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Abstract
Introduction: children with hemiplegia have a deficit in the motor behaviour that interferes with grip strength and the visuomotor coordination of the upper limb 
during the reach an object. The non-use of the paretic upper limb because of that a lack of integration into the body schema, produces a weakness in manipulative 
dexterity.

Aim: To assess the increase in visual motor coordination and grip strength of the affected upper limb in a girl with hemiplegic applying a modified constraint-induced 
movement therapy (mCIMT) protocol.

Methods: Clinical case and intervention: A protocol was applied for five weeks, two hours per day in a girl was 5-year-old with infantile hemiplegia, a level II in the 
manual ability classification system, MACS. Four measurements are used in time. Visual motor coordination is assessed by catching an object in motion. The grasp 
is also assessed in static and dynamic.

Conclusion: An increase in visual motor coordination and grip strength of the paretic limb could possibly be obtained in the child when applying constraint-induced 
movement therapy into the usual environment.
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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 foetus 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. Therefore, they need a movement 
time four times higher than a child without neurological problems. 
The affected hand is accompanied by a deficit in proprioception and 
tactile perception, which hinders the fine motor skills, in general of 
the fingers, in addition to the strength exerted. There is no balance 
between proprioceptive and visual spatial information, thus altering 
the visual-motor coordination of the affected limb. The movements are 
slower and with awkwardness in the coordination, longer during the 
execution, with associated movements and in a mirror. 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 manual ability of the 
healthy upper limb [2].

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. This deterioration of non-use is caused by 
a neural dysfunction during brain injury [4].

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 extremity”.

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 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 
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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] confirmed 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].

Aim: “To assess the increase in visual motor and grip strength of 
the affected upper limb in a girl with right hemiplegia of 5 years old 
after applying modified Constraint Induced movement therapy”

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.

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

•	 Having more than 20º of extension of the wrist of the affected upper 
extremity.

•	 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

•	 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. 

The restriction 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.

Primary measures

The visual motor coordination is divided in three variables, 
the reaction time, the total movement time, both expressed in 
seconds (Figure 1) measured through a chronometer and the reach 
of the affected upper limb determined by stopping a moving object. 
(registered in centimeters) that slides on a circuit with a wooden ramp 
and an adjustable slope at 10º or 15º. The reach of the girl will be greater 
the smaller the distance at which the car in motion is stopped. For the 
measurement of visual-motor coordination (eye-hand) and the manual 
grip on dynamic of the paretic hand, the circuit used in the study of 
Mak adapted to our needs is used [17]. The circuit consists of a sloping 
wooden board (ramp), located on a wooden base and with a gradient of 
the ramp adjustable to 10º and 15º. At the top end of the board is a toy 
car weighing 80 grams held by an electromagnet. The car has a built-
in manual dynamometer that marks the dynamic grip strength of the 
affected hand when the girl takes the car while traveling on the wooden 
ramp. The girl remains seated in a chair homolateral to the affected 
upper limb in situation to the table where the board is located. She 
must press a switch, placed at the bottom end of the ramp, as quickly 
as possible when She receives the verbal command of the evaluator 
“already” for the car to go down a lane located on the ramp. The lane 
is numbered from 0 to 77 centimetres. The car starts from an initial 
position of 0 cm and will go down at a speed of 0.42 m / s for the slope 
of 10º and to 0.65 m / s for the slope of 15º (Figure 1).

Figure 1. Visual-motor coordination test
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Secondary measures

The hand grip strength dynamic is registered with a manual 
dynamometer, using the same scale units that the grip static 
dynamometer (0-150 psi). It is included in a moving object that moves 
through a 10° or 15° slope as adjusted [18].

Estadistic analysis

In the variable of visual-motor coordination, a statistical analysis 
was carried out using the statistical program PASW 18. A repeated-
measures ANOVA is used to see its statistical significance throughout 
the measurements (95% confidence interval).

