructured sport activities have been recommended for acquisition of
skill'"*1> and expertise'®'?in sport, there is no evidence supporting these
activities have a positive effect on motor coordination level when they
are experienced singly, that is, without the concomitance of structured
sport activities.

While structured sport activities involve formal adult led-sport
activities that include all kinds of organized training'®, unstructured
sport activities include informal youth-led activities, developed in play
environments like backyard or street games'. Thus, a possible effect
on motor coordination level may also vary due to organization of sport
practiced, that is, structured or unstructured sport activity.

Nevertheless, even in unstructured activities is possible to experien-
ce adequate opportunities for practice. Therefore, the hypothesis that
unstructured sport activities may also have a positive effect on motor
coordination level cannot be ruled out. Indeed, individuals may develop
their motor skillsin an incidental manner”, such as in unorganized active
physical recreation?'.

Among several sports to be studied in the topic approached in this
study, table tennis seems to be very interesting due to different reasons.
First, table tennis is a massively popular sport?? with nearly 40 million
competitive table tennis players around the world and countless millions
playing recreationally. As a popular sport, it is important to know what
are the benefits of table tennis participation across different populations,
mainly among those who play recreationally. Second, table tennis is an
open and complex motor task?* marked by high ball speed and dyna-
mically changing, unpredictable and externally paced environment®;
also, evidence suggests that performance in table tennis is associated
with different kinds of motor skills***¢2?in young players. Due these cha-
racteristics and evidence, it seems plausible to expect that table tennis
participation has a significant effect on motor coordination level. Finally,
In order to disseminate the table tennis participation among children and
adolescents as well as to foment the so called Olympic legacy, before
last Olympic Games was promoted an unstructured practice of this sport

around public schools of Rio de Janeiro city. Among other things, it was
emerged an opportunity to estimate the effect of unstructured table
tennis participation on motor coordination level.

Understanding the benefits of unstructured table tennis
participation on motor coordination level in young who play
recreationally is a matter of public health, since motor coordination
is associated with a range of health outcomes*. Therefore, the aim
of this study was to estimate the effect of unstructured table tennis
participation on motor coordination level in young recreational players.

Material and method

A retrospective quasi-experimental study, i.e. with ex post facto
design, was conducted considering the period between July 2013 and
July 2014.The sample was extracted from a population of 207 students,
aged 12 to 15 years, enrolled in a public full-time school in the city
of Rio de Janeiro, Brazil. Among these students, 53 had table tennis
participation at least one time per week and 154 did not practice table
tennis in the period. All students, including those who did not practice
table tennis, had physical education classes one or two times per week.

Inclusion criteria required subjects to be under 15 years old with
no history of injury or disease that could affect motor performance.
Exclusion criteria consisted of students who were enrolled in regular
sport participation outside school within July 2013 and July 2014.
Additionally, from 53 students with table tennis participation, those
who played table tennis less than three times per week for two or
more weeks were also excluded. Based on these criteria, 59 subjects
were excluded, being 35 with and 24 without table tennis participation.

Thus, the experimental group (i.e. with regular table tennis par-
ticipation) was composed of 18 subjects (n=18). Of the 130 students
remaining without table tennis participation, eighteen were randomly
selected and assigned to the control group (n=18), resulting in a final
sample of 36 participants (N=36). Ethical approval for this study was
obtained from the University’s Ethics Committee and parental consent
and child assent were obtained prior to participation.

Table tennis participation was experienced inside the school of the
participants and all the materials used for its practice were standardized
following the International Table Tennis Federation recommendations.
Body mass was measured to the nearest 0.1 kg using an electronic scale
with participants wearing their school uniform. Standing height was
measured while unshod with a meter wall to the nearest 0.1 cm. Motor
coordination level was assessed using the Korperkoordinationstest
fur Kinder (KTK). Baseline measures were performed within one week
before the start of table tennis participation. Post-intervention mea-
sures were performed within one week after one-year of table tennis
participation. All measures were performed by a single trained physical
educator as routine assessment of students in the physical education
program of school.

Table tennis is a sport played with remarkably high speed which
requires accurate timing and perceptual skills when practiced for expert
players®. However, our investigation was conducted with non-athletes,
young recreational players. Moreover, in this study was only experienced
unstructured table tennis practice. Thus, sport performance was not
focused and table tennis specific skills were not assessed. Instead,
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motor coordination level was estimated using the KTK, a generic, non-
specific test.

The KTK is appropriated to assess motor coordination level of
participants because it is a reliable and valid instrument, with a teste-
retest reliability coefficient of 0.97°'. KTK is one of most used tools
for assessing children’s motor coordination? and has been applied
in different research topics, such as health outcomes**, academic
achievement® and sport-related attributes®. KTK consists of four test
items. The first is walking backwards along balance beams (3 m length)
of decreasing width (6, 4.5 and 3 cm). Each beam was crossed three
times where a maximum of eight steps per trial were allowed (72 steps
overall); the sum of steps in all trials determined score 1. The second
involved one-legged hopping over an obstacle, formed by an increasing
pile of pillows (pillow size 60 cm x 20 cm X 5 cm; the maximum was
12 pillows or a height of 60 cm). Only three trials were allowed for each
obstacle and three, two, or one point(s) were/was awarded for successful
performance on the first, second, or third try, respectively. Therefore, a
maximum of 39 points (including a ground level trial) could be scored
for each leg; the points were summed to determine score 2. The third
task was two-legged sideways jumping across a wooden slat (60 cm
X 4 cm x 2 cm) for 15 s as quickly as possible. The number of jumps
performed correctly was summed over two trials to determine score 3.
The final task involved moving sideways on wooden boards (25 cm x 25
cm X 5.7 cm) as many times as possible in 20 s. One point was awarded
for each time the plate was transferred and one more for stepping on
it. The number of relocations was counted and summed over two trials
to determine score 4. KTK takes into account motor coordination level
is gender and age-related. Thus, the four scores acquired in each item
test were gender and age-adjusted in according to KTK normative
database. Finally, the motor coordination level for each participant was
derived from the sum of the four adjusted scores obtained in the tests.

Table tennis participation consisted of an unstructured sport activity
in which the participants played recreationally during 30-40 minutes for
3to 5 times per week. The practice was exclusively individual and game-
based. They had the opportunity to engage in table tennis participation
daily together with their classroom colleagues, resulting in subgroups
of 5-8 subjects for each one of two table’s tennis available in the school.
Due to school calendar, there was a recess of 45 days between the sixth
and seventh months in which the subjects of experimental group did
not play table tennis.

Descriptive statistics were determined for all variables. The
Kolmogorov-Smirnov test confirmed acceptable normality of the data
distribution. Repeated measures analysis of variance (ANOVA) was used
to examine between- and within-subjects differences. A significance
level of 5% (o = 0.05) was adopted in all statistical tests. Data analysis
was executed using Statistical Package for Social Sciences (SPSS ver.
22.0 software, IBM, USA).

Results

At the baseline, participants (N=36) showed mean values of age,
body weight, height and motor coordination level as 13.2y (£0.5),47.8 kg
(£13.6), 1.56 m (£0.1) and 88.4 (+27.2), respectively. After one year, mean

values were 14.3y (+0.4), 53.7kg (£14.0), 1.62 m (£0.1) and 100.8 (+28.2).
Descriptive statistics of the baseline and after one-year of table tennis
participation of experimental (n=18, 11 boys and 6 girls) and control
(n=18, 6 boys and 11 girls) groups are provided in Table 1.

Both control and table tennis participation groups showed higher
values of motor coordination level after one year (Figure 1) and ANOVA
revealed which this difference was significant (F=55.138, p<0.0001).

There was an overall difference in the motor coordination levels
between groups. The mean of motor coordination level was 80.7 with
a 95% of confidence interval between 69.3 and 92.0 for control group.
For table tennis participation, the mean of motor coordination level was
108.5 with a 95% confidence interval between 97.2 and 119.9. Statistical
analysis revealed that table tennis participation group had significantly
higher motor coordination levels than control group across both time
periods (F=12.483, p=0.01). The power of this comparison was 0.929.

The interaction between factors, that is, table tennis participation
and time, was not significant (F=1.552, p=0.221). Therefore, these data

Table 1. Descriptive statistics (mean * standard deviation) of the
control group (CG) and table tennis participation group (TT) inclu-
ding age, anthropometry and motor coordination (MC) level at the
baseline (pre-intervention) and after one-year (post-intervention).

Baseline After one-year
(pre-intervention) (post-intervention)
CcG TT cG T
Age (years) 13.0+£0.4 13.3+£0.5 14.1£0.4 14.4+0.5
Body weight (kg) 52.5+16.1 43.0+8.7 57.5+£17.7 50.1£8.0
Height (m) 1.57%0.1 1.55+0.1 1.61+0.1 1.64+0.1
MC level 75.5£32.8 101.31£9.6 85.8+33.0 115.8+8.8

Figure 1. Motor coordination level at the baseline and after one-
year in both control and experimental groups.
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suggest there is no a significant effect of table tennis participation on
motor coordination level of participants. A small effect size was observed
across comparisons (Cohen's d=0.31).

Discussion

The main aim of this study was to estimate the effect of unstruc-
tured table tennis participation on motor coordination level in young
recreational players. Both control and table tennis participation groups
significantly increased their motor coordination levels over one year.
However, there was not significant interaction effect between time and
table tennis participation on motor coordination level of participants.
Therefore, our results suggest there is no a significant effect of unstruc-
tured table tennis participation on motor coordination level of young
recreational players after one-year of regular practice.

Overall, the participants of this study increased their motor coordi-
nation levels over one year. Both control and table tennis participation
groups had significantly higher motor coordination levels after one year.
Thus, there was an effect of the time on motor coordination levels of
participants, regardless of engagement on table tennis practice. These
findings were expected due to effects of growth and maturation on
adolescent’s motor performance. Growth and maturation occurred
during adolescence are associated with increases on muscular strength
and motor performance®* like jump, agility and balance. Besides the
motor coordination by itself, these physical and skills components are
also related to performance on KTK tasks™.

The main purpose of this investigation was to analyze the effect
of unstructured table tennis participation on motor coordination level
in young recreational players. Results indicated that table tennis parti-
cipation group had significantly higher motor coordination levels than
control group after one-year of regular practice. However, this finding
cannot be explained by table tennis participation, because there was
not significant interaction effect between sport participation and time.
Therefore, our results suggest that difference between groups in motor
coordination level after one-year of intervention was only due to effect
of time, which it seems to be related to growth and maturation.

Besides growth and maturation, it is important to emphasize that
opportunities for practice are a key factor for development of motor
coordination level*=°. Therefore, the development of motor coordina-
tion among young table tennis players can be expected when adequate
opportunities for practice are ensured for all individuals, as it is aimed in
planned and structured activities*. Although individuals may develop
their motor coordination in an incidental manner®, such as in unstruc-
tured sport activities, not all kind of engagement in sport can exert a
positive effect on motor coordination level among players. For exam-
ple, if players do not experience adequate opportunities for practice,
they may not develop their motor coordination level due table tennis
participation. Moreover, there are other conditions of the environment
that play important roles in the degree to which motor coordination
develops®, such as encouragement and constraints contained within
the requirements of the movement tasks>,

Therefore, the absence of effect of unstructured table tennis par-
ticipation on motor coordination level in young recreational players

can be related to characteristics of unstructured sport activities. These
activities are not pedagogically planned' and, therefore, the conditions
of the environment, such as opportunities for practice, may not have
been adequate to the development of motor coordination level of table
tennis participation group. As an individual and game-based practice,
less skilled individuals tend to have less playing time and consequently
fewer opportunities for practice when play against more skilled peers.
It's difficult to compare our findings with previous evidence due
to paucity of studies on topic. While previous evidence has suggested
significant associations between motor coordination and sport per-
formance in children®*#' including table tennis**?>%, little is known
about the effect of table tennis participation on motor coordination
level in children and adolescents. In this sense, two studies**** found a
significant effect of a 12-week table tennis exercise on motor skills in
children. However, both studies examined children with attention deficit
hyperactivity disorder and used structured table tennis participation.
As alimitation, only unstructured sport activities were investigated
in this study. Also, there was an unbalanced male/female ratio of sample.
Thus, possible differences between genders might have biased the
results. Nevertheless, this study shed some light on the underexplored
literature on the effectiveness of unstructured sport participation on
motor coordination level in adolescents. To our knowledge, this was the
first study to analyze the effect of unstructured table tennis participation
on motor coordination level in young recreational players. As practical
application, this study reinforces the assumption that not all kind of
engagement in sport can exert a positive effect on motor coordination
level among players, even when regularly practiced during one year.

Conclusions

Motor coordination levels of young recreational players were not
improved due to unstructured table tennis participation, even after one
year of regular practice. Our results seem to be related to characteristics
of unstructured sport activities, as the conditions of the environment
that are not adequately ensured for all players. Thus, the lack of adequate
opportunities for practice may have led to these findings. Additional
research involving both structured and unstructured table tennis par-
ticipation should be pursued.
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Summary

The aims of this present study were, on the one hand, to analyze the differences in the match internal load (CIP) between
field referees (AC) and assistants (AA) measured by different methods of quantification during official matches, and on the
other hand, to know whether exist differences in the CIP using different criteria to determine the individual maximum heart
rate (FC_) (FC__ achieved in the incremental test or FC__ achieved during the match). In this study participated 41 match
officials who refereed during 21 official matches in a Spanish Third Divison League, of which, 21 were AC and 20 were AA.
CIP was determined by Edwards method (Edwards'_CIP) and Stagno method (Stagno’s_CIP) attending to the individual FC__
obtained during the match (CIP,, .. - ) and during the YYIRT test (CIP, ). AC registered higher values of Edwards_CIP and
Stagno_CIP than AA with both criteria of determination of FC__ .In addition, despite high-very high-extremely high differen-
ces were observed CIP methods using different criteria to determine the individual FC__ (FC .~ orFC - )inall match
officials, in AC and in AA, the associations were very high and almost perfect in the CIP calculated with different criteria of
determination of FC__ . The results of this investigation suggest that it could be appropriate to use both determination of

FC,, Criteria to quantify CIP with Edwards'_CIP and Stagno's_CIP methods.

Influencia del criterio de determinacion de la frecuencia cardiaca maxima
sobre la cuantificacion de la carga interna en el arbitraje

Resumen

Los objetivos de este estudio fueron, por un lado, analizar las diferencias en la carga interna de partido (CIP) entre arbitros de
campo (AC) y asistentes (AA) medida mediante diferentes métodos de cuantificacion en partidos oficiales, y por otro lado,
conocer si existen diferencias en la CIP utilizando distintos criterios para determinar la frecuencia cardiaca maxima (FC )
individual (FC__ alcanzada en un testincremental o FC  alcanzada en el partido). En este estudio participaron 41 colegiados
que arbitraron 21 partidos oficiales de Liga de la Tercera Division de Futbol de Espafa, de los cuales, 21 eran ACy 20 AA. La CIP
fue determinada mediante los métodos de Edwards (Edwards'_CIP) y de Stagno (Stagno’s_CIP) atendiendoalaFC__ individual
alcanzada en algtin momento del partido (CIP,, ... ) y durante el test YoYo de recuperacion intermitente, YYIRT (CIP,, . ). Los
AC registraron mayores valores de Edwards_CIP y Stagno_CIP que los AA con ambos criterios de determinacion de la FC .
Ademés, a pesar de que se observan diferencias altas-muy altas-extremadamente altas en los métodos de cuantificacion de
la CIP utilizando distintos criterios para determinar la FC__ individual (FC__ ... o FC . ) tanto en todos, en ACy en AA,
las asociaciones fueron muy altas y casi perfectas en la CIP calculada con distintos criterios de determinaciénde la FC | Estos
resultados sugieren que puede ser adecuado utilizar cualquiera de estos criterios de determinacion de la FC_ | para cuantificar
la CIP tanto con el método Edwards'_CIP como con el método Stagno's_CIP.
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Introduction

It is very important to quantify the internal match load (IML) of
football referees in order to have information with which to control
weekly training loads'. Such knowledge of the IML of football referees
can provide the professionals in charge of their physical preparation
with a suitable tool to arrive at an optimal prescription of the training
dose? The IL in football referees, though it has also been determined
using subjective methods such as the rate of perceived effort (RPE)®, has
chiefly been described using objective methods such as monitoring the
heart rate (HR)**. Although the methods based on HR to determine IML
have been widely used in competitions refereed by professional and/
or international referees*’#, few studies have been conducted at lower
levels of competition?, so knowing the IML in matches in these less
competitive categories would also be of great interest.

The scientific literature describes different methods based on HR
for the quantification of the match load'®'?, especially in team sports'>®.
Some of the methods for quantifying IML most used are the calculation
of the percentage of time spent by the athletes at different effort in-
tensities'”'8, Edwards'method' and Stagno's method*?!. Specifically in
football referees, different variables have been obtained which permit
quantification of IML through methods based on HR like the time spent
atdifferent effort intensities and the match load quantification method
according to Edwards' method>??%%, These studies have observed that
on-field referees (OFRs) spend approximately 95% of overall match time

at over 80% maximum heart rate (HR__ )%, while assistant referees (ARs)

max
spend around 50% of the time over this intensity®*. Greater IML values
have also been reported for OFRs compared to ARs in official national
league matches using Edwards' method®. These differences in IML bet-
ween OFRs and ARs may be due to the AR movement pattern, based on
lateral movements and short accelerations and decelerations'. We do
not know, however, if other IML quantification methods (e.g. Stagno’s
method) are sensitive to the differences found between OFRs and Ars.

To calculate the IML accumulated by OFRs and ARs in matches using
the methods mentioned, the HR _ ofindividual referees is carefully taken
as a reference??>?° and from this value, the time spent in the different
areas of intensity is determined. However, not all the studies published in
the scientific literature use the same criterion to establish the individual
HR _ of referees. While Boullosa et al. (2012) used the HR _ reached in
an incremental field test (Yo-Yo intermittent recovery test level 1,YYIRT)
for referees in non-professional Spanish league categories (regional and
third division), other authors, such as Costa et al. (2013) or Castillo, Yanci
etal. established the highest HR recorded in an actual match as the cri-

terion for HR__, in these cases with Brazilian referees and third division

max’
Spanish leagues referees, respectively. Due to the disparity of criteria
used to establish individual HR__,
complicated. Comparisons of the results obtained in different studies

are regularly made even though the method for determining HR__ is

X

comparisons between results can be

different, which may lead to major errors of interpretation. In this sense,

it would be interesting to know if calculating the IML accumulated by
football referees in official matches is conditioned by the criterion used
that is to say, if the IML is different when different
criteria are used to establish HR

to determine HR

max’

max’

Therefore, the aims of this study were 1) to analyse the differences
in internal load in official matches between on-field referees and assis-
tant referees measured using different quantification methods, and 2)
to find out if there are differences in the internal load using different
criteria to determine individual HR | (HR  reached in anincremental
textand HR _ reached in a match). The hypotheses established were,
on the one hand, that the IML recorded using different load quantifi-
cation methods is greater in OFRs than in ARs and, on the other, that,
depending on the criterion used to determine HR__, there could be

differences in the magnitude of IML.

Material and method

Participants

41 referees belonging to the Navarre Committee of Football Refe-
rees who refereed Spanish league third division matches took partin the
study. 21 of these were OFRs and 20 were ARs (Table 1). All the referees
did at least three training sessions per week and refereed approxima-
tely three matches per month. The participants were informed of the
procedures, methodology, benefits and possible risks of the study and
signed an informed consent form. The study followed the guidelines
set outin the Declaration of Helsinki (2013), was approved by the Ethics
Committee for Research with Human Beings (CEISH) of the University
of the Basque Country (UPV/EHU) and was carried out following the
highest ethical standards established for research in sports and exercise
science?’. The associations were observed to be most likely (>99.5%) and
very large-near perfect (r=0.76-0.93) in all the cases (Table 3).

Table 1. Characteristics of all the referees, on-field referees (OFRs)
and assistant referees (ARs) taking part in the study.

All(n=41) OFRs (n=21) ARs (n=20)

Age (years) 26.95 +6.90 28.29 +6.44 25.55+7.25

Weight (kg) 73.66 +7.75 72.81 +8.80 74.55 £ 6.57

Height (m) 1.77 £ 0.06 1.78 £0.07 1.77 £ 0.06

BMI (kg-m™) 23.38+2.13 22.96 +1.56 23.83+2.58

Experience 9.76 +£5.70 11.52 +5.60 7.90 £5.31

refereeing (years)

Experience 437 +4.75 438 +3.38 4.35+5.95

3rd Division (years)

HR vir (PPM) 187.24+7.86  185.57+7.26 189.00 + 8.27

HR i (PPM) 173.63+£13.93 182.00+882  164.85+12.96

%HR v 92.78 +7.07 98.07 +2.69 87.23 +5.85
BMI: body mass index; HR__ ... maximum heart rate reached in the test; HR - peak
heart rate reached in matches; % HR__ . - percentage of the maximum heart rate in the

test recorded during matches.
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Procedure

This study recorded the physiological responses or IML of football
referees who refereed 21 official matches of the Third Division Football
Leaguein Spain (Group XV).In order to calculate the IML for the matches,
two different criteria were used to determine the individual HR__ for
each referee, in an intermittent incremental field test (HR__ . )
ducted the week prior to the match, aswellasthe HR _ reached during
the official match played (HR ...
using the Polar Team 2 transmitter, strap and band (Polar Team System?®,
Kempele, Finland) with a sampling rate of 0.2 Hz. The participants were
given instructions not to train during the 48 hours prior to the tests in
order to avoid the effects of fatigue on the measurement results. The
referees all had a similar diet based on 55% of total calories derived

con-

. The HR values were recorded

from carbohydrates, 25% fat and 20% protein. All the matches analysed
were played on four pitches with similar dimensions and characteristics
(100 x 64 m) and under non-adverse weather conditions (10-20°C). The
scheduled time for all the matches played was 16:00 h.

Incremental field test to determine the HR

The YYIRT test consisted in running back and forth a distance of 40
m (2 x 20 m) alternated with a 10 sec rest period in which the participants
remained active by slow jogging, moving over a distance of 5 m.The run-
ning speed was progressively increased in unison with an audio signal that
gradually reduced the time between the successive signals. The test ended
foreach participant when he was nolonger able to cover the corresponding
distance in the set time”. The maximum individual heart rate (HR__ )

achieved by each referee in the test was recorded using Polar Team 2 heart
rate monitors (Polar Team System®, Kempele, Finland).

Determination of HR__ at the matches

The HR at the official matches was recorded using Polar Team 2
heart rate monitors (Polar Team System®, Kempele, Finland). The highest
HR achieved by each of the OFRs and ARs was taken as the HR __ of the
match (HR

maxMATCH)'

Determination of the internal match load

The IML was determined by the Edwards and Stagno methods,
based on the individual HR _ reached at a given moment during the
match (IML andalsoontheHR  obtainedintheYYIRT test (ML, ).

