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Case Report

Improvements in spontaneous use and quality of movement
after applying modified constraint induced movement therapy

(mCIMT) in infantile hemiplegia. Report of a case
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Calle Lope de Vega, 8. Torrijos, Toledo, 45500, Spain

Abstract

Introduction: Children with hemiplegia have a deficit in the motor behaviour that interferes with their spontaneous use and quality of movement in the affected
upper limb due learn not to use of their affected arm, which is known as “Disregard of development” and the presence of incorrect movements and increased tone, as
well as associated reactions or mirror movements.

Aim: To assess the spontaneous use and quality of movement in the affected upper limb in a girl with hemiplegia applying a modified constraint-induced movement
therapy (mCIMT) protocol.

Clinical case and intervention: The protocol was applied for five weeks, two hours per day in a girl who is 5-year-old with right infantile hemiplegia, a level II in
the manual ability classification system, MACS. Four measurements are used in the time. Spontaneous use is assessed by the Shriners Hospital Upper Extremity
Evaluation, SHUEE and the quality of movement is also assessed by the Quality of Upper Extremity Skills Test, QUEST.

Results: The spontaneous use obtained an increase of 20% from first assessment to last assessment during 5 weeks of treatment, and the quality of life obtained an
increase of 9.65% from the first measurement the highest increase was produced by the improvements in grip.

Conclusion: An increase in the spontaneous use and quality of movement of the paretic upper limb could possibly be obtained in the child when applying constraint-

induced movement therapy in the usual environment.

Introduction

Infantile cerebral palsy (ICP) is defined as a series of permanent
disorders that affect the child’s motor and postural development.
Functional limitations occur in their motor activity, triggered by the
brain injury produced during the maturation of the central nervous
system of the fetus or infant. ICP is characterized as a non-progressive
encephalopathy. It is a chronic sensorimotor disorder that leads to the
alteration of sensitivity, perception, cognition, communication and
behaviour, in addition causing changes in posture, muscle tone and
production of inappropriate movements. These alterations are usually
caused by secondary problems of cerebral palsy, such as epilepsy and
musculoskeletal disorders, which is the same as those of the brain. The
prevalence of ICP in developed countries is 2 to 2.5 cases per 1,000 live
births [1].

Children with hemiplegia (subtype of ICP) are characterized by
deficits in motor behaviour accompanied by stereotyped movements
and poor postural adjustments that interfere with the balance, reaction
time and speed of reaching an object. The movements are slower and
with awkwardness in the coordination, longer during the execution,
with associated and mirror movements. The presence of mirror
movements hinders the coordination of the affected upper limb. In
children with hemiplegia they are increased and prolonged in time
by the lack of selective control and presence of spasticity altering the
bimanual coordination, which leads to a decrease in the use of the
affected hand that usually interferes with the hand ability of the healthy
upper limb [2].
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From the first stage of childhood, children with hemiplegia, even
those with the least affectation, tend to use their healthy hand as
dominant in all tasks. Therefore, they learn not to use their affected
arm, which is known as “Disregard of development” [3] This “non-
use” of their affected upper limb produces an increase in muscle tone
in this body segment, poor motor control, decreased muscle range
of active and passive movement, generalized weakness and delay of
musculoskeletal maturation, altering the quality of movement due to
the presence of incorrect movements and increased tone, as well as
associated reactions or mirror movements. This deterioration of non-
use is caused by a neural dysfunction during brain injury [4]. This
neuronal alteration has the ability to improve by activating certain
brain areas that remained inactive after the injury through activity and
through experience and learning (trial-error) [3].

Constraint Induced movement therapy (CIMT) is an intervention
technique to improve the use and functionality of the affected upper
limb in patients with brain injury. It was described by Taub et al. [5]
in 1980 and is based on “learning not to use the affected upper limb”.
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The therapy began to be applied in primates later transferring to
adults and consisted in the restriction of the non-paretic upper limb
through a means of containment (sling, splint...) thus promoting the
use of the affected upper limb in the activities of daily life. The restraint
was maintained during 90% of the waking hours. 6 consecutive hours
of intensive treatment were performed in a clinic with exercises of
manipulative skill during a period of 10 to 12 days. The tasks integrated
the repetition of the motor action with a variety of exercises. This repetition
allowed the acquisition of motor learning in the paretic hand [5,6].

Different studies [7-9] confirm that the merits acquired during
the rehabilitation period were maintained between six months and
one year after the intervention. After the application of Constraint
Induced movement therapy following the use of the forgotten part, the
stimulation of areas of the brain that had previously been inactivated
by the use of the forgotten part was observed by means of magnetic
resonance. An adaptation of the protocol is needed because most of the
children did not complete the treatment because they did not exceed
the full time of restriction, known as modified Constraint Induced
movement therapy (mCIMT) [10,11].

