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ABSTRACT

Objective. The aim of this study was to test the effects on blood pressure of a single bout of low-intensity
resistance exercise combined with moderate aerobic walk-based exercise performed by active, controlled
hypertensive elderly women.
Method. Forty-two participants were randomized in two types of sessions: exercise session (n=21), that
performed a single bout of combined exercise and control session (n=21) that keep in rest during the bout.
Pre-session, post-session and post-24-hour systolic, diastolic and mean pressure values were evaluated and
compared between groups.
Results. Statistical significant reductions were achieved just after the performed bout (7% of reduction) and
24 hours after the bout (9% of reduction) on the diastolic blood pressure values in the exercise session
group.
Conclusions. In this population, a single bout of combined session is feasible and safe and has a hypotensive
effect on diastolic blood pressure in both immediately and after 24 hours post exercise.

© 2012 Revista Andaluza de Medicina del Deporte.

RESUMEN

Efecto agudo hipotensivo de la combinacion de ejercicios basados en caminar y de resis-
tencia en mujeres mayores de 65 afios no institucionalizadas

Objetivo. Comprobar el efecto hipotensivo que una sola sesién de ejercicio combinado puede tener sobre la
presién arterial de mujeres hipertensas controladas y mayores de 65 afios.
Método. Cuarenta y dos participantes fueron asignadas aleatoriamente a dos grupos de sesiones: sesion de
entrenamiento (n=21) que realizé una sola sesion de ejercicios combinados y sesién control (n=21) que
mantuvo reposo durante la misma. Antes, después y tras 24 horas desde la sesion, los valores de presion
sistolica, diastélica y medios fueron evaluados y comparados entre grupos.
Resultados. Se encontraron diferencias estadisticamente significativas entre los grupos tras la realizacion
de la sesion (7% de reduccién) y tras 24 horas (9% de reduccién) en los valores de presion arterial diastélica
media del grupo experimental.
Conclusiones. En esta poblacion una sola sesion de ejercicio combinado se propone como aplicable y segu-
ra y tiene un efecto hipotensivo en la presién diastélica tanto inmediatamente después como pasadas 24
horas de la intervencién.

© 2012 Revista Andaluza de Medicina del Deporte.
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Introduction

High blood pressure (HBP) has been described as major cardiovascular
risk factors that directly cause much of the morbidity and mortality
in developed countries'. HBP is a serious public health problem in
especially in western-countries?. In Europe, this disease afect the 40% of
the population?, reaching the 35% of prevalence in the Spanish
population, and, of that, HBP afects the 68% in elderly people aged over
65-years?. It has been estimated that in the year 2025 HBP will have
increased by 24% in developed countries and up to 80% in developing
ones?.

On the other hand, HBP patients consume the 6% of the medical visits
and the 18% of the consultations by chronic affections, being the most
common reason to visit primary care physicians>S. The direct cost
associated to the HBP represents in Spain between 2.6 and 3.9 of the
global health care total costs”®. As a result, management of HBP is
considered a priority objective in primary and secondary prevention of
cardiovascular diseases® and to promote complementary solutions to
help this task has been considered a priority?®.

Several studies have been shown that health-related physical fitness
(including body composition, flexibility, resistance and cardiorespiratory
capacity)is an important predictor of the life expectancy both, in healthy
women™ and men" and in women and men that are affected by a
metabolic or osteo-muscular disease'?. Furthermore, a good health-
related fitness is also a good predictor of the ability to live independently
in the elderly population®. On the other hand, the practice of regular
physical activity has been shown as a means of prevention and treatment
of hypertension'. Despite of the overall benefits that regular physical
activity has shown, it is also important to consider the type of population,
type of exercise and type of pressure measured when analyzing the
effects of the practice of exercise. A recent review of the literature
focused on the topic concluded that aerobic physical exercise should be
recommended for blood pressure management in controlled
hypertensive patients due to its hypotensive effect of this kind of
exercise. On the other hand, althought resistance exercise is an
important complement of the aerobic exercise because of its
osteomuscular beneficits and its possitive health-related implications’s,
the use of this kind of exercise in controlled HBP affected patients is
under controversy'.

Only two studies had investigated the blood pressure response
following a single bout of resistance exercise in controlled HBP patients.
Both studies found a decrease in post-exercise and post-12-hour blood
pressure values and found that this hypotensive effect was maintained
at post-24 hour of the performed exercise®, Only one study has
determined the effects of combined exercise training recording positive
effects on DBP in adults?’. However, to our knowledge, no studies have
been performed to determine the effects of a single bout of combined
aerobic (walk-based) and resistance exercise on the clinic and
ambulatory blood pressure in hypertensive elderly women, which
might be of interest to obtain the maximum fitness level benefits as well
as maintenance and control of the HBP disease. Therefore, the aim of our
study was to evaluate the clinical and ambulatory blood pressure values
response after performing a single bout of low-intensity resistance
exercise combined with moderate aerobic walking-based exercise in
HBP-affected elderly women. We hypothesized that in active,
hypertensive elderly women, a single bout of low-intensity resistance
exercise combined with moderate aerobic walking-based exercise
would reach a significant decrease in blood pressure during the recovery

period and that this decreased blood pressure would persist for many
hours after exercise at least until 24-hour after the performed bout. Even
though, post-exercise hypotension might have clinical relevance in
hypertensive subjects.

Methods

Experimental protocol consisted of 2 sessions (control and exercise) in
which variables were measured before and after interventions. With
this protocol, post-exercise values were compared not only with pre-
exercise ones but also with the control condition.

Participants

A prospective longitudinal experimental study desing was used. This
research was conducted on the premises of an elderly-day center of the
south of Spain, under the framework of a social program. Forty-two
community-dwelling elderly women affected by HBP (with stable drugs
indications) aged between 65 and 75-years participated in the present
study. Subjects were contacted through their own organizational
structure of the elderly-day center with posters and calls. Furthermore,
the participants were verbally and writing informed of the risks, benefits
and objectives of the study and signed an informant consent report.
Participants were excluded if they had uncontrolled HBP, if they hadn’t
HBP, and if they had any specific risk to perform the physical exercise
required by the experiment. Inclusion criteria were: to be physically
active (more than two sessions —maintenance gymnastic comprising
walking-based exercise- of 30 minutes per week)?' and medication-
controlled HBP over 6 months. The study fully complied with the
Declaration of Helsinki for studies on human beings. The study was
approved by the Committee on Bioethics and Biosecurity of the
University.

Procedures

First, we assessed the anthropometric variables (weight and height) that
were used to calculate body mass index. Secondly, the subjects in the
study performed a sub maximal test of strength (based on the 10 RM
methods)"” and the 40% of the total was estimated, a percentage that
was applied during the resistance exercise carried out in the session. The
experimental protocol consisted on the performance of two
experimental sessions (control and exercise) by all participants, which
were conducted in random order with an interval of 5 days between
each one (fig. 1). The intensity of the sessions was established as
addressed by the American College of Sports Medicine'. Five days
before the beginning of the two experimental sessions, all participants
in the study carried out two adaptations sessions (carried out on two
separate days with 24 hours between each session) in order to ensure
the correct execution of the six muscular endurance exercises included
in the study. Each exercise of this adaptation was as follow: one set of 10
repetitions at an intensity of 30-40% of 10 RM, one set of 5 reps with 40-
60% intensity of 10 RM and one set ranging between three to five reps
with an intensity of 60-80% of 10 RM. The rest period was set at one
minute between the repetitions and three to five minutes between
exercises.