MATCH)

Edwards Method

The IML measured by the Edwards method was calculated by
multiplying the time spent at each effort intensity by a value assigned
to each intensity (90-100% HR =5, 80-90% HR =4, 70-80% HR _ =
3,60-70% HR _ =2,50-60% HR _ = 1). Subsequently the sum of all
the values obtained was calculated, which represented the Edwards’
value _IML"%, for both the H and the HR

RmaxMATCH maxYYIR1"®

Stagno method

The IML measured by the Stagno method was calculated by mul-
tiplying the time spent at each effort intensity by a weighting factor for
eachintensity (93-100%HR__ =5.16,86-92%HR__=3.61,79-85%HR _ =
254,72-78% HR _ =1.71,65-71%HR =1 .25). The summation repre-
sented the Stagno's value _IML"", for both the HR andthe HR

maxMATCH maxYYIR1"

max

Statistical data analysis

The results are presented as a mean =+ standard deviation (SD) of
the mean. In order to determine the differences in the IML quantification
methods (Edwards’_IML and Stagno's_IML) between OFR and AR or
between the IML calculated by the different criteria for HR__, we used
the inference method proposed by Hopkins et al.?* based on calculating
the magnitudes of the differences (<0.2 low; 0.2-0.6 moderate, 0.6-1.2
high; 1.2-2.0 very high; >2.0 extremely high). Furthermore, 90% of the
confidence limit was calculated (+90% CL) and the probability that the
differences were true, based on the following ranges: 25-75%, possible
75-95%, probable; 95-99,5%, very probable; >99,5%, extremely prob-
able®. On the other hand, we calculated the association between the
IML values obtained based on the different criteria for HR__ through
Pearson'’s correlation (r). To interpret the magnitudes of correlation be-
tween the IML quantification methods, the following scale was used:
less than 0.1, trivial; 0.1 to 0.3 low; 0.3 to 0.5 moderate; 0.5 to 0.7 high;
0.7-0.9 very high; greater than 0.9, almost perfect . Moreover, +90%
CL was calculated and the probability of true associations?. We also
calculated the regression formula between the IML methods, based on
HRmax achieved during the match (Edwards'_IML, ., and Stagno’s_IM-
L) @and the IML methods based on HR  achieved in the YYIRT (Ed-
wards'_IML,,,.. and Stagno’s_IML,, .,) for the entire sample for the OFRs
and ARs. The statistical analysis was made with the Statistical Package
for Social Sciences program (SPSS Inc, versién 23,0 Chicago, IL, EE.UU.).

Results

The differences between HR . and HR
and probable for OFR (-0.47; 0, £56) and extremely probable and very
high for AR (-2.80; +£0.68). Table 2 shows the differences recorded in
the quantification methods for the internal load (Edwards'_IML, .,
Stagno's_IML,,.,, Edwards’_IML,, .., Stagno’s_IML,,,) between OFRs
and ARs. The results obtained show that the OFRs recorded higher IML
values (extremely probable and extremely high) than the ARs in both

quantification methods. On the other hand, moderate, high and very

were moderate

high differences were observed in the IML quantification methods
(Edwards'_IML and Stagno's_IML) using different criteria to determine
theindividual HR _ (HR _ orHR ) forallparticipants,and also
for OFR and for AR (Table 2).

Table 3 shows the associations between the IML methods based
on HR__ achieved during the match (Edwards’_IML

no's_IML

e @nd Stag-
and the IML methods based on HR__ achieved in the

MATCH)
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Table 2. Results obtained in internal load quantification for all the participants, on-field referees (OFRs) and assistant referees (ARs).

Methods All OFRs ARs Differences Effect size OFR-AR;
OFR-AR (%; £90% CL) +90% CL/Likelihoods

Edwards’_IML,,,., (AU) 348.06 + 58.35 383.50 £ 33.65 310.84 + 55.95 -19.8; +55.9 -2.08; £0.70 / ****

Edwards’_IML,,,., (AU) 29143 £91.69 363.68 £ 36.57 215.57 £66.83 -43.2; £7.5 -3.90; £0.76 / ****

Differences MATCH-YYIR1 -32.0; £9.9 A= =3kl =84

(90; £90% CL)

Effect size MATCH-YYIR1; -0.95;£0.48 /***  -0.57,+0.52/*  -1.63;+0.56 / ****

+90% CL/Likelihoods

Stagno's_IML, ., (AU) 254.67 £ 67.05 304.20 £40.22 202.67 £ 46.96 -34.6;£7.0 -2.43; £0.55 / ****

Stagno’s_IML,,., (AU) 194.14 £ 103.92 278.52 £50.17 105.54 £ 62.87 -68.3; £8.7 -3.32; £0.58 / ****

Differences MATCH-YYIR1 -54.7; +13.3 -9.1; £8.3 -57.5;+12.2

(%; £90% CL)

Effect size MATCH-YYIR1;
+90% CL/Likelihoods

-0.89; £0.47 / *** -0.61; £0.57 /**  -1.99; £0.61 / ****

CL: confidence limits; ES: effect size; Edwards'_IML,,. . internal match load quantified with Edwards’ method based on peak heart rate reached during matches; Stagno's_IML,,,. ., : internal

match load quantified with Stagno's method based on peak heart rate reached during matches; Edwards'_IML,, . : internal match load quantified with Edwards' method based on maximum
heart rate reached in the Yo-Yo intermittent recovery test level 1; Stagno's_IML,,. . internal match load quantified with Stagno’s method based on maximum heart rate reached in the Yo-Yo
intermittent recovery test level 1; AU: arbitrary units.

Interpretation of likelihoods: *possible (25%-75% [probability that the true correlation is...] **likely (75%-95%); ***very likely (95%-99.5%); ****most likely (>99.5%).

Table 3. Association (r; + confidence limit (CL), interpretation and likelihoods) and regression formula between the internal match load
methods based on the maximum heart rate reached in matches (Edwards’_IML, ., and Stagno’s_IML,,,. ) and the internal match load
methods based on the maximum heart rate reached in the Yo-Yo intermittent recovery test level 1 (Edwards’_IML,,, .. and Stagno’s_IML,, )
in the total sample, in on-field referees (OFRs) and assistant referees (ARs).

Methods Edwards’_IML,,_ Stagno’s_IML,, .
Edwards’_CIP,, .. Stagno’s_CIP,, . Edwards’_IML,, .. Stagno’s_IML,, ..
Referees r;+=90% CL Regression r; =90% CL Regression r; +90% CL Regression r;+=90% CL Regression
formula formula formula formula
All 0.88; +0.06 y=185.12+ 0.86; £0.07 y =254.15+ 0.93; £0.04 y =55.89+ 0.93; £0.04 y=138.25+
***\/L.100/0/0 | 0.56x + 28.23 v/ 0.48x +30.01 *** NP. 0.68x + 24.48 *** NP. 0.60x + 25.06
100/0/0 100/0/0 100/0/0
OFRs 0.82; £0.06 y=107.54 + 0.76; £0.17 y=241.79 + 0.87; £0.10 y=4333 + 0.82; +0.13 y=12139+
VI 0.76x + 19.53 FEEVL, 0.51x +22.49 **EV/L, 0.96x + 20.43 VL. 0.66x + 23.69
100/0/0 100/0/0 100/0/0 100/0/0
ARs 0.81;+0.14 y=164.77 + 0.82; +0.14 y=234.13+ 0.84; +0.13 y=76.16 + 0.83;+£0.13 y=137.89 +
***\/L. 0.68x + 33.76 ***\/L. 0.73x + 33.17 *** VL. 0.59x + 26.53 ***\/L. 0.61x + 27.49
100/0/0 100/0/0 100/0/0 100/0/0

Interpretation of likelihoods: *possible (25%-75% [probability that the true correlation is...] **likely (75%-95%); ***very likely (95%-99.5%); ****most likely (>99.5%).
Magnitude of correlations: T: trivial; S: small; M: moderate; L: large; VL: very large; NP: near perfect.

YYIRT (Edwards'_IML, ., and Stagno’s_IML,,.,) for all the referees, and
also for the OFRs and ARs. It was observed that the associations were
extremely probable (>99.5%) and very high almost perfect (r=0.76-0.93)
in all cases (Table 3).

Discussion

The aims of this study were 1) to analyse the differences in internal
load in official matches between on-field referees and assistant referees

measured using different methods of quantification, and 2) to find out
if there are differences in the internal load using different criteria to
determine individual HR _ (HR_ reached in an incremental text and
HR_ reached in matches). The main results show that the OFRs reported
higher values of IML than the ARs, both when calculated using Edwards'
IML method and when calculated using Stagno's IML method. Mean-
while, even though large-very large-extremely large differences were
observed in the IML calculated using the different criteria to determine
individual HRmax (HR and HR ), associations between the

maxMATCH maxYYIR1
two methods were very large and near perfect for all the participants,
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OFRs and ARs. The chief finding of this research is the large association
observed between the two IML quantification methods, meaning that
either can be used, provided that one is consistent and that results
obtained using different criteria are not compared.

OFRs and ARs are in charge of controlling the behaviour and con-
duct of players during matches. To meet their function on the field of
play, each needs to play a different role, the ARs having their activity
limited to half the pitch in order to judge, above all, offsides and the OFRs
moving all over the pitch to call the infringements that occur during the
match. This fact, coupled with the fact that OFRs register higher values
in the external load indicators (e.g., total distance covered, number of
accelerations and decelerations, changes of direction, etc.)*”?, may have
led the ARs to register lower IML values than the OFRs with the methods
used in this study. These results are consistent with those observed by
Castillo, Weston, et al. (2016) with non-professional referees, because they
also noted that the IML of OFRs is greater than that of ARs. Other studies
have also observed higher HR _ values in national professional OFRs
compared to ARs, albeit notin IML values but in certain HR parameters®2,
Other research with national referees has observed that OFRs record
HR values that correspond to 87% of HR__ while ARs obtain values of
78% HR__”.In the same vein, it has been observed that OFRs spend
more time over 90% HR __ than ARs (35 vs. 15 min.)*. Given that both
the IML and the external load factors, such as the distance covered at
high speeds (OFRs = 2783 + 630 m vs. ARs = 793 + 268 m), recorded
by OFRs and ARs during matches are different, mainly due to the roles
they play and the limits of the playing field’, it would be interesting to
implement different training protocols for OFRs and ARs based on the
specific demands of match situations and, in this way, programme the
most suitable training loads and recovery strategies on the basis of IML.

Many scientific studies use different methods to determine the
HR_ ., with which to calculate IML*****. Normally, the results obtained
in the different studies are compared with each other even though
HRmax has been obtained using different criteria. This could generate
a problem because to date we do not know if the IML values are the
same when different criteria to determine HR__ are used.In the present
study, it has been observed that despite the differences in IML (both
in Edwards’_IML and in Stagno’s_IML) calculated on the basis of HR
reached in YYIR1 and in matches, both in OFRs and ARs, the associa-
tions between the IML quantification methods using different criteria
for determining HR _ are very large-near perfect (r = 0.76-0.93). This is
the first study to analyse the influence of the HR _ calculation criterion
on IML. The results obtained in our study show that the criterion to
determine HR_ reached in YYIR1 or in matches influences the mag-
nitude of IML. In this regard, it should be noted that the percentage of
HR . reached in tests with respect to that registered during matches
(%HR
of HR __ used may determine differences in IML. This shows that it may

o) 1 greater in OFRs than in ARs, meaning that the criterion
not be appropriate to compare IML values measured using different
HR__ determination methods. However, the IML values obtained from

HR s Show a large-very large-extremely large association with the

IML values obtained on the basis of HR The strong associations

maxYYIR1"
observed between the two criteria for determining HR _ (HR__
and HR . .,) to quantify IML, both with Edwards'_IML method and
Stagno's_IML method, reveal that either of these methods to quantify
IML can be used for football referees during matches since they provide
similar information, but that it is not appropriate to compare IML results

obtained using different criteria.

Conclusions

The main conclusions of this study were 1) that OFRs record higher
IML values than ARs when measured with different methods (Edwards’_
IML and Stagno's_IML), and 2) that the large-very large-extremely large
differences and the very large and near perfect associations between
the IML quantification methods (Edwards’_IML and Stagno’s_IML) using
different criteria to determine individual HR _ (HR _ — andHR__ )
with all the referees, both OFRs and ARs, suggests, on the one hand,
that it may not be appropriate to compare IML results calculated using
different individual HR __ determination criteria and, on the other, that
either of these criteria is valid to determine HRmax in order to quantify
IML with either Edwards'_IML method or Stagno's_IML method.
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Summary

Introduction: Regional adiposity monitoring can detect patterns related to sports performance. The objective of this study
is to determine the degree of sensitivity and specificity of skinfolds in relation to a percentage of body fat, estimated as ideal
for a particular sport modality, as well as other ergometric variables.

Material and method: Participated in the study 136 male, amateur cyclists, ranging 40-60 years old, with a weight: 72.8 + 85 kg,
height: 169.5 + 6.5 cm, BMI of 25.6 + 2.3 kg/m? A total of annual covered km of 8372.9 + 3429.6. Were analyzed 8 skinfold
(triceps, subscapular, bicipital, crestal, ileospinal, abdominal, anterior thigh and medial calf) under ISAK guidelines. Also were
collected the maximum load achieved (W), the VO, and the ergometric index. Variable associations were performed using
the correlation coefficient of Spearman. Ten percent fat mass was established as ideal for this type of athletes. We analyzed
the sensitivity and specificity in relation to the percentage of ideal fat using ROC curves, according the best cut-off point by
the Youden index.

Results: The values of sensitivity and specificity (S/E) are greater for the subscapular skinfold: 93/89 and ileospinal: 100/78
compared with those of the limbs. There are inverse correlations of fat mass with covered km/year (r=-0.27, p=0.0017), with
maximal aerobic power (r=-0.33, p=0.0001), Ergometric index (r=-0.59, p<0.0001) and VO, (r=-0.28, p=0.0006).
Conclusions: Subscapular and ileospinal skinfolds have a great sensitivity and specificity to discriminate adequate body fat
percentage in amateur cyclists and are more sensitive the trunk skinfolds than those of the limbs. Also emphasize the body
mass index and ergometric index.

Adiposidad regional y fitness cardiorrespiratorio en relacion al porcentaje
de grasa ideal, en ciclistas amateur

Resumen

Introduccion: La monitorizacion de la adiposidad regional puede detectar patrones que se relacionan con el rendimiento
deportivo. El objetivo del presente trabajo es determinar el grado de sensibilidad y especificidad de los pliegues cutdneos
de grasa en relacion a un porcentaje de grasa corporal, estimado como ideal para una practica deportiva determinada, asi
como otras variables ergométricas.

Material y método: Participaron en el estudio 136 ciclistas amateur, varones, entre 40-60 afios, con un peso de 72,8 + 8,5 kg,
tallade 1695+ 6,5 cm, IMC de 25,6 + 2,3 kg/m? un total de km anuales recorridos de 8.372,9 + 3.429,6. Se analizaron los datos
de los pliegues tricipital, subescapular, bicipital, crestal, ileospinal, abdominal, muslo anterior y medial de la pierna, bajo las
recomendaciones de la ISAK. Igualmente se recogieron datos de la carga méaxima alcanzada, el VO, y el indice ergométrico. Se
realizaron asociaciones de variables mediante los coeficientes de correlacion de Spearman. El valor de 10% de masa grasa fue
el establecido como ideal para este tipo de deportistas. Se analizaron la sensibilidad y la especificidad en relacion al porcentaje
de grasa ideal mediante curvas ROC, designando el mejor punto de corte mediante el indice de Youden.

Resultados: Los valores de sensibilidad y especificidad (S/E) son mayores para los pliegues subescapular: 93/89 e ileospinal:
100/78 comparado con los de los miembros inferiores. Existen correlaciones inversas de la masa grasa con los km recorridos/
ano (r=-0,27, p=0,0017), con la potencia aerdbica maxima (r=-0,33, p=0,0001), el indice ergométrico (r=-0,59, p<0,0001) y el
VO, . (r=-0,28, p=0,0006).

Conclusiones: El pliegue subescapular e ileospinal poseen una gran sensibilidad y especificidad para el diagndstico discri-
minante de unos valores adecuados de grasa corporal en ciclistas aficionados y son mas sensibles los pliegues del tronco que
los de los miembros. Asi mismo destacan el indice de masa corporal y el indice ergométrico.
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Introduction

Monitoring body composition and particularly regional adiposity
can identify patterns related to sports performance. Although body
composition can be a reflection of numerous factors not related to
physical activity and training, many acknowledge that certain specific
conditions of low or high adiposity alone can be influential in many
different sports and in the performance of athletes in competitions'.

Having information on the regional adiposity and body composition
profiles of sportsmen and women can be very useful for coaches, for
example to improve their athletes'development programmes and permit
longitudinal monitoring of changes in their body composition, which
may reflect sports fitness. Maintaining an ideal body composition over
the year can help ensure performance in an athlete’s sport and also serve
as a means of controlling his/her health and well-being.

Similarly, long-term aerobic training produces not only physiological
changes in the aerobic metabolism, but also general and regional body
composition changes, and differences according to sex can be found??.
Improvements and positive effects in fat distribution have also been
detected when comparing continuous aerobic exercise with high-
intensity exercise routines after 12 weeks of training, this study finding
that work capacity improved with both types of exercise, that there were
no differences in abdominal or gluteal circumference, and no differences
were found in lipid and biochemical variables?. According to the 2015
Spanish survey of sport habits, cycling is a very popular activity in the
country, with about 22.2% of the population cycling at least once a week®.

The aim of this study was to determine the degree of association bet-
ween fat mass and parameters of aerobic condition in non-professional
male distance cyclists and to determine the sensitivity and specificity of
the fat skinfolds and aerobic fitness factors in relation to a percentage of
total body fat estimated as ideal for the type of sport studied.

Material and method

136 amateur male cyclists aged between 40 and 60, weighing 72.8
+ 8.5 kg, measuring 169.5 + 6.5 cm and with a BMI of 25.6 + 2.3 kg/m?,
who cycled a total of 8,372.9 + 3,429.6 km a year took part in this cross-
sectional study.

Their anthropometric data were obtained using a sports-medicine
study protocol: weight, height and skinfolds (triceps, subscapular, bi-
ceps, iliac crest, iliac spine, abdomen, front thigh and medial calf) taken

by the same researcher with a Slim guide calliper accurate to 1 mm,
following the recommendations of the ISAK®’. Fat mass was estimated
by the sum of 4 folds: triceps, subscapular, iliac spine and abdomen,
applying Faulkner’s equation® respecting the recommendations of the
consensus document.

Values were also obtained for maximum aerobic power (in watts)
and ergometric index (watts/kg), and estimated values of VO, were
arrived at using the heart rate relationship method and Uth's equation®
following a staged stress test on a Monark 818E mechanical cycle
ergometer (Sweden). The stress test consisted of a 10-minute warm-
up at 50 W before testing actually began with increases of 25 W/min
until exhaustion. The heart rate was determined on a continuous basis
simultaneously through an electrocardiographic monitoring system
(Hellige, Germany) and a Polar heart rate monitor (Polar, Finland). The
ergometric index was calculated using the equation: peak watts reached
during ergometry/body weight (kg).

Statistical analysis

The data are expressed as the mean =+ standard deviation. The
normal distribution of the variables was tested using the Kolmogorov-
Smirnov test. Rank correlation between the variables was analysed using
Spearman’s rho. Sensitivity and specificity were analysed in relation to
theideal fat percentage using ROC curves and designating the optimal
cut-off point using the Youden index. The value of 10% fat mass for
Faulkner’s equation was categorized for subsequent statistical analysis
as the value established as ideal for this type of male athlete10.The data
were processed using MedCalc version 17.8 for Windows. The accepted
level of significance was p < 0.05 in all cases.

Results

Fatmass has alow-moderate inverse relationship with km covered
annually,VO,  the ergometricindex and maximum aerobic power, all
of these relationships being significant (p<0.05). Meanwhile, fat mass
has a direct relationship with body weight (p<0.001) (Table 1).

Correlations with km cycled per year

The trunk skinfolds (iliac crest, iliac spine and abdomen) reveal
significant inverse relationships with km covered (r= between -0.24
and 0.34, all p<0.05), while no significant correlation was found with
the limb skinfolds (p>0.05) (Table 2).

Table 1. Spearman’s rank correlation coefficients between fat mass and demographic and ergometric variables.

HRmax Age km Weight Erg Ind vo, . MAP

(ppm) (years) (year) (kg) (W/kg) (mL/kg/min) (w)
FM r -0.052 0.158 -0.27 0.385 -0.595 -0.289 -0.337
(%) p 0.551 0.066 0.0017 <0.0001 <0.0001 0.0006 0.0001

r: correlation coefficient; p: level of significance; MAP: Aerobic power in W; Erg Ind: Ergometric index; VO, _ : Estimated maximal oxygen uptake (mL/kg/min); FM: fat mass.

2max’
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Correlations with maximum aerobic power

All the skinfolds showed significant inverse correlations (p<0.05),

except the medial calf skinfold (p>0.05) (Table 2).

ROC curves

Greater sensitivity and specificity values were obtained for the trunk
skinfolds than the limb skinfolds. The Youden index values were higher
for the trunk skinfolds (Table 3) than the limbs (Figure 1). The subsca-
pular skinfold is particularly worthy of note for its greater sensitivity and

specificity (Table 3).

Table 4 shows the sensitivity and specificity values relating to the
ROC curves of certain physiological variables. The variables with the
highest sensitivity and specificity values are the body mass index and
the ergometric index (Figure 1).

Discussion

To our knowledge, this is the first study to analyse the sensitivity
and specificity of anthropometric variables, such as individual fatfolds
and functional parameters, in order that they be discriminated by an

Table 2. Correlation coefficients and significance between trunk and limb skinfolds and physiological variables.

Trunk skinfolds Limb skinfolds
SBSC CRES SPIN ABD TRI BIC MCAL THI
km year r -0.086 -0.273 -0.246 -0.341 -0.104 -0.112 -0.148 -0.086
p 0.3267 0.0015 0.0043 0.0001 0.2345 0.1997 0.0893 0.3293
MAP r -0.398 -0.246 -0.262 -0.20 -0.274 -0.303 -0.152 -0.214
P <0.0001 0.0039 0.0021 0.0197 0.0013 0.0003 0.0792 0.0128
Erg Ind r -0.544 -0.533 -0.442 -0.564 -0.365 -0.469 -0.234 -0.2
p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0064 0.02
VOZmax r -0.209 -0.283 -0.214 -0.288 -0.19 -0.298 -0.14 -0.126
p 0.0144 0.0009 0.0122 0.0007 0.0271 0.0004 0.1056 0.1445
FM r 0.823 0.811 0.893 0.891 0.691 0.742 0.567 0.584
p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Weight r 0.126 0.382 0.325 0.475 0.243 0.262 0.133 0.067
p 0.1431 <0.0001 0.0001 <0.0001 0.0043 0.002 0.1232 0.435

MAP: Aerobic power in W; Erg Ind: Ergometric index; VO, _: Estimated maximal oxygen uptake (mL/kg/min); FM: fat mass; SBSC: Subscapular; CRES: lliac crest; SPIN lliac spine; ABD: Abdomen;

2max’

TRI: Triceps; BIC: Biceps; MCAL: Medial calf; THI: Front thigh.

