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SUMMARY 

The aim of this research was the use of surface 

electromyography (EMG) and image system to evaluate 

hemiplegic patients in relation to muscle activation and range 

of movement and compare the plegic and non-plegic sides 

with healthy control individuals. It was evaluated 12 

hemiplegic and 12 healthy age-matched individuals. The 

volunteers were asked to perform active movements of elbow 

flexion with and without a 1Kg halter. Results showed an 

increased in the IEMG of the non-plegic member muscles in 

relation to the plegic side. The hemiplegic individual presents 

a ROM loss in the plegic side as well as in the non-plegic side, 

showing that a functional loss after a stroke occurs in both 

sides, but in different proportion. 

 

INTRODUCTION 

In hemiplegics individuals, the spasticity hinders the 

functional range of motion (ROM), causing an alteration in the 

reflex mechanism of the reciprocal inhibition motor control, 

provoking an agonist-antagonist co-contraction, followed by 

hardening and slow movements on the affected member [1]. 

EMG and kinematics can provide data that complement the 

clinical evaluation of a hemiplegic individual’s motor 

function, contributing to a more effective therapeutical course 

elaboration. 
  

 

METHODS 

Twenty four individuals were evaluated. Twelve post-stroke 

individuals with average age of 59,28±7,01 years, injury time 

of 7.21±4.87 years, and twelve healthy individuals (control 

group) with average age of 64.51±9.30 years. The research 

was approved by the UNESP Research Ethical Committee and 

the volunteers signed an informed consent term after being 

informed about the research. 

 

For the EMG signal acquisition, two pairs of AgCl electrodes, 

10mm diameter, were used. The electrodes were placed 

parallely, 20mm far from each other, in the Biceps Brachii 

(BB) and Triceps Brachii (TB). A Lynx EMG 1000 signal 

conditioner module was used for signal capture. A digital 

camera was used to the image acquisition, using one 

calibration plan and three 25mm reflexive markers, placed in 

anatomical reference points: acromion, medial epicondyle of 

the humerus and styloid process of the radius.  

 

The acquisition software used was the Ariel Performance 

Analysis System (APAS). Placement and movement made by 

the subjects are showed in Figure 1, the elbow flexion was 

done two times: first unloaded and then with a 1Kg halter; for 

each test 10 repetitions were executed. The movements were 

made using the plegic and the non-plegic side, in the 

hemiplegic subjects, and in the healthy subjects the superior 

dominant member was selected. EMG and image system were 

synchronized. 

 

         
 

Figure 1:  Subject position, electrode and styrophoam markes 

placement, during elbow flexion movement 

 

The EMG signals were analyzed in the AqDAnalysis software 

and the APAS software was used to obtain the ROM. The 

MatLab software was used to process selected data, using an 

algorithm developed specifically for it. The parameter used in 

the EMG evaluation was the signal integral (IEMG). For the 

statistical analysis, the Kolmogorov-Smirnov test was applied 

to assess data normality, and then a Kruskal-Wallis test was 

applied to variable comparison, with a 5% significance level. 
 

 

RESULTS AND DISCUSSION 

The IEMG values, shown on Table 1, of the BB unloaded 

flexion movement, allows to observe that the control group 

was significantly greater in relation to hemiplegic subjects. In 

the loaded movement, this order inverts, the non-plegic side of 

the hemiplegic subjects presented an IEMG value significantly 

greater than the control group and than the plegic side. This 

finding allows the understanding that, possibly, there is a 

greater demand in the non-plegic side, resulting in an overload 

to compensate the lack of strength and muscular recruitment 



that exists in the plegic side. Olney and Richards [2] report 

that the sEMG activity on the plegic side is smaller than on the 

non-plegic side. The IEMG values of the TB did not show 

differences between unloaded movement, although, in the 

loaded, the plegic TB was different than the others. 

 

When comparing the ROM, shown in Table 2, of the 

hemiplegic subjects and the control group it can be observed 

that both sides of the hemiplegics presents ROM decreased, 

however, only the plegic side presented a significantly 

difference (p<0.001) when the unloaded movement were 

executed. With the load, the control group showed 

significantly higher values than both sides of the hemiplegics 

(p<0.001). 

 

Therefore, otherwise than most studies showed, a neurological 

injure is not exclusive in the contralateral hemibody, the 

hemiplegia settles contralatterally  to the brain injury, but 

ipsilatteral side to the injury is also affected [3,4]. 
 

 

 

 

 

 

 

 

 

CONCLUSIONS 

The results allowed observing an increased in the IEMG of the 

non-plegic member muscles in relation to the plegic side. The 

hemiplegic individual presents a ROM loss in the plegic side 

as well as in the non-plegic side in comparison to the control 

individuals, showing that a functional loss after a stroke 

occurs in both sides, but in different proportion. So, there must 

be emphasized that a more effective intervention, with 

therapeutical proposals for both sides of the hemiplegic, 

prioritizing the coordination and functionality activities. 
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 Table 1: IEMG (u.n) signal values from flexion of elbow movement groups. 

 

  Control Plegic Non-plegic 

 

Elbow flexion – unloaded 

BB 3,34 ± 2,07
1
 2,55 ± 1,44 2,88 ± 1,48 

TB 1,52 ± 0,61 1,32 ± 1,09 1,51 ± 0,80 

 

Elbow flexion –loaded 

BB 3,84 ± 2,19
1
 2,60 ± 1,68 4,42 ± 2,70

1
 

TB 1,56 ± 0,98
1
 1,02 ± 0,81 1,68 ± 1,17

1
 

1
significant difference in relation to the plegic side. 

 

 

Table 2: FRM (degree) values from flexion of elbow groups. 

 

 Control Plegic Non-plegic 

Elbow flexion – unloaded 119,18 ± 8,83
1
 98,99 ± 21,50 115,05 ± 13,57

1
 

Elbow flexion – loaded 124,98 ± 7,69
2,3

 93,94 ± 23,67 115,44 ± 15,73
2
 

1
significant difference in relation to the plegic side unloaded; 

2
significant difference in relation to the plegic side loaded; 

3
significant difference in relation to the non-plegic side loaded.  