All participants in the study were asked not to perform any formal
physical activity and not to intake alcohol 24 hours before the



J. del Pozo-Cruz et al. / Rev Andal Med Deporte. 2012;5(2):41-47

43

Community-dwelling elderly
women (n=42)

» Anthropometric measures and

Y

4

10 RM test

Adaptive ses

sions (n=42)

5-day rest

Experimental sessions (n=42)

> Pre-exercise assessment¢—————

Control session (n=21)

——

5-day rest

Post-exercise assessment
Post-24-hour assessment

Exercise session (n=21)

D

5-day rest

> Pre-exercise assessment -« 1

Exercise session (n=21)

—

Fig. 1. Experimental protocol schedule.

experimental sessions. Furthermore, participants were asked not to
intake caffeine or others substances that could affect blood pressure
values. All participants take water before the experiemental sessions but
not during it. The experimental sessions was carried out between 9 and
11 am in a thermo regulated room at 21 °C of temperature. In each
experimental session the subjects were seated 20 minutes before each
intervention. During this period systolic blood pressure, diastolic blood
pressure and heart rate were assessed in five minute intervals by
auscultation in the dominant arm. The average pre-intervention value
was calculated using the average of each of the outlets, excluding the
first and last ones. Subsequently, subjects performed the intervention
period, which consisted of 45-minute of rest sitting for the control
session. The exercise session consisted of performing three sets of 25
repetitions at 40% of 10 RM in six different strength exercises (a variation
of bench sitting in a chair squat, biceps, triceps, and shoulder and dorsal
opening). A 40 seconds of rest period between series and 90 seconds of
rest period between exercises was performed. In order to carry out the
resistance exercise conventional low-weight dumbbells (Salter,
Barcelona) (0.5 to 5kg) were used. Then, subjects performed 20 minutes
of moderate aerobic exercise based on walking. After the intervention,
all participants were asked to rest seated during a 60-minute period.
During this period systolic blood pressure, diastolic blood pressure and
heart rate were assessed in five minute intervals by auscultation in the
dominant arm. The average pre-intervention value was calculated using
the average of each of the outlets, excluding the first and last ones. The
same method of measurement was used to assess the post 24-hour
exercise after the last blood pressure evaluation, asking the subjects that
they should not do any exercise and not intake alcohol or other
substances that might affect blood pressure values during this period.
Both, to assess systolic blood pressure, diastolic blood pressure and
heart rate, the auscultation method (Franklin, Argentine) was used?.

Post-exercise assessment
Post-24-hour assessment

Control session (n=21)

]

Statistical analysis

The different variables were compared at baseline using the Student T
test for independent samples, and the distribution of the data was
examined by the Kolgomorov-Smirnov test with Lilliefors correction.
After confirming that the distribution of all variables was parametric,
the comparison between groups of the study variables (systolyc,
diastolyc and mean blood pressure values) was performed by a two-way
ANOVA for repeated measures adjusted by body mass index and heart
rate baseline values. A lineal regression model was performed in order
to scan the influence of baseline values on the post-24-hour value in the
variables that showed positive statistically significant in the current
study. The significance level was set at p<0.05 for all tests performed. All
tests were undertaken using SPSS version 18.0.

Results

Forty two elderly hypertensive women were included in the present
study. There were no statistically significant differences between
sessions at baseline (table 1). Table 2 reveals the comparative effects
between sessions on the systolic, diastolic and mean blood pressure.
Significant positive effects were found on mean scores registered
between the exercise session and control session after the performed
bout (7% of reduction; p<0.047) on diastolic blood pressure values and
also positive effects were found on the diastolic blood pressure after 24-
hour (9% of reduction; p <0.007). In viewing of the performed linear
regression model, we found that the baseline value observed in the
diastolic blood pressure can explain the 76% the post-24-hour value of
the diastolic blood pressure in the subjects of the study (table 3). As we
can observe in the figure 2, there exists a tendency to decrease the BP
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Table 1

Characteristics of the participants in the study
Measures Mean (SD)
Age (years) 71.40 (3.48)
Weight (kg) 70.42 (7.61)
Height (cm) 156 (5.04)
BMI (kg/m2) 28.87 (3.03)
Systolic pressure (mmHg) 142.21 (18.84)
Diastolic pressure (mmHg) 83.54 (10.77)
Heart rate (Ipm) 73.57 (8.96)

(N=42)
Values expressed as mean (SD).
BMI: body max index.

values through the day in all measures after the exercise session.
However, we did not find any significant changes after sessions on
systolic and mean blood pressures when these values were compared
with those from the control session. But we did find a significant
decrease in DBP after the experimental session.

Discussion

Hypotensive effects had been found following aerobic exercise'™.
Although resistance exercise decreases both, systolic and diastolic blood
pressure?, this effect has been very scarcely investigated in hypertensive
subjects*#?°, On the other hand, resistance training should be proposed
as a complement to aerobic exercise due to the musculoskeletal benefits
in elderly population®. However, there exist controversial results about
the effect of a single bout of resistance on hypertensive subjects. To our
knowledge, there is no scientific evidence showing the effectiveness of a
single bout of low-intensity resistance exercise combined with moderate
aerobic walk-based exercise on controlled hypertensive patients. As a
novelty, we presented the effects of this kind of exercise in over 65-years
elderly community-dwelling controlled hypertensive women reporting

the blood pressure response values after exercise (clinical value) and at
post-24-hour exercise.

The novel finding of our study shows that a single bout of combined
resistance and walking-based exercise is feasible, safe and effective
significantly decreasing the diastolic blood pressure in both, post-
exercise (9%) and after post 24-hour post-exercise (7%). Although the
decrease in the diastolic blood pressure found could seem modest, it has
been shown that a decrease in blood pressure of at least 2 mmHg is
associated with 6% decrease in mortality from stroke and a 4% from
coronary heart disease?. In this sense, we could take our results as
valuable results in terms of cardiovascular risk prevention.

Auscultatory method is one of the most used method to asses the
blood pressure values?. Using this technique, this study found a
significant decrease in diastolic blood pressure values after the
performed exercise session, while systolic blood pressure values,
although showed a tendency of decrease, did not significantly decreased
in the exercise session compared with the control session. Although, to
date, there is no scientific evidence on the effect of the combination of
this type of exercise on the blood pressure values, it is has been shown
that a low intensity resistance exercise as well as moderate aerobic
exercise produce a hypotensive response in hypertensive patients'®%,
which is consistent with our results. Possible explanations could be
feasible for these results:

1. As far as we modified the environmental condition of our
participants (including a bout of exercise), it has been reported that the
trainability of systolic blood pressure values seems partly determined
by genetic factors, whereas diastolic blood pressure trainability is more
related to environmental effects®. The endothelium is both a target and
a mediator of arterial hypertension®, and the reduction of blood
pressure reduced by exercise is mediated by improved endothelial
function.

2. On the other hand, is well known that physical exercise is
associated with the nitric oxide availability in the vascular smooth

Table 2
Comparison of results between sessions
Outcome measures Pre-intervention Post-intervention p'
Control session (n=20)  Exercise session (n=22) Control session (n=20)  Exercise session (n=22)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Systolic blood pressure (mmHg) 143.72 (23.19) 140.55 (12.90) 142.22 (16.32) 133.30(20.26) 0.55
Diastolic blood pressure (mmHg) 81.22 (12.44) 86.10 (8.16) 80.59 (7.16) 77.65 (6.64) 0.04*
Mean blood pressure (mmHg) 112.47 (16.29) 113.32 (9.40) 111.40 (9.47) 105.47 (11.94) 0.20
Pre intervention Post-24h
Systolic blood pressure (mmHg) 143.72 (23.19) 140.55 (12.90) 141.50 (23.53) 137.90 (15.09) 0.74
Diastolic blood pressure (mmHg) 81.22 (12.44) 86.10 (8.16) 76,36 (11.17) 78,05 (8.02) 0.007*
Mean blood pressure (mmHg) 112.47 (16.29) 113.32 (9.40) 111.36 (16.43) 110.92 (10.46) 0.07

(N=42); *p<0.05.
Values expressed as mean (SD).

