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Full or partial functional loss of upper limb due to amputa-
tion or some diseases has a great influence on human abil-
ity to do routine tasks. 
 
Active prosthesis and orthosis helps a disabled person to 
get back after losing the function of a limb. Nowadays 
there are plenty of different prosthesis for upper and lower 
limbs. Therefore, an amputee can make a choice according 
to the desired model’s functions and price. Unfortunately, 
it is more difficult to choose an active orthosis due to lim-
ited number of models. 
 
Modern prosthesis and orthosis should correspond to dif-
ferent requirements, such as limb’s function substitution 
and its aesthetic appearance. In particular, active devices 
with a function of bioelectrical control mostly meet these 
requirements. It has an external power source and it can be 
manipulated via biological signals registered by electrode 
systems. 
 
However, the main disadvantage of using bioelectrical ac-
tive devices at present is the complexity of their control. 
Due to the fact that the number of electrode systems is of-
ten limited, problems of recognizing precise movements 
are arising, which leads to the impossibility of using small 
objects. 
 
Most modern bioelectrical active devices are controlled by 
signals of surface electromyogram. Such signals of neuro-
muscular activity, as signals of bioelectrical impedance 
and myotonic signals, are used in practice much less often. 
Despite the lower popularity these signals are quite in-
formative, and in some cases may exceed the electromyo-
gram informativity for management tasks. 
 
The aim of the study is to analyze the neuromuscular sig-
nals such as electromyogram, bioelectrical impedance and 
myotonic signals during performing isometric hand grasp-
ing with different electrode system pressing force. 

 

 

 

 

 

 

Electromyography (surface) is a non-invasive method for 
evaluating the activity of skeletal muscle tissue by record-
ing the bioelectric potential. [1] 
 
The advantage of the method is its non-invasiveness and 
ease of implementation. The disadvantage is the small am-
plitude and complexity of the interpretation of the signal 
due to its interference nature, caused by the influence of 
signals from neighboring muscles. 
 

The method allows recording the mechanical stresses re-
sulting from muscle contraction. Tension is transferred to 
the skin, resulting in an effect on the attached sensor. To 
record these oscillations, special transducers are used: 
force sensors, accelerometers [2] [3]. The disadvantage of 
the method is that the signal depends on the sensor pressure 
of the on the surface of the skin, which can be the cause of 
the occurrence of artifacts during the action. 
 

The bioimpedance signals represent the current level and 
changes of the impedance of the biological object. The 
value of tissue impedance |Z| consists of two components: 
|Z|=|Zo|+|Z(t)|, constant - |Zo| and changing over time 
function - |z(t)|. To measure the instantaneous impedance 
value high frequency alternating current passing through 
the biological object and the voltage drop is recording on 
the area. [4,5] The range of alternating current frequencies 
used in bioimpedance studies is from 1 kHz to 500 kHz, 
in industrial devices optimum is 30-100 kHz. [4] In exper-
iments was used alternating current with amplitude 1 mA 
and frequency 100 kHz (at the given frequency the active 
component of the tissue impedance predominates). 
 
With a muscle contraction, a change in the impedance oc-
curs. The change in such parameters as the thickness of 
the skin-fat layer, the cross section of muscles, the con-
ductivities and the pressing force of the electrode system 
lead to a bioimpedance value change during various ac-
tions performance. [6] 
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To conduct the investigation, the special stand for measur-
ing isometric hand grasping force with a mechanism for 
controlling the electrode system pressing force was de-
signed. 
 
Because of using two tension sensors, the grasping force 
was measured more accurately with an error less than 100g. 
Moreover, it is possible now to register system imbalances. 
Guideways usage makes it possible to customize the stand 
for functioning with different grasping degree. 
 
In spite of widely spread electromyogram usage as a con-
trol signal in bioelectrical devices, it was observed, that 
myotonic method was not less informative type of signal 
and it could be used as an alternative. The disadvantages of 
the method are electrode system thickness increase due to 
force sensor addition and calibration necessity in case of 
particular force value measurements. Because of myotonic 
method it is also possible to regulate the electrode system 
pressure on skin. 

As a result of the conducted investigation it can be con-
cluded, that myotonic method is the most accurate among 
described neuromuscular registering methods. Due to the 
electrode system pressure on skin increase, signal huge 
increment was observed with the same grasping force 
change. However, myotonic signal scatter and amplitude 
mean value also were increased in the condition without 
load. 
 
Also, it was determined that increase of electrode system 
pressure on skin didn’t have huge influence on the elec-
tromyography and bioelectrical impedance signals. In 
case of electrode system overpressure, imbalances in the 
system may appear. It causes additional problems in high 
quality signal registration. 
 
Therefore, the conducted investigation has shown, that 
electrode system location is not the only factor which 
must be taken into account while designing bioelectrical 
control of different devices. Moreover, the problem of 
necessary contact providing between an electrode system 
and skin must also be considered because it should not ex-
ceed acceptable pressure value. 
  
 
 
 
 
 
 

[1] Seward B. Electrical Impedance Myography: Background, 
Current State, and Future Directions/ Seward B. 
Rutkove//NIH Public Access, –2010.-C. 1-20. 

[2] Barry, D.T., Cole, N.M., 1990. Muscle sounds are emitted at 
the resonant frequencies of skeletal muscle. IEEE Trans. Bi-
omed. Eng. 37, 525–531 

[3] Morufu Olusola Ibitoye. Mechanomyography and muscle 
function assessment: A review of current state and prospects/ 
Morufu Olusola Ibitoye, Nur Azah Hamzaid, Jorge M. Zun-
iga, Ahmad Khairi Abdul Wahab// Clinical Biomechanics. – 
2014. –   29. – . 691– 704. 

[4] V.I. Polishuk, L.G. Terehova, Technique and methodology 
rheography and reopletizmography, (Medicine, Moscow, 
1983). 

[5] R.M. Rangayan, Analysis of biomedical signals, (FIZMAT-
LIT, Moscow, 2007). 

[6] T. Zagar and D. Krizaj "Electrical impedance of relaxed and 
contracted skeletal muscle", Hermann Scharfetter, Robert 
Merva (Eds.): ICEBI 2007, IFMBE Proceedings 17 (2007). 

[7] A.N. Briko, A.V. Kobelev, S.I. Shchukin " Determining com-
mitted action type by dual-channel phase rheogram portrait 
for bioelectric forearm prosthetics", Proceedings of the 12th 
Russian-German-Conference on Biomedical Engineering 
(2016). 

[8] M.V. Markova, A.N. Briko, A.V. Kobelev, S.I. Shchukin 
"Evaluation of informative parameters of the EMG signal for 
controlling of prosthetic arm in real time", Proceedings of the 
11th German-Russian-Conference on Biomedical Engineer-
ing (2015). 

[9] Y.L. Slavucky, Physiological aspects of bioelectric control of 
prostheses (Medicine, Moscow, 1982).  

 

International Journal of Bioelectromagnetism
Vol. 20, No. 1, 2018

31