Table 3. Sensitivity and specificity of fatfolds for the diagnosis of the ideal percentage of body fat.

Fold Cut-off Sens 95% CI Spec 95% CI +LR 95% Cl -LR 95% ClI Youden Index
ABD >12 85.61 78.4-91.1 88.89 51.8-99.7 7.7 1.2-49.0 0.16 0.1-0.3 0.74
SBSC >8 93.18 87.5-96.8 88.89 51.8-99.7 8.39 1.3-53.3 0.077 0.04-0.2 0.83
CRES ih 87.88 81.1-92.9 88.89 51.8-99.7 7.91 1.2-50.2 0.14 0.08-0.2 0.77
SPIN >5 100 97.2-100 77.78 40.0-97.2 4.5 1.3-153 0 0.78
TRI >7.5 553 46.4-64.0 100 66.4-100 0.45 0.4-0.5 0.55
BIC >3 78.03 70.0-84.8 88.89 51.8-99.7 7.02 1.1-44.7 0.25 0.2-04 0.67
THI >10 71.76 63.2-79.3 88.89 51.8-99.7 6.46 1.0-41.1 0.32 0.2-0.5 0.61
MCAL >55 77.69 69.6-84.5 66.67 29.9-92.5 2.33 0.9-5.9 0.33 0.2-0.6 0.44

ABD: Abdomen; SBSC: Subscapular; CRES iliac crest; SPIN: lliac spine; TRI: Triceps; BIC: Biceps; THI: Front thigh; MCAL: Medial calf.

Table 4. Sensitivity and specificity of physiological variables for the ideal percentage of body fat.

Fold Cut-off Sens 95% Cl Spec 95% Cl +LR 95% Cl -LR 95% Cl Youden Index

km/year >8000 45.6 36.7-54.7 75 34.9-96.8 1.82 0.5-6.2 0.73 0.5-1.1 0.20

VO, . <43.59 54.69 45.7-63.5 100 63.1-100 0.45 0.4-0.5 0.55

BMI >23.57 87.5 80.5-92.7 75 34.9-96.8 35 1.1-11.6 0.17 0.090.3 0.62

ERGI 4.98 83.59 76.0-89.5 75 34.9-96.8 3.34 1.0-11.1 0.22 0.1-0.4 0.58
VO,:VO, ;BMI:Body mass index; ERGI: Ergometric index.
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Figure 1.Top: ROC curves for the trunk skinfolds (abdomen, supras-
pinal, subscapular and iliac crest). Bottom: ROC curves for the limb
skinfolds (biceps, front thigh, medial calf and triceps).
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ideal fat weight value for a highly popular sport and to determine their
relationship with aerobic fitness variables.

In this sense, the results can be considered relevant for coaches,
technicians and athletes as a way to control changes related to trai-
ning and physical activity. This cross-sectional study is limited insofar
as discovering the influence and effects of the volume of training is
concerned, as only a longitudinal intervention study could reach any
conclusions in this regard.

The data obtained in this study are an analysis of the relationship
between fat mass, individual skinfolds and the performance values
obtained in a physiology laboratory, and variables resulting from the
effect of the training load on regional body composition variables. We
also believe that comparing these same variables with performance
variables on flat and rising terrain could be of great interest and could
shed light on the relationships between fat deposits and the effects of
air resistance (on flat terrain) and those situations in which gravity plays
a greater role (uphill terrain). The relationships between adiposity and
performance are well known, adiposity explaining many of the asso-
ciations between physical activity and physical fitness in active men, as
well demonstrated by Serrano et al, who showed that adiposity and age
were strong predictors of VO, and that the energy spent in vigorous
activities was inversely proportional to adiposity'.

This correlational study could provide us with evidence of the effect
of continuous exercise and training on total body fat values or regional
adiposity patterns. The relationship between skinfolds and fat mass
was in all cases both direct and significant, although the correlation
values were greater in the trunk skinfolds than the limb skinfolds. We
believe that this was due to the fact that the study was carried out on
a sample of males and it has been well established that for reasons of
sexual dimorphism, there exists a greater fat deposition on the trunk
in male subjects'" than on the limbs and, therefore, the distance co-
vered, the maximum aerobic power values and the ergometric index
have to some extent a greater relationship with the trunk skinfolds. It
would appear that continuous aerobic exercise has a greater effect on
the trunk skinfolds than on those on the limbs, with the consequent
beneficial effect of lower trunk fat and, as a result, a reduction in the
cardiovascularand metabolic risks associated with this factor'. Similarly,
there exist correlations between skinfolds and body weight for all the
skinfolds, those on the trunk being stronger.

In their longitudinal intervention study of physical exercise, Keating
etal.compared a form of continuous exercise with a form of high inten-
sity interval training, discovering that continuous exercise performed at
an intensity of between 50 and 65% VO, _ produced a significant drop
in trunk fat and visceral fat, something which was not observed in the
HIIT group®. These results fall in line with the data obtained in this study,
because presumably the type of activity carried out by the subjects of
study was performed at low intensities, promoting the chronic activity
of lipolysis mediated by hormones over many years, with the subse-
quentincreased availability of fatty acids, in conjunction with a greater
metabolism, resulting in a greater uptake and oxidation of fatty acids'.

Other authors have also found a relationship between training load,
fat mass and body weight. A decrease in body weight has been related
to a loss of fat weight and an increase in physical activity'.
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Meanwhile, other authors have found no relationship between
training load and fat level?. Knechtle did not find significant correlations
between running time and fat percentage or between fat percentage
and the number of km covered per week.

The reduction of fat mass, also known as “non-functional mass’, and
anincrease in fat-free mass is related to enhanced performance and this
would be consistent with the data obtained in this study'.

In the study, age shows direct but not significant correlations with
fatfolds. This may be due to the fact that athletes of this kind, highly
accustomed to an annual training routine, always maintain very similar
regional fat deposit and total body fat values over time? '8,

There are no studies of sensitivity and specificity using ROC curves
to discriminate ideal body fat values. The most specific and sensitive
skinfolds are the subscapular skinfold with a cut-off point of 8 mm and
theiliac crest skinfold with 11 mm. Among other variables analysed, the
body mass index gave a cut-off point of 23.57 kg/m? and an ergometric
index of 4.98 W/kg. These associated cut-off points could be considered
very suitable values of adiposity and cardiorespiratory fitness for amateur
cyclists aged from 40 to 60, and could be used to evaluate cyclists in this
age range. Some of the statements made may be speculative and more
research into these relationships with longitudinal studies is needed.

Conclusions

The greatest strength of this study lies in the potential usefulness
of the different cut-off points for coaches and athletes. The subscapular
and iliac crest skinfolds are very sensitive and specific for discriminating
appropriate body fat values and body mass and ergometric indices in
amateur cyclists. This correlational study provides us with evidence of
the effect of continuous training exercise on body fat values.
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Summary

Introduction: The objective was to evaluate the effect of badminton training on the skin temperature of lower limbs and
the possible asymmetries derived from the one-sidedness of the sport.

Material and method: 19 badminton players participated in the study (Age: 34.4+14.1 years, Height: 168.1+7.8 cm, Body
mass: 66.2+13.9 kg). Each player was tested before and after performing a 2-hour standardized badminton workout. To record
body temperature, a VARIOCAM® HR model thermographic camera was used. The images of the anterior and posterior parts
of the lower limbs were divided into three zones (thigh, knee and leg).

Results: The mean temperature of the dominant lower limb was higher after training in the anterior knee (pre=31.52+0.91 °C
vs post=32.15+0.51 °C, P=0.003) and in the anterior leg=32.10+0.75 °C vs post=32.81+0.73 °C, P<0.001). In the non-dominant
lower limb an increase after training was recorded in the medial temperature in the anterior thigh area (pre=32.15+0.85 °C vs
post=32.50+0.52 °C, P=0.018),in the anterior area of the knee (pre=31.55+0.91 °C vs post=32.26+0.56 °C, P<0.001), in the anterior
area of the leg (pre=32.22+0.76 °C vs post=32.80+0.74 °C, P<0.001) posterior of the leg (pre=32.13+0.69 °C vs post=32.50+
0.65 °C, P=0.006). No differences were found in the surface temperature between the dominant and non-dominant lower
limbs at any instant or in the analyzed area.

Conclusions: The results show that the anterior regions of the knee and leg in both lower limbs and the anterior region of the
thigh and posterior leg in the non-dominant lower limb are those that show a greater increase in temperature after a training
of badminton should be where they focus more attention in the recovery period and in the return to calm after training.

Efectos agudos de la practica del badminton sobre la temperatura super-
ficial de los miembros inferiores

Resumen

Introduccion: El objetivo fue evaluar el efecto de un entrenamiento de badminton sobre la temperatura superficial de los
miembros inferiores y las posibles asimetrias derivadas de la unilateralidad del deporte.

Material y método: 19 jugadores de badminton participaron en el estudio (Edad: 34,4+14,1 afos, Estatura: 168,1+7,8 cm,
Masa corporal: 66,2+13,9 kg). Cada jugador fue analizado antes y después de realizar un entrenamiento de badminton es-
tandarizado de 2 horas. Para registrar la temperatura corporal se utilizd una cdmara termografica VARIOCAM® modelo HR. Se
tomaron lasimdagenes de la parte anterior y posterior de los miembros inferiores divididos en tres zonas (muslo, rodillay pierna).
Resultados: La temperatura media del miembro inferior dominante fue mayor después del entrenamiento en la zona ante-
rior de la rodilla (pre=31,52+0,91 °C vs post=32,15+0,51 °C; p=0,003) y en la zona anterior de la pierna (pre=32,10+0,75 °C vs
post=32,81+0,73 °C; p<0,001). En el miembro inferior no dominante se registré un incremento después del entrenamiento
en la temperatura media en la zona anterior del muslo (pre=32,15+0,85 °C vs post=32,50+0,52 °C; p=0,018), en la zona an-
terior de la rodilla (pre=31,55+0,91 °C vs post=32,26+0,56 °C; p=0,001), en la zona anterior de la pierna (pre=32,22+0,76 °C
vs post=32,80+0,74 °C; p<0,001) y en la zona posterior de la pierna (pre=32,13+0,69 °C vs post=32,50+0,65 °C; p=0,006). No
se encontraron diferencias en la temperatura superficial entre el miembro inferior dominante y no dominante en ningin
instante ni zona analizada.

Conclusiones: Los resultados muestran que las regiones anteriores de la rodilla y de la pierna en ambos miembros inferiores
y la region anterior del muslo y posterior de la pierna en el miembro inferior no dominante son las que muestran un mayor
incremento de temperatura tras un entrenamiento de badminton debiendo ser en ellas donde recaiga mayor atencion en el
periodo de recuperacion y en la vuelta a la calma después del entrenamiento.
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Introduction

Badminton is one of the most popular sports in the world with
around 150 million players, according to the figures provided by the
International Badminton Federation. It is characterised as a unilateral
sport with short, continuous movements, jumping actions, changes of
direction and rapid arm movements in a wide range of body postures,
with the aim of returning the shuttlecock’. The unilateral nature of
badminton, both in the lower and upper limbs, may result in changes
in the muscle and tendon architecture which could be detrimental in
the long term??.

Badminton injuries constitute between 1% and 5% of all sports
injuries*®. The injury rate for badminton is between 2.9 and 5.0 per
1,000 playing hours’, which is far lower than the incidence injury rates
for contact sports, such as football®, rugby® and basketball'®, with rates
of more than 10 injuries per 1,000 playing hours. In contrast to other
sports, the injury rate in badminton is greater during training than at
matches'', with minor injuries being the most common. Out of all the
injuries, those caused by overuse are approximately three times higher
than traumatic injuries, both at matches and during practice sessions'.
Categorising the injury rate by location, the highest rates are for the
lumbar spine, knee joint and shoulder joint on the dominant side'.

Thermography is a non-invasive technique that makes it possible
to visually represent the entire process, during and after exercise. This
device permits a quantitative, accurate evaluation of the spatial distri-
bution of the skin temperature, and the evolution time, permitting a
data recording speed of up to 100 Hz'*. Thermography is widely used
for medical diagnostic analyses and is being increasingly used to re-
cord physical exercise-associated skin temperature changes'?, while it
is valid for detecting possible sports injuries by showing alterations in
the temperature of the tissues involved'. The type of thermal alteration
will depend on the intensity of the biological phenomenon that is oc-
curring and the size and depth of the tissue involved. For example, due
to the low heat transfer capacity of fat, the mean temperature will be
lower in individuals with high adiposity’. The most important uses of
thermography in the area of sports are the prevention and monitoring
of injuries; the detection of muscle imbalances; the quantification of the
thermal response to the training load; the detection of delayed onset
muscle soreness and the lactate threshold; and the evaluation of fitness
and performance'®. However, we have found no studies in the literature
that address any of these aspects in relation to badminton.

Finally, considering the concept of anatomical proportionality, the
thermal response between contralateral body parts is expected to be
symmetrical in baseline conditions'®. Thermal monitoring that compares
bilateral body parts indicates that differences of up to 0.25-0.62 °C'"*®
are considered normal. However, differences that are above these values
may indicate problems in the region of interest examined: a higher
temperature, contrasted with the individual’s usual thermal profile, may
correspond to an inflammatory problem, while a temperature below the

normal value may represent a degenerative problem'®, It isimportant
to be aware that thermography can be an indication of the existence of
a thermal abnormality in the tissue characteristics, but it can never serve
asan anatomic descriptor of the same”.To date, although studies have
been conducted on potential muscle asymmetries in order to assess
the physical condition of athletes in bilateral sports such as swimming?',
we have not found any investigation that focuses on unilateral sports
such as badminton.

Therefore, the aim of this study is to evaluate the effect of bad-
minton training on the surface temperature of the lower limbs and the
possible asymmetries resulting from the unilateral nature of the sport.

Material and method

Material and method

An experimental study was conducted, with the voluntary par-
ticipation of 19 amateur badminton players (Aged: 34.4 + 14.1 years;
Height: 168.1 + 7.8 cm; Body mass: 66.2 + 13.9 kg; Fat percentage: 14.1 +
6.9%). All participants were licensed players with a minimum experience
of 5 years in this sport, regularly training 2 h*day™ 3 days*week™. The
laterality of the players was recorded in order to differentiate between
the dominant lower limb and the non-dominant lower limb. Excluded
from the sample were those players with an injury or any pain that
would prevent them from doing their usual sports practice.

All players were informed in writing and orally of the objective
and procedure of the investigation, through informed consent. All the
players handed in their signed consent before the start of the study. The
players were free to abandon the activity, with no need to give any kind
of explanation and with no penalty imposed by their club for doing so.
The study was approved by the Ethics Committee of the Virgen de la
Salud Hospital, in accordance with the principles of the latest version
of the declaration of Helsinki.

Experimental design

In this present investigation, an experimental study was conducted.
Allthe players participating in the study were part of the same training
group and were analysed on the same day and in the same practice
conditions. Measurements were taken individually and at two different
times: before and after standardised badminton training with a two
hour duration (pre-training and post-training).

The training comprised four distinct parts: 1) 15 minute standardi-
sed warm-up including an aerobic part, followed by dynamic stretching
of the upper and lower limbs and specific exercises with a shuttlecock
on the court. 2) technical hitting sequences and defence and attack
exercises of 2 against 1 on the badminton court, with a 40 minute
duration (each player performed three 4 minute series, acting as a
“feeder”for his/her fellow players when not performing the exercise). 3)
individual badminton matches for 40 minutes. 4) cooling down session
with games on the badminton court followed by stretching exercises
with a total duration of 20 minutes.
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Experimental protocol

Evaluation of the players

The body mass was measured through bioelectrical impedance
with a Tanita TBF 300 (Tanita Corp,, Tokyo, Japan), with an accuracy of
0.1 kg and a measurement frequency of 150 Hz. The participants, in
their undergarments, stood on the metal strips on the scales. All the
measurements were taken after standing for at least 10 minutes in order
to minimise the potential errors of abrupt changes in fluid distribution.
The laterality of the players was also recorded.

The variables relating to the infrared thermography were evalua-
ted with a VarioCAM Hr® camera (Infratec GmbH, Dresden, Germany).
The mean temperature range that can be recorded by the VarioCAM
Hr® is between -40 °C and 1,200 °C with a measurement accuracy of
2%. The influence variables (physical activity or most recent physical
treatment, shower or previous cream-gel-spray, intake of food, caffeine
and medicine, consumption of tobacco or alcohol) were recorded in a
questionnaire prior to the evaluation in order to ensure that there were
no interference factors. The values for temperature (21 °C), atmospheric
pressure (954hPa) and humidity (49%) of the room, remained stable
and within the ideal range for performing thermographic studies on
humans?#, The camera was positioned at a distance of three metres
from the participant; this distance was selected as it was therefore
possible to completely observe the lower limbs?. 4 images were taken
during the evaluation (anterior and posterior lower limbs, for pre-training
and post-training alike). For the analysis of the images, we used IRBIS3®
software (Infratec GmbH, Dresden, Germany). For each dominant and
non-dominantleg, 6 regions of interest were analysed, 3 in the posterior
view and 3 in the anterior view, corresponding to the area of the thigh,
knee and leg (Figure 1), recording the mean and maximum temperature
for each area®.

Statistical analysis

The statistical analysis was conducted using the SPSS v 22.0 software
(SPSSInc, Chicago, IL). The values are presented as mean values + stan-
dard deviation. The Shapiro-Wilk test was used to check for the normal
distribution of the dependent variables, which showed that all variables
were parametrically distributed. A two-factor Anova was performed with
repeated measurements in order to calculate the significant differences
in the temperature-related variables; the first factor corresponded to
the time at which the data were taken (pre-training or post-training),
the second factor corresponded to the limb measured (dominant or
non-dominant limb). Bonferroni was used as a post-hoc test. The mag-
nitude of effect size was interpreted using the Cohen scale25: an effect
size of less than 0.2 was considered to be small; an effect size of 0.5 was
considered to be medium and an effect size was considered to be large
when the result was greater than 0.8. The significance criterion was p
<0.05 for all statistical tests.

Figure 1. Regions of interest.

1. Anterior region; 2 Posterior region. MD: dominant thigh; MND: non-dominant thigh; RD:
dominant knee; RND: non-dominant knee; PD: dominant leg; PND: non-dominant leg.

Results

Anterior region

The data for the pre and post-training thermographic evaluation
of the anterior region of the lower limbs are included in Table 1.1n the
anterior view of the lower limbs, the mean temperature of the non-
dominant thigh region increased by 1.08+2.06% (p=0.018; d=0.50) after
training. Also in the anterior region, an increase in the mean temperature
was observed for the regions of the dominant knee by 1.96+2.73%
(p=0.003; d=0.85), non-dominant knee by 2.19 + 2.60% (p=0.001;
d=0.94), dominant leg by 2.14+2.26% (p<0.001; d=0.96) non-dominant
leg by 1.7741.50% (p<0.001; d=0.77). All maximum temperatures increa-
sed in the post-training. No differences were found in the comparison
between the dominant and non-dominant limbs.

Posterior region

The data for the pre and post-training thermographic evaluation
of the posterior region of the lower limbs are included in Table 2. In
the posterior region of the lower limbs, the mean temperature of the
non-dominant leg region increased by 1.14+1.76% (p=0.006; d=0.55).
Also in the posterior region, an increase in the maximum temperature
was observed in the regions of the non-dominant thigh by 0.93+2.26%
(p= 0.045; d=0.48), dominant knee by 0.96+2.47% (p=0.049; d=0.46),
non-dominant knee by 1.31+2.53% (p=0.018; d=0.67), dominant leg
by 1.42+1.78% (p=0.001; d=0.81) and non-dominant leg by 1.50+1.55%
(p<0.001; d=0.83). No differences were found in the comparison bet-
ween the dominant and non-dominant limbs.
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Table 1. Thermographic variables of the anterior region. Mean and standard deviation of all the thermographic variables of the anterior
region of the lower limbs for pre and post-training conditions.

Pre-training Post-training A (95% Cl)
Mean temperature
MD 32.24+0.84 32.50+0.53 0.27 +£0.77 (0.04 to -0.57)
MND 32.15+0.85 32.50+0.52 0.35 + 0.67 (-0.08 to -0.62)
A (95% ClI) 0.09 £ 0.18 (0.17 to 0.00) 0.00 + 0.27 (-0.13 t0 0.13) -0.08 £0.21 (-0.18 t0 0.02)
RD 31.52+0.91 32.15+0.51 0.63 = 0.87 (-0.27 to -0.98)
RND 31.55+0.91 32.26 £0.55 0.71 £ 0.84 (-0.38 to -1.04)
A (95% ClI) -0.03 = (-0.15 to 0.09) -0.11 £ 0.39 (-0.29 to 0.09) -0.08 £0.38(-0.26 t0 0.11)
PD 32.10+0.75 32.81+0.73 0.71 £ 0.75 (-0.41 to -0.91)
PND 32.22+0.76 32.80+0.74 0.59 + 0.49 (-0.39 to -0.78)
A (95% ClI) -0.12 £ 0.35 (-0.29 to 0.05) 0.01+0.28 (0.14 to -0.13) 0.13 £ 0.35 (0.30 to -0.04)

Maximum temperature

MD 33.23+0.82 33.79+0.61 0.56 + 0.84 (-0.23 t0 -0.89)
NDL 33.27+0.85 33.74+0.56 0.47 +0.70 (-0.20 to -0.75)
A (95% Cl) -0.04 £ 0.32 (-0.19t0 0.12) 0.05 +0.35(0.22 t0 -0.12) 0.08 +0.42 (0.29 to -0.12)
RD 32.98+0.78 33.65 +0.59 0.67 +0.89 (-0.32 to -1.02)
RND 33.05+0.69 33.69 +0.59 0.64 +0.71 (-0.36 t0 -0.93)
A (95% Cl) -0.07 +£0.36 (-0.24 t0 0.10) -0.04 £ 0.59 (-0.29 t0 0.79) 0.02 £ 0.69 (0.36 to -0.31)
PD 33.35+0.62 34.00 +0.68 0.66 + 0.52 (-0.45 to -0.86)
PND 33.36 +0.68 34.03 +0.80 0.67 £ 0.42 (-0.50 to -0.84)
A (95% Cl) -0.01£0.32(-0.17 to 0.14) -0.02 £0.37 (-0.20 t0 0.16) -0.01+0.32(-0.17 to 0.14)

Table 2. Thermographic variables of the posterior region. Mean and standard deviation of all the thermographic variables of the poste-
rior region of the lower limbs for pre and post-training conditions.