Control session: subjects were asked to keep in resting; Exercise session: subjects were asked and guide to perform a resistance session; p’: p value from ANOVA for repeated measures

adjusted by body mass index and hear rate baseline values.

-llfrltle)(ll'i:cfive model of changes in diastolic blood pressure after 24-hour of exercise among elderly hypertensive women
Model (R=.87; R?=.76) Post-24-hour diastolic blood pressure p
Beta SE ST beta
Pre-session diastolic blood pressure 0.787 0.070 0.87 <0.001
Constant 11.40 5.87 0.059
N=42

p: statistics significance; Post-24-hour diastolic blood pressure: diastolic value after 24 hours; Pre-session diastolic blood pressure: diastolic value before start the session.
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Fig. 2. Blood pressure throughout the different time-points assessment. Data
indicates the mean of different blood pressures determined: systolic blood
pressure (upper left), diastolic blood pressure (upper right) and mean blood
pressure (lower left) in mmHg.

muscle and endothelium-dependent vasodilatation after a resistance
exercise and this effect could decrease the blood pressure values®?3,

3. It has been also accredited that aerobic exercise induces a
decrease on the nitric oxide levels and this effect could produce
vasodilatation™.

4. Age has been related with different chronic diseases such
hypertension®. In addition, it has been reported that age has little or no
influence on the changes in the systolic blood pressure?>.

5. Furthermore, it has been demonstrated that following a single
resistance exercise session and a low-intensity aerobic exercise, diastolic
blood pressure decrease more than systolic blood pressure®®. As a
novelty of this study, post-exercise and post-24h diastolic blood pressure
values are greater in subjects with pre-exercise higher values. Thus, in
our regression model, we found that the baseline diastolic value can
predict the post-24-hour value after exercise in our subjects. According

with our data, it has been shown that more severe hypertensive subjects
affected could show a major decrease in the blood pressure levels due to
the major potential to decrease it".

Although previous studies have found acute hypotensive effects after
a single resistance exercise session, there is controversy about the
maintenance of this effect™. Previous studies suggest that a single
session of low-intensity resistance exercise produce a hypotensive effect
in normotensive subjects, but this response is not maintained over
time"”. One study conducted in controlled hypertensive women showed
adecrease on the blood pressure levels after a single session of resistance
exercise that remained after 10 hours®. In contrast, the only study
reported in the literature involving untreated hypertensive subjects
showed no long term changes, although this study used a high-intensity
resistance exercise in their sessions’. On the other hand, it has been
proven that a low-intensity aerobic exercise produces a long term
hypotensive effect after 24 hours of exercise in controlled hypertensive
subjects?. In line with this research, we found that decrease in diastolic
blood pressure after a resistance exercise session in combination with
moderate aerobic exercise is maintained 24 hours after exercise session.
Althrough a large clinical trial is necesary to confirm the long term
hypontesive effects of this type of exercise.

Although the scientific literature indicates that there are not chronic
changes in blood pressure after a resistance exercise?*?, evidence exists
that low to moderate aerobic exercise training has a chronic hypotensive
effect in subjects affected by hypertension®s. In fact, aerobic exercise is a
very powerful tool for the prevention and treatment of high blood
pressure disease'. One study reported the beneficial effects of combined
exercise in middle adult on reducing the DBP?°. This results are in line
with our data showing a similar percentage of decrease in our subjects
(7% reduction in DBP). Also, although our data did not report significant
differences in systolic blood pressure, it could be observed a general
tendency to decrease systolic blood pressure values. Thus, this leads
us to think that a combined-based training (aerobic and resistance
exercise) could cause long-term hypotensive effects in well-controlled
hypertensive elderly*.

This study has some limitations. Regarding the sample type, in our
study only women were studied so that we could not generalize the
obtained results to age-matched men but in agreement with other
studies we may think that the blood pressure response could be similar
in men than in women® and, thus, we could apply the combined
sessions to both elderly men and women. However more studies are
needed to confirm this hypothesis. On the other hand, it was not
possible, due to the lack of resources, to assess the ambulatory blood
pressure values at other times that we presented in the current study,
but our results show a tendency of decrease de blood pressure values at
post-24-hour after the exercise bout. Because there is no previous
scientific evidence about the effects that the combined aerobic walk-
based exercise with low intensity resistance exercise with on blood
pressure response, further studies focus in this line of research are
necessary to confirm the effects found in our study. Also applied studies
are needed in other groups of populations (such elderly over 75 year-
old) where the blood pressure values can be expected to be different®.
Finally it is necessary to test the effectiveness and cost effectiveness of
large longitudinal studies that allow us to decide on the implementation
of this kind of therapies as complementary strategies in the health
system in addition to the usual care, as a method of public health.

In conclusion, in over 65-year old women affected by controlled high
blood pressure, a single bout of combined moderate aerobic walk-based
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exercise with low-intensity resistance exercise, is feasible and safe and
has a hypotensive effect on diastolic blood pressure in both immediately
and after 24 hours post exercise, but there is not any effect on systolic
blood pressure, which it is maintained both in acute response and after
24 hours of exercise. We could them advice this kind of combined
session to improve the properties of both, aerobic moderate walk-based
exercise and low-intensity resistance exercise which could have osteo-
muscular, metabolic and blood pressure benefices in women elderly
population’®,

Practical implications

It has been reported that only 32.8% of patients diagnosed with high
blood pressure and treated in primary care could control their blood
pressure values?. Both, aerobic moderate walk-based exercise and
low-intensity resistance exercise are recommended for heart-failed
patients but also in normotensive subjects or at the beginning of a
resistance training programs where the blood pressure values remains
stable over time. By contrast, in hypertensive patients there are
many blood pressure fluctuations over the day and therefore the
implementation of strategies to help the management and control of
such peaks as complementary therapies are necessary. The results
of this study suggest that the combination of both types of exercise can
reduce and help in the management of the high blood pressure disease,
which can help clinicians and professional of exercise in the
development of the health promotion programs for this chronic
disease.
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Objective. The objective of this study was to compare these methods Fourier (STFT) and Wavelet (WT)
transforms to assess muscle fatigue during supramaximal exercise.

