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Quality of Movement and Spontaneous Use of 
The Affected Upper Limb In 8-Year-Old Infantile 
Hemiplegia After Applying Mirror Therapy. Case 
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Introduction
Infantile Cerebral palsy (ICP) is one of the neurological 

disorders that most frequently causes disability in childhood and 
will persist in adulthood [1]. Its prevalence in developed countries 
remains stable, with around 2-3 cases per thousand live births [1,2].

Hemiplegia is a type of Cerebral Palsy where the function of 
the upper limb is disturbed, with limitation of function in it [3]. 
Ischemic or hemorrhagic strokes, brain tumors, congenital or 
traumatic brain injuries, and malformations are the most common 
causes of spastic hemiplegia in children [4].

The affected hand common characteristics are slowness, 
abnormal muscle tone, decreased strength and coordination  

 
difficulties. And to these problems are often added sensitivity 
alterations and mirror movements [5]. One of the main problems 
of hemiplegia is the alteration of bimanual manipulation [6]. The 
tendency of children with hemiplegia is to use the unaffected 
hand as dominant, even when the functional deficit is mild. The 
exclusion of this arm causes further deterioration including poor 
selective motor control, decreased range of motion, weakness, 
delayed skeletal maturation and increased muscle tone [7]. When 
the collaboration of the affected hand is required, the difficulties in 
bimanual tasks are more and more evident [5]. There are different 
arguments that address this problem. A study by Taub et al [8], 
associates this deterioration of the spontaneous use of the affected 
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Abstract 

Introduction: Children with hemiplegia is a type of Cerebral Palsy where the function of the upper limb is disturbed, with limitation of function 
in it. The affected hand common characteristics are slowness, abnormal muscle tone, decreased strength and coordination difficulties. And to these 
problems are often added sensitivity alterations and mirror movements. One of the main problems of hemiplegia is the alteration of bimanual 
manipulation Based on the concept of mirror neurons, Mirror Therapy (MT) is applied to increase the affected upper limb function.

Objective: To assess the increase in the quality of movement and spontaneous use of the affected upper limb in congenital infantile hemiplegia 
with 8 years old after applying a Mirror Therapy protocol.

Materials and Methods: 4 children (8 years old) diagnosed with right congenital infantile hemiplegia are recruited to execute a Mirror Therapy 
protocol for 5 weeks, 15 minutes per day. Two measurements are carried out for the variables of quality of movement and spontaneous use of the 
affected upper limb.

Results: Increased 5% for spontaneous use assessed with the Shriners Hospital Upper Extremity Evaluation, Shuee Evaluation and 6.5% for the 
quality of movement measured through the Quality of Upper Extremity Skills Test, Quest scale, produced by a higher score in the final situation of 
the dissociated movements (increase 11%).

Conclusion: Mirror Therapy performed in a time of 15 minutes per day for 5 weeks of treatment would allow improvements in spontaneous 
use and the quality of movement of the affected upper limb in children diagnosed with congenital infantile hemiplegia with an age of 8 years old.
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hand with the phenomenon of “no use learned”. This means that 
the lack of use of the upper limb is not so much due to the neural 
damage itself, but to the custom of using the unaffected one to 
compensate.

Another factor related to bimanual activities is the presence 
of mirror movements. This occurs when repetitive and voluntary 
movements of one hand are accompanied by speculative and 
involuntary movements of the other hand [6,7].

In a unilateral cerebral palsy (hemiplegia), the lesion interrupts 
normal crossed corticospinal projections of the injured hemisphere, 
but the other hemisphere preserves its ipsilateral corticospinal 
pathways. In this way, the hemisphere contrary to the injury can 
assume the motor control of the affected hand and both hands are 
controlled by the same hemisphere, resulting in the appearance 
of mirror movements [9]. This is a normal phenomenon at the 
beginning of motor development, but in children with hemiplegia 
increase and prolong over time [7]. These movements are present 
when using the affected hand to hold and stabilize objects during 
manipulation with the unaffected hand. This manipulation requires 
movements of the fingers, the hand and the arm, and when this is 
reflected in the static hand while holding the object, the grasp is 
hindered [9].

 Kuhtz Buschbeck and his collaborators were the first to 
address the question of whether in a unilateral cerebral palsy the 
mirror movements interfered with bimanual coordination [10]. In 
the study it became clear that most patients whose affected hand 
was controlled by ipsilateral corticospinal projections, that is, most 
of those who have mirror movements, have a greater functional 
deficit of the affected hand compared to those who have preserved 
crossed corticospinal projections. However, this could justify why 
the affected hand is used less in bimanual tasks, without attributing 
a specific cause to mirror movements, but to the control of one 
hemisphere or another [10]. More specifically, Adler and colleagues 
[9] demonstrate that mirror movements have a significant impact 
on bimanual activities in children with hemiplegia. Cheads to a 
worse bimanual performance and a slower execution of activities. 
In addition, the deterioration of the affected hand in children with 
hemiplegia with mirror movements was more severe than in those 
who did not have mirror movements, which directly influences the 
bimanual function [9].

