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Abstract
Introduction: Children with hemiplegia do not use the affected upper limb. This disuse of the upper limb is known as “Disregard development.”
Therefore, therapy should create the opportunity, experience and environment in which a child can learn to use the affected member. Being the
modified Constraint Induced Movement Therapy (mCIMT) and the Bimanual Intensive Therapy carried out at home.

Objective: To assess the increase in spontaneous use of the affected upper limb in congenital hemiplegia childhood 6-10 years with low hand
performance after applying a combined intensive therapy protocol.

Method: 3 children (6 years old) diagnosed with congenital infantile hemiplegia are recruited to execute a 100-hour combined intensive therapy
protocol. 3 measurements are carried out for the variables of spontaneous use and the experience of use of the upper limb.
Results: Increased spontaneous use of 24 AHA units, measured with the Assisting Hand Assessment (AHA) scale after the end of the protocol
and for the experience of use of the upper limb, measured by Children’s Hand- Use Experience Questionnaire (CHEQ) increases of 11.67 activities
executed with both hands.
Conclusion: Children with congenital infantile hemiplegia with low hand performance could obtain a greater increase in spontaneous use
executing a protocol of combined intensive therapy.
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Introduction
Infantile Cerebral Palsy (ICP) is defined as a series of permanent

disorders that affect the motor and postural development of the
Child [1]. Functional limitations in motor activity occur, triggered
by brain injury caused during the maturation of the central nervous
system of the fetus or infant [2]. ICP is characterized as a nonprogressive encephalopathy. It is a chronic sensorimotor disorder
that leads to the alteration of sensitivity, perception, cognition,
communication and behavior, as well as causing changes in posture,
muscle tone and production of inappropriate movements [3]. The
hemiplegia is one of the most common forms of ICP, representing 1
in 1300 live births in developed countries [4]. The first symptoms of
early lateralization in infantile hemiplegia are the lack of flexibility
in conjunction with the asymmetry and motor spasticity prevalent
in the affected upper limb.

If we follow the International Classification of Functioning,
Disability and Health (ICF), at the level of body structure and
function, children with hemiplegia may present changes in the
structure and function of the brain (seen in functional magnetic
resonance imaging), resulting in Alterations of spasticity, muscle
length, sensation and weakness. Activity limitations are common
in areas such as self-care, school and home-related activities [5,6].
Participation can be restricted in the home, school and community
life in general and, in turn, can affect the quality of life [7]. Thus,
the severity of the deterioration varies widely, depending on the
location and brain damage. Decreased upper limb function may be
due to sensory abnormalities, weak muscles, lack of selective finger
movements, loss of movement speed, lack of motor skills, presence
of movements associated and mirror and reduced flexibility due to
spasticity [8].
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From an early age, children do not use the affected upper limb,
which causes increased muscle tone, active and passive loss of
movement of the upper limb joints and producing a general delay
in musculoskeletal maturation [9]. This disuse of the affected upper
limb is known as “Disregard of development”. Therefore, therapy
should create the opportunity, experience and environment in
which a child can learn to use his affected member. This experience
should reverse the behavioral aspect of the suppression of the use
of the affected upper limb and reward the use of that member even
in the simplest tasks, such as the stabilization of an object [10].

Thus, in the systematic review of Novak and other researchers
[11] on the interventions of greater evidence in ICP, reference
is made to those that are based on activity and participation.
Focusing on the child’s strengths, interests and motivation to allow
a better quality of life. Among these therapies of great evidence and
reliability are programs designed for home, bimanual intensive
therapy (BIT) and Constraint induced movement therapy (CIMT)
[12]. CIMT and BIT are two contemporary approaches included
in intensive therapies and based on motor learning, which focus
directly on addressing the impaired function of the affected upper
limb in children with unilateral cerebral palsy [13-15]. CIMT, has its
origin in behavioral research with non-human primates, conducted
by Taub and his collaborators [16]. It consists of the containment of
the healthy upper limb during 90% of the hours and the execution
of activities in progression of difficulty for the affected upper limb,
6 consecutive hours per day in a period of 12 days. In pediatrics
modified protocols are used, in which the execution time of the
therapy is extended with less daily hours of treatment, being called
modified Constraint Induced Movement Therapy (mCIMT) [17,18].
The BIT was described in 2006, at the University of Columbia in the
EE: UU, a group of researchers led by Dr. Andrew Gordon, consists
of the execution of bimanual activities where each hand receives
a different role. The home protocol uses a total of 90 hours of BIT
in 9 weeks with a total of 2 hours per day from Monday to Friday
[19,20].
Both therapies are based on neuroplasticity, cortical
reorganization and overcoming the non-use of the affected upper
limb by executing structured activities designed to be carried out
at home. Thus, they are based on the philosophy of family-centered
interventions because they allow parents to remain in the role of
“expert” caregiver for their Child [21]. Families can select activities
for the inclusion of therapy that are meaningful and motivating for
themselves and their children, which results in greater adherence
of both parts (parents-children) to treatment [22].
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entering it, the parents’ informed consent of the parents was
acquired. Three subjects (2 girls and one boy) 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 between from 6 to 10 years, lack of use of the
affected upper limb and presence or not of grasp, or weak grasp
(score 1 or 2 in the flow bimanual ítem into AHA scale), level I-III of
the Manual Ability Classification System (MACS) [23] and level I-III
within the Gross Motor Function Classification System (GMFCS)
[24]. The exclusion criteria would be low cognitive level, presence
of contractures, surgery 3 months prior to the intervention,
botulinum toxin 3 months prior to or during the intervention, and
pharmacologically uncontrolled epilepsy.
The 3 children were diagnosed with congenital infantile
hemiplegia with an average age of 6 years, being in a level II within
the MACS and a level I within the GMFCS. The 3 subjects completed
the intervention protocol successfully, with no abandonment by
any family.