Methods. Twenty five subjects of both genders (13 men, age = 28.2 + 2.7 years and 12 women, age = 23.2 +
2.7 years) performed the Wingate test, during which the electromyographic responses of the superficial
muscles of the quadriceps were examined. For analysis we used the STFT and WT transforms, which
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provided the following variables: median frequency (MF), slope and variance.
Results. The results showed no differences (P>0.05) in MF and slope. However, there were differences for
the variance between the analysis (P<0.05).
Conclusion. It seems that both analyzes provide the same physiological parameters, however, the WT
transform shows less variance between the results.
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RESUMEN

El andlisis espectral de la seiial de EMG en el esfuerzo supra-maximo en el cicloergéometro
utilizando las transformaciones de Fourier y Wavelet: un estudio comparativo

Objetivo. El propésito de este estudio fue comparar los métodos transformados de Fourier (STFT) y Wavelet
(WT) para evaluar la fatiga muscular durante el ejercicio supra-maximo.
Método. Veinticinco individuos de ambos sexos (13 hombres, 28,2 + 2,7 afios and 12 mujeres, 23,2 + 2,7
afios) realizaron el test de Wingate, durante el cual las respuestas electromiograficas de los misculos super-
ficiales de los cuadriceps fueron examinadas. Para el analisis se utilizaron las transformaciones de STFT y la
WT, lo cual proporciond las siguientes variables: frecuencia media (FM), de pendiente y variacién.
Resultados. Los resultados no mostraron diferencias (P>0,05) en FM y en la pendiente. Sin embargo, hubo
diferencias en la variacion entre el analisis (P<0,05).
Conclusiones. Parece que ambos andlisis proporcionan los mismos parametros fisiol6gicos, sin embargo, la
transformada de WT muestra menos variacion entre los resultados.
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Introduction

Muscle fatigue can be defined as the inability to generate force in a
muscle contraction'. According to Enoka and Stuart!, muscle contraction
is triggered from the sarcoplasmic membrane depolarization that
modifies the electrical potential of the muscle, and this electrical
potential can be captured and analyzed by surface electromyography
(EMG). Numerous researchers have used EMG with different purposes?S.
For the use of EMG in order to determine muscle fatigue, it is necessary
to analyze the electromyographic signal, and such analysis can be
performed in time domain (RMS) or frequency domain. The latter
requires the decomposition of the signal power spectrum density (PSD),
to obtain the median frequency (MF), which is a frequency that divides
the power spectrum in two regions of equal areas. A decrease of MF over
time is related to muscle fatigue (for example, slope given by

ME, = AMF
One of the most used tools for evaluating the changes in MF during
muscle fatigue is the short-time fourier transform (STFT). This transform
is applied to determine the spectral content in terms of sinusoidal
frequency and phase content of local portions of a signal as it changes
over time®®, This has been the main procedure used for this type of
analysis, especially for isometric contractions. However, this method
may not be as effective for dynamic contractions, in which EMG signals
are not stationary due to variations in strength, speed and joint range of
motion®, and thus not reflecting true physiological behavior of the
muscle during exercise'®. In this sense it becomes necessary to use
alternative methods to correct this methodological problem.

A method that has been used in an attempt to minimize this problem
is the Wavelet transform (WT). Wavelet analysis takes into account the
dynamics of the EMG signals, which may represent a greater accuracy in
the analysis. Thus, several studies have been used WT to analyze the
EMG signal in isometric and dynamic maximal effort", supramaximal
constant load exercise? and maximal exercise with constant load®.
However the use of WT requires better understanding of the evaluation
of muscle fatigue in exercises not as standardized in terms of control of
strength and speed of movement.

Recent studies indicate that STFT and WT would be comparable
during muscle fatigue in well standardized protocols, both in a static or
dynamic situation'", although other studies also suggest that WT has
higher accuracy of the physiological information of muscle fatigue when
compared to STFT'8. However, further studies are needed to compare the
methods of analysis of the EMG signal, especially for dynamic exercise
without complete standardization of the task. Moreover, few studies
have investigated the effects of supramaximal exercise on muscle
responses such as fatigue. Supramaximal exercises are generally used to
determine anaerobic capacity both in athletes of different modalities
and non-athletes™. The literature is still scant in information on the use
of either STFT or WT for an appropriate analysis of the EMG signal to
assess muscle fatigue during this type of exercise.

To assess human motor performance during a supramaximal exercise,
it is necessary to carry out specific tests such as the supramaximal
Wingate test, often used in the literature to evaluate anaerobic
performance®. Some studies have shown that the MF of EMG activity
decreases over time during this type of test, which reflects the onset of
muscle fatigue in evaluated muscle group?'. However, this behavior was
observed using the STFT analysis, where specific windows of analysis

were successively standardized, as were the phases of movement
analyzed, which in turn could generate data not as reliable as suggested
by the studies of Karlsson et al."%. To check whether these results would
be really influenced by the method of EMG analysis, a comparison of the
STFT and WT methods should be done in this type of exercise.

Therefore, our hypothesis is that the WT transform enables more
accurate results when compared to STFT. Thus, the purpose of this study
was to compare the spectral analysis of the STFT and WT methods using
the MF to assess muscle fatigue during supramaximal exercise.

Methods
Sample

The sample consisted of twenty-five (13 men, age = 28.2 + 2.7 years and
12 women, age = 23.2 + 2.7 years) untrained college students, who
volunteered to the study. After the purpose of the study and the
procedures to be performed were explained, they signed a consent form.
This study was approved by the Ethics Committee of of the State
University of Londrina (document 032/07; CAAE n.° 0034.0.268.000-07).

Experiment design

All participants performed the Wingate test (WT) to assess the anaerobic
performance. Subjects were instructed not to ingest any substance or
food containing caffeine for the duration of the experiment, as well as
alcoholic beverages, and not to perform vigorous physical activity within
24 hours prior to the tests in order to avoid any interference in the
results. Each subject was tested at the same time of day to minimize the
effects of diurnal biological variation. The volunteers underwent a pilot
study to familiarize with the testing protocols and the equipment used.

Anthropometry

Body weight was measured on a Uranus® digital platform scale, model
PS 180, with precision of 0.1 kg. Height was determined in a wooden
stadiometer with accuracy of 0.1 cm. All individuals were measured and
weighed barefoot, wearing only light clothes. Body mass index (BMI)
was determined by the weight/height?, ratio, with body weight in
kilograms (kg) and height in meters (m).

Anaerobic performance evaluation

The anaerobic performance of the subjects was assessed by WT?*?2, The
anaerobic performance indices were determined by a computer
program (Wingate test®, Cefise, Brazil) that allowed the determination
of the power generated every second during the test, the relative peak
power (W.kg') (RPP), relative mean power (W.kg') (RMP) and fatigue
index (FI) (%).

The protocol consisted of a warming-up of four minutes in a
mechanical cycle ergometer for lower limbs (Monark® 324E, Sweden)
with a load of 50 W and a pedaling cadence of 70 rpm, and at the
beginning of each minute the subjects performed a six seconds sprint?.
After the warm-up, there was an interval of two minutes for the
measurement of body weight, height adjustment of the bike saddle and
adjustment of the effort intensity. After that, the participants began the
WT, with no previous rotation, with a load corresponding to 0.075 kg.
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kg' of the body weight. At the end of the protocol, participants
performed an active recovery on the same ergometer, without resistance,
for a period of three minutes in an attempt to minimize possible side
effects caused by stress.

A familiarization protocol was performed prior to the beginning of
the study, in an attempt to reduce the learning effects and establish the
reproducibility of the test. All subjects were tested in a similar situation
to the experimental protocol in two separate sessions, with intervals of
48 hours. The coefficients of intra-class correlation found were 0.98,
0.95 and 0.90 for RPP, RMP and FI (%), respectively.

The bike measures corresponding to participant such as: saddle
height and distance, stem height and distance and hands position were
standardized for all tests, thus avoiding changes in posture and
consequently possible interferences in the activation of the muscles
evaluated. Temperature and relative humidity were controlled in all
trials and kept between 21 and 24 [C and 40 and 60% respectively.

