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Editorial

Predatory journals reach your desk

Las revistas depredadoras llegan a tu mesa

Rafael Arriaza Loureda

Profesor de la Facultad de Ciencias del Deporte y la Actividad Fisica de la Universidad da Corufia. Grupo de Investigacion INCIDE. Director del Instituto Médico Arriaza y Asociados.

A few days ago, a resident who was working with us as part of his
rotation told me about a clinical case that he intended to publish and
how he had managed to find a journal that had accepted it. Expressing
my surprise, | advised him to check whether or not it was a predatory
journal. After explaining this term to him, his subsequent search led
him to discover a problem that is affecting us all and, although there
is a great deal of information about it, many people are still unfamiliar
with this concept.

[t is true to say that predatory journals, according to the term coi-
ned in 2012 by Jeffrey Beall’, are mushrooming and it is now difficult to
distinguish between those journals that are ready to publish anything
in order to charge a fee for their “publication expenses”and those that
remain true to a strict review model by a series of reviewers and an
Editorial Board that maintains high standards of quality, either to sub-
sequently publish these articles in Open Access format (if the authors
orinstitution of origin are prepared to bear this cost) or in paper format.
The matter probably arises from the fact that journals with a high impact
level only accept a small percentage of the articles received. This means
that there are many authors who, after having invested time and work
in preparing an article (the publication of which is sometimes key to
maintaining or renewing a grant, for example) are desperately seeking
somewhere to publish it. And of course, compared to a review process
that is uncertain, demanding and generally lasts several months (and
which may finally end in rejection), the option of publishing in an “in-
ternational”journal that offers a review process of between 3 days (yes,
this is no typo, this is what some publishers are offering) and 3 weeks,
this starts to seem attractive. If we were to add to this the European
Union's Plan S directive (that will come into force in 2020) and which
aims to ensure that any research work financed with public funds can
solely be published in Open Access journals, it may be that the founders

of the publishing companies responsible for issuing this proliferation of
predatory journals have actually found the goose that lays the golden
egg. It is interesting to note that the advocates of Plan S argue that
science must be freely distributed and must not be restricted to the
subscribers of the journals published by publishers that “obtain consi-
derable profit from the dissemination of science”. However, in my view,
the ones to obtain considerable profit are those publishers that simply
acceptany work sent to them and limit themselves to converting it into
publishable PDF, given that there are no expenses involved and there
is nothing but profit.

The progressive change in the model for curricular advancement
in Medicine, based on publications (either to get the accreditation of
the ANECA (National Quality Assessment and Accreditation Agency of
Spain) in order to obtain“sexenios”(salary supplements for each six year
period based on research criteria), or to be eligible to apply for posts at
the University or in the public healthcare system) has meant that not
only are articles published in order to inform colleagues of progress
or data that could enrich their ability to address or resolve problems
experienced by patients, but also ways are sought to make the most
of the investigation conducted. This has led to different types of fraud
by authors: complete, plagiarism, or what is referred to as sliced or
“salami”publications. It has also led to the appearance of a juicy market
for pseudo-scientific journals that offer authors who are either novice,
desperate, unsuspecting or unethical, the possibility of publishing their
studies in “Open Access” format. Right now, the number of predatory
journals is multiplying month by month. While most of these journals are
based in India or China, almost all of them show a (false) postal address
in the United States: a recent review found some of these locations in
the middle of a motorway, in the town hall building, in a home on a
housing estate, etc.?.
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Over the last 2 weeks, 61 invitations have been sent to my main
email account to entice me to send my “distinguished” or “relevant”
investigation to one of these journals. The fact is that they are not very
selective: there are journals in the area of sports medicine such as the
“International Journal of Sport Sciences and Medicine” (by the publishers
SciResLiterature, which indicates on its website that it publishes 50 di-
fferent journals, all with titles that are vaguely similar to those of other
prestigious journals), or the American Journal of Sport Sciences” (by the
publishers Science Publishing Group, which publishes 476 different
journals and provides an address in New York when it is actually based
in Pakistan); but there are also journals in the area of Neurology such
as the “Journal of Neurophysiology and Neurological Disorders” (by the
publishers JScience, offering me indexing in Pubmed if my article is
funded by the NHI), or mesenchymal cell therapy (the “Journal of Stem
Cell Therapy and Transplantation’, which also guarantees that | will be
indexed in Google Scholar, Bing, Google, Yandex, Infotiger, Exalead, Baidu,
ASR, etc.) or gastroenterology, and so on. Ah, and | was forgetting! Also,

during this time, at least 3 Open Access journals have asked me to act
as a reviewer - free of charge, of course - of their articles, sending them
my “experienced” or “extremely valuable” opinion in less than 3 weeks.

We are definitely living in times of change. There is always the
possibility that, in the future, even the world's most prestigious journals
will be forced to change their publication policy or that some may even
be left as atavistic reminders of a world in which people used to read
in print, holding out against this wave of foolishness and mediocrity
that is inundating us. Meanwhile, and as always recommended to all
officers in the“Hill Street Blues”series, before starting their round, please,
take care out there!
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Summary

Purposes: To determine the profile of the medical personnel, the priorities and the activities/ researches of the National
Swimming Federations of Developing and Developed countries with respect to the athletes’ health protection and the
promotion of health in the general population.

Method: A descriptive transversal study through a confidential survey that was circulated to the 208 FINA National Member
Federations. A statistical validity and reliability was obtained (Cronbach a coefficient of 0.8642 for n = 15). The NFs were divi-
ded based on their economic level, NFs of developed (n= 66) and developing countries (n=142) following the classification
of the Organization for Economic Co-operation and Development, (2016). Analysis: A statistic comparison of measures with
the test U of Mann- Whitney was executed.

Results: 80 of the NFs from developing countries (56.3%) responded and 55 NFs from developed countries (83.6%). Evident
differences were found in Presence of physiotherapists (Developing NFs: 31.2%, Developed NFs: 58.1%; p<0.005) and psycho-
logists (11.2% vs 21.8%; p=0.096). Top priority for both groups was Performance of the elite athletes, however Increasing the
numbers of elite athletes was of major importance for the Developing NFs (4.1 vs 3.95, p <0.05). The programs based around
drowning prevention are the most prevalent of the programs run by both (58.7% vs 74.5%; p=0.058).

Conclusion: The NFs did not have the necessary personnel to promote the health of their athletes. Top priority for the Deve-
loped NFs was to Increase the numbers of elite athletes but they have low levels of Prevention of injuries programs. Coming
back after an injury and Medical examination preparation were also low in Developed and in Developing NFs. Prevention of
drowning program was the most frequent program/activity for health of general population, for the recreational athlete and
“Save Sport” (without sexual abuse) they were questions of low priority for all of them.

Rol de las Federaciones Nacionales de Natacion en la promocion de la
salud: Comparacion paises desarrollados vs en via de desarrollo

Resumen

Objetivos: Determinar el tipo de personal médico, las prioridades y actividades para la proteccién y promocion de la salud
de las Federaciones Nacionales de Natacion (FNN) segun su nivel econémico y determinar si aplicaban los programas rela-
cionados con la salud de la Federacion Internacional de Natacion (FINA).

Método: Se realizd un estudio descriptivo transversal mediante una encuesta confidencial distribuida a las 208 FNN adscritas
ala FINA. La encuesta fue validada y se obtuvo su fiabilidad estadistica (coeficiente o de Cronbach de 0,8642 para n=15). Las
FNN se dividieron segun su nivel econémico en FNN de paises desarrollados (n=66) y FNN de paises en desarrollo (n=142)
siguiendo la clasificacion de la Organization for Economic Co-operation and Development (2016). Andlisis: Se realizd una
comparacion estadistica de las medias mediante la prueba U de Mann-Whitney.

Resultados: Respondieron 80 FNN en desarrollo (56,3 %) y 55 desarrolladas (83,6 %). Hubo diferencias en la presencia de
fisioterapeutas (FNN en desarrollo: 31,2%, desarrolladas: 58,1%, p <0,005) y psicélogos (11,2% vs 21,8%; p=0,096). La maxima
prioridad para ambos grupos fue el Mdximo rendimiento de los nadadores de élite, aunque Aumentar el nimero de nada-
dores de élite era de mayor importancia para las FNN en desarrollo (4,1 vs 3,95; p <0.05). Los Programas de Prevencién de
ahogamiento fueron los méas frecuentes en ambos grupos, pero con diferencias significativas entre ellos (FNN En desarrollo:
58,7% vs FNN Desarrolladas: 74,5%; p=0,058).

Conclusiones: Las FNN no disponian del personal necesario para promover la salud de sus nadadores. La mayor prioridad de
las FNN en desarrollo era Aumentar el nimero de atletas de élite, pero tenfan bajos niveles de Prevencion de lesiones, Vuelta
a competir tras una lesion y de Exdmenes médicos preparticipacion, aunque en las FNN desarrolladas también eran bajos.
La Prevencién de ahogamiento fueron los programas mas frecuentes pero la Salud de la poblacion en general, la del atleta
recreativo y el “Deporte Seguro” (sin acoso sexual) eran cuestiones de baja prioridad para todas.
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Roles of National Swimming Federations in Health Promotion: An International Comparison- Developed vs Developing Countries

Introduction

The International Swimming Federation (FINA), in association with
UNESCO, UNICEF, the UN, and the IOC, among others, has created the
“Swimming for all"programmes, whose key objectives are to reduce the
global drowning rates and to promote a healthier lifestyle throughout
the world". These programmes are indicators of how sport is becoming
a means to promote health?’.

In developed countries, programmes such as USA Swimming
("splash at a time”)* and Australia Swimming (“Go swim”)* have been im-
plemented to promote the health of the population through swimming
and can be considered to be models to be followed by other National
Swimming Federations (NSF). However, swimming is not accessible in
the same way in all the NSF, given that each federation faces different
barriers and challenges depending on its geographical location and
socio-economic situation.

The I0C is also showing its interest in the protection of the health
of its athletes, in developed and developing countries alike®. Since the
FINA 2009 World Aquatics Championships, studies have been made in
relation to injuries and diseases'?, but there is still room for improve-
ment in the prevention of pathologies and injuries, specifically out of
competition.

On the other hand, the levels of participation in international
swimming events has increased significantly over the last 20 years. While
only 46 NSF took part in the first edition of the FINA World Swimming
Championships (25 m)in 19932 168 NSF were present at the 12 edition
of the FINA World Swimming Championships (25 m) in 2014"°. However,
participation in major swimming events may not be always related to
the economic status of the NSF.The FINA, through its"Universality Rule’,
allows athletes from developing countries to take part in the World
Championships'™ even with no standard entry times, thereby giving
them the opportunity to take partin major events. However some of the-
se athletes are attending these competitions despite the fact that their
national team has limited access to injury prevention programmes and
has no support from a medical staff structure, given that not all the NSF
have the same health promotion and injury prevention programmes,
before and after major events. Those NSF with fewer resources may not
have the same capacity to implement health promotion programmes.

The study objectives were: To determine whether the economic
level of the NSF is related to the promotion of the health of the general
public, whether the economic level influences the application of the
health-related rules, projects and programmes of the NSF, and whether
the NSF in developing countries attending international swimming
events have an adequate medical structure.

Material and method

A universal descriptive study was made of all the NSF recognised
by the FINA on 31/12/2014 through an on-line survey. The survey used
was based on that published by the International Federation of Sports
Medicine (FIMS) for the Sports Federations™ and on that by Mountjoy
and Junge'® for the International Swimming Federations taking part in
the 2014 Olympic Games and the 2016 World Championships.

Participants: The questionnaire was sent to the chairpersons,
managers, general directors or head of the Medical Committee, where
applicable, of the 208 NSF that are members of FINA. The survey res-
pondents were informed that their responses would form the basis of
the study and their consent was requested to use these responses in
the dissemination of the results in scientific journals.

The identification of the developing countries (NSF in developing
countries) and developed countries (NSF in developed countries) was
based on the Official Statistics of the Organisation for Cooperation and
Development'.

The survey was adapted to the specific objectives of this study
and, for this purpose, a pilot study was conducted by two independent
experts in the area of Sports Science from the University of Granada
(Spain) through a blind review. This gave a validity and statistical relia-
bility (Cronbach coefficient o of 0.8642 for n=27).

The survey comprised 11 items relating to the health of athletes,
16 on the promotion of health and on the implementation of the pro-
grammes proposed by the FINA, and respondent were requested to
indicate whether or not their NSF had a Medical Committee, a medical
representative on the Executive Board of the Federation, administrati-
ve personnel in the medical area and whether the national team was
supported by a head doctor, physiotherapist, psychologist, dietician,
physical trainer and other personnel to support the medical area.

All the questions were closed. For those related to the athletes’
health, and for those related to health promotion and the implementa-
tion of the programmes proposed by the FINA, the items were measured
on a Likert type scale from 1-5. A statistical comparison was made of
the medians through the Mann-Whitney U test.

For the question on the medical personnel, the possible responses
were dichotomous (yes/no). Statistical hypothesis testing was performed
in equal proportions.

The description of the results included the percentages of affir-
mative responses for the dichotomous variables and the mean and
standard deviation for the numerical responses. Unanswered questions
were excluded from the analysis.

The survey was distributed online using the free software platform
LimeSurvey (GNU/GPL v2) and was available at the Computer and
Network Services Centre (University of Granada) from 01/10/2014 to
28/02/2015, guaranteeing the anonymity of respondents and observing
the applicable EU data protection regulations. The data were imported
from the UGR server, unprocessed and independently. The study was
made known in person at the FINA World Swimming Championships
(25m) (Doha; 29 November to 1 December 2014).

The survey was available in English, Spanish, French and Russian.

Results

The overall response rate was 64.9% (135 of the 208 NSF). The
highest rate was from the NSF in developed countries (83.3% vs 56.3%).
The NSF that responded to the survey represented 67,276 clubs and
almost 1.4 million swimmers, of which more than 90% were from NSF
in developed countries (Table 1).

Medical personnel: 27.2% of the NSF in developed countries and
37.5% of the NSF in developing countries had no medical personnel.
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Table 1. Itemisation by continent of the NSF (developed / developing countries)

Type of NSF Total NFs* Responses NFs* Clubs™ Licences®
(n) (n; %) (n) (n)
Europe Developing 13 11 84.6 350 42.000
Developed 38 28 73.6 53.568 704.710
Total 51 39 76.4 53.918 746.710
Africa Developing 49 29 59.1 668 16.318
Developed 3 3 100 76 6.321
Total 52 32 61.5 744 22.639
America Developing 33 19 57.5 889 20.372
Developed 12 11 91.6 3.718 394.487
Total 45 30 66.6 4.607 414.859
Asia Developing 37 17 459 546 19.700
Developed 7 7 100 6.253 104.775
Total 44 23 52.2 6.799 124.475
Oceania Developing 9 4 444 18 940
Developed 7 6 85.7 1.190 82.485
Total 16 10 62.5 1.208 83.425
GLOBAL Developing 142 80 56.3 2471 99.330
Developed 66 55 833 64.805 1,292.778
208 135 64.9 67.276 1,392.108

*Total of NSF (n) that are members of the FINA; 'NSF that answered (n; %); ""Number of clubs within the participating NSF; “Number of affiliated or licensed swimmers of the participating NSF.

Table 2. Profile of the medical personnel.

58.1% of the NSF in developed countries had a physiotherapist com-
pared to 31.2% of the NSF in developing countries (p<0.005). 21.8% of

NSF NSF in
developed c. developing c. p the NSF in developed countries had a psychologist in relation to 11.2%
n=>55 (%) n=80 (%) of the NSF in developing countries (p<0.1). Only one in every five NSF
Physiotherapist 5818 3125 0.002% had a Medical Committee (Table 2: Figure 1).
Doctor 4182 325 0.266 Programmes: The programmes based on the prevention of drow-
e s 3273 23.75 0250 ning (prevention/learning to swim/lifesaving) were the most used by the
Dietician 7.7 175 0174 NSF in developed countries (58.7%) and also by the NSF in developing
Administrative personnel countries (74.5%; p<0.1).
ricdhie ares 23.64 16.25 0.285 The NSF in developed and developing countries alike had few
edTieal @i 21.82 18.75 0.661 injury prevention programmes (developed 28.7% vs developing 25.4%),
Psychologist 21.82 11.25 0.096%* Medical check-ups prior to participating (20% vs 16.3%) and Injury
Medical personnel on the surveillance during the championships (25% vs 27.27%). 25% of the
Board of Management 12.73 12.5 0.968 NSF in developing countries had return to swimming programmes
Other 9.09 5 0.936 following injury, in comparison to 7.27% of the NSF in developed cou-
*p<0.005; ** p<0.1 ntries (p<0.05) (Table 3).
Figure 1. Profile of the medical personnel.
Other personnel
Medical personnel on the Board of Management
Psychologist *%
Medical committee ‘
Administrative personnel medical area ‘
Dietician ‘
Sport scientist Hl NSF in developing countries (n = 80)
NSF in developed countries (n = 55)
Doctor
Physiotherapist ‘ ‘ ‘ ! ‘ *
0 10 20 30 40 50 60 70
*p<0.005 **p<0.1 (%)
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Table 3. Programmes for the promotion of healthcare, investigation activities or directives.

NSF in developing c. FNN in developed c. p
n= 80 (%) n=55 (%)
Prevention of drowning, learning to swim, lifeguards 58.75 74.55 0.058*
First aid (for example on-site doctor) 37.50 30.91 0.430
Inclusion of senior citizens 33.75 21.82 0.133
Injury prevention with programmes based on swimming 28.75 2545 0.673
Control of injuries during championships 25.00 27.27 0.767
Return to training after injury 25.00 07.27 0.008**
Pre-participation medical screening 20.00 16.36 0.593
Obesity and excess weight 18.75 20.00 0.856
Ambassador swimmers promoting health 16.25 12.73 0.566
Prevention of chronic diseases in the population 12.50 09.09 0.536

*p<0.1; **p<0.05

Figure 2. Classification of the health topics considered by the
NSF.

Maximum performance
of elite athletes

Health promotion in
recreational athletes

Increase in the number of
elite athletes (p = 0,034)

Health promotion in

i Health of their of
the general public ealth of their of

elite athletes

Increase in the number
of recreational athletes

Fight against
doping

Increase in the number
of officials and trainers

Increase in the number of
spectators and amateurs

Picture of safe sport, with no
abuse or sexual harassment

Picture of pleasant
physical activity

Developing countries Developed countries

Priorities: No significant differences were appreciated, except in
relation to the Increase in the number of elite athletes (p<0.05). The
maximum priority for the NSF in developing countries and those in
developed countries (4.07/5) was the maximum performance of the
elite athlete. Both groups of NSF classified the athlete’s health as the 3rd
priority. The fight against doping was considered to be the 4th priority
for the NSF in developing countries (3.99/5) and the 2nd for the NSF in
developed countries (Table 4, Figure 2).

Discussion

Through this study, for the first time a comparison has been made of
the healthcare resources of the NSF throughout the world according to
theireconomic level, helping to present a picture of the health problems
affecting the NSF. Earlier studies did not consider the economic level of
the NSF, but limited their focus to those NSF with a high sporting level.
These surveys were supplied on the spot at the world swimming cham-
pionships and were answered by the personnel attending the event'®. By

Table 4. Classification of the health topics considered by the NSF. Likert Scale (0-5).

Temas de salud NSF NSF Contrast

_indeveloping c. _in developed c.

X SD X sD p
Maximum performance of elite athletes 418 1.21 4,07 1.40 0.976
Increase in the number of elite athletes 4.10 1.25 3.72 135 0.034*
Health of their elite athletes 4.09 1.21 3.96 133 0.579
Fight against doping 3.99 1.24 3.98 1.38 0.724
Increase in the number of officials and trainers 3.89 1.21 3.61 1.38 0.215
Picture of safe sport, with no abuse or sexual harassment 3.80 1.19 3.78 1.46 0.592
Picture of pleasant physical activity 3.51 1.25 3.63 1.26 0.409
Increase in the number of spectators and fans 344 1.23 333 1.33 0.725
Increase in the number of recreational athletes 3.28 1.19 3.41 1.46 0.273
Health promotion in the general population 3.23 1.25 3.17 133 0.815
Health promotion of recreational athletes 3.13 1.33 3.22 1.28 0.779
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contrast, our study was distributed among all the NSF, being addressed
to the heads of the NSF and giving ample time for their response. The
questions did not refer to numbers of personnel, just to the presence
or absence of the same, so as not to upset those NSF who did not have
personnel in the categories studied.

Studies have been conducted on the prevention of injuries in
developing countries in other sports, predominantly football'”, but no
study had yet been made for swimming. In the case of African football,
it was concluded that injury prevention required a pragmatic approach,
knowledge of, and adaptation to the resources available' and, although
care should be taken when applying the results of one sport to another,
it was considered that these contributions could be useful in swimming.

In our study, the profile of healthcare-related personnel showed no
significant differences between the two economic levels, except with
regard to physiotherapists and psychologists, and always with values
of less than 50% (except for doctors of the NSF in developed countries
where the value reached 58%), despite the fact that a recommendation
has been made to integrate a range of personnel in the sports medicine
team'. Our results indicated that a large number of NSF did not have
the necessary personnel to promote the physical and mental health of
their swimmers and that they had not applied the recommendations
to diagnose, treat and rehabilitate, even when sufficient financial re-
sources were available®?'. Neither did the economic level appear to be
significant with regard to having or not having a Medical Committee
within the organisation chart of each NSF, in order to emphasise the
importance of sports medicine for athletes and to demonstrate the
readiness of the NSF to progress in this field®.

Despite the economic divides between the NSF, no significant
differences were found in their priorities, with the exception of Increa-
sing the number of elite athletes, which was more marked for the NSF
in developing countries. For both categories, the top priority was to
Guarantee the best performance of the elite athlete, while the Health
of the athletes was the third priority. The fact that the NSF in developing
countries gave great importance to Guaranteeing the best performance
of the athlete, while attending events without adequate medical sup-
port, indicated that they do not have the resources to allow them to
offer the desired medical support to their athletes and many of these
athletes could only be assisted by medical personnel forming part of
the Championship staff.

