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ɸʥʥʦʪʘʮʠʷ. ɹʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ  ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʦʩʥʦʚ-

ʥʳʤʠ ʩʠʤʧʪʦʤʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʪʨʝʤʦʨ ʧʦʢʦʷ, ʨʠʛʠʜʥʦʩʪʴ, ʙʨʘʜʠʢʠʥʝʟʠʷ ʠ ʧʦʩʪʫʨʘʣʴʥʘʷ ʥʝʫʩʪʦʡ-

ʯʠʚʦʩʪʴ. ʆʮʝʥʢʘ ʪʷʞʝʩʪʠ ʤʦʪʦʨʥʳʭ ʩʠʤʧʪʦʤʦʚ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʰʢʘʣʝ MDS-UPDRS III, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʝ ʚʨʘʯʘ-ʥʝʚʨʦʣʦʛʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʜʠʥ ʠʟ 

ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ - ʧʨʠʚʣʝʯʝʥʠʝ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʢʘʢ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʷ (sEMG). ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʦʠʩʢ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʠʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʘʪʪʝʨʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʪʷʞʝʩʪʠ ʩʠʤʧʪʦʤʦʚ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝ-

ʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʣʦ ʫʯʘʩʪʠʝ 8 ʧʘʮʠʝʥʪʦʚ ʩ ʙʦʣʝʟʥʴ ʁʇʘʨʢʠʥʩʦʥʘ , 

ʪ̫ʞʝʩʪʴ ʩʦʩʪʦʷʥʠʷ ʢʦʪʦʨʳʭ ʧʦ ʍʝʥʫ ʠ ʗʨʫ ʩʦʩʪʘʚʣʷʝʪ 2ï3 ʩʪʘʜʠʠ. ʇʨʦʠʟʚʦʜʠʣʘʩʴ ʟʘʧʠʩʴ sEMG ʚʦ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ ʠʩʧʳʪʫʝʤʳʤʠ ʪʝʩʪʦʚ 3.4 çʧʦʩʪʫʢʠʚʘʥʠʝ ʧʘʣʴʮʘʤʠè ʠ 3.5 çʢʠʩʪʝʚʳʝ ʜʚʠʞʝʥʠʷè ʰʢʘʣʳ MDS-

UPDRS. ʊʝʩʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʜʚʘʞʜʳ ʜʦ ʠ ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʧʨʝʧʘʨʘʪʘ ʣʝʚʦʜʦʧʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʘʪʪʝʨʥʦʚ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʪʦʨʥʳʭ ʬʫʥʢʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʝʩʪʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʧʠʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ sEMG, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʣʘ ʤʦʤʝʥʪʳ ʘʢʪʠʚʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʛʨʫʧʧ ʤʳʰʮ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʨʝʘʣʠʟʘʮʠʶ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʣʦʩʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ sEMG ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺ 

ʪʝʩʪʘʭ çʧʦʩʪʫʢʠʚʘʥʠʝ ʧʘʣʴʮʘʤʠè ʠ çʢʠʩʪʝʚʳʝ ʜʚʠʞʝʥʠʷè ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝ ʧʠʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ L-DOPA, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʩʥʠʞʝʥʠʠ ʙʨʘʜʠʢʠʥʝʟʠʠ. ɼʘʥʥʳʝ ʤʝʪʨʠʢʠ ʯʘʩʪʠʯʥʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʦʮʝʥʦʢ ʢʣʠʥʠʮʠʩʪʦʚ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʶʪ ʩʭʦʞʝʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʜʝʣʴʶ 

ʦʮʝʥʢʠ UPDRS ʩ ʦʮʝʥʢʘʤʠ ʚʨʘʯʝʡ. ɿʘʢʣʶʯʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ sEMG ʠ ʪʘʢʠʭ ʤʝʪʨʠʢ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʤʝʥʪʘʤ ʘʢʪʠʚʘʮʠʠ 

ʤʳʰʮ, ʠ ʩʨʝʜʥʠʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʥʘʡʜʝʥʥʳʤʠ ʧʠʢʘʤʠ ʜʣʷ ʦʮʝʥʢʠ ʙʨʘʜʠʢʠʥʝʟʠʠ. 
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Abstract. Parkinsonôs disease is a widespread neurodegenerative disease whose main symptoms include 

resting tremor, rigidity, bradykinesia and postural instability. The severity of motor symptoms is assessed by 

