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SUMMARY
The purpose of this study was to test a capacitive coupling of a 
charge  amplifier  measuring  the  current  that  is  necessary  to 
balance  the  currents  creating  the  EMG  potential.  The 
capacitive  coupling  create  a  condition  whereby  no  charges 
from the measuring device will  penetrate the body nor will 
there be charges or ions leaving the body.
Five  Ag/AgCl electrodes were placed  on the  gastrocnemius 
lateralis muscle. Four electrodes were connected to monopolar 
EMG amplifiers. One electrode was placed on a plastic film 
and was pressed onto the skin. This electrode was connected 
to a charge amplifier measuring the EMG current. The EMG 
signals,  potential  or  current,  were  compared  computing  the 
mutual  coherence.  The  observed  coherence  of  the  EMG 
current and the EMG potential was large. This proved that a 
charge amplifier cannot only measure the EMG current when 
connected directly to the skin but also when connected via a 
capacitance. EMG current can be used to monitor the muscle 
activity. 

INTRODUCTION
Electromyographic  signals  (EMG  signals)  that  reveal  the 
muscular activity of a subject are usually measured by sensing 
the EMG potential  at  the surface of  the skin.  The potential 
results from the sodium and potassium currents that penetrate 
and are released from the muscle fibers upon activation. These 
ions generate an electrochemical  potential  in the connective 
tissue. The ions that end up at the surface of the skin create a 
measurable  electrical  EMG  potential.  The  charges  can  be 
measured  contactless  using  amplifiers  with  very  high  input 
impedance  [1,  2].  In  this  case  the  input  acts  more  like  an 
antenna sensing the EMG potential. This has the disadvantage 
that it  requires an occasional discharge of the electrode [2]. 
This  setup  is  very  sensitive  but  is  also  very  vulnerable  by 
potentials that do not have EMG signals as the source, which 
are often present in laboratory environments (the worst being 
the line frequency).
In the present study, the electric charges are compensated by 
an equivalent current going through the feed-back resistor of 
500kΩ or higher  (Figure 1).  The electrode  never  has  to  be 
discharged by a switch. In this setup, the cable capacitance, 
the amplifier input capacitance, etc. are virtually grounded and 
they have little influence on the output signal. In both setups 
the electrodes are not in direct electrical contact with the skin.
The purpose of this study was to test a capacitive coupling of a 
charge  amplifier  measuring  the  current  by  balancing  the 
currents creating the EMG potential. The capacitive coupling 
will  create  a  condition  whereby  no  charges  from  the 
measuring device  will  penetrate  the  body nor will  there  be 
charges or ions leaving the body. We believe it will be very 
important  in  future  EMG  measurements  to  control  the 
coupling.

METHODS
Three  subjects  participated  in  this  study.  Five  electrodes 
(quinta electrode array) were placed on the distal compartment 
of the gastrocnemius lateralis muscle. One Ag/AgCl electrode 
out  of  five  was  placed  in  the  center  of  the  muscle 
compartment; the four others were placed at a distance of 20 
mm in the proximal, distal medial and lateral direction. The 
four peripheral electrodes were always connected to amplifiers 
measuring  the  EMG  potential.  The  center  electrode  was 
connected to an amplifier measuring the EMG potential. The 
central  electrode  was  replaced  by  an  identical  Ag/AgCl 
electrode but with a plastic foil under the electrode preventing 
the Ag/AgCl touching the skin. The electrode was fixed with 
tape  and  a  bandage  around  the  leg.  The  electrode  was 
connected to the charge amplifier (Figure 1). EMG potential 
and EMG current were sampled at 2400 Hz and recorded on a 
laptop computer.

Figure 1:  Schematics of the capacitive coupling of the skin 
surface to  the charge  amplifier  measuring the EMG current 
fluctuations against the reference potential. 