Giacomo Rizzolatti [11] directed a group of researchers who 
found a special type of visuomotor neurons. These neurons were in 
the ventral premotor area F5 of the premotor cortex of non-human 
primates, responsible for planning and executing the movements. 
The particularity of these neurons is that they not only activated 
during the execution of the action, but also did so during the 
observation of another individual performing similar actions [11-
13]. One of the distinguishing features of these neurons is that they 
are activated before movements in which the hand is directed to a 
target, such as being able to grasp an object or hold it [13].

Based on the concept of mirror neurons, Mirror Therapy 
(MT) is applied. The therapy was based on the use of a box with a 

mirror attached and located in the midline of the patient’s trunk. 
The healthy upper limb was placed on one side of the box in such a 
way that it was reflected in the mirror. When the patient performed 
movements with his healthy upper limb and saw at the mirror from 
the side, he could see reflected symmetrical movements giving the 
sensation that his affected upper limb had a correct movement. 
After performing upper limb movements for a while and observing 
while the reflex of the healthy upper limb, many of the patients 
reported a strong improvement in their sensations. Ramachandran 
explains this phenomenon as a result of a lack of correspondence 
between the internal body image and the real body [14].

Unlike the evidence demonstrated by mirror therapy in the 
rehabilitation of the upper limb in adults, the evidence in children 
with hemiplegia is limited, since the starting points in both lesions 
are different [15]. Visual feedback with a mirror in children with 
hemiplegia obtained improvements in the active sense of joint 
position and grasp strength.

Objective

To assess the increase in the quality of movement and the 
spontaneous use of the affected upper limb in four children with 8 
years old infantile hemiplegia.

Material and Methods
The ethical approval of the study was obtained by the ethical 

committee of the San Pablo CEU University. Before entering it, the 
informed consent of the parents or guardians of the children was 
acquired. Four subjects (2 girls and 2 boys, the 4 subjects with right 
hemiplegia) were obtained from the Virgen de la Salud Hospital 
following the established inclusion and exclusion criteria.

As inclusion criteria: diagnosis of congenital infantile 
hemiplegia, age 6-12 years, ability to grasp-release an object, 
level I-III of the Manual Ability Classification System (MACS) 
[16] and level I-III within Gross Motor Function Classification 
System (GMFCS) [17]. The exclusion criteria would be: Diseases 
not associated with congenital infantile hemiplegia, low cognitive 
level, presence of contractures, surgery 6 months prior to the 
intervention, botulinum toxin 2 months prior to or during the 
intervention, and pharmacologically uncontrolled epilepsy.

The 4 children were diagnosed with congenital infantile 
hemiparesis with a mean age of 8 years, being in a level II within 
the MACS and a level I within the GMFCS. The 4 subjects completed 
the intervention protocol successfully, with no abandonment by 
any family.

Design and procedure

The results of the different variables were measured in 2 stages: 
at the beginning of the treatment, and at the end of the treatment 
(5 weeks).

Interventions

Home intervention was designed, carried out in a routine of 15 
minutes per day for a period of 5 weeks.
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4 exercises were scheduled: 1-Grasp a small ball; 2-Distal grasp, 
3-Extension of the wrist joint, 4-Forearm supination. Each exercise 
was performed for 3 minutes and one minute was rested between 
exercises, thus completing the structured time of 15 minutes per 
day of mirror therapy (Figure 1).

Figure 1: Example of exercise for mirror therapy.

Each of the families was instructed to make their own mirror 
box and decorate it according to the children’s interests (Figure 2).

Figure 2: Mirror box built by parents.

The therapy was realized by family at home. The parents had 
an instruction prior to the beginning of the intervention where 
they were taught how to do the activities, as well as they had to 
control the time to execute them. Once the intervention was clear, 
the parents were asked for daily videos of the therapy to ensure 
its correct execution. In addition, to write down each day if they 
had spent time, existence of problems at the time of executing 
any of the exercises, how was the child’s tolerance, and the time 
allocated to each exercise to see throughout the week. The therapist 
was followed in person by the therapist to accompany the parents 
during the therapy, as well as to clarify the pertinent doubts and 
make corrections if necessary.

Primary measures

Spontaneous use was assessed with the Shriners Hospital 
Upper Extremity Evaluation, Shuee Evaluation [19], which was 
used to record the values in the two measurements. This evaluation 
is based on the recording of videos of children performing a series 
of tasks to observe the hand functionality and the alignment 

of the joint segments of the affected upper limb in hemiplegic 
children in an age between 3 and 18 years. Spontaneous use is 
valued depending on the non-participation or active participation 
of affected upper limb in the execution of 9 tasks: 1- Remove bills 
from a wallet, 2- Fold a paper, 3- Tear a paper, 4- Thread beads of 
a necklace, 5- Unscrew a cap from a bottle, 6- Separate plasticine 
with your hands, 7- Cut plasticine with a knife, 8- Put on your socks, 
9- Tying the laces.

