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INTRODUCTION
Eletromiography (EMG) is the study of the muscular function through the electric signal sent by the muscle 

(Basmalian & DeLuca, 1985). The Surface Electromiography Technique has been broadly used in the search of quantification 
of the total amount of the potentials of muscle action, represented by the amplitude of the EMG signal and by its correlations to 
the process of muscle strength generation (DeLuca, 1997; Kollmitzer et al., 1999).

It is well known that the amplitude of the EMG signal is related to a certain extent to the strength that the muscle can 
produce. The characteristic of this relationship between strength x EMG is not completely understood. Moritani and DeVries 
(1978); Woods and Bigland  Ritchie (1982); Lawrence and De Luca (1983); Narici et al. (1996) and Sbricolli et al. (2003), 
registered a linear correlation between the values of the amplitude of the EMG signal and the isometric strength of muscles 
such as the biceps brachii, the vastus lateralis, the soleous among others. On the other hand, Wood & Bigland-Richtie (1982) 
and Lawrence & DeLuca (1983) identified a curvilinear relationship to muscles such as the triceps brachii and the deltoid. So, it 
seems that the characteristic of the existing relationship between the amplitude of the EMG signal and the strength is directly 
dependent on the evaluated muscle.

Considering the existing relationship between the strength and the EMG signal, several authors started to use the 
Surface Electromiography technique to the study of neuromuscular adaptations, during a period of strength training (Häkkinen 
et al., 1998a; Häkkinen et al., 1998b). Once the amplitude of the EMG signal is determined by the frequency of muscular 
activation and by the number of recruited motor units, the increase in the amplitude of the EMG signal after training might 
suggest the existence of neural adaptations occurred with the training (Häkkinen et al., 2000). However, the validity of this 
analysis is widely disputed due to some limitations of the technique, which would make the reproducibility of the EMG signal 
difficult (DeLuca, 1997).

That being so, the objective of this study was to verify the possibility of reproducing the EMG signal during 
maximum and submaximum isometric actions of the knee extensors in the vastus lateralis (VL) of the right thigh.

MATERIALS AND METHODS
Subjects
Three young physically active individuals, 20, 22 and 25 years of age, without skeletal-muscle limitations, currently 

studying at the Physical Education School of the Federal University of Rio Grande do Sul (UFRGS) were invited to take part in 
the study.

Preparation of the individuals
In a first moment, the individuals were gathered in the Laboratory of Research in Exercise at UFRGS where the 

experimental procedures were explained and doubts were solved. 
Later on, in order to acquire the EMG signal, shaving and cleaning the skin with cotton moisted in alcohol gel was 

necessary for the applying of the electrodes. The surface electrodes were then positioned in bipolar configuration, 
longitudinally to the direction of the muscular fibers, in the venter of the vastus lateralis towards the muscular fibers, according 
to the recommendation proposed by Basmajian & DeLuca (1997) and Pincivero et al. (2001). The distance between the 
electrodes is set in 2cm, typical of the model of electrode used (NORAXON, model # 242) and, between the two samples, the 
impedance level between the electrodes was measured, controlled and kept below 3,000 Ohms (Narici et al., 1989), trough 
the verification made by a multimeter. A reference electrode was put on the front face of the tibia. The position of the electrodes 
was marked in the skin with a marker for retroprojector in order to assure the same position of the electrodes between the two 
samples (Häkkinen et al., 1983).

Isometric Protocol
After the preparation and positioning of the electrodes, each individual warmed-up using a bicycle ergometer, with 

light intensity during 5 minutes. Then they went to the chair of the isokinetics dynamometer where they were attached by bands 
that crossed their torax and pelvis. Hips and knees stayed in angles of 110 and 107 degrees respectively (Häkkinen et al, 2000) 
and the knee articulation was lined with the rotation axis of the dynamometer. In the protocol, similar to the one used by Moritan 
& DeVries (1979) and Rabita et al. (2000), 3 maximum voluntary contractions were performed (MVCs) each one being of 3 
seconds.