Pre-training Post-training A (95% ClI)
Mean temperature
MD 32.14+£0.70 32.12+0.64 0.27 £0.77 (-0.29 to 0.32)
NDL 32.10+£0.72 32.09 +0.60 0.00 £ 0.78 (-0.31 to 0.31)
A (95% Cl) 0.04 +£0.16 (0.12 to -0.03) 0.03 £ 0.23 (0.14 to -0.08) -0.01 £0.22 (-0.12 to 0.09)
RD 32.52+0.75 32.52+0.60 0.00 + 0.87 (-0.35 to 0.35)
RND 3243 +£0.84 32.51+0.55 0.08 + 0.86 (0.26 to - 0.42)
A (95% Cl) 0.09 £ 0.23 (0.21 to -0.02) 0.01 £0.23 (0.12 to -0.10) -0.08 + 0.24 (-0.20 to 0-04)
PD 32.18 £ 0.71 3244 +0.73 0.27+0.71 (0.26 to -0.42)
PND 32.13£0.69 32.50 £ 0.65 0.37+0.58 (-0.14 to -0.60)
A (95% Cl) 0.05+0.17 (0.13 to -0.03) -0.06 + 0.25 (-0.18 to 0.06) -0.11 £ 0.22 (- 0.21 to 0.00)

Maximum temperature

MD 33.16 £0.73 33.41+0.54 0.25+0.77 (0.06 to -0.56)
NDL 33.07 £0.70 33.38+0.59 0.32+0.77 (-0.01 to -0.62)
A (95% Cl) 0.10 £ 0.26 (0.22 to -0.03) 0.03 +£0.32(0.18 t0 -0.12) -0.06 +0.26 (-0.19 to 0.06)
RD 33.50+0.75 33.83+0.67 0.33+0.84 (0.00 to -0.67)
RND 33.46+0.78 33.91 +£0.55 0.45+0.86 (0.26 to -0.42)
A (95% Cl) 0.04 £0.29 (-0.12 to -0.84) -0.08 £0.43 (-0.29t0 0.13) -0.12 £ 0.41 (-0.31 to 0.08)
PD 3298 +£0.53 33.47 £0.67 0.48+0.60 (0.14 to -0.55)
PND 3291 +0.64 33.42+0.59 0.50+0.52 (-0.30 to -0.71)
A (95% Cl) 0.07 £0.31 (0.22 to -0.07) 0.05 +0.36 (0.22 to -0.12) -0.02 +£0.35 (-0.19t0 0.15)
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Figure 2. Pre-training and post-training thermography. Anterior
view.

A. Anterior view pre-training; B. anterior view post-training.

Discussion

The aim of this study was to evaluate the effect of badminton
training on the surface temperature of the lower limbs and possible
asymmetries resulting from the unilateral nature of the sport. This is
the first study with badminton players to evaluate the acute effects
of practising this sport on the skin temperature of the lower limbs,
which is a good gauge of the muscle activity performed?¢. The principal
findings of this study were that the mean temperature of the anterior
view increased in the regions of the non-dominant thigh, dominant
knee, non-dominant knee, dominant leg and non-dominant leg, in-
creases were also recorded for all the maximum temperatures. On the
other hand, for the posterior view, the mean temperature increased for
the region of the non-dominant leg and the maximum temperatures
increased for the regions of the non-dominant thigh, dominant knee,
non-dominant knee, dominant leg and non-dominant leg. Based on
these results, badminton involves greater activity in the anterior region
of the lower limbs in relation to the posterior region, in both extremities.

The mean temperature of the anterior region increased in the
post-training measurement in relation to the pre-training measurement.
Physical exercise is associated with important haemodynamic changes
involving multiple regulatory processes?. Given the fact that exercise
generates heat in the body and invokes skin thermoregulatory proces-
ses, this leads to alterations in the skin temperature®. During this com-
pensatory mechanism, the skin blood flow may vary widely in order to
provide heat dissipation or conservation, giving rise to marked variations
in body temperature. Moreover, the areas responsible for removing the
heat will depend on the type of exercise and its level of intensity?. In
the case of badminton, an explosive, intermittent sport, the expected

results are a continuous increase in body temperature, particularly in
the area of the lower limbs, due to the increased physiological demand
of movements such as lunging which account for 15% of the total
actions made during a match?. We have found no studies that report
the thermal behaviour of the upper limbs following unilateral physical
activity, although there are studies that describe the thermal profile of
the upper limbs in pre-competitive situations® or post-training of cyclic
sports such as swimming?'. Other investigations affirm that the tempe-
rature of the upper limbs drops when the activity performed involves a
greater use of the lower limbs, such as for cycling®.

Badminton is characterised by the execution of sporadic move-
ments of moderate and high intensity, related to repetitive actions
of short duration but of a highly explosive nature'. In our study, the
highest temperature increase occurred in the anterior area of the
dominant and non-dominant knees (Figure 2). This is due to the
increase in physiological stress in the area, primarily caused by the
movements and the continuous semi-flexed position of the joint
during the pause periods in order to keep the centre of gravity low
and improve the speed of reaction®. Moreover, a significant increase
in the mean temperature can also be observed in the region of the
non-dominant leg in the posterior view. This temperature increase
may be related to the unilateral eccentric movements made with the
non-dominant limb when landing after the jump smash*®. All these
regions of the anterior part, except the dominant thigh, increased
their mean temperature, which could be caused by the existence
of a predominance of cutaneous vasodilator mechanisms that ope-
rate with a sympathetic impulse in this area during exercise and
even after the gradual decrease in the core temperature following
exercise, thereby causing the surface temperature to remain high
after exercise?. Similar results were found in students performing
repetitive jumps?'.

It should be mentioned in our study that no significant differences
were found between the dominant and non-dominant sides, this is
indicative of the absence of possible injuries in the regions examined,
having regard to the studies that cite excessive thermal asymmetry
between limbs as a key factor in the detection of injuries'®*. Therefore,
this finding could indicate that, despite the unilateral nature of the
movements, this is not sufficient to cause a greater physiological load
on the dominant limb in relation to the non-dominant one, as far as
thermal values are concerned. The literature indicates that a difference of
0.5°C or more between the dominant and non-dominant sides could be
a sign of injury'?, offering the case of the basketball player in the study
by Sampedro et al?* as an example. At the time of measurement, he
was suffering from Achilles tendinopathy, showing a difference of more
than 2 °C between the affected limb and the healthy one. By contrast,
without describing it as pathological, the study of other athletes did
show certain asymmetries in muscle groups as a result of practice®. It
is therefore necessary to continue this line of investigation in order to
improve the quantification of the training and competition loads on the
different groups of muscles and make recovery strategies more effective.
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Practical applications

To provide a tool that could improve the diagnosis of injuries
in badminton players and, therefore, help structure the training and
competition loads in order to keep them from excessive physiological
stress and the overloads resulting from practising this sport. We would
strongly recommend considering methodologies to evaluate muscle
condition in order to provide guidance for recovery strategies. Despite
the fact that the physiological aspects studied show a certain aptness
between both limbs, the findings underlined the need to focus attention
on the anterior region of both legs, particularly on the region of the
knee. The results of this study appear to suggest that there is a greater
physiological stress on the anterior region of both knees, which could
be related to the characteristics of the game itself. This study can be
used to help players and their team select the appropriate strategy to
promote correct recovery after matches and training sessions.

Conclusion

In summary, the players taking part in the training experienced an
increase in the mean temperature in the regions of the non-dominant
thigh, dominant knee, non-dominant knee, dominant leg and non-
dominant leg in the anterior view, and non-dominant leg in the
posterior view in relation to the baseline condition at the pre-training
measurement. We would therefore recommend focussing the recovery
strategies on the anterior regions of both legs, particularly in the area
of the knees, which experience the greatest temperature increase in
the post-training.
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Summary

The safety of physical activity and sports in patients with inherited heart disease is not well established. The recommendations
on physical exercise in these patients are usually quite restrictive without clear evidence for this, despite the fact that sport
has shown important cardiovascular benefits. Participation in sports in adults with inherited heart disease is considered a
relatively little known territory and many clinicians find it difficult to advise their patients. The development of current me-
dicine has meant a significant improvement in the study of inherited heart diseases, as well as in their early diagnosis and
treatment. In addition, genetic studies have assumed a fundamental aspect in the follow-up of these heart diseases, guiding
more appropriately the therapeutic attitude that we must follow. Until recently, patients with such heart disease have been
frequently disqualified from competitive sports, and in many cases, complete cessation of physical activity, including recrea-
tional sport, is recommended. However, current recommendations are less restrictive, insisting on individualizing the different
cases depending on the type of pathology, the type of physical activity performed, whether they present the disease or are
only carriers of causal genetic mutations, etc. Current research focuses primarily on the safety of physical activity in patients
with inherited heart disease and the fear that the practice of competitive physical activity can significantly increase the risk
of adverse events, especially arrhythmic events and sudden death. In this review, we analyzed numerous studies and clinical
practice guidelines, in order to establish the recommendations of physical activity, as well as their restrictions depending on
the different types of inherited heart disease.

Recomendaciones para el ejercicio fisico en deportistas con cardiopatias
familiares (segunda parte)

Resumen

La seguridad de la actividad fisica y deportiva en pacientes con cardiopatias familiares atiin no esté bien establecida. Las
recomendaciones sobre el ejercicio fisico en estos pacientes suele ser bastante restrictiva sin que haya clara evidencia para
ello, a pesar de que el deporte haya demostrado importantes beneficios cardiovasculares. La participacion en deportes en los
adultos con cardiopatias familiares se considera un territorio relativamente poco conocido y muchos clinicos se encuentran
con dificultades en el asesoramiento a sus pacientes. El desarrollo de la medicina actual ha supuesto una mejoria significativa
en el estudio de las cardiopatias familiares, asi como en su diagnéstico precoz y tratamiento. Asimismo, los estudios genéticos
han supuestos un pilar fundamental en el seguimiento de estas cardiopatias, guiando de manera mas adecuada la actitud
terapéutica que debemos seguir. Hasta hace poco tiempo, los pacientes que presentan dichas cardiopatias han sido des-
calificados de manera frecuente de los deportes competitivos y en muchas ocasiones, se recomienda el cese completo de
la actividad fisica, incluido el deporte tipo recreacional. Sin embargo, las recomendaciones actuales son menos restrictivas,
insistiendo en individualizar los diferentes casos en funcion del tipo de patologia, del tipo de actividad fisica realizada, si éstos
presentan la enfermedad o son Unicamente portadores de mutaciones genéticas causales, etc. Las investigaciones actuales
se centran fundamentalmente en la seguridad de la actividad fisica en pacientes con cardiopatias familiares, y el temor a que
la practica de actividad fisica a nivel competitivo pueda aumentar significativamente el riesgo de eventos adversos, especial-
mente de eventos arritmicos y muerte subita. En esta revision, analizamos numerosos estudios y las gufas de practica clinica,
con el fin de establecer las recomendaciones de actividad fisica, asi como sus restricciones en funcién de los diferentes tipos
de cardiopatias familiares.
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Other genetic aortic diseases

As is well known today, high-intensity sports practice is associated
with certain haemodynamic alterations, leading to increased aortic wall
tension, thereby progressively increasing its dimensions. It has frequently
been described that competitive athletes could have slightly larger aortic
diameters, particularly with regard to the sinuses of Valsalva, than the
general population. However, in recent literature, such as Boraita et al.”, it
is considered that significant aortic dilation is rarely due to a normal and
physiological adaptation to high intensity training. We should therefore
rule out a concomitant aortic pathology that may be exacerbated by
continued physical activity. For this reason, different imaging techniques
(transthoracic echocardiogram, computed tomography, cardiac magnet-
ic resonance, etc.) should be used to make a proper study of the aorta
and to rule out an underlying aortic pathology. Likewise, it is important
to consider conducting a genetic study on those patients with aortic
pathology, particularly at early ages, and also on those patients with a
family history of aortic dilation, acute aortic syndrome (aortic dissection,
aortic rupture, etc.), thoracic aortic aneurysm syndrome, etc.

For the aortic root study, it is recommended to make these meas-
urements on the echocardiogram from inner edge to inner edge at
the sinuses of Valsalva during the systole. Likewise, it is recommended
to make measurements at different levels: ring, sinotubular junction,
ascending aorta, etc. Moreover, other imaging techniques such as car-
diac MR and CT will give greater spatial resolution and permit a more
appropriate study of the thoracic and abdominal aorta. It is important
to progressively analyse the increase in the aortic dimensions in relation
to any prior checks made in previous years.

Typically, isolated measurements of the aortic diameters were used
to make the diagnosis and monitoring of these pathologies. However,
today, the criteria most commonly used to diagnose aortic pathology are
the “Z-scores" which include a number of variables such as body mass
index, gender and age. In this way, it would be said that the aorta presents
aslight, moderate or severe dilation depending on whether the Z-score is
between 2-3, 3.1-4 or >4 respectively. However, it is recommended that
any athlete with a marked aortic dilation (Z-score >2), should be assessed
by doctors with experience in the field of aortic pathology in athletes.

Some years ago, the recommendations were quite restrictive in
relation to competitive sports participation, restricting any athlete with
“unequivocal aortic enlargement’, defined as an aortic diameter >40 mm
(or >2 standard deviations in children or young people, Z score >2) to
participation in class IA competitive sports only. However, the American
guidelines published in 2015 are less restrictive in the recommendation
for sports activity for these patients:

— Today, athletes with aortic dimensions above the normal ranges (Z
scores of 2 to 2.5 or aortic diameters of 40-41 mm in tall sportsmen
or 36-38 mm in tall sportswomen, and with no signs that are com-
patible with Marfan syndrome, Loeyz-Dietz syndrome or familial
thoracic aneurysm syndrome, should undergo echocardiographic

or MR monitoring every 6-12 months, depending on aortic size
and stability of measurements (Class I; level of Evidence Q).

— Athletes with aortic dimensions above the normal ranges (Z scores
of 2 to 2.5 or aortic diameters of 40-41 mm in tall sportsmen or 36-
38 mmin tall sportswomen, and with no signs that are compatible
with Marfan syndrome, Loeyz-Dietz syndrome, familial thoracic
aneurysm syndrome, or bicuspid aortic valve, can participate in all
competitive sports provided that a genetic study of gene FBN1 and
other related genes has excluded a genetic aortic disease (Class
lIb; level of evidence C).

— Athletes with aortic dimensions above the normal ranges (Z scores
of 2 to 2.5 or aortic diameters of 40-41 mm in tall sportsmen or 35-
37 mmintall sportswomen, and with no signs that are compatible
with Marfan syndrome, Loeyz-Dietz syndrome or familial thoracic
aneurysm syndrome, should avoid intensive weight training (Class
Ilb; level of evidence Q).

— Likewise, athletes with familial or non-familial thoracic aortic
aneurysms or carriers of a known mutation related to thoracic
aortic aneurysm syndrome must undergo echocardiographic
monitoring (or CT or MR depending on the diagnosis) every 6-12
months to assess the progression of the aortic dilation or other
vascular branches.

— Itisreasonable for athletes with familial or non-familial thoracic aor-
tic aneurysms or carriers of a known mutation related to thoracic
aortic aneurysm syndrome to participate in class IA sports if they
do not have >1 of the following characteristics (Class lla; level of
evidence C): aortic root dilation (Z score > 2,40 mm or > 2 SD for
children and adolescents under 15 years), moderate-severe mitral
insufficiency, family history of aortic dissection, cerebrovascular
disease and/or branch vessel aneurysm or dissection.

— Itisreasonable for athletes with Loeys-Dietz syndrome or vascular
Ehler-Danlos syndrome to participate in class IA sports if they have
none of the following characteristics (class lla; level of evidence C):
aortic enlargement (score>2), dissection or branch vessel enlarge-
ment, moderate to severe mitral insufficiency and/or extracardiac
involvement that may represent a risk.

— Itis reasonable for athletes who have had surgery for aortic dis-
section or aneurysms and with no post-operational evidence of
enlargement or dissection, to participate in class IA sports that do
not include the risk of bodily collision (class lla; level of evidence Q).

— Athletes with Loeys-Dietz syndrome, Ehler-Danlos syndrome,
familial or non-familial thoracic aneurysms or any other related
disorder, should not participate in any competitive sports involving
intense physical exertion or the potential for bodily collision (Class
I1l; level of evidence C).

Channelopathies

Channelopathies are those genetic disorders caused by mutations
in the genes of the different ion channels, causing various alterations
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in their structure and function?. They are characterised by generally
occurring in a structurally normal heart, and are responsible for most
hereditary arrhythmias and a high percentage of sudden cardiac deaths
thatare not associated with structural cardiopathy. This term includes a
number of pathologies, primarily Brugada syndrome, long and short QT
and polymorphic ventricular tachycardia. These channelopathies have
a number of characteristics in common:
— Phenotypic heterogeneity: The mutations in the same gene may
give rise to different diseases and symptoms. For example, the
mutations in the sodium channel may give rise to diseases such
as long QT syndrome, Brugada syndrome, etc.
— Genetic heterogeneity: The mutations in different genes may give
rise to the same disease. For example, the long QT syndrome may
be caused by mutations in genes that encode different potassium
channels or, on some occasions, affect the sodium channels.
— (linical heterogeneity: Family members who carry the same mu-
tation may have different phenotypes which, in the Brugada syn-
drome for example, range from normal electrocardiograms (ECG) to
ST elevation and ventricular arrhythmias leading to sudden death.
According to recommendations of the American guidelines, a
comprehensive study should be made of each particular case, differen-
tiating between a symptomatic athlete and an athlete with concealed
channelopathy, being aware of the difference between both terms. A
symptomatic athlete is considered to be an individual who has suffered
at least one adverse event (malignant arrhythmias, syncope, sudden
death, etc) that is related or probably related to a channelopathy.
However the term “concealed channelopathy”is used to refer to a gen-
otype-positive/phenotype-negative athlete. In other words, the athlete
is a carrier or a specific mutation related to a channelopathy, and yet is
completely asymptomatic, exhibiting no baseline electrocardiographic
alterations or during exercise stress testing (ventricular arrhythmias etc.).

Described below are the principal channelopathies existing today.

Long QT syndrome

This channelopathy has a prevalence of 1in 2,000-3,000 persons?,
predominantly affecting young people or adolescents. Itis characterized
by prolonged ventricular repolarization with a QT interval prolongation,
T-wave alteration, etc. These patients typically present potentially lethal
arrhythmic events, predominantly in the context of polymorphic ven-
tricular tachycardia or in torsade de pointes. There are different types of
long QT syndrome, classified by the type of causal mutations as well as
the activity triggering the arrhythmic events. For example, type 1 long
QT syndrome, which is the most common, is the one that primarily
needs to be ruled out in athletes, given the fact that the appearance of
arrhythmias in this group is associated with physical exercise, frequently
swimming. Type 2 LQTS arrhythmias are generally triggered by intense
emotions or abrupt auditory stimuli (although the presence of arrhyth-
mic events has also been described in these cases while sleeping with
no excitation )*, while type 3 LQTS is related to rest or sleep.

[tis recommended to measure the QT interval at electrocardiogram
leads Iland V5. Given the fact that this interval varies in relation to heart

rate, this should be corrected according to the patient’s heart rate (QTc
corrected). Given the fact that a significant proportion of athletes exhibit
a tendency to bradycardia, if the QT interval duration is not corrected
(through the Bazzet formula), then we would be faced with a high
percentage of prolonged QT intervals that would be over-estimated
and impossible to assess.

In general, long-QT is when the corrected QT (QTc) is >460 ms in
minors under 15 years, >470 ms in adult women and >450 ms in adult
men®.Today, the Schartz criteria are used (Table 1) to make the definitive
diagnosis of long QT syndrome which, in addition to the prolongation
of the QTc, also considers other clinical criteria such as family history,
history of syncopes or sudden death, etc.

Therefore, this type of channelopathy should be suspected primarily
in young people exhibiting syncopal episodes in relation to different
stimuli such as exercise, intense emotion, swimming or abrupt auditory
stimuli.

Since the start of the beta blocker treatment, the prognosis
for this pathology has changed drastically®’, with a drop in overall
mortality from 73% to less than 10%, particularly for those cases
with a prior history of syncope. However, the administration of beta
blockers is not recommended for patients with type 3 LQTS (it may
even be contraindicated), given the fact that the arrhythmic events, as
already observed, appear during sleep in the context of exaggerated
sinus bradycardia. These drugs therefore promote the appearance of
malignant arrhythmias.

Table 1. Schartz Criteria for the definitive diagnosis of Long-QT
syndrome.

ECG Findings Points
QTc (Bazett formula)
e > 480 ms 3
® 460-470 ms 2
® 450 ms (in males) 1
VT at torsade de pointes 2
Alternating T-wave 1
Coved T-waves in at least 3 leads 1
HR low for age 0.5
Medical records Points
Syncope
o With stress 2
e Without stress 1
Congenital deafness 0.5
Family history Points
Relative with a diagnosis of congenital long-QT 1
Sudden death in a close relative under the age of 30 0.5
Low diagnostic probability <1 point
Intermediate probability 2-3 points
High probability >4 points
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Nowadays, it is recommended that all patients with long-QT
syndrome (except type 3), symptomatic or not, receive beta blocker
treatment and avoid drugs that prolong repolarization. For those
patients with long-QT syndrome and with a high risk of sudden death
(documented ventricular tachycardia, family history of sudden death,
excessively prolonged QTc of around 500 ms. etc), ICD implantation
should be considered. Likewise, athletes with a prolonged baseline QTc
interval are advised to undergo a maximum stress test, endeavouring
to analyse the shortening of the QTc with exercise at maximum rates,
which would make this pathology more benign.

The 36th Bethesda Conference and the European Society of
Cardiology of 2005 were extremely restrictive, recommending the
disqualification of individuals with LQTS from all competitive sports,
with the exception of low intensity sports (IA). However, there were
discrepancies between the recommendations established by these two
entities for the participation of genotype positive-phenotype negative
athletes in sports activity; the ESC recommends complete discontin-
uation of competitive sports, while the Bethesda conference would
permit participation in high level sports activity (except swimming for
patients with type 1 LQTS). Today, numerous studies have established
that the said guidelines are fairly restrictive and should be revised, given
the low arrhythmic event rate of athletes with these channelopathies,
when following appropriate guidelines.

According to the American guidelines® and the most recent rec-
ommendations, competitive sport participation may be considered
for previously symptomatic patients or with electrocardiographic
expression of LQTS, provided that they take appropriate precautionary
measures and receive suitable treatment and that they have been totally
asymptomatic for at least 3 months (class IIb, level of evidence C). For
individuals with an ICD implant, the specific guidelines for performing
sports with an ICD should be followed.

Likewise, if a patient has LQTS and has been previously sympto-
matic or electrocardiographically manifests LQTS (QTc > 470 ms in
males or > 480 in females), competitive sports participation may be
considered provided that the athlete is receiving suitable treatment
and appropriate precautionary measures are taken, and that the said
athlete has been asymptomatic on treatment for at least 3 months,
except competitive swimming for those athletes with type 1 LQTS (class
Ilb, level of evidence C).

Short QT syndrome

This is a rare pathology that could predispose to the appearance
of lethal arrhythmias, predominantly ventricular fibrillation®2. Short QT
is characterised by a persistent QTc<300 ms, predominantly associated
with peaked, symmetrical T-waves. However, the finding of a short QTc
interval on the surface electrocardiogram is not sufficient to refer to the
presence of this syndrome, or the predisposition to lethal arrhythmias.
This pathology should be suspected when, in addition to these elec-
trocardiographic alterations, the patient exhibits palpitations, auricular

fibrillation or syncopal symptoms, as well as a family history of sudden
cardiac death. At present, only three causal mutations are known. It is
therefore classified into three different types, depending on the mu-
tation. An electrophysiological study is often recommended in order
to induce arrhythmic events. Today, ICD implantation is the treatment
of choice for the prevention of sudden death in high-risk patients.
Although few studies have been made, quinidine could be used as a
drug companion to prevent auricular fibrillation or recurrent ventricular
tachycardias in patients with SQTS®.