For the NSF in developed countries, the Fight against doping was
the second priority. Although the classification of this topic was the
4th priority for the NSF in developing countries, both groups gave
almost identical levels of importance to this matter. This finding was
to be expected given that all the governing bodies of the swimming
organisations (FINA and the Continental Federations) are required, in
accordance with the Code of the World Anti-Doping Agency (WADA)
to adopt anti-doping measures during their national events and out of
competition?2. Compliance with the WADA code is also a precondition
for taking part in the Olympic programme. Despite this, it was a matter
of concern that the remaining 55% of the NSF did not consider doping
to be a problem of top priority.

The NSF in developing countries had low levels for Injury Prevention
and for return to competition following injury and very low levels in
relation to the pre-participation medical Screening, however the NSF in

developed countries also had low levels and, in some cases, these were
even lower. Returning to swim following an injury was more prevalent
in the NSF in developing countries (25%) than for those in developed
countries (7.2%) (p <0.05). Despite the fact that physiotherapists play
a key role in injury recovery?, they were under-represented in the NSF
in developing countries in relation to those in developed countries
(p<0.005).

The FINA Medical Rules emphasise the protection and promotion
of the athlete’s health during training and competition and the FINA
conducts acomprehensive surveillance of injuries at its events'®'". Howe-
ver, it was observed that many of the NSF were unaware of this policy,
given that only 25% of the NSF in developing countries and 27.27% of
those in developed countries stated that they were implementing these
programmes in their own championships.

Recreational sport can be used as an activity to promote good
health and also to contribute to health-related quality of life?. However,
up to now, the NSF have not been focussing on the Protection of the
health of recreational athletes. Both NSF groups considered this pro-
blem to be either the last or penultimate priority. We believe that the
lack of policies to promote the health of recreational athletes is a lost
opportunity for the NSF given that there is a need to create policies to
support and motivate the SF in general in order to address the health
and wellbeing of non-elite athletes™.

One of these opportunities could be in the anti-doping area; this is
no longer limited to professional athletes but is increasingly becoming
a problem among recreational athletes*. However, the NSF considered
that they had more important matters than addressing the protection
of the health of recreational athletes.

Governments and private institutions such as the NSF are respon-
sible for establishing sexual abuse prevention policies to promote “Safe
Sport”in which the team doctors must play an important role in the pre-
vention and early detection of sexual harassment and abuse in sport?,
particularly in the“stage of imminent achievement’, which is the period
of maximum vulnerability of young athletes to sexual abuse?. It is vital
to know that prevention and the successful eradication of abuse and
harassment of athletes is based on the effectiveness of the leadership
of the principal international and national sports organisation such as
the NSF, in our case?. However, the NSF in developing and developed
countries alike classified “Safe Sport”as a topic of medium priority. Only
some NSF in developed countries were aware of the problem and had
adopted real measures. For example, Swim Ireland?, USA Swimming®
and Scottish Swimming®', have implemented harassment-free sports
policies. Swimming South Africa also initiated its own child protection
policy, including legislative initiatives and guidelines on this matter by
the South African government®2. Existing legislation and the guidelines
established in the NSF in developed countries could serve to encourage
other NSF to introduce the corresponding sexual harassment and child
protection policies.

Exercise in water can benefit senior citizens, by improving their qua-
lity of life and reducing disability* improving or maintaining the bone
health of post-menopausal women*, reducing the risk of chronic and
cardiac diseases and improving the health of persons with diabetes®.
However, both categories of NSF considered that the health of the ge-
neral public was a matter of low priority (penultimate and last priority
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respectively). This indicates that the NSF were more concerned with
the wellbeing of their elite athletes than with that of the general public.
Moreover, the NSF are possibly losing the opportunity to increase the
general popularity of their sport in population groups, such as senior
citizens. Although global ageing is increasing®, the NSF of both groups
showed low levels of concern for the promotion of the health of senior
citizens, given that only 33.7% of the NSF in developing countries and
21.8% of those in developed countries, had programmes directed at
senior citizens. The European Swimming League (LEN) has shown its
interest in taking part in activities to promote the health of senior citizens
with the programme entitled “Healthy ageing and master swimming
(HAMS)™, directed at developing an awareness of swimming and incre-
asing the participation in the over-sixties category, organising a series
of Pool Open Days throughout Europe. This top-down approach could
encourage more NSF to implement similar programmes of their own.

The low levels of programmes based on the prevention of chronic
diseases in the general public indicate that neither the NSF in developing
countries (12.5%) nor those in developed countries (9.09%) considered
this problem to be their responsibility, although the NSF could have a
role to play, considering the high mortality rates due to chronic diseases
throughout the world and the proven health benefits of swimming?.

An area in which the NSF were particularly active was that relating
to the prevention of drowning/learning to swim/life saving. These
programmes were by far the most popular programmes among the
NSF in developing countries (58.7%) and those in developed countries
(74.5%) (p<0.1), being beneficial to recreational athletes and to the
general public. Although no bibliographic reference has been found
to orientate this point of the discussion, the Drowning prevention
programmes may represent sources of income for the federations and
for athletes, explaining why the presence of these programmes was
significantly higher in the NSF than the other programmes assessed.
Unquestionably these programmes could help attract swimmers and
provide a social service to prevent death from drowning.

In future studies it would be interesting to obtain information on
the available resources and the expenditure criteria in the health area
for both NSF groups.

Conclusions

Despite the great economic differences between the NSF, there
was hardly any difference in healthcare-related personnel, and a large
number of federations did not have the personnel required to promote
the physical and mental health of their swimmers.

No significant differences were found in their priorities, with the
exception of Increasing the number of elite athletes, which was more
relevant for the NSF in developing countries.

The NSF in developing countries had low levels for Injury Preven-
tion and for return to competition following injury in relation to the
pre-participation medical Screening, however the NSF in developed
countries were also low and, in some cases, were even lower.

For both NSF categories, the drowning prevention programmes
were the most frequent healthcare programmes, however the Health
of the general public, that of Recreational Athletes and “Sport without
harassment” were matters of low priority.
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Summary

Controlling the training variables is vital to ensure the desired adaptations in resistance training; intensity is the mostimportant
variable to improve maximum strength and rate of force development (RFD). The movement velocity has shown to be the
best variable to monitor the intensity of resistance training, in particular the velocity loss related to fatigue. However, there
are material impediments to use this variable. Therefore, the aim of this paper is to analyze the relationship between RPE
and velocity losses as an alternative to control training. Sample included 5 subjects (4 men and 1 woman) from the Spanish
Olympic Wrestling team who performed a total of 15 sets of bench press (3 set/subject), of which only 14 were included in
the statistical analysis for breaching one of them the protocol, with 3 different relative loads (5 set/load) and a velocity loss
between 20%-32%. The dependent variables were: RPE, the velocity loss, the number of repetitions performed in each set
and the velocity of the best repetition of each set. The correlations between the RPE-velocity loss; RPE-number of repetitions;
and RPE-velocity best repetition variables were analyzed, obtaining only significant correlation (r Pearson 0.843, P <0.001)
between the RPE and the velocity loss; correlations between RPE-number of repetitions; and RPE-velocity best repetition
did not show statistical significance . The results of the present work could indicate the possibility of managing fatigue and
controlling training intensity using the RPE-velocity loss relationship, although it is necessary to carry out similar studies with
larger sample sizes that reinforce the results of this study.

Control de la pérdida de velocidad a través de la escala
de esfuerzo percibido en press de banca

Resumen

Controlar las variables de entrenamiento es vital para garantizar las adaptaciones deseadas en el entrenamiento de fuerza, siendo
la intensidad especialmente importante para mejorar la fuerza méximay el RFD. La velocidad de ejecucion ha resultado ser la
mejor variable para monitorizar la intensidad del entrenamiento de fuerza, en particular las pérdidas de velocidad relacionadas
con la fatiga. Sin embargo, existen impedimentos materiales para poder utilizar esta variable. Por tanto, el objetivo de este
trabajo es analizar la relacion entre el RPE y las pérdidas de velocidad como alternativa para controlar el entrenamiento. Se midiod
a 5 sujetos (4 hombresy 1 mujer) pertenecientes a la seleccion esparfola de lucha libre olimpica un total de 15 series de press
de banca (3 series/sujeto), de las cuales solo 14 se incluyeron en el andlisis estadistico por incumplir una de ellas el protocolo,
con 3 cargas relativas distintas (5 series/carga) y una pérdida de velocidad entre 20%-32%. Las variables dependientes fueron:
RPE, la pérdida de velocidad, el nimero de repeticiones realizadas en cada serie y velocidad de la mejor repeticion de cada
serie. Se analizaron las correlaciones entre las variables RPE-pérdida de velocidad; RPE-nimero de repeticiones; RPE-velocidad
mejor repeticion, obteniéndose solamente correlacion significativa (r Pearson 0,843; P <0,001) entre el RPE y la pérdida de
velocidad; la correlaciones entre el RPE-nimero de repeticiones y RPE-velocidad mejor repeticién no mostraron significacion
estadistica. Estos resultados podrian indicar la posibilidad de gestionar la fatiga y la intensidad del entrenamiento utilizando
la relacion RPE-pérdida de velocidad, aunque es necesario llevar a cabo estudios similares con tamafos muestrales mayores
que refuercen los resultados obtenidos en este estudio.
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Introduction

Strength training has been shown to be a key factor in improving
health, physical appearance and sport performance'™. It is essential to
control the training variables in order to optimise the results® and, more
specifically, training intensity appears to be the most important factor
in improving maximum strength®® and the RFD”#'°"" considered to
be the most determining factor in sport performance*'>'*. Although
strength training intensity was traditionally prescribed according to
the repetition maximum (RM) percentage or the maximum number
of repetitions that a subject is able to perform with a load*'*', over
the last few years velocity of execution has been proposed as a more
precise, reliable and safe alternative for the control of intensity'®'8. A
specific load (%RM)-velocity relationship has been demonstrated for
different exercises, according to which each load is closely related to
the maximum velocity at which it can be lifted'®?'. On the other hand, it
has been demonstrated that training up to muscle failure is unnecessary
and is less beneficial than training at a far lower capacity than muscle
failure for sport performance®?, having a particularly negative effect
on the RFD™. A loss of velocity pattern was observed in relation to the
maximum possible velocity during a set to failure in which the last
repetition coincided with the RM velocity?. On the other hand, a linear
relationship was described between the loss of velocity and lactate
concentrations, as well as a non-linear relationship with ammonium
concentrations, regardless of the number of repetitions made?. Re-
cently it has been shown how, when comparing the effects of training
protocols that differed in the total amount of work performed based
on the velocity loss % during the set, the following was obtained: 1)
improvements of more than .RM and in execution velocity in trained
subjects when compared to velocity losses of 20% in relation to training
to muscle failure?; and 2) greater improvements in CMJ and smaller
decreases in the percentage of myosin heavy chains (MHC-IIX), with
similar improvements in maximum strength when comparing velocity
losses of 20% in relation to 40%%.

In view of the above, the velocity of execution was considered to
be the most suitable variable to prescribe the intensity and monitor
fatigue during strength training.

A number of devices are available to precisely and reliably control
the velocity of execution, such as linear transducers, accelerometers or
video analysis systems**32, However these are relatively expensive and
are still not accessible to all users. As an alternative, a mobile iPhone
application (more affordable) was recently validated as a reliable and
valid tool for measuring the velocity of execution®. Despite the fact
that the means of monitoring the velocity of execution are becoming
increasingly more accessible and affordable, other disadvantages still
exist. For example, in order to monitor large groups of athletes in a
number of different exercises, various devices would be necessary. All
this means that we need to continue to seek reliable, valid alternatives
to monitor strength training.

Another method to assess and monitor the strength training load
are the subjective rating of perceived exertion scales (RPE)**, based on

the psychophysiological response of the body, whereby the information
on physiological or environmental changes comes from the sensory
perception of the individual, causing a subjective perception for a
specific stimulus®. The scales commonly used to rate the perception of
exertion are the Borg 6 to 20 scales and the 0 to 10 scale®, these were
followed by the OMNI-RES scale from 0 to 10 which is accompanied by
pictograms to make it easier for the subject to interpret exertion®”. The
RPE has been shown to be useful to predict the %RM or the 1RM**%/, a
number of studies have also found correlations between the RPE, the
9%RM, the velocity of execution**#*#, and mechanical power*. Finally, a
speed perception scale has been developed, which has demonstrated
its validity for the bench press and for the squat**.

Therefore, the RPE has been shown to be a useful alternative to
the traditional methods to control the intensity of strength training
when more precise means cannot be used to measure of the velocity
of execution.

Hypothesis

To the best of our knowledge, there are no investigations that
have related RPE with loss of velocity during strength training. Based
on the aforementioned existing evidence on the relationship between
the RPE values and the velocity of execution; the relationship existing
between metabolic markers for internal load (lactate and ammonium
concentrations) and the losses of velocity during strength training?;
and the validity of the RPE as a psychophysiological indicator® to re-
late the external load and internal load, we could think that there is a
relationship between the losses of velocity and the RPE which would
allow us to monitor fatigue when no suitable technological resources
are available to do so.

Objective

The objective of this work is to analyse the relationship between
the velocity losses and the RPE perceived by subjects during the bench
press exercise.

Material and method

Sample

The sample comprised 5 subjects (23.245.3 years; 169.2+6.9 cm;
72.2417.8 kg) (4 male (23+6 years; 171.3+6 cm; 75.3+19 kg) and 1
female (24 years; 161 cm; 60 kg) who are part of the Spanish Olympic
wrestling team, selected incidentally. The subjects had at least 1
year's experience in strength training and they had been involved
in a training routine that included 2 strength training sessions a
week at least for the last 6 months. Table 1 provides a description of
the characteristics of the total sample. Prior to the investigation, the
participants signed an informed consent form, informing them of the
procedures, risks and benefits of the investigation. The study protocol
complies with the provisions of the Declaration of Helsinki for research
involving human subjects.
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Table 1. Characteristics of the sample expressed as a mean +
standard deviation.

Age Height Weight Prior RM Estimated RM
(years) (cm)  (kg) (kg) (kg)
232+53 169.2+69 722+17.8 101.5+31.8 106.7 + 35.4

RM: repetition maximum.

Protocol

The subjects performed 3 bench press sets, each with a different
load based on the average velocity (load 1— =1-1.1 m/s; load 2—
=0.75-0.85 m/s; load 3— =0.53-0.61 m/s) based on the data previously
presented in the literature?' in order to adapt the relative load between
40-45%RM for load,, between 55-60%RM for load,, and between 70-
75%RM for load.. In the first set (1-1.1 m/s) the subjects made repetitions
until, in two repetitions, they reached a velocity of 8 m/s (velocity loss
of 20%-27.3%) or less; in the second set (0.75-0.85 m/s) until, in two
repetitions, they reached a velocity of 0.6 (velocity loss 22.1%-29.4%);
and in the third set (0.53-0.61 m/s) until, in two repetitions, they reached
a velocity of 042 m/s (velocity loss 20.7%-31.1%) or until a repetition
achieved a velocity of 0.37 m/s (velocity loss 30.1%-39.3%) or less. After
each set, the subjects rated the RPE with a value of between 0-10 using
the OMNI-RES scale. Prior to the data collection, all subjects performed
at least 4 bench press training sessions to become familiar with the
OMNI-RES scale (Figure 1), giving their subjective perception of effort
(0-10) after each set.

Material

The bench press exercise was conducted on a free weight bench.
The bar weighed 20 kg without plates. To determine the average velo-
city, alinear transducer (EV PRO Dynamic Isocontrol 5.2 Quasar Control
S.L. Madrid) with a sampling frequency of 1000Hz connected to the
bar by a cable and by USB to a laptop, which recorded the data in real
time (Figure 2).

Figure 1. OMNI-RES scale developed by Robertson et al. (2003).

Extremely
Hard hard

Somewhat

hard
Somewhat

Easy easy

Extremely easy

Control of the velocity loss through the scale of perceived effort in bench press

Figure 2. A. Connection between the bar and the linear transdu-
cer; B. Linear transducer; C. Laptop.

Statistical analysis

Firstly, the Shapiro-Wilk test was performed in order to determi-
ne the distribution normality of the values of the variables. The next
step was to study the degree of correlation of the variables (RPE-loss
of velocity; RPE-number of repetitions; RPE-best repetition velocity)
through Pearson' correlation test and, more specifically, we studied the
relationship of RPE-loss of velocity through a quadratic regression. For
the data processing, statistical analysis software was used (SPSS v.23,
SPSS Inc., Chicago, Illinois, USA). The statistical significance cutoff was
setat p < 0.05.

Results

The data analysis was made on 14 bench press sets, given that one
of the sets did not comply with the established protocol. The kinematic
variables (“loss of velocity” and “best repetition velocity”) in relation to
the repetitions analysed, showed a normal distribution.

Correlations between variables

Table 2 shows the results for the relationships RPE-loss of velocity,
RPE-number of repetitions, and RPE-best repetition velocity, analysed
through Pearson’s correlation.

Table 2. Pearson’s correlations between RPE-velocity loss, RPE-
number repetitions, RPE-best repetition velocity.

Velocity Number Velocity
loss repetitions best repetition
r P r P r P
RPE  0.843 <0.001 -0.317 0.27 -0.463 0.096

RPE: rating of perceived exertions.
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Figure 3. Relationship between the RPE and the loss of velocity
derived from the 14 set measured on the bench press.
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Figure 3 shows the quadratic regression for the relationship RPE-loss
of velocity. This regression has given the following predictive equation
for the loss of velocity through RPE: loss of velocity (%) = 2.294RPE? -
25.68RPE + 99.29.

Discussion

To the best of our knowledge, this is the first study to analyse the
relationship between velocity losses during a strength training set and
the RPE. The objective of this work was, therefore, to analyse the rela-
tionship between the velocity loss and the RPE during the bench press
exercise. The principal results of the study show how, considering all the
variables analysed, only the relationship between loss of velocity-RPE
was significant (Table 2). Moreover, it should be emphasised that this
relationship shows a non-linear trend (Figure 3).

The results obtained can be related to prior studies which demons-
trated the validity of the RPE based on the RIR of the subjects®; and,
on the other hand, the relationship between the loss of velocity and
the number of repetitions made in relation to the maximum possible
number (muscle failure)??’. Taking account of the fact that the RIR
concept refers to the number of repetitions that subjects perceive that
they could do until failure, these investigations show the relationship of
the RIR with both the RPE and also with the loss of velocity. It therefore
seems logical to think that there is also a relationship between RPE-loss
of velocity, as shown by the results of this study.

The fact that no significant relationships were found between the
RPE and the total number of repetitions, nor between the RPE and the
velocity of the best repetition in the set (relative load marker), is in line
with the results of Lodo et al.* who demonstrated that, when training
with different relative intensities (%RM), but with the same total volume
load, similar RPE values are obtained. However, our results are not in
line with prior studies that have found higher RPE values when making
fewer repetitions with high intensities than for more repetitions with low
intensities®; and, on the other hand, when comparing strength training
in circuits with high loads to strength training in a circuit directed at
power training with light, moderate loads, it has been seen how the RPE

is higher for strength training with high loads". However, in these two
studies, no comparison was made with the total load volume, nor the
number of repetitions to muscle failure among the protocols analysed.
This may explain the differences with our results, where the total load
was controlled through the loss of velocity, which is related to metabolic
markers and fatigue mechanics?.

Of particular interest is the fact that velocity losses of between
30-35% have been found almost systematically at an RPE value of 7
(Figure 3). Sénchez-Medina and Gonzalez-Badillo”” found how velocity
losses close to 35% on the bench press were reached after doing half
the repetitions plus two, in relation to the maximum possible number,
and at this point the ammonium concentrations started to rise above
baseline levels. These authors recommend not to exceed the said
velocity losses and even to stop the set before reaching this point,
finding in subsequent studies that velocity losses of 20% are greater
than velocity losses of 40% or training to failure?®?*. Therefore, the limit
could be established in RPE 7 to cut off the sets when this bench press
fatigue management method is used.

Conclusions

In conclusion, the results of our study show a relatively high corre-
lation between velocity losses and RPE, independently of the number
of repetitions or relative load used. This appears to indicate that bench
press fatigue can be monitored by RPE when it is not possible to directly
measure the velocity of execution. Moreover, the trend observed in the
results, according to which REP 7 is associated with velocity losses of
30-35%, could prove useful for marking the perceived effort limit when
making more or less repetitions during a bench press set. Nevertheless,
these results must be interpreted with caution, given that they are an
initial approximation to the validity of the RPE to control velocity losses.
There is a need to continue along this line of investigation, with more
robust methodologies and larger samples in order to be in a position to
more accurately establish the validity of our proposal.

Study limitations

The principal limitations of this study are as follows:

— The results were obtained with a very small sample.

— The results of the experimental verification have not been replica-
ted with a second data collection.

— Theresults are only applicable to the bench press exercise. It would
be necessary to check the validity of the relationship between loss
of velocity-RPE in different exercises.

— Due to the small size of the sample, no analysis was made of pos-
sible differences between subjects for the RPE values associated
with loss of velocity.

Future lines of investigation

This work shows signs of the possible validity of RPE as a useful tool
to control velocity losses during strength training. Due to the limitations
of this work, our analysis should be replicated with larger samples, for
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different exercises and analysing the possible differences between
subjects for the same exercise.

Conflict of interest

The authors have no conflict of interest whatsoever.

Bibliography

20.

21.

22.

Balshaw T, Massey G, Maden-Wilkinson T, Morales-Artacho A, McKeown A, Appleby
C, et al. Changes in agonist neural drive, hypertrophy and pre-training strength all
contribute to the individual strength gains after resistance training. Eur J Appl Physiol.
2017;117(4): 631-40.

Folland J, Williams A. The Adaptations to Strength Training. Sports Med. 2007; 37(2):
145-68.

Jones N, Kiely J, Suraci B, Collins D, de Lorenzo D, Pickering C, et al. Genetic-based
algorithm for personalized resistance training. Biol Sport. 2016;33(2):117-26.

Suchomel T, Nimphius S, Stone M. The importance of muscular strength in athletic
performance. Sports Med. 2016;46(10):1419-49.

Kraemer W, Ratamess N. Fundamentals of resistance training: Progression and exercise
prescription. Med Sci Sport Exer. 2004;36(4):674-88.

Campos G, Luecke T, Wendeln H, Toma K, Hagerman F, Murray T, et al. Muscular
adaptations in response to three different resistance-training regimens: specificity of
repetition maximum training zones. Eur J Appl Physiol. 2002;88(1-2):50-60.