Design and procedure

The results of the different variables were measured in 3 times:
at the beginning of the treatment, at 8 weeks and at 10 weeks of
combined intensive therapy treatment.

Interventions: A protocol of combined intensive therapy at
home was designed with a therapeutic dose of 100 hours for 10
weeks. Considering the study by Sakzewski et al [25] in which an
intensive therapy dose of 60 hours or more allows the benefits to
be maintained 6 months post-intervention. The protocol consists of
80 hours of mCIMT followed by 20 hours of BIT where structured
activities are carried out for 2 hours not continued from Monday
to Friday in the 10 weeks. Within the mCIMT, unimanual activities
were established and with a progression from proximal to distal.
A method of partial containment for the healthy hand is used as a
glove, manufactured by each family according to the child’s interest
(Figure 1). In bimanual activities, each of the hands received a
different role, starting first with the affected hand as an assistant
hand and then handling.

Objective

To assess the increase in spontaneous use of the affected upper
limb in congenital infantile hemiplegia from 6-10 years with low
hand performance after applying a protocol of combined intensive
therapy.

Materials and Methods

The ethical approval of the study was obtained by the ethical
committee of the Virgen de la Salud Hospital in Toledo. Before

Figure 1: Method of partial containment of the healthy hand.

The parents were instructed by the therapist in the execution
of the activities, increasing the parent-child feedback and greater
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adherence to therapy. A weekly follow-up was scheduled, where
the therapist had to ensure that the families complied with the
execution of activities through a registry, avoid complications and
encourage motivation and continuity in the intervention.

Primary measures: The AHA was the tool for measuring the
spontaneous use and effectiveness of the affected upper limb in
bimanual tasks, validated for children with infantile hemiplegia and
obstetrical brachial palsy with an age of 18 months to 12 years [2628]. The play session is recorded on video and scored later. Given
the age range of the participants in this study, the School Kids AHA,
qualified with version 5.0, will be used, which includes 20 items
scored from 0 (“not done”) to 4 (“effective use”), valid and reliable.

Secondary measures: The experience of use of the affected
upper limb determines if the child involves the affected upper
limb when performing structured bimanual tasks and how is
the effectiveness of use when the child incorporates it. It allows
observing the execution time of the proposed task compared to a
child of the same age and the presence of discomfort from the use

of his affected hand during the completion of the proposed tasks
(29 tasks) [29].

For the qualification of each of the variables to the experience
of use of the affected hand, the Children’s Hand-use Experience
Questionnaire, CHEQ, is used. The CHEQ questionnaire consisting
of 29 bimanual activities, aimed at children with unilateral
involvement (infantile hemiplegia, Obstetrical brachial palsy,
reduced use of one of the upper limbs ...) at an age of 6 to 18 years.
It can be answered by the parents, the therapist or the child himself
when his cognitive level is adequate, in this study he was answered
by the mothers of the 3 children [30].

Data analysis: A descriptive analysis of the data was carried
out for the different variables, based on the average value to execute
the comparisons between them.

Results and Discussion

Table 1 shows the average data obtained for the three
measurements taken of the variables studied in the different
subjects.

Table 1: Spontaneous use measured through the AHA scale in AHA units (0-100), never does the activity, needs help to do the activity, uses one
hand, uses both hands (support or grasp) measured through the CHEQ questionnaire in number of activities (0-29 activities), hand use effectiveness,
execution time of the bimanual activity and discomfort of the execution of the activity measured through the CHEQ questionnaire with a scale of 1-4.
Study Variables

Assessment 1

Affected upper limb spontaneous use

29,5

Never does the activity

6,67

Assessment 2

Assessment 3

50

55

6,67

6,67

AHA Scale

Needs help to do the activity

Uses one hand (healthy hand)

CHEQ Questionnaire

15
2

6,33
0

5,33
0

Uses both hands

5,33

16

17

Uses support

1,67

0

0

Uses grasp

Hand use effectiveness

Activity execution time

discomfort of execution of the activity

Primary results

3,67

16

17

1,47

2,30

2,32

1,30

2

2

1,33

The greatest increase obtained for the spontaneous use of the
affected upper limb was appreciated from the first to the third
measurement with a total increase of 25,5 AHA units (produced by
the increase of 20.5 AHA units of the 1-2 assessment). From the
second to the third, during the execution of the 20 hours of BIT
there was an increase of 5 AHA units. Among all the assessments,
clinically relevant gains were produced since there was an increase
= /> to 5 AHA units.