Results
Primary outcomes

We take the means of the values ​​obtained in the successful trials of 
each slope.

In the circuit of slope 10º the five successful tests are completed, 
unlike the 15º slope where in the first measurement 4 are completed, 
80%, increasing totally to the rest of the measurements.

The variables studied corresponding to the reaction time, total 
Movement time and distance at which the car stops at the affected 
upper extremity, without distinction of slopes, suffer a reduction in 
the values ​​obtained from each of the assessments made. Changes are 
observed in each of the measurements, resulting in the most important 
increase in the difference of values ​​from the first to the fourth 
measurement with a p value < 0,05. The reaction time values ​​on both 
slopes decrease in parallel, because of that the slope is not an influential 
factor in the Results (p > 0.05). In contrast, the values ​​obtained in the 
total movement time suffer a greater reduction in the 10º slope since 
they start from a higher initial value than in the 15º slope (Figure 2). 
The difference in the value recorded between the first and the fourth 
measurement for the study of the distance at which the car stops (the 
affected upper limb’s reach of the girl) is greater on the 15º slope than 
on the lower slope inclination. Consequence of the influence of the 
slope on the results of the variables studied (total movement time and 
range of the affected upper limb). In general, the results obtained have a 
more remarkable improvement in the 10º slope (Tables 1 and 2). 

Secondary outcomes

The dynamic grip remains stable throughout the measurements, 
although it shows an increase of 1 psi in the last measurement, being 
the same for both slopes.

The static grip starts from a value greater than the dynamic grip and 
suffers an appreciable increase from the third measurement, obtaining 
the maximum value in the fourth measurement with an increase of 2 
psi from the first measurement taken.Figure 2. Progress for total movement time of the task, in the slope 10º and 15º

Slope-10º Assessment Means Typical 
deviation N

Reaction time 1 2,4080 49251 5
2 1,9600 50384 5
3 1,7280 45680 5
4 1,5680 41288 5

Total 1,9160 53825 20
Total movement 
time of the task 1 5,48 412 5

2 5,11 833 5
3 3,62 1,472 5
4 2,71 244 5

Total 4,23 1,403 20
Reach/distance 1 54,00 2,345 5

2 51,80 2,775 5
3 50,60 2,408 5
4 50,00 2,449 5

Total 51,60 2,780 20

Slope- 15º Assessment Means Typical 
deviation N

Reaction time 1 2,2175 29182 4
2 1,9960 18515 5
3 1,9160 17841 5
4 1,3920 12677 5

Total 1,8626 35735 19
Total movement 
time of the task 1 3,12 500 4

2 3,10 222 5
3 2,52 310 5
4 2,04 255 5

Total 2,67 550 19
Reach/distance 1 57,00 1,633 4

2 55,80 837 5
3 55,40 1,342 5
4 51,40 894 5

Total 54,79 2,417 19

Table 1. Recording the results depending on the slope used for visual- motor 
coordination

N: number of trials, maximum of 5 trials

Variable factor Sig.
Reaction time slope 0,762

Assessment 0,000*
Total movement time of 

the task Slope 0,000*

Assessment 0,000*
Reach/distance Slope 0,000*

Assessment 0,000*

Table 2. The 95% confidence interval is applied to obtain the statistical values of the 
variables

Sig.(significance), statistically significant difference when p value < 0.05
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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 the hand with trunk offsets and presence 
of inadequate coordination in the grip strength of the hand [19].

It is necessary to emphasize the acquisition of a more stable and 
precise grip due to an increase of 2 psi of force in the static manual 
grip from the first measurement to the last one. Improved stability and 
grip strength allow for greater manual functionality when picking up 
objects of different size and weight and maintaining them during the 
execution of selective and precision activities such as throwing a small 
ball at a target, keeping the fork stable with the affected hand and take 
the food to the mouth during the feeding phase. Most children with 
unilateral brain injuries do not develop an adequate grip strength in the 
coordination of a unimanual activity carried out by the affected upper 
limb. A pathological pattern or an immature state of grip for their age 
is produced, giving rise to an inadequate synergy of the coordination 
strength that is related to the deterioration of the manipulative dexterity 
of the affected hand, depending on the level of injury [20].