Heggelund J, Fimland M, Helgerud J, Hoff J. Maximal strength training improves work
economy, rate of force development and maximal strength more than conventional
strength training. Eur J Appl Physiol. 2013;113(6):1565-73.

Oliveira F, Oliveira A, Rizatto G, Denadai B. Resistance training for explosive and
maximal strength: Effects on early and late rate of force development. J Sport Sci Med.
2013;12:402-8.

Schoenfeld B, Wilson J, Lowery R, Krieger J. Muscular adaptations in low- versus high-
load resistance training: A meta-analysis. Eur J Sport Sci. 2014;16(1):1-10.

Aagaard P, Simonsen E, Andersen J, Magnusson P, Dyhre-Poulsen P. Increased rate of
force development and neural drive of human skeletal muscle following resistance
training.J Appl Physiol. 2002;93(4):1318-26.

Mangine G, Hoffman J, Wang R, Gonzalez A, Townsend J, Wells A, et al. Resistance
training intensity and volume affect changes in rate of force development in resistance-
trained men. Eur J Appl Physiol. 2016;116(11-12):2367-74.

Hernandez-Davé J, Sabido R. Rate of force development: reliability, improvements and
influence on performance. A review. Eur J Hum Mov. 2014;33:46-69.

Maffiuletti N, Aagaard P, Blazevich A, Folland J, Tillin N, Duchateau J. Rate of force
development: physiological and methodological considerations. Eur J Appl Physiol.
2016;116(6):1091-116.

Dohoney P, Chromiak J, Lemire D, Abadie B, Kovacs C. Prediction of one repetition
maximum (1-RM) strength from a 4-6 RM and a 7-10 RM submaximal strength test in
healthy young adult males. J Exerc Physiol. online 2002;5(3):54-9.

Reynolds J, Gordon T, Robergs R. Prediction of one repetition maximum strength
from multiple repetition maximum testing and anthropometry. J Strength Cond Res.
2006;20(3):584.

Gonzalez-Badillo J J, Sénchez-Medina L. Movement velocity as a measure of loading
intensity in resistance training. Int J Sport Med. 2010;31(05):347-52.

Jidovtseff B, Harris N K, Crielaard J M, Cronin J B. Using the load-velocity relationship
for T1RM prediction. J Strength Cond Res. 2011;25(1):267-70.

Picerno P, lannetta D, Comotto S, Donati M, Pecoraro F, Zok M, et al. 1RM prediction: a
novel methodology based on the force-velocity and load-velocity relationships. Eur
JAppl Physiol. 2016;116:2035-43.

Conceicéo F, Fernandes J, Lewis M, Gonzaléz-Badillo J, Jimenéz-Reyes P. Movement
velocity as a measure of exercise intensity in three lower limb exercises. J Sport Sci.
2015;34(12):1099-106.

Mufoz-Lépez M, Marchante D, Cano-Ruiz M, Chicharro J, Balsalobre-Ferndndez C.
Load, force and power-velocity relationships in the prone pull-up exercise. Int J Sports
Physiol Perform. 2017;1-22.

Sanchez-Medina L, Gonzélez-Badillo J, Pérez C, Pallarés J. Velocity- and power-load
relationships of the bench pull vs. bench press exercises. Int J Sports Med. 2013;
35(03):209-16.

Davies T, Orr R, Halaki M, Hackett D. Effect of training leading to repetition fai-
lure on muscular strength: A systematic review and meta-analysis. Sports Med.
2015;46(4):487-502.

Control of the velocity loss through the scale of perceived effort in bench press

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Gonzélez-Badillo J, Rodriguez-Rosell D, Sdnchez-Medina L, Ribas,J, Lopez-Lépez C,
Mora-Custodio R, et al. Short-term recovery following resistance exercise leading or
not to failure. Int J Sports Med. 2016;37(04):295-304.

Izquierdo M, Ibafez J, Gonzélez-Badillo J, Hakkinen K, Ratamess N, Kraemer W, et al.
Differential effects of strength training leading to failure versus not to failure on hor-
monal responses, strength, and muscle power gains.JAppl Physiol. 2006;100(5):1647-56.

Pareja-Blanco F, Rodriguez-Rosell D, Sénchez-Medina L, Ribas-Serna J, Lépez-Lépez C,
Mora-Custodio R, et al. Acute and delayed response to resistance exercise leading or
not leading to muscle failure. Clin Physiol Funct Imaging. 2016;37(6):630-9.

lzquierdo M, Gonzélez-Badillo J, Hakkinen K, Ibdfez J, Kraemer W, Altadill A, et al.
Effect of loading on unintentional lifting velocity declines during single sets of repe-
titions to failure during upper and lower extremity muscle actions. Int J Sports Med.
2006;27(9):718-24.

Sénchez-Medina L, Gonzélez-Badillo J. Velocity Loss as an Indicator of Neuromuscular
Fatigue during Resistance Training. Med Sci Sport Exer. 2011;43(9):1725-34.

Padulo J, Mignogna P, Mignardi S, Tonni F, D'Ottavio S. Effect of different pushing
speeds on bench press. Int J Sports Med. 2012;33(05):376-80.

Pareja-Blanco F, Rodriguez-Rosell D, Sénchez-Medina L, Sanchis-Moysi J, Dorado C,
Mora-Custodio R, et al. Effects of velocity loss during resistance training on athletic
performance, strength gains and muscle adaptations. Scand J Med Sci Sports. 2016;
27(7):724-35.

Balsalobre-Fernandez C, Kuzdub M, Poveda-Ortiz P, Campo-Vecino J. Validity and
reliability of the push wearable device to measure movement velocity during the
back squat exercise. J Strength Cond Res. 2016;30(7):1968-74.

Bardella P, Carrasquilla Garcia I, Pozzo M, Tous-Fajardo J, Saez de Villareal E, Suarez-
Arrones L. Optimal sampling frequency in recording of resistance training exercises.
Sport Biomech. 2016;16(1):102-14.

Harris N, Cronin J, Taylor K, Boris J, Sheppard J. Understanding position transducer tech-
nology for strength and conditioning practitioners. Strength Cond J. 2010;32(4):66-79.

Balsalobre-Ferndndez C, Marchante D, Mufioz-Lopez M, Jiménez S. Validity and relia-
bility of a novel iPhone app for the measurement of barbell velocity and 1RM on the
bench-press exercise. J Sport Sci. 2018;36(1):64-70.

Bautista |, Chirosa |, Tamayo |, Gonzélez A, Robinson J, Chirosa L, et al. Predicting power
output of upper body using the OMNI-RES scale. J Hum Kinet. 2014;44(1):161-9.

Day M, McGuigan M, Brice G, Foster C. Monitoring exercise intensity during resistance
training using the session rpe scale. J Strength Cond Res. 2004;18(2):353-8.

Eston R, Evans H. The validity of submaximal ratings of perceived exertion to predict
one repetition maximum. J Sport Sci Med. 2009;8:567-73.

Gearhart R, Lagally K, Riechman S, Andrews R, Robertson R. Strength tracking using
the omni resistance exercise scale in older men and women. J Strength Cond Res.
2009;23(3):1011-5.

Borg G. Psychophysical scaling with applications in physical work and the perception
of exertion. Scand J Work Env Hea. 1990;16:55-8.

Robertson R, Goss F, Rutkowski J, Lenz B, Dixon C, Timmer J, et al. Concurrent valida-
tion of the omni perceived exertion scale for resistance exercise. Med Sci Sport Exer.
2003;35(2):333-41.

Bautista |, Chirosa |, Chirosa L, Martin |, Rivilla J. RPE y velocidad como marcadores de
intensidad en el press de banca. Rev Int Med Cienc Ac. 2016;62:229-41.

Helms E, Storey A, Cross M, Brown S, Lenetsky S, Ramsay H, et al. RPE and velocity
relationships for the back squat, bench press, and deadlift in powerlifters. J Strength
Cond Res. 2017;31(2):292-7.

Naclerio F, Larumbe-Zabala E. loading intensity prediction from velocity and the rate
of perceived exertion in bench press. J Strength Cond Res. 2017;32(1):323-9.

Zourdos M, Klemp A, Dolan C, Quiles J, Schau K, Jo E, et al. Novel resistance training—
specific rating of perceived exertion scale measuring repetitions in reserve. J Strength
Cond Res. 2016;30(1):267-75.

Bautista |, Chirosa |, Chirosa L, Martin |, Gonzalez A, Robertson R. Development and
validity of a scale of perception of velocity in resistance exercise. J Sport Sci Med.
2014;13:542-9.

Bautista |, Chirosa |, Robinson J, Chirosa L, Martinez I. Concurrent validity of a velocity
perception scale to monitor back squat exercise intensity in young skiers. J Strength
Cond Res. 2016;30(2):421-9.

Lodo L, Moreira A, Zavanela P, Newton M, Mcguigan M, Aoki M. Is there a relationship
between the total volume of load lifted in bench press exercise and the rating of
perceived exertion? J Sports Med Phys Fitness. 2012;52:483-8.

Freitas T, Calleja-Gonzélez J, Alarcon F, Alcaraz P Acute effects of two different resistance
circuit training protocols on performance and perceived exertion in semiprofessional
basketball players. J Strength Cond Res. 2016;30(2):407-14.

Arch Med Deporte 2019;36(4):215-219 219



Original article

Physiological evaluation post-match as implications to prevent
injury in elite soccer players

Leonardo Matta', Matt Rhea?, Alex Souto Maior’
'Augusto Motta University Center (UNISUAM). Brazil. *Still University of Health Sciences. Mesa. Arizona. USA.

Received: 04.07.2018
Accepted: 14.09.2018

Key words:

Recovery.

Physiological assessment.
Soccer players.

Palabras clave:
Recuperacion.
Evaluacion fisioldgica.
Jugadores de futbol.

Summary

Introduction: The accumulated stress measured post-soccer match, often temporarily delays players' physical performance
and, as a result, players may experience acute and chronic fatigue contributing to underperformance and/or injury.
Objective: This study investigatedchanges in physiological parameters such as thermographic profiles of the lower limbs,
serum creatine kinase (CK) level, and skin conductance in elite soccer players post-match. Furthermore, perceived wellness was
examined in relation to physiological parameters in an attempt to identify a possible relationship that might prove valuable
to strength and conditioning and sport coaches in planning and implementing training schedules.

Methods: Ten healthy male professional soccer players (25.3 + 4.6years; 1784 + 63cm; 76.3kg + 6.2 kg; body fat 10.2 + 4.2 %)
from a club of the Brazilian first division soccer league participated in this study. GPS sensors were used to quantify the
demand of match conditions among all participants along with post-match measures of serum CK, skin conductance, and
thermographic images of lower limbs. These same measures, along with a psychometric questionnaire were administered
24 and 48 hours post-match.

Results: No significance difference (p>0.05) was found in contralateral thermal symmetry in the lower limbs. But, both values
(maximal and mean values) of skin temperature shown significant difference (p<0.05) at rest when compared to 24h and 48h
post-match. In addition, Serum CK level remained elevated for up to 48h post-match in relation to rest.

Conclusion: The results showed that 48 hours post-match is not sufficient to full recovery of soccer players. The use of
physiological measures, wellness questionnaires, and thoughtful planning based on readiness may help reduce over-stress
injuries and enable athletes to perform at their peak throughout the season.

Evaluacion fisiologica tras el partido como implicaciones para prevenir
lesiones en jugadores de fatbol elite

Resumen

Introduccion: El estrés acumulado medido después del partido de futbol, a menudo retrasa temporalmente el rendimiento
fisico de los jugadores y, como resultado, los jugadores pueden experimentar fatiga aguda y crénica que contribuyen con
un bajo rendimiento y/o lesién

Objetivo: Este estudio investigd los cambios en los pardmetros fisiolégicos, como los perfiles termograficos de las extremi-
dades inferiores, el nivel de creatina quinasa sérica (CK) y la conductancia de la piel (SC) en los jugadores de élite de futbol
después del partido

Métodos: Diez jugadores profesionales de futbol (25,3+4,6 afios; 178,4+6,3 cm; 76,3+6,2 kg; grasa corporal 10,2+4,2%) de la
liga de futbol de primera division brasilefa participaron en este estudio. Los sensores de GPS se utilizaron para cuantificarla
demanda de esfuerzo entre todos los participantes junto con las mediciones posteriores al partido de la CK, la SCy las imagenes
termograficas de las extremidades inferiores. Estas mismas medidas, junto con un cuestionario psicométrico, se administraron
24y 48 horas después del partido.

Resultados: No se encontré diferencia de significancia (p>0,05) en la simetria térmica contralateral en las extremidades
inferiores. Sin embargo, ambos os valores (valores medios y maximos) de la temperatura de la piel mostraron una diferencia
significativa (p<0,05) en reposo en comparacion con las 24 horas y 48 horas después de la partida de futbol. Ademds, el nivel
sérico de CK se mantuvo elevado durante hasta 48 horas después del partido en relacion con el descanso.

Conclusion: Los resultados mostraron que 48 horas después del partido no es suficiente para La recuperacion total de los
jugadores de futbol. El uso de medidas fisiolégicas, cuestionario psicométrico y una planificacion cuidadosa basada en la
preparacion pueden ayudar a reducirlas lesiones por sobrecarga.
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Physiological evaluation post-match as implications to prevent injury in elite soccer players

Introduction

In soccer games, players need to make quick, precise movements
that can be characterized as intermittent muscle actions with high de-
mands on several physical components'?. Physical stress during training
and/or match playpromptsmorphological, metabolic, and functional
adaptations that consequently enable an increase in performance’*,
At the same time, accumulated stress, measured post-soccer match,
often temporarily delays players physical performance and, as a result,
players may experience acute and chronic fatigue contributing to un-
derperformance and/or injury®. A majority of injuries occur in the lower
limbs (~70%), related to the nature of the sport (i.e. during jumping, after
movements with a large eccentric component, or in response to a period
of intensified training), consequently, resulting in a decline in physical
performance during the hours and days following competition®®.

Muscle damage is characterized by a temporary decrease in muscle
function, an increase in intracellular proteins in the blood, increased
muscle soreness, and increased swelling in and around the involved
muscle group'®. Recovery is considered complete when the player
is able to reach or exceed his benchmark performance in a particular
activity such as strength, power, or balance®. The development of new
technologies for diagnoses among soccer players is necessary to better
understand the physiological responses to competition and advance
injury risk prevention methods associated with training load and match
intensity'. Valuable information may be identified regarding optimal
recovery time following matches, more detailed evaluations of injury
risk and performance, and other factors that may signal injury risk.

Biochemical markers (i.e. serum CKlevel) have previously been used
to determine the magnitude of physical stress on the skeletal muscle
system imposed on players participating in a soccer match'?. Because
this biomarker is correlated with the number of muscle micro traumas
that lead to the secretion of this enzyme into the extracellular medium,
analyzing post-match CK may provide relevant information about the
physical state of athletes'®'". However, only one method of physiological
evaluation may be insufficient for evaluatingpost-match soccer status.
Biochemical markers combined with thermalimaging assessments may
provide valuable information in this regard'. Infrared thermography is
a non-invasive method used to visualize human body temperature
changesin response to physiological processes or pathological reactions
related to the control of the temperature of the skin, without exposing
the patient to any type of radiation''*. This technique has been used
increasingly in medical and sports areaswith applications related to the
diagnosis of musculoskeletal disorders and in the evaluation of muscle
recovery after training or soccer matches''®. Thermal symmetry of the
human body is similar between the sides of the body which are identical
in shape and size, being taken at the same angle'. On the other hand,
injuries lead to vasodilatation and increase of inflammatory mediators in
the area, which resultin anincrease of the metabolism and blood flow in
the region, consequently, increase local body temperature and disturb
this normal symmetric pattern''*'>. However, no scientific studies have
been identified that used these physiological evaluations post-match
in elite soccer players.

In addition to physical stress of competition, match outcome (win
vs. loss) may influence mood state, compromise sleep, increase psy-

chological stress, and affect mental fatigue post-match in elite soccer
players. Measures are needed to enable an evaluation of psychometric
status with autonomic responses that are objective, sensitive, reliable,
and easy to implement. Sympathetic nervous system activity is strongly
associated with central activations related to the processing of cognitive
and emotional information'. Skin conductance (SC) is another method
of evaluating activity of sweat glands exclusively under sympathetic
control'”'8 SC has been used to identify human emotions, suggesting
different levels of sympathetic activation in different emotional stages,
which along with both tonic and phasic components can aptly identify
subtle psychobiological changes in athletes'” . Therefore, psychometric
questionnaires and SC can be methods useful tool for monitoring per-
ceived wellness, psychometric status and psychobiological changes of
elite athletes'’?. However, scientific researchers are limited with use of
SC during recovery post-match in professional soccer players.

Resulting from an examination of existing literature and professional
interest, the aim of this study was to investigate changes in physiological
parameters such as thermographic profiles of the lower limbs, serum CK
level, and skin conductance in elite soccer players post-match. Further-
more, this study examined perceived wellness in relation to physiological
parameters in an attempt to identify a possible relationship that might
prove valuable to strength and conditioning and sport coaches in
planning and implementing training schedules.

Material and method

Approach to the problem

To investigate the impact of competition on physiological measures
and wellness, ten professional soccer players were recruited to partici-
pate in this study, which was approved by the local institutional Ethical
Committee for Human Experiments and was performed in accordance
with ethical standards in sport and exercise science research. Subjects
provided written informed consent after all methods were explained
to them. Various tests were performed at rest, immediately following
a soccer match, and at 24- and 48-hours post-match for comparison.
Statistical analyses were conducted to examine changes in test scores
as well as possible relationships amongst the different assessments.

Participants and anthropometric measurements

The study included 10 healthy male professional soccer players
(253 + 4.6years; 1784 + 6.3cm; 76.3kg + 6.2 kg; body fat 10.2 + 4.2 %)
from a club of the Brazilian first division soccer league that participates
in national and international competitions organized by the Brazilian
Soccer Confederation (CBF) and South American Soccer Confederation
(CSF). The current training frequency was 6.3 + 0.7 days/week and the
training programs consisted of jumps, ball fights, sprints, accelerations
and decelerations.

All soccer players included in the study participated of one official
match for 88.6 + 9.1 minutes. Data collection post-match were compared
to data collection carried out at the beginning of the training season.
Exclusion criteria included: 1) smoking history during the previous
three months; 2) presence of any cardiovascular or metabolic disease;
3) systemic hypertension (> 140/90 mmHg or use of antihypertensive
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medication); 4) use of anabolic steroids, drugs or medication with
potential impact on physical performance (self-reported); 5) recent
musculoskeletal injury; or 6) pain in any region of the body. The
study was approved by the local institutional Ethical Committee for
Human Experiments (CAAE: 76189817.0.0000.5235) and was per-
formed in accordance with ethical standards in sport and exercise
science research.

Body composition was measured using a bioelectrical impedance
analyzer with hand and foot electrodes (InBody 720, inbody.com). The
otherwise clothed subjects stood upright with their bare feet on the
analyzer's foot electrodes and their arms abducted while grasping the
hand electrodes. All analyses were performed after 8h of fasting. All
biometric measures were carried out in a thermoneutral room (21° C).
No clinical problems occurred during the study.

Training load monitoring and global position system (GPS)

During one official match, all soccer players' activity levels were
monitored and quantified by means of portable global position sys-
tem (GPS) devices (Minimax X, v.4.0, Catapult Innovations) operating
at a sampling frequency of 10 Hz and incorporating a 100 Hz triaxial
accelerometer. Each player wore a special harness which enabled this
device to be fitted to the upper part of his back. The GPS devices were
activated 10 min prior to the start of each official match, in accordance
with the manufacturer’s instructions. After the match, GPS files were
downloaded to a computer and analyzed with the software provided
by the manufacturer (Logan Plus v4.2.3 software; Catapult Innovations,
Scoresby, Australia). The subjects’ data were excluded from analysis if
they failed to complete the match due to injury and /or replacement
during match.

The GPS devices used in this study did not delineate among forward,
backward, or lateral movement.The indicators of external load were as
follows: 1) total distance covered; 2) frequency of efforts >18 km/h); 3)
frequency of efforts >24 km/h); 4) maximal speed during matches. In
addition, data obtained combining the accelerations produced in three
planes of body movement by means of a 100 Hz triaxial accelerometer
in the GPS device were used to classify external training load using the
Player-Load equation. Player-Load is an indicator of the external load
because acceleration is proportional to force and may provide a useful
measure of the total load applied to a player in a match. Player-Load was
calculated by Logan Plus software via thefollowing equation:

(ay1 —ay-1)?+ (ax1 - ax-1)*+ (az1 — az-1)*

Where ay = antero-posterior acceleration, ax = medio-lateral ac-

celeration, and az= vertical acceleration.

Procedures Plasma CK monitoring

Plasma CK monitoring was assessed by reflectance photometry at
37°C using the ReflotronAnalyser Plus (Reflotron Plus; Roche, Germany),
previously calibrated. After the finger asepsis, by using 70% ethyl alcohol,
alancet device with an automatic trigger was used for puncturing finger
and the blood was drained into strips for specific analysis (heparinized
capillary strips). Blood sample (32 ul) was immediately pipetted into a
CKtest strip which was inserted into the instrument.All measurements
were performed 24h and 48 h post-match between 8:00 and 9:00 A.M.

with anthermoneutral room, temperature of 21°C and relative humidity
of 65%.Absolute values of CK were used for analysis.