The MVC with the highest torque peak was used to calculate the different percentages of the submaximum 
isometric strength (20, 40, 60 and 80% of CVM) which were lately executed for 4 seconds and kept through the visual 
feedback, given by an oscilloscope. Between each MVC and among the four submaximum contractions 2 minutes' break 
periods were made to avoid muscle fatigue effects. The same protocol was executed 48 hours after the first acquisition to verify 
the reproducibility of the signal.

The torque (Nm) of the knee extensors muscles was obtained through the values registered by the dynamometer 
and transmitted simultaneously to the EMG signal collected by the electromiographer, to the CODAS program of data 
acquisition and to the oscilloscope in order to make the visualization of the different percentages of the MVC possible. The 
acquisition of the torque curves (EMG ) was made using a sampling frequency of 2.000 Hz (DeLuca, 1997) and specifically to vlat

the signal EMG gains ranging between 1.000 and 2.000 K were used.
Treatment of the torque data
In each evaluation, the torque curves and the signal EMG of the VL muscle were saved in a continuous file. After the 

samples were gathered, the different percentages of the isometric strength were identified through the plateaus produced 
during the protocol. Immediately, each percentage was classified in order to produce independent files (ex : 20, 40, 60, 80% 
and MVC) for later analysis in the SAD2(32bits) 2.61.05 mp data acquisition system elaborated in the Laboratory of Mechanic 
Measurements at the UFRGS. After the classification the five files of each individual were imported in the SAD2 data 

thacquisition system for the processing of the curves. So, the torque curves were filtered with a butterworth filter of 9  order with 
cut off frequencies ranging from 0 to 9 Hz.

The torque curves preserved the unit used in their acquisition, in this case, volts (V). So, after the filtering process in 
the file with maximum torque, it was identified the point of maximum torque production, in order to calculate the values of the 
curves that should be used as reference  for the classification of the EMG signals of the VL muscle in the respective 
percentages of the MVC (20, 40, 60 and 80%).
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EMG Signal analysis
After the import of the curves in the SAD2 data acquisition system, the following treatment of the EMG signal was 

performed: (1) removal of the continuous components, (2) removal of the gains used in the acquisition process, (3) filtering of 
ththe signal with a filter of butterworth of 5  order and cut off frequencies ranging from 20 to 500 Hz, (4) filtering of the signal with a 

filter via FFT of the kind “removes automatic peaks”, with average bandwidth and ratio of 30 and 2 respectively, (5) 
identification, in the EMG, of the corresponding place to the torque curve equivalent to the level of effort made, (6) generation 
of windows with 1 second in the EMG signal in the point previously identified, (7) generation of “envelopes” root mean square 
(rms) with gaps of 50 ms, in windows previously created and (8) identification of the average values of each “envelope” RMS, 
that were used as representative values of each EMG curve, in the different levels of voluntary effort. The filtering procedures 
follow the proposed recommendation by DeLuca (1997), while the classifying and quantification were similar to the ones used 
by Pincivero et al. (2001).

Statistical Analysis
A statistical package SPSS version 11.0 was used for data comparison. Descriptive statistics was also used. The 

normality and homogeneity were analyzed through tests of Shapiro-Wilk and Levene respectively. The reliability of the signal 
was proved to be true with the test of Pearson intra-class correlation, and the level of significance was considered  p < 0.05.

RESULTS
Table 1 presents the values rmsEMG obtained by the different individuals with the respective levels of isometric 

effort required in the first and in the second sampling.

Table 1  Values rmsEMG on the different days of sampling (1 and 2) obtained from the different individuals (1, 2 and 
3) in the respective levels of required isometric effort (MVC, 80, 60, 40 and 20%)

Figure 1 shows the existence of a high correlation (r = 0.972, p > 0.01) among rms values of the EMG signal of the 
VL muscle obtained in the 2 evaluations.

Figure 1  values rms (mV) of the electromiographic signal of the VL muscle, obtained in the first (EMG1) and in the 
second (EMG2) evaluation.