Secondary results

A stability is appreciated for the values obtained in the activities
not carried out during the three assessments. The activities carried
out with help are reduced from the first assessment, reaching
a total of 5.33 activities in the last assessment. The number of
activities carried out with one hand is reduced between valuations
1-2 and reaching 0 activities in valuation 4. There is an increase

2,07

2,20

in activities carried out with both hands (healthy and affected),
from 5.33 activities in the first assessment to a total of 17 activities
for the third assessment. No support is used from valuation 2 for
the execution of the activities carried out with both hands and is
corresponding to the increase in the use of the clamp from valuation
1 to valuation 3 (executing 17 activities with grasp on the affected
hand). The effectiveness of hand use has an increase for the three
valuations, its value being 0.85 points from valuation 1 to valuation
3.
The time score along the 3 valuations acquires an increase of
0.87 points from valuation 1 to valuation 3. The value obtained
for each of the four valuations for the discomfort of executing the
activity increases since the valuation 1-2, keeping the value stable
with a score of 2 for valuation 3.
The functional gains obtained in the affected upper limb for the
children in our study were manifested in an increase in spontaneous
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use, faster start of use of the affected hand and amplitude of forearm
movement, as well as the possibility of reaching and improving the
quality of the object’s support by the affected hand. These functional
improvements are also found in the study by Reidy et al, in which
a combined intensive therapy protocol of 114 hours of mCIMT was
carried out followed by 12 hours of BIT in children with infantile
hemiplegia of low bimanual functional performance. In our study,
the increase AHA units Results was higher than the children in the
study by Reydi et al. [31], although a lower dose of mCIMT was
used. This suggests that the etiology of the lesion and the baseline
situation of hand performance could influence the results. Since in
the study that has been designed all children were diagnosed with
congenital hemiplegia and in addition, the initial situation of hand
performance was lower than that of the study by Reydi et al [31].
While in the latter, the children had a diagnosis of hemiparesis
with a heterogeneous etiology. The influence of the etiology of the
brain injury on the results of the functionality of the upper limb
is demonstrated in the research of Feys et al [32], in which it was
studied that children with pure periventricular lesions achieved
clinically relevant improvements compared to mixed lesions. The
differences between congenital cortical-subcortical lesions and
acquired lesions were not significant. In addition, infarction of the
middle cerebral artery and lesions in the basal ganglia (thalamic
lesions) were significantly correlated with worse performance of
the affected upper limb. The type of injury determined by brain
damage and the location of the lesion could influence the results
of children with hemiplegia respect of the function in the upper
limb. This is also confirmed in the study by Nordstrand et al [33]
in 2015 when applying a mCIMT protocol in infants aged 3 to 8
months, in which the children with periventricular lesion obtained
better results and developed less probabilities of acquiring a low
hand performance (when they reached the age of 2 years) unlike
the children with infarction of the middle cerebral artery) [33].

The functional gains obtained in the spontaneous use of the
affected hand observed in the AHA scale, are represented in the
CHEQ questionnaire where greater effectiveness is observed in
hand use, as well as in the reduction of the execution time of the
task, also due to the independence of bimanual activities due to
upper limb affected participation by a greater number of tasks
performed with two hands (increase of 10.67 activities). Therefore,
it could be said that the execution of an unimanual intervention
such as mCIMT in children with low hand performance would
induce bimanual changes, without the need to carry out explicitly
bimanual work to favor the inclusion of the affected upper limb.
Bimanual capacity transfers after unimanual work were studied in
the research of Chaleat-Valayer et al [34] Where a very high Pearson
linear correlation coefficient between unimanual and bimanual
capacity of r = 0.87 was acquired, with a statistically significant
relationship (p <0.01) between unimanual work and bimanual
functional gains in the upper limb affected.
In addition, it could be thought that children diagnosed with
congenital hemiplegia with low hand performance acquire a
greater satisfaction of performing the bimanual task, reducing
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their discomfort possibly correlated with the increase in their
spontaneous use and overcoming the frustration [35].

Whose functioning continues to increase and with functional
gains until the end of the 10 weeks of structured intervention. The
increase in spontaneous use favors the independence and greater
participation of the affected upper limb in daily activities, as the
CHEQ questionnaire shows. In addition, a possible relationship
between uni and bimanual capacity can be seen after applying
mCIMT and the frustration of involvement of the affected upper limb
is reduced as spontaneous use increases, when hand performance
is low.
The limitations of the study are based on the lack of a large
sample of subjects and control group to be able to affirm the
effectiveness of the therapy and to be able to generalize the data
obtained. Therefore, it would be important to continue future
research on these guidelines through randomized clinical trials
with a control group.

Conclusion

Children with congenital hemiplegia (6 years old) with low
hand performance may obtain a greater increase in spontaneous
use, executing a protocol of combined intensive therapy with 100
hours of dosage.
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