Skin conductance recording

Skin conductance (SC) was recorded using a ProComp Infiniti mul-
ti-modality encoder from Thought Technology (Montreal, Canada) and a
laptop computer. SC was recorded from two 10 mm diameter Ag—AgCl
electrodes, attached with adhesive collars on the middle phalanges of
the index and middle fingers of the participant’s non-dominant hand.
A constant voltage (0.5 V) was applied between the two electrodes and
EDA was sampled at a frequency of 256 Hz. The signal was displayed in
real-time on the computer screen as visual feedback for the participant
and investigator. For the case wherein physiological filtering was at-
tempted, the participant donned a piezoelectric belt positioned around
the thoracic area, which translated the stretch due to expansion and
contraction of the lung cavity into changes in voltages. These changes
were recorded simultaneously with EDA by the Pro Comp Infiniti sys-
tem. All records occurred 24h and 48h post-match with soccer players
in supine position at normal room temperature (21°C) in a quiet place
under dim light with sound insulation

Acquisition of the thermographic images

All thermographic images were performed 24h and 48h post-
match between 8:00 and 9:00 AM. with anthermoneutral room with
temperature of 21°C with a relative humidity of 65%. The equilibration
periodto evaluate skin temperature was set at 15 minutes. Thermal
images sequences of lower limbs (thighs and legs) were acquired in
an anteroposterior manner (i.e,, frontal and dorsal views) by a digital
infrared thermo-camera (Flir Systems Inc®, model T-420, USA) with
a measurement range of 20 °C to 650 °C (accuracy of + 2 °C or 2 %;
sensitivity of < 0.05 °C), an infrared spectral band from 7.5 to 14 microns,
a refresh rate of 60Hz and an FPA (Focal Plane Array) of 320 x 240 pixels.
The distance between the subject and the camera was standardized
at four meters and the index of human skin emissivity was set to 0.98.
Analyze of the body regions of interest (ROI) were selected by a draw-
ing rectangular areas by the software (Smartview 3.1 - Fluke®, Everett,
USA), which provided us with the average and maximum temperatures
from each analyzed ROI'>?"%, Selection of the ROI utilized 5 cm above
the upper border of the patella and groin line for the thigh, and for
the leg, 5 cm below the lower border of the patella and 10 cm above
the malleolus™. Figure 1 shows representative anterior and posterior
thermal images from thighs and legs. Coffee, tea and alcohol intake was
prohibited for four hours before testing. Soccer players not use physio-
therapy before the test (e.g. massage, electrotherapy, ultrasound, heat
treatment, cryotherapy, hydrotherapy) and without cosmetics products
before the measurements to obtain thermal images most meaningful
of skin temperature. All soccer players reported the absence of any type
of sports injury according to these criteria.

Psychometric questionnaire

A psychometric questionnaire was used 24h and 48h post-match
between 8:00 and 9:00 A.M. to assess general indicators of player
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Figure 1.Thermal images anterior (A) and posterior (B) views from
thighs and legs.

wellness?*#, The questionnaire comprised of 5 questions relating to
perceived fatigue, sleep quality, general muscle soreness, stress levels
and mood, with each question scored on a five-point scale (ranging from
1-5,with T and 5 representing very poor and very good wellness ratings,
and 3 representing normality)?. Overall wellness was then determined
by summing the five scores.

Statistical Analysis

Sample size calculation was performed for the physiological
responses as the main outcome. A sample size of 10 participants
was found to be required to detect a difference in the physiological
responses between baseline and post-match follow-up (power = 0.9,
alpha = 0.05) (G*Power, version 3.1.9).All data are presented as mean +
SD.The statistical analysis was initially performed using the Shapiro-Wilk
normality test and the homocedasticity test (Bartlett criterion). Com-
parisons within-groups for physiological variables and psychometric
questionnaire were performed with ANOVA one-way repeated-meas-
ures followed by Tukeys post hoc tests. Correlation between variables
was assessed using Pearson correlation coefficients and corresponding
95% confidence intervals. The level of significance was set at p<0.05 for
all statistical comparisons. The significance level was set p<0.05 for all
statistical comparisons; the software used was GraphPad® (Prism 6.0,
San Diego, CA, USA).

Results

Table 1 shown descriptive statistic of theindicators of external load
during match. Serum CKlevel revealed significant differences (p<0.0004)
between rest, 24 h, and 48 h post-match (Figure 2A). On the other hand,
SC recording showed significant difference (p<0.0001) only between
restand 24h post-match (Figure 2B).

No significance difference (p>0.05) was found between left and
right sides for anterior and posterior measurements of thighs and legs
for maximal (Table 2) and mean (Table 3) values of skin temperature.
However, both values (maximal and mean) of skin temperature showed
significant differences (p<0.05) at rest when compared to 24 h and 48 h
post-match.

Table 1. Indicators of external load during match.

Variables Mean=SD Maximal Minimal
Total distance covered (m) 8740£1516 10489 5605
Horizontal velocity (m/min) 103.1£13 119 80
Frequency of efforts =18 km/h 48.7£19 77 17
Frequency of efforts =24 km/h 7.3%5 14 0
Maximal speed (km/h) 28.75+2 31.1 25.5
Player Load (A.U.) 878.3£167 1132 536
Player Load per minute (A.U.) 10.5+1 1 10
Total minutes 88.6+9 95 70

Figure 2. Mean + SD values from serum CK level and Skin
conductance in rest, 24h, and 48h post-match of professional
soccer players.
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*p<0.0004 - Rest vs. 24h and 48h post-match.
**p<0.0004 - 24h vs. 48h post-match.
#p<0.0001 - Rest vs. 24h post-match.

Table 4 showed psychometric variables of fatigue, sleep, and pain
were lower at 24 h and 48 h post-match when compared to rest. Sleep
was also significantly lower at 24 h when compared with 48 h post-
match (p<0.05). In addition, SC showed significant correlation with
fatigue (r=0.73; p<0.01) and sleep (r=0.65; p<0.04).

Discussion

Few studies evaluated the physiological response post-match of
the elite soccer players which mean anessential to strategies of recovery
post-match. The results obtained in the present study related significant
difference between rest and up to 48 hours post-match, which showed
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Table 2. Maximal values of skin temperature (°C) of thigh and leg in elite soccer players.

Body regions of interest Rest 24 hours 48 hours A 24h A 48h
Post-match Post-match Post-math Post-math
Anterior thigh Right 33.25+0.62* 34.60+0.63 34.44+0.52 1.4+0.96 1.2+£0.58
Posterior thigh Right 33.04+0.49* 34.00+£0.54 34.27+£0.70 1.15+0.89 1.25%0.71
Anterior leg Right 32.38+0,73* 33.80+0.44 33.87+0.62 1.3+£0.69 1.2+£0.67
Posterior leg Right 32.43+0,45* 33.74+£0.86 33.41+£0.67 1.15+£0.91 1.15%£0.75
Anterior thigh Left 33.18+0,72* 34.73+£0,62 34.60+0.56 1.45+1.09 1.3£0.57
Posterior thigh Left 33.13+0,52* 34.09+0.53 34.34+£0.54 1.15+0.87 1.1+£0.65
Anterior leg Left 32.37+0.68* 33.59+0.86 33.92+0.69 1.3+£1.3 1.65%0.65
Posterior leg Left 32.45+0.60* 33.26+£0.89 33.49+0.86 0.75%£0.83 1+£0.74

*p<0.05 - Rest vs. 24h and 48h post-match. A values were calculated in relation to rest.

Table 3. Mean values of skin temperature (oC) of thigh and leg in elite soccer players.

Body regions of interest Rest 24 hours 48 hours A 24h A 48h
Post-match Post-match Post-math Post-math
Anterior thigh Right 32.12+0.81* 33.32+0.49 33.28+0.55 1.06+0.9 1+£0.47
Posterior thigh Right 32.16+0.47* 33.03+0.63 33.36+0.63 1.03+0.6 1+0.77
Anterior leg Right 31.28+0.94* 32.78+0.42 32.77+0.90 1.4+1.10 1.5+0.81
Posterior leg Right 31.23+£0.31* 32.88+0.59 32.53+0.66 1.5+0.78 1.3540.67
Anterior thigh Left 31.98+0.75* 33.26+0.56 33.26+0.43 1.13+1 1.15+0.46
Posterior thigh Left 32.16+0.46* 33.16+0.62 33.40+0.68 1.25+0.90 1.25+0.78
Anterior leg Left 31.11+0.78* 32.78+0.42 32.81+0.66 1.6+0.94 1.6+0.66
Posterior leg Left 31.34+0.43* 32.39+0.73 32.46+0.70 1.25+1.13 1.15+£1.02

*p<0.05 - Rest vs. 24h and 48h post-match. A values were calculated in relation to rest.

Table 4. Mean=SD values of psychometric questionnaire in rest,
24h, and 48h post-match.

Psychometric Rest 24 hours 48 hours
questionnaire Post-match Post-match
Fatigue (A.U.) 4.4+0.51* 2.9+0.31 3.4+0.51
Sleep (A.U.) 4.5+0.52* 2.4+0.51%* 3.5+0.97
Pain (A.U.) 4.4+0.51* 2.9+0.56 3.5+0.7
Stress (A.U.) 4.4+0.51 3.6x0.96 3.9+£0.99
Mood (A.U.) 4.9+0.31 4.1£1.1 4.3+0.05

*p<0.05 - Rest vs. 24h and 48h post-match; **p<0.05 - 24h vs. 48h post-match

that the athletes were not fully recovered. Scientific literature comments
that recovery time between 48h and 72h post-match may be insuffi-
cient to restore normal homeostasis within soccer players®. In present
study did not find a high correlation between physiological variables,
possibly because this variable shows individual characteristics for each
soccer players. However, the use of infrared thermography and CK
plasma level can together estimate the magnitude of muscle damage,
but SC also seems to be quite important to autonomic evaluation to
shown significant correlation with fatigue and sleep described in the
psychometric questionnaire.

Exercise intensity contributes with damages to the skeletal muscle
cell structure at the level of the sarcolemma, including membrane dam-
age, myofilament disorganization and loss of Z-disc integrity that results
in an increase in total CK'®'", Our results showed increase significant of
serum CKlevel 24h post-match, possibly by a greater recruitment of fast-
twitch fibers at high-intensity exercise during match'"#. Some studies
suggested that some specifics movement in field sports (accelerations,
decelerations, and eccentric contractions) and speeds >25 km/h seem
to have a strong correlation with CKlevels®*#’. A recent study showed a
significant increase in serum CK level after more of 4 repetitions greater
than 20 km/h in sprinters athletes when compared to endurance ath-
letes?. In our study, despite of the low correlation between CKlevel and
efforts > 24 km/h (r=0.14), were realized 7.3 + 5 repetitions > 24 km/h.In
addition, how increase the repetitions and intensity of efforts greater
will be muscle cell disturbance and delays the appearance of a CK se-
rum peak compared to less disruption and may be linked to the time
course of inflammation?. Such muscle damage induced by intensity
exercise altersthe muscle cell permeability and leads to cellular protein
leakage, ultimately increasingthe serum activity of many enzymes??,
Thus, serum CK level response observed after exercise induced muscle
damage may be due to leukocytes infiltrating and destabilizing the cell
membrane during the process of repair®%.
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Considering that CK levels increase after exercise or soccer
matches, applying two methods for muscle activity ismore accurate.
Thus, the use of infrared thermography and CK plasma level can
together determine muscle damage, because only biochemical
markers do not show the anatomic location of the muscle injury.
A recent study published by our research group showed thermal
symmetry of the human body is similar between the sides of the
body at rest, being identical in shape and size'. On the other hand, no
studies were found that evaluated profile of infrared thermography in
elite soccer players 24 h and 48 h post-match. Some studies shown
that differences greater than 0.7°C between contralateral limbs or
body areas have been associated with structural or physiological
abnormalities in athletes''>'3. Additionally, a temperature increase
between 0.25°C t0 0.9°C in a deep lesion situated in muscle is asso-
ciated to inflammation, but a temperature decrease between —0.2°C
to —0.5°Cis considered local ischemia®. Our results showed maximal
and mean values > 0.7°C 24h and 48h post-match in front and back
lower limbs in which an increase in thermal image (>0.7°C) can
contribute to decrease of quadriceps power in 7.9%°'. We propose
that a ROl below 27°C may be related to a condition of hypothermia
caused by reduced local blood flow, whereas a ROl above 35°C could
suggest an inflammatory process. This thermal response could be
related to several physiological changes (e.g., increased muscle
metabolism, anaerobic energy reserve, density of capillaries and
nerve conduction rate) showing a relationship between muscle skin
temperature change and muscle fatigue'?'#2,

Stress perturbs the normal physiological or psychological func-
tioning of an individual. There is a relationship between stress and
sympathetic activity, although the electrical change alone does not
identify which specific emotion is being elicited'. However, SC can
identify autonomic sympathetic changes through changes in sweat
and blood flow'. But it is important to comment that no study to date
has used SC as a method for assessing recovery of elite soccer players.
In present study was observed high correlation between SC and fatigue
and sleep. We hypothesis that in 24 h post-match (score < 3 in psy-
chometric questionnaire to fatigue and sleep) elite soccer players still
showed the effects of stress caused by match play. Consequently, the
perception of greater risk results in more vigilant autonomic nervous
system activityand is reflected in skin conductance activity'®'. Thus, un-
dera pre-sleep stressful condition, the increase in electrodermal activity
during sleep can be a byproduct of a sleep inhibitory mechanism, which
fits the notion that higher vigilance corresponds to higher sympathetic
activity and increase fatigue state®.

A limitation of this type of investigation could be age range,
specific position of the soccer players, and climatic condition during
match soccer since this parameter could influence serum CK level,
skin temperature measurements, and autonomic response. While our
sample was quite homogeneous, the sample size was not large enough
to provide variations in physiological condition to specific positions.
Future research should elucidate the influence of the external training
load in the markers biochemical during training and/or matches in
elite soccer players.

Conclusions

In conclusion, the combinations of our results contribute to two
key findings. Firstly, 48 h post-match remain high levels of serum CK
and thermal image in elite soccer players. Secondly, the results showed
significant correlation of SC with fatigue and sleep reported in the
psychometric questionnaire. Therefore, workouts held the day after a
game may be counterproductive and impeded the recovery process,
which may take more than 48 hours. The use of physiological measures,
wellness questionnaires, and thoughtful planning based on readiness
may help reduce over-stress injuries and enable athletes to perform at
their peak throughout the season. Thus, these physiological evaluations
may be a helpful for athletes, coaches, physicians and physical therapists
regarding injury prevention, early detection, and recovery strategies.
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Introduction: Intermittent exposures at high altitude have acute effects on some biological markers, such as testosterone,
but not at low altitude. Since the training of soldiers should carry out specific military activities, is very important to asses
physiological changes that can occur in particular circumstances (such as altitude) but during the performance of the activities

of the military units.

Objective: To identify the hematological changes and the hormones Free Testosterone (TL), Total Testosterone (TT) and

Cortisol during a nocturnal march at low altitude in soldiers of mountain operations.

Methodology: 32 male military (26.3 +4.50 years, 75.1 + 7.6 kg) performed a nocturnal winter march with equipment between
902 and 1648 m of altitude. Blood samples were obtained before and after the march, and TL, TT, cortisol and blood count

were measured: red blood cells (Hmt), hemoglobin (Hb), hematocrit (Htto) and mean corpuscular volume (MCV).

Results: There was a significant decrease in TL and TT values without changes in plasmatic cortisol. A reduction in the values

of Hmt, Hb, Htto and VCM has also been observed.

Conclusion: A winter march with combat equipment, at low altitude and with a unevenness of 746 m, produces a significant
Key words: decrease in the plasma values of Testosterone (free and total) in soldiers of mountain operations. No changes in cortisol values
Cortisol. Testosterone.  are observed. A significant reduction of red blood cells, hemoglobin, hematocrit and MCV is detected, which could be due

Mountain troops. March.  to a hemodilution effect.

Efectos hormonales y hematol6gicos en una marcha invernal

de baja altitud en militares chilenos

Resumen

Introduccion: Las exposiciones intermitentes a gran altitud tienen efectos agudos sobre algunos marcadores biolégicos,
como la testosterona, pero no asi en baja altitud. Dado que el entrenamiento de soldados deberia ir asociado a tareas militares
especificas, adquiere gran importancia valorar los cambios fisiolégicos que puedan producirse en determinadas circunstancias

(como la altitud) pero durante la realizacion de actividades propias de las unidades militares.

Objetivo: Identificar los cambios hematoldgicos y en las hormonas Testosterona Libre (TL), Testosterona Total (TT) y Cortisol

en una marcha nocturna a baja altitud en soldados de operaciones en montafa.

Metodologia: 32 Militares masculinos (26,3 £+ 4,50 afios, 75,1 £ 7,6 kg) realizaron una marcha invernal nocturna con equipo y
un desnivel entre los 902 y 1648 m. Se obtuvieron muestras de sangre antes y después de la marchay se midi6 TL, TT, cortisol

y hemograma: hematies (Hmt), hemoglobina (Hb), hematocrito (Htto) y volumen corpuscular medio (VCM).

Resultados: Se produjo un descenso significativo de los valores de TLy TT sin cambios en el cortisol plasméatico. También se

observé un descenso en las cifras de Hmt, Hb, Htto y VCM.

Conclusion: Una marcha invernal con equipo de combate, en baja altitud y con un desnivel de 746 m, produce un descenso
Palabras clave: significativo de los valores plasmaticos de Testosterona (libre y total) en soldados de una unidad de operaciones en montafa.
Cortisol. Testosterona. Tropas ~ No se observan cambios en los valores de cortisol. Se detecta una reduccién significativa de hematies, hemoglobina, hema-

de montafna. Marcha.  tocrito y VCM que podrian deberse a un efecto de hemodilucion.
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Introduction

In the Chilean Army, personnel in the mountain troops must be
highly specialised and prepared, in order to offer rapid and effective
responses in different scenarios under specific stressors.

One of the most common stressors for the Chilean Army in the
mountain operating environment is fatigue caused by marching in
combat simulated conditions, with regard to equipment and adverse
weather conditions. However, occasionally, an added factor is marching
at altitude conditions, with the influences that this has on the physical
performance of the subjects’. Due to the fact that these two factors are
often combined in mountain troop operations, it is difficult to differen-
tiate the influence of each one.

In 2010 a retrospective analysis by the United States Army? brought
to light a considerable decrease in cold-weather injuries since the
Korean war (6,300 injuries) up to operations in Afghanistan (only 19),
attributing this change to better knowledge of the circumstances and
to improvements in the equipment of the armed forces.

On the other hand, altitude training traditionally takes place through
long acclimatisation sojourns. However, given that the military opera-
tions to be performed in these environments generally have little time
for preparation, it would be of interest to know how this preparation
could be made more efficient. In 2014, the British Army® made a review
of the sporting literature that dealt with this problem, in an endeavour to
draw conclusions that could be applicable to military training. Given that,
in all these strategies, it is necessary to combine the best physiological
adaptation in the least possible time with training sessions at appropriate
intensities, it is important to know the effect that both factors (altitude
and intensity) have on physiological variables.

In 2007, Muza* conducted a review on the effects of daily inter-
mittent hypoxic exposures to induce altitude acclimatisation, for the
purpose of considering the potential utilization of this approach in
military training. He concluded that exposures of at least one and a
half hours are required for at least one week and at altitudes that are
equal to or higher than 4,000 m and also that the effect of intermittent
exposures at lower altitudes is not documented.

However, intermittent exposures at high altitudes have acute
effects on some biological markers, such as testosterone®. Given that the
training of soldiers must be associated with specific military tasks, it is
extremely important to ensure that the assessment of the physiological
changes that may occur in certain circumstances (such as altitude) is ba-
sed on the performance of activities that are specific to the military units.

The problem lies in the fact no studies in these circumstances
have been reported in the literature and, if we resort to sports training
literature, we find some highly diverse information with regard to the
blood count values of certain hormones due to some very different
conditions and protocols. Thus, following exercise at high altitudes, some
authors report increases in cortisol” while others find no changes''".

With regard to the exposure time at high altitudes, some authors
have observed that through gradual ascents, the cortisol levels at rest
do not change'?, while others report that the subjects rapidly exposed

to hypoxic conditions (either in a hypobaric chamber or using a vehicle
or helicopters for a rapid ascent) do show increases in cortisol>'*,

A similar situation occurs with testosterone at high altitudes. Some
studies report a drop in testosterone in a mountain climbing training
programme'® while others find an increase in the testosterone values
in situations of acute exposure to high altitudes'®.

However, isolated changes in the values of cortisol or testosterone
are important, given that, in the sports field, the free testosterone to
cortisol ratio has been used as an indicator of training load for some
time now'”'® being a marker of overexertion, even for soldiers subjected
to extreme loads™. It is therefore a useful tool that makes it possible to
intervene in the planning before any pathological changes occur in
athletes'®20-22,

It is important to ensure that the study of the physiological
adaptations of the armed forces to altitude (or to any other variable)
is associated with specific tasks. Given that no studies exist with these
characteristics, the aim of this work is to analyse the changes occurring
in the hormonal values and red blood cells of soldiers from the Chilean
Army taking partin mountain operations during a low-altitude nighttime
winter march with full combat equipment.

Material and method

Ethical aspects

This investigation was approved by the Health Science Research
Ethics Committee, Military Hospital of Santiago, observing the provisions
of the declaration of Helsinki.

The soldiers were informed of the procedure and agreed to volun-
tarily participate by signing a consent form.

Study population

Thirty-two male soldiers (aged 26.3 + 4.50 years, weight 75.1 £ 7.6
kg) conducted a nighttime winter march in the locality of Lonquimay,
Chile, with an initial altitude of 902 m and ascending to 1,648 m, carrying
equipment weighing 28 kg. It took them 5 h 38 min. to go from the
base camp (902 m) and climb to an altitude of 1,648 m and return by
the same route. They travelled a distance of 24.2 km with an average
slope of 6.5%, and a 20.1% maximum grade. The average environmental
temperature during the march was 2°C.

All the subjects had been at the base camp, located at 902 meters,
for 12 weeks prior to the march.

Taking of blood samples

Two blood samples were obtained for each subject at the same
time, at the start of the march (PRE) and at the return to the base camp
(POST), for subsequent analysis. The PRE fasting sample was obtained
at 06:00 and the subjects spent the day in the base camp classroom
planning the route for the march, with no type of physical activity until
the start of the march at 00:00 (midnight). The POST sample was taken
on the return of the subjects to the base camp at 06:00.
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All samples were obtained by the unit's military nurses through
venipuncture in the forearm using the Venoject® system and following
the stipulated procedure of the Clinical Laboratory of the Military Hos-
pital of Santiago. The analytical process was conducted through the
fully automated LAB CELL platform (Siemens) interfaced with the Advia
2120, Advia 1800 and Advia Centaur XP systems.

For the haemogram, the sample was stored in a BD Vacutainer in
an EDTA tube and processed in an Advia 2120 through flow cytometry,
optical laser and impedance. For the purpose of this study, the analysis
comprised the number of red cells (RBC), haemoblobin (Hb), haema-
tocrit (Hct) and mean corpuscular volume (MCV).

