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Teresa Gaztañaga Aurrekoetxea
Editorial

Have dietary recommendations really changed in the 21st
century? Are there any new challenges?
¿Han cambiado realmente las recomendaciones dietéticas en el
siglo XXI? ¿Tenemos nuevos retos?
Teresa Gaztañaga Aurrekoetxea
Médico Especialista en Medicina de la Educación Física y el Deporte. Postgrado en Nutrición por las Universidades de Nancy (Francia) y Granada (España). Servicio de Medicina
del Deporte. Unidad de Dietética y Nutrición. Hospital de día QUIRON SALUD Donostia. San Sebastián.

The evolution of standardised food models manifests from the
classic concept of clinical symptom prevention in its earliest stages
(1802 Smith, 1919 Royal Society London, 1933 British Medical Association, 1941 National Research Council United States, 1945 FAO)1 to the
current concept in the prevention and risk reduction of chronic illnesses,
improvement and maintenance of an optimum state of health.
The first recommended energy and nutrient intakes for the Spanish populations date back to 1994, with the proposal of the Nutrition
Department of the Complutense University of Madrid (Varela G). That
very same year, unified recommendations were edited in Europe2, and
in the USA the first publication is from 1989 (Recommended Dietary
Allowances - RDA)3.
Since the start of 2000, changes in lifestyle, with increased physical
inactivity, chronic illnesses and life expectancy, along with trends of
consuming enriched or fortified, functional and diet foods, that may
positively or negatively influence the daily intake of nutrients, and the
rapid advance of scientific knowledge in the fields of nutrition and
health, have forced each country to regularly review and update the
standards for their populations. In Europe, the European Food Safety
Authority (EFSA) is the body that edits the unified recommendations
via regular communications4-7.
Therefore, currently the terminology has been consolidated internationally to distinguish the different concepts used. The Estimated
Average Requirement (EAR), the Low Threshold Intake (LTI), the Tolerable
Upper Intake Levels (UL)8-10 and the Dietary Reference Intakes (DRIs) in
the USA or Dietary Reference Values (DRVs) in Europe4,5.
Dietary Reference Values are recommendations for the daily intake
of energy and the most important nutrients for healthy populations
by age, sex and physiological situation, which cover the requirements
of 97%-98% of the population. They are developed from clinical, epidemiological and experimental data, with the aim of responding to
physiological needs and of reducing the risk of chronic and/or degenerative illnesses (cardiovascular illnesses, diabetes, osteoporosis, cancer

and others). They are adapted to both sexes with age ranges spanning
from the first months of life to over 60 years of age, through situations
of pregnancy, breastfeeding and regular physical efforts of light and
high intensity. They can also be used as a reference in individual NV
adjustments.
It is intended for the average population to cover the established
reference intakes - DRIs-DVRs - with as few people as possible below
the nutritional requirements and with no one falling below or above
the two extremes (LTI) and the safety limit (UL).
The recommended energy and nutrient intakes for the Spanish
population comprise: energy (light - 10%, high +20%), proteins, minerals (calcium, iron, iodine, zinc, potassium, selenium), vitamins (Group
B, C, A, D, K). They also include reference values for carbohydrates, fats
(linoleic acid, linolenic acid), fibre and water, just as in the EFSA and the
US equivalent4-7, 11.
The interpretation and use of the DRIs-DVRs requires intervention
from qualified professionals from the health field, both on an individual
and collective level (preventive, clinical, research), education (training
and dissemination programmes), health authorities and particularly in
public health (dietary and eating guides), the agro-food and hospitality
industry (labelling and nutritional information)3, 8. From the perspective
of health professionals, they can be used as reference values, not only to
plan diets for specific groups or communities (diabetics, athletes, etc.)
and to identify populations at risk, but also to create individual diets
after performing a nutritional assessment.
The practical way of transmitting scientific recommendations in
healthy eating habits to the general public, including athletes, are eating
and/or dietetic guides edited by national entities, scientific societies, the
World Health Organisation (WHO), and the United Nations Food and
Agriculture Organisation (FAO)11-19.
From what we have been able to establish up to now, in the 21st
century we have established guidelines for keeping the reference intake
values actively updated in a more agile and quicker way, with scientific
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knowledge, clinical, epidemiological and experimental data, for sharing
healthy dietary habits and for reaching a stable level of maintaining an
optimal state of health in the population.
Do we not have any new challenges? Of course we do, mainly
aimed at obtaining more assessment data regarding individual needs
to adjust the dietary reference values, reaching the average citizen and
establishing correct eating habits to have a positive repercussion on
the state of health:
To obtain the largest possible amount of epidemiological data from
individual needs, achieved through nutritional assessments considering
metabolic and physiological adaptation, food availability and the customised dietary adjustments that should be used to correct errors and
to introduce healthy habits and to prevent doping3,20.
For those responsible for health policies to promote the study of
food consumption models, to design campaigns and food and dietary
guides, as well as assessing and following them up5.
To get citizens used to keeping good eating habits, facilitating
research and the harmonisation between the different professionals in
the field of nutrition, dietetics and food.

7. Food and Nutrition Board, Institute of Medicine, National Academies Washington
DC: National Academy Press. Dietary Reference Intakes for Calcium, Phosphorous,
Magnesium, Vitamin D, and Fluoride (1997); Dietary Reference Intakes for Thiamin,
Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline
(1998); Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids
(2000); Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium,
Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc
(2001); Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, and Sulfate
(2005); and Dietary Reference Intakes for Calcium and Vitamin D (2011). These reports
may be accessed via www.nap.edu.
8. Scientific Opinion on principles for deriving and applying Dietary Reference Values.
EFSA Journal 2010; 8(3):1458 [30 pp.]. doi: 10.2903/j.efsa.2010.1458. Disponible en:
https://www.efsa.europa.eu/en/print/efsajournal/pub/1458
9. Dietary Reference Intakes: Tolerable Upper Intake Level Values for Vitamins and Elements NAS. IOM. Food and Nutrition Board. Comprehensive DRI tables for vitamins,
minerals and macronutrients; organized by age and gender. Includes the 2011 updated recommendations for calcium and vitamin D. These reports may be accessed
via www.nap.edu.
10. European Food Safety Authority (EFSA). Tolerable Upper Intake Levels for Vitamins and
Minerals by the Scientific Panel on Dietetic products, nutrition and allergies (NDA) and
Scientific Committee on Food (SCF). European Food Safety Authority 2006. Disponible
en: https://www.efsa.europa.eu/sites/default/files/assets/ndatolerableuil.pdf
11. Moreiras Tuni O, Carbajal A, Cabrera Forneiro L, Cuadrado Vives C. Calidad de la dieta y
objetivos nutricionales para la población española. Departamento de Nutrición Universidad Complutense Madrid. Tablas de composición de alimentos. Guía de prácticas,
18ª ed. Madrid: Pirámide. 2015; 274-81.
12. Ministerio de Agricultura Alimentación y medio Ambiente. Disponible en: http://
www.alimentacion.es/es/campanas/
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The effect of weekly low frequency exercise on body composition and blood pressure of elderly women

The effect of weekly low frequency exercise on body composition
and blood pressure of elderly women
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Summary
Introduction: Regular physical activity can provide several benefits for human health, including improvements in cardiovascular, muscular and endocrine systems as well as in body composition. The aim of this pilot study was to analyze the effect
of low frequency exercise (once vs. twice per week) on the body composition and blood pressure of elderly women who
participated in a public exercise program.
Methods: Fifty-five sedentary elderly women, aged between 60 and 80 years, were evaluated by weight, stature, anthropometric measures (waist, abdomen, and hip) and systolic and diastolic blood pressure. The participants were divided into
two groups: G1 performed exercise once a week and G2 performed exercise twice a week. Over six months the participants
performed a combined program of aerobic exercise (walking and gymnastic aerobics) and strength exercise (using elastic
bands, balls and bats). All exercise sessions lasted 60 minutes.
Results: The results showed body composition improvements for both groups in waist (G1: p= 0.002; G2: p= <0.001) and
abdomen (G1: p= 0.014; G2: p= 0.001) measurements, percentage body fat (G1: p= 0.010; G2: p= 0.007) and waist–hip ratio
(G1: p= 0.037; G2: p= <0.001) as well as in systolic (G1: p= <0.001; G2: p= <0.001) and diastolic blood pressure (G1: p= 0.001;
G2: p= 0.014), except in fat free mass which was found only in G1 (p= 0.001). However, there were no significant differences
between the groups in any variables.
Conclusion: It was concluded that this exercise, independent of the frequency (once or twice a week), resulted in improvements in body composition variables and blood pressure; however, no differences were found in the percentage of variation
between both groups.

El efecto de baja frecuencia semanal del ejercicio sobre la composición
corporal y la presión arterial de las mujeres ancianas
Resumen

Palabras clave:
Tensión arterial.
Composición corporal.
Mujeres ancianas.
Frecuencia semanal.

Introducción: La actividad física regular puede proporcionar varios beneficios para la salud humana, incluyendo mejoras en
el sistema cardiovascular, muscular y endocrino, y en la composición corporal. El objetivo de este estudio piloto fue analizar
el efecto de la frecuencia semanal del ejercicio (una vez vs. dos veces) sobre la composición corporal y la presión arterial de
las mujeres ancianas que participaron en un programa público del ejercicio.
Métodos: Se evaluaron 55 mujeres ancianas sedentarias, con edades comprendidas entre 60 y 80 años, por la masa corporal,
estatura, medidas antropométricas (de la cintura, el abdomen y cadera) y la presión arterial sistólica y diastólica. Las participantes fueron divididas de acuerdo con sus posibilidades en dos grupos: G1 (realizada una vez a la semana de ejercicio) y G2
(realizado dos veces a la semana de ejercicio) y durante 6 meses las participantes realizaron un entrenamiento combinado
compuesto de ejercicio aeróbico (caminar y gimnasia) y ejercicio de fuerza usando bandas elásticas, pelotas y canes de un
programa de ejercicios. Todas las sesiones de ejercicio tuvieran una duración de 60 minutos.
Resultados: Los resultados mostraron que ambos grupos tuvieron mejoras en la composición corporal de la cintura
(G1: p = 0,002; G2: p = <0,001), el abdomen (G1: p = 0,014; G2: p = 0,001), porcentaje de grasa corporal (G1: p = 0,010; G2: p
= 0,007) y la relación cintura cadera (G1: p = 0,037; G2: p = <0,001) la presión arterial sistólica (G1: p = <0,001; G2: p = <0,001)
y en la sangre diastólica presión (G1: p = 0,001; G2: p = 0,014), excepto en la masa libre de grasa que se encuentra sólo en el
grupo uno (p= 0,001). Sin embargo, no hubo diferencia significativa entre los grupos en todas las variables.
Conclusión: Se concluye que independientemente de la frecuencia de ejercicio (una o dos veces a la semana), se observaron mejoras en las variables de composición corporal y la presión arterial. Y, sin embargo, no encontramos diferencias en la
variación porcentual entre ambos grupos.

