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Introduction
Infantile hemiplegia is the second most frequent 
type of cerebral palsy,1 causing a motor deficit of 

the hemibody contralateral to the injured hemi-
sphere, with more affectation in the upper limb 
than the lower limb.2,3 Children with hemiplegia 
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Abstract
Background: The capacity of children with hemiplegia to be engaged in anticipatory action 
planning is affected. There is no balance among spatial, proprioceptive and visual information, 
thus altering the affected upper limb visuomotor coordination. The objective of the present 
study was to assess the improvement in visuomotor coordination after the application of a 
unimanual intensive therapy program, with the use of unaffected hand containment compared 
with not using unaffected hand containment.
Methods: A simple blind randomized clinical trial was realized. A total of 16 subjects with 
congenital infantile hemiplegia participated in the study with an age mean of 5.54 years old 
(SD:1.55). Two intensive protocols for 5 weeks of modified constraint-induced movement 
therapy (mCIMT) or unimanual therapy without containment (UTWC) were executed 5 days per 
week (2 h/day). Affected upper limb visuomotor coordination (reaction time, task total time, 
active range, dynamic grasp) was measured before–after intensive therapy using a specific 
circuit with different slopes (10°/15°).
Results: Statistically significant inter-group differences were found after the intervention, with 
clinically relevant results for the mCIMT group not seen in UTWC, in the following variables: 
reaction time 10°slope (p = 0.003, d = 2.44), reaction time 15°slope (p = 0.002, d = 2.15) as well 
as for the task total time 10°slope (p = 0.002, d = 2.25), active reach 10°slope (p = 0.002, d = 2.7), 
active reach 15°slope (p = 0.003, d = 2.29) and dynamic grasp 10°/15°slopes (p = <0.001, 
d = 2.69). There were not statistically significant inter-group differences in the total task time 
with 15°slope (p = 0.074, d = 1.27).
Conclusions: The use of unaffected hand containment in mCIMT would allow improvements 
in the affected upper limb’s visuomotor coordination. Thus, it would favor clinical practice to 
make decisions on therapeutic approaches to increase the affected upper limb functionality 
and action planning in children diagnosed with infantile hemiplegia (4–8 years old).
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have a lesion in the corticospinal tract that pro-
duces an alteration in the grasp and the produc-
tion of force in advance (anticipation control), 
altering the affected upper limb visuomotor  
coordination.4–6 An important aspect of motor 
control is motor planning. Motor planning can be 
defined as the ability to take the upcoming task 
demands into account when first taking hold of 
an object.6–8 Reaching and grasping require the 
neural system to preplan a motor plan(s) (i.e. 
feedforward control) and use sensory feedback 
(i.e. feedback control) to monitor motor errors 
and modify ongoing movements accordingly.9 
The affected upper limb moves more slowly and 
less continuously during reaching than the upper 
limb of children of typical development.10

Constraint-induced movement therapy (CIMT) 
is designed to improve the affected upper limb 
motor function after stroke and consists of three 
key components: (1) repetitive, task-oriented 
training; (2) adherence-enhancing behavioral 
strategies (transfer package); and (3) constraining 
the use of the less affected arm, usually by wear-
ing a mitt.11 Modified CIMT (mCIMT) was 
reported by Page et  al.12 using less than 3 h of 
therapy per day. mCIMT has been shown to be 
an effective method to promote the functional use 
of the more affected upper limb in children with 
hemiplegia, and its application at home provides 
a rich natural context to facilitate motivation, 
engagement, and repetition in everyday func-
tional activities.13–15 Therapy at home is an essen-
tial way to increase the amount of training. 
Families educated by therapists can carry out a 
daily therapy intervention, which has shown great 
contribution to and satisfaction in learning new 
skills in their children.16 Thus, mCIMT applied 
at home would improve visuomotor coordination 
and, therefore, action-planning control. This 
could be due to the use of unaffected hand con-
tainment and the execution and repetition of uni-
manual tasks with the affected hand;17 its effect 
was demonstrated through the increase in the 
quality of movement and spontaneous use of the 
affected upper limb in children with hemiplegia 
(4–8 years old).18 In addition, Tervahauta et al’s.19 
systematic review showed that the results in the 
affected upper limb function (measuring sponta-
neous use, quality of movement, bimanual func-
tional performance, manual ability, etc.) after  
the application of intensive therapies such as 
mCIMT and bimanual intensive therapy (BIT) 
are similar.19 That is why it is suggested that the 