To measure the Cortisol and Total Testosterone (TT), the study used
aBDVacutainer with gel separator and coagulation activator and it was
processed in an Advia Centaur XP by chemiluminescence. For the Free
Testosterone (FT), the study used a BD Vacutainer with gel separator and
coagulation activator. It was processed in an Immulite 2000 (Siemens)
by radioimmunoassay (gamma counter).

Immediately after drawing the blood samples, these were sent to
the clinical laboratory at the Military Hospital of Santiago, transported
by personnel from the aforementioned laboratory in compliance with
the regulations for the transport and storage of biological fluids.

An initial atmospheric pressure of 663 mmHg?* was calculated and
the oxygen saturation level (Sa0,) was measured with a portable device
(Nonin CMS50D, USA, 2014). Weight was measured with a Tanita scale
(Tanita Ironman BC1500, Japan, 2015) and the tympanic temperature
was taken before and after the march using an infrared thermometer.
(Boeringher, Germany, 2015).

Statistical analysis

The data are presented as mean and standard deviation (SD) and
were analysed using the Statistical Package for the Social Sciences 15.0
software (SPSS Inc, USA). For each analysis, the normality of distribution

Hormonal and haematological effects in a low-altitude winter march on chilean military

was tested using the Shapiro-Wilk test. The median and standard de-
viation were calculated for each measurement. In order to determine
whether there were significant differences between the pre and post
tests, the Student’s paired t-test was applied to the variables with normal
distribution and the Wilcoxon test to the not normally distributed varia-
bles.In all cases, we considered a confidence level of 95% (value p < 0.05).

Additionally, the difference between variables was valued by cal-
culating the effect size (ES) through Cohen’s d-test*. The d values were
considered as: very small (d<0.1); small (d = 0.1 to 0.2); moderate (d =
0.21t00.5); large (d = 0.51 t0 0.8) and very large (d > 0.8).

Results

Table 1 shows the data for the variables analysed and corresponding
to the PRE and POST samples, together with the values for the Cohen’s
d test and the effect size.

Allthe changes were significant, except for the Sa0, and the cortisol.

Discussion

The main contribution of this study is that, following a winter
march with combat equipment, at a low altitude and with a difference
in height of 746 m, the soldiers of a mountain operations unit showed
a significant drop in the plasma values of FT and TT, with no changes
in the cortisol values.

With regard to the cortisol, changes have been reported due to the
effect of height, but only at moderate or high altitudes and so that it ap-
pears that the exposure process is the factor determining the behaviour
of cortisol at these altitudes. When exposure is acute, cortisol has been
observed to increase’®'* however, with gradual exposures, no changes
are observed in cortisol levels'. When physical exercise is performed at
these heights, following acute exposure, a drop is reported in previously
high cortisol levels, for saliva'? and blood' alike. At low altitudes (such

Table 1. Measurement and standard deviation (SD) of weight, Sa0,, temperature, cortisol (C), free testosterone (FT) and total (TT), FT/C

ratio, RBC, haemoglobin, haematocrit and mean corpuscular volume (MCV).

Variable Pre-test Post-test d ES
Weight (kg) 75.2+7.6 74.1+7.58* 0.15 Small
Sa02 (%) 97.4+2.99 97.1£2.7 0.11 Small
Temperature (°C) 35.5+0.43 35.9+0.36* 1.02 Very large
Cortisol (uM/L) 0.75£0.12 0.72+0.17 0.26 Moderate
FT (uM/L) 43.4+11.5 24.7£14.1* 1.84 Very large
TT (uM/L) 11.2+3.8 4.94+3.22% 2.31 Very large
FT/C Ratio 60.3+19.7 36.4+22.3* 1.44 Very large
RBC (M/uL) 5.11+0.24 5.05+0.23* 0.26 Moderate
Haemoglobin (M/uL) 15.2+0.73 14.9+0.76* 0.42 Moderate
Haematocrit (°C) 45.3+1.9 43.5+1.98* 0.89 Very large
MCV (uM/L) 88.7+2.22 86.4+2.3* 1.01 Very large

*p<0.05; ES: effect size calculated with Cohen’s d: d <0.1 (ES very small); d = 0.1 to 0.2 (ES small), d = 0.21 to 0.5 (ES moderate), d = 0.51 to 0.8 (ES large) and d > 0.8 (ES very large).
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as those forming part of this study) no effects on cortisol have been
reported in the literature.

On the other hand, the cortisol response to exercise is extremely
variable, depending on the time of day, the type of exercise and the
accumulated fatigue (as well as other factors) and it could therefore
either increase, decrease or stay the same?.

Therefore, given that the low altitude in itself has no effect on
cortisol, the fact that there were no variations of cortisol in our group
would indicate (in general) that the specific task performed would not
have involved a stress stimulus that was sufficiently intense to raise the
levels of cortisol in response to the same. However, this explanation is
somewhat inconsistent with the effort that these soldiers had to make,
as part of their training, taking into account that the march was made
at a considerable average speed for the equipment that they were
carrying and that it took place at night, at low temperatures and with
a difference in height of close to 750 m.

With regard to the decrease observed in testosterone values, the
normal response at high altitudes is not clear in the literature, if there
actually is an effect that is directly related to altitude. Most of the stu-
dies consulted determine testosterone levels during training sessions
in high mountain areas'’ or else the long term effect of exposure to
high altitudes*''*. In any case, we have found no effects reported in
the literature attributable to low altitudes such as those in this study.

On the other hand, with regard to physical exercise, a large number
of works published use values of salivary testosterone with highly varied
results, which agrees with the meta-analysis by Hayes, et al?” which
found that the effects are highly dependent on the type of exercise, the
study design and the sampling time. Another recent review? reveals
that high-intensity exercise produces a reduction in the activity of the
hypothalamic—pituitary-gonadal axis with the subsequent decrease in
testosterone levels, while it finds that the data published for moderate
intensity exercises are inconsistent. Pursuant to this review, our data
would be more coherent with the work load that this task represents
and with the fatigue level experienced by the subjects.

The FT/Cratio shows a marked decrease with values similar to those
found in athletes under high work load or overexertion conditions»%°,

With regard to the parameters for the red blood cells, all of these
(RBC, Hb, Hct, and MCV) showed significant decreases after the march
and with a moderate ES for RBC and Hb and very large for Hct and MCV
(Table 1). In this section, the existing data also support the idea that
these altitudes do not induce haematological changes by themselves.
Thus, Rietjens®', following the 3-year monitoring of high level triathletes,
found that altitudes of at least 2,000 m are required in order to attribute
haematological changes to altitude, and works frequently report these
changes at higher altitudes®***. In our opinion, the changes in the red
blood count could be conditioned by a haemodilution effect that has
already been reported for marathon runners*. With regard to the de-
crease observed in the MCV, this agrees with what Sewchand already
described in 198035 finding that any acute exposure to altitude would
produce a decrease in MCV of between 12 to 14%.

The principal limitation of this study lies in the fact that we were
unable to differentiate the effect of the physical work load from the
additional stressors (such as cold, lack of sleep or accumulated fatigue)
and from the possible effect of the change in altitude, although, based
on the literature, this latter factor could reasonably be ruled out. A further
limitation was the failure to control the fluid intake during the march,
although this aspect is slightly mitigated by the fact that we monitored
the level of dehydration through double weighing.

Conclusions

A winter march of soldiers from a mountain operations unit, carrying
combat equipment, conducted at a low altitude and with a change of
height of 746 m, produces a significant drop in their plasma Testosterone
levels (free and total).

No changes in the cortisol levels were observed.

A significant reduction was detected in RBC, haemoglobin, hae-
matocrit and MCV, that could be due to the effect of haemodilution.
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Summary

Life expectancy has increased significantly in western societies. Physical exercise adapted to the elderly is a key factor in
achieving active ageing.

Objectives: Main objective was to assess the functional fitness of active, independent, over 80 years of age, Spanish subjects
enrolled in a Senior Physical Fitness program using the Senior Fitness Test (SFT), and to compare the results with the SFT
reference intervals. The secondary objective was to analyse the sample’s results when distributed according to age and sex.
Material and method: A transversal study was conducted in 162 participants (142 women, 87%). They were administered the
SFT to determine their physical abilities and their BMI was calculated in order to find out its influence on their physical condition.
Results: Our Spanish sample performed better in strength and agility but presented lower outcomes in endurance and
flexibility when compared to the US target population. In the Spanish sample significant differences between the two sexes
were only found in the resistance score, where men performed better than women, (p=0.006). Participants over 85 presented
lower results in BMI (p=0,007), upper body strength (p=0.01) and lower body flexibility (p=0.02). The mean BMI of our sample
was higher than that of the American population.

Conclusions: The Spanish population is stronger and has more agility, but it's also less flexible and has lower endurance
when compared to the American population. The Fitness condition in our population > 80 is similar in men and women.

Valoracion de la condicion fisica mediante el senior fitness testy
el indice de masa corporal en una muestra espaiola de personas
mayores de 80 aios

Resumen

La esperanza de vida se ha incrementado notablemente en las sociedades occidentales. El ejercicio fisico adaptado a personas
mayores es clave para conseguir un envejecimiento activo.

Objetivos: El objetivo principal fue determinar los niveles de condicién fisica con el Senior Fitness Test (SFT) en sujetos espafioles,
mayores de 80 afios, activos e independientes, adscritos a un programa de Condicion Fisica de Mayores (CFM) y compararlos
con los valores estadounidenses de referencia del SFT. El objetivo secundario fue analizar los resultados de nuestra poblacién
distribuidos por sexo y edad.

Material y método: Se realizd un estudio transversal en 162 participantes, (142 mujeres, 87%), a los que se les aplico el SFT para
evaluar su condicién fisica y se les midi6 el Indice de Masa Corporal (IMC) para valorar su influencia sobre la condicién fisica.
Resultados: En el SFT, la muestra espafiola presentd mejor desemperio en fuerzay agilidad y niveles mas bajos en flexibilidad
y resistencia que la poblacion estadounidense de referencia. No se encontraron diferencias significativas entre sexos en la
poblacion espafiola, excepto en la prueba de resistencia a favor de los hombres (p=0,006). El grupo mayor de 85 afos presentd
resultados inferiores del IMC (p=0,007), de la fuerza del tren superior (p=0,01) y de la flexibilidad del tren inferior (p=0,02). La
media del IMC de la muestra estudiada fue superior a la media de la poblaciéon estadounidense.

Conclusiones: La muestra espafiola es mas fuerte y agil, pero menos flexible y resistente que la poblacién estadounidense
de referencia. La capacidad funcional en nuestra poblacién mayor de 80, es similar en ambos sexos.
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Introduction

Life expectancy in western countries has risen notably over the
last century thanks to improvements in social and health conditions’.
In Spain, life expectancy stands at 85.8 for women and 80.3 for men?.
The percentage of the population over 65 in the country is currently
18.7% and is expected to reach 25.6% and 34.6% by 2031 and 2066,
respectively?.

The European Commission promotes the idea of keeping older
people active and independent?, and if we know their physical activity
habits, we can influence and improve their behaviour patterns. Functio-
nal capacity for day-to-day activities diminishes with age; strength,
flexibility and aerobic endurance are the factors most affected”. Physical
activity is positively related to degree of independence® and prolonged
periods of immobility increase death due to disease in this population’.
Various studies have found that a suitable physical activity programme
improves muscle strength®’, aerobic endurance, agility, balance and
flexibility'®", which are associated with a greater ability to perform
everyday activities'.

Studies have shown that physical exercise programmes improve
the degree of independence of the over-60s°'%, but we have not found
any studies specifically focussing on populations aged over 80 in Spain
oranywhere else. The Senior Fitness Test (SFT) is a validated test widely
used to quantify the physical condition of the elderly'".

The main aim of our study was to use the SFT and BMI to identify
the fitness level of a population of active subjects aged over 80 taking
part in Senior Physical Fitness programmes in the last quarter of 2017
and to compare the results obtained with the reference values of a US
population aged over 80. The secondary objective was to analyse the
SFT results of our population by sex and age.

Material and method

Population

People over 80 years of age, not in care homes and taking part in
a Mélaga City Council Senior Physical Fitness programme in the last
quarter of 2017 were included. They all presented medical reports
indicating that they did not suffer from any acute or chronic condition
(cardio-pulmonary, renal, orthopaedic, neurological, etc.) which would
make the SFT unadvisable. The characteristics of the study were explai-
ned to all the participants beforehand and they all signed an informed
consent form. Those who did not wish to take part and those with one
of the conditions mentioned were excluded from the study.

Material

The material used to conduct the study consisted of:
— Aluminium measuring rod.
— Jata non-digital scales.
— Analogue stopwatch for the strength, agility and endurance tests.

— 2.5kg and 4 kg weights were used for women and men, respecti-
vely, instead of the 2.27 kg (5 Ib) and 3.63 kg (8 Ib) ones originally
used in the SFT.

— A 150 cm flexible tape measure to measure flexibility.

— A plastic cone measuring 45.5 cm in height and with a 20x20 cm
base for the agility test.

— A bench or chair without armrests.

— Arectangular 47.5 m perimeter for the endurance test.

Methodology

The study was cross-sectional with the prospective collection of
the following variables: sex, age and BMI.
The other variables studied were obtained from the different tests
included in the usual SFT battery's:
— Arm curl test (ACT): upper body strength.
— Chair stand test (CST): lower body strength.
— Back scratch test (BST): upper body flexibility.
— Chair-sit and reach-test (CRT): lower body flexibility.
— Foot up-and-go test (FT): agility.
— 6-minute walk test (6-MWT): endurance.
In order to study the influence of age in our population, the subjects
were divided into two age groups: one for those aged between 80 and
85, and the other for over-85s.

Statistical analysis

Los datos fueron recogidos en el programa SPSS (v 25) y se utilizé el
softThe data were collected in SPSS (v 25) and Excel 2000 software was
used for graphic data processing. The quantitative variables were expres-
sed as means plus standard deviation. Mean and variance weighting was
carried out to obtain the US reference values. The Kolmogorov-Smirnov
test was used to test the normality of the variables. Because we were
unable to assume normality, the nonparametric Mann-Whitney U test
was applied to study the possible differences between sexes and age
groups. A p-value of <0.05 was considered to be statistically significant.

Results

The participants in the study were people over 80 years of age of
Caucasian origin. 162 subjects were included, 20 men and 142 women.
They all completed the SFT and their BMIs were calculated without
incident. The age range was between 80 and 95. The mean age of the
men was slightly higher than that of the women (84+3.4 vs 83+2.6).The
mean BMI of the population was 28.63+4.20 kg/m? for the women and
26.82+3.81kg/m? for the men.

Figure 1 shows the results of the SFT of the Spanish and US po-
pulations by sex. The Spanish women gave better strength test results
than the American women.

Table 1 shows the BMI and SFT results by age group. As can be
seen, all the age groups in the Spanish population obtained higher
upper body (ACT) and lower body (CST) strength values. However, the
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Figure 1. SFT results of the Spanish population and US population
by sex.
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ACT: Am curl test; CST: Chair stand test; BST: back scratch test;
CRT: Chair-sit and reach-test; FT: Foot up-and-go test; BMWT: 6-Minute walk test

Spanish sample obtained lower upper body (BST) and lower body (CSR)
flexibility values than the American population'.

Table 2 shows the SFT results by percentiles, split into ‘low’ (pO-
p25) ‘normal’ (p25-p75) and ‘excellent’ (p75-p100), in line with Rikli and
Jones™®. Figures 2 and 3 show the same results by sex. In terms of
upper (ACT) and lower body (CST) strength, 75% and 95% of our male
sample, and 90% and 96.5% of our female sample achieved ‘normal’and
‘excellent’results, respectively. When it came to both lower body (CSR)
and upper body (BST) flexibility, however, our sample scored worse than
the reference sample, especially the Spanish women compared to the
American women. When comparing the results of our population by
sex, no significant differences were found, except for the endurance

Table 1. SFT results of the Spanish population and US population

by age.
Tests Age us Spanish
population population
Mean+SD Mean+SD
BMI 80-85 25.14+£3.84 28.93+4.27
85-90 24.45+3.42 26.90+3.66
>90 24.35+4.26 26.29+2.11
Arm curl test (ACT) 80-85 13.93+4.16 15.05+£3.72
85-90 12.56+3.93 13.19+4.20
>90 11.26£3.70 14.25+4.79
Chair stand test (CST) 80-85 11.64+4.11 12.80£13.15
85-90 10.50+4.17 11.72+5.26
>90 8.57+4.70 10.78+7.84
Back scratch test
(BST) 80-85 -3.54+4.59 -14.13£11.83
85-90 -4.49+4.58 -15.85+£15.71
>90 -5.39+£5.07 -15.07+1.68
Chair-sit and reach-test
(CRT) 80-85 -0.28+4.15 -8.12+9.79
85-90 -0.68+3.83 -11.35+£12.20
>90 -2.32+4.10 -24.01£10.90
Foot up-and-go test
(FT) 80-85 6.95+2.08 6.651+1.46
85-90 7.72+2.53 7.75+3.37
>90 8.96+3.10 9.09+£3.79
6-Minute walk test
(6MWT) 80-85 481.85+117.97 420.89+93.35
85-90 440.43+£132.81 396.32+91.90
>90 374.38+£134.74 38.18+134.38

test (6-MWT, p=0.006), where the men obtained better results than
the women (Table 2).

Table 3 shows the SFT and BMI results of our population by age
group. A decrease in BMI (p=0.007), upper body strength (ACT, p=0.01)

Table 2. Spanish sample results by sex according to Rikli and Jones’ reference percentiles.

Tests Sex Meanz SD SFT result p-value
Low Normal Excellent

Arm Curl Test (ACT) M: 13.95+4.45 25% 70% 5% >0.05
F: 14.71£3.83 9.9% 47.9% 42.3%

Chair Stand Test (CST) M: 12.66%6.11 5% 45% 50% >0.05
F: 12.49+3.46 3.5% 46.5% 50%

Back Scratch Test (BST) M: -17.32+10.18 30% 60% 10% >0.05
F: -14.14+12.91 49.3% 35.2% 15.5%

Chair-sit and Reach-test (CRT) M: -11.82+11.45 40% 60% 0% >0.05
F: -8.86+10.55 62.7% 35.2% 2.1%

Foot up-and-go Test (FT) M: 7.06£3.12 15% 60% 25% >0.05
F: 6.93+2.00 13.4% 66.2% 20.4%

6-Minute walk test (6MWT) M: 463.61£148.21 15% 65% 20% >0.05*
F: 406.31+£82.90 19% 66.9% 14.1%

*Statistically significant.

234 Arch Med Deporte 2019;36(4):232-236



Evaluation of physical fitness in spanish people over 80 years of age using the senior fitness test and the body mass index

Figure 2. Results of the Spanish men according to the SFT reference
percentiles.
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Figure 3. Results of the Spanish women according to the SFT
reference percentiles.
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and lower body flexibility (CRT, p=0.02) was observed as age increased,
the other differences detected being statistically insignificant..

Discussion

According to estimates accepted by all social actors, life expectancy
is expected to continue to follow an upward trend in the future. The
lack of research on physical activity in people aged 80-95 was one of
the main reasons why this research was conducted. Physical fitness

Table 3. SFT and BMI results in the Spanish sample by age.

Tests Age n Mean+ SD p level

BMI 80-85 122 28.93+4.27 <0.01*
>85 40 26.84+3.52

Arm Curl Test (AMC) 80-85 122 15.05+3.72 < 0.05*
>85 40 13.30+4.21

Chair Stand Test (CST) 80-85 122 12.80+3.15 > 0.05
>85 40 11.63+5.45

Back Scratch Test (BST) 80-85 122 -14.13+11.83 > 0.05
>85 40 -15.77£14.90

Chair-sit and Reach-test ~ 80-85 122 -8.12+9.79 < 0.05*

(CRT) >85 40 -12.61+12.55

Foot up-and-go Test (FT)  80-85 122 6.65+1.46 >0.05
>85 40 7.88+3.38

6-Minute walk test 80-85 122 420.88+93.35 > 0.05

(6MWT) >85 40 390.51+£96.33

*Statistically significant; BMI: Body Mass Index.

was determined by means of the SFT, a widely validated test™ used
to highlight the weaknesses and strengths of Senior Physical Fitness
programmes.

Comparing the SFT and BMI variables of the two populations
(Spanish and US), which was the chief objective of the study, we found
that (Figure 1, Table 1):

— Our sample gave moderately higher strength values in all age
groups compared to the American sample, especially for women.
The Spanish population achieved higher upper limb strength
values (ACT) despite using heavier dumbbells (change from Ib to
kg), which has had a negative impact in other studies18. Similar
results were obtained in the measurement of lower body strength
(CST), with all the participants scoring higher than the reference
population.

— As for agility (FT), the Spanish and American populations gave
similar results, although the Spanish women did slightly better. This
difference could be due to greater lower body strength, a direct
relationship between strength and agility having been observed
in other studies™.

— The levels of flexibility (CRT and BST) of the sample were conside-
rably lower than the US population, especially for women (Table 2).
[tis striking that our population obtained worse results in flexibility
despite taking partin a Senior Physical Fitness programme, in which
stretching exercises are included at the end of each session.

— As for endurance (6MWT), although not appreciable due to the
adjustment of the measurement unit in Figure 1 (from metres to
hectometres), there were significant differences in favour of the
US population. Waist circumference is inversely related to aerobic
endurance®. The higher BMI found in our population could justify
its poorer performance in the endurance test.
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Considering it still a simple, valid method, the BMIs of the two po-
pulations were also compared in order to relate body fat percentage and
cardiovascular risk®. 78.39% of our subjects were overweight or obese,
especially the women?'. However, our population aged >85 had a lower
BMI than the population aged <85 (p=0.007), suggesting that the increa-
se in BMI in our population tends to disappear with age”’. New studies
evaluating nutritional status or even questioning the validity of BMI
when evaluating people of such advanced ages would be very useful.

As for the secondary objective, we compared the SFT results of our
population by age and sex. A significant decrease was observed in the
tests measuring upper body strength (ACT p=0.01) and lower body
flexibility (CSR p=0.022) in the > 85 group (Table 3), perhaps due to the
drop in physical capabilities as age increases5. Other studies'*?" have
applied a cut-off point of 70-75 years of age, which is when functional
decline is most marked. Because our sample had an age range limited
t0 80-95, it is difficult to find other significant differences. A comparison
of the SFT results by sex shows no significant difference except in the
endurance test (6MWT, p=0.006) (Table 2). Further studies to justify
the similarity in the results of the active population aged> 80 when
compared by sex are needed.