Methods

Clinical case definition

The study is conducted on a 5-year-old girl who suffered brain
damage during birth (perinatal injury) due to fetal distress. She was
diagnosed with right spastic hemiplegia at 15 months of age when
she attended day care, since inactivity was detected in the right upper
extremity when performing bimanual tasks. Magnetic resonance
diagnosis was confirmed, showing a cortico-subcortical lesion adjacent
to the left central groove with gliosis foci and malacia. In addition, the
ectatic Trolard vein is observed and, however, the lateral ventricles and
third ventricle appear in a normal situation, size and morphology.

The girl has motor difficulties that show changes in the gait, of static
and dynamic balance, obtaining an assessment on the scale of the case
of Berg [12] independence (total score = 43) to be able to walk without
limitations and not require a wheelchair. After an assessment of their
motor skills, the girl is placed in level I of gross motor classification
System in children with cerebral palsy, GMFCS [13].

There is a limitation of the manual functionality of the right upper
extremity being found in a level II within the classification system
of manual skill in children with cerebral palsy, MACS [14]. Its most
pronounced deficit is manifested in fine motor skills, in the execution
of manual motor skills with dexterity, and in the visual-motor
coordination of the hand, since it requires a longer time to perform
any activity.

In order to be able to apply the therapy, certain criteria of inclusion
are considered [15].

 Lack of activity of the affected upper limb.

o Overcoming the 10° extension in the metacarpophalangeal and
interphalangeal joints.

BASAL Assessment

« Having more than 20° of extension of the wrist of the affected upper
extremity.

o Adequate cognitive development to understand the verbal orders
given for the execution of tasks.

« Cooperation in the execution of them.

The following were established as exclusion criteria:
« Have associated pathologies
« Have uncontrolled epilepsy

o Severe spasticity that prevents functional movement of the affected
upper limb.

Method of intervention

The study is carried out in a period of 5 weeks of treatment, using
a time of restriction of the healthy upper extremity of 2 hours per day (one
hour in the morning and one hour in the afternoon) from Monday to
Friday. An informed consent is given to the family for the execution of the
therapy. The intervention protocol and informed consent were approved
by the ethics committee of the San Pablo CEU University of Madrid.

Therestriction used, is a partial, which consists of keeping the healthy
hand closed and the thumb inside the fist by means of a transparent
film that reaches the wrist joint, and that mimics the restriction of a
glove [16] but it is more comfortable for the development of activities.
Handling is prevented with the unaffected hand leaving the wrist and
elbow joint free so that the girl can react to an external disturbance.

Measures

Both spontaneous use and the quality of movement of the affected
upper limb were measured in four times as shown in figure 1.

Primary measures

Spontaneous use was assessed with the Shriners Hospital Upper
Extremity Evaluation, Shuee Evaluation[17,18], which was used to
record the values in the four measurements. This evaluation is based on
the recording of videos of the girl 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 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.

Assessment 3 Assessment 4

Figure 1. Description of the four measurements of both variables over time
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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 test, Quest scale [17,19,20].
It gives us a numerical value that is obtained from the average of the
percentages in 36 items distributed in four categories: dissociated
movements, grip, support 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.

Data analysis

A descriptive analysis is made of all the dependent variables for
each of the measurements, highlighting the most important differences
during the measurement time.

Results

Primary outcomes

It is the variable that suffers the most variation in the results, with a
notable increase in its percentage from the first to the last measurement
by 20% (Table 1 and Figure 2).

Table 1. Variable results measured with the Quest Test

QUEST TEST A tl A t2 | A t3 A t4
Total movement quality 72,27 73,21 76,06 81,92
Dissociated movements 78,12 78,12 78,12 79,68
Grip 44,4 48,14 59,46 66,66
Support 86 86 86 98
Postural reactions 80,56 80,56 80,56 83,34

Results represented in percentages (%) in each assessment.

QUALITY OF MOVEMENT
120
100
80 =#= movement quality
% ﬁ
== postural reactions
60
Support
40 e Grip
== Dissociated movements
20
0

Assessment 1 Assessment 2 Assessment 3 Assessment 4

Figure 2. Progress the spontaneous use in affected upper limb for 4 measurements
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Secondary outcomes

An increase in its value is obtained in each measurement executed.
The difference between the values of the first measurement and the
last one is accentuated, achieving an increase of 9.65% at the end
of the intervention with mCIMT. This increase is determined to a
greater extent by the changes originated in the grip that achieves an
improvement of 22.26% from the first measurement. The dissociated
movements, the supports and postural reactions also intervene in the
increase of the percentage in the quality of movement and bimanual
dexterity maintaining the values of the first to the third measurement
and it is in the fourth measurement where the changes in the obtained
results are appreciated obtaining an increase of 1.56% in the dissociated
movements, 12% in the supports and 2.78% in the postural reactions
(Table 2 and Figure 3).