The mCIMT, like the bimanual occupational therapy, has been 
used to optimize the functionality in spastic hands after injection with 
botulinum toxin type A. The comparison of both interventions in 
the study by Hoare et al. [21] shows a greater efficacy of the mCIMT 
with respect to the bimanual occupational therapy, since the mCIMT 
facilitated motor learning of the upper limb affected by the practice of 
skills and the experience of the use of the hand through mass practice. 
However, it was not possible to guide the learning of bimanual strategies 
to achieve performance in the task, since children used in most trials 
the dominant hand to grasp the object before thinking about the role of 
the affected hand [21].

Visual-motor coordination of the affected upper limb in the 
case presented in the study underwent a favourable evolution in the 
course of the intervention by means of modified Constraint Induced 
movement therapy. Its improvement is appreciated by obtaining a 
reduction of the values ​​in the reaction time, total movement time and 
greater active reach of the affected upper limb when stopping the car in 
motion of the successful tests.

A statistically significant difference is obtained with a p value 
<0.01 in the reaction time dependent on the valuation and without 
differences between the 10º and 15º slopes from the first assessment to 
the fourth. This suggests that the girl was able to adapt her movement 
to an increase in the speed of the car (with a 15º slope), possibly because the 
task was simple and did not require a thinking strategy at different speeds.

In contrast to the reaction time, the slope of 10º and 15º is influential 
in the evaluation of the total movement time and distance at which the 
car is stopped with a statistically significant difference with a p value 
<0.01. Better results are obtained in the total movement time for the 
execution of the total of the task in the 10º slope, there being differences 
between the evaluations (p < 0.01) than in the 15º slope (p > 0.05) where 
no there are differences between the evaluations, since when the task 
becomes complicated, the girl needs to modulate the trajectory of her 
movement to the increase of the speed at which the car drops on the 15º 
slope to complete the task.

The manual grip strength when taking the car in motion through 
the affected upper limb on both the 10º and the 15º slope suffers the 

same increase of 1 psi at the end of the intervention. The increase in 
slope, as well as the speed at which the car goes down does not influence 
the increase of hand strength in dynamic. However, when there is no 
speed of movement of the object; the increase in manual grip strength 
is greater in static than in dynamic.

If we compare the results obtained in the study with an investigation 
carried out in children with problems in the development of the 
coordination by Mak [17]. we appreciate a similarity in the influence 
of the slope. The results recorded when executing the moving task 
with a different inclination show an influence of the slope in the total 
movement time, but it is not relevant in the reaction time, as in the 
present investigation. The difference is in the grip made when picking 
up the car in motion that varies depending on the slope (being the peak 
of strength on the slope of 15º), while in the current study there are 
no changes in the values ​​on the different slopes. Another possibility to 
consider is the difficulty that children with hemiplegia have of adjusting 
the correct strength when catching an object due to an inadequate 
synergy of the affected upper limb and an immaturity in the hand grip, 
which can make us think that the girl does not have enough capacity to 
modulate the grasp when catching an object at different speeds, since 
there are no changes between a slope of 10º and 15º, since at higher 
speeds the girl should have made a greater force in the grip to stop the 
object.

Study limitations
Being an uncontrolled trial with a single case and absence of a 

control group, it can-not be guaranteed that the response observed 
(changes produced throughout the intervention with respect to the 
baseline situation) is exclusively due to the mCIMT protocol [22]. 

For future research it would be necessary to expand the sample, 
study the quality of movement and spontaneous use of the affected 
upper limb applying the same protocol and introducing a control 
group.

Conclusion
An increase in visual motor coordination and grip strength of the 

paretic limb could possibly be obtained in the child when applying 
constraint-induced movement therapy into the usual environment.
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