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Introduction

Mirror therapy for hemiplegic children is well known, widely 
used and effective [1,2]. Based on this therapy the authors started 
a similar study with VR-glasses. Under the use of VR-glasses 
children with hemiparesis watching three-dimensional videos (3-
D) showing ambidextrous activities of daily living. Because of the 
great prompt character using a new mobile phone and the VR-
glasses the researches wanted better therapy compliance in this 
young intervention group. The hypothesis of the research team is 
that a 3-D-video has much more impact than mirror therapy.

Background

If mirror therapy uses an illusion created by the mirror, in this 
study the researchers use an illusion created by the 3-D-video 
sequences. While the mirror is placed on a table in the center of 
the child`s body, now the VR-glasses are onto their head and it 
will be a greater illusion because of the impressing 3-D-technique 
and the ego perspective. The assumption of the researcher was 
that VR-therapy has the same effect as mirror therapy: movement 
observation should recruit the same neural structures as the 
execution of the movement itself [3]. This additional therapeutic 
application should support the affected hemisphere in cortical 
reorganization and improve motor function [4]. The authors 
transfer the assumption that by watching the ambidextrous 
movements in the video important motor areas are activated in the 
affected hemisphere, which could normally only be activated by 
voluntary movements of the hemiparetic extremity itself [5]. With 
an incidence of approximately 3-5 and 1.6:100.000 hemiparesis  
because of an ischemic stroke in children and adolescents under 16  

 
years is an important field for therapy [6,7]. Strokes in newborns, 
like our participant, have an incidence of 1: 2.500-4.000. These 
children often show a developmental disregard on the affected 
limb. Therefore, the researchers were looking for an important 
triggering object-related ambidextrous action. They decided for 
table soccer, flipper, eating and cycling. This single case study was 
carried out, because so far there is close to no evidence for children 
with hemiparesis and the use of VR-glasses.

Objectives

In this study the investigators analyses the EMG patterns in a 
hemiplegic boy while using VR-glasses.

This leads to the following questions: 

a)	 Is there a difference in the EMG patterns before and 
during VR use?

b)	 Is there a difference in the EMG patterns between watching 
2-D-photos with ambidextrous situations and 3-D VR sequences?

c)	 Are the differences in the EMG patterns between the three 
situations?

d)	 Is there a different in the EMG patterns between the left 
and the right arm?

Method

This study was approved by the ethics committee of 
Fresenius University of Applied Sciences Frankfurt (Germany). 
The Patients were recruited in cooperation with the Department 
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of Neuropediatric at the Goethe-University Frankfurt and the 
Neurodevelopmental Center Frankfurt-Höchst (SPZ). They had to 
meet the following inclusion criteria shown in  Table 1.

Table 1: Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Children and adoles-
cents 6 -19 years of age

Children younger than 6 and adolescents 
older than 19 years

Hemiparesis; G81.1

Good knowledge of 
German

Written informed 
consent

A twelve years old boy with hemiparesis left took place in this 
single case study. Written informed consent was obtained and he 
has no experience with VR-glasses before. The boy was sitting at 
a table, both hands on the tabletop. EMG of three muscles on the 
right and the left arm were recorded at 2000Hz using bipolar 
surface electrodes and single differential amplifiers (biovision) 
for 2min. The following muscles were considered: M. deltoideus, 
M. biceps brachii, M. triceps brachii and the forearm flexors. The 
signals were rectified and smoothed using the root mean square 
(RMS) with a 200ms window. To analyze the treatments we use 
the average, the standard deviation and the median frequency of 
the signal. Measurement time 1 was at rest without intervention, 
measurement time 2 was under 2-D-stimulation and finally 
measurement time 3 was under 3-D-stimulation. A 3-D movement 
sequence is presented via virtual reality glasses (VR glasses) to the 
boy in such a way that he believes that his affected limb would be 
actively involved. Therefor all videos were recorded in the so called 
“ego perspective” (Figure 1).

Figure 1: Recording the ego perspective.
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Videos sequences of five minutes each were shown to the boy 
because Laver et al. [8] recommended not exceeding a treatment 
time of 20 minutes.

Results & Discussion

In general: In the left - right comparison, the relative values are 
comparable, so that it can be seen his deltoid muscle compensates 
for the activities on the affected arm. On the affected arm: Both 
interventions (2-D and 3-D) reduce the basal activity of the 
musculature compared to the resting measurement (Figure 2).

The 3-D videos of the VR glasses slightly increase the values 

compared to the 2-D image measurement (systematic, not clear). 
Due to the higher resting activity of the hemiplegic arm compared 
to the unaffected arm, it can be assumed that the abnormally high 
resting tone is lowered by the 2-D images and the 3-D videos with 
the VR glasses (except on the triceps muscle). The therapeutic use 
of VR glasses seems to have a tone influencing effect on hypertonic 
muscles [9-15]. It must be mentioned that the boy was very excited 
because he was allowed to practice with the VR glasses. This has 
certainly increased his resting tone. Our first assumption that less-
controlled muscles become more active could not be confirmed 
with this EMG application. Here, it has been shown that spastic 
muscles (e.g. biceps brachii muscle) relax from the tone.

Figure 2: EMG diagram.

But this relaxation of the tone can also be caused by the 
lessening of the excitement [16-21].

Perspective

The use of VR glasses with therapy-supporting three-
dimensional video sequences is an “en vogue” medium. Considering 
possible side effects, the investigators have observed initial 
interesting effects on muscle tone and activity in a boy with spastic 
hemiparesis. This is now being pursued in a larger RCT.
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