The modified House scale is used for scoring tasks with a scale 
from 1 to 5, corresponding to 1 to 0% understood as the non-use of 
the affected limb in the task and the value 5 takes the value of 100% 
for the existence of spontaneous use from partial to complete.

Secondary measures

Quality of movement and bimanual dexterity were measured 
through the Quality of Upper Extremity Skills Test, Quest scale 
[20]. It gives us a numerical value that is obtained from the average 
of the percentages in 36 items distributed in four categories: 
dissociated movements, grasp, supports and postural reactions 
of both upper limbs. It takes a value from 0 to 100 expressed in 
percentages. 100% being the maximum quality value of both upper 
extremities, measuring each upper limb separately but without 
making a distinction between healthy and affected upper limb in 
the final percentage of each category. It was designed for children 
with neuromotor dysfunction with spasticity, in order to assess 
the quality of manual function in children with cerebral palsy. It is 
validated for children between 18 months and 8 years of age [20]. 

Data analysis

A descriptive analysis of the data obtained from each of the 
children was carried out for the different variables, based on the 
mean value to execute the comparisons between them.

Results and Discussion
Table 1 shows the mean data obtained for the two measurements 

taken of the studied variables in the different subjects.

Table 1: Mean values of the Quality of Movement and Spontaneous 
use for the baseline and final situation of the studied variables in the 4 
subjects.

Studied Variable Pre-Treatment 
(Assessment) 

Post-Treatment 
(Assessment)

SHUEE Scale

Spontaneous Use 53% 58%

QUEST scale

Quality of Movement 67.50% 74%

Dissociated Movements 58% 69%

Grasp 67% 72%

Supports 70% 75%

Postural Reactions 75% 80%

During the execution of the intervention, an increase can be 
observed for all the variables, being 5% for spontaneous use and 
6.5% for the quality of movement, produced by a higher score in 
the final situation of the dissociated movements (increase 11%) as 
can be seen in Figure 3.
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Figure 3: Increase in pre-post intervention values for movement quality and spontaneous use.

Once the results were assessed, it may think that the 4 children 
who performed the intervention obtained improvements in both 
variables at the end of the intervention, suggesting that the therapy 
was successfully performed at home and as shown in the records 
and in the follow-up carried out it was possible to verify that the 
proposed times had been fulfilled. This indicates that such therapy 
is effective in the short term.

Improves spontaneous use (5%) allow children able to stably 
hold the object with the affected hand and manipulate it with the 
healthy one. Concept that previously in some occasions the children 
did not have a great stability in the grasp, and They executed the 
stabilization with the affected forearm instead of using the hand 
for it. In the study of Gygax et al [21], Mirror Therapy was applied 
in children from 6 to 14 years old with a level of MACS I-II. The 
protocol was done for 3 weeks, 15 minutes per day in which the 
spontaneous use of the affected upper limb was also measured, 
obtaining an increase of 2.7%, being lower than the increase in the 
study presented, which suggests that the 5 weeks of intervention 
(in our study) could allow greater improvements in the active 
participation of the affected upper limb when performing bimanual 
tasks (spontaneous use) as well as be done at home can be an 
initiative to take into account since parents can be involved in 
carrying out the activities and observing the limitations present in 
the affected upper limb in their children.

There is difficulty in comparing the results obtained for the 
quality of movement since most studies use other tools such as the 
modified Melbourne Assessment (MA2) so it is difficult to make the 
comparison between them¬22. In our study we observed an increase 
in the total movement quality produced by the improvement in 
dissociated movements, which suggests that Mirror Therapy allows 
the child with hemiplegia who has difficulties in executing the 
selectivity of movements of his affected upper limb, and the Child 
would acquire a greater variability of movements when performing 
Mirror Therapy. This greater selectivity of movements also 

translates into an improvement in the grasp, support and postural 
reactions valued in our study, which would subsequently facilitate 
spontaneous use and would improve the quality of execution of 
bimanual tasks.

Limitations of The Study and Future Research Lines
The study sample was small, so the results cannot be 

generalized to the congenital infantile hemiplegia population. 
It would be necessary to expand the sample and have a control 
group to demonstrate the effectiveness of the therapy. As well as 
being able to combine it with other therapies of scientific evidence 
that improve the spontaneous use of the affected upper limb such 
as modified Constraint Induced Movement Therapy (CIMT) or 
Bimanual Intensive Therapy (BIT).

Conclusion
Mirror Therapy performed in a time of 15 minutes per day for 5 

weeks of treatment would allow improvements in spontaneous use 
and the quality of movement of the affected upper limb in children 
diagnosed with congenital infantile hemiplegia with an age of 8 
years old.
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