Correspondence: Claudio Rosa
E-mail: claudiorosa23@yahoo.com

Arch Med Deporte 2017;34(1):9-14

9

Claudio Rosa, et al.

Introduction

Participants

The aging process can lead to impairment in women’s health, particularly when they are sedentary. A decrease in cardiorespiratory capacity
can be observed, increasing risk factors associated with coronary heart
disease1,2, increased fat mass and weight3,4, decreased strength and
muscle mass5,6, decreased bone mineral density7, decreased dynamic
stability8,9 and decreased functional capacity10,11. Thus, the sum of all these
cited factors leads to a worsening of the quality of life12,13.
The number of sedentary people in the world is high, mainly among
the elderly14. This condition, associated with a diet rich in carbohydrates
and saturated fats, leads to increased fat mass, weight and body mass
index, causing several health problems15,16. Normally, this population
takes medication for several diseases, such as diabetes, hypertension,
high cholesterol and other pathologies; however the inclusion of exercise
in daily routines could modify this situation.
There is some evidence that exercise and lifestyle change (moderation of alcohol consumption, dietary changes, weight reduction,
smoking cessation) is a sufficient nonpharmacological way to reduce
the risk of morbidity, mainly in hypertensive subjects, even at an advanced age17. Exercise can produce significant hemodynamic changes
and increase muscle blood flow, nitric oxide production and alpha 1
and 2 adrenergic receptor density in skeletal muscles18. Mota et al.19
found a significant decrease in the blood pressure of elderly sedentary
women who took part in a resistance training protocol three times
per week over 16 weeks. In relation to the other variable, Aragão et
al.7 found significant differences in the total body fat, muscle mass
and lean mass of elderly women who performed a multicomponent
exercise training program three times per week for 12 months. These
improvements in blood pressure and body composition may decrease
the risk of morbidity.
To enable an increase in muscle strength and cardiorespiratory
capacity in adults, ACSM20 guidelines recommend 30 minutes or more of
physical activity, preferably every day of the week or, if that frequency is
not possible, at least 20 minutes of vigorous intensity exercise three times
per week. However, with this population it is difficult to carry out physical
activity programs with a frequency of three times per week or more,
because of the lack of adherence. Studies have shown low adherence
when an exercise program greatly increases in volume or intensity21,22.
It is known that exercise of an appropriate volume can cause changes to body composition and some haemodynamic variables; however
can this also be observed with weekly training of a low frequency?
Thus, this pilot study aimed to analyze the effect of weekly exercise
frequency (once vs. twice) on the body composition and blood pressure
of elderly women who participated in a public exercise program for six
months.

Data collection

Material and method
Study design
This was an experimental pilot study involving six months of
intervention within the public program “Live Well”. This program was
introduced in the state of Rio Grande do Sul (southern region of Brazil).

10

Before the start of the program, different advertising methods
(visits within the community, newspapers, internet, posters, radio, etc.)
were used to invite the elderly to participate. The inclusion criteria
were as follows: elderly sedentary women; aged 60–80; not suffering
from chronic diseases or musculoskeletal disorders; no uncontrolled
hypertension (systolic arterial pressure >200 mmHg and diastolic
arterial pressure >105 mmHg); no use of β-blockers or antiarrhythmic
medication; and no positive responses to the seven questions of the
Physical Activity Readiness Questionnaire (PAR-Q) which relate to their
health status. However, as some participants were over 69 years old,
they were advised to check with their doctor, even if they had negative
responses. If the participants answered “yes” to any of the questions,
they were excluded from the program23,24.
One hundred and fourteen participants enrolled in the program;
however due to the exclusion criteria (uncontrolled hypertension and
diabetes = 17; positive responses to questions of the PAR-Q = 5), 22 of
the women could not participate in the program and were advised to
seek medical attention. After screening, all of the 92 selected participants were informed by telephone about their random allocation in
one of the two exercise protocol groups (once or twice a week). The
first group (G1) was composed of 41 participants who performed one
session of exercise per week. The second group (G2) was composed
of 51 participants who performed two sessions per week. They agreed
to maintain their baseline level of physical activity for the duration of
the study.
Before starting the exercise program, some participants were already taking diuretics, statins and insulin sensitizers; all medicaments
were unchanged until the end of the program. The research design
was developed according to the Declaration of Helsinki. All volunteers
signed a form consenting to participate in the study.
All participants completed a three day food intake questionnaire
before intervention. These three days included two nonconsecutive
weekdays and one weekend and were overseen by a nutritionist. They
were instructed to maintain their usual diet for the duration of the
program25.
After participant recruitment and admission, data were collected in
the initial stage of the program and six months after. Only 55 of the 92
volunteers who began the program finished the six months of training
because of health problems or low frequency (attending less than 80%
of the total classes). Therefore, only the data of these 55 participants
were used for analysis, comprising 25 subjects in G1 (once a week) and
30 subjects in G2 (twice a week); the average age and education level
(years of schooling) in the two groups were 67.32 ± 6.27, 8.14 ± 1.0 and
65.57 ± 5.21, 9.96 ± 2.85 for G1 and G2, respectively.

In the first two weeks all participants were evaluated. On arrival,
they remained seated in a quiet room for 30 minutes, to assess blood
pressure. Blood pressure was evaluated with an ambulatory blood
pressure device (Micromed, model ABPM-04, Porto Alegre, Brazil)
placed on the subjects’ non-dominant arm. The cuff was completely
wrapped, covering at least two thirds of the upper arm. The participants
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minutes, involving walking different routes, exercises for lower (squats,
lunges, calf rises) and upper limbs (shoulder abductions, biceps curls,
triceps and abdominal extension), using elastic bands, balls and bats
and (iii) return to calm, with stretching and/or relaxation activities. The
main characteristics of the load and structure of the training program
and the progression of the exercises during the six months are presented
in Table 1. To equalize the exercise intensity for each participant, the
Resistance Exercise Scale (OMNI Res)32 was used for the active muscles.
All activities were supervised by two trained instructors and all sessions,
for both groups, were conducted by the same instructors.

were instructed to avoid caffeine on the day of their visit and not to
perform physical activities for at least 24 hours prior to the evaluation26.
This procedure was in accordance with the Joint National Committee
on Prevention, Detection, Evaluation and Treatment of High Blood
Pressure (JNC7)27.
After blood pressure evaluation, the participants were moved to
another room for anthropometric measurements (body mass, height
and circumference of waist, abdomen and hip) to be taken. Body mass
was measured in kilograms (kg) using a Plena scale (model MEA-07420)
with an accuracy of 100 g and a range of 150 kg. Using the Frankfurt
plane as a reference, height was measured in centimeters (cm) using a
stadiometer (Sanny Medical) with a precision of millimeters (mm). From
these measurements were obtained body mass index values (weight/
height2). Waist, abdomen and hip circumferences were determined
using a flexible steel tape (Cescorf ) graduated in (mm). Waist circumference was taken at the mid-point between the lower costal (12th rib)
border and the iliac crest. Abdominal circumference was measured on
the umbilicus, and hip circumference was taken at the level of the greatest posterior protuberance of the buttocks, which usually corresponds
anteriorly to about the level of the symphysis pubis.
Anthropometric measures (circumferences) were used to estimate
fat percentage (% fat) because this allows for less technical error from
evaluators than assessment by skinfolds28 and because elderly people
have morphological changes such as body fat distribution, elasticity
and thickness of the skin29,30. All measurements were performed twice
by an experienced evaluator trained by the International Society of
Advancement of Kinanthropometry (ISAK)31. These same procedures
and protocols were used in the initial and final evaluations.

Statistical analysis
The data distribution was verified by the Kolmogorov-Smirnov test
with reference to the Gaussian curve. Average and standard deviation
were used to characterize the sample. Student’s t-test for paired samples
was used to compare the two points of evaluation for each variable,
and Student’s t-test for independent samples was used to compare the
percentage of all variables between groups. All analyses were performed
using SPSS (Statistical Package for Social Sciences) version 21.0. The
significance level was set at 5% (p <0.05).

Results
Table 2 shows all body composition measurements, as well as blood
pressure values for the two groups. Significant differences within G1
were found in waist and abdominal measurements, percentage body fat,
fat free mass, waist–hip ratio and systolic and diastolic blood pressure,
wherein these same variables were also significantly different within G2,
except for fat free mass which was found only in G1. In Table 2, it can be
observed that no significant differences between the groups were found
for any of the variables; this was also the case when the percentage
variations of each variable for both groups were compared (Table 3).