According to current guidelines, as is the case for athletes with
long QT syndrome, competitive sport could be considered for previ-
ously symptomatic patients or with electrocardiographic expression
of SQTS, provided that the precautionary measures indicated above
are taken, that suitable treatment is received and that they have been
totally asymptomatic for at least 3 months (class Ilb, level of evidence C).

Brugada syndrome

This syndrome is characterised by a typical electrocardiographic
pattern in the right precordial leads (V1-V3) often associated with right
bundle branch block morphology and a predisposition to exhibit ven-
tricular arrhythmias and sudden death.

Brugada syndrome is far more frequent in males (up to 75% of
cases), with a mean age at diagnosis of around 40 years*. In general,
the most frequent symptoms for these patients are syncope or sudden
death in the context of polymorphic ventricular tachycardia or ven-
tricular fibrillation, which most frequently occur during sleep or rest®.
Today, the most frequent triggering events for this pathology are fever,
heatstroke, certain drugs, etc. so that particular care should be taken in
the event of any of these circumstances. For this reason, it is essential
to establish early treatment for hyperthermia in febrile conditions and
to avoid heat stroke during exercise. Likewise, particular care should
be taken with the drugs triggering Brugada syndrome (anti-arrhythmic
drugs, anti-depressants, etc.) in patients with this pathology. The com-
plete list of these drugs can be consulted at www.brugadadrugs.org.

It has a global prevalence of 5 per 10,000 inhabitants, being more
frequent in certain regions such as Southeast Asia. It is estimated that
around 5-8% of the global cases of sudden death and 20% of sudden
death without structural heart disease are due to this syndrome. In
half the cases, the patients have a family history of this syndrome or of
sudden death, however it is not unusual to come across sporadic cases.
At present, when the diagnosis is made after syncope symptoms in a pa-
tient with a family history or following resuscitation from sudden death,
managementis more evident and the implantation of an ICD would be
recommended. However, the treatment of asymptomatic sufferers, that
is with a genotype positive-phenotype negative, is controversial. Today,
an electrophysiological study with programmed electrical stimulation
is recommended in order to identify those patients with the greatest
risk of suffering arrhythmic events. However, there is evidence that the
mere presence of a type 1 electrocardiographic pattern, even when
other clinical criteria are not met, can be associated with death in long-
term monitoring. It is thus necessary to consider at-risk patients as those
with a type 1 electrocardiographic pattern. However, the management
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Figure 1. Classification of the different electrocardiographic
patterns established for the Brugada syndrome.

Table 2. Clinical criteria for the definitive diagnosis of Brugada
syndrome.

ECGTYPE 1 ECGTYPE 2 ECGTYPE 3

ECG Findings

R

Elevation of the ST segment 2 mm with a coved slope in more than one
precordial lead (V1-V3) either spontaneously or following provocation
with a sodium blocker.

And one of the following:

| -
L

of asymptomatic patients has not yet been definitively established; this
therefore requires exhaustive and prolonged monitoring in order to
establish a specific therapeutic approach.

Three electrocardiographic patterns have been established for the
Brugada syndrome (Figure 1):

Type 1: consisting in a coved ST segment elevation of >2 mm,
followed by a negative T-wave, in more than one right precordial lead
(V1-Vv3).

Type 2:thisis also characterised by an ST segment elevation >2 mm
in right precordial leads, but followed by a positive or biphasic T-wave,
that results in a saddle-back configuration.

Type 3:any of the above two morphologies, but with an ST elevation
of <1 mm.

At present, type 1 is the only diagnostic pattern accepted by the
European Society of Cardiology®. Likewise, this pattern may be spon-
taneously evident in a baseline ECG or induced by a provocative drug
challenge test with a sodium channel blocker (ajmaline or flecainide).
However, in order to establish the definitive diagnosis, in addition to the
electrocardiographic alterations, the patient must also present at least
one of the clinical criteria (Table 2).

We should emphasise the fact that it is relatively frequent to find
an incomplete right bundle branch blockin high performance athletes;
therefore both morphologies should not be confused. Likewise, the
importance of the correct placement of the electrodes on the athlete
(particularly for precordial leads V1 and V2 in the 4th right and left in-
tercostal spaces respectively) has frequently been emphasised. This is
because, if these are placed too high, then they can frequently simulate
a Brugada pattern morphology, particularly forindividuals with a greater
body surface area®.

According to current guidelines, competitive sport could be consid-
ered for previously symptomatic patients or with electrocardiographic
expression of Brugada, provided that appropriate precautionary meas-
ures are taken (avoid triggering drugs, hyperthermia, dehydration, etc.),
that suitable treatment is received and that patients have been totally
asymptomatic for at least 3 months (class IIb, level of evidence C). For
individuals with an ICD implant, the specific guidelines for performing
sports with an ICD should be followed?*.

Documented ventricular arrhythmia:
a) Ventricular fibrillation
b) Polymorphic ventricular tachycardia
c) Ventricular arrhythmias induced following programmed
electrical stimulation

Family history:
a) Sudden deaths in individuals aged under 45 years
b) Characteristic ECG in relatives

Symptoms related to arrhythmias:
a) Syncope
b) Nocturnal agonal respiration

Moreover, other possible causes of the ECG alteration should be ruled out.

Account should be taken of the fact that, nowadays, a routine
genetic study is practically in place for those individuals suspected of
having some type of channelopathy. Therefore, for most patients, an
early, reliable diagnosis is made, even for those with a negative pheno-
type. Asymptomatic genotype positive-phenotype negative patients
with Brugada Syndrome are permitted to participate in any competitive
sport, provided that the recommended precautionary measures are
taken into account (class Ila, level of evidence Q).

Catecholaminergic ventricular tachycardia

Catecholaminergic polymorphic ventricular tachycardia (CPVT) isa
hereditary channelopathy (being the most common mutation located
in the ryanodine receptor gene)* characterised by the appearance of
syncopes or sudden death triggered during exercise or intense emotions
in individuals without structural cardiopathy. Generally, the underlying
cause of these adverse events is the appearance of potentially lethal
arrhythmias, consisting in rapid episodes of bidirectional or polymorphic
ventricular tachycardia (Figure 2).

The mean age forthe commencement of symptoms is in childhood,
between 7 to 12 years, although cases of late diagnosis of patients aged
over 40 years have been reported. The diagnosis is generally delayed by
2 years, from the first syncope, which is generally labelled as vasovagal,
neurally mediated syncope, etc. Furthermore, this diagnosis should also
be considered for swimming-related syncopes.

[tis considered to be one of the most aggressive and lethal chan-
nelopathies; it is estimated that around 30% of affected, untreated
individuals experience at least one sudden death®® and at least 80%
exhibit at least one syncopal event. Unfortunately, on occasions, sudden
death may be the first manifestation of the disease. We therefore need
to be pay particular attention to those athletes with a family history or
with suspicion of this pathology.
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Figure 2. Electrocardiographic record of a patient with CPVT during
a cardiac stress test, noting the presence of repeat bidirectional
ventricular extrasystoles.

it
ey

&1# e

The baseline electrocardiogram does not generally prove useful
in the diagnosis of this pathology®, given the fact that, just like the
echocardiogram and other imaging techniques, it does not generally
show pathological alterations. For these patients, the exercise stress
testis the key diagnostic tool. With this test, the clinician will endeavour
to use an intense adrenergic discharge to evoke different malignant
arrhythmias (bidirectional tachycardia, polymorphic ventricular tach-
ycardia, etc) (Figure 2). In the CPVT, these arrhythmic events during
exercise generally appear at a threshold heart rate of 100-120 beats
per minute, progressively worsening as the work load increases. For
this reason, when an athlete is suspected of having this pathology, the
cardiac stress test must be made following a protocol, with a gradual
and progressive increase in the physical stress load, thereby avoiding
sharp increases in the work loads. The diagnostic performance of the
Holter monitor is lower than that of the exercise stress test. However, it
could prove useful for persons with reduced mobility and small children
who are unable to undergo a stress test.

Ventricular arrhythmias may become apparent with the adrenalin
test. However, this diagnostic test is controversial, its diagnostic per-
formance is extremely variable (2-50%) and it is only recommended in
very specific cases®. Finally, we should mention that the genetic study
has become a key element in establishing the definitive diagnosis of
this channelopathy.

Given the lethality of this pathology and, as is the case for the rest of
the familial cardiopathies, the genetic study should be recommended to
first degree relatives of an affected individual, particularly if the specific
causal mutation is known. Furthermore, a full cardiology study should
be made on these relatives, including a baseline electrocardiogram,
echocardiogram, cardiac stress test etc.

With regard to the treatment of these channelopathies, beta
blockers are essential, given the fact that the channelopathies are gen-
erally induced by an important adrenergic discharge?'. It is of interest
to conduct periodical cardiac stress tests on these individuals, aiming
to achieve a reproducible induction of the arrhythmia during exercise.
This will permit a suitable assessment of the response to treatment as
well as the monitoring of the effectiveness of these drugs. When faced
with cases of incomplete protection with this medication (persistence of

arrhythmias during exertion) then the addition of flecainide to the treat-
ment should be considered®. Likewise, beta blockers are also suggested
for primary prevention; in other words, those patients who are carriers of
pathogenic mutations in CPVT associated genes, despite having a strictly
normal cardiac stress test. This is due to the fact that, as mentioned
above, on many occasions sudden death may be the first manifestation
of this disease. Likewise, for these patients, consideration should be
given to the implantation of an ICD in those cases in which episodes
of sudden death or potentially lethal arrhythmic events have occurred,
despite being under pharmacological treatment or for individuals that
cannot take beta blockers. For patients with an ICD, it is recommended
to maintain the above mentioned pharmacological treatment, thereby
significantly reducing the number of device discharges. Furthermore,
sympathetic denervation could be considered for those cases in which
patients are refractory to other therapies, although it is not a widely
recommended technique today, given its secondary effects, as well as
the long-term recurrence of cardiological events.

Finally, we must insist on the importance of strict monitoring and
a regular check-up by a cardiologist every 6 months approximately,
in order to supervise adherence to treatment (cases of ventricular
tachycardia have been described in which patients stopped their beta
blocker treatment after just one day), as well as the response to the
drugs. In order to recommend the intensity and limits of physical activ-
ity, the clinician can be guided by the objectified results of the cardiac
stress test conducted in a hospital setting with the appropriate safety
measures. Moreover, the use of different cardiac monitoring devices has
been proposed in order to provide guidance for participation in sports,
controlling that the athlete’s heart rate is within the range considered
to be safe for physical activity. However, given the risks involved, this is
never considered as an alternative to strict monitoring and to suitable
medical treatment.

According to current recommendations, an athlete with previously
symptomatic CPVT or an asymptomatic CPVT athlete with ventricular
contractions in bigeminy, couplets, or NSVT in the cardiac stress test, can
only participate in class la competitive sports. A CPVT specialist cardiol-
ogist must be consulted for any exception (class IlI, level of evidence Q).

In short, for athletes with channelopathies, the main recommen-
dation has traditionally comprised avoiding all types of competitive
sports. However, at present, some changes have occurred that make it
possible to modify these recommendations. Over the last few years, in
the United States, no event has been described related to competitive
sport and attributable to channelopathy (provided that suitable pre-
cautionary measures were taken). Moreover, there are other registries,
such as the North American ICD Sports Registry, that have shown a very
low incidence of events for patients with channelopathies participat-
ing in competitive sport. All the same, even today, there is insufficient
scientific evidence to determine the real risk for a competitive athlete
with channelopathy and, therefore, the recommendations have a C
level of evidence.

With regard to specific treatment, we need to bear in mind that
this must be guided by the severity of the disease and not simply
focus on the fact that we are dealing with an athlete. In other words,
the implantation of an ICD in a patient with channelopathy would not
be recommended simply because the patient is a competitive athlete.
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Likewise, athletes with a suspected/diagnosed channelopathy, must
be assessed by a cardiologist (arrhythmologist, experts in familial car-
diopathies, etc. (class [; level of evidence Q).

Moreover, it is recommended that symptomatic athletes with any
suspected or diagnosed channelopathy should refrain from all competi-
tive sports until evaluated by a specialist, the correct treatment program
has been implemented, and the athlete has been asymptomatic on
treatment for 3 months (class [; level of evidence Q).

Itis reasonable for an asymptomatic athlete with concealed chan-
nelopathy (genotype-positive / phenotype-negative) to participate in
all competitive sports with appropriate precautionary measures, (class
lla, level of evidence Q).

Conclusion

The development of present day medicine has led to a significant
improvement in the study of familial cardiopathies, as well as early
diagnosis and treatment. Likewise, genetic studies play a key role in
the monitoring of these cardiopathies, providing the most appropriate
guidance for the best therapeutic approach to be followed. Today it is
considered that the advances in genetic studies will have an impact
on prognosis and on a deeper knowledge of these diseases. However,
on many occasions, genetics places us in a great dilemma when es-
tablishing recommendations for sports activities for causal mutation
carriers with no phenotypic development of the disease. For this reason,
extensive work is being conducted in this area.

We would therefore emphasise the importance of closely monito-
ring athletes who are carriers of pathogenic mutations with phenotype
negative. It is evident that, depending on the penetration and expres-
siveness of each individual mutation, a percentage of these carriers
will develop the familial disease. It is therefore important to develop
individualised monitoring protocols in order to detect the appearance
of phenotypic manifestations. These protocols are extremely useful in
order to prevent these carriers from experiencing adverse events during
sports activities.

At present, the permitted level of exercise for patients with familial
cardiopathies represents a great challenge for clinicians. On the one
hand, strenuous exercise could be harmful and could increase the risk
of sudden death and other adverse events. However, the excessive
restriction of physical exercise leads to physical inactivity and has an
unfavourable impact on health and quality of life. Today, certain fitness
programmes have been developed by a number of healthcare centres,
directed at promoting safe exercise for patients with familial cardio-
pathies. These could be made available to different sports disciplines,
while also offering the possibility of being easily implemented anywhere.

Therefore, there is a growing trend to be more permissive with these
patients. Although current recommendations are progressively less res-
trictive, there are still restrictions in place in many of these cardiopathies.
In order to obtain more reliable and specific findings, there is a need

to have more evidence in extensive records of athletes with familial
cardiopathies. Moreover, further studies are required in order to help us
determine the real role of exercise in the phenotypic development of
these diseases, in addition to the risk of sudden death that this entails.

In conclusion, the time has come to pay more attention to familial
cardiopathies and to update their management, from the point of view
of sporting activities, particularly due to the clear benefits that this can
bring, while always acting with caution and basing our work at all times
on two fundamental principles: safety and its benefits.

Bibliography

1. Barriales R, Gimeno JR, Zorio E, Ripoll T, Evangelista A, Moya A, et al. Protocolo de
actuacion en las cardiopatfas familiares: sintesis de recomendaciones y algoritmos
de actuacién. Rev Esp Cardiol. 2016;69:300-9.

2. Priori SG, Wilde A, Horie M, Cho Y, Behr ER, Berul C, et al. HRS/EHRA/APHRS: Expert
Consensus statement on the diagnosis and management of patients with inherited
primary arrhythmia syndromes: document endorsed by HRS, EHRA, and APHRS in May
2013 and by ACCF, AHA, PACES, and AEPCiin June 2013. Heart Rhythm. 2013;10:1932-63.

3. Maron BJ, Gardin JM, Flack JM, Gidding DD, Kurosaki TT, Bild DE. Prevalence of hyper-
trophic cardiomyopathy in a general population of young adults. Echocardiographic
analysis of 4111 subjects in the CARDIA Study. Coronary Artery Risk Development in
(Young) Adults. Circulation. 1995;92(4):785-89.

4. Moravsky G, Ofek E, Rakowski H, Butany J, Williams L, Ralph-Edwards A, et al. Myocardial
fibrosis in hypertrophic cardiomyopathy: accurate reflection of histopathological
findings by CMR. JACC Cardiovasc Imaging. 2013;6(5):587-96.

5. Maron BJ, Olivotto |, Spirito P, Casey SA, Bellone P, Gohman TE, et al. Epidemiology of
hypertrophic cardiomyopathy-related death: revisited in a large non-referral-based
patient population. Circulation. 2000;102(8):858-64.

6. Maron BJ, Doerer JJ, Haas TS, Tierney DM, Mueller FO. Sudden deaths in young com-
petitive athletes: analysis of 1866 deaths in the United States, 1980-2006. Circulation.
2009;119(8):1085-92.

7. Authors/Task Force members, Elliott PM, Anastasakis A, Borger MA, Borggrefe M, Cecchi
Fetal. 2014 ESC guidelines on diagnosis and management of hypertrophic cardiom-
yopathy: the Task Force for the Diagnosis and Management of Hypertrophic Cardiom-
yopathy of the European Society of Cardiology (ESC). Eur Heart J. 2014;35(39):2733-79.

8. Maron BJ, Zipes DP. 36th Bethesda Conference: eligibility recommendations for com-
petitive athletes with cardiovascular abnormalities. JAm Coll Cardiol. 2005;45:1313- 75.

9. Maron BJ, Zipes DP, Kovacs RJ. Eligibility and Disqualification Recommendations for
Competitive Athletes With Cardiovascular Abnormalities: Preamble, Principles, and
General Considerations: A Scientific Statement From the American Heart Association
and American College of Cardiology. JAm Coll Cardiol. 2015,66(21):2343-9.

10. Burkett E, Hershberger RE. State of the art: clinical and genetic issues in familial dilated
cardiomyopathy. JAm Coll Cardiol. 2005;45:969-81.

11. Boraita A, Bafio A, Berrazuela J, Lamiel R, Luengo E, Manonelles P, et al. Guias de practica
clinica de la Sociedad Espariola de Cardiologia sobre la actividad fisica en el cardiépata.
Rev Esp Cardiol. 2000;53:684-726.

12. Pelliccia A, Culasso F, Di Paolo FM, Maron BJ. Physiologic left ventricular cavity dilatation
in elite athletes. Ann Intern Med. 1999;130:23-31.

13. Hulot JS, Jouven X, Empana JP, Frank R, Fontaine G. Natural history and risk stratifi-
cation of arrhythmogenic right ventricular dysplasia/cardiomyopathy. Circulation.
2004;110:1879-84.

14. Nava A, Bauce B, Basso C, Muriago M, Rampazzo A, Villanova C, et al. Clinical profile and
long-term follow-up of 37 families with arrhythmogenic right ventricular cardiomyo-
pathy. J Am Coll Cardiol. 2000;36(7):2226-33.

15. Corrado D, Thiene G. Arrhythmogenic right ventricular cardiomyopathy/ dysplasia:
clinical impact of molecular genetic studies. Circulation. 2006;113:1634-37.

16. Rigopoulos A, Rizos IK, Aggeli C, Kloufetos P, Papacharalampous X, Stefanadis C, et al.
Isolated left ventricular noncompaction: an unclassified cardiomyopathy with severe
prognosis in adults. Cardiology. 2002;98(1-2):25-32.

17. Engberding R, Yelbuz TM, Breithardt G. Isolated noncompaction of the left ventricular
myocardium —-areview of the literature two decades after the initial case description.
Clin Res Cardiol. 2007;96(7):481-8.

18. Rodriguez R, Pedrosa MV, Fernandez A, Trujillo F, Cruz JM. Hipertrabeculacion en el
deportista jenfermedad o adaptacion? Rev Esp Cardiol. 2011,64 Supl 3:356.

252 Arch Med Deporte 2018;35(4):246-253



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Recommendations for physical exercise in athletes with inherited heart diseases (second part)

Dietz HC, Pyeritz RE. Mutations in the human gene for Fibrillin-1in the Marfan syndrome
and related disorders. Hum Mol Genet. 1995;4:1799-809.

Shores J, Berger KR, Murphy EA, Pyeritz RE. Progression of aortic dilatation and the
benefit of long-term beta-adrenergic blockade in Marfan's syndrome. N Engl J Med.
1994;330:1335-41.

Brooke BS, Habashi JP, Judge DP, Patel N, Loeys B, Dietz HC. Angiotensin Il blockade
and aortic-root dilation in Marfan’s sindrome. N. Engl J Med. 2008;358(26):2787-95.

Loeys BL Dietz HC, Braverman AC, Callewaert BL, De Backer J, Devereux RB, et al. The
revised Ghent nosology for the Marfan syndrome. J Med Genet. 2010;47:476-85.

Natal P, Lansac E. Dilation of the thoracic aorta: medical and surgical management.
Heart. 2006;92:1345-52.

Erbel R, Aboyans V, Boileau C, Bossone E, Di Bartolomeo R, Eggebrecht H, et al. Guia
ESC 2014 sobre diagndstico y tratamiento de la patologia de la aorta. Rev Esp Cardiol.
2015;68(3):242.

Boraita A, Heras ME, Morales F, Marina-Breysse M, Canda A, Rabadan M, et al. Reference
Values of Aortic Root in Male and Female White Elite Athletes According to Sport. Circ
Cardiovasc Imaging. 2016;9(10). pii: €005292.

Curtis AE, Smith TA, Zinganshin BA, Elefteriades JA. The mystery of Z-score. Aorta.
2016;(4)4:124-30.

Brugada J, Brugada R, Brugada P. Channelopathies: a new category of diseases causing
sudden death. Herz. 2007;32:185-91.

Schwartz PJ, Stramba-Badiale M, Crotti L, Pedrazzini M, Besana A, Bosi G, et al. Prevalence
of the congenital long-QT syndrome. Circulation. 2009;120:1761-7.

Schwartz PJ, Priori SG, Spazzolini C, Moss AJ, Vincent GM, Napolitano C, et al. Genotype-
phenotype correlation in the long-QT syndrome: gene-specific triggers for life- threa-
tening arrhythmias. Circulation. 2001;103:89-95.

Tester DJ, Will ML, Haglund CM, Ackerman MJ. Effect of clinical phenotype on yield of
long QT syndrome genetic testing.J Am Coll Cardiol. 2006;47:764-8.

Villain E, Denjoy |, Lupoglazoff JM, Guicheney P, Hainque B, LucetV, et al. Low incidence
of cardiac events with beta- blocking therapy in children with long QT syndrome. Eur
Heart J. 2004;25:1405-11.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

Schimpf R, Borggrefe M, Wolpert C. Clinical and molecular genetics of the short QT
syndrome. Curr Opin Cardiol. 2008;23:192-8.

Jolobe OM. Short QT syndrome and ventricular tachycardia. Br J Hosp Med (Lond).
2017;78(2):116.

Kamakura S. Epidemiology of Brugada syndrome in Japan and rest of the world. J
Arrhythmia. 2013;29:52-5.

Benito B, Brugada R, Brugada J, Brugada P. Brugada syndrome. Progress in Cardiovascular
Diseases. 2008;51:1-22.