DISCUSSION
Reported data about the reproducibility of the EMG signal are controversial when small gaps between test and re-

test have been accessed (Thorstensson et al., 1977). The results obtained in the present study suggest the possibility of 
reproducing the EMG signal of the VL muscle with great reliability in short gaps between one sampling and the other one. 
Moritan & DeVries (1978) in similar methodological approach had registered good reproducibility of the EMG signal (r = 0.998; 
p < 0.001), in the biceps brachii muscle in young men and women. Later on, analyzing the effects of strength training about 
neural adaptation of the individuals, Hartobágyi et al. (1996) verified the reproducibility of the EMG signal in the vastus lateralis 
muscle in young Caucasian people. This author found a high correlation (r = 0.96) among the acquisitions performed, however 
the study does not show the protocol used.

Although evidences that the EMG signal can be reproducible in different acquisitions, in a recent study Kolmitzer et 
al. (1998), verified that different gaps of time among the acquisitions could influence the reliability of the signal of the rectus 
femoris muscle. When the gap of time among the samplings was just 3 minutes, the presented correlation was too high (r = 
0.999). After a 90-minute gap the correlation kept high (r = 0.945). However, when the gap among the samplings was of six 
weeks, although the correlation had kept high (r = 0.871) it was significantly smaller when compared to the previous 
correlations. That's why caution is suggested while analyzing the amplitude of the EMG signal in acquisitions made with long 
gaps of time. In this case some care must be taken concerning the positioning of the electrodes, mainly in studies that evaluate 
the rehabilitation or the muscular training, once long periods of time between the test and the re-test are necessary.
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 rmsEMG 1 values 
(mV) 

rmsEMG 2 values 
(mV) 

 

MVC 0.39 0.38 
MVC 0.39 0.4 
MVC 0.49 0.48 
80% 0.34 0.3 
80% 0.26 0.35 
80% 0.33 0.35 
60% 0.25 0.2 
60% 0.21 0.23 
60% 0.24 0.26 
40% 0.14 0.13 
40% 0.11 0.14 
40% 0.13 0.15 
20% 0.06 0.05 
20% 0.07 0.07 
20% 0.07 0.08 
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CONCLUSION
The reliability of the EMG signal in the vastus lateralis muscle in maximum and submaximum levels of voluntary 

isometric effort seems feasible in short periods among different acquisitions. This could make its use possible in investigations 
that aim at comparing the amplitude of this signal in different occasions. However longer periods among the acquisitions of the 
EMG signal must be analysed cautiously once its reproducibility tends to be smaller.
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ELECTROMIOGRAPHIC SIGNAL RELIABILITY ANALYSIS DURING MAXIMUM AND SUBMAXIMUM KNEE 
ISOMETRIC ACTIONS

ABSTRACT: The amplitude of the Eletromiographic signal (EMG) has been used to correlate the motor units to its 
strength production, during a training period. The validity of this mensuration is disputed due to some limitations of the Surface 
Eletromiography techniques, which could lead to the difficulty in reproducing the EMG signal in different acquisitions. 
Therefore the objective of this paper was to verify the reliability of the amplitude of the EMG signal of the vastus lateralis muscle 
(VL) in the right thigh, in different occasions, during maximum and submaximum knee extensors isometric actions. Three 
people performed the following protocol: execution of 3 maximum voluntary isometric contractions (MVCs) during 3s each, 
with later execution of submaximum actions (20, 40, 60 and 80% of the MVC), calculated considering the MVC of the highest 
torque peak. Each submaximum contraction (SC) lasted 4s and was kept through a visual feedback (oscilloscope). Between 
each MVC and among the SC a 2min gap was given. Parallel to the actions, EMG signal of the VL muscle was obtained 
through the surface electrodes put on the muscle venter longitudinally to the direction of the fibers. A reference electrode was 
positioned in the tuberosity of the tibia. To attest the same position among the sampling the site of the electrodes was marked 
with a pen for retroprojector. The same protocol was performed after 48hs for reliability analysis. Such analysis was made 
through Pearson correlation, with significance p < 0.05. After signal processing and comparison of root mean square values, 
obtained in the test and re-test, it was found a high correlation among these values (r = 0.972, p < 0.01). These results suggest 
the reliability of the EMG signal, which would make its usage available for investigations that aim at comparing its amplitude in 
acquisitions performed in different occasions.