Exercise program
The exercise program was performed over six months according to
the weekly frequencies assigned to the two groups. In the initial three
weeks of training, participants were familiarized with and adapted to
the multicomponent exercise training program (combined aerobic
and resistance exercise training) and also to the OMNI Res scale. For
the duration of the training program there was incremental progress
in the duration of the training sessions, beginning with 20–30 minutes
initially and 60 minutes at the end of the program. All the sessions had
the same structure: (i) warming-up 5–10 minutes, (ii) main part 40–45

Discussion
It is well known that several changes in body composition, including
the reduction of fat free mass and the increase of fat mass occur within
the aging process, particularly in sedentary people. The purpose of this

Table 1. Exercise training program.
Variables

1º Mesocicle

2º Mesocicle

3º Mesocicle

Week

1-4

5-8

9-12

13-16

17-20

21-25

Aim

Familiarization of
Scale OMNI Res

Muscular
endurance

Muscular
Hypertrophy

Maximal strength

Power

Loss weight

Type

Aerobic and resistance exercise, flexibility

Mode

Walking, weight training, recreational games

Duration

20-30 minutes

30-50 minutes

40-50 minutes

50-60 minutes

60 minutes

60 minutes

Intensity
(Scale OMNI Res)

2-Easy
4-Somewhat easy

4-Somewhat easy/
6-Somewhat hard

4-Somewhat easy/
6-Somewhat hard

6-Somewhat hard/
8-hard

6-Somewhat hard/
8-hard

8-9 Hard

Frequency

1 or 2 days/week (non-consecutive)
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Table 2. General anthropometric characteristics of the participants in the once week exercise (G1) and twice week exercise (G2). Data are
given as mean ± standard deviation.
Variables		
		

Once a week (n=25)			

Twice a week (n=30)

Before

After

P value

Before

After

P value

Body weight (kg)

73.40 ± 10.33

73.72 ± 10.65

0.473

68.10 ± 9.59

67.33 ± 9.20

0.227

Body mass index (kg/m2)

29.36 ± 4.11

29.54 ± 4.32

0.333

26.60 ± 4.08

26.49 ± 4.33

0.693

Fat mass (%)

44.23 ± 4.48

43.43 ± 4.81*

0.010

39.96 ± 5.68

39.06 ± 6.13*

0.007

Fat mass (kg)

32.80 ± 7.38

32.37 ± 7.58

0.245

27.58 ± 7.27

26.67 ± 6.97*

0.040

Fat-free mass (kg)

40.60 ± 3.94

41.35 ± 4.28*

0.001

40.52 ± 4.26

40.67 ± 4.38

0.630

Circumference abdomen (cm)

97.16 ± 8.98

95.48 ± 8.59*

0.014

91.06 ± 8.29

89.13 ± 8.68*

0.001

Circumference waist (cm)

93.40 ± 8.77

91.24 ± 8.82*

0.002

87.03 ± 8.58

84.73 ± 8.91*

<0.001

Circumference hip (cm)

105.80 ± 7.96

104.92 ± 7.92

0.080

100.60 ± 7.46

100.13 ± 7.44

0.363

Waist-hip ratio (cm)

0.884 ± 0.073

0.870 ± 0.072*

0.037

0.865 ± 0.058

0.845 ± 0.059*

<0.001

Blood pressure systolic (mmHg)

132.80 ± 10.90

128.40 ± 11.87*

<0.001

129.00 ± 12.06

124.33 ± 12.50*

<0.001

Blood pressure diastolic (mmHg)

85.00 ± 6.45

82.00 ± 7.77*

0.001

80.00 ± 6.43

77.66 ± 8.06*

0.014

Significant difference from before to after intervention: * (p <0.05).

Table 3. Comparation of percentage variation (∆) of variables in study between groups.
Variables (%)
		

Group 1 n (25)
Mean ± SD

Group 2 n (30)
Mean ± SD

P value

Body weigth (kg)

0,42 ± 3.00

-0,99 ± 4.87

0.195

Body mass index

0,58 ± 3.15

-0,41 ± 4.89

0.390

% fat

-1,85 ± 3.48

-2,40 ± 4.52

0.622

Fat mass

-1,37 ± 5.88

-3,26 ± 8.06

0.335

Fat free mass

1,80 ± 2.21

0,40 ± 4.02

0.110

Circumference abdomen

-1,66 ± 3.27

-2,15 ± 3.10

0.574

Circumference waist

-2,28 ± 3.48

-2,65 ± 3.53

0.697

Circumference rip

-0,81 ± 2.27

-0,44 ± 2.71

0.586

Waist-rip ratio

-1,46 ± 3.50

-2,21 ± 3.14

0.409

Blood pressure systolic

-3,32 ± 3.86

-3,55 ± 5.00

0.851

Blodd pressure diastolic

-3,57 ± 5.00

-2,93 ± 6.12

0.676

study was to determine body composition changes in sedentary elderly
people who performed a multicomponent exercise training program
once or twice a week for six months. The primary findings of the study
show that a periodic exercise program, even performed with low weekly
frequency, can provide significant improvements in waist and abdominal
measurements, percentage body fat, fat free mass, waist–hip ratio and
systolic and diastolic blood pressure; however there were no significant
differences for these variables between groups. These differences may
have occurred due to different volumes and intensities within the
exercise periodization, as well as due to alterations in training goals and
aims (muscular endurance, hypertrophy, maximum strength or power).
When the effects of the two weekly frequencies (once or twice a
week) on body composition were compared, a significant change in
variables of waist and abdomen measurements, percentage body fat
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and waist–hip ratio were observed in both, except fat free mass which
was observed only in G1. Our results corroborate partially with Izquierdo
et al.21 who also reported that once per week combined strength and
aerobic exercise can induce a similar increase in fat free mass of elderly
people, when compared with training alone (twice per week strength
or endurance exercise). However, the aims of the two studies were
different because the present study compares once and twice weekly
combined training, while Izquierdo et al.21 compared combined training
with strength or endurance per se. In addition, Sillanpää et al.33 found
improvements in body composition of elderly men who performed low
frequency (twice a week) combined training. These studies show that
low weekly frequency (once or twice per week) training can provide
improvements in body composition and allow for an easier adherence
to exercise, since it involves less time each week21.
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On the other hand Mynarski et al.34 analyzed the effect of different
physical exercise programs (strength training, functional and gymnastic)
on anthropometric measures and the functional autonomy of elderly
people at risk of fracture in the southern region of Brazil. The participants
performed 35 training sessions with a duration of 60 minutes per session, twice a week. The study showed that these sessions, independent
of training type, were not sufficient to provide significant changes in
body mass index and body composition. One fact that may explain the
absence of change in anthropometric measures in this study is the lack
of load in strength training.
We did not find statistical differences when the percentage variation
of all variables was compared between the two frequency groups (once
or twice per week). These results are in accordance with the results of
Fisher et al.35 study which evaluated 63 women between 60 and 77 years
of age who participated in 16 weeks of combined aerobic and strength
training. The elderly women were divided into three physical training
groups: the first performed strength and aerobic training once per week,
the second performed two sessions per week and the third performed
three sessions per week. Anthropometric and body composition results
showed that body fat percentage, body fat, fat free mass and body mass
index were not significantly different between groups.
A study developed by Nakamura et al.36 evaluated elderly women
using a different training methodology (exclusively aerobic) and more
training groups (three groups plus a control group); significant differences were not found between the three exercise groups. In others words,
elderly women that exercised once, twice or three times per week did
not have significantly different changes in body composition.
Relative to blood pressure, there was a significant decrease in the
level of systolic and diastolic blood pressure in both groups after six
months of intervention. These results were also found in a study by Liu
et al.37 that evaluated 17 sedentary 45–60-year-old subjects during an
eight week exercise program. However, the methods used differ from the
present study, because this study used aerobic and strength exercises
with a once or twice per week frequency, while Liu et al.37 used exclusively aerobic exercises, with a frequency of four times per week. The
significant decrease in blood pressure may be associated with central
and peripheral adaptations for improving oxygen consumption (VO2),
although these variables were not evaluated.
Limitations of this study are the lack of control group, the impossibility of monitoring and controlling the other daily activities of the study
sample and of not monitoring biochemical variables such as cholesterol,
triglycerides and glucose.

Conclusion
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Summary
Purpose: The aim of this study was to evaluate the effect of different training amplitudes on the autonomic nervous system
(ANS) responses and recovery through heart rate (HR), heart rate variability (HRV) and rate of perceived effort (RPE).
Methods: In a counterbalanced design, male trained cyclists (24.8 ± 6.9 years old) performed three training sessions matched
by total duration (20 min) and by mean power (55% of maximal power output, ), but with different effort:pause ratio and
different amplitudes. Continuous training (CT) was composed by efforts of 55% of maximal power (Pmax). The low amplitude
training (LAT) was composed by efforts with 80% of Pmax and pauses of 30% of Pmax, and high amplitude training (HAT)
with efforts of 110% of Pmax and passive pauses (0% of Pmax). Data were analyzed using a two-way ANOVA with repeated
measures or non parametric correspondent.
Results: HAT promoted superior RPE (9.0 ± 1.0 au) in comparison to the LAT (3.8 ±2.8 au), and CT (2.8 ± 1.5 au) with p <.01,
and higher increments in the maximal HR (172.8 ± 11.8 bpm) in comparison to the CT (140.8 ± 14.2 bpm, p = .001). Regarding
HRV, the three protocols had similar results, except by the CT, which did not return to baseline levels after 24h of rest.
Conclusions: The HAT showed higher impact on the RPE and in maximum HR at the end of the session and the HRV variables
showed similar responses despite the difference in the training protocols.

Respuesta del sistema cardiaco autónomo en ciclistas entrenados con
diferentes amplitudes de entrenamiento
Resumen

Palabras clave:
Frecuencia cardíaca. Ciclismo.
Esfuerzo físico. Recuperación.
Sistema nervioso autónomo.