Bayes de Luna A, Brugada J, Baranchuk A, Borggrefe M, Breithardt G, Goldwasser D, et
al. Current electrocardiographic criteria for diagnosis of Brugada pattern: a consensus
report. J Electrocardiol. 2012;45:433-42.

Chung EH, Evans S, Pryski E, McNeely D, Brickner T, Waicus K, et al. Brugada-Like ECG
changes are easily induced with high precordial lead position during preparticipation
ECG screening in collegiate athletes. Circulation. 2011;124 A16606.

Priori SG, Napolitano C, Memmi M, Colombi B, Drago F, Gasparini M, et al. Clinical and
molecular characterization of patients with catecholaminergic polymorphic ventricular
tachycardia. Circulation. 2002;106:69-74.

Liu N, Colombi B, Raytcheva-Buono EV, Bloise R, Priori SG. Catecholaminergic poly-
morphic ventricular tachycardia. Herz. 2007;32:212-7.

Marjamaa A, Hiippala A, Arrhenius B, et al. Intravenous epinephrine Infusién test in
diagnosis of catecholaminergic polymorphic ventricular tachycardia. J Cardiovasc
Electrophysiol. 2012;23:194-9.

Coumel P. Catecholaminergic polymorphic ventricular tachyarrhythmias in children.
Card Electro- physiol Rev. 2002;6:93-5.

Watanabe H, Van der Werf C, Roses-Noguer F, Adler A, Sumitomo N, Veltmann C, et
al. Effects of flecainide on exercise-induced ventricular arrhytmias and recurrences
in genotype-negative patients with catecholaminergic polymorphic ventricular
tachycardia. Heart Rhytm. 2013;10(4):542-7.

Arch Med Deporte 2018;35(4):246-253 253



Review

Laboratory methodology for the histological study of skeletal

muscle

Fernando Leiva-Cepas’-23, Ignacio Ruz-Caracuel’?, Maria A. Pefia-Toledo?3, Antonio Agiiera-Vega'?, Ignacio Jimena'?3,

Evelio Luque'?, José Peiia’?3

'Departamento de Ciencias Morfoldgicas. Universidad de Cérdoba. Cérdoba. *Grupo de Investigacion en Regeneracion Muscular. Universidad de Cérdoba. ’Instituto Maimonides

de Investigacion Biomédica de Cordoba. IM

IBIC. Cérdoba. *Servicio de Anatomia Patoldgica. Hospital Universitario La Paz, IDIPAZ, Madrid.

Received: 11.12.2017
Accepted: 15.02.2018

Key words:

Skeletal muscle. Muscle histology.
Muscle ultrastructure. Muscle biopsy.
Frozen section. Electron microscopy.

Palabras clave:

Musculo esquelético.

Histologfa muscular. Ultraestructura
muscular. Biopsia muscular. Cortes
congelados. Microscopia electrénica.

Summary

Skeletal muscle is a malleable and dynamic tissue capable of a high degree of plasticity in regards to its histological confi-
guration. In this sense, microscopic study is an important and essential tool for the analysis of adaptive processes -such as
hypertrophy or changes of fiber types- and the regeneration or repair of skeletal muscle after injury, in the fields of sports
medicine and traumatology respectively. While light microscopy addresses the study of the different constitutive elements
into the skeletal muscle and their relationships with each other that determine the organ histoarchitecture, with electron
microscopy an ultrastructural analysis is carried out that allows to relate the structure and function of the individual cells.
This article illustrates a pragmatic and practical approach, based on personal experience and a review of the literature, from
the conditions in obtaining and sending samples of skeletal muscle to the laboratory to the procedures to prepare them for
histological study (sections of cryostat, paraffin sections and electron microscopy). Especially we focus on the description of
the processing by freezing and recommendations to follow, as this is the ideal method for this tissue. The aim of this article is
to provide useful information on the management of skeletal muscle samples that are processed in the histology laboratory
to achieve optimal and reliable results in microscopic analyzes and how to avoid methodological errors that lead to the
appearance of artifacts that can get to hinder or invalidate the histological study.

Metodologia de laboratorio para el estudio histologico del musculo
esquelético

Resumen

El musculo esquelético es un tejido maleable y dindmico capaz de un alto grado de plasticidad con respecto a su configu-
racion histoldgica. En este sentido, el estudio microscopico es una herramienta importante y esencial para el andlisis de los
procesos adaptativos —como la hipertrofia o los cambios de tipos de fibras—y la regeneracion o reparacion del musculo
esquelético después de la lesion, en las dreas de la medicina deportiva y la traumatologfa respectivamente. Mientras que con
microscopia optica se aborda el estudio de los diferentes elementos constitutivos del musculo esquelético y sus relaciones
entre si que determinan la histoarquitectura del érgano, con microscopia electronica se realiza el andlisis ultraestructural que
permite relacionar estructura y funcion de las células individuales. Este articulo ilustra un enfoque pragmético y practico, en
base a la experiencia personal y una revision de la literatura, desde las condiciones en la obtencion y envio de las muestras de
musculo esquelético al laboratorio a los procedimientos para prepararlas para su estudio histolégico (secciones de criostato,
secciones de parafina y microscopia electrénica). Especialmente nos centramos en la descripcion del procesado por conge-
lacién y recomendaciones a seguir, al ser éste el método ideal para este tejido. El objetivo de este articulo es proporcionar
informacion util sobre el manejo de muestras de musculo esquelético que se procesan en el laboratorio de histologfa para
lograr resultados 6ptimos y fiables en los anélisis microscopicos y como evitar los errores metodoldgicos que conducen a la
aparicion de artefactos que pueden llegar a dificultar o invalidar el estudio histologico.
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Introduction

The microscopic evaluation of skeletal muscle is an essential part
of the study of muscle histophysiology in sport and physical activity'?,
muscle injuries in spor®#and basic research in myology and experimen-
tal myopathology*”. Knowledge of skeletal muscle histology allows us
to understand the tissue, cellular and molecular mechanisms involved
in the adaptive responses to exercise —hypertrophy, hyperplasia and
remodelling of fibre types— and post-injury muscle regeneration®’. It
also allows us to know and understand the specific effects that certain
types of exercises'®"?, substances', nutrients', drugs'®, rehabilitation
strategies'® and regenerative medicine therapies' have on the structu-
re and function of muscle fibres, satellite cells, the extracellular matrix,
innervation, vascularisation and myoconnective junctions.

The microscopic study of skeletal muscle requires magnification ins-
truments such as optical and electron microscopes, and techniques which
reveal the different components of its structure (Figure 1). Histological
techniques are used to study the structural features of skeletal muscle,
histochemical techniques are used to observe enzyme and non-enzyme
activities which help to characterise the diversity and distribution of fibre
types or identify certain substances; and antibodies and immunohisto-
chemical techniques are used to study and locate specific cellular and
extracellular protein components.

While optical microscopy with biopsy or muscle sample sections is
used for the histoarchitectural study or analysis of the whole of all the ele-
ments that make up skeletal muscle as an organ, electron microscopy is
used for the ultrastructural study or individualised, detailed analysis of each
element’®. Another methodology, involving the optical microscopy of
individual muscle fibres, allows us to isolate muscle fibres to analyse the
behaviour of elements such as myonuclei and satellite cells'. Although
less used due to the limited information it has to offer, scanning electron
microscopy is another very useful option for the three-dimensional
examination of muscle fibres and their relationship with the nerve fibres
at the level of motor end plates or the connective scaffold of skeletal
muscle? (Figure 1).

Laboratory methodology for the histological study of skeletal muscle

In our opinion, anyone interested in conducting any kind of
microscopic study of skeletal muscle must know the procedure or
methodology to follow with the samples obtained, primarily because
itis a tissue/organ that requires a very specific protocol for laboratory
processing which needs to be strictly observed for optimal histological
evaluation?'. This article describes the procedure, the methodology
and recommendations to ensure the proper specific preparation of
samples, essential for an histological interpretation of skeletal muscle.

From which muscle, how much and how
the sample should be taken

The laboratory procedure to follow is the same for human and
experimental animal muscle, except when it comes to taking samples.
In both cases, the essential requirements and conditions necessary to
obtain the sample and send it correctly to the laboratory are the same
and must be followed meticulously to ensure that the sample is not
rendered entirely unusable.

There are two standardised procedures for human muscle: open
biopsy and needle biopsy***. While both procedures are used for the
diagnosis of neuromuscular diseases?, the second is used to study athle-
tes'9%% Open biopsy is carried out in the operating theatre without any
special preparation beforehand (see special requirements in specialist
literature)?>?’. After local anaesthesia, a small incision is made to the skin
(2-3 cm) over the muscle belly and a block of muscle tissue 0.5 cm in
diameter and 1 cm long (equivalent to “a small olive pit”) is removed
(Figure 2). Needle biopsy requires an instrument -a modified Bergstrom
needle- and a skin incision (1 cm) with local anaesthetic, inserting the
needle to the muscular layer and extracting the muscle sample (see
special requirements in specialist literature)??”?¢ There is a risk that the
amount of muscle obtained will be insufficient for diagnosis and that
the removal procedure will cause artefacts in the sample, in addition
to making correct orientation very difficult when mounting. Certain
muscles cannot be biopsied using this technique. The specimens ob-
tained must be handled as little as possible, avoiding stretching and
crushing. If the sample is bloodied, it should be rinsed rapidly in saline.

Figure 1. Range of microscopic studies for the analysis of skeletal muscle.
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Figure 2. Macroscopic appearance of (a) a fragment of human
muscle taken by open biopsy, and (b) complete tibialis anterior
muscles in situ (TA), extensor digitorum longus muscle (EDL) and
soleus muscle (SOL).

SOL

With both biopsies and corpses, the sample must be taken from
the muscle belly. The reasons are: a) this is where the muscle fibres
have the largest cross-sectional area, which is essential to assess the
sizes of the muscle fibres, and b) the area near the myotendinous
region should be avoided (at least 2 cm away) (except when that area
is the objective of the study) because, in addition to the muscle fibres
decreasing in diameter at their termination, they also have histological
features which, while normal, differ significantly from other muscle
areas”. Muscles with recent trauma or injected with local anaesthetic or
electromyography needles should not be biopsied either; in all events,
the choice of the muscles for biopsy should be based on medical or
scientific criteria depending on the desired objective. In studies with
muscles from corpses, the procedures and recommendations are the
same. It should be borne in mind both that the sample must be taken
within 24 hours after death, because this post-mortem interval does
not hamper histochemical analysis of the autopsied tissue®, and that
examination of autopsied muscle is not recommended with electron
microscopy due to the effects of post-mortem autolysis®'. The study
of muscle samples from dead bodies already fixed in formalin is not
recommended due to their great tendency to deteriorate, generating
artefacts in the muscle fibres such as contraction and cracking, and
even artefacts resulting from imperfect fixation?'.

In research with experimental animals, the muscles being studied
are normally extracted completely (Figure 2), although again the muscle
belly is used for actual analysis. Most of these studies are performed on
the soleus and extensor digitorum longus muscles (typically red and
white, respectively)®’, and on the tibialis anterior and gastrocnemius
muscle, when a greater muscle volume which is easy to access for
handling is needed for analysis®.

How to send the sample to the laboratory

Regardless of the type of study to be conducted, once the sample has
been taken, it must be sent to the laboratory immediately because

cellular autolysis starts as soon as it is extracted. The indications for
transportation are as follows:

— Al efforts should be made to keep the samples cool and moist
during transportation by placing them in gauze soaked in saline
and then wrung out; under no circumstance should they be sent
immersed (or previously immersed) in water, saline or fixation sub-
stances, because the excess moisture will subsequently generate
artefacts during freezing.

— The time from collection to the beginning of the preparation
process in the laboratory must be short. Delays of over 45 minutes
before arrival at the laboratory may cause artefacts as a result of
hypercontraction or dehydration of the muscle fibres®. Although
a period of 4 hours should never be exceeded*, a delay before
freezing of up to 48 hours has no effect on enzyme histochemistry®.
If the sample cannot be sent to the laboratory immediately, we
recommend that it be kept in a refrigerator at 4°C. Another method
is to transport skeletal muscle in ACTP (Aedesta™-cell/ tissue preser-
vation media), as it preserves the sample better and results in fewer
artefacts than muscle transportation by conventional methods*.

How to process the sample in the
laboratory

Once in the laboratory, the sample is divided into three fragments:
two for analysis by optical microscopy and another for electron micros-
copy (Figure 3). It may also be necessary to take tissue for protein or
DNA extraction in biochemical and/or genetic research; the fragment
for these studies must be preserved at -70°C**” and then subjected to
different procedures to those for microscopic study. Consult these in
the specific literature'®?',

Preparation of samples for optical microscopy

The samples must be processed in such a way that it is possible
to collect the greatest amount of information from all or most of the
elements that constitute the skeletal muscle as an organ (Table 1). To
ensure we actually “see”what we are looking for under the microscope,
itis necessary to know the microanatomy of the muscle; otherwise, we
could prepare the samples inadequately and render the study useless.
Forexample, it is essential to understand the arrangement of the muscle
fibres in order to orient the sample cross-sectionally or longitudinally,
the motor line area to analyse motor end plates (in conjunction with
electrophysiological studies)?, the composition and distribution of the
fibre types in a given muscle to evaluate their percentage variations
correctly or the specific characteristics of the myoconnective junctions
for proper assessment when dealing with injuries at this level.

Two fragments can be taken in the sample preparation procedure
for optical microscopy, one for fixation in 10% formalin and embedment
in paraffin and another for freezing in isopentane cooled in liquid nitrogen.
However, the first type of fragment (the kind usually used for other sorts
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Figure 3. Schematic overview of the three paths for processing skeletal muscle tissue.
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Table 1. Objectives of analysis of a histoarchitectural study.

Optical Microscopy: histoarchitectural study

General histological features of muscle fibres:
- Shape and size.
- Location of the myonuclei.

- Fibre types: percentages and intramuscular distribution.

Satellite cells.
Organisation of and relationships between sheaths of
connective tissue:

- Endomysium.

- Perimysium.

- Epimysium.
Vascular elements and their distribution.
Nerve elements:

- Nerves.

- Neuromuscular junctions.

- Neuromuscular spindles.

Myoconnective junctions:
- Myotendinous.
- Myofascial.

of tissue/organ) is of very limited value in the case of skeletal muscle.
The reasons are: a) fixation in formalin and embedment in paraffin
produces artefactual changes in the muscle structure which hinder
correct microscopic interpretation®, and b) certain cellular components
(enzymes, lipids, etc.) are not preserved, thereby considerably limiting
the classification of fibre types and impeding recognition of certain
types of changes which cannot be seen in samples processed using the
general histological technique®. However, we recommend that, when-
ever possible, a fragment be kept for the usual processing procedure.

Processing samples by freezing

This is the preferred method for the microscopic study of skeletal
muscle because it preserves not only the microanatomy but also the
antigenic structure and enzyme content of the tissue intact, as well as
detaining autolysis and tissue putrefaction. The key to the correct fixation
of tissue by freezing lies in doing it instantly, because slow cooling leads
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to the formation of intracellular ice microcrystals which can aggregate
with the passage of time and cause the tissue to break, hindering or
completely impeding microscopic analysis. Problems of this kind are
known as “freezing artefacts”and can be avoided by following certain
recommendations: i. the sample size to freeze must be small (1.0x 1.5
cm)*®, and ii. freeze using a mediator such as isopentane cooled in liquid
nitrogen, because this speeds up freezing and prevents the formation
of intracellular crystals which break the muscle fibres when the freezing
process is slow or only liquid nitrogen is used®. The entire procedure
is as follows and it should be stressed that extreme care must be taken
when handling the sample so as not to generate artefacts:

1. Shaping and mounting (Figures 4a-f):

— The muscle fragment or specimen should be approximately
4 mmin diameterand 8 to 10 mm long (Figure 4a). If it is too thick,
the inside will not freeze optimally. For shaping, we recommend a
razor blade split in half lengthways; while one half is used to hold
the sample against the surface, the other is used to cut (Figure 4b).

— Amicroscopic magnifying glass can be used to correctly orient the
sample during shaping; this is necessary when the samples have
been obtained by needle biopsy (Figure 4c).

— The trimmed fragment is mounted on a small sheet of cork (on
the base of which the sample is identified) using OCT Compound
Tissue®, applied only to the cork mounting (Figure 4d) and being
extremely careful not to smear or cover the muscle with OCT®,
which would result in very severe freezing artefacts by acting as
an insulator and preventing quick freezing?’=¢.

— During mounting, the correct orientation of the sample is fun-
damental to obtain cross sections (type of section which should
be used to assess a muscle biopsy), which involves orienting the
muscle fibres perpendicular with respect to the mounting surface
(cork) and cutting surface (cryostat blade). Use fine tweezers and
histological needles to orient the specimen, being careful not to
damage the tissue (Figure 4e).

— If the specimen is too long, it could curl, resulting in the muscle
fibres skewing and losing their transverse orientation*'. To avoid
this in our laboratory, we stick a needle in the cork to act as a
support, preventing the sample from falling in the moments prior
to freezing (Figure 4f). When freezing has been completed, we
remove the needle.

2. Freezing (Figures 4 g-I):

The freezing of skeletal muscle requires the use of isopentane (2
methylbutane) because it cannot be directly immersed in liquid nitro-
gen.Thisis due to the relative warmth of the tissue, which would cause
the vaporisation of the liquid nitrogen next to it, acting as insulation
against freezing and generating significant artefacts®®. The solution is
to freeze the specimen in isopentane cooled in liquid nitrogen, which
does not penetrate the tissue or prevent or alter later staining processes.

The freezing procedure is as follows:

— Pour 80 cc of isopentane into a 100 ml beaker (Figure 4q).

— Suspend the beaker and immerse it in liquid nitrogen (-160°C)

(without it overflowing from the vessel), ensuring that the nitrogen
does not enter the isopentane (Figure 4h). The first time the beaker
enters, there is still a large temperature difference between the
two substances, causing the liquid nitrogen to vaporise a great
deal and hinder vision of the vessel (Figure 4i). This phenomenon
usually dies down in 2-4 minutes.

— When theisopentane freezes, a solid white coating starts to appear
on the walls and bottom of the beaker, indicating that it has reached
the temperature of the liquid nitrogen (Figure 4j). In our laboratory,
we remove the beaker when this has happened and carefully scrape
the base and walls until this coating disappears. We then repeat
the process. After this, the beaker is ready to receive the sample.

— Re-immerse the beaker; the walls and bottom will solidify very
quickly. Then use long tweezers to insert the sample into the
isopentane on its cork base (Figure 4k).

— Keep the specimen in the isopentane for 20 seconds (Figure 4l)
and then remove it (Figure 4m), transferring it immediately to the
cryostat in order to section it.

The freezing time varies according to different authors (8 to 40
seconds), in some cases because they use a mediator other than iso-
pentane, such as acetone and dry ice or Freon 22.

3. Sectioning in cryostat (Figures 4 n-p):

— Theideal temperature for slicing skeletal muscle is -20°C, although
-22°C is better when the sample contains abundant adipose or
fibrous tissue.

— Place the cork mounting with the sample on it on the metal
supports of the cryostat with OCT® and wait for it to solidify and
stabilise (Figure 4n). After this, fit it on the specimen holder on the
arm and orient it with respect to the blade (Figure 40).

— Then proceed to trim the surface being cut until it is smooth and
uniform, and slice the muscle; the recommended thicknesses are
8-10 um for histochemistry and 4-6 um*' or 5-7 um? forimmunohis-
tochemistry. Sections of 2 um are recommended for cytochemical
studies of small structures, such as neuromuscular plates®. If the
objective is to study the innervation of skeletal muscle with argentic
impregnation techniques, the thickness of the sections should
range between 50 and 100 um*.

— The sections are collected from the surface of the blade by placing
the slide, to which they adhere due to temperature difference, on
top (Figure 4p). The slides are kept outside the cryostat and only
enter it to collect the section, taking only those slices which are
not wrinkled.

— While obtaining sections, the slide boxes can be kept outside the
cryostat to help the tissue on the slide dry and reduce the appear-
ance of artefacts due to detachment when applying the techniques
(especially histochemical techniques).

4. Storage of specimens and sections (Figures 4 g-r):

The slides are stored in boxes (containing 25 sections, a number
sufficient for the different staining techniques) (Figure 4q) in a freezer
(-20°C) prior to histological, histochemical or immunohistochemical
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Figure 4. (a-f) Sequence of the procedure for mounting specimens for freezing. (b-1) Sequence of the procedure for freezing in isopenta-
ne cooled in liquid nitrogen. (m-r) Sequence for sectioning in cryostat and storage of slides and specimens.

staining. The slides should be dried at room temperature for about 30
minutes before staining the sections.

The frozen specimens on their cork mountings can be stored at
-70°C for an unlimited period of time and can be sectioned again (for
which they need to be acclimatised to the cryostat temperature, -20°C,
for at least 20-30 minutes), retaining their aptness for staining with
histological, histochemical and immunohistochemical techniques, and
giving satisfactory results even decades after initial freezing®. In our
laboratory, we store the specimens (both those kept at-20°C and those
kept at-70°C) wrapped in Parafilm® to prevent them from drying out and
allowing them to be sectioned in the cryostat at any time (Figure 4a).

What to do if you do not have the equipment
and resources for processing by freezing?

In this case, the procedure to follow should be the general histo-
logical technique, as used for most histological studies. This basically

consists of fixing the specimen by immersing it in a flask containing 10%
formalin for 24 hours, embedding it paraffin and sectioning it (thickness
5um) with a microtome. The sections, collected on glass slides, can
be stored indefinitely before staining, for which they first need to be
deparafined and hydrated.

Although this procedure generates important artefacts, it does not
render the muscle sections entirely useless for histological analysis. While
it does not permit enzyme histochemical techniques, it is possible to
identify fibre types by means of immunohistochemical techniques using
monoclonal antibodies against fast and slow myosins* .

Preparation of samples for electron
microscopy

The main drawbacks of examination using electron microscopy
are related to the great amount of work involved in preparing the
samples and the high cost involved. These two reasons are given for
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not using it and replacing the information it can provide with techni-
ques through which to mark the different elements which make up
muscle fibre and other elements. However, in our opinion, while the
information obtained through ultrastructural study is no substitute for
this information, it does complement and expand on it. This type of
microscopy is used when it is necessary to analyse the subcellular or
ultrastructural characteristics of the elements which make up skeletal
muscle, especially in research which requires very precise views of the
structures (Table 2). The procedure is as follows:

Shaping and mounting (Figures 5 a-f)

When the sample is received, a small fragment (no more than 5
mm thick) should be kept for processing using transmission electron
microscopy. This fragment is inserted in a well with saline (or phospha-
te buffer) for 2-5 minutes to prevent artefacts in the myofibrils due to
hypercontraction.