The subjects were positioned in front of the work bench and 
were holding onto the bench top. The gastrocnemius lateralis 
was activated through a non-maximal contraction, lifting the 
heel 10 mm of the ground while pushing against  the bench 
top. Each trial lasted about 4 s and was repeated five times. 
During the first five trials the EMG potential was measured by 
all electrodes, in the second five trials the EMG current was 
measured  by the  central  electrode while the  EMG potential 
was measured by the surrounding four electrodes.  All EMG 
signals were low pass filtered with a cutoff frequency at 390 
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Hz, to avoid high frequency noise. The EMG signals were first 
visually compared. The similarity in the shape of the EMG 
signals was analytically assessed by computing the coherence 
and phase shift between the center electrode and the peripheral 
electrodes. This measure does not depend on the amplitude of 
the signals. The coherence was computed for a period of 3.41s 
subdividing  the  signal  into  16  sub-sequences  of  512  points 
each. The mean coherence was computed in the range between 
100  and  250  Hz.  It  was  used  to  compare  EMG  signals 
(potential and current).  

RESULTS
EMG signals visibly showed a high correlation (Figure 2). A 
typical example of the coherence between an EMG potential 
and an EMG current measurement is shown (Figure 3).

Figure 2: EMG signals recorded on two electrodes separated 
by 20 mm. Upper trace represents EMG current measured at 
the central electrode (measuring the current), lower trace EMG 
potential  measured at  the proximal electrode (measuring the 
potential).

Figure 3: Coherence between the EMG current measured at 
the central electrode and the EMG potential measured at the 
proximal electrode. Coherence values above the solid line are 
non-random at a level of confidence of 95%.

The coherence typically showed the highest values between 50 
and  120 Hz.  Above 100 Hz,  coherence  either  decreased  or 
shows  a  dip  between  150  and  200  Hz  (Figure  3)  but  was 
always  above  the  statistical  limit.  There  was  no  detectable 
phase shift between the signals at frequencies above 100 Hz. 
The mean coherence values averaged across trials were always 
significant ( > 0.18) and were in the range 0.4 to 0.9 for both, 
EMG potential versus EMG potential or EMG potential versus 
EMG current.  The standard deviation of one subject’s  trials 
was  always  smaller  than  0.1.  There  was  no  significant 
difference  of  the  coherence  between  EMG potential  versus 
EMG  potential  or  EMG  potential  versus  EMG  current 
measurements.

DISCUSSION
The  results  (Figure  2)  prove  that  one  can  use  a  charge 
amplifier to measure the EMG current when the amplifier is 
connected by a capacitance to the skin. Thus there is no direct 
contact between the skin and the amplifier. The charges on the 
skin, the ions, will remain on the side of the skin and cannot 
cross the plastic film separating the actual electrode from the 
skin.  Thus  a  contactless  measurement  of  an  EMG  signal 
cannot  only  be  made  by  an  amplifier  with  a  high  input 
impedance [1, 2] but also with a current amplifier, which has 
zero  input  impedance.  The  observed  coherence  represent  a 
proof of concept that an EMG signal can be obtained by this 
contactless  setup  of  the  electrodes.  Future  studies  will  be 
needed to optimize the separating material and the connecting 
electrode.
This work is a preliminary study and all the properties of the 
EMG current measurement have not been studied yet. From an 
electronic point of view, it is foreseeable that the information 
obtained by a current amplifier,  whether directly coupled or 
capacitively  coupled,  will  yield  additional  information.  For 
instance, if the capacitance is small a potential will build up 
over the skin. The potential allows currents to flow away from 
the site laterally, for instance towards other electrodes.  If the 
capacitance is large, or the coupling is direct, no potential will 
build up. If the potential is clamped to the long term mean skin 
potential  then we can expect much less lateral  currents and 
thus less cross talk.  We hypothesize that  the measurements 
will  depend  on  the  potentials  surrounding  the  measuring 
electrodes.  Therefore  we  expect  obtaining  a  high  spatial 
resolution using current amplifiers in one or the other setup.

CONCLUSIONS
In  contrast  to  previous  contactless  measurements  [1,  2]  we 
have shown an alternative electronic setup using a standard 
current  to  voltage  converter.  Thus  the  charges  reaching  the 
skin  surface  get  balanced  by  a  compensating  current.  The 
application can be  used for  sensing any biomedical  electric 
charge fluctuations. 
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