The strengths of this study lie in the fact that we have found no other
studies analysing the SFT in a population similar to ours, the subjects
demonstrated great tolerance and readiness to carry out the SFT, no
side effects at all were recorded and these results may be useful in order
to improve the Senior Physical Fitness programmes used.

The imbalance in the sample between the number of men and
women should be noted as a weakness.

Conclusions

Assessing the physical fitness of our population, by comparing it
with the normative SFT values and the results within the population
itself leads us to the following conclusions:

— The Spanish sample would appear to be stronger and more agile,
but to be less flexible and to have less endurance than the refe-
rence population.

— The difference in functional capacity between men and women
tends to disappear in the population aged over 80.

— The BMI may not be a reliable anthropometric parameter in po-
pulations aged >80.
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Summary

It has been found that gastro-intestinal disorders are limiting factors in both endurance and ultra-endurance sports perfor-
mance. Studies on the likely causes of such health conditions show that several elements are involved. It is estimated that
30% to 90% of runners suffer from digestive conditions leading to the detriment of both performance and rehabilitation.
Considering the increase in the number of long-distance runners with a focus on females, it is of particular interest to analyse
the presence of a greater percentage of such health problems in women. Therefore, it raises the hypothesis that women are
more affected by gastrointestinal conditions than men in endurance sports. The aim of this review is to appreciate if there
is a higher percentage of gastrointestinal problems in endurance sportswomen compared to that in endurance sportsmen.
Results suggest that the numbers are high in percentage terms for woman compared to men presenting gastrointestinal
symptoms. Although a study suggests there is evidence on the contrary, others report that there are no differences between
the sexes. Women suffer more from diarrhea, flatulence, urge to defecate, etc (lower digestive tract) than vomiting, reflux,
nausea etc (upper digestive tract). Other risk factors can be considered, namely younger age and a lack of experience in
running. Even though there are no studies that analyse such cases, there is a marked tendency to affect women. However, it
is of vital importance to carry out studies on greater populations with an emphasis on the sexes.

Problemas gastrointestinales en deportes de resistencia en mujeres:
revision de literatura

Resumen

Los problemas gastrointestinales en los deportes de resistencia y ultra-resistencia se encuentran entre los factores limitantes del
rendimiento deportivo. Se han estudiado las posibles causantes de estas afecciones y se plantea una situacién multifactorial. Es
cada vez mas habitual el nimero de personas que practican deportes de resistencia, y se estima que entre el 30y 90 % de ellos
presentan problemas Gl de diversa gravedad. Esto implica una limitacion del rendimiento y también condiciona la recuperacion
posterior al esfuerzo. Dado el aumento de poblacién que practica este tipo de deportes de resistencia a largas distancias, y en
concreto del género femenino, resulta de interés estudiar el alcance de estos problemas en mujeres. Se plantea la hipotesis de
que lamujer sufre mas problemas gastrointestinales que el hombre en deportes de resistencia. Esta revision pretende conocer
si existe mayor frecuencia de problemas gastrointestinales asociados a la préactica de deportes de resistencia en mujeres. Los
resultados de la presente revision parecen mostrar que las mujeres presentan sintomas gastrointestinales con mas frecuencia
que los hombres, aunque uno de los estudios obtiene el resultado contrario y otros no ven diferencias. Parece que la mayor
incidencia se da en problemas gastrointestinales del tracto bajo (diarrea, flatulencia, urgencia para defecar...) mas que en el
tracto alto (reflujo, nduseas, vémitos...). Otros factores de riesgo asociados encontrados son edades mas jovenes y menor
experiencia en carreras a pie. Aunque no existen estudios especificos para la evaluacion de estas afecciones y su incidencia
por sexos, se puede observar una clara tendencia en la mayor presencia de estas afecciones en mujeres, si bien es preciso
realizar estudios con muestras mas grande de ambos grupos y que tengan en cuenta las diferencias fundamentales de ambos.
Se requieren investigaciones especificas para una mejor evaluacion de las afecciones gastrointestinales en funcién del sexo.
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Introduction

The annual report published by the Ministry of Education, Culture
and Sportin 2017 shows that the weekly pursuit of all kinds of sports has
increased. This is particularly true of endurance sports, with 10.6% of the
population engaging in running and 10.3% in cycling in 2015, compared
to figures of 4.8% and 6.7%, respectively, in 2010. This growing interest
in sporting activity and especially endurance sports, which occupy both
the 2nd and 3rd positions in the ranking, is notable'.

The 2015 survey on Sporting Habits in Spain (included in the 2017
report) shows that, although the number of men who do sport is still
higher, 42.1% of women pursue sporting activities on a weekly basis,
marking a significant increase on the figures in the previous survey
conducted in 2010. The report also indicates that this increase in spor-
ting activities among women is particularly notable in the younger
age ranges.

Puig and Soler (2012) point out that men have engaged in sports
more than women ever since records of sporting habits began and
also that significant differences regarding the type of sporting activity
pursued have always existed. Football, swimming and cycling are the
most popular sports among men, while women prefer recreational or
keep-fit swimming in first place, followed by aerobics, rhythmic gym-
nastics, dance and keep-fit gymnastics?.

As for high-performance sports in Spain, men have taken partin the
Olympic Games without fail since the start of the 20th century, while the
first women did not compete until Paris 1924. It was not until the 1960
Rome Games that women reappeared and their presence has grown
since then, at times even exceeding the number of men (Barcelona
1992, 141 women and 78 men in the Spanish team).

According to the latest annual report on sporting habits, the
number of women who engage in the endurance sports of running
and cycling increased from 3.4% to 8% in the former and from 3.2% to
5.5% in the latter between 2010 and 2015".

An endurance sport is anything from a sport which requires aerobic
metabolism and lasts 60-90 minutes (10 km, half marathon, short road
or mountain bike rides, depending on the level of training) to the so-
called ultra-endurance sports, where the distances covered are superior
to those of a marathon (42,195 km) or more than 160 km by bicycle.

From a metabolic point of view, endurance and ultra-endurance sports
consume large amounts of energy and the role of carbohydrates and/
or lipids during exercise and how they are regulated has been a subject
of research for decades. We now know that the energy substrate source
used depends on the intensity (%VO,max.) and duration of the exercise, i.e.
whether carbohydrates or lipids are used as an energy source**,

At low levels of VO,max, fat supplies the largest share of energy,
losing prominence as VO, max. increases and the exercise lasts, giving
way to greater carbohydrate oxidation*”. It has been seen that lipid
oxidation peaks at mean intensities of 45% to 65% YO, max., depending
on sex, level of training, VO,max. and diet.

Gastrointestinal illnesses in endurance sports women: a review

Higher training levels result in improved use of fats as an energy
source as training causes physiological adaptations associated with an
increase in oxidative enzymes and mitochondrion content in muscle
cells, regulation of lipid uptake in muscle fibres and the transportation
of fatty acids (FA) through the mitochondrial membranes, and regulation
of the hydrolysis of intramuscular triacylglycerols®>.

Exercise has a direct positive effect on health®’, although it may have
less healthy implications at cardiac, musculoskeletal and renal levels’®,

At a digestive level, it may cause increased intestinal motility as a
result of increased peristalsis, improved intestinal microbiota or nor-
malisation of intestinal transit®'®. However, as the intensity of exercise
is increased, these changes, which could be of benefit to the athlete a
priori, may represent a limiting factor, between 20% and 50% of athletes
experiencing gastrointestinal (Gl) discomfort®!!.

In the late 1980s, Rehrer studied the relationship between Gl pro-
blems in long-distance runners and their hydration status, concluding
that they were not so much related to high fluid intake when running
as to the runner’s hydration status'. Similarly, it would seem that a
high level of dehydration coupled with a decrease in blood flow in the
intestinal tract induced by exercise itself may be directly related to Gl
dysfunction®'?,

The controlled intake of carbohydrates in the diet and its rela-
tionship with the onset of Gl problems in endurance athletes has also
been studied, suggesting that controlling the concentration and type
of carbohydrates consumed, together with other dietary components,
such as fibre, may be one of the keys to managing the onset of Gl
disturbances™ .

At high intensities, our Gl system finds itself compromised at various
levels. These intensities increase sympathetic tone, which may lead
to an increase in peristalsis to extraordinary levels, alter Gl secretions,
compromising nutrition absorption pathways, and increase intestinal
mucosal permeability, which may lead to bouts of diarrhoea or, con-
trarily, constipation, which may be accentuated if the individual is not
properly hydrated'”.

The specific causes of these problems are not fully known'"'8, yet
we do know that they multifactorial and, therefore, it is useful to study
each individual in particular in order to offer him/her better advice about
his/her sporting activity and diet.

Oliveira, Burini and Jeukendrup (2014) studied the causes and
prevalence of Gl problems during endurance exercise and found that
depending on the methodology used and type of sport studied, 30-90%
of participants experience Gl problems'’.

Their study analysed the direct influence of exercise on intestinal
function, possible mechanical factors and nutrition as the possible
causes of Gl problems.

In order to study Gl disturbances, problems such as reflux, nausea,
vomiting, stomach ache, belching and bloating were defined as “high
Gl symptoms’, while stomach cramps, side stitch, flatulence, intestinal
bleeding, the urge to have a bowel movement and diarrhoea were
defined as “low Gl symptoms""”.
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Due to the morphological and hormonal differences between men
and women, the hypothesis of this review is that female endurance
athletes suffer Gl problems directly related to exercise more often than
their male counterparts.

The objective of this review is to determine whether women are
more prone to Gl problems when they engage in endurance sports

Methodology

An exhaustive search was conducted in the PubMed database in
May 2018 and the search strategy was translated to Google Scholar.
Articles were also added using the snowball method.

The formula used to search PubMed was:

(“Physical endurance” [mesh] OR “physical endurance” [tiab] OR
‘endurance”[tiab]) AND (“gastrointestinal diseases”’[mesh] OR“gastroin-
testinal diseases”[tiab] OR"gastrointestinal disease”[tiab] OR“inflamma-
tory bowel diseases” [tiab] OR “inflammatory bowel disease” [tiab] OR
“gastrointestinal distress” [tiab]).

The eligibility criteria taken into account to discriminate studies for
the review were described. A table was created using the PICOT method
(Table 1) to better establish these criteria.

The data extracted from each article finally selected for this review
(adapted from MacMaster University?) were: size of population, author/s
and year of publication, type of intervention, what data they are com-
pared with, what outcomes are measured in the study, what the study
design was and what the main findings were.

Results

The search formula in the PubMed database and Google Scholar
threw up a total of 227 articles. After screening and the inclusion of
two articles through snowballing, a total of 9 scientific articles were
included in this review.

Table 2 shows the data extracted from the articles discussed in
the review.

Discussion

No specific research aimed at studying the significantly different
incidence of Gl problems in men and women were found, but research
involving symptoms which revealed gender-based differences in results
was.

Table 1. Eligibility criteria according to the PICOT method.

In the literature, we found mixed results: Gl problems are more
prevalentin women than men?"#?’, Gl problems are equally prevalent
in women and men??¢%° and Gl problems are less prevalent in women
than men®.

Of those which revealed a prevalence in women, the first were
conducted with marathon runners by Keeffe (1984) and Riddoch
(1988)?'%, both employing a basic study methodology: the existence
or non-existence of Gl problems after a run.

Using a simple questionnaire on completion, Keeffe?' gauged the
existence of Gl disturbances during and after a run. 707 questionnaires
(85.2% men and 14.8% women) were collected, addressing three areas:
(a) demographic data -age, sex, years running, average weekly km run-,
(b) Gl habits- average number of daily bowel movements, frequency
of abdominal cramps or diarrhoea- and (c) symptoms associated with
running, during easy runs, during hard training or runs, or immediately
after an easy or hard run, with four possible answers: never, rarely, oc-
casionally or frequently. The frequency of the appearance of “high”and
“low” symptoms was differentiated for each of the running categories
(easy, hard and immediately after). Regarding "high” symptoms, no
significantly higher frequency was observed in women except in the
case of nausea during both easy and hard runs. No numerical data are
provided for this observation. For “low” Gl symptoms, however, the
percentage of positive responses (sum of occasionally and frequently
divided by total responses) was higher for women than for men in all
3 running categories (easy, hard and immediately after). The results are
shown in Figure 1 (extracted from reference 21).

It was also observed that the <20 age group experienced “low” Gl
problems more frequently than the 20-40 age groups and significantly
more frequently than the >40 age group.

Riddoch?? sent runners his questionnaire with the final race infor-
mation pack and the data were collected prior to the start of the run.
The questionnaire was completed by 471 participants (92% men and 8%
women). It consisted of 2 parts: (a) personal profile of the runner -age,
sex, running experience, average weekly km run, dietary habits and best
personal time- and (b) the frequency of a range of Gl symptoms during
easy runs, during hard runs and after runs, with four possible answers:
never, rarely, occasionally or frequently. “High” GI symptoms were less
common than“low" Gl symptoms in all 3 running categories (easy and
hard runs, and after hard runs) and, with the exception of dark urine
measurements, the women showed a statistically higher frequency
than the men. The results are shown in Figures 2 and 3 (extracted from
reference 22).

Population Intervention Comparison

Outcome Type of study

Women Endurance sports Men
Ultra-endurance sports

Gastrointestinal problems Prevalence studies

Randomised clinical trials
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17% of all the participants were asymptomatic, responding that they
had never or rarely experienced Gl symptoms. Of those who had suffered
Gl symptoms, 73% thought that it could be directly related to physical
activity and the most common strategies employed to prevent them

Table 2. Characteristics of the studies included.

Gastrointestinal illnesses in endurance sports women: a review

included running on an empty stomach and being sure to have a bowel
movement before a run. Only a small percentage of those affected were
aware of their problem and took measures to prevent it (medications
or nutritional strategies, such as decreased dietary fibre or fat intake).

Number of Author/s Intervention Comparison Results Research design Results (in women)
participants | (year) measured
103 women Keeffe, E.B.; 13th Annual Trail’s End Men “High”and Retrospective Women do not have significantly
(707 total) Lowe, D.K,; Marathon in Seaside “low” Gl symp- | prevalence study more “high” Gl symptoms than
Goss, J.R; (1982) toms during men, except nausea in easy and
Wayne, R. easy and hard hard runs
(1984)* runs, and after All the “low” Gl symptoms were
runs more common in women than
men
>“low” Gl symptoms in under-20s
38 women Riddoch, C; Questionnaire prior Men “High”and Retrospective 60% =1 "“high” Gl symptom
(471 total) Trinick, T. to the 1986 Belfast “low” Gl symp- | prevalence study 87% =1"“low” Gl symptom
(1988)% marathon toms during 74% urge to have a bowel
easy and hard movement
runs, and after 68% diarrhoea
runs >% Gl symptoms in woman than
men, except dark urine
>“high” Gl symptoms in younger
participants
Only 2 women were symptomatic
74 female Peters H.P; Bos, | Questionnaire on Gl Men “High”and Retrospective Female long-distance runners:
long-distance | M.; Seebregts, | symptoms in the last 12 “low” Gl symp- | prevalence no significant differences in
runners L.; Akkermans, | months. toms during study prevalence of Gl symptoms
(164 total) L.M,; van Berge | Runners and cyclists, and after compared to men
+ Henegouwen, | same questionnaire bar training and Cyclists: more nausea, belching,
89 female G.P; Bol, E;; certain details. races bloating than men
cyclists Mosterd, W.L,; Broader questionnaire Triathletes: side stitch and acidity
(169 total) de Vries, W.R. for triathletes during training, and more nausea
+ (1999)% 2 hours after racing than men
63 female No difference in Gl symptoms in
triathletes women with/without menstrual
(142 total) period
> symptoms in cyclists, lower
mean age than the others
10 km, 123 ter Steege, Enschede Marathon Men “High”and Retrospective 10 km: 13% Gl symptoms vs. 7%
(total 261) R.W.F; Van 2006, 5-, 10, 21-and “low” Gl symp- | prevalence study men
der Palen, J; 42-km races toms during 21 km: 22% Gl symptoms vs. 8%
21 km, 222 Kolkman, J.J. Online questionnaire 48 runs men
(total 766) (2008)* hours after the event: 42 km: 31% Gl symptoms vs. 6%
Demographic data women, 3 times greater risk of
42 km, 25 + having Gl symptoms after a run
(total 227) Gl symptoms during the Independent factors in serious Gl
race, food/ symptoms during a run: woman
drink intake, time or <age <level of training
reason for withdrawal, if
relevant
+
Gl symptoms 24 hours
after the race
5 women Stuempfle, K.J,; | Proposed food/fluid Men “High”and Cross-sectional 1 woman (20%) had GI symptoms
(15 total) Hoffman, M.D.; | intake during the Jave- “low” Gl symp- | prevalence study 80% women had no Gl symptoms
Hew-Butler, T. lina Jundred 100 Mile toms during 80% men had Gl symptoms
(2013)» Endurance Run, where the 161-km run No significant differences
Gl symptoms were between finishers and non-
measured after each finishers
25-km loop

(follow)
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(continuation)
Number of Author/s Intervention Comparison Results Research design Results (in women)
participants | (year) measured
14 women Wardenaar, F.C.; | Texel Ultra-marathon, Men “High”and Combined 7/8 women reported Gl
surveyed Dijkhuizen, R; | 60 or 120 km “low” Gl symp- | prevalence study symptoms (87% vs. 81% men)
(68 total) Ceelen, 1.J.; Survey of habitual toms during (cross-sectional Women and men reported
Jonk, E.; de dietary intake 2 months the 60-km and | and retrospective) practically the same amount of
8 women in Vries, J.; before the race 120-km runs distress
60-km race Witkamp, R; + Questionnaire on Percentage of Daily CHO consumption was
(41 total) Mensink, P. dietary intake the day compliance lower in women
(2015)% after the race and Gl with the diet
symptoms in 120-km proposed diet
runners for the day of
+ Continuous in-situ the run
observation during
120-km race
8 women Miall, A.; Khoo, | 120 minutes treadmill Men and Gl symptoms Randomised In trial 1: all the women reported
(18 total) A.; Rauch, C; running at 60% VO, with | placebo. food tolerance | clinical trial at least 1 Gl symptom
Snipe, RM.J,; CHO consumption (90 g during exertion Tendency to present > Gl
Camoes-Costa, | CHO hour-1) or placebo caloric intake symptoms and intestinal
V.L.; Gibson, + 60 minutes running at state of discomfort in trial 1
PR.; Costa, RJ.S. | maximum effort without hydration In trial 2: women improved less
(2017)¥ CHO than men
+ 2-weeks training In the placebo group, no
+ Treadmill running, improvement was seen between
same conditions trials 1 and 2
75 mujeres Wilson, P.B. Training and Gl Men Gl symptoms Combined At least 1 Gl symptom in 78.3%
(145 total) (2017)® symptoms during training | prevalence study of runs (vs. 84% men, non-
+ at the end of 30 (retrospective and significant difference)
days, retrospective prospective) 47.6% had symptoms scored as
questionnaire on the >3 (vs. 43.1% men)
period 27.3% had symptoms scored as
+ new retrospective >5 (vs. 13.8% men)
questionnaire on 30-day
period 24-36 hours later
to establish reliability of
Gl symptoms
76 women Wilson, PB. Training journal/Gl symp- | Men Gl symptoms Combined No significant differences
(150 total) (2018)* toms for 30 days related to stress | prevalence study between men and women were
+ and anxiety (retrospective and found in incidence of Gl problems
Retrospective question- level prospective) < age and < experience: negative
naire: demographic data, correlation with Gl problems
training experience,
presence of any medical
condition related to the Gl
system, eating habits, use
of medication, caffeine
and sports drinks, and
data related to level of
stress and anxiety

As for age groups, it was observed that the younger participants
(<34) suffered more frequently from nausea, abdominal cramps, loss of
appetite, the urge to have a bowel movement and diarrhoea.

As occurred with Keeffe (1984), a clear trend for more frequent Gl

problems was observed in women and younger participants.

More recent studies introduce other variables??*?. These new

variables, starting with those included by Peters, also consider the

appearance of “high”and “low” symptoms during training (thus diffe-

rentiating it from competition), after competitions and training, and
during rest periods.

242
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Figure 1. Percentage of positive responses for “low” Gl symptoms
in men and women during and immediately after an easy and
hard run. Symptoms studied: abdominal cramps, urge to defecate,
bowel movements, diarrhoea and bloody stools.

Gastrointestinal illnesses in endurance sports women: a review

Figure 2. Percentage of positive responses for “high” Gl symptoms
in men and women during an easy run and during and after a
hard run. Symptoms studied: loss of appetite, nausea, vomiting
and heartburn.
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In Peters'study (1999), questionnaires were sent to long-distance
runners, cyclists and triathletes to assess the prevalence of Gl symptoms.
Questions were asked about training, medication, Gl symptoms and diet
over the previous 12 months. The onset of Gl symptoms was studied
during periods of rest, training, competition and the 2 hours following
training and competition.

Participation by gender and sport was: 1: 45% female and 55%
male long-distance runners, 2: 53% female and 47% male cyclists, 3:
44% female and 56% male triathletes.

More“low”symptoms than“high”symptoms were observed during
rest, training, competition and the 2 hours after training and completion,
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except in female cyclists during competitions and male cyclists in the 2
hours following competition. Female long-distance runners experienced
more“high”and”low"Gl symptoms than their male counterparts during
competitions and in the 2 hours following competition, while the men
had more problems during training.

They concluded that, in general, female cyclists had more compli-
cations of this kind than male cyclists 23 and that although there were
women who said that they had not had a period in the last 12 months,
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Figura 3. Porcentaje de respuestas positivas para sintomatologia
Gl“baja” en hombres y mujeres durante carrera ligera, dura y post
carrera dura. Sintomatologia estudiada: rampas abdominales,
orina oscura, urgencia para defecar y diarrea.
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there was no greater prevalence of GI symptoms among these women
than among those who had had a period.