Discussion

The deterioration of the functionality of the hand causes a weakness
present in the execution of activities of daily life in infantile hemiplegia.
There is an alteration compared to the healthy upper limb that manifests
itself in the general slowness of movement, discontinuous movements,
variability in the trajectory of movement and lack of spontaneous use
and lack of quality of movement in the affected upper limb [21].

Benefits are obtained in each measurement produced by the
acquisition of a more corrected posture of the trunk, head and
shoulders in the execution of the grasping activities. These benefits are
present from the second measurement (after one week of treatment
with mCIMT). It increases the maintenance time of the supports of
both upper limbs (greater than 2 seconds), observable in the last
measurement after 5 weeks of intervention. It is produced by joint
positioning in the wrist and elbow extension, which allows greater
control and support of body structures.

The dissociated movements and the postural reactions do not show
a remarkable percentage increase until the end of the intervention
in the execution of the items in active elbow extension 0°, unlike the
previous measurements where the dynamic articulation position of the
elbow to carry out the task was 6° of active flexion.

Compared with the results obtained in the quality of movement
of affected upper limb in the presented study, we highlight a study
about mCIMT, which publishes positive results in the assessment of
the quality of movement of motor skills (measured through the Quest
scale) using an intervention protocol of 3 weeks of treatment with an
intensity of 6 hours per day of restriction and repetitive work [22]. In
the study, the effectiveness of the intervention is demonstrated, since
it is a larger sample and has a control group (18 hemiplegic children,
9 children experimental group and 9 children control group), unlike
the case presented. In 2011, another investigation [23], this time made
exclusively with a hemiplegic girl with characteristics similar to the
girl’s study, employs mCIMT for one hour per day for two weeks. At
the end of the treatment, no important results are obtained, so it is
extended to one more week of intervention. In this last assessment,
an increase in the overall percentage of the total movement quality
(also measured by the Quest scale) is recorded, which is appreciable
in activities of the affected upper limb. The percentage increase in
the variable studied from the first measurement to the last is greater
than that obtained in the present study, since the girl started from a
lower condition in the motor skills than the girl in this current study.
If we make comparisons with the values of the study from the second
measurement that resemble the initial motor condition of the case
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Figure 3. Progress the quality of movement in affected upper limb for 4 measurements

Table 2. Variable Results measured with Shuee Evaluation

SHUEE evaluation | Assessment1 | A t2 | A t3 | Assessment 4
Spontaneous use 75,5 82,2 86,67 95,5

Results represented in percentages (%) in each assessment

presented in this study, there is a greater increase in our study, which
may be due to the use of a mCIMT protocol of greater intensity and
duration. Thus, the protocol chosen for the intervention and the initial
functionality of the patient are two important factors to be taken into
account in the increase of the results obtained in the measurements.

The learning of the “non-use” of the affected upper limb through
the intervention with mCIMT can provide an increase of spontaneous
participation of the affected upper limb in the unimanual and
bimanual tasks observed in all the measurements carried out through
Shuee evaluation throughout the intervention time [24]. There is an
increase of 20% in the performance of the affected upper limb from
the first measurement to the last one. Before the intervention, the girl
used her paretic limb in most actions for the active and stable grip of
the object that was manipulated with the healthy hand. At the end of
the intervention there is a spontaneous use of partial to full in most
bimanual activities facilitating the activities into her family and school
environment (data added by the parents and school teacher of the girl).
In this way, the girl can use the affected hand spontaneously or without
the reference of the other hand. The improvement in functional
performance is reflected in the activities of daily life where She
performs with independence, but higher quality the tasks of dressing
and undressing, putting on socks and shoes with active participation
of the affected upper limb. The parents provide information about the
act of feeding, commenting that the girl uses her affected upper limb
to give active support to the healthy limb, without the need for them
to give a verbal order for its use, without any reference. Previously, the
affected upper limb remained inactive under the table during the act of
feeding, without any collaboration in it, performed exclusively by the
healthy hand.

Study limitations

Being an uncontrolled trial with a single case and absence of a
control group, it cannot be guaranteed that the response observed
(changes produced throughout the intervention with respect to the
baseline situation) is exclusively due to the mCIMT protocol [25].

For future research it would be necessary to expand the simple
applying the same protocol and introducing a control group.

Pediatr Dimensions, 2018 doi: 10.15761/PD.1000177

Conclusion

An increase in spontaneous use and quality of movement in the

affected upper limb could possibly be obtained in the girl with right
infantile hemiplegia when applying modified Constraint induced
movement therapy into the usual environment.
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