Objetivo: El objetivo de este estudio fue evaluar el efecto de diferentes amplitudes de entrenamiento sobre las respuestas
y recuperación del sistema nervioso autónomo (SNA) por medio de la frecuencia cardíaca (FC), variabilidad de la frecuencia
cardíaca (VFC) y tasa de esfuerzo percibido (RPE).
Métodos: En diseño contrabalanceado, ciclistas masculinos entrenados (24.8± 6.9 años de edad) realizaron tres sesiones de entrenamiento emparejados con duración total (20 min) y promedio de potencia (55% de la potencia máxima), pero con diferentes
tasas de esfuerzo-pausa y diferentes amplitudes. El entrenamiento continuo (EC) fue compuesto por esfuerzos de 55% de la máxima potencia (Pmax). El ejercicio con baja amplitud de entrenamiento (EBA) fue compuesto por esfuerzos de 80% de la Pmax con
pausas de 30% de la Pmax, y en entrenamiento en alta amplitud (EAA) con esfuerzos de 110% de la Pmax y pausas passivas (0% de
la Pmax. Los datos fueron analizados mediante ANOVA de dos vías con medidas repetidas o su correspondiente no paramétrico.
Resultados: EAA promovió RPE superiores (9.0 ± 1.0 u.a) en comparación con EBA (3.8 ± 2.8 au), y EC (2.8 ± 1.5 u.a) con
p<.01, con elevados incrementos en la FC máxima (172.8 ± 11.8 bpm) en comparación con EC (140.8 ± 14.2 bpm, p=.001).
Considerándose la VFC, los tres protocolos tuvieron resultados similares, excepto por el EC, pues no volvió a los niveles basales
después de 24h de descanso.
Conclusiones: El EAA presentó mayor impacto en la RPE y en la FC máxima al final de la sesión y las variables de VFC mostraron
respuestas similares a pesar de la diferencia en los protocolos de entrenamiento.
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Introduction
Cycling is characterized as an endurance cyclical modality; in the
competition different procedures were used, ranging from time trials,
from 4 km to very high durations, lasting days1,2. Because of this, the
training usually involves continuous efforts applied with moderate to
high intensity and long duration, and as well as in other ways, usually
using heart rate (HR) to the intensity prescription and control3.
The HR is a physiological variable intrinsically controlled by the
autonomic nervous system (ANS), under the equilibrium between
sympathetic and parasympathetic activity4. Another parameter observed
in the evaluation of cardiac activity and its modulators is the heart rate
variability (HRV), which indicates the HR oscillations5. In this context, during physical exercise, the sympathovagal balance, and its regulation, are
altered as a result of the increased need for blood oxygen distribution6.
The HRV is also used to control the training load assessment on a daily
basis of its parameters after, before, and specifically 24 h hours before
training4,7,8 because of its relations with the ANS stress and recovery
patterns of the HR control4. Constant loads with high intensity could
induce a delay in the HRV recovery but few studies have reported how
ANS responds immediately and after 24 hours of exercise using different
training amplitudes of the effort: pause ratio6-9.
With the intention of promoting improvements in these mechanisms, the high intensity interval exercise (HIIE) is a temporally efficient
strategy in the development of autonomic regulation and performance
determinants in cycling9,10, which is organized with different protocols11,12.
In the HIIE, beyond the volume and intensity, one of its variable to training
prescription, which have not been common focus of study, is called
amplitude between efforts and recoveries13,14. Although the intensity
seems to be the most important variable that determines, almost alone, the adaptations and their type with training15, the amplitude that
this intensity is involved is guided by the individuality principle, which
proposes that the load should be applied considering the functional
capacity of each individual, and this response to the training9. Trainings
with lower or average amplitude can promote similar adaptations on
HR, HRV, and performance variables12,13, different from training sessions
with wide amplitude, which promotes higher impact on HR and HRV
parameters8. In this sense, coaches and trainers can choose trainings
with the same mean intensity but different in the amplitude of the effort:
recovery ratio, considering the use of wider amplitudes to promote
higher impact in their athletes organism8. HIIE protocols could be used
with high effort intensities, but with same mean intensity of the low
continuous trainings, helping the coaches to recognize and to control
the training load over the season8. The aim of this study was to evaluate
the responses and recovery of the ANS through HR and HRV, and the
rate of perceived effort (RPE) in trained cyclists after three sessions with
different training amplitudes.

Material and method
In this study five highly trained cyclists (between 18 and 33 years
old), with weekly training of 4±1 days and weekly total time of training
about 11.4 ± 4.4 hours were involved in the study period. They showed,
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at least, one year of practice in the road cycling, and self-related competitive level of 5.4±0.914 years and were injury free. They were part of
a local cycling team selected by a nonprobability sample, considering
training status and competitive level, and signed an informed consent
(the project has obtained approval from the local ethics committee,
protocol 005/2012).
This is an experimental counterbalanced study, with repeated
measures. Training amplitude was considered an independent variable
and, general and local lower limbs RPE, HR, and HRV parameters as
dependent variables.
The study had four separate sessions intercepted by 48 hours.
At first, each cyclist filled a questionnaire with medical history and
individual habits and realized incremental test to estimate maximal
power output (Pmax). In the next three visits, they were submitted to
three different training sessions with different amplitudes each, with
the execution order determined randomly. All sessions occurred at the
same time of day, between 4 and 8 pm, and were previously scheduled
with the subjects involvement.
To estimate Pmax in watts (W), the maximal progressive test
was applied in lower limb cycle-ergometer (Ergo Cycle 167, Ergo-Fit,
Germany), compound by 5-min warm-up with fixed load of 50 W and
free cadence. In the sixth minute the power was maintained, but, the
cadence was increased to 85 rpm and was controlled until the end
of the test, with a possible deviation of ±10 rpm. At each minute 50
W was added until overload of 200 W. Afterwards were the adopted
increments of 15 W per minute until the cyclist could not complete the
stage due to reported or observed fatigue by the evaluators16. In the
latter case, the athlete does not support the minimum cadence of 75
rpm for more than five seconds17.
The athletes were instructed not to perform vigorous exercise in the
24 hours preceding the Pmax test, in addition to not ingesting caffeine
to prevent stimulatory effect and HRV modification12. These guidelines
also were used in training sessions. In addition, they were asked to keep
their routines without food, hydration and sleep changes during the
data collection period.
The cyclists performed three training sessions with the same total
duration (20 minutes), mean power (55% of Pmax) and the same cycleergometer used in the Pmax test to avoid ergonomic differences. The
characteristic of differentiation in the protocols was the amplitude of the
effort: pause relationship, shown in the equation: amplitude = exercise
intensity – average intensity / average intensity x 100%8,13.
The training sessions involved a continuous training (CT) and two
interval protocols, with low (LAT) and high (HAT) amplitude. All sessions
had the same warm-up procedure from Pmax test day. Table 1 describes
and summarizes the training session protocols.
Height and body mass were measured in test session after the
anamnesis in a digital scale accurate to 100 g (Filizola™, model ID-1500)
with an anthropometer attached, with 0,1 cm precision.
For each subject, heart rate monitoring and recording were performed for five minutes before starting the training sessions, five minutes
after the end of the sessions and 24 hours after each one. Previously,
it was showed that five minutes of recording is considered valid and
sufficient to obtain the desired information about HRV parameters18.
All the samples were collected with athletes at rest, sitting on the cycle
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Table 1. General characteristics of continuous and intermittent
training sessions.
			

CT

LAT

HAT

Stimulus total duration (min)

20

20

20

Effort: pause relationship

NA

1:1

1:1

Effort intensity (% Pmax)

55

80

110

Recovery intensity (% Pmax)

NA

30

0

Mean training intensity (% Pmax)

55

55

55

Training amplitude (%)

0

45.45

100

CT: Continuous training; LAT: Low amplitude interval training; HAT: High amplitude interval training; %Pmax: Percent value from maximal incremental test; NA: Do not apply.

ergometer and in pedaling position, because it faithfully represents the
effort position taken during the cycling competitions19.
The HRV parameters were registered with portable equipment
(Polar™ RS800CX, Polar Electro, Finland) and filtering data procedures20.
This equipment have its validity tested and aproved against ECG signal,
as a gold standard, and other portalbe devices for HRV parameters21,22.
Also, its HRV data reproducibillity was prooved to be reliable23. The HRV
parameters were organized in two domains: time and frequency4. As to
the time domain variables, the following were collected and analyzed:
i) the mean of RR intervals (MeanRR); ii) standard deviation normal RR
interval (SDNN); iii) root mean square of successive differences squared
(RMSSD); and iv) percentage of successive RR intervals with a difference
greater than 50 ms (pNN50). In the frequency domain variables, the
following was considered of the spectral components: i) very low frequency component (VLF); ii) low frequency component (LF); iii) high
frequency component (HF); and iv) LF/HF ratio4.
The HR and HRV data were collected with heart rate monitor, transferred to Polar ProTrainer 5™ software and analyzed in Kubios HRV 2.0
software (University of Kuopio, Finland). To the HRV frequency domain,
the limits were fixed in 0.15 – 0.40 Hz intervals to the HF, 0.05 – 0.14
Hz to the LF and 0.03 – 0.04 Hz to VLF. To the HR, mean and maximum
values were considered, in beats per minute (bpm), obtained in each
collected moment. To the frequency domain, data from pre- and 24hpost efforts were considered because conventional spectral analysis
could not be used during the initial phase of recovery, because the RR
intervals are not stationary11.
With concern to RPE, identified by 0-10 Borg scale24, in arbitrary units
(au), information about general and local lower limb effort perception,
30 min after the training session was collected.
Data analysis was conducted with OriginPro 8.5. For descriptive
statistics, mean ± standard deviation (sd) were used. The Mauchly test
was employed to check the data sphericity, and the Greenhouse-Geiser
correction was used when necessary25. Two-way analysis of variance
(training protocol and moment), was conducted with repeated measure. When identified significance, Bonferroni post-hoc test was used to
identify differences26. For the RPE, Kruskal-Wallis non parametric analysis
of variance was applied and, when identified differences between
moments or conditions a Dunn’s post-hoc was conducted to identify
differences. Significance level was set in p ≤ .05.

Results
Concerning the descriptive characteristics, the athletes were shown
to be 24.8 ± 6.9 years old, with a height of 1.8 ± 0.1 meters, 71.9 ± 5.9
kg of body mass and body mass index of 23 ±1.4. In the Pmax test,
they showed a performance of 350 ± 26 W. So, the loads to the training
sessions were: i) 192.5 ± 14.3 W in the CT; ii) 280 ± 20.8 : 105 ± 7.8 W in
the LAT; and iii) 385 ± 28.6 : 0 W in the HAT.
Regarding the acute changes in cardiac level promoted by training,
the mean HR reached higher values with statistical difference in the posttraining (HAT: 123.2 ± 15.1 bpm; LAT: 111.2 ± 14.9 bpm; CT: 106.0 ± 15.9
bpm) compared to the pre-training moment (HAT: 81.2 ± 15.8 bpm; LAT:
78.2 ± 14.3 bpm; CT: 79.8 ± 10.8 bpm) and after 24h (HAT: 81.0 ± 12.8
bpm; LAT: 75.8 ± 12.6 bpm; CT: 77.6 ± 17.1 bpm), all p <.001. However,
no significant differences were observed between training types.
For maximum HR, the three training protocols promoted similar
response, with pre-training values (HAT: 102.0 ± 15.1 bpm; LAT: 95.6 ±
13.3 bpm, CT: 100.8 ± 17.1 bpm) significantly lower than the post-training
values (HAT: 172.8 ± 11.8 bpm; LAT: 155.4 ± 9.1 bpm; CT: 140.8 ± 14.2 bpm,
all p <.001) and return to resting levels after 24h (HAT: 96.6 ± 11.7 bpm;
LAT: 95.6 ± 13.8 bpm; CT: 94.8 ± 19.2 bpm, all p <.001). However, we found
a difference between HAT and CT in post-training moment, respectively
172.8 ± 11.8 bpm and 140.8 ± 14.2 bpm, with p = .001 (Figure 1).
The HRV results in the time and frequency domains are shown
in Table 2. Among all comparisons, just the significant difference is
highlighted between moments in LF, with the post-24h values being
inferior to pre-training (F = 6.94; p = .02).