main ingredient, and therefore the key to success,  
may be sufficient repetitions over many hours of 
training.20,21 However, the benefits within visuo-
motor coordination in the comparison of both 
therapies have not been studied.

When the same dose of mCIMT is compared 
with other interventions such as conventional 
therapy, even greater benefits are obtained after 
mCIMT, with improvements in the reaction 
time.14 This may suggest that the unaffected 
hand containment within a protocol of intensive 
unimanual therapy (mCIMT) could be a factor 
to be considered to promote visuomotor coordi-
nation of the affected upper limb. The assess-
ment of visuomotor coordination through a 
specific circuit with a mobile object at different 
speeds allows determination of the reaction time, 
total task execution time and the executed reach, 
including the dynamic grasp used and how the 
visuomotor coordination is adapted with speed 
changes, which is related to action planning and 
anticipation.22

In addition, the present study was focused on 
determining which intensive therapies allow 
favoring visuomotor coordination in children 
with hemiplegia, by addressing these limitations 
using intensive therapies with unaffected hand 
containment, like mCIMT, or without contain-
ment. This method allows assessment of the effi-
cacy of unaffected hand containment and, 
therefore, enables choosing the most beneficial 
intervention to increase visuomotor coordination 
of the affected upper limb in infantile hemiplegia, 
as well as improving action planning. Thus, the 
objective of the present study was to assess the 
improvement in visuomotor coordination after 
the application of a unimanual intensive therapy 
program with the use of unaffected hand contain-
ment compared with not using unaffected hand 
containment.

Methods

Study design
A single-blind, randomized, controlled, pilot trial 
was conducted in which objective was to study 
the feasibility, the measurement instrument, the 
study variables, and the adaptation of children 
and families in the execution of the protocol at 
home, to know if the proposed activities were 
suitable for children, if the therapist–family 
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follow-up was a necessary support, or if different 
aspects should be modified, before developing a 
research project with a greater number of partici-
pants. For this, it was necessary to run a prelimi-
nary study to know the results obtained in the 
measurement test used and thus be able to estab-
lish a correct difference in the variables to obtain 
the calculation of the randomized clinical trial 
sample size that may be developed in the future. 
The study protocol was approved by the Clinical 
Research Ethics Committee of the CEU-San 
Pablo University of Madrid (reference number 
060-13). This pilot trial has been registered with 
ClinicalTrials.Gov, and the registration number 
is NCT02178371.

Participants
The participants were recruited from the reha-
bilitation department of the Hospital of Toledo 
(Spain) from January 2015 to December 2017. 
Through convenience sampling, 16 children 
diagnosed with congenital hemiplegia were 
recruited, following the inclusion and exclusion 
criteria, and randomly divided into experimental 
and control groups. A blinded physiotherapist 
performed the randomization. The randomiza-
tion method was carried out through the Epidat 
software version 4.2 which, following a process of 
simple randomization and consecutive sampling, 
divided the participants into two groups (experi-
mental and control) with eight participants per 
group. A number sequence was obtained, and 
kept in opaque closed envelopes. The envelope 
was opened by the blinded physiotherapist, who 
decided randomly, according to the randomiza-
tion sequence.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) con-
genital infantile hemiplegia, (2) aged between 4 
and 8 years, (3) lack of use of the affected upper 
limb (levels from 2 to 7 of the Modified House 
Classification (MHC),23 (4) exceeding 10° exten-
sion of metacarpophalangeal and interphalangeal 
joints and completing 10° active extension of the 
wrist joint, (5) levels I–III in the Manual Ability 
Classification System (MACS),24 and (6) ade-
quate cognitive development to understand ver-
bal orders for the proposed tasks and cooperation 
in their execution. The exclusion criteria were 
defined as follows: (1) severe visual problems that 
prevent the independent execution of unimanual 