No significant differences between male and female triathletes
were observed. Broadly speaking, both “high”and“low”symptoms were
less common in these athletes compared to long-distance runners
and cyclists, and most complaints referred to “low” symptoms when
running. The prevalence of "high”and“low”symptoms is shown in Table
3 (adapted from reference 23).

Ter Steege (2008) also took into account food and fluid ingestion
before and after competitive races and training, and the general nutri-
tional status of the participants, but found no positive correlation. Worse
symptoms were found among those who did not habitually eat/drink
during a race than among those that did*.

Ter Steege (2008) was the first to suggest a possible relationship
between the higher prevalence of intestinal ischemia in women, for
reasons not entirely understood,* and the prevalence of Gl problems
associated with sports of this kind. He also refers to a possible simila-
rity with the higher incidence of irritable bowel syndrome in women
due to the relationship between gender, menstruation and hormonal
differences, and intestinal motor and sensory function?. Ouyang (2006)
previously related oestrogens and gonadal hormones with changes
in bowel motility and autonomic nervous system and gastric smooth
muscle function®, suggesting that this may be the cause of the higher
incidence.

Ter Steege’s study (2008) consisted of an online questionnaire for
participants in the “Enschede Marathon” 5-, 10-, 21- and 42-km races,
focusing on perception of Gl symptoms during and after running.
It consisted of 3 parts (a) demographics of age, gender and level of
training, (b) questions on the day of the competition, which included
time achieved, whether they had dropped out of the race, why, what
they had drunk and eaten (type and amount) during the race, and the
presence of Gl symptoms, and (c) the presence of Gl symptoms 24
hours after the race.

45.2% of the runners experienced Gl complaints during the race,
side stich being significantly more common in 10-km runners compared
to 42-km runners and more common in women than in men (8.2% vs
1.8%). The incidence of Gl problems was greater in women than it was
in men in all the race categories. A greater incidence in the under-25s
than in the other age groups (25-45 and over-45s) was also observed?.

Miall etal. (2017) also found that the prevalence of Gl symptoms was
higherin women than it was in men®.Their study tested‘gut training”as
away to avoid Gl problems and carbohydrate tolerance when running.

The study consisted of three stages:

— Gutchallenge trial 1: 120 minutes running exercise at 60% VO, max
whilst consuming 30 g carbohydrates every 20 minutes, and 60
minutes at maximum exertion without carbohydrate intake, but
with fluid as the participants wished.

— 2 weeks of gut training: the control group ran for 60 minutes at
60% VO, max without carbohydrate intake on 5 consecutive days (2
days of rest between week 1 and week 2); the intervention group
ran for 60 minutes at 60% VO, max on 5 consecutive days (2 days of
rest between week 1 and week 2), consuming 30 g carbohydrates
every 20 minutes.

— Gutchallenge trial 2: repetition of trial 1. 120 minutes running exer-
cise at 60% VO, max whilst consuming 30 g carbohydrates every 20
min, and 60 minutes at maximum exertion without carbohydrate
intake, but with fluid as the participants wished.

The fact that the gastrointestinal tract can be trained and adapted
to different situations means it may be a key target when it comes to
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Table 3. Prevalence (in %) of “high” and “low” Gl symptoms by sex in different periods. * Significant difference between men and women.

Long-distance Cyclists Triathletes Triathletes
runners (cycling stage) (running stage)
llHigh" llLowll llHigh" llLowll llHigh” llLowIl llHigh" llLowll
symp. symp. symp. symp. symp. symp. symp. symp.
Rest Men 46 66 66 73 60 84
Women 46 75 67 84 46 78
During training Men 44 84 46 64* 44 62 49 95
Women 46 88 79 78 48 56 59 94
2h after training Men 23 46* 33 51* 19 42 29 63
Women 51 74 51 60 24 35 35 62
During run Men 31 69* 53 60* 52 47 51 76
Women 46 74 80 69 52 43 59 83
2h after run Men 29 42% 45 39*% 39 60
Women 58 65 64 54 35 48

improving the delivery of nutrients during exercise and relief from
intestinal discomfort®'.

Mach (2016) directly relates health and athletic performance with
the state of the intestinal microbiota’. Although the role of the micro-
biota in individual athletic performance is unclear, there is sufficient
evidence to support the claim that exercise itself induces changesin it’.

Training the gut consists of (a) training with large volumes of fluid
in the stomach, (b) training quickly after meals, () training with high
carbohydrate intake during exercise, (d) race simulations following a
competition diet plan, and (e) an increase in the total consumption of
carbohydrates in the diet®'. All this produces physiological effects which
canresultin a reduction of Gl symptoms and consequent improvement
in athletic performance.

Training the gut aims to improve tolerance to higher volumes of
fluid during exercise and consequent gastric emptying, and tolerance
to greater quantities of carbohydrates and their better assimilation by
different routes depending on the type of sugar in question®'.

They found a tendency to report more Gl problems among women
compared to all the participants, especially concerning “high”symptoms
in gut challenge trial 1. Improvements were observed in the intervention
groupin all the stages of gut challenge trial 2, whereas no improvements
were noted in the control group. A greater improvement in symptoms
was also noted in men compared to women.

Miall (2017) included the participants'history of recurring Gl episo-
des during training/competitions in their baseline characteristics and
saw that they were more frequent among women than among men,
thereby predisposing the former to a greater percentage of problems?,
as occurred in the cross-sectional survey in the Marikenloop study®.
Diduch stated that sport might attenuate Gl conditions, but that stre-
nuous exercise might actually aggravate them'®.

Age was also considered an aggravating variable, with greater Gl
problems appearing in younger age groups than in older ones?" 2%,

This trend was seen by Keeffe (1984), Riddoch (1988), Peters (1999), ter
Steege (2008) and Wilson (2017).

The mean age of the participants in those studies which conclude
that women have more Gl problems was approximately®.

Those studies which do not observe significant differences between
men and women have similar designs. They consist of a prospective
training/Gl symptoms journal kept for 30 or 60 days, followed by a survey
(retrospective) on the period recorded??6%,

The only study which records nutrition in women during ultra-
endurance exercise was conducted in 2015%, only one case-study ha-
ving been carried out before that*. Itis also the only one whose design
considers these nutritional aspects, one of its objectives being to study
the percentage of compliance with nutritional recommendations for
ultra-endurance athletes.

Wilson (2017) related other everyday aspects such as stress and
anxiety levels with a higher or lower prevalence of Gl problems associa-
ted with exercise. Although he did not observe any differences between
men and women, he did associate, in general, higher levels of stress and
anxiety with an increase in the appearance of complications®.

He also noted that age and years of running experience were ne-
gatively correlated with Gl problems. Although the correlations found
cannot explain any kind of cause and effect in the associations, they are
significant in the correlation analysis of the data.

The mean age of the participants in those studies which conclude
that women have the same likelihood of Gl problems as men was
approximately*.

In 2015, Wardenaar studied ultramarathon runners to see if they
complied with the nutritional recommendations for the sport®. The
study consisted of 3 stages, (a) a questionnaire on dietary habits 2
months before the race, (b) a questionnaire on dietary intake on the day
of the 60-km run and Gl symptoms before and during the competition,
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and (c) continuous observation during the 120-km run (in which no
women took part).

Generally speaking, the nutritional recommendations for ultra-
endurance sports were not met. The women studied did not reach the
protein recommendations set by the literature. Both the men and the
women ingested fewer carbohydrates than those recommended in the
literature. Fluid intake during the run did not cover the recommenda-
tions either, both men and women ingesting a lower percentage than
recommended?®.

During the run, 82.9% of the runners reported Gl discomfort (scored
from 0 to 9), with no significant difference between men (81.8%) and
women (87.5%). In his conclusions, Wardenaar stresses that all >0 scores
were considered positive (presence of Gl distress), regardless of whether
it caused moderate or more severe discomfort, questioning whether
the severity of these symptoms might affect athletic performance?®.

Another 2017 study by Wilson looked into the validity and reliability
of retrospective questionnaires to study the frequency of chronic Gl dis-
tress in runners. He combined a prospective questionnaire via a 30-day
journal recording data on training and Gl symptoms, and a retrospective
questionnaire 30 days after completion of the journal (to study the
validity of the data obtained), which was resent 24-36 hours later (to
study the reliability of the data obtained) to be completed within 7 days.

The questionnaires measured the appearance of defined “high”and
“low” Gl symptoms on a scale of 0 to 10.

Both men and women experienced at least one Gl symptom du-
ring training, but no significant gender differences were recorded (84%
male, 78% female)?®. When compared with daily journals, retrospective
questionnaires seemed to offer valid and reliable information with which
to quantify Gl symptoms over 30 days.

The results of Stuempfle’s study (2013), by contrast, suggested than
women were less likely to have Gl symptoms associated with exercise®.

This study was conducted in the Javelina Jundred 100 Mile Endu-
rance Run, a 161-km run made up of 6.5 loops of a 25-km circuit.

A questionnaire was sent to the participants 1 week before the run
with a proposed diet to consume during it. Food intake before the run
was not taken into account. After each loop, their body mass was mea-
sured, they were asked about food, fluid and electrolyte capsule intake,
and Gl symptoms (separately), and all packaging of the food consumed
was collected. A week after the run, they were sent all the data collected
during the run and asked to add any food, fluid or electrolyte capsules
that they might have forgotten to mention during the run.

The men had more Gl problems than the women (80% vs 20%). All
the participants were of a similar age and had similar running experience,
distance completed and pace. There were no significant changes in
body mass among those participants who did not suffer Gl symptoms,
whereas there were among those who did report Gl problems?.

Stuempfle (2013) found no difference in the incidence of Gl pro-
blems between men and women, although she stresses that female
participation in the study was low, which may have hindered the iden-
tification of any such differences. She also names hormonal differences,

nutrition during the run and difference of pace during the run as factors
which may contribute to this difference®.

Since the diet followed on the day of the competition did not corres-
pond to the participants’usual diet, better management of nutritional
strategies may have led to a lower incidence in women.

Considering that most of the competitors were possibly amateurs
and nutrition during the run was not measured thoroughly, it would
be interesting to have a control group with no intervention in this as-
pect, especially if we consider that nutrition is one of the predisposing
factors for Gl distress during prolonged exercise indicated by Oliveira,
Burini and Jeukendrup'.

Limitations of the studies and research

Most of the studies found focused on running as a sport related
to Gl problems, although others such as cycling or swimming can also
cause complications of this kind, but with a lower probability®.

One of the greatest limitations of these studies, bar one randomised
controlled study, is their observational design. Another major problems
is the subjectivity of the participants when defining Gl symptoms, using
scoring scales and perceiving exertion.

The authors themselves refer to the limitations which come with
using surveys; they may be more attractive to that part of the population
that has experienced gastrointestinal problems and their validity may
be compromised due to their retrospective nature.

The retrospective design of the research may lead to a lack of re-
liability and, although Wilson has confirmed the validity and reliability
of questionnaires over 30-day periods®, some of the studies reviewed
involve recalling 12 months.

For this review, only two databases were researched and 13 articles
selected after the first screening could not be consulted. Critical appraisal
tools were not used to determine the quality of the studies reviewed
nor was double-blind screening employed.

Conclusion

The current literature does not specifically study the difference in
the incidence of gastrointestinal problems associated with endurance
sports by sex, but differences between men and women have been
observed in studies of sports-related conditions of this type.

Hormonal differences, nutritional strategies, age and running expe-
rience would appear to be important factors which predispose females
to greater digestive stress and, consequently, more gastrointestinal
symptoms related to sport. Women are more liable to suffer lower Gl
tract conditions in the form of abdominal cramps, side stitch, flatulence,
intestinal bleeding, the urge to have bowel movements and diarrhoea.

As stated, age would seem to play a protective role in the develo-
pment of symptoms and the participants in those studies which did
not observe significant differences between men and women were of
a higher mean age than the participants in those which did. This age
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difference in the groups studied may bring to the fore this protective
role, thus resulting in fewer digestive problems related to exercise.

In view of everything, the main contributions of this review for

future research can be specified as follows:
— Specific studies to differentiate the prevalence of Gl problems by

sex are essential.

— The possible causes of these conditions advanced to date need to

be taken into consideration in all groups under research.

A methodology not limited to observational studies should be
designed that caters for larger-scale studies in which, in addition
to observing the participants'baseline, different interventions can
be performed, with control groups and taking into account factors
such as hormonal differences (and state), nutrition, hydration, etc.

— These studies should be applied not only to running, but also to

other endurance sports in order to observe any differences (nutri-
tion, hydration, level of impact, duration, etc.).
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Summary

Rhabdomyolysis is a clinical syndrome characterized by the destruction of striated muscular tissue and the dumping of the
intracellular content of the muscle that presents with muscle pain due to myositis, loss of strength and muscular edema.
It is characterized by the high elevation of creatine kinase, myoglobin, dehydrogenated lactate and it can cause important
complications, especially renal complications. According to the CK figures, always higher than 5000 IU /|, which are at the
beginning of the table, rhabdomyolysis is classified as light and severe.

From the point of view of sport, among the various etiological causes that can cause it, it is interesting to focus on stress-
induced rhabdomyolysis.

This work reviews the etiology of the clinical picture, paying special attention to exercise as a trigger of the syndrome and
the characteristics of the type of exercise (physical condition and experience of the athlete, intensity and duration of physical
exercise, type of exercise, environmental conditions, etc.) that can cause it.

Although the causes of rhabdomyolysis are very varied and different, the final pathogenic pathway leading to muscle des-
truction is common to all and has to do with the alteration in the regulation of intracellular electrolytes and especially with
cytoplasmic calcium levels.

Currently, in addition to the analytical diagnosis, ultrasound allows a rapid diagnosis and the observation of the evolution of
the picture. Rhabdomyolysis shows muscle involvement patterns that are described in this work.

Different prevention strategies are described based on the execution of an adequate physical exercise (type, intensity and
duration of the exercise), measures related to nutrition and feeding, as well as measures related to environmental end edu-
cational factors.

Finally, is presented the immediate treatment of the symptoms, with necessary hospitalization in some cases, and recom-
mendations on re-incorporation to training and sports competition.

Rabdomiolisis inducida por esfuerzo

Resumen

La rabdomiolisis es un sindrome clinico caracterizado por la destruccion de tejido muscular estriado y el vertido del contenido
intracelular del mismo que cursa con dolor muscular por miositis, pérdida de fuerza y edema muscular. Se caracteriza pro la
elevaciéon muy importante de creatinquinasa, mioglobina, lactato deshidrogenada y puede provocar importantes compli-
caciones, fundamentalmente renales. En funcién de las cifras de CK, siempre superiores a 5000 Ul/I, que se encuentran en el
inicio del cuadro la rabdomidlisis se clasifica en ligera y severa.

De entre las diversas causas etioldgicas que la pueden provocar, desde el punto de vista del deporte, interesa la rabdomidlisis
inducida por esfuerzo.

Este trabajo revisa la etiologia del cuadro, prestando especial atencion al ejercicio como desencadenante o coadyuvante del
sindrome y a las caracteristicas del tipo de ejercicio (condicion fisica y experiencia del deportista, intensidad y duracion del
ejercicio fisico, tipo de ejercicio, condiciones ambientales, etc.) que pueden provocarla.

Aunque las causas de la rabdomiolisis son muy variadas y diferentes, la via patogénica final que conduce a la destrucciéon
muscular es comun a todas y tiene que ver con la alteracion en la regulacion de los electrolitos intracelulares y especialmente
con los niveles de calcio citoplasmético.

Ademas del diagndstico analitico, actualmente, la ecografia permite un diagndstico rapido y la observacién de la evoluciéon
del cuadro. La rabdomidlisis muestra patrones de afectacion muscular que se describen en el trabajo.

Se describen las estrategias de prevencion basadas en la realizacion de un ejercicio fisico adecuado (tipo, intensidad y dura-
cion del ejercicio), medidas relacionadas con la nutricion y alimentacion, medidas relacionadas con los factores ambientales
y medidas educativas.

Por ultimo, se presenta el tratamiento inmediato del cuadro, con hospitalizacién necesaria en algunos casos, y las recomen-
daciones sobre re-incorporacion al entrenamiento y a la competicion deportiva.
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Introduction

Rhabdomyolysis is a medical condition which consists of the break-
down of striated muscle tissue and the release of intracellular muscle
components, creatine kinase (CK), myoglobin, lactate dehydrogenase
(LDH), electrolytes, etc., into the extracellular fluid and bloodstream.

Among other symptoms, patients present muscle pain, calling
for differential diagnosis to rule out other conditions. Some authors
differentiate between myopathy (general muscle disease), myalgia
(pain without rise in CK), myositis (with rise in CK) and rhabdomyolysis
(symptoms: pain, swelling and loss of strength, significant rise in CKand
occasionally myoglobinuria and kidney impairment)'.

At present, mild rhabdomyolysis should be considered a clinical
syndrome characterized by acute pain, loss of muscle strength and
edema, accompanied by a rise in CK to at least 5 times the basal value
(>1000 IU/L), and severe rhabdomyolysis is when these symptoms are
accompanied by myoglobinuria and acute kidney failure, provided
that concomitant diseases such as myocardial infarction, stroke, status
epilepticus, chronic kidney failure and neuromuscular diseases have
been counted out®.

Exertional or exercise-induced rhabdomyolysis (exRML) meets
all the clinical requisites outlined above, but must be preceded by
exercise, not necessarily excessive or unhabitual, over the limits of
fatigue, performed voluntarily or otherwise, with a rise in CK over the
subsequent 12-36 hours, a peak level at 3-4 days and normalization
after a few weeks of rest.

The condition also produces myoglobinemia and myoglobinuria,
but for many authors laboratory quantification is not necessary and the
criteria set out in the preceding paragraph are sufficient for diagnosis®.

There are no reliable data on the prevalence of this syndrome and
significant discrepancies exist according to baseline studies. In the US,
26,000 cases/year have been reported, of which 47% meet the diagnos-
tic criteria for exRML, although other studies give lower percentages**.

Rhabdomyolysis patients present both local and general symptoms.
The most important local symptoms are muscle pain, loss of strength,
edema and muscle fatigue. The general symptoms are malaise, fever,
nausea, vomiting, confusion, choluria, delirium, anuria and heart arr-
hythmia®.

On occasions, the CK level can increase up to 50 times or more
above normal resting values.

In most cases, rhabdomyolysis is a mild condition which ceases
with outpatients medical treatment, analgesics and rest.

More rarely, it gives rise to complications which may endanger
the patient’s life, such as: acute kidney failure, compartment syndrome,
disseminated intravascular coagulation, hypovolemia and electrolyte
disorders (hyperkalemia, hyperphosphatemia, hypercalcemia from the
outset and delayed hypercalcemia)'.

The most common and feared complication is acute kidney failure
due to the vasoconstriction caused by the endotoxins released as a
result of muscle fiber breakdown, hypovolemia and myoglobinuria,
which lead to a decrease in the glomerular filtration rate’. It has been
estimated that between 10% and 30% of patients with exRML develop
this serious complication®,

Exertional Rhabdomyolysis

Table 1. Causes of rhabdomyolysis.

Acquired

- Drugs/Toxins

- Ethanol

- Infections

- Exercise

- Trauma:
Crush syndrome
Compartment syndrome

- Ischemia

- Metabolic disorders

- Neurological disorders:
Status epilepticus
Status dystonicus

- Idiopathic

Table 2. Causes of rhabdomyolysis.

Genetic

- Muscle metabolism disorders
Fat metabolism
Carbohydrate metabolism
- Mitochondrial disorders
Complexes land Il
Cytochrome b
- Disruption of the release of intramuscular calcium
- Muscular Dystrophies

Etiology

The causes of rhabdomyolysis can be divided into acquired (Table
1) and hereditary (Table 2). A third group would be rhabdomyolysis
caused by anesthetics like propofol and volatile anesthetics.

The most important causes are142°:

Recreational drugs

The recreational drugs which may cause rhabdomyolysis include
alcohol, heroin, methadone, barbiturates, cocaine, amphetamines and
benzodiazepines.

Alcohol can induce rhabdomyolysis through a combination of
mechanisms, including myotoxicity, electrolyte derangement and
immobilization.

Cocaine produces vasospasm and ischemia, coma with muscular
compression and myofibrillar damage.

Hypnotics, barbiturates and benzodiazepines may cause depres-
sion of the central nervous system with prolonged immobilization and
muscular compression, resulting in hypoxia and muscle damage'" 2
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Medications

Salicylates, fibrates, neuroleptics, anesthetics, propofol, corticoste-
roids, antidepressants, etc,, may cause rhabdomyolysis.

Statin therapy has also been associated with the condition, su-
ggesting the involvement of such mechanisms as sarcolemmal lipid
disorders, protein disorders and Q10 coenzyme deficiency. The risk of
triggering rhabdomyolysis is increased when associated with fibrates's.

Trauma

Crushing, the sudden deceleration which takes place in car crashes,
falls, high-voltage electric shocks and third-degree burns are particular
risk factors.

Extreme temperatures

The body can withstand a maximum internal temperature of about
42°C for a period of between 45 minutes and 8 hours. Cell destruction
occurs rapidly at high temperatures. The causes of excessive heat
include heatstroke, neuroleptic malignant syndrome and malignant
hypothermia'.

Although rare, exposure to cold temperatures, with or without
hypothermia, can also lead to rhabdomyolysis'®.

Muscle ischemia

Situations which can trigger rhabdomyolysis include the com-
pression of blood vessels (tourniquets), thrombosis, embolism and
compartment syndrome.

Muscle ischemia interferes with the release of oxygen to the cells,
limiting the production of energy (ATP). If maintained for a long time,
this can cause necrosis of the muscle cells'.

Prolonged immobilization

Prolonged immobilization for various causes (coma, alcohol-
induced unconsciousness, anesthesia) can lead to rhabdomyolysis.

The primary mechanism involved is the reperfusion of damaged
tissue following a period of ischemia and the release of intracellular
content into the general bloodstream.

Cases of patients with morbid obesity, diabetes, high blood pressure
and undergoing prolonged surgery have been reported'®.

Infections

The most common infections are those caused by influenza virus
types A and B. Other viruses which can induce rhabdomyolysis include
HIV, Ebstein-Barr, cytomegalovirus, herpes simplex and varicella-zoster.

Bacteria such as Legionella, Salmonella, Streptococcus, Staphylococ-
cus, Mycoplasma, Leptospira and Escherichia coli, fungal infections and
malaria may also be involved'.