The fragment is cut into small cubes measuring 2 mm long by 1
mm wide (Figure 5a). These cubes are then transferred to a small tube
in which they are covered with 2.5% glutaraldehyde (Figure 5b). The
samples are so small in order to ensure that the fixative penetrates
the tissue sufficiently. The samples must be fixed for at least 48 hours
(maximum 2 weeks) and should be kept at 4°C meanwhile. After this
time, the fixative should be replaced with phosphate buffer (Figure 5¢)

Table 2. Objectives of analysis of an ultrastructural study.

Electron microscopy: ultrastructural study

General cytological features of muscle fibres:
- Basal lamina and plasma membrane.
- Myonuclei.
- Myofibrils.
- Cytoskeleton.
- Mitochondria.
- Sarcoplasmic reticulum and T system.
- Inclusions: glycogen, lipid droplets.
- Specific areas:
- Motor end plate.
» Myotendinous junction.
Satellite cells.
Interstitium:
- Capillaries.
- Pericytes.
- Interstitial cells: histiocytes, fibroblasts.
- Nerve fibres.

and stored in a refrigerator (4°C, because such a low temperature slows
down the cellularautolysis processes and anoxic changes which usually
occur in the deeper parts of the sample before fixation?). The sample
is then secondarily fixed with osmium tetroxide. The best way to send
the samples is in Eppendorf tubes with hermetic lids.

Embedment in synthetic resins, preparation of blocks
(Figure 5d)

Standardised procedures?>*# are followed to embed the samples
in synthetic resins such as araldite/epon. Following polymerisation and
demoulding of the embedment capsules (Figure 5d), the specimens are
trimmed prior to slicing.

Semithin and ultrathin sectioning (Figure 5f)

An ultramicrotome is used to obtain two types of section: semithin
(0.5-1 micron) and ultrathin (50-60 nanometres). The former are collected
on glass slides and stained with toluidine blue or p-phenylenediamine
for prior evaluation under a light microscope; sections of this type pro-
vide a view similar to an electron microscope at very low magnification,
with the advantage that they offer a much larger area of study than in
transmission electron microscopy. This also allows us to select the sec-
tions and areas which interest us for later ultrastructural analysis?’. These
sections are collected on copper grids for contrasting (or“staining”) with
uranyl acetate and lead citrate. The ultrathin sections are then analysed
under a transmission electron microscope; longitudinal sections are
recommended for ultrastructural study.

Artefacts

Anyone setting out to perform a microscopic examination should
be aware not only of the steps involved in handling and processing
histological samples of any type of tissue or organ, but also of what
we call artefacts (Figure 6). Artefacts are “errors”or “flaws” that appear in
histological preparations as the result of an inappropriate methodology
or misuse of the equipment or apparatus. Their appearance is quite
commonin histology and should be avoided because not only can they
render a study unviable, they can also be misinterpreted as lesions or
could conceal underlying pathological changes.

Figure 5. Sequence of the procedure for sample preparation for transmission electron microscopy.

R \ J
| &
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Table 3. List of recommendations to prevent the appearance of the most common artefacts due to errors in the method used to prepare

skeletal muscle samples.

Laboratory methodology for the histological study of skeletal muscle

Point in the procedure

Don’ts

Consequences

Sample taking

Don't take samples from areas near
to tendon

Overestimation of fibrosis and the percentage of
nuclear internalisation

Sample taking

Don't take samples from areas previously:
- Biopsied
- Infiltrated with local anaesthetic
- Used for EMG

Tissue necrosis, regeneration
and repair may be observed as a
result of previous damage

Send samples to the laboratory

Don’t send samples in formalin

Histochemical techniques not possible
Morphometric analysis not assessable

Processing by freezing

Don't embed the tissue in OCT

“Hole"-type artefacts appear in the more peri-
pheral muscle fibres of the sample

Processing by freezing

Don't freeze the muscle sample directly
in liquid nitrogen

Formation of ice crystals which break the muscle
fibres

Storage

Don't store the samples in the freezer
without protecting them with Parafilm®

The samples dry out and cannot be cut

Fixation for electron microscopy

Don't keep the muscle fragments in saline prior
to fixation in glutaraldehyde

Hypercontraction of myofibrils

Fixation for electron microscopy

Inadequate fixation in glutaraldehyde: too much

Mitochondrial breakage or swelling

or too little

Figure 6. Cross sections of human muscle stained with hematoxylin
and eosin, showing (a) correct freezing and (b) freezing artefacts.
Longitudinal sections of the inside of a muscle fibre under a
transmission electron microscope, with (c) relaxed myofibrils
showing their different bands and (d) myofibrils artefacted by
hypercontraction.

In the case of skeletal muscle, artefacts are produced throughout
the process, especially during freezing, possibly raising doubts about
the reliability of the data obtained or even making study impossible. If
this occurs, biopsies may need to be repeated or experimental animals
may need to be used for study and both these solutions are ethically

questionable. Knowledge of artefacts, how they are produced and how
to solve them, therefore, is essential in order to obtain the best possible
microscopic preparations and guarantee analysis of the highest quality
(Table 3).

Conclusions

Knowledge of and adherence to the methodology for processing
skeletal muscle samples for microscopic analysis ensures quality ma-
terial and facilitates reliable results for trustworthy, precise evaluation.
This sample processing by freezing methodology allows us to obtain
samples suitable for a wide range of histological, histochemical and
immunohistochemical techniques which, with the use of different types
of microscopes, offer a more complete vision of muscle histology and,
therefore, provide us with an essential aid to find out more about the
responses of muscles in the field of medicine and sports traumatology.
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en la pagina web del Congreso: http://www.femede.
es/congresotoledo2018/“Formato de comunicacion
cientifica”

Titulo: I titulo deberd ser breve (maximo de 15
palabras) y especifico. Debe reflejar el contenido de
la presentacion. No use abreviaturas en el titulo. Se
escribird en letras mayusculas, usando el tamano 12
del tipo de letra Arial.

Autores: Se escribird, en minusculas, el apellido
seguido, sin coma, de la inicial del nombre de cada
autor, separados por comas.

Centro: Indicar el centro de trabajo de los autores. Si
son varios, indicar con un nimero superindice.

Preferencia de presentacion: Seleccionar con un
asterisco el tipo de presentacion a la presenta la
comunicacion cientifica.

Texto: La extension maxima del texto es de 300 pa-
labras 0 3.000 caracteres. Se escribird en minusculas,
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usando el tamano 10 de la letra Arial. Se evitaran abre-
viaturas no explicadas. Se escribirad el contenido del
resumen cientifico sin repetir el titulo de la Comunica-
ciony ajustandose al siguiente esquema: introduccion,
material y métodos, resultados y conclusiones.

Respetando la extension maxima del texto se pueden
incluir tablas, graficos o imagenes.

Es obligatorio indicar un méaximo de tres palabras
clave.

Los abstracts deben incluir informacién especifica
sobrelos resultados y las conclusiones de la investiga-
cién. No se aceptaran abstracts que establezcan que
“se discutiran los resultados”.

Notificacion de la recepcion de
la comunicacion cientifica

En el plazo de 15 dias, Vd. recibird la confirmacion de re-
cepcion de la comunicaciéon por parte de la Secretaria del
Congreso. Sino larecibiera, no vuelva a remitir la comunica-
cidny envie un mensaje electrénico: congresos@femede.es.

Inscripcion del responsable de
la comunicacion cientifica

Cada persona puede presentar dos comunicaciones
cientificas como maximo (comunicacion oral o péster:
presentacion interactiva). En caso de ser aceptadas
ambas, sélo una de ellas podra ser presentada como
comunicacion oral.

Los autores (CADA UNO PUEDE PRESENTAR DOS TRA-
BAJOS) que presenten una comunicacion cientffica
(comunicacion oral o poster-presentacion interactiva)
y ésta haya sido aceptada, deben haberse registrado
y haber pagado los derechos de inscripcion del
Congreso antes del 25 de octubre de 2018.En caso
contrario su comunicacion cientffica (comunicacion
oral o péster-presentacion interactiva) serd eliminada
del programa y del libro de abstracts.

Cada autor puede FIRMAR todos los trabajos que
quiera.

No hay limitacion en el nimero de comunicaciones
que puede aparecer una misma persona.

Presentacion de la comunicacion oral

Las Comunicaciones Orales tendran un tiempo de
presentacion de 8 minutos. Al final de cada sesion
habra un turno de preguntas.

Todas las exposiciones orales se haran en formato
Powerpoint, debiendo estar en posesion del respon-
sable de las Comunicaciones de la organizacion el dia
anterior a la presentacién de la misma.

Se limita a un maximo de 12 el nimero de diapo-
sitivas de la presentacion de powerpoint.

Poster (presentacion interactiva)

Sisu abstract se acepta, pero no se puede ajustar a una pre-
sentacion en forma de Comunicacion Oral, se le propondré
presentarlo en forma de poster-presentacion interactiva,
déndole un tiempo para su preparacion.

Presentacion del poster (presentacion
interactiva)

Para la elaboraciéon del poéster (presentacion interactiva)
debe seguir las siguientes instrucciones que son de obli-
gado cumplimiento:

Formato Microsoft Powerpoint.
Hasta 12 diapositivas, de las cuales:

- La primera: debe contener titulo, autores, centro
de trabajo.

- La Ultima: debe contener titulo vy la palabra FIN o
expresion similar que indique que la presentacion
ha concluido.

- La penultima o las dos penultimas deben contener
las conclusiones.

Fondo de diapositivas: color neutro y uniforme.

Texto de diapositivas: color que contraste con el
fondo.
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En lo posible evitar incluir videos en las diapositivas,
si se hiciera deberfa ser en formato .wmv y se de-
berd incluir en un subdirectorio/carpeta que enlace
automaticamente con la presentaciéon remitida. Si el
video no enlazara con la presentacion, no se editara
por parte de la organizacion para corregir el error.

La organizacion se reserva el derecho de ocultar
diapositivas que incluyan contenidos inapropiados
o inadecuadamente referenciados.

El uso de cualquier imagen que no sea de la autoria
del/de los firmante/firmantes de la presentacion de-
berd contener referencia a (y eventualmente permiso
de) su autor en la misma presentacion o bien podra
ser retirada de la misma y en todo caso la organiza-
cién no se hara responsable en ningun caso de las
consecuencias del uso inapropiado de aquellas.

Se cuidara de igual manera de incluir las referencias
bibliograficas oportunas en pequefo tamano de
letra, pero que sea legible.

El abstract debe remitirse preparado tal como se
indica anteriormente (Forma de preparacion del
abstract).

Una vez que se le confirme que su comunicacion
cientifica ha sido aceptada para ser presentada en
forma de poster (presentacion interactiva) debe
enviar el documento electronico (.Ppt):

- Trabajos destinados por el autor directamente a
poster (presentacion interactiva): antes del 14 de
septiembre de 2018.

- Trabajos destinados por el autor a Comunicacion
Oraly que el Comité Cientifico destina a poster (pre-
sentacion interactiva): antes del 20 de septiembre
de 2018.

El documento electrénico (.Ppt): debe enviarse a la
direccion electronica del Congreso:
congresos@femede.es.

Certificaciones

Tras la presentacion de la comunicacion oral o la defensa del
poster en el modo en que se indique se entregard un Unico
certificado al responsable de la comunicacion cientifica.

Publicacion de los trabajos cientificos

Los abstracts de los trabajos cientificos (comunicaciones
orales y poster) aceptados y presentados en el XVII Con-
greso Nacional de la Sociedad Espafola de Medicina del
Deporte seran publicados en la revista Archivos de Medi-
cina del Deporte, publicacién cientifica de esta especiali-
dad y revista oficial de la Sociedad Espafola de Medicina
del Deporte, que tiene una periodicidad de publicacién
bi-mensual.
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PREMIOS

Los inscritos en el Congreso que presenten comunica-
ciones podran optar al Premio a la Mejor Comunicacion
oral del Congreso.

Para optar al premio SE DEBE HACER CONSTAR
EXPLICITAMENTE QUE SE OPTA A PREMIO en carta
dirigida al presidente del Comité Cientifico y adjuntar
al Resumen remitido. En este caso, ademas de enviar el
Formato del Resumen de Comunicacion Cientifica, se
debe de mandar el trabajo completo en el plazo de pre-
sentacion de las Comunicaciones Cientificas, presentado
seguin las normas de publicacion de la revista Archivos de
Medicina del Deporte.

Los trabajos que se presentan en formato de pdster
(presentacion interactiva) no optan a premio.

Eltrabajo que obtenga la segunda mejor puntuacion,
y supere en nivel de calidad exigible, serd dotado con un
accésit a la Mejor Comunicacion del Congreso.

Dotacion de los premios

Premio a la Mejor Comunicacién Oral
del Congreso:
Dotacion economica: 1.500 euros.
Certificado acreditativo.
Publicaciéon en la revista Archivos de Medicina del
Deporte con indicacion del premio obtenido.

Accésit a la Mejor Comunicacion Oral del Congreso:
Dotacion economica: 1.000 euros.
Certificado acreditativo.
Publicacion en la revista Archivos de Medicina del
Deporte con indicacion del premio obtenido.

Los trabajos premiados serdn publicados en la revista
Archivos de Medicina del Deporte y se aceptara la revision
efectuada por el Comité Cientifico.

Los premios podran ser declarados desiertos si no
alcanzan el nivel de calidad exigible.
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INFORMACION GENERAL
Fecha 29-30 de noviembre y 1 de diciembre de 2018

Lugar Hotel Beatriz Toledo Auditorium
C/ Concilios de Toledo, s/n. 45005 Toledo
Teléfono: +34 925 26 91 00
Pagina web: http://www.beatrizhoteles.com/es/beatriz-toledo.html

Secretaria Cientifica Sociedad Espaiiola de Medicina del Deporte
Apartado de correos 1207. 31080 Pamplona
Teléfono: +34 948 26 77 06 — Fax: +34 948 17 14 31
Correo electrénico: congresos@femede.es
Pagina web: http://www.femede.es/congresotoledo2018/

Secretaria Técnica Viajes El Corte Inglés S.A.
Division Eventos Deportivos
C/ Tarifa, n° 8. 41002 Sevilla
Teléfono: 4+ 34 954 50 66 23
Correo electronico: areaeventos@viajeseci.es
Personas de contacto: Marisa Sirodey v Silvia Herreros

Idioma oficial El lenguaje oficial del Congreso es el espafiol.
Traduccién simultanea de sesiones plenarias y ponencias.

DERECHOS DE INSCRIPCION

Antes del Del 1/8/2018al Desdeel 9/11/2018

31/8/2018 8/11/2018 y en Congreso

Cuota general 350 euros 450 euros 500 euros
SEMED-FEMEDE 300 euros 400 euros 450 euros
Médicos MIR, doctorandos y becarios de investigacion* 300 euros 400 euros 450 euros
Médicos MIR, doctorandos y becarios de investigacion®

que presenten comunicacion cientifica 250 euros 400 euros 450 euros
Dietistas/Nutricionistas®™* 300 euros 400 euros 450 euros
AEF*** 300 euros 400 euros 450 euros

*Es necesaria acreditacion. Sin certificacion se cobrard la cuota general.

**Dietistas-nutricionistas de asociaciones o colegios autonémicos de todo el territorio espafol. Es necesaria acreditacion. Sin certificacion se
cobrara la cuota general.

***AEF: Asociacion Espafiola de Fisioterapeutas. Es necesaria acreditacion. Sin certificacion se cobrard la cuota general.

Cuota general, SEMED-FEMEDE, MIR, Dietistas/Nutricionistas, AEF. Incluye |a asistencia a todas las sesiones cientificas,
la documentacién del congresista, los cafés, las comidas de trabajo v la exposicion comercial.




Books

PLAN DE MULTIPLES FASES PARA
CONSEGUIR EL EXITO EN EL TRIATLON

ENTRENAMIENTO,F’AF\’A

TRIATLON

e TU PRIMER TRIATLON

@ LINDA CLEVELAND ® KRIS SWARTHOUT

ENTRENAMIENTO
FUNCIONAL

Ejercicios y programas & A
de entrenamiento 3

para conseguir el

maximo rendimiento

Juan Carlos «JC» Santané <)

Entrenamiento en Suspension
!
< v’

N
> Y

v

Los mejores ejercicios
y los programas
mas eficaces

Jay Dawes

ENTRENAMIENTO PARA TRIATLON. TU PRIMER TRIATLON

Por: Linda Cleveland y Kris Swarthout

Edita: Ediciones Tutor-Editorial El Drac.

Impresores 20. P.E. Prado del Espino. 28660 Boadilla del Monte. Madrid.
Telf. 915 599 832 - Fax: 915 410 235

E-mail: info@edicionestutor.com Web: www.edicionestutor.com

Madrid 2018, 264 paginas. P.V.P.: 21 euros

Natacion, ciclismo y carrera a
pie. Si la combinacion de estos tres
términos, emociona al lector enton-
ces necesita este libro. Escrito por los
expertos de USA Triathlon (USAT), la
mayor organizacién multideportiva
del mundo, este libro proporciona
estrategias, secretos y consejos con los
que prepararse para el primer triatlén

de distancia esprint o de distancia
olimpica.

No es otro programa generalis-
ta aplicable a todos los casos y sin
especificidad alguna, se trata de un
entrenamiento global. El libro ha sido
concebido para que el deportista
se centre en el entrenamiento que
mas necesita. Se establece un nivel

de partida en cada una de las tres
modalidades: natacién, ciclismo y
carrera a pie. Se exponen los niveles
de entrenamiento de bronce, plata y
oro para cada modalidad, que ademds
se combinan y adaptan a la medida
de sus necesidades, objetivos y estilo
de vida.

ENTRENAMIENTO FUNCIONAL

Por: Juan Carlos Santana

Edita: Ediciones Tutor-Editorial El Drac.

Impresores 20. P.€. Prado del Espino. 28660 Boadilla del Monte. Madrid.
Telf. 915 599 832 - Fax: 915 410 235

€-mail: info@edicionestutor.com Web: www.edicionestutor.com

Madrid 2018, 296 paginas. P.V.P.: 29,95 euros

El autor presenta un enfoque
revolucionario de los métodos de
entrenamiento y acondicionamiento
fisico que, seguro, mejoraran la capa-
cidad funcional en cualquier actividad
fisica o deporte. Este libro aborda los
Ultimos avances, un gran numero de
ejercicios y los programas de eficacia
probada que pueden seguirse o in-
corporarse al plan de entrenamiento.
Ofrece una programacién con ejerci-

cios de fuerza, resistencia, potencia y
ejercicios para deportes especificos;
es una excelente obra completa para
cualquier deportista, entrenador o
preparador fisico.

El libro abarca los conceptos,
los ejercicios, las progresiones y la se-
cuenciacion sobre los que se basan los
programas de entrenamiento funcional,
cubriendo las necesidades de once
deportes, y presenta 135 ejercicios

empleando el propio peso corporal,
bandas eldsticas y poleas, mancuernas
y kettlebells, balones medicinales y
balones de estabilidad. Por medio de
evaluacién y andlisis, se identifican los
movimientos y musculos implicados en
los distintos deportes, para asi seleccio-
nar los mejores ejercicios y programas
basandose en los resultados que se
desean y en los objetivos marcados
para el rendimiento.

GUIA COMPLETA DEL ENTRENAMIENTO EN SUSPENSION CON EL TRX

Por: Jay Dawes

Edita: Ediciones Tutor-Editorial El Drac.

Impresores 20. P.E. Prado del Espino. 28660 Boadilla del Monte. Madrid.
Telf. 915 599 832 - Fax: 915 410 235

E-mail: info@edicionestutor.com Web: www.edicionestutor.com

Madrid 2018, 224 paginas. P.V.P.: 29,95 euros

El entrenamiento en suspension
es excelente para aumentar la fuerza,
la potencia, la estabilidad del core,
la flexibilidad y el equilibrio. Es el
método empleado por los mejores
entre los mejores: desde los prepa-
radores fisicos hasta los deportistas
de élite con los que trabajan, el
entrenamiento en suspension es un

componente apreciadoy esencial de
los programas de acondicionamiento
fisico. Ahora, el mayor experto en este
tipo de entrenamiento comparte con
los lectores los ejercicios y programas
de entrenamiento en suspensién mas
actuales.

Este libro es la gufa autorizada
sobre el entrenamiento en suspension.

Esta obra es tan completa que se ha
ganado el respaldo de TRX. Este es un
recurso Unico en su género, disenado
para llevar los programas de entre-
namiento hasta niveles nunca vistos.
Incluye instrucciones completas de
117 ejercicios, con secuencias fotogra-
ficas, variantes y recomendaciones de
seguridad.