Recording and processing of electromyographic signals

The EMG signals were recorded during the entire period of the WT
according to ISEK guidelines®*. Before the start of each WT, participants
had the bipolar active EMG electrodes model TDS 150™ (Biopac Systems®,
USA), with fixed inter-electrode distance of two cm, placed on the
superficial muscles of the quadriceps femoris (QF) of the right leg:
vastus lateralis (VL), vastus medialis (VM) and rectus femoris (RF). After
skin trichotomy and asepsis, the electrodes were positioned over each
muscle following the standardization proposed by SENIAM?*. The EMG
activity was recorded by a 16-channel electromyograph model MP150™
(Biopac System®, USA) with sampling frequency of 2,000 Hz. The
common mode rejection ratio was 95 dB, and the input limits of the
signal were set at £5 mV. The reference electrode (ground) was placed in
the right elbow (lateral epicondyle).

Signal recording and processing software was preformed with the
AcgKnowledge™ 3.8.1 (Biopac Systems® USA) software and the
mathematical simulation environment Matlab 7.0 (Mathworks®, South
Natick, MA, USA.) The raw EMG signals were digitally filtered with a
band-pass filter of 20 Hz and 500 Hz. For spectral analysis of EMG
signals, we used MF values determined using STFT and WT (Daubechies
type: DB5). Using both methods we obtained the following parameters:
the magnitude of changes in median frequency over time (MF [t]); slope
of MF normalized by initial value, this is the EMG fatigue index (NFI)";
MF variance of the successive time windows established for the
processing of the EMG signal during 30 seconds exercise. The EMG
fatigue index was determined by linear regression of between the

Table 2

relationship of MF and the duration of exercise (30 seconds), for each
muscle studied.

Statistical treatment

To compare the values found in all muscles using the techniques WT and
STFT we used the Mann-Whitney U test. The significance adopted was
5%. We employed the statistical package Statistica™ 6.0® (Statsoft Inc.,
Tulsa, OK, USA) for data analysis.

Results

Table 1 presents the descriptive data corresponding to the
anthropometrics characteristics and anaerobic performance of the
participants.

The values of median frequency (MF), normalized fatigue index (NFI)
and the MF variance obtained by STFT and WT over the 30 seconds of
exercise in WT for the VL, VM and RF of men and women are presented
in table 2.

Regarding MF, there were no significant differences between the
values obtained by both methods in any of the muscles evaluated for
both genders (P> 0.05). While there may be signs of muscle fatigue
(negative values of the EMG index of fatigue), NFI for STFT and WT did
not show any significant differences for any of the muscles evaluated in
men and women (P>0.05).

Significant differences were observed in the MF variance between
the values obtained by STFT and WT in all muscles analyzed in men and
women (P<0.05), indicating a greater dispersion of data with the STFT
analysis in relation to WT, as shown by an example for one individual

(fig. 1).

Table 1
Anthropometric and anaerobic performance characteristics of studied subjects
Variables Men Women
Body mass (kg) 82.4+93 63.7£7.7
Height (cm) 180.0 £ 5.0 169.0 + 3.0
BMI (kg/m? 25,523 23321
RPP (W.kg™") 10.0+0.9 7.7+0.9
RMP (W.kg!) 73+0.5 5.6+0.6
FI (%) 52.9+9.0 511119

Values expressed in mean + SD.
BMI: body mass index; Fl: fatigue index; RMP: relative mean power; RPP: relative peak
power.

Values of median frequency, normalized fatigue index and variance obtained through Fourier and Wavelet transform for the vastus lateralis, vastus medialis and
rectus femoris muscles of men and women during Wingate test

MF (Hz) NFI [Hz/[sec[Hz] = [1/sec] = [Hz] Variance (Hz)

Fourier Wavelet Fourier Wavelet Fourier Wavelet
Men
VL 433 +11.8 43.5+11.9 -0.001 £ 0.002 -0.002 + 0.002 78.4 £65.1 59.3 +48.4*
VM 456 +11.4 494 +13.3 -0.002 +0.002 -0.001 £ 0.002 105.7 £ 87.5 66.9 £39.7*
RF 425+5.8 445+ 6.7 -0.001 £ 0.002 -0.001 £ 0.002 75.2 £58.5 42.6 +£30.3*
Women
VL 33.5+3.5 35.7+3.3 -0.001 £ 0.001 -0.001 £ 0.001 343 £17.7 22.1+11.3*
VM 341 +4.0 359+41 -0.001 £ 0.002 -0.002 +0.001 31.4 +10.6 21.6 + 7.4*
RF 37.0+3.7 39.4+3.7 -0.002 +0.001 -0.002 +0.001 38.8+78 26.1+7.7*

Values expressed as mean * SD.

*Statistically significant differences between FFT and WT (P<0.05).
MF: median frequency; NFI: normalized fatigue index; RF: rectus femoris; STFT: Fourier transform VL: vastus lateralis; VM: vastus medialis; WT: Wavelet transform.
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Fig. 1. Example for one individual of the electromyography fatigue index (NFI) obtained through the slope of median frequency normalized by the initial value.
O represents data corresponding to Wavelet test transform (upper line in the graphics) and O the Fourier transform.

Discussion

The aim of this study was to compare the EMG responses during the
course of the Wingate anaerobic test, using two different methods of
spectral analysis, STFT and Wavelet. From these findings we can confirm
our hypothesis, since both methods provide the same physiological
information about muscle fatigue, but a higher variability of data when
these were analyzed by STFT.

The supramaximal effort required by the Wingate test causes the
value of the median frequency of the EMG signal to decrease, which was
previously verified by applying the STFT?! and corroborated by our study
using both STFT and WT, thus confirming the presence of muscle fatigue.
According to these authors, this behavior is associated with a high
concentration of H* ions during the course of the exercise impairing the
propagation of the electrical signal, thus decreasing the frequency values.

However there is still a debate in the literature over the use of STFT
analysis in dynamic muscle contractions, since this method of analysis
assumes that data are stationary'®. However, recent results on muscle
fatigue during standardized dynamic contractions of different muscle
groups showed the similarity and the effectiveness of these two
methods to provide information on muscle behavior during fatiguing
exercise’ ", The results of this study confirms the findings of previous
ones, and also brings a new aspect of evaluation methods for non-
standardized and high intensity exercises, which was never done by
other studies on the subject.

Da Silva et al.”, showed that the effect of mediation for the calculation
of EMG indices of fatigue increases the association between STFT and WT.
Moreover, these authors showed that WT shows less data variability and
hence better accuracy of information compared to STFT. This is also
supported by our results of variance, indicating less accuracy in terms of
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variability in data obtained from analysis by STFT compared to WT for all
the muscles in both sexes. Similar results were also found by da Silva et al.”.

The use of alternative methods for analyzing the EMG signal, such as
WT transform, has been proposed in an attempt to better adjust the
mathematical model for dynamic tasks. In fact, Von Tscharner and
Goepfert™, showed that analysis through the WT is highly effective in
identifying a pattern of muscle recruitment of different muscle fiber
types in a specific phase of the movement. This information would
hardly be represented by the STFT analysis, which shows a large
dispersion of individual MF values within the temporal window of
processing and over time (successive windows), and consequently
would result in larger measurement errors in dynamic situations, as
suggested by other studies'®.