MDS-UPDRS III scale based on the subjective evaluation by the neurologist, which causes difficulties in the 

results interpretation. One of the possible solutions is to use instrumental methods, such as surface electromyog-

raphy, for diagnostics (sEMG). Purpose of the research was to find the specific myographical patterns allowing 

to evaluate the severity degree of Parkinsonôs disease symptoms. Materials and methods of the research. The 

study involved 8 patients with Parkinsonôs disease at 2nd-3rd stages according to the Hoehn-Yahr scale. While 

the subjects were performing 3.5 ñfinger knockingò and 3.5 ñhand movementsò MDS-UPDRS scale tests, sEMG 

was being recorded. The tests were performed twice: before and after taking levodopa medicine to reveal the 

patterns indicating the change in the motor functions. Results and their discussion. While performing the tests, a 

peak activity of  sEMG signal was noticed, which reflected the activation moments of certain muscle groups in-

volved in movements. To describe the peak activity, the total number of the highest sEMG signal extremums and 
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the distances between them were used. The ñfinger knockingò and ñhand movement testsò revealed the increase 

of peak activity after taking L-DOPA medicine, which indicated a bradykinesia. These metrics are partly corre-

lated with the changes of cliniciansô evaluation as well as increase the similarity between the prognosis using 

UPDRS evaluation model and doctorsô evaluation. Conclusion. The obtained results reveal the effectiveness of 

using sEMG as well as metrics, such as quantity of peaks, corresponding the moments of muscle activation and 

the average time interval between the found peaks to assess the bradykinesia. 

Key words: Parkinsonôs disease, electromyography, bradykinesia, L-DOPA, UPDRS 

 

ɺʚʝʜʝʥʠʝ. 
ɹʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ (ɹʇ) ï ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘ-

ʥʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʶʱʝʝʩʷ ʫ ʧʦʞʠʣʳʭ ʣʶʜʝʡ [13]. ʆʩʥʦʚʥʳʤʠ ʩʠʤʧʪʦʤʘʤʠ ɹʇ ʷʚʣʷʶʪʩʷ 

ʪʘʢʠʝ ʜʚʠʛʘʪʝʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʢʘʢ ʨʠʛʠʜʥʦʩʪʴ, ʪʨʝʤʦʨ ʧʦʢʦʷ, ʙʨʘʜʠʢʠʥʝʟʠʷ ʠ ʧʦʩʪʫʨʘʣʴʥʘʷ ʥʝʫʩʪʦʡʯʠ-

ʚʦʩʪʴ [10]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʣʝʢʘʨʩʪʚʘ, ʦʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʜʝʛʝʥʝʨʘʮʠʶ ʥʝʡʨʦʥʦʚ ʧʨʠ ɹʇ, ʥʝ ʩʫʱʝ-

ʩʪʚʫʝʪ. ɺʩʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʪʦʣʴʢʦ ʥʘ ʦʙʣʝʛʯʝʥʠʝ ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʘ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʠ ʪʦʯʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ɹʇ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʜʦʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ ʣʝʯʝʥʠʷ. 

ʊʷʞʝʩʪʴ ʩʠʤʧʪʦʤʦʚ ɹʇ ʧʨʠʥʷʪʦ ʦʮʝʥʠʚʘʪʴ ʧʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʰʢʘʣʝ ʦʮʝʥʢʠ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʱʝʩʪʚʘ ʨʘʩʩʪʨʦʡʩʪʚ ʜʚʠʞʝʥʠʡ (MDS-UPDRS), ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʩ ʠʥ-

ʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴʶ ʜʘʥʥʦʡ ʤʝʪʨʠʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʨʝʪʴʷ ʯʘʩʪʴ MDS-UPDRS, ʧʦʩʚʷʱʸʥʥʘʷ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʘʮʠʝʥʪʘ, ʧʦʣʥʦʩʪʴʶ ʦʩʥʦʚʘʥʘ ʥʘ ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʝ ʚʨʘʯʘ-ʢʣʠʥʠʮʠʩʪʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʤʝʞʜʫ ʥʘʙʣʶʜʘʪʝʣʷʤʠ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠ-

ʞʝʥʠʷ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʚʦʟʥʠʢʘʶʪ ʥʝʪʦʯʥʦʩʪʠ ʚ ʜʠʘʛʥʦʩʪʠʢʝ [5, 7, 17]. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʦʢ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʣʝʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʪʦʜʠʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʷ (sEMG). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʷʝʤʳʭ ʤʝʪʨʠʢ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʨʝʛʠʩʪʨʘʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ɹʇ ʪʨʝʤʦʨʘ ʧʦʢʦʷ ʠ ʧʦʩʪʫʨʘʣʴ-