Figure 1. Descriptive measures of maximum HR to the three training types.

*: Statistically different from the pre-training and post 24h, in the same training protocol,
with p<.001. †: Statistically different from CT in the same moment, with p:.001. CT: Continuous training. LAT e HAT: Low and high amplitude interval training protocols, respectively.
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Table 2. Descriptive values (mean ± sd) of HRV in time and frequency domains, according training protocol.

RPE post-training values (2.8 ± 1.5 points; H = 2.31; p = .31) different
from the pre-training (2.4 ± 2.6 au) and post-24h (1.2 ± 1.1 au). Between
trainings, the only difference observed was in RPE post-training, with
HAT
LAT
CT
values of the HIIT with higher amplitude greater than the continuous
training (H = 9.64; p = .008).
MeanRR (ms)					
Pretraining
763.9 ± 155.7*
787.58 ± 135.58*
762.4 ± 103.3*
Controlled by type of training and time, significant correlations
Posttraining
492.5 ± 59.3
546.32 ± 67.83
490.8 ± 256.8
were
between general RPE (local an general) and HR and HRV variables
Post-24h
757.1 ± 119.9*
807.50 ± 133.26*
801.3 ± 166.7†
(Table 3).
SDNN (ms)					 The comparative between subjects for the variables with statistical
Pretraining
66.4 ± 16.5
70.86 ± 23.30
76.4 ± 20.9
significance in HR and HRV parameters are presented in Table 4. Values
Posttraining
65.2 ± 23.8
78.84 ± 21.52
54.9 ± 14.1
from variables with no statistical significance are presented in supplePost-24h
54.2 ± 12.8
68.66 ± 29.83
60.1 ± 18
mentary document.
RMSSD (ms)					
Pretraining
Posttraining
Post-24h

38.1 ± 16*
7.2 ± 5.4
37.6 ± 15.4*

44.74 ± 18.96*
12.68 ± 6.49
43.54 ± 24.09*

50 ± 10.3†
13 ± 7.3
35.5 ± 16.2

Discussion

pNN50 (%)					
In the present study, which aimed to evaluate the effects of different
21.82 ± 17.15†
26 ± 10.3†
Pretraining
18.1 ± 15.4†
training programs in HRV, HR and RPE, the amplitude between effort
Posttraining
0.6 ± 1.2
1.70 ± 1.34
1.4 ± 1.9
Post-24h
18.7 ± 12†
21.12 ± 19.50†
15.3 ± 14.5†
and recovery loads was the variable adopted to differentiate the proto-

cols. The main finding of the study was that the HAT provided greater
VLF (ms²)					
Pretraining
1577.2 ± 713
1800.80 ± 808.04
2098.6 ± 886
local and general RPE than the CT protocol, and that this training has
Post-24h
1353.2 ± 846.2
1830 ± 1470.39
2090.2 ± 2099.9
generated greater HR at the end of the stimuli when compared to CT.
LF (ms²)					
Furthermore, to the knowledge of the authors, this is the first time that
Pretraining
1638.6 ± 811.5
2714.4 ± 2038.6
3693.2 ± 3875.8
three different training protocols, with different training amplitude, but
Post-24h
1055 ± 608.4
1596 ± 1242.2
1270.4 ± 753.5

with same mean intensity, were tested and modified the HRV relative

HF (ms²)					
to resting levels, and showed similar returns to resting values after 24h.
Pretraining
554.6 ± 268.2
696 ± 677.7
666.6 ± 305.9
In another investigation with running, involving three training types
Post-24h
621 ± 420.6
756.2 ± 849.2
431.4 ± 342.5

with the same distance, but different effort intensity and duration, the

LF/HF (%)					
authors observed that the protocols with wide variation between effort
Pretraining
3.4 ± 1.7
5 ± 3.3
5.3 ± 4.5
and pause loads (higher amplitude) produced the greatest impact on
Post-24h
3.2 ± 3.4
3.4 ± 2.6
3.8 ± 1.9
* and †: Statistically different from the post-training moment, in the same protocol, respectively p<.05, p<.01. CT: Continuous training. LAT e HAT: Low and high amplitude interval
training protocols, respectively.

The general RPE values presented in HAT (9.0 ± 1.0 au) were statistically superior to LAT (3.8 ± 2.8 au; p = .002). Considering the local RPE,
the results resemble those general RPE. In the HAT, differences were
observed between moments (H = 9.47; p = .008), with the post-training
moment (8.8 ± 1.3 au) being higher than pre- and post-24h (respectively
1.4 ± 1.3 and 1.2 ± 1.6 au; p < .05). Differences between moments were
also observed in LAT (H = 8.82; p = .01), with the post-training (4.2 ±
2.2 au) higher than post-24h (1.0 ± 0.2 au; p < .05), but not than pretraining (RPE = 0.8 ± 1.1 au). The continuous training not provided were

ANS, obtaining statistically significant correlations between RPE and HR
with studied HRV parameters11. These data corroborate with the present
study results, since for RPE and maximum HR, the values found at the
time of the post-training HAT have greater impact on ANS in relation
to the other two protocols.
In concerning to RPE, the training load appears to be a determinant factor of the values obtained immediately after training11. Indeed,
the increased values after training were confirmed by observing the
maximum HR at the same moment; this is information that ensures
the relationship between the physiological and psychological impacts
of training sessions27. Regarding cardiac responses to exercises, it was
observed that, although the mean HR have remained similar between
the types of training, the maximum HR reached higher values, and with

Table 3. Significant correlations between RPE (local and general), HR, and HRV variables.
		

maxHR

meanHR

MeanRR

RMSSD

pNN50

General RPE
		

r = .47
p = .002

r = .44
p = .003

r = -.44
p = .003

r = -.45
p = .003

r = -.35
p = .02

Local RPE
		

r = .48
p = .001

r = .45
p = .002

r = -.46
p = .002

r = -.46
p = .002

r = -.36
p = .02

maxHR: maximum heart rate; meanHR: mean heart rate; MeanRR: the mean of RR intervals; RMSSD: root mean square of successive differences squared; pNN50: percentage of successive RR
intervals with a difference greater than 50 ms.
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Table 4. Individual values between moments, for variables with statistical significance in the three training protocols.
Subjects

HAT
maxHR		meanHR		MeanRR 		
pre
post
pre
post
pre
post

pre

Subject 1
Subject 2
Subject 3
Subject 4
Subject 5

86
120
112
87
105

576.2
410
479.6
495.5
501.2

51.3
25.7
30.4
59
24

10.6
2.6
4.4
3.5
15.1

MeanRR 		
post

pre

RMSSD		
post

624.6
445.1
560.4
520.8
580.7

48.3
22.5
46.5
73
33.4

16.9
3
19.5
9.8
14.2

MeanRR 		
pre
post

pre

RMSSD		
post

48.2
34
50.2
57.6
60.2

22.3
3.3
11.7
10.1
17.6

Subject 1
Subject 2
Subject 3
Subject 4
Subject 5

Subject 1
Subject 2
Subject 3
Subject 4
Subject 5

169
192
173
170
160

69
99
92
61
85

104
146
125
121
120

maxHR		
pre
post

meanHR		
pre
post

88
113
105
80
92

66
99
84
64
78

153
169
153
158
144

96
135
107
115
103

maxHR		
pre
post

meanHR		
pre
post

84
112
125
93
90

68
91
91
71
78

131
158
147
146
122

89
125
111
115
90

874.9
608.4
653.5
976.2
706.7
LAT
pre
905
608.6
714.9
936.6
772.8
CT

881.4
659.5
657
844.5
769.7

673.3
48.9
540.6
522.5
668.9

RMSSD		 pNN50
post
pre
post
29.7
6.1
8.3
39.4
7

0.2
0
0
0
2.8

pNN50
pre
post
24.6
3.6
19.3
49.1
12.5

2.5
0
2.6
0.5
2.9

pNN50
pre
post
23.5
12.9
25.1
27
41.6

4.7
0
1.1
0.5
0.9

maxHR: maximum heart rate; meanHR: mean heart rate; MeanRR: the mean of RR intervals; RMSSD: root mean square of successive differences squared; pNN50: percentage of successive RR
intervals with a difference greater than 50 ms.