Therefore, although the values of NFI were not different between
methods, the values obtained by STFT showed greater data variance
when compared to WT. This demonstrates that WT seems to adjust
itself better to dynamic tasks, since it does not depend on the signal to
be (quasi-) stationary, unlike the technical limitation imposed by
conventional STFT. Thus, we suggest that the method of analysis of EMG
signals via WT can provide more information and accuracy when
applied to different types of muscle fibers in a specific muscle group
regardless of gender during a dynamic muscle action. Also, this method
could be interesting to identify the pattern of muscle recruitment during
a specific phase of the movement in cyclic exercise, as suggested by Von
Tscharner and Goepfert',

In conclusion, considering the findings of this study we suggest the
use of both methods of spectral analysis on supramaximal dynamic
exercise, that is non-standardized in terms of speed and angle of motion
and short duration (~ 30 s) when the aim is to quantify muscle fatigue
with spectral EMG indices (for example, slope of MF).
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RESUMEN

Objetivo. El objetivo del trabajo fue analizar, a partir de series temporales, las diferencias en la variabilidad
de la marcha en dos situaciones distintas (marcha espontanea frente a marcha en tapiz rodante) en sujetos
jovenes, sanos y activos.
Método. Las series temporales de diez hombres sanos y fisicamente activos fueron evaluadas en dos situa-
ciones experimentales: a) 25 minutos caminando de forma espontanea por un circuito circular abierto; y b)
25 minutos caminando en un tapiz rodante a la misma velocidad que la situacién a. Un dispositivo de cap-
tura fue disefiado expresamente para la obtencién directa y almacenamiento de series de tiempo durante la
marcha en ambas situaciones, a partir de un simple pulsador electrénico colocado en la zona del calcineo
de la palmilla del pie dominante introducida en la zapatilla deportiva. Se calcularon la media y desviacién
estandar (DE), la entropia aproximada (ApEn), la entropia muestral (SampEn) y la entropia multiescala
(MSE).
Resultados. La DE, la ApEn y la SampEn no presentaron cambios significativos al comparar ambas situacio-
nes experimentales. Todas las MSE disminuyen significativamente al comparar la marcha espontanea con la
situacion en tapiz.
Conclusiones. Existe una pérdida de complejidad de la sefial cuando la marcha se realiza en un tapiz rodan-
te y esto debe ser tenido en cuenta para futuras estudios en esta situacion.

© 2012 Revista Andaluza de Medicina del Deporte.

ABSTRACT

Effects of treadmill on gait variability in healthy young subjects

Objective. The aim of study was to analyze the differences in gait variability (stride interval time series) in
two different conditions (spontaneous walking vs. treadmill walking) in healthy and active young subjects.
Method. The stride interval time series derived from ten healthy and active males were studied in three
experimental conditions: a) walking on level ground at their self-determined usual paces around open
circle circuit for 25 minutes; and b) walking on a treadmill for 25 minutes at the same pace as in Situation
a. A capture device enabled stride interval time series to be collected directly and stored during walking in
both conditions, using a simple electronic push-button mounted in the heel of the dominant foot support
of an insole placed in the running shoe. The mean and standard deviation (SD), Approximate Entropy
(ApEn), Sample Entropy (SampEn) and Multiscale Entropy (MSE) were calculated.
Results. DE, ApEn and SampEn showed no significant changes between both experimental conditions. All
MSE significantly decreased from the spontaneous walking to treadmill walking.
Conclusions. There was a loss of complexity signal when subjects walked on a treadmill. This should be
taken into account for future studies under these conditions.

© 2012 Revista Andaluza de Medicina del Deporte.
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Introduccién

Numerosos estudios indican que el comportamiento de la marcha pre-
senta fluctuaciones, incluso en condiciones estables', y que estas fluc-
tuaciones tienen un fondo de caos determinista sobre el que se superpo-
ne cierto grado de aleatoriedad.

Hay estudios cientificos que aportan informacién abundante sobre
este tipo de analisis de la marcha en sujetos de edad avanzada (especial-
mente identificando posibles patrones que indiquen riesgo de caidas)s’,
en patologias que afecten estrechamente a los patrones de marcha
(como son la enfermedad de Huntington®?, de Parkinson®', la esclerosis
lateral amiotréfica') o tras operaciones de ligamento cruzado ante-
rior'>"> que también afectan a los patrones de marcha.

En estudios sobre la variabilidad de la marcha en sujetos sanos, la
tendencia ha sido analizar la estabilidad dindmica de las variables cine-
maticas del tronco para el andlisis de la complejidad de la marcha en
tapiz rodante ante perturbaciones aleatorias y a distintas velocida-
des™". En esta linea, Van Schooten et al’®y McAndrew et al"a través de
la estimulacién galvanica vestibular provocada por situaciones desesta-
bilizadoras durante la marcha en tapiz y a diferentes velocidades en su-
jetos sanos, observaron que dichas perturbaciones externas provocaron
una pérdida de la estabilidad dindmica de la marcha.

Solo hemos encontrado un estudio? que analiza la variabilidad de la
marcha en sujetos jovenes y sanos a partir de series temporales obteni-
das de curvas de presion. En él se realiza un andlisis no lineal de la mar-
cha humana en diferentes situaciones experimentales (marcha esponta-
neanormal,amenory mayor velocidad y controlada por un metrénomo).
Para ello utilizaron una muestra de 10 hombres sanos y jévenes (entre
18-29 afios), quienes caminaron durante 1 hora sobre el suelo.

Del andlisis de los trabajos disponibles se desprenden las siguientes
conclusiones:

1) Los diferentes estudios, extrapolan las series de datos de la variabili-
dad de la marcha a lo largo del tiempo en funcién de otros parametros
como pueden ser presiones o angulos. No hemos encontrado ningdn
estudio que utilice directamente series temporales.

2) Cualquier situacién, ya sea patologia (neurolégica o muasculoesquelé-
tica) o ambiental, reduce el comportamiento cadtico de la dindmica
de la marcha haciéndola mas predecible.

Sin embargo, nos llama la atencién que los estudios se realizan o bien
sobre el suelo®*'"" o bien en tapiz rodante'>?, siendo estos dltimos los
m4s numerosos en sujetos sanos. Creemos que estas situaciones no son
comparables y que el tapiz rodante puede influir en el comportamiento
de la dindmica de la marcha. En el ambito del deporte, este matiz es muy
importante, pues los deportistas suelen correr en suelo de manera es-
pontanea, pero luego, las distintas pruebas médico-deportivas se hacen
en tapiz rodante. Una de las probables razones es que los dispositivos de
captura utilizados en la actualidad para los estudios médico-deportivos,
donde incluimos el estudio de la variabilidad de la marcha son comple-
jos y costosos, limitando el estudio al laboratorio 22, Seria importante
contar con dispositivos sencillos y baratos que proporcionaran un nd-
mero suficiente de datos a partir directamente de series temporales, que
permitan realizar un andlisis no lineal asi como llevar a cabo estudios
fuera de los laboratorios.

Son diversos los métodos no lineales utilizados en la bibliografia para
el andlisis de la variabilidad de la marcha. Entre ellos queremos destacar
la entropia como medida que cuantifica la regularidad de una serie tem-

poral, de manera que un sistema con poca entropia se caracteriza por ser
regular, predecible, poco complejo y poco adaptativo. Los métodos ma-
tematicos para calcularla han ido evolucionando, existiendo tres algorit-
mos: la entropia aproximada (ApEn), la entropia muestral (SampEn)y la
entropia multiescala (MSE). Estos tres algoritmos se han sucedido cro-
nolégicamente tratando de corregir problemas conceptuales que hacian
que algunos resultados obtenidos en estudios practicos presentaran re-
sultados sin légica. Asi, por ejemplo, Georgoulis et al*® obtiene cambios
légicos en los valores de ApEn, desde un punto de vista fisiolégico, pero
con valores numéricos propios de una serie temporal periédica.