The mechanisms proposed include tissue hypoxia, the activation
of lysosomes and endotoxins.

Electrolyte and endocrine disorders

Electrolyte disorders, such as hyponatremia, hypernatremia, hy-
pokalemia, and hypophosphatemia, may cause rhabdomyolysis due to
alterations in the cell membrane, primarily by affecting the operation
of the sodium-potassium pump.

Endocrine disorders, such as hypothyroidism, hyperthyroidism,
diabetic ketoacidosis and diabetic coma, may also be behind the
syndrome®.

Genetic disorders

Family history, repeated episodes with not particularly intense
exercise and very high levels of CK which remain high for a long time
may point in the direction of this cause. In these cases, rhabdomyolysis
may be the first sign of genetic myopathy?.

Rhabdomyolysis may be induced by alterations in the carbohydrate
metabolism, such as a deficiency of myophosphorylase (McArdle's
disease), phosphorylase kinase, phosphofructokinase or lactate dehy-
drogenase, or alterations in the lipid metabolism, such as a shortage of
carnitine palmitoyltransferase | and I, and others like MADA deficiency,
Duchenne muscular dystrophy or malignant hyperthermia.

In recent years, mutations have been identified in the LPINT gene
in children and the RYRT gene in adults. Variants/polymorphisms of the
ACTN? gene have also been reported, as have other polymorphisms in
anumber of other genes which may be related to rhabdomyolysis and
especially with exercise-induced rhabdomyolysis: CK-MM, MYLK222",

Physical exercise

Exercise in itself or in combination with one or more of the factors
noted above can cause rhabdomyolysis.

The factors which can precipitate or contribute to the syndrome
areZZ,B:

— The experience and fitness level of the athlete. People with less
experience and who are less physically fit more frequently present
episodes of rhabdomyolysis.

— The intensity and duration of exercise; high intensity exercise in
people unaccustomed to exercise or a particular type of exercise
would seem to generate a greater risk.

— The type of exercise. Eccentric contractions, whether in strength
or dynamic exercise, are directly related to rhabdomyolysis. The
sports in which this condition most commonly appears include
marathon, triathlon, football, weightlifting and CrossFit.

— Hot environments and dehydration.

— Electrolyte disorders, as indicated above.

— Nutritional problems, such as insufficient protein intake in strict
vegetarian or vegan athletes and in athletes who employ extreme
carbohydrate loading strategies.

— Other factors already mentioned, such as genetic factors, medica-
tions, particularly statins in combination with fibrates, psychiatric
medications and infections.
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Most studies show a lower incidence of rhabdomyolysis in wo-
men compared to men; this is probably due to the protective effect
of estrogen?®.

Pathophysiology

Although the causes of rhabdomyolysis are very varied and diffe-
rent, the final pathogenetic pathway leading to muscle breakdown is
common to all of them and is associated with alteration of intracellular
electrolyte regulation and especially with cytoplasmic calcium levels.

Although the pathophysiology is common no matter what the
cause, with specific reference to exRML, various alterations are triggered
following excessive, intense, fast, new forms of exercise in those unac-
customed to exercise which, alone or in combination, can precipitate
the condition.

Damage to the membrane of muscle fibers (sarcolemma) or an
increase in the permeability of this membrane together with a decrea-
se in energy production (ATP) alters the mechanisms which regulate
intracellular electrolytes. Of the complex regulatory mechanisms, the
most important are the exchangers Na*/K*ATPase and Na*/Ca’*ATPase,
and the pump Ca’+ATPase’. Energy depletion (ATP) or cytoplasmic
membrane injury/rupture causes dysfunction in the exchanger Na*/
K*ATPase and the pump Ca?*ATPase in the sarcolemma, and those
regulatory mechanisms which act in the membranes of the internal
organs of muscle fibers (sarcoplasmic reticulum and mitochondria).

This leads to an increase in the Na* in the cytoplasm, which then
triggers failure of the Na*/Ca*exchanger, thereby increasing the con-
centration of intracytoplasmic Ca*'°.,

The Na*/Ca?* pump needs energy, accentuating the ATP deficit,
which in turn affects the Ca**ATPase and causes it to malfunction,
increasing calcium concentration in the cytoplasm to an extreme. This
leads to increased muscle contraction, which further depletes ATP and
activates calcium-dependent proteases and phospholipases. These then
initiate destruction of the myofibrils, the cytoskeleton and the proteins
of the cell membranes®.

This produces cell apoptosis and release of the cell contents
(calcium, potassium, phosphates, aldolases, myoglobin, CK, LDH, etc.
(Figure 1)) into the extracellular medium and bloodstream. In severe
cases of rhabdomyolysis, this can lead to serious complications, such
as acute kidney failure, heart arrhythmias or disseminated intravascular
coagulation.

Changes in the ultrasound pattern for
rhabdomyolysis

The sonographic signs describing rhabdomyolysis have increased
over recent years due to different articles which have been published.
Initially, rhabdomyolysis was characterized by a decrease in echogenicity
and local disorganization of the injured muscle®. Later, further sonogra-

Exertional Rhabdomyolysis

Figure 1. Diagram of the pathophysiology of exercise-induced
rhabdomyolysis.
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phic diagnosis data relating to the syndrome indicated intramuscular
hyperechoic areas, which were believed to be due to hypercontractile
muscle fibers in the acute stage. Complete loss of muscle texture in the
muscle involved, with reduced echogenicity, normal vascularity and
preservation of the muscle boundary, was sometimes observed. These
findings made it necessary to perform differential diagnosis with muscle
strain and muscle tear, although muscle texture is preserved in these
cases’®. More recent publications” describe a reverse image where the
muscle septa are shown as distended and hypoechoic, and the muscle
fibers appear relatively hyperechoic. Furthermore, the formation of
hypoechoic/anechoic intramuscular areas usually occurs when there
is breakage of the muscle fibers representing edema or bleeding?.

Ultrasound signs specific to the cause of
rhabdomyolysis

In sporting contexts, other causes of rhabdomyolysis in addition
to muscle trauma need to be considered, such as intense or stre-
nuous physical activity and ischemia associated with compartment
syndromes. The ultrasonic signs may be specific to the cause behind
rhabdomyolysis.
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Rhabdomyolysis associated with muscle trauma is characterized
by the presence of ground glass-like or cloudy images, together with
irregular anechoic areas in the muscular and intramuscular periphery
(Figure 2). Generally, the muscle fibers are uneven and heterogeneous,
and there are usually no blood flow signals?’.

However, when rhabdomyolysis occurs as a result of strenuous
exercise in physically unprepared patients, areas of lower echogenicity
(ground glass or cloudy image) with hyperechoic intramuscular areas,
creating an environment of muscular disorganization, are observed (Fi-
gures 3and 4). The diameter of the muscle fascia also increases, covering
uneven anechoic areas in the muscular and intramuscular periphery,
with no signals of blood flow compatible with edema. Doppler ultra-

Figure 2. This cross-sectional image of rectus femoris and vastus
lateralis muscle contusion shows the presence of hyperechoic
images with loss of fibrillar pattern and anechoic areas with uneven
edges on the periphery of each muscle.

Figure 3.This cross-sectional image of the back of the thigh shows
areas with lower echogenicity and intramuscular hyperechoic
areas on the surface. Note that the hyperechogenicity of the
muscle is similar to that of the semimembranosus tendon (arrow)
and the sciatic nerve (SN).

sonography reveals normal vascularization with preservation of waves
and flow velocities”.

Finally, in cases of rhabdomyolysis associated with a com-
partment syndrome, an increased volume of striated muscle with
reduced flow velocity in the distal arteries is observed. The muscle
presents a heteroechoic pattern and sometimes dissection of the
aponeurosis (Figure 5).

Prevention

Rhabdomyolysis prevention should consist of steering clear of the
pathophysiological mechanisms which trigger the muscle injury itself
and the complications which can come afterwards.

Figure 4. In a cross-sectional examination, ground glass opacities
can be seen in the muscle belly.

Figure 5.In a short-axis examination of the gastrocnemius muscle,
a heteroechoic pattern and an increase in muscle volume can be
observed.
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Adequate physical exercise

The exercise carried out should be adapted to the individual’s
level of fitness and specifically prescribed in terms of the intensity,
duration and type of exercise, and how it should be performed. Va-
riations in these variables can lead to muscle damage and, ultimately,
rhabdomyolysis.

Generally, those less fit are at more risk of suffering rhabdomyolysis,
which is uncommon in top-level athletes®. Preventive measures, there-
fore, need to be considered more in the earlier stages of fitness training.

The progression of exertion from the start of each training or com-
petition session is an important factor, as is a suitable warm-up stage,
which is the first preventive measure to take into account® and one of
the most effective.

Type of exercise

Exercises with a greater eccentric component are prone to cause
greater muscle damage, increasing CK and LDH levels, especially exer-
cises which involve jumping, running on land at different gradients or
muscle training consisting of squats and arm and shoulder extensions
with heavy weights or a lot of repetitions®. It has been shown that
sports such as marathon running, triathlon, football and CrossFit involve
a greater risk of both muscle injury and rhabdomyolysis?*3'.

As a preventive measure, it is advisable to start with a low number
of repetitions and only 1-2 sets, and gradually increase the repetitions
and sets of exercises with a greater eccentric component, using the
onset of pain the day after training as a control variable?.

Exercise intensity

Higher intensity exercises increase the risk of muscle damage and
rhabdomyolysis, especially in less fit athletes, whose exercise-induced
adaptive responses are poorer, thereby exposing them further. For this
reason, the intensity of exercise should be increased gradually according
to how the athlete tolerates and assimilates it, particularly controlling
loads in the initial phases of training programs.

Duration of exercise

Longer exercises (like marathon running, triathlon, etc.) expose
athletes to the risk of greater muscle damage and increase the risk
of rhabdomyolysis. It is advisable to exercise for progressively longer
periods of time, apply a weekly frequency which permits full physical
recovery and perform exercises which involve an eccentric component
in line with the athlete’s muscular development®'.

Food and nutrition

Carbohydrate and protein intake must be adapted to the intensity,
duration and type of exercise in order not only to improve performance
but also to prevent excessive muscle damage resulting from an energy
deficit, which can lead to rhabdomyolysis.

Exertional Rhabdomyolysis

Exercises which involve a greater eccentric component and last
longer lead to greater catabolism and call for a greater supply of protein
(1.5-2.0 g protein/kg of body weight) and carbohydrates to enhance
structural and functional muscle, and liver and muscle glycogen re-
covery®.

Electrolyte and fluid imbalances (chiefly hyponatremia and hypoka-
lemia) increase the risk of rhabdomyolysis, particularly when exercising
in hot environments that induce greater sweating and electrolyte loss,
which interferes with fatigue and muscle damage®. Proper hydration
and mineral supplementation prevent the nutritional imbalances which
predispose athletes to excessive muscle damage.

Finally, since the exercises which most predispose athletes to
rhabdomyolysis also lead to an increase in oxidative processes which
affect energy and muscle function, they may also affect kidney function
if major oxidative damage occurs. This potential situation makes it
advisable to increase the intake of antioxidants (vitamin C, coenzyme
Q10) to prevent the consequences that could lead to these forms
of muscle and kidney damage which accompany and complicate
rhabdomyolysis®.

Environmental factors

Exercise conducted in excessively hot environments can cause
varying degrees of dehydration and even heatstroke. Such scenarios
produce greater muscle damage, which becomes more complicated the
higher the level of dehydration and electrolyte loss?, thereby increasing
the risk of rhabdomyolysis.

Adequate fluid and electrolyte replacement minimizes health risks
when exercising in hotter environments.

Educational measures

Rhabdomyolysis is considered a serious complication of exercise, so
coaches, physical education teachers and athletes themselves should
have a good knowledge of its clinical features and be aware of the risks
associated with the condition. Familiarization with preventive measures
would prevent the appearance of the syndrome and its complications,
helping to preserve athletes'health.

Treatment

The treatment of rhabdomyolysis in the acute phase, with signifi-
cant enzymatic alterations, can be differentiated from treatment once
the analytical figures and ultrasound images have returned to normal
and sporting activity can be considered again.

Here, we are more interested in exertional rhabdomyolysis, about
which not much literature nor many guidelines have been published***,
possibly due to its low prevalence.

Studies of the condition when related to sport, conducted with
significant sets of hospital admissions, although few cases, with ave-
rage CK figures on admission of more than 30,000 IU/L34,35 report an

Arch Med Deporte 2019;36(4):248-255 253



Pedro Manonelles Marqueta, et al.

Table 3. General criteria for resuming sporting activity.

Biological criteria - Follow-up ultrasound (essential)

« Follow-up MRI (not essential)

- No pain at the site of the injury

+ CK blood test

Functional criteria - Full joint mobility

« All kinds of contraction without pain

« Stretches without pain

- Load bearing without pain

- No pain after exercise

- No signs of inflammation after exercise

- No neurological signs

Sporting criteria « No pain in basic movements

« No pain in specific movements or
technical sport movements

- Adequate athletic performance

Psychological criteria - No negative symptoms (fear,

apprehension, distress, etc.)

Adapted from: Fernandez TF, Guillén P. Arch Med Deporte. 2017%.

Table 4. Positive criteria for an optimum return to competition.

- Positive factors for quick reincorporation
- No strength deficit compared to the uninjured limb
- No flexibility deficit compared to the injured limb

» No problem completing more than one training session

« Normal ultrasound and MRI scans

Source: adapted from Servicios Médicos del FC Barcelona. Apunts Med Esport. 2009%.

absence of major complications like severe kidney damage, electrolyte
disorders, compartment syndrome, disseminated intravascular coagu-
lation, arrhythmias and seizures.

In such cases, initial treatment consists of fluid therapy and alkali-
nization, and the patients are discharged after an average of 2.5 days.

Once the acute phase has ended, complete rest from physical activi-
ty until the test results and ultrasound images return to normal is usually
sufficient, bar the administration of analgesics in the event of pain.

As for resuming sporting activity, the guidelines set out in Table 3
can be applied, the progressive application of workloads to the injured
area, starting out with very low intensities and progressing according
to the tolerance of each load tried, being recommended. In lower limbs,
itis very useful to start with anti-gravity exercise (in a swimming pool)
before beginning bicycle exercise, leaving running for the final phase
of recovery.

Table 4 shows the most important positive criteria for returning
to competition.
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Congreso FESNAD 11-13 Marzo web: http://www.fesnad.org/
Zaragoza
10C World Conference Prevention 12-14 Marzo web: http://ioc-preventionconference.org/

of Injury & lliness in Sport Ménaco (Principado de Ménaco)

I Congreso actividad fisica, deporte 27-29 Marzo web: http://congresodeporte.es/
y nutricién Sevilla
37° Congress International Society 1-3 Abril E-mail: andorra2020@sitemsh.org

for Snowsports Medicine-SITEMSH

Andorra la Vella (Principat d’Andorra)

3-4 Abril E-mail: andorra2020@sitemsh.org
Andorra la Vella (Principat d’Andorra)

9° Congrés Societat Catalana de
Medicina de I'Esport-SCME
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Agenda

Congreso Mundial de Psicologia
del Deporte

25th Annual Congress of the
European College of Sport Science

32nd FIEP World Congress / 12th
International Seminar for Physical
Education Teachers /15th FIEP
European Congress

2020 Yokohama Sport Conference
International Congress of Dietetics
XXXVI Congreso Mundial de
Medicina del Deporte

VIil Congreso HISPAMEF

XXIX Isokinetic Medical Group
Conference: Football Medicine
26th TAFISA World Congress

XVIII Congreso Internacional
SEMED-FEMEDE

26th Annual Congress of the
European College of Sport Science

22nd International Congress of
Nutrition (ICN)

European Federation of Sports
Medicine Associations (EFSMA)
Conference 2021

Congreso Mundial de Podologia

8th IWG World Conference on
Women and Sport

XXXVII Congreso Mundial de
Medicina del Deporte FIMS

1-4 Julio E-mail: office@sport-science.org
Sevilla
2-8 Agosto Informacién: Branislav Antala

Jyvaskyla (Finlandia)

E-mail: antala@fsport.uniba.sk

8-12 Septiembre
Yokohama (Japén)

web http://yokohama2020.jp/overview.html

15-18 Septiembre
Cape Town (Suddfrica)

web: http://www.icda2020.com/

24-27 Septiembre
Atenas (Grecia)

https://www.fims2020.com/

15-17 Octubre

Cartagena de Indias (Colombia)

web: http://hispamef.com/viii-congreso-hispamef-
15-17-de-2020/

24-26 Octubre
Lyon (Francia)

web: www.footballmedicinestrategies.com

13-17 Noviembre
Tokyo (Japén)

web: www.icsspe.org/sites/default/files/e9_
TAFISA%20World%20Congress%202019_Flyer.pdf

Murcia

1-5 Julio
Taipei (Taiwan)

web: www.femede.es

web: https://www.issponline.org/index.php/events/
next-world-congress

7-10 Julio
Glasgow (Reino Unido)

E-mail: office@sport-science.org

14-19 Septiembre
Tokyo (Japén)

web: http://icn2021.0rg/

28-30 Octubre
Budapest (Hungria)

web: http://efsma.eu/

Barcelona

5-8 Mayo
Auckland (N. Zelanda)

web: www.fip-ifp.org

web: http://iwgwomenandsport.org/world-conference/

Septiembre
Guadalajara (México)

web: www.femmede.com.mx
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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 alimentacion 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
afo 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. Mas informacion:

www.femede.es
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Guidelines of publication

Guidelines of publication Archives of Sports Medicine

The ARCHIVES OF SPORTS MEDICINE Journal (Arch Med Deporte)
with ISSN 0212-8799 is the official publication of the Spanish Federation
of Sports Medicine. This journal publishes original works about all the
features related to Medicine and Sports Sciences from 1984. This title
has been working uninterruptedly with a frequency of three months
until 1995 and two months after this date. Arch Med Deporte works
fundamentally with the system of external review carried out by two
experts (peer review). Itincludes regularly articles about clinical or basic
research, reviews, articles or publishing commentaries, brief communica-
tions and letters to the publisher. The articles may be published in both
SPANISH and ENGLISH. The submission of papers in English writing will
be particularly valued.

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

The Editorial papers will only be published after an Editor requi-
rement.

The manuscripts accepted for publication will become FEMEDE
property and their reproduction, total or partial, must be properly
authorized. All the authors will have to send a written letter conceding
these rights as soon as the article is accepted for publication.

Submit of manuscripts

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

2. On the first page exclusively it should include: title (Spanish and
English), authors'first name, initial of the second name (if applicable),
surname and optionally the second one; Main official and academic
qualifications, workplace, full address and corresponding author
e-mail. Supports received in order to accomplish the study - such
as grants, equipments, medicaments, etc- have to be included.

A letter in which the first author on behalf of all signatories of the
study, the assignment of the rights for total or partial reproduction
of the article, once accepted for publication shall be attached.
Furthermore, the main author will propose up to four reviewers to
the editor. According to the reviewers, at least one must be from a
different nationality than the main author. Reviewers from the same
institutions as the authors, will not be accepted.

3. On the second page the abstract 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 (aims of the research),
methodology, the most out-standing results and the main conclu-
sions. It must be written in such a way to allow the understanding of
the essence of the article without reading it completely or partially.
After the abstract, from three to ten key words will be specified in
Spanish and English, 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

applicable:

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

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

c. Editorials: they will be written by Editorial Board request.

d. Letters to the Editor: maximum 1.000 words.

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

cable:

a. ORIGINALS RESEARCH: It will contain an introduction, which
must be brief and will contain the aim 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 will be
exposed, as well as its characte-ristics, selection criteria and used
techniques, facilitating the necessary data in order to allow the
reader to repeat the experience shown. The statistical methods
will be detailed described.

Results: Results must report and not describe the observations
made with the material and method used. This information can
be published in detail in the text or using 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 conclusions 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.
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b. REVIEWS ARTICLES: The text will be divided in as much
paragraphs as the author considers necessary for a perfect
compre-hension of the topic treated.

¢. LETTERS TO THE EDITOR: Discussion about published papers
in the last two issues, with the contribution of opinions and
experiences briefed in 3 pages, will have preference in this
Section.

d. OTHERS: Specific sections commissioned by the Journal's
Editorial Board.

. Bibliography: it will be presented on pages apart and will be
ordered following their appearance in the text, with a correlative
numeration. In the text the quote’s number will be presented
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 personal communication, manuscripts or any

unpublished information included in the bibliographical ap-

pointments.

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 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 journal name, according to 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 must be sent in word format.

Guidelines of publication

Tables shall be numbered according to the order of appearance in
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
following the order of appearance in the text.

At the end of the text document the tables and figures captions
will be included on individual pages.

8. The Journal's Editorial Staff will communicate the reception of sub-
mitted articles and will inform about its acceptance and possible
date of publication.

9. After hearing the reviewers'suggestions (journal uses peer correc-
tion system), may reject the works which are not suitable, or indicate
the author the modifications which are thought to be necessary
for its acceptance.

10. The Editorial Board is not responsible for the concepts, opinions or
affirmations supported by the authors.

11. Submissions of the papers: Archives of Sports Medicine. By e-mail
to FEMEDE'S e-mail address: femede@femede.es. The submission
will come with a cover letter on which the work’s examination for
its publication in the Journal will be requested, article type will
be specified, and it will be certified by all authors that the work
is original and 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 must 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 journal 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
normative shall be followed, available at http://www.consort-statement.
org/
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Campana de aptitud fisica,
deporte y salud

La Sociedad Espanola de Medicina del Deporte, en su incesante labor de expansion y consolidacién
de la Medicina del Deporte y, consciente de su vocacién médica de preservar la salud de todas las personas,
viene realizando diversas actuaciones en este dmbito desde los Gltimos afios.

Se ha considerado el momento oportuno de lanzar la campafa de gran alcance, denominada CAMPANA
DE APTITUD FiSICA, DEPORTE Y SALUD relacionada con la promocién de la actividad fisica y depor-
tiva para toda la poblacién y que tendrd como lema SALUD — DEPORTE - DISFRUTALOS, que atna
de la forma més clara y directa los tres pilares que se promueven desde la Medicina del Deporte que son el
practicar deporte, con objetivos de salud y para la mejora de la aptitud fisica y de tal forma que se incorpore
como un hébito permanente, y disfrutando, es la mejor manera de conseguirlo.
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