272

Arch Med Deporte 2018;35(4):272



Agenda

8th International Posture
Symposium

XXXV Congreso Mundial de
Medicina del Deporte

59° Congreso Peruano de Ortopedia
y Traumatologia

28° Congress European Society for
surgery of the shoulder and the
elbow (SECEC-ESSSE)

Xl Congress Société Francaise de
Médecine de I’Exercice et du Sport
(SFMES)

10" edition of the 10C Advanced
Team Physician Course

55 Congreso SECOT

International symposium on
Preventing Childhood Obesity in
Preschoolers

5th International Scientific
Tendinopathy Symposium (ISTS)

EFAD (European Federation of the

Associations of Dietitians)
Conference

14th TUSYAD (Turkish Society of
Sports Traumatology, Arthroscopy
and Knee Surgery)

VIl Congreso Iberoamericano de
Psicologia del Deporte

XXVIII Congreso AMLAR 2018 -
Asociacion Medica Latinoamericana
de Rehabilitacion

49 Congreso Nacional de
Podologia

Il Congreso de Alimentacion,
Nutricion y Dietética

Strength Sports Conference

7th International Society for
Physical Activity and Health
Congress (ISPAH)

XLI Congreso de la Sociedad Ibérica
de Biomecdnica y Biomateriales

9-12 Septiembre
Smolenice (Eslovaquia)

web: http://www.posture.sk/

12-15 Septiembre
Rio de Janeiro (Brasil)

web: www.fims.org

13-15 Septiembre
Lima (Peru)

www.spotrauma.org/

19-22 Septiembre
Ginebra (Suiza)

web: www.secec.org

20-22 Septiembre
Le Havre (Francia)

web: www.sfmes.org

25-27 Septiembre
Marrakech (Marruecos)

web: www.ioc-preventionconference.org/atpc2018/

26-28 Septiembre
Valladolid

web: www.secot.es

27-28 Septiembre
Salzburgo (Austria)

web: http://www.salto-salzburg.at/english/symposium/
home.html

27-29 Septiembre
Groningen (Paises Bajos)

web: http://ists2018.com/

28-29 Septiembre
Rotterdam (Paises Bajos)

web: http://efadconference.com/

2-6 Octubre
Antalya (Turquia)

web: www.tusyad2018.org/en.html

3-5 Octubre
Las Condes (Chile)

web: www.postgradounab.cl/actividades/vii-congreso-
iberoamericano-de-psicologia-del-deporte/

3-6 Octubre
Guayaquil (Ecuador)

web: http://amlar2018.com/

5-6 Octubre
Santiago de Compostela

E-mail: comiteorganizador@49congresopodologia.com
E-mail: podologia2018@compostelacongresos.com

5-6 Octubre
Madrid

web: http://www.congresoand.com/2018/

8-11 Octubre
Stellenbosch (Sudéfrica)

E-mail: mimibotha@sun.ac.za

15-17 Octubre
Londres (Reino Unido)

web: www.ispah2018.com/

19-20 Octubre
Madrid

web: https://sibb2018.wixsite.com/madrid
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Agenda

Il Jornadas de cirugia del pie y
tobillo: pie plano del adulto

Congreso Internacional
Cubamotricidad 2018

XXIX Congreso Mexicano de
Ortopedia y Traumatologia

VIl Congreso Internacional de
Entrenadores de PiragUismo de
Aguas Tranquilas y | Congreso
Internacional de Slalom

55° Congreso Argentino de
Ortopedia y Traumatologia

VIl Congreso Asociacion
Hispanoamericana de Médicos
del Fotbol

2as Jornadas Nacionales SETRADE
7° Congreso Mundial del Deporte
Escolar, Educacion Fisica y

Psicomotricidad

CIENMEDE 2018 - Ciencias

Aplicadas a la Medicina del Deporte

XVIII Congreso latinoamericano
de Nutricion (SLAN) 2018

50 Congresso Brasileiro de
Ortopedia e Traumatologia

X Congreso de la Asociacion
Espanola de Ciencias del Deporte

XIl World Congress on Mountain
Medicine

XVII Congreso Nacional de
la SEMED-FEMEDE

5th International Conference of
Physical Education and Sports
Science

2nd International Conference on
Sports Medicine & Sports Sciences

XXV Congreso Mexicano de

Fisica y Rehabilitacion y el 2°
Congreso Internacional “Actualiza-
cién en Rehabilitacién” 2018

2019

BKAM 2019: Barcelona associated
Knee Meeting

XVI Congreso Nacional de
Psicologia de la Act. Fisica y del
Deporte

19-20 Octubre
Murcia

web: www.clinictrauma.es

22-26 Octubre
La Habana (Cuba)

web: http://cubamotricidad.inder.gob.cu

24-27 Octubre
Merida-Yucatan (México)

web: http://www.femecot.com/

26-28 Octubre
Catoira (Pontevedra)

web: www.congresocatoira.es

1-4 Noviembre
Rosario-Santa Fe (Argentina)

web: http://congresoaaot.org.ar/

3-4 Noviembre
Lima (Peru)

web: http://hispamef.com/

8-9 Noviembre
Vitoria

web: www.setrade.org

8-10 Noviembre
A Coruna

web: www.sportis.es/congresos

12 -15 Noviembre
La Habana (Cuba)

web: www.cienmedecuba.com/

11-15 Noviembre
Guadalajara (México)

web: www.slaninternacional.org

15-17 Noviembre
Rio de Janeiro (Brasil)

http://cbot2018.com.br/

21-23 Noviembre
La Coruia

web: www.aecdcoruna2018.com

21-24 Noviembre
Kathmandu (Nepal)

web: http://ismm2018.org/

29 Noviembre-1 Diciembre
Toledo

web: www.femede.es

4-6 Diciembre
Cappadocia (Turquia)

web: https://icpess2018.nevsehir.edu.tr/

5-7 Diciembre
Nueva Delhi (India)

E-mail: saicon2delhi2018@gmail.com

5-8 Diciembre
Cancin (México)

web: http://congresorehabilitacion2018.mx/

6-9 Febrero web: www.bkam.info

Barcelona

13-16 Marzo web: www.psicologiadeporte.org
Zaragoza
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Agenda

XXXVI Congresso FMSI: “Eta 27-29 Marzo web: www.fmsi.it/
biologica, eta anagrafica” Roma (ltalia)

2019 AMSSM Annual Meeting 12-17 Abril web: https://www.amssm.org/
Houston (EEUU)

12th Biennial ISAKOS 12-16 Mayo web: www.isakos.com
Cancun (México)

VIl Congreso Iberoamericano de 3-5 Julio web: http://www.academianutricionydietetica.org/
Nutricién Pamplona congreso.php?id=7#

24th Annual Congress of the 3-6 Julio E-mail: office@sport-science.org
European College of Sport Science Praga (Rep. Checa)

13th Congreso Mundial de la 9-13 Julio web: http://www.isprm.org
International Society of Physical Kobe (Japén)
and Rehabilitation Medicine

9th VISTA Conference 4-7 Septiembre web: www.paralympic.org/news/amsterdam-host-
Amsterdam (Paises Bajos) vista-2019

14th International Congress of 17-20 Septiembre web: www.icses2019.org
shoulder and elbow surgery Buenos Aires (Argentina)
(ICSES)

5th World Conference on Doping 5-7 Noviembre web: http://www.wada-ama.org/
in Sport Katowice (Polonia)

11th European Congress on Sports 3-5 Octubre web: http://www.efsma.eu
Medicine Portorose (Eslovenia)

10C World Conference Prevention 12-14 Marzo web: http://ioc-preventionconference.org/
of Injury & lliness in Sport Ménaco (Principado de Ménaco)

25th Annual Congress of the 1-4 Julio E-mail: office@sport-science.org

European College of Sport Science Sevilla

International Congress of Dietetics 15-18 Septiembre web: http://www.icda2020.com/
Cape Town (Suddfrica)

XXXVI Congreso Mundial de 24-27 Septiembre web: www.globalevents.gr

Medicina del Deporte Atenas (Grecia)

26th TAFISA World Congress 13-17 Noviembre web: www.icsspe.org/sites/default/files/e9_
Tokyo (Japén) TAFISA%20World%20Congress%202019_Flyer.pdf

26th Annual Congress of the 7-10 Julio E-mail: office@sport-science.org

European College of Sport Science Glasgow (Reino Unido)

22nd International Congress of 14-19 Septiembre web: http://icn2021.0rg/

Nutrition (ICN) Tokyo (Japén)

European Federation of Sports 28-30 Octubre web: http://efsma.eu/

Medicine Associations (EFSMA) Budapest (Hungria)

Conference 2021
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Cursos on-line SEMED-FEMEDE

Curso “ENTRENAMIENTO, RENDIMIENTO, PREVENCION Y PATOLOGIA DEL CICLISMO”

Curso dirigido a los titulados de las diferentes profesiones sanitarias y a los titulados en ciencias de la actividad fisica y el
deporte, destinado al conocimiento de las prestaciones y rendimiento del deportista, para que cumpla con sus expectativas
competitivas y de prolongacién de su préctica deportiva, y para que la préctica deportiva minimice las consecuencias que
puede tener para su salud, fanto desde el punto de vista médico como lesional.

Curso “ELECTROCARDIOGRAFIA PARA MEDICINA DEL DEPORTE”

ACREDITADO POR LA COMISION DE FORMACION CONTINUADA (ON-LINE 1/5/2018 A 1/5/2019) CON
2,93 CREDITOS

Curso dirigido a médicos destinado a proporcionar los conocimientos especificos para el estudio del sistema cardiocirculatorio
desde el punto de vista del electrocardiograma (ECG).

Curso “FISIOLOGIA Y VALORACION FUNCIONAL EN EL CICLISMO”

Curso dirigido a los titulados de las diferentes profesiones sanitarias y a los titulados en ciencias de la actividad fisica y
el deporte, destinado al conocimiento profundo de los aspectos fisiolégicos y de valoracién funcional del ciclismo.

Curso “AYUDAS ERGOGENICAS”

Curso abierto a todos los interesados en el tema que quieren conocer las ayudas ergogénicas y su utilizacién en el deporte.

Curso “CARDIOLOGIA DEL DEPORTE”

ACREDITADO POR LA COMISION DE FORMACION CONTINUADA (ON-LINE 1/5/2018 A 1/5/2019) CON
6,60 CREDITOS

Curso dirigido a médicos destinado a proporcionar los conocimientos especificos para el estudio del sistema cardiocirculatorio
desde el punto de vista de la actividad fisica y deportiva, para diagnosticar los problemas cardiovasculares que pueden afectar
al deportista, conocer la aptitud cardiolégica para la préctica deportiva, realizar la prescripcién de ejercicio y conocer y

diagnosticar las enfermedades cardiovasculares susceptibles de provocar la muerte stbita del deportista y prevenir su aparicién.

Curso “ALIMENTACION, NUTRICION E HIDRATACION EN EL DEPORTE”

Curso dirigido a médicos destinado a facilitar al médico relacionado con la actividad fisica y el deporte la formacién precisa
para conocer los elementos necesarios para la obtencién de los elementos energéticos necesarios para el esfuerzo fisico y para
prescribir una adecuada alimentacién del deportista.

Curso “ALIMENTACION Y NUTRICION EN EL DEPORTE”

Curso dirigido a los titulados de las diferentes profesiones sanitarias (existe un curso especifico para médicos) y para los titulados
en ciencias de la actividad fisica y el deporte, dirigido a facilitar a los profesionales relacionados con la actividad fisica y el
deporte la formacién precisa para conocer los elementos necesarios para la obtencién de los elementos energéticos necesarios
para el esfuerzo fisico y para conocer la adecuada alimentacién del deportista.

Curso “ALIMENTACION Y NUTRICION EN EL DEPORTE” Para Diplomados y Graduados en
Enfermeria

ACREDITADO POR LA COMISION DE FORMACION CONTINUADA (NO PRESENCIAL 15/12/2015 A 15/12/2016)
CON 10,18 CREDITOS

Curso dirigido a facilitar a los Diplomados y Graduados en Enfermeria la formacién precisa para conocer los elementos
necesarios para la obtencién de los elementos energéticos necesarios para el esfuerzo fisico y para conocer la adecuada
alimentacién del deportista.

Curso “CINEANTROPOMETRIA PARA SANITARIOS”

Curso dirigido a sanitarios destinado a adquirir los conocimientos necesarios para conocer los fundamentos de la
cineantropometria (puntos anatémicos de referencia, material antropométrico, protocolo de medicién, error de medicién,
composicién corporal, somatotipo, proporcionalidad) y la relacién entre la antropometria y el rendimiento deportivo.

Curso “CINEANTROPOMETRIA”

Curso dirigido a todas aquellas personas interesadas en este campo en las Ciencias del Deporte y alumnos de Gltimo
afio de grado, destinado a adquirir los conocimientos necesarios para conocer los
fundamentos de la cineantropometria (puntos anatémicos de referencia, material

antropométrico, protocolo de medicién, error de medicién, composicién corporal,
somatotipo, proporcionalidad) y la relacién entre la antropometria y el rendimiento

deportivo. Maés informacioén:

www.femede.es

276 Arch Med Deporte 2018;35(4):273-276



Guidelines of publication

Guidelines of publication Archives of Sports Medicine

The ARCHIVES OF SPORTS MEDICINE Journal (Arch Med Deporte)
with ISSN 0212-8799 it is the official publication of the Spanish Federa-
tion of Sports Medicine. It publishes original works on all of the aspects
related to Medicine and Sports Sciences from 1984. It has been working
uninterruptedly with a frequency of three months until 1995 and two
months after then. It's a Journal that uses fundamentally the system of
external review by two experts (peerreview). It includes regularly arti-
cles about clinical or basic investigation, reviews, articles or publishing
commentaries, brief communications and letters to the publisher. The
works may be published in SPANISH or in ENGLISH. The submission of
papers in English will be particularly valued.

Occasionally communications accepted for presentation will be
published in the Federation’s Congresses.

The Editorials will only be published after request by the Editor.

The manuscripts admitted for publication will become property
of FEMEDE and their total or partial reproduction shall be properly
authorized. All the authors of the works will have to send a written
letter conceding these rights as soon as the article has been accepted.

Submit of manuscripts

1. The papers must be submitted, on the Editor Chief's attention,
written in double space in a DIN A4 sheet and numbered in the
top right corner. Itis recommended to use Word format, Times New
Roman font size 12.They shall be sent by e-mail to FEMEDE's e-mail
address: femede@femede.es.

2. Onthe first page exclusively and by this order the following data will
figure: work's title (Spanish and English), authors'name and surname
by this order: first name, initial of the second name (in case there
is), followed by the first surname and optionally by the second one;
Main official and academic qualifications, workplace, full address
and responsible for the work or first author’s e-mail address for the
correspondence. Also supports received for the accomplishment
of the study -by scholarships, equipments, medicaments, etc- will
be included.

A letter in which the first author on behalf of all signatories to the
study, the assignment of the rights of total or partial reproduction
of the article, if accepted for publication shall be attached.

Furthermore, attachment, the consignor will propose up to four
reviewers to the editor may be used if necessary. In the proposed,
one at least shall be responsible for the different nationality work.
Reviewers signatory institutions work will not be accepted.

3. On the second page the summary of the work will appear both in

Spanish and English, and will have an extension of 250-300 words.
[t will include the intention of the work (motive and aims of the
research), used methodology, the most out-standing results and
the principal conclusions. It must be written in such a way that it
allows understanding the essence of the article without reading
it completely or partially. At the bottom of every summary from
three to ten key words will be specified in Spanish and English
(keyword), derived from the Medical Subject Headings (MeSH) of
the National Library of Medicine (available in: http://www.nlm.nih.
gov/mesh/MBrowser.html).

4. The extension of the text will change according to the section to

which it is destined:

a. Original report: maximum 5.000 words, 6 figures and 6 tables.

b. Reviews articles: maximum 5.000 words, 5 figures and 4 tables.
In case of needing a wider extension it is recommended contact
the journal Editor.

c. Editorials: they will be written by order of the Editorial Board.

d. Letters to the Editor: maximum 1.000 words.

. Structure of the text: it will change according to the section to

which it is destined:

a. ORIGINALS REPORTS: It will contain an introduction, which
will be brief and will contain the intention of the work, written
in such a way that the reader can understand the following text.
Material and method: the material used in the work, human
or of experimentation, will be exposed, as well as its characte-
ristics, criteria of selection and used techniques, facilitating the
necessary data, bibliographical or direct, in order to allow the
reader to repeat the experience shown. The statistical methods
will be described in detail.

Results: They report, not interpret, the observations made with
the material and method used. This information can be published
in detail in the text or by tables and figures. Information given in
the tables or figures must not be repeated in the text.
Discussion: The authors will expose their opinions about the
results, their possible interpretation, relating the observations
to the results obtained by other authors in similar publications,
suggestions for future works on the topic, etc. Connect the con-
clusions with the aims of the study, avoiding free affirmations
and conclusions not supported by the information of the work.
The acknowledgments will appear at the end of the text.

Arch Med Deporte 2018;35(4):277-278 277



b. REVIEWS ARTICLES: The text will be divided in as much para-
graphs as the author considers necessary for a perfect compre-
hension of the treated topic.

c. LETTERS TO THE EDITOR: Discussion of published papers in
the last two issues, with the contribution of opinions and expe-
riences briefed in a 3 DIN A4 size sheets, will have preference in
this Section.

d. OTHERS: Specific sections commissioned by the Journal’s Edi-
torial Board.

. Bibliography: it will be presented on sheets apart and will be

shown by order of appearance in the text, with a correlative nu-
meration. In the article text the quote’s number will always figure
between parentheses, followed or not by the authors'name; if they
are mentioned, in case the work was made by two authors both of
them will figure, and if there are more than two authors only the
first will figure, followed by ‘et al”.

There will not be included in the bibliographical appointments

personal communications, manuscripts or any not published

information.

The official citation for the journal Archives of Sports Medicine is

Arch Med Sport.

References will be exposed in the following way:

- Journal: order number; surnames and name’s initial of the
article authors with no punctuation and separated between
them with a comma (if the number of authors is higher than six,
only the six first will figure, followed by “et al"); work’s title in its
original language; abbreviated magazine name, sequn the World
Medical Periodical; year of publication; volume number; first and
last page of the quoted extract. Example: Calbet JA, Radegran
G, Boushel R and Saltin B. On the mechanisms that limit oxygen
uptake during exercise in acute and chronic hypoxia: role of
muscle mass. J Physiol. 2009;587:477-90.

- Book chapter: Authors, chapter title, editors, book title, city,
publishing house, year and number of pages. Example: Iselin E.
Maladie de Kienbock et Syndrome du canal carpien. En: Simon L,
AlieuY.Poignet et Medecine de Reeducation. Londres : Collection
de Pathologie Locomotrice Masson; 1981. p162-6.

- Book. Authors, title, city, publishing house, year of publication,
page of the quote. Example: Balius R. Ecografia muscular de la
extremidad inferior. Sistemdtica de exploracion y lesiones en el
deporte. Barcelona. Editorial Masson; 2005. p 34.

- World Wide Web, online journal. Example: Morse SS. Factors in
the emergence of infectious diseases. Emerg Infect Dis (revista
electronica) 1995 JanMar (consultado 0501/2004). Available in:
http://www.cdc.gov/ncidod/EID/ eid.htm

. Tables and figures. Tables and figures will be sent on separate

files in JPEG format. Tables will also be sent in word format.
Tables shall be numbered according to the order of appearance in

Guidelines of publication

the text, with the title on the top and the abbreviations described
on the bottom. All nonstandard abbreviations which may be used
in the tables shall be explained in footnotes.

Any kind of graphics, pictures and photographies will be denomi-
nated figures. They must be numbered correlatively by order of
appearance in the text and will be sent in black and white (except
in those works in which colour is justified). Color printing is an
economic cost that has to be consulted with the editor.

All tables as well as figures will be numbered with Arabic numbers
by its order of appearance in the text.

At the end of the text document the tables and figures captions
will be included on sheets apart.

8. The Archives of Sports Medicine Editorial Staff will communicate the
reception of submitted works and will inform about its acceptance
and possible date of publication.

9. Archives of Sports Medicine, after hearing the reviewers' sugges-
tions (journal uses peer correction system), may reject the works
which doesn't find suitable, or indicate the author the modifications
which are thought to be necessary for its acceptance.

10.The Archives of Sports Medicine Editorial Boad is not responsible
for the concepts, opinions or affirmations supported by the works
authors.

11.Submissions of the papers: Archives of Sports Medicine. By e-mail
to FEMEDE'S e-mail address: femede@femede.es. The submit will
come with a presentation letter on which the work’s exam for its
publication in the Journal will be requested, the sent article type
will be specified, and it will be certified by all authors that the work
is original and it has not been partially or totally published before.

Conflicts of interests

If there should be any relation between the work’s authors and
any public or private entity, from which a conflict of interests could
appear, it must be communicated to the Editor. Authors shall fulfil a
specific document.

Ethics

All authors that sign the articles accept the responsibility defined
by the World Association of Medical Editors.

The papers sent to the Archives of Sports Medicine Magazine for
evaluation must have been elaborated respecting the international
recommendations about clinical and laboratory animals’ researches,
ratified in Helsinki and updated in 2008 by the American Physiology.

For the performance of controlled clinic essays the CONSORT nor-
mative shall be followed, available at http://www.consort-statement.
org/

278

Arch Med Deporte 2018;35(4):277-278



UCAM Universidad Catodlica San Antonio de Murcia

Campus de los Jerénimos,
Ne 135 Guadalupe 30107

UNIVERSIDAD

CATOLICA DE MURCIA

(Murcia) - Espana

TIf: (+34)968 27 88 01 - info@ucam.edu




Wobenzym® plus
Terapia enzimatica sistémica

La eficacia de un AINE,
con la tolerabilidad de
un placebo

e Alivio de la inflamaciéon mediante un
mecanismo de accién causal 124,

e Eficacia equivalente a AINE's °.
* Menos efectos adversos que los AINE's.

CN 170869.4

INDICACIONES:
e | esiones musculares®

* Wobenzym Plus contribuye a una mejora o Lesiones ligamentosas 10
del estado de salud y a una mayor e Traumatismos !
sensacion de bienestar en comparacion e Artrosis 12
con AINES 78, ¢ |ntolerantes a los AINE’s

Referencias bibliograficas:
1. Klein G, Kullich W. Reducing pain by oral enzyme therapy in rheumatic diseases. Wien Med Wochenschr 1999;149(21-22):577-580.2. Gregory, S, Kelly, ND. Bromelain: A

Literature Review and Discussion of its Therapeutic Applications. Alt Med Rev 1996;1(4):243-257. 3. Roep BO, van den Engel NK, van Halteren AGS, Duinkerken G, Martin S.
Modulation of autoimmunity to beta-cell antigens by proteases. Diabetologica 2002;45(5):686-692. 4. Klein G, Kullich W, Schnitker J, Schwann H. Effi cacy and tolerance of an oral
enzyme combination in painful osteoarthritis of the hip. A double-blind, randomised study comparing oral enzymes with non-steroidal anti-infl ammatory drugs. Clin Exp Rheumatol
2006;24(1):25-30. 5. Ueberall, M. A., Mueller-Schwefe, G. H., Wigand, R., & Essner, U. (2016). Efficacy, tolerability, and safety of anoral enzyme combination vs diclofenac in
osteoarthritis of the knee: results of an individual patient-level pooledreanalysis of data from six randomized controlled trials. Journal of pain research, 9, 941.6. Wittenborg A, Bock
PR, Hanisch J, Saller R, Schneider B. Comparative_epidemiological_study in patients with rheumatic diseases illustrated in a example of a treatment with non-steroidal anti-
inflammatory drugs versus an oral enzyme combination preparation. Arzneimittelforschung._2000;50(8):728-38. 7. May C, Smola M, Ruda C, Scharnagl E. Randomized open
controlled clinical study on the efficacy and tolerance of an oral enzyme preparation in lymphadenectonomy patients. International Journal of Immunotherapy. 2001; XVII
(2/3/4):149-152. 8. Akhtar N, Naseer R, Farooqi A, Aziz W, Nazir M. Oral enzyme combination versus Diclofenaco in the treatment of osteoarthritis of the knee- a double-blind
prospective randomized study. Clinical -rheumatology. 2004;23:410-415. 9. Masson M. Bromelain in blunt injuries of the locomotor system. A study of observedapplications in
general practice. Fortschr. Med. 1995;113:303-6. 10. Kerkhoff s GM, Struijs PA, de Wit C, Rahlfs VW, Zwipp H, van Dijk CN. A double blind, randomised, parallel group study on
the effi cacy and safety of treating acute lateral ankle sprain with oral hydrolytic enzymes. Br. J. Sports Med.2004;38:431-5. 11. KamenicekV, Holan P, Franék P. Systemic enzyme
therapy in the treatment and prevention of post-traumatic and postoperative swelling. Acta Chir. Orthop.Traumatol. Cech. 2001;68:45-9. 12. Wittenborg A, Bock PR, Hanisch J, Saller
R, Schneider B. Comparative epidemiological study in patients with rheumatic diseases illustrated in a example of a treatment with non-steroidal anti- inflammatory drugs versus an
oral enzyme combination preparation. Arzneimittelforschung 2000;50:728-38.

@ %/ DIAFARM
WWW-WO benzym -es 03/18 Informacion dirigida a profesionales de la salud. www.diafarm.com



	portaday contra1
	creditos 186 ingles
	EDITORIAL 186 ingles
	or01_sarabia ingles
	or02_chagas ingles
	or03_castillo ingles
	or04_alvero
	or05_bravo ingles
	rev01_cardenes ingles
	rev02_leiva ingles
	Programa Femede
	LIBROS 186 ingles
	agenda 186 ingles
	guidelines 186
	portaday contra2