Por tanto, el objetivo de este trabajo fue analizar, a partir de series
temporales y utilizando diferentes algoritmos de entropia, las diferen-
cias en la variabilidad de la marcha en dos situaciones distintas (marcha
espontanea frente a marcha en tapiz rodante) en sujetos jovenes, sanos
y activos.

Método
Sujetos

Diez hombres sanos y fisicamente activos (22,2 + 2,1 afios, 179,9 + 0,07
cm, 80,1 £ 5,3 kg) participaron en este estudio tras superar un examen
previo del aparato locomotor para descartar la existencia de alteraciones
que afectaran a la marcha. Todos ellos eran estudiantes universitarios,
fueron informados de las caracteristicas del estudio y dieron voluntaria-
mente su consentimiento conforme a la Declaracién de Helsinki?”. El
disefio y los protocolos de estudio fueron aprobados por el Comité de
Etica del Centro Andaluz de Medicina del Deporte (Sevilla, Espafia).

Procedimiento

A todos los sujetos se les registré el tiempo de apoyo, vuelo y total del
calcaneo del pie dominante en dos situaciones experimentales: caminar
a un ritmo libremente elegido por circuito circular abierto durante 25
minutos (situacién A) y caminar en tapiz rodante a la misma velocidad
que la situacion “A” durante 25 minutos (situacién B). El hecho de elegir
estas duraciones para cada situacién de medida es porque, segtn la lite-
ratura revisada®®, es suficiente para obtener una serie de datos 6ptima
para el posterior analisis que pretendemos realizar.

Para obtener de forma directa una serie temporal a partir de la pisa-
da, se utilizé un pulsador electrénico insertado en la zona de apoyo del
calcaneo de una palmilla que se introducia en el calzado deportivo. La
sefial de este pulsador se almacenaba en una memoria RAM de 256 kb y
se volcaba posteriormente al ordenador, obteniéndose una serie tempo-
ral compuesta por el tiempo de apoyo y otra por el tiempo de vuelo de
cada pisada, con una precisién de 5 ms (fig. 1).

Andlisis de los datos

En primer lugar, para cada una de las situaciones experimentales de
cada uno de los sujetos, se calcularon la media y desviacién estandar
(DE) de la serie como parametros convencionales.

Y en segundo lugar, para el analisis no lineal de la variabilidad de la
marcha, se calcularon la ApEn, la SampEn y la MSE hasta una escala de 5.
La ApEn se calculé utilizando el programa matematico CDA (Chaos Data
Analyzer)®, elaborado por Sprott y Rowlands (1992) para Physics Acade-
mic Software con licencia para el laboratorio HPER de la Nebraska at



M. D. Sdnchez et al. / Rev Andal Med Deporte. 2012;5(2):53-56 55

Microcontrolador

Driver serie

Memoria RAM

(———

CE—

SRAM

Conector puerto serie

RS232

PIC

\/

m—

Pulsador de
configuracion

Pulsador/detector z

de pisadas

»

/
W

| FN indicador de estadn =

Fig.1. Esquema de los principales componentes del dispositivo de captura-palmilla.

Omaha University (Omaha; USA)** mientras que el calculo de la SampEn
y las MSE se realiz6 mediante el desarrollo de rutinas en Matlab 6.5 uti-
lizando los algoritmos propuestos por Richman y Moorman para la Sam-
pEn*® y por Madalena Costa para la MSE®.

Todos los datos estan expresados como media y desviacion estandar.

Andilisis estadistico

Para el andlisis estadistico de los datos obtenidos con los diferentes algo-
ritmos para las distintas situaciones experimentales, utilizamos el pro-
grama estadistico SPSS (version 15.0) realizando: en primer lugar un
andlisis descriptivo de todas las variables y a continuacién un test “t” de
Student para muestras pareadas para comparar el grupo de sujetos en
las dos situaciones experimentales, asumiendo una distribucién normal.

En todos los casos, se considerd un valor de p<0,05 para establecer el
nivel de significacion.

Resultados

En la tabla 1 se muestran todos los valores, expresados como media y
desviacion estandar, de la ApEn, SampEn, MSE 2, MSE 3, MSE 4, MSE 5 y

Tabla 1

Valores expresados como media y desviacion estandar, de ApEn, SampEn,
MSE 2, MSE3 MSE4, MSE5 y desviacién estandar al comparar la situacién A
(marcha espontdnea) y situacioén B (tapiz

Marcha espontinea Tapiz Nivel de
Media  DE Media  DE siegiticasion
(p)

DE 21,1 43 19,0 6,2 0,10

ApEn 0,5 0,1 0,4 0,4 0,46

SampEn 1,7 0,1 1,6 0,2 0,07

MSE 2 1,6 0,0 15 0,1 0,002

MSE 3 1,5 0,1 14 0,1 0,01

MSE 4 14 0,1 13 0,1 0,002

MSE 5 14 0,1 1,2 0,1 0,01

Nivel de significacion estadistica p<0,05. ApEn: entropia aproximada; SampEn: entropia
muestral; MSE: entropia multiescala.

DE de la serie para cada una de las situaciones experimentales, asi como
el nivel de significacion estadistica.

La DE, la ApEn y la SampEn no presentan cambios significativos al
comparar ambas situaciones experimentales. Sin embargo, las MSE dis-
minuyen significativamente al comparar la marcha espontanea con la
marcha en tapiz.

Discusion

El principal hallazgo de este estudio fue que el uso del tapiz rodante
modifica la variabilidad de la marcha humana haciéndola menos com-
plejay mas predecible de lo que es en situaciones normales donde no se
fuerza el ritmo de los apoyos y los aspectos cinematicos de la marcha.

El mecanismo implicado en el control locomotor es fundamental-
mente complejo y no lineal. La marcha humana ha sido objeto de estu-
dio utilizando herramientas matematicas provenientes de las teorias del
caos determinista, planteandose incluso la necesidad de reevaluar los
modelos tradicionales de analisis.

Este estudio aporta informacién relevante sobre los valores de algo-
ritmos no lineales calculados a través del registro directo de la serie de
tiempo asi como los cambios que experimenta la variabilidad de la mar-
cha ante diferentes situaciones de estudio.

En relacién al tamafio de la muestra, coincidimos con otros autores
en que el tamafio muestral viene determinado por las caracteristicas
propias del estudio de investigacion®¢. En este sentido, el tamafio mues-
tral exhibido en las investigaciones revisadas y que presentan una rela-
ci6én cercana a los objetivos y planteamientos de nuestro estudio no es
muy amplio (entre 10 y 20 sujetos), situdndose nuestro caso justo en el
limite inferior. Otro aspecto fundamental que justifica nuestro niimero
de sujetos es el caracter especial de la variable dependiente estudiada, es
decir, la serie de tiempo obtenida de la marcha humana, de manera que,
en lo que coinciden la totalidad de los autores revisados es en la impor-
tancia, por encima de la cantidad de sujetos experimentales, del nimero
de datos que contenga cada una de las series temporales estudiadas, de
forma que puedan considerarse validos los resultados obtenidos con su
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aplicacién?*-*, En nuestro caso, cada una de las series obtenidas contie-
ne 1500 datos, provenientes de cada una de las situaciones experimen-
tales.