ʥʦʛʦ ʪʨʝʤʦʨʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʨʘʥʝʝ [18, 19]. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʨʠʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʠʛʥʘʣ ʚʦ ʚʨʝʤʝʥʥʦʡ, ʯʘʩʪʦʪʥʦʡ ʠ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʷʭ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʥʘʙʦʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʙʫʯʘʪʴʩʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ. ʂ ʪʘʢʦʚʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʢ ʧʨʠ-

ʤʝʨʫ, ʥʘʙʦʨ ɼʴʶ [3] ʠʣʠ ʥʘʙʦʨ ʍʘʜʞʠʥʩʘ [9]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʨʠʢ, ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʧʦ ʧʦʚʦʜʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʀʟ-ʟʘ ʩʚʦʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ sEMG ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʦʮʝʥ-

ʢʝ ʘʢʪʠʚʥʦʡ ʤʦʪʦʨʠʢʠ ʨʫʢ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʣʠʪʝʨʘʪʫʨʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ sEMG ʚ ʦʮʝʥʢʝ 

ʪʝʩʪʦʚ UPDRS, ʩʚʷʟʘʥʥʳʭ ʩ ʘʢʪʠʚʥʳʤʠ ʢʠʩʪʝʚʳʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʜʦʚʦʣʴʥʦ ʤʘʣʦ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʝʝ ʚʥʠʤʘ-

ʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʶ ʪʨʝʤʦʨʘ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʠʟʤʝʨʷʝʤ ʠ ʘʥʘʣʠʟʠʨʫʝʤ ʩʠʛʥʘʣʳ sEMG, ʟʘʧʠʩʘʥʥʳʝ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʧʘʮʠʝʥʪʘʤʠ ʪʝʩʪʦʚ 3.4 (ʧʦʩʪʫʢʠʚʘʥʠʝ ʧʘʣʴʮʘʤʠ) ʠ 3.5 (ʢʠʩʪʝʚʳʝ ʜʚʠʞʝʥʠʷ) ʰʢʘʣʳ MDS-UPDRS III  

ʜʦ ʠ ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʣʝʚʦʜʦʧʳ (L-DOPA). 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʠʩʢ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʠʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ 

ʩʪʝʧʝʥʴ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʙʦʨ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʙʘʟʝ ʈʝʘʙʠʣʠʪʘʮʠʦʥʥʦʛʦ ʮʝʥ-

ʪʨʘ ɼɺʌʋ. ɺ ʦʙʩʝʨʚʘʮʠʦʥʥʦʤ, ʧʨʦʩʧʝʢʪʠʚʥʦʤ ʠ ʥʝ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 8 

ʧʘʮʠʝʥʪʦʚ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʟʦʤ ɹʇ. ʇʦʣ, ʚʦʟʨʘʩʪ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʦʧʠʩʘʥʳ ʚ 

ʪʘʙʣ. 1. ɺʩʣʝʜʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʜʘʥʥʳʝ ʜʚʦʠʭ ʧʘʮʠʝʥʪʦʚ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʘʥʘʣʠʟʘ. ʇʘʮʠʝʥ-

ʪʳ ʧʨʦʭʦʜʠʣʠ ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʢʠ ʤʦʪʦʨʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʦ MDS-UPDRS III  ʜʦ ʧʨʠʝʤʘ L-DOPA (OFF ʩʦ-

ʩʪʦʷʥʠʝ) ʠ ʧʦʩʣʝ (ON ʩʦʩʪʦʷʥʠʝ). ʆʮʝʥʢʠ ʚʳʩʪʘʚʣʷʣʠʩʴ ʚʨʘʯʦʤ ʥʝʚʨʦʣʦʛʦʤ-ʧʘʨʢʠʥʩʦʥʦʣʦʛʦʤ (ʩʧʝʮʠʘʣʠ-

ʩʪʦʤ ʚ ʦʙʣʘʩʪʠ ʣʝʯʝʥʠʷ ʵʢʩʪʨʘʧʠʨʘʤʠʜʥʦʡ ʧʘʪʦʣʦʛʠʠ). 

ʂʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʦʩʪʘʚʠʣ ʜʦʙʨʦʚʦʣʴʥʦʝ ʧʠʩʴʤʝʥʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘ-

ʩʠʝ, ʧʦʜʧʠʩʘʥʥʦʝ ʠʤ ʧʦʩʣʝ ʨʘʟʲʷʩʥʝʥʠʷ ʝʤʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʠ ʧʨʝʠʤʫʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʘ 

ʧʨʝʜʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʪʦʢʦʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʦʙʨʝʥ ʂʦʤʠʪʝʪʦʤ ʧʦ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʵʪʠʢʝ 

ʐʢʦʣʳ ʙʠʦʤʝʜʠʮʠʥʳ ʠ ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʍʝʣʴʩʠʥʢʩʢʦʡ ʜʝʢʣʘʨʘʮʠʝʡ. 
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ʊʘʙʣʠʮʘ 1 

 

ɼʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʢʣʠʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
 

ɺʦʟʨʘʩʪ (ʚ ʛʦʜʘʭ) 64,2 Ñ 7,8 

ɽʞʝʜʥʝʚʥʘʷ ʜʦʟʘ L-DOPA (ʚ ʤʛ) 583,3 Ñ 292,3 

ʉʪʘʜʠʷ ʧʦ ʍʝʥʫ ʠ ʗʨʫ (ʚ ʩʪʘʜʠ̫ ʭ) 2,6 Ñ 0,4 

ɺʨʝʤʷ ʩ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ (ʚ ʛʦʜʘʭ) 11 Ñ 7,4 

MDS-UPDRS III OFF (ʚ ʙʘʣʣʘʭ) 38,5 Ñ 16,6 

MDS-UPDRS III ON (ʚ ʙʘʣʣʘʭ) 25 Ñ 13,8 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʘʮʠʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʚʘʞʜʳ ʚ ʦʜʠʥ ʜʝʥʴ ʚ ON ʠ OFF ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʜʦʩʪʠ-

ʞʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ OFF ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʪʦʨʥʘʷ ʬʫʥʢʮʠʷ ʧʘʮʠʝʥʪʘ ʙʫʜʝʪ ʪʠʧʠʯʥʦʡ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ L-DOPA, ʠʩʧʳʪʫʝʤʳʝ ʥʝ ʧʨʠʥʠʤʘʣʠ ʣʝʢʘʨʩʪʚʘ 12 ʠ ʙʦʣʝʝ ʯʘʩʦʚ [2], ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʘ 

ʨʝʛʠʩʪʨʘʮʠʷ sEMG ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʩʪʦʚ MDS-UPDRS III  çʧʦʩʪʫʢʠʚʘʥʠʝ ʧʘʣʴʮʘʤʠè ʠ çʢʠʩʪʝʚʳʝ ʜʚʠ-

ʞʝʥʠʷè. ɼʘʣʝʝ ʧʘʮʠʝʥʪʳ ʧʨʠʥʠʤʘʣʠ ʜʦʟʫ ʣʝʢʘʨʩʪʚʘ, ʧʨʝʚʳʰʘʶʱʫʶ ʩʪʘʥʜʘʨʪʥʫʶ ʨʘʟʦʚʫʶ ʜʦʟʫ ʚ 1,5 

ʨʘʟʘ. ʂ ʤʦʤʝʥʪʫ ʧʦʣʥʦʛʦ ʚʢʣʶʯʝʥʠʷ (ʯʝʨʝʟ 30ï60 ʤʠʥ ʧʦʩʣʝ ʧʨʠʝʤʘ ʧʨʝʧʘʨʘʪʘ) ʚʳʧʦʣʥʷʣʘʩʴ ʧʦʚʪʦʨʥʘʷ 

ʨʝʛʠʩʪʨʘʮʠʷ ʚ ON ʩʦʩʪʦʷʥʠʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʫʩʣʦʚʠʡ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʨʝʛʠʩʪʨʘʮʠ-

ʝʡ ʧʘʮʠʝʥʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʢʣʘʩʩʠʯʝʩʢʦʝ ʟʘʧʦʣʥʝʥʠʝ ʰʢʘʣ ʪʝʩʪʦʚ MDS-UPDRS. ʇʨʦʮʝʜʫʨʘ ʩʦʧʨʦʚʦʞʜʘ-

ʣʘʩʴ ʚʠʜʝʦʬʠʢʩʘʮʠʝʡ. 

ɺʦ ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʮʠʝʥʪ ʩʘʜʠʣʩʷ ʥʘ ʩʪʫʣ ʥʘʧʨʦʪʠʚ ʦʧʝʨʘʪʦʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʪʨʦʚ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʢʘʞʜʦʛʦ ʪʝʩʪʘ ʦʧʝʨʘʪʦʨ ʜʘʚʘʣ ʧʦʜʨʦʙʥʫʶ ʠʥʩʪʨʫʢʮʠʶ ʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʨʘ-

ʚʠʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ. ʊʝʩʪ ʥʘʯʠʥʘʣʩʷ ʠ ʟʘʢʘʥʯʠʚʘʣʩʷ ʧʦ ʫʩʪʥʦʡ ʢʦʤʘʥʜʝ ʦʧʝʨʘʪʦʨʘ ʠ ʜʣʠʣʩʷ 23 ʩʝʢʫʥʜʳ. 