statistical differences, in the HAT. This fact demonstrates the increased
demand for blood supply in short duration and with intensity activities28,
like that applied in HAT.
For HRV, three variables representing the parasympathetic way
showed similar patterns of change (MeanRR, RMSSD and pNN50), with
a significant decrease in the post-training compared to the two rest
moments. This represents predominant influence of the sympathetic
component during exercise, characterized by the lower values found in
the resting moments in all training protocols for these three variables4. A
recent study showed that only intense continuous running (95% versus
75% of VO2max) change HRV variables in post-exercise assessment, and
that 24h can be sufficient to HRV recovery29. The present study showed
that the same behavior is observed in HIIE protocols with different amplitudes. Here, the three training protocols similarly stimulate the ANS
activation, and the HRV responding so close between them, showing
that 24 hours of rest can be sufficient to organic recovery, at least, from
the autonomic control (HRV) viewpoint. However, additional studies
need to be conducted to analyze its impact on cardiovascular and
neuromuscular variables28,30,31.
As a study limitation, the authors pointed to the cycle ergometer
used, because it has different dimensions than cyclists’ equipment,
allowing a few adjustments in order to find the better position of the
athlete on it. Additionally, there was no record of the total distance
fulfilled in each training session. It is indicated then that further studies

consider these two points and, when possible, to test higher number
of competitive cyclists with different fitness level.
From the results of this case series, it can be concluded that in the
HAT, the training session with large amplitude, the impact promoted
in RPE, and maximum HR was superior to continuous training protocol.
Regarding the time-domain variables of HRV, a statistically significant
difference of immediately post-training in relation to at least one of the
rest values (pre-training and post-24h) in all protocols was found, but
no observed differences were found in all HRV variables between the
rest values. Therefore, it is considered that these training protocols have
similar impact on the cardiac control by ANS and recovery pattern for
the present study group and with these training conditions applied.
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Summary
Injuries are a major problem in professional and amateur soccer. Most of them occur in the lower limbs (89.6%), specifically
in thigh (31.4%), ankle (12.5%), groin (10.9%), and, to a lesser extent, knee and calves. There are several studies focusing on
the effectiveness of preventive methods but, nevertheless, the prevalence of injuries, mainly muscular, remains alarming. The
International Football Federation designed the program FIFA 11+, which has proven to be effective in preventing knee injuries,
but not thigh or groin injuries. Therefore, the aim of this study was to assess the effectiveness of a prevention program to
reduce lower extremity injuries in amateur soccer. A total of 84 amateur footballers volunteered to participate (experimental
group (GE) = 40 players (age: 23.1 ± 3.8 years) and control (GC) = 44 players (age: 24.7 ± 4.1 years)). The number and type of
injuries that occurred during the first phase of the 2015/16 season was recorded. The GE completed a preventive protocol
after the warm up, while the GC did not perform any specific work. A total of 42 injuries was recorded, 83.4% of which in
lower extremities, specifically: thigh (35.7%), ankle (23.8%), adductors (14.3%), knee (4.8%) and calves (4.8%). The number
of injuries in lower limbs was higher in the group that did not perform the preventive work (82.9%) than in the group that
performed it (17.1%). Therefore, including a preventive program after warm up helps reduce the risk of injury in the lower
limbs in amateur soccer players.

Los ejercicios preventivos tras el calentamiento ayudan a reducir
lesiones en fútbol
Resumen

Palabras clave:
Lesiones. Fútbol. Fuerza.
Propiocepción.

Las lesiones suponen un gran problema en el fútbol profesional y amateur. La mayoría se localizan en las extremidades
inferiores (89,6%), concretamente en: muslo (31.4%), tobillo (12.5%), ingle (10.9%), y en menor medida rodilla y gemelos. Son
varios los estudios sobre la eficacia de los métodos para prevenir lesiones; sin embargo, la prevalencia de éstas, sobre todo
musculares, sigue siendo alarmante. La Federación Internacional de Fútbol creó el FIFA 11+, que ha demostrado ser eficaz en
la prevención de lesiones de rodilla, pero no para lesiones en muslo, ingle... Por ello, el objetivo de este estudio fue comprobar
la eficacia de un programa de prevención para reducir lesiones en las extremidades inferiores en el fútbol amateur. Se realizó
un seguimiento de un total de 84 futbolistas amateur (GE = 40 jugadores [edad: 23,1 ± 3,8 años] y GC = 44 jugadores [edad:
24,7 ± 4,1 años]). Se registró el número y tipo de las lesiones que se produjeron durante la primera vuelta de la temporada
2015/16. El grupo experimental llevó a cabo un plan preventivo tras el calentamiento, mientras que el grupo control no realizaba
ningún trabajo de este tipo. Se registraron un total de 42 lesiones, el 83,4% en las extremidades inferiores, concretamente:
muslo (35,7%), tobillo (23,8%), aductores (14,3%), rodilla (4,8%) y gemelos (4,8%). El número de lesiones en las extremidades
inferiores fue mayor en el grupo que no realizaba trabajo preventivo (82,9%) que en el grupo que sí lo realizaba (17,1%). Por
tanto, incluir un programa preventivo tras el calentamiento ayuda a reducir el riesgo de sufrir lesiones en las extremidades
inferiores en futbolistas amateur.

This work won the Award given by SEMED-FEMEDE for the Best Oral Communication in the UCAM III International Congress for the prevention of sporting injuries,
held on 10th-12th March 2016 in Guadalupe (Murcia).
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Introduction

Material and method

Injuries are a limiting factor in performance, and appear frequently
in the world of sport, especially in football, in which they pose a particularly major problem in both professional and amateur football1.
The majority of the injuries acquired are located in the lower
limbs (89.6%), specifically in the: thigh (31.4%), ankle (12.5%), groin
(10.9%) and in lesser measure in the knee and calves2. Therefore it is
not surprising that various studies have been conducted regarding
the efficiency of different injury-preventing methods3. However, the
prevalence of these injuries continues to be alarming4. Specifically,
muscle-type injuries constitute one of the main problems to affect
football players and to most concern the teams, with between 2037% of injuries forcing professional players off the pitch for a certain
amount of time, and 18-23% of amateur-level players5,6. In fact, the latest
epidemiological studies reveal that muscle injuries constitute over
30% of all injuries, representing an average of 12 muscle injuries per
season in a professional football team, which represent over 300 days
of player absence from the pitch7-10. A study performed in professional
Spanish football affirms that around 6-9 injuries occur for every 1,000
hours of football play11.
Furthermore, these injuries that occur in football entail quite high
economic costs. In the Netherlands, for example, losses of up to 4.5
million euros occur each year12, but even more alarming are these
figures in England, where losses have reached up to 118 million euros
each year13.
For these reasons, it comes as no surprise that one of the main
concerns within the world of football is to find strategies to prevent the
appearance of injuries and to reduce the incidence rate. Specifically,
the International Federation of Association Football (FIFA) designed
an injury prevention programme, entitled FIFA 11+, to try and solve
this issue. Despite this programme being proven to be effective in the
prevention of injuries in female footballers’ knees, it is not applicable
to muscle injuries in the thigh, groin, etc.14.
Another of the aspects proposed to contribute to the advancement of the search for solutions to this issue is to assess the epidemiology of the injuries, establishing the risk of suffering from them
and the circumstances in which they occur 15. This data could be
very useful because it could provide a good definition of which are
the main injuries that occur in football and therefore, the path that
should be taken to orientate planned preventive strategies. Despite
the frequency with which they occur, the understanding of the factors
that predispose players to suffering from a muscle injury is limited16,
and there is little scientific evidence regarding the prevention and
treatment of these injuries.
Considering the aforementioned, the aim of this study was
to check the efficiency of a preventive exercise programme in the
reduction of injuries in muscle groups and joints of the lower limbs
in amateur football.

A total number of 84 amateur footballers constituted the sample
of this study. The experimental group (EG) was composed of 40 players
(age: 23.1 ± 3.8 years) and 44 players in the control group (CG) (age: 24.7
± 4.1 years). The number and type of injuries suffered by the players
was recorded, during the first round of the season 2015/16, as well as
the minutes of training and play in each session and match, and the
role of the player and the player substitute in each day. An injury is
considered to be the alteration or damage caused to a part of the body
due to a blow, illness, etc., which impedes the player from participating
in competitions or some training sessions17.
Moreover, an intervention was performed on the EG, consisting
of the inclusion of a preventive exercise plan after warming up, twice
a week, which included strength and proprioception exercises of the
main leg muscle groups. To carry out individual follow-up on each
player, an Excel Sheet was designed.
The exercises included in the programme were the following:
−− Face-down plank resting on the elbows. 2 x 30-second repetitions
with 10 seconds recovery between sets.
−− Lateral plank resting on the forearm and raising one leg. 2 x 30-second repetitions with 10 seconds recovery between sets.
−− Face-up lying hip lift. 2 x 20-second repetitions with 10 seconds
recovery between sets.
−− Face-down plank resting on the hands with trunk rotation and
3-second hold in lateral position. 1 set of 10 repetitions on each
side, with a 2-second hold with the body stretched in a side position. 10-second recovery time whilst changing sides.
−− 90º isometric squat with the back resting against a wall. In the event
there are no walls, perform the exercise between two people back
to back, keeping a straight back. 2 x 30-second repetitions with 10
seconds recovery between sets.
−− Nordic hamstring exercise. 2 sets of 8 repetitions with 30 seconds
recovery between sets.
−− Lifting the bent leg on all fours with the back straight and the
stomach tight. 1 set of 10 repetitions on each side.
−− Leg abduction on all fours. 1 set of 10 repetitions on each leg
(dynamic).
−− Leg adduction lying on the side. 1 set of 10 repetitions on each
leg (dynamic).
−− Static proprioception tracing an asterisk with the free leg in monopodal support. 1 set of 20 repetitions on each leg (dynamic).
−− Proprioception Circuit in all directions on a monopodal support
holding balance for two seconds after each support. 1 repetition
of 30 seconds on each leg. 10 seconds of recover between the
repetition with each leg.
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Results
A total number of 42 injuries were recorded, 83.4% of them to the
lower limbs, specifically in the: thigh (35.7%), ankle (23.8%), adductor
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(14.3%), knee (4.8%) and calves (4.8%). The number of injuries to the
lower limbs was greater in the CG, comprising 82.9% compared to the
17.1% from the EG. Furthermore, when comparing the injuries in both
groups depending on the muscle group or the joint, the same thing
occurs: thigh (CG = 12 and EG = 3), ankle (CG = 7 and EG = 3), adductor
(CG = 6 and EG = 0), knee (CG = 2 and EG = 0) and calf (CG = 2 and EG
= 0) (Tables 1-3).
Moreover, upon calculating the number of injuries for every 1,000
hours of play in both groups, the EG also had much fewer injuries than
the CG, with 8 against 41 injuries for every 1,000 hours of play, respectively (Table 4).
Table 1. Recorded injuries and their position.
Injuries - N = 42 (83.4% in LL)
Position
Percentage

Thigh

Ankle

Adductor

Knee

Calf

35.70%

23.70%

14.30%

4.80%

4.80%

Table 2. Difference between groups in lower limb.
Percentage injuries LL
Control group