En cuanto a los resultados, el andlisis lineal convencional realizado a
través de la DE no aporta informacién pues no se produjo cambio signi-
ficativo alguno al comparar ambas situaciones (p=0,10). No nos debe
sorprender dada la limitacién que presentan las medidas lineales tradi-
cionales, pues no son capaces de detectar el comportamiento caético
intrinseco de la sefial, ni de distinguir entre incrementos de ruidos den-
tro del sistema e inherentes a la variabilidad.

En cuanto a la informacién aportada por la entropia como herra-
mienta no lineal, debemos decir que tanto la ApEn como la SampEn no
han mostrado sensibilidad a los cambios, mientras que los algoritmos
referidos a la MSE si lo han hecho.

Los valores de ApEn obtenidos por nosotros son un poco mas eleva-
dos (entre 0,5y 0,4) que los aportados por la literatura revisada'?>%6 y se
corresponden con una sefial cadtica. Sin embargo, la ApEn no sufre cam-
bios significativos al comparar las situaciones experimentales entre si.

Para la medicién de la MSE y en funcién del nimero de datos de la
serie de tiempo, el nimero de escalas fue 5. En la tabla 1 se puede ver
como los valores de ApEn son muy inferiores a los de MSE (independien-
temente de la escala), lo que parece apoyar la idea de que la ApEn no es
el mejor algoritmo matematico para analizar la entropia.

Segn los resultados del estudio, la MSE es capaz de distinguir entre
la marcha espontanea y la marcha en tapiz rodante, experimentando un
descenso significativo (tabla 1). Esto significa que el hecho de caminar
en un tapiz rodante provoca una tendencia a la periodicidad en la dina-
mica de la marcha, caracteristica que solo se ve detectada por la MSE.
Cabe resaltar también la dificultad que tiene obtener una serie temporal
con un nimero elevado de datos de la dindmica de la marcha para poder
realizar un andlisis no lineal con la MSE. En media hora de marcha en
sujetos sanos, se obtienen un total de 1500 datos. En sujetos con patolo-
gia dolorosa, puede resultar dificil.

Como conclusion, existe una pérdida de complejidad de la sefial
cuando la marcha se realiza en un tapiz rodante, reflejada en un descen-
so significativo de la MSE.
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RESUMEN

Las pruebas de valoracion “dedos planta” o sit-and-reach, son las que con mayor frecuencia, clinicos, entre-
nadores y preparadores fisico-deportivos emplean para estimar la flexibilidad de la musculatura isquiosu-
ral, Son varias las pruebas sit-and-reach descritas en la literatura cientifica, entre las que se destacan: a) el
clasico sit-and-reach test, b) el V “sit-and-reach” test, c) el back-saver sit-and-reach test, d) el “modificado
sit-and-reach test” y e) el toe-touch test. Existen ciertas diferencias entre ellas con respecto a la posicién del
sujeto (unilateral o bilateral, sedentacién o bipedestacion, posicion de la pelvis) y el equipamiento necesa-
rio (evaluado con o sin cajon de medicién, ejecutado en una camilla, banco o suelo). La eleccién de uno u
otro test va a estar en funcién de: a) la funcionalidad de su metodologia de evaluacion; b) de su fiabilidad
absoluta y relativa (intra- e interexaminador) asi como c) de su validez para la estimacion de la flexibilidad
isquiosural. Todo este conocimiento permitira a clinicos, entrenadores y profesionales del mundo de la ac-
tividad fisica disponer de informacién suficiente para adoptar un juicio de valor cientificamente justificado
sobre qué prueba de valoracién sit-and-reach utilizar para categorizar a sus deportistas-pacientes (estudio
de la validez) y/o monitorizar la eficacia de los tratamientos aplicados (estudio de la fiabilidad absoluta y
relativa) para el mantenimiento o mejora de la flexibilidad de la musculatura isquiosural. Los objetivos de
esta revision bibliografica son analizar y comparar la fiabilidad y validez de las pruebas sit-and-reach para
la estimacién de la flexibilidad de la musculatura isquiosural y lumbar.

© 2012 Revista Andaluza de Medicina del Deporte.

ABSTRACT

Reliability and validity of sit-and-reach tests: systematic review

The sit-and-reach tests are widely used for clinicians, coaches and sport scientist to estimate hamstring
flexibility. Several sit-and-reach tests have been reported in the scientific literature, such as: a) classic
sit-and-reach test, b) V sit-and-reach test, c) back-saver sit-and-reach test, d) modified sit-and-reach test
and e) toe-touch test. There are some differences regarding the subject position (uni- or bilateral, sitting or
standing, hip position) and the equipment used (measuring with or without a box, executed on the table or
floor) among sit-and-reach tests. The choice of either test will be based on: a) the functionality of assessing
methodology; b) the relative and absolute reliability (intra and inter tester); as well as c) the validity for
estimating hamstring flexibility. This knowledge will allow clinicians, coaches and physical conditioning
trainer to select an appropriate sit-and-reach test to categorize their athletes-patients (validity study) and
to monitor the efficacy of the treatment performed (relative and absolute reliability study) for maintenance
or improvement hamstring muscle flexibility. The main purposes of this systematic review are to analyze
and compare the reliability and validity of sit and reach tests for estimating hamstring and low back
flexibility.

© 2012 Revista Andaluza de Medicina del Deporte.
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Introduccién

Un elemento destacable dentro del desarrollo de las actividades fisicas y
en el ambito de la clinica es la puesta en practica de una serie de pruebas
que ofrezcan una valoracién cuantitativa valida, fiable y reproducible de
la flexibilidad de la musculatura isquiosural de un sujeto. Esta informa-
cién es esencial para la puesta en practica de programas especificos de
trabajo o su modulacién en funcién de la situacién de partida'2.

La exploracién clinica de la extensibilidad de la musculatura isquio-
sural ha sido origen de controversia, por las diferentes maniobras utiliza-
dasy por el establecimiento de los limites entre la normalidad y el grado
de cortedad?. Las pruebas de valoracién basadas en medidas longitudi-
nales, comdnmente conocidas como pruebas “distancia dedos planta” o
“sit-and-reach” (SR), son las que con mayor frecuencia, clinicos, entrena-
dores y preparadores fisico-deportivos emplean para estimar la flexibili-
dad de la musculatura isquiosural y de la espalda baja*°. De hecho, estas
pruebas han sido incluidas en numerosas baterias de tests de valoracién
de la condicidn fisica®1°. La razén principal de su gran popularidad reside
en la sencillez y rapidez de su proceso de administracion, pues consisten
en la medicion de la distancia existente entre la punta de los dedos de la
manoy el suelo o la tangente a la planta de los pies al realizar la maxima
flexion del tronco activa con rodillas extendidas.

Son varias las pruebas SR descritas en la literatura cientifica, siendo
las mas populares: a) el clasico “sit-and-reach” test" (CSR) (fig. 1), b) el V
“sit-and-reach” test® (VSR) (fig. 2), c) el back-saver “sit-and-reach” test™
(BSSR) (fig. 3), d) el modificado “sit-and-reach” test (MSR) (fig. 4); y e)
el “toe touch” test™ (TT) (fig. 5). Aunque todos implican un movimiento
global de flexién de tronco, existen ciertas diferencias entre ellos con
respecto a la posicién del sujeto (unilateral o bilateral, sedentacion o bi-
pedestacion, posicion de la pelvis) y el equipamiento necesario (evalua-
do con o sin cajén de medicién, ejecutado en una camilla, banco o sue-
lo)®. Estas diferencias en cuanto a su proceso de evaluacién confieren a
cada una de estas pruebas de valoracion una serie de ventajas e inconve-
nientes. Esta especificidad metodoldgica, unida al andli