Key words: Electromiography, reliability, isometric actions.

ANALYSE DE LA REPRODUCTIBILITÉ DU SIGNAL ÉLECTROMIOGRÁPHIQUE PENDANT LES ACTIONS 
ISOMETRIQUES MAXIMALES ET MINIMALES DES EXTENSEURS DU GENOU 

RESUME: L'amplitude du signal électromyographique (EMG) a été utilisée pour relier l'activitée des unités 
motrices avec sa production de force, pendant une période d'entraînement. La validité de ces mesures est discutée en 
fonction de quelques limitations techniques, de l'électromyographie de surface, ce qui occasionait cette difficulté à reproduire 
le signal EMG dans diverses acquisitions. Ainsi le but de l'étude a été de vérifier la reproductibilité de l'amplitude du signal 
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EMG du muscle vaste latéral (VL) de la cuisse droite dans différentes occasions, pendant des actions isometriques 
maximales et minimales des extenseurs du genou. Trois personnes ont fait le protocole suivant: exécution de 3 contractions 
volontaires isometriques maximales (CVMs), de 3s chacune, avec exécution posterieur de contractions minimales ( 20,40,60 
et 80% de la CVM), calculées à partir de la CVM du meilleur point de reprise. Chaque contraction minimale (CS) de 4s e a été 
maintenue par un feedback visuel (oscilloscope). Entre chaque CVM et entre les CS ont été donnés 2 min. d'intervalle. 
Parallèlement aux contractions, le signal EMG du muscle VL a été obtenu par des électrodes de surface mises sur le ventre du 
muscle, d'une façon longitudinale par rapport à la direction des fibres. Une électrode de référence a été mise dans la tubercule 
du tibia. Pour assurer le même positionnement entre les collectes d'informations, la place des électrodes a été marquée avec 
un stylo de type « rétroprojecteur ». Le même protocole de test a été realisé 48h après pour une analyse de reproductibilité. 
Cette analyse a été réalisée à travers la correlation de Pearson pour un indice de signification p < 0,05. Après le traitement du 
signal et avoir composé leurs valeurs root mean square on a obtenu au test et à la vérification du test, on a noté une haute forte 
correlation entre ces valeurs (r = 0,972, p < 0,01). Ces résultats suggérent la reproductibilité du signal EMG, ce qui rendait 
possible son utilisation dans investigations qui visent la comparation d'une amplitude en acquisitions réalisées dans 
différentes occasions.

Mots clefs : électromyographie, reproductibilité, actions isometriques.

ANÁLISIS DE LA REPRODUCIBILIDAD DEL SINAL ELETROMIOGRÁFICO DURANTE CONTRACCIONES 
ISOMÉTRICAS MÁXIMAS Y SUBMÁXIMAS DE LOS EXTENSORES DE LA RODILLA.

