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INTRODUCTION 
In out-of-laboratory settings the surface EMG measurements 
are complicated by the requirement of careful electrode 
placement and skin preparation. The development of 
washable textile electrodes that can be sowed into sportswear 
enable muscle activity recordings during normal locomotion 
without skin preparation and the problem of wires hanging 
around the body [1]. In this study we performed validity, 
reliability and feasibility tests of the textile electrodes 
embedded into shorts against the traditional bipolar surface 
electrodes. 
 
METHODS 
A total of 50 healthy volunteers aged 20-48 year-old 
participated in this study. Validation study (n=20) compared 
the outcome from bipolar textile electrodes and traditional 
bipolar surface electrodes in the quadriceps muscles using 
two different positioning for the traditional electrodes 
(according to SENIAM [2] and exactly under the textile 
electrodes). Reliability was tested by measuring within- 
session repeatability (short-term precision, n=10) and 
day-to-day repeatability (long-term precision, n=8) of the 
electrodes. All of these tests were performed in a seated 
position in a knee extension device with a force transducer 
attached to the lever arm at the ankle. Different isometric 
torque levels at 120° knee joint angle were used. Average 
values from torque and EMG signals were calculated from 1 
s period at the time of constant torque production. Feasibility 
of the textile 
electrodes was 
assessed by mea- 
suring EMG dur- 
ing maximum 
oxygen consump- 
tion (VO2max) test 
on a treadmill 
(n=28). 
Figure 1. Shorts 
with textile 
electrodes. 
 
RESULTS AND DISCUSSION 
Bland-Altman plots showed good agreement between the 
textile and traditional electrode aEMG demonstrating that the 
textile electrodes provide similar information of muscle 
activity as traditional electrodes (Fig.1). The within-session 

CV ranged from 13 to 21% in both the textile and traditional 
electrodes. The day-to-day CV was smaller ranging from 4 to 
11% for the textile electrodes (Table 1). In the feasibility 
study we did not encounter any problems in 64,3% of the 
recordings and the signal quality was good. Majority of the 
problems were due to due to loss of contact between skin and 
the electrode partly because of the individual difference in 
the thigh size. 
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Figure 2. Bland-Altman plot from the left leg when EMG 
was measured with textile and traditional electrodes 
 
CONCLUSIONS 
The shorts with embedded textile electrodes is a valid 
method to measure muscle activities in isometric condition, 
and is feasible in the field conditions. The textile electrodes 
provide similar or even better reproducibility as the 
traditional bipolar surface electrodes with precision error 
between 4 and 17%. The textile electrodes embedded into 
cloths can be easily and safely used for athletes and patients 
in the field conditions with a module that wirelessly transmits 
data to a wrist top computer to be visualized in real-time. 
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Table 1: Coefficient of variation (CV%=RMS SEE/mean*100%) of day-to-day repeatability of the textile electrodes over 5 
consecutive days. R=right leg, L=left leg, EMG/T= EMG-torque ratio. Three absolute force levels 1-3 were measured. 

 

Force 
level 

R Torque  L Torque  R EMG  L EMG  R EMG/T  L EMG/T  

1 6.3 9.5 10.8 17.0 6.1 9.1 
2 4.2 9.8 10.7 15.9 3.9 9.9 
3 4.6 7.3 12.3 15.3 11.1 11.1 