ɺ ʪʝʩʪʝ çʧʦʩʪʫʢʠʚʘʥʠʝ ʧʘʣʴʮʘʤʠè ʦʪ ʧʘʮʠʝʥʪʘ ʪʨʝʙʦʚʘʣʦʩʴ ʧʦʩʪʫʢʠʚʘʪʴ ʫʢʘʟʘʪʝʣʴʥʳʤ ʧʘʣʴʮʝʤ ʧʦ 

ʙʦʣʴʰʦʤʫ ʢʘʢ ʤʦʞʥʦ ʙʳʩʪʨʝʝ ʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ 

çʢʠʩʪʝʚʳʝ ʜʚʠʞʝʥʠʷè ʧʘʮʠʝʥʪʫ ʜʘʚʘʣʘʩʴ ʠʥʩʪʨʫʢʮʠʷ ʩʞʠʤʘʪʴ ʢʠʩʪʴ ʚ ʢʫʣʘʢ ʠ ʨʘʟʞʠʤʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʳʩʪʨʦ ʠ ʧʦʣʥʦ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʣʝʯʴʝ ʠʩʧʳʪʫʝʤʦʛʦ ʜʦʣʞʥʦ ʙʳʣʦ ʙʳʪʴ ʩʦʛʥʫʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʣʘʜʦʥʴ ʙʳʣʘ ʦʙʨʘʱʝʥʘ ʢ ʦʧʝʨʘʪʦʨʫ. 

ɼʘʥʥʳʝ sEMG ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ Delsys Trigno Wireless Biofeedback System, ʦʩ-

ʥʘʱʝʥʥʦʡ ʙʝʩʧʨʦʚʦʜʥʳʤʠ ʜʘʪʯʠʢʘʤʠ. ʈʘʟʤʝʨ ʢʦʨʧʫʩʘ ʜʘʪʯʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 27ʭ37ʭ13 ʤʤ, ʝʩʪʴ ʜʚʘ ʨʝʛʠʩʪ-

ʨʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʜʘ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 10 ʤʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩ ʯʘʩ-

ʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 1260 ɻʮ ʠ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 20ï450 ɻʮ. ɼʘʪʯʠʢʠ ʨʘʟʤʝʱʘʣʠʩʴ ʥʘ ʧʨʝʜʧʣʝʯʴʝ, ʥʘ 

ʛʨʫʧʧʘʭ ʤʳʰʮ-ʩʛʠʙʘʪʝʣʝʡ (Flexors) ʠ ʨʘʟʛʠʙʘʪʝʣʝʡ (Extensors) ʧʘʣʴʮʝʚ. ʃʦʢʘʣʠʟʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʳʰʮ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʘʣʴʧʘʮʠʝʡ ʧʨʝʜʧʣʝʯʴʷ ʚʦ ʚʨʝʤʷ ʢʠʩʪʝʚʳʭ ʜʚʠʞʝʥʠʡ, ʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ sEMG 

ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 1. ʇʨʦʮʝʜʫʨʘ ʧʦʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ 

SENIAM: ʫʯʘʩʪʢʠ ʢʦʞʠ ʠʩʧʳʪʫʝʤʳʭ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʳ ʦʪ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ ʩ ʧʦʤʦʱʴʶ 

ʦʜʥʦʨʘʟʦʚʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʙʨʠʪʚʳ ʠ ʦʙʝʟʞʠʨʝʥʳ ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʟʘ ʤʠʥʫʪʫ ʜʦ ʧʦʩʪʘʥʦʚʢʠ [8]. 

 

 
 

ʈʠʩ.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ. (A) ɻʨʫʧʧʘ ʤʳʰʮ ʩʛʠʙʘʪʝʣʝʡ. (B) ɻʨʫʧʧʘ ʤʳʰʮ ʨʘʟʛʠʙʘʪʝʣʝʡ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʠʦʛʨʘʬʠʠ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʷʟʳʢʘ Python ʠ ʙʠʙʣʠʦʪʝʢʠ çpyemgpipelineè [20]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʥʘʯʠʥʘ-

ʣʘʩʴ ʩ ʫʜʘʣʝʥʠʷ ʩʤʝʱʝʥʠʷ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʣʦʩʦʚʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ɹʘʪʪʝʨʚʦʨʪʘ 8-ʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 10ï100 ɻʮ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʘʨʪʝ-