RESUME: La amplitud del sinal eletromiográfico (EMG) ha sido utilizada para relacionar la activación de las 
unidades motoras con su producción de fuerza, durante un período de entrenamiento. La validad de esas mensuraciones es 
discutida debido algunas limitaciones en la técnica de la eletromiografia de superficie, que generan dificultad de reproducir el 
sinal EMG en diferentes adquisiciones. El objetivo del estudio fue verificar la reproducibilidad de la amplitud del sinal EMG del 
músculo vasto lateral (VL) del muslo derecho, en distintas ocasiones, durante contracciones isométricas máximas y 
submáximas, de los extensores de la rodilla. Tres individuos realizaron el siguiente protocolo: ejecución de 3 contracciones 
voluntarias isométricas máximas (CVMs), durante 3s cada, con posterior ejecución de contracciones submáximas (20, 40, 60 
y 80% de la CVM), calculadas a partir de la CVM de mayor pico de torque. Cada contracción submáxima (CS) tuvo duración 
de 4s e fue mantenida a través de un feedback visual (osciloscopio). Entre cada CVM y entre las CS fueron ministrados 2min 
de intervalo. Paralelamente a las contracciones, el sinal EMG del músculo VL fue obtenido a través de electrodos de 
superficie colocados nel vientre muscular, longitudinal a la dirección de las fibras. Un electrodo de resistencia fue posicionado 
en la tuberosidad de la tibia. Para certificar-se del mismo posicionamiento entre las coletas, el local de los electrodos fue 
marcado con un pincel de tinta tipo “retroproyector”. El mismo protocolo de teste fue realizado después de 48 horas para 
análisis de la reproducibilidad. Esa análisis fue realizada a través de la correlación de Pearson, con significância, p < 0,05. 
Después del procesamiento del sinal y comparación de los valores root mean square, obtenidos en el teste y re-teste, verifico-
se alta correlación entre esos valores (r = 0,972, p < 0,01). Estes resultados sugieren la reproducibilidad del sinal EMG, lo que 
posibilitaría su utilización en investigaciones que visen la comparación de su amplitud en adquisiciones realizadas en 
diferentes ocasiones.

Palavras Claves: Eletromiografia, reproducibilidad, contracciones isométrica.

ANÁLISE DA REPRODUTIBILIDADE DO SINAL ELETROMIOGRÁFICO DURANTE AÇÕES ISOMÉTRICAS 
MÁXIMAS E SUBMÁXIMAS DOS EXTENSORES DO JOELHO 

RESUMO: A amplitude do sinal eletromiográfico (EMG) tem sido utilizada para relacionar a ativação das unidades 
motoras com sua produção de força, durante um período de treinamento. A validade dessas mensurações é discutida devido 
algumas limitações da técnica, da eletromiografia de superfície, que acarretariam na dificuldade de reproduzir o sinal EMG, 
em diferentes aquisições. Assim, o objetivo do estudo foi verificar a reprodutibilidade da amplitude do sinal EMG do músculo 
vasto lateral (VL) da coxa direita, em diferentes ocasiões, durante ações isométricas máximas e submáximas, dos extensores 
do joelho. Três indivíduos realizaram o seguinte protocolo: execução de 3 contrações voluntárias isométricas máximas 
(CVMs), durante 3s cada, com posterior execução de contrações submáximas (20, 40, 60 e 80% da CVM), calculadas a partir 
da CVM de maior pico de torque. Cada contração submáxima (CS), teve a duração de 4s e foi mantida através de um 
feedback visual (osciloscópio). Entre cada CVM e entre as CS foram ministrados 2min de intervalo. Paralelamente às 
contrações, o sinal EMG do músculo VL foi obtido através de eletrodos de superfície colocados no ventre muscular, 
longitudinalmente à direção das fibras. Um eletrodo de referência foi posicionado na tuberosidade da tíbia. Para certificar o 
mesmo posicionamento entre as coletas, o local dos eletrodos foi marcado com caneta tipo “retroprojetor”. O mesmo 
protocolo de teste foi realizado após 48hs para análise da reprodutibilidade. Tal análise foi realizada através da correlação de 
Pearson, com significância, p < 0,05. Após o processamento do sinal e comparação dos seus valores root mean square, 
obtidos no teste e re-teste, verificou-se uma alta correlação entre esses valores (r = 0,972, p < 0,01). Esses resultados 
sugerem a reprodutibilidade do sinal EMG, o que possibilitaria a sua utilização em investigações que visem à comparação de 
sua amplitude em aquisições realizadas em diferentes ocasiões. 

Palavras Chave: Eletromiografia, reprodutibilidade, ações isométricas.
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