82.9%

Experimental group

17.1%

Table 3. Difference in the number of injuries by position between groups.
Thigh

Ankle

Adductor

Knee

Calf

Control group

12

7

6

2

2

Experimental group

3

3

0

0

0

Table 4. Comparison no. injuries every 1,000 hours of play between groups
No. injuries/1000 hours
Control group

41.2

Experimental group

8.5

Discussion
The purpose of the study was to check if a preventive exercise
programme applied after warming up could help reduce the number
and risk of suffering injuries among amateur footballers. The results
obtained reveal that the aforementioned programme can contribute
to reducing the risk of the appearance and the number of injuries in
amateur-level football players. These results align with those found in

other studies, which reveal that performing a preventive programme
after warming up reduces the risk of suffering injuries4. However, in
contrary to the programme suggested by the International Federation
of Association Football - FIFA 11+ - the results obtained in this study
reveal that the programme proposed helps reduce the risk of suffering
injuries, and the number of them in all the joints and muscle groups
in the legs, and not just in the knees as observed in previous research
studies with the approach proposed by FIFA14.
Furthermore, considering the existing concern regarding muscletype injuries, the results obtained in this study reveal the possibility that
including the designed programme after warming up could contribute
to reducing the number of muscle injuries that occur, given that the
number of injuries in each muscle group is considerably lower in the
group that performed preventive work compared to the group that did
not include any work of this kind.
On the other hand, the results obtained in terms of the number
of injuries that occur in every 1,000 hours of play coincide with other
research studies performed in professional football - specifically in the
Spanish First Division - in which it is revealed that around 6-9 injuries
occur with every 1,000 hours of play11, coinciding with the results for
the EG of 8-9 injuries for every 1,000 hours of play in this study. However,
the values obtained in this section for the CG in this research study differ
considerably to those presented in the aforementioned study11, being
much higher, and presenting a value of 40-41 injuries for every 1,000
hours of play for the CG. This could, among other multiple factors, be
due to the failure to include preventive exercises in the sessions developed throughout the season, given that both the EG of this study and
professional teams in general include preventive work in various training
sessions throughout the season, whilst the CG used in this study did
not perform any work of this kind.
To conclude, we can affirm that including a preventive strength
and proprioception exercise programme after warming up twice a week
can help reduce the number and risk of suffering an injury in the lower
limbs of amateur footballers.
In future research studies, it would be interesting to control the nutritional aspects of the different participants, as well as selecting a more
homogeneous sample within the same group to see if the programme
really is as effective when the participants perform the same type and
volume of training and competing. It would also be interesting to
perform follow up over various seasons, as well as to create a history of
each player to take into account injury antecedents of each of them, in
possible relapses. This way the search to achieve greater possible control
over factors that influence the injury incidence rate could evolve, given
the multi-factorial nature of injuries18.
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Campaña de aptitud física, deporte y salud
La Sociedad Española de Medicina del Deporte,
en su incesante labor de expansión y consolidación de
la Medicina del Deporte y, consciente de su vocación
médica de preservar la salud de todas las personas,
viene realizando diversas actuaciones en este ámbito
desde los últimos años.
Se ha considerado el momento oportuno de lanzar
la campaña de gran alcance, denominada CAMPAÑA DE
APTITUD FÍSICA, DEPORTE Y SALUD relacionada con la
promoción de la actividad física y deportiva para toda la
población y que tendrá como lema SALUD – DEPORTE –
DISFRÚTALOS, que aúna de la forma más 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 física y de tal forma
que se incorpore como un hábito permanente, y disfrutando, es la mejor manera de conseguirlo.
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Summary
Objectives: The aims of the present study were to analize the incidence of overuse injuries of the lower limbs in an amateur
women´s soccer club throughout a competitive season and to assess its relationship with hip abductors strength and hip
external rotation mobility.
Material and methods: This research is an epidemiological, observational, analytical, prospective longitudinal study. The
sample was selected by a non-random convenience sampling and it was composed of the 23 football players who made up
the team of the E. F. Mareo in 2013-2014 season. Participant ages ranged between 14 and 33 years (x=22.5; s=5.7). The players
were subjected to an evaluation of their hip abductors strength and hip external rotation mobility in preseason and, then,
they were followed until the end of the competitive period recording the injuries that were appearing.
Results: Statistically significant differences were observed between the dominant and non dominant limbs in hip abductors
strength and hip external rotation mobility (p < 0.01). Along the season, 52.2% of the participants experienced some kind of
overuse injury affecting the lower extremities. Regarding the type of injury, 53.8% were ligamentous injuries mainly affecting
the ankle, only one of them involved the knee (ACL tear), 15.4% were tendinous injuries affecting the knee and the remaining
30.8% were tendinous injuries affecting the hip. No significant relationship was observed between overuse injury incidence
and player’s hip abductors strength or hip external rotation mobility.
Conclusions: More research is needed to achieve concluding evidence about the influence of hip abductor strength and
hip external rotation mobility on overuse injuries of the lower extremities in women’s soccer.

Análisis de la fuerza y movilidad de la cadera como factores de riesgo de
lesión en fútbol femenino amateur: un estudio piloto
Resumen

Palabras clave:
Abductores de la cadera.
Rotación externa de la cadera.
Riesgo lesional. Lesión articular.
Lesión no traumática.
Mujer futbolista.

Objetivos: Los objetivos del presente estudio consisten en analizar la incidencia de lesiones no traumáticas de las extremidades inferiores en un equipo amateur femenino de fútbol y valorar su relación con la fuerza de la musculatura abductora y
la movilidad en rotación externa de la cadera.
Material y método: La presente investigación consiste en un estudio epidemiológico, observacional, analítico, longitudinal
prospectivo. La muestra se seleccionó mediante un muestreo por conveniencia quedando compuesta por las 23 jugadoras
que compusieron la plantilla del E.F. Mareo en la temporada 2013-2014, equipo ubicado en la Segunda División Nacional
Española. El rango de edad de las participantes fue de los 14 a los 33 años (x=22,5; s=5,7). Las jugadoras fueron evaluadas
en pretemporada y posteriormente se las siguió hasta el final del período competitivo para registrar las lesiones aparecidas.
Resultados: Se apreciaron diferencias estadísticamente significativas entre la extremidad inferior dominante y la no dominante
tanto en la fuerza de la musculatura abductora como en los rangos de movilidad en rotación externa de la cadera (p < 0,01).
A lo largo de la temporada, el 52,2% de las participantes se vio afectado por alguna lesión no traumática en las extremidades
inferiores. En cuanto a la tipología, el 53,8% fueron ligamentosas y afectaron principalmente al tobillo, con sólo una de ellas
afectando a la rodilla (rotura de LCA), mientras que el 15,4% fueron lesiones tendinosas que afectaron a la rodilla y el 30,8%
restante fueron lesiones tendinosas en la cadera. No se apreció relación de la fuerza de la musculatura abductora o de la
movilidad en rotación externa de la cadera con la producción de lesiones.
Conclusiones: Resultan necesarias más investigaciones para alcanzar resultados concluyentes.
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Introduction
The importance of women’s football in the world sporting scene has
seen a drastic increase over the past two decades1. During this period,
both the number of players and the level of professionalisation have
risen2, and consequently, changes have occurred to the performance
profile of the sport, with possible repercussions on the rate and patterns
of injuries1.
Based on existing scientific literature, it can be concluded that
women’s football has a high level of injury rate3-9, which mainly affects
the joints and muscles in the lower limbs3,4,7,10-13, and that, despite a large
proportion of injuries being caused by some kind of trauma6,13,14, another
large proportion arise with no contact whatsoever6,15, which accentuates
the relevance of preventive work.
Some research studies have aimed to objectify predisposing factors
to suffering an injury that can constitute key variables when considering
the prevention process15, but evidence is still scarce and in particular
deals with the professional field of women’s football. As such, a link
has been established between joint laxity and a greater risk of injury
to the lower limbs12,16. Likewise, arthromuscular imbalances between
the halves of the body may constitute a predisposing factor to nontraumatic injuries17. It has also been suggested that the injuries suffered
to the lower limbs may be caused not only by existing problems in the
local injured area, but also due to other alterations in nearby areas that
transmit their influence via the kinetic chain to distal areas18,19. Finally,
in studies that seek to explain the high tendency of females athletes to
suffer anterior cruciate ligament injuries (ACL) in comparison with their
male counterparts, anatomical and hormonal factors are indicated, as
well as alterations in the dynamic of load distribution and the existing
differences in the neuromuscular activation patterns as underlying mechanisms19,20, particularly highlighting the heightened risk of knee valgus
(because the Q angle of the knee is greater in women than in men) that
occurs during rapid direction changes or when landing from a jump21,22.
In this respect, it has been indicated that shortcomings in strength in
the abductor muscles of the hips may predispose female footballers to
dynamic knee valgus, and therefore they could be linked to the risk of
injuries to the lower extremities23.
As a result, this study aims to analyse the rate of non-traumatic
injuries to the lower extremities throughout a season in an amateur
women’s football team and to assess the relationship between this incidence rate and the strength of the abductor muscles and the external
rotation mobility of the hips.

Material and method
Study design and participants
This research study consisted in an epidemiological, observational,
analytical and prospective longitudinal study. The sample was selected using a non-random convenience sample and was composed of
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23 football players in the team of Mareo Football School during the
2013-2014 season, a team positioned in the Spanish National Second
Division. The study was carried out following the principles, standards
and procedures stipulated in the Helsinki Declaration.

Procedure
All the participants underwent a final assessment at the end of
the pre-season, in which their abductor muscle strength and external
rotation mobility of the hips on both lower limbs were assessed. In
this assessment session data was also taken regarding the age, height
and weight of the players. The assessments were performed in the
Mareo Football School facilities, the club’s training headquarters. All
the assessment tests were preceded with 10-15 minutes of warm-up,
consisting in a low-intensity jog and stretching exercises of the lower
limb muscles. Likewise, all the participants had previously been suitably
familiarised with the procedure and the assessment instruments, and
had provided their informed written consent for their participation in
the study.
To assess the isometric strength of the abductor muscles, a
manual dynamometer was used (Chatillon CSD 300, Amteck, Inc.,
Largo, FL)24. Following the recommendations of Hislop et al.25, the
participants were positioned lying on their side with the extremity to
be assessed facing up and completely extended. The hip and knee on
the opposite lower extremity were bent to provide greater stability.
To begin the test, the lower extremity to be analysed was positioned
in abduction and was slightly extended compared to the average
line, with the pelvis slightly rotated forwards. For this, participants
were asked to lift their extremities in the air as far as possible and
to hold this position, preventing the examiner from pushing the leg
down. The examiner held the dynamometer against the leg near the
lateral malleolus and pushed directly down. Participants received a
verbal stimulus to hold a maximum contraction. All the participants
were assessed this way by the same assessor and they were required
to hold the contraction for 5 seconds. Three attempts with 1 minute
rest were provided, so as to minimise the effect of fatigue, and the
best attempt was recorded.
In terms of assessing the external rotation mobility of the hip, the
measurements were carried out with a manual goniometer, positioning
participants in the prone position on a bed with their hips straight and
using a tape around the pelvis to stabilise it, fixing their position to the
bed. The knee of the lower extremity assessed was positioned at a 90º
bend. The assessor was positioned looking straight on at the knees and
aligned the goniometric centre with the centre of the knee, with the
fixed arm of the goniometer in the direction of the contra-lateral knee
and the movable arm towards the ankle, following the front of the leg26.
Next, the participants were followed-up during the entire competition season, recording the hours of individual exposure to the
non-traumatic injuries that affected the joints of the lower extremities.
This record was performed by the team doctor.
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Data analysis
First a descriptive analysis was performed of the characterisation of
the sample in terms of age, height, weight and exposure to competition.
Next a descriptive analysis was carried out of the strength values
in the abductor muscles and of external rotation mobility of the hip
displayed by the participants in each of the lower extremities, both dominant and non-dominant. The records of both sides were also compared
to check for any differences between the sides of the body. With this
objective, after checking the cases of normality and homoscedasticity,
the Student t test was used for dependent samples, in the case of the
abductor muscle strength, and a Wilcoxon signed-rank test to discover
the external rotation mobility.
Thirdly, using percentages, the non-traumatic injury rate of the
lower extremities was described, specifically noting the type of injury,
its location and the laterality of the condition.
Finally, the values of the abductor muscle strength and the mobility
in the external rotation of the hip were compared in players that had
injuries against those without injuries. To do this, considering the result
of the normality and homoscedasticity tests, a Student t test was used
to check the hypothesis that strength in the abductor muscles in both
lower extremities was the same in both groups of players. However, in
terms of external rotation mobility of the hip, as the variable was not
distributed normally, the alternative non-parametric Mann Whitney U
test was used.
All the analyses were performed using the statistics package SPSS
(v22.0; IBM SPSS Statistics for Macintosh, Armonk, NY) and the level of
statistical significance was set at p <0.05.

Results
The study participants presented an age ranging between 14 and
33 years (x = 22.5; s = 5.7). Their weight oscillated between 1.54 and
1.77 m (x = 1.63; s = 0.05) and their weight between 48 and 93 kg (x =
61.5; s = 9.3). The football playing history of 23 of the players (92%) was
over 10 years and the two other players had between 5 and 10 years of
practice. In terms of exposure to competition, the total minutes played
by each player varied from 900 to 2,195 (x = 1,626.1; s = 493.5).
The analysis of the tests carried out in the pre-season reveal that
the strength values in the abductor muscles of the hip are distributed
between 147 and 253 N (x = 190.8; s = 30.1) in the dominant lower
extremity, and between 157 and 241 N (x = 169.9; s = 39.9) in the non-

Table 1. Description of the non-traumatic injuries to the lower
limb joints.
n

Type

Location

Laterality

3

Ligament

Ankle

Non-dominant

3

Ligament

Ankle

Dominant

1

Ligament

Knee

Dominant

2

Tendon

Knee

Dominant

1

Tendon

Hip

Non-dominant

3

Tendon

Hip

Dominant

dominant lower extremity, with the differences between both lower
extremities being statistically significant, t(22) = 3.452, p < 0.01, so that
2 players presented similar values in both sides of the body, 3 players
displayed higher values in the non-dominant side of the body, and the
18 remaining players revealed greater strength in the muscles of the
dominant side of the body. In terms of the external rotation mobility
of the hip, the values of the dominant side oscillated between 40º and
45º (x = 43.0; s = 2.5) and those of the non-dominant side 45º and 50º
(x = 47.8; s = 2.5), with the Wilcoxon signed-rank test revealing statistically significant differences between both sides (p < 0.01), in that 4
of the 23 players obtained similar external rotation mobility of the hip
values, whilst the remaining 19 players displayed worse values in the
dominant hip.
Throughout the season, 52.2% of the team were affected by some
kind of non-traumatic injury to the joints of the lower extremities, as
13 injuries occurred that affected 12 of the players (Table 1). In terms
of typology, 53.8% were ligament injuries, and mainly affected the
ankle, with only one of them affecting the knee (ACT rupture), whilst
15.4% were tendon injuries that affected the knee, and the remaining
30.8% were hip tendon injuries. In terms of laterality, the majority of
the injuries - 69.2% - affected the dominant side, but the differences
between both sides in the injury rate were not statistically significant
(χ2 = 1.923; p = 0.166).
Regarding the influence of strength of the hip abductor muscles
on non-traumatic injuries in the lower extremities, no statistically significant differences were found in the values shown by the players that
suffered injuries during the season when compared to their non-injured
team-mates, both on the dominant and non-dominant side (Table 2).
Finally, regarding the influence of strength of the hip abductor
muscles on non-traumatic injuries in the joints of the lower extremities,

Table 2. Differences in the strength of the abductor muscles of the hip in injured and uninjured players (x ± s).
		
		

Injury
(n=12)

No injury
t(21)
p
(n=11)			

Effect
size*

Strength of the hip abductors on the dominant side

193.64 ± 36.22

188.17 ± 24.55

0.43

0.674

0.18

Strength of the hip abductors on the non-dominant side

178.64 ± 34.95

161.83 ± 43.82

1.01

0.324

0.42

* d by Cohen.
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Table 3. Differences in the external rotation mobility of the hip in injured and uninjured players (x ±s).
		

Injury (n=12)

No injury (n=11)

U

p

Effect size*

External rotation mobility of the dominant hip

42.73 ± 2.61

43.33 ± 2.46

58.0

0.561

0.44

External rotation mobility of the non-dominant hip

47.73 ± 2.61

47.92 ± 2.57

63.5

0.858

0.48

* θ = U/m x n.

no statistically significant differences were found in the values shown by
the players that suffered injuries during the season when compared to
their non-injured team-mates, both on the dominant and non-dominant
side (Table 3).

Discussion
This study analysed the non-traumatic injury rate in the joints of the
lower extremities in a women’s football team, considering the strength
of the abductor muscles of the hip and the external rotation mobility
of this joint as potential intrinsic factors in the injury risk.
Among the main results obtained, a statistically significant difference was observed in the strength of the abductor muscle of the hip with
higher values in the dominant side compared to the non-dominant side.
This result contrasts with the lack of appreciable differences between
the sides of the body in previously written literature about women’s
football27. Considering the possible implications of the differences in
strength observed, some other works have indicated that the arthromuscular imbalances between the sides of the body may constitute a
predisposing factor to non-traumatic injuries11 and that shortcomings in
strength in the abductor muscles of the hip could be linked to the risk
of injury to the lower extremities23, but no differences were observed
in this study between the strength values of the injured players and
those that did not suffer injuries. It has also been suggested that lateral
dominance could represent a contributing factor to the differences
between sexes in the non-traumatic injury risk to the ACL, as men tend
to suffer from this kind of injury in the dominant leg and women in
the non-dominant26. However, in this study, no significant differences
were observed in the injury frequency in each of the sides. More studies
are needed to draw conclusions regarding the importance of lateral
dominance and strength imbalances between the sides of the body
as predisposing factors to non-traumatic injuries in women’s football.
In terms of the external rotation mobility of the hip, the values
observed are higher than those reported in the literature for elite
players27. Likewise, following the criteria of the American Academy of
Orthopaedic Surgeons29, which indicates 45º as the normal value for
the external rotation of the hip, the average of the values observed in
the dominant hip are below the normal value, in contrast to those of
the values observed in the non-dominant hip, which are above. These
lateral differences revealed statistical significance, but no differences
at all were found between the mobility values of players that suffered
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injuries and those that did not. In previous studies a link has been established between players with joint laxity and a greater risk of injury
to the lower extremities12,16, and in accordance with this, it would be
expected to see a greater number of injuries in the non-dominant side,
but, as already mentioned, no significant differences were found in the
number of injuries depending on laterality. It should be considered
that as well as due to joint laxity, ligament injuries in footballers with a
prolonged history of practice can also occur due to joint impingement.
Among the limitations of this study, particularly noteworthy are
the reduced size of the sample and that exposure to training and competitions have not been considered as predisposing factors to injuries.
Nor was there a control of the existence of previously existing injuries
that could predispose relapse. Furthermore, only strength values of one
isolated muscle group - the hip abductors - have been taken, making it
impossible to consider agonist-antagonist imbalances as a predisposing
factor to injury. In terms of the assessment time, it was undertaken at
just one point in the season, at the end of the preparatory period, analogously to the procedure used in previous prospective studies12. The
reason that justifies the choice of this sole time for assessment is that, in
accordance with the training methodology of team sports, during the
preparatory (pre-season) period, the aim is to increase physical condition
to reach the optimum values for competing, and from there, during
the competitive period, the aim of training is to maintain these values,
therefore no major oscillations are expected in these values during the
rest of the season. However, when performing control assessments over
the competition period, it cannot be ensured that the strength and
mobility values have remained unaltered during the injury recording
period. Finally, when recording the non-traumatic injuries, only those
that affected a joint were considered, excluding muscle injuries, which
could have conditioned the results obtained.
To conclude, this study has enabled a preliminary exploration of
the relationship between the external rotation mobility of the hip and
abductor muscle strength in the occurrence of injuries in amateur female football players. More and better studies are required to achieve
definitive results.
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