tasks, (2) significant balance disturbances that 
impede the execution of the tasks, (3) diseases 
not related to hemiplegia, (4) pharmacoresistant 
epilepsy, and (5) botulinum toxin infiltration 
within 3 months prior to the intervention.

Intervention pre-conditions, intervention, and 
follow-up
Before conducting intervention, an informational 
meeting was held for all families and children, 
who were informed about the therapies and the 
protection of their data, and their right to leave 
the study freely and without penalties. A physio-
therapist provided verbal and written information 
about the study to the families and checked the 
inclusion and exclusion criteria, and then the 
families were informed about the possible compli-
cations: low tolerance to daily intensity and 
refusal to use the affected hand in the activities or 
wear containment on the unaffected hand. 
Finally, parents signed the informed consent and 
children affirmed their agreement verbally. This 
physiotherapist was also in charge of collecting 
the signed informed consent and then randomiz-
ing the participants to the corresponding group. 
A neuropediatric physiotherapist was responsible 
for performing all the patients’ assessments.

After the meeting, families were trained by a 
physiotherapist in the execution of the specific 
therapy, teaching them how they should carry out 
the unimanual activities at home. The therapy 
was only started once all families were confident 
about the treatment use.

Two intensive 5-week protocols were carried out: 
mCIMT (experimental group) and unimanual 
therapy without containment (UTWC) (control 
group). In both groups, the protocol was pro-
grammed to last 2 h per day (not continuous; that 
is, separated by at least 30 min of rest) from 
Monday to Friday, with a total therapeutic dose 
of 50 h, and the therapies were carried out by the 
children’s families in their usual environment to 
encourage the learning of the affected upper limb 
within daily activities. The unimanual tasks were 
the same for both groups, based on shoulder flex-
ion–elbow extension, forearm supination and 
grasp–release of objects with the affected hand 
(Table 1). Each activity had to be conducted for 
10 min. The unaffected hand was partially con-
tained for mCIMT and free for UTWC; each 
family built the partial containment as a glove 

https://journals.sagepub.com/home/taj


Therapeutic Advances in Chronic Disease 12

4 journals.sagepub.com/home/taj

with a rigid cardboard base to avoid mirror move-
ments, leaving the wrist joint free (Figure 1). The 
families had to fill in a table with the execution 
time of each activity and the child’s behavior on 
it. Weekly online follow-up between the families 
and the therapist was implemented to avoid any 
complications and increase treatment adherence. 
In this follow-up, the therapist explained the 
activities and the families conducted them, 
accordingly, commenting their doubts. The fam-
ilies could contact the therapist every day to 
make possible changes if the child could not per-
form the tasks or was not motivated. This fos-
tered adherence to and motivation for the 
intervention.

Data collection
Two assessments were performed. The first 
assessment was focused on obtaining the data 
before the treatment, that is, in week 0 (baseline 
situation, immediately before starting treatment), 
and the second assessment was conducted at the 
end of the treatment, that is, in week 5 (a total 
dose of 50 h).

Outcome measures
The visuomotor coordination of the affected 
upper limbs is distributed in three variables: reac-
tion time (seconds, s), total movement time to 
execute the proposed task (seconds, s) and 
affected upper limb active range when stopping a 

car in motion (centimeters, cm). Thus, it was 
measured with a wooden circuit consisting of a 
ramp with two possible slopes (10° and 15°) 
based on the Mak study.22

The reaction time assessment started when the 
child received the verbal command “now,” and 
he/she had to press a switch placed at the lower 
end of the ramp with the affected hand and pick 
up the car (with a dynamometer25) in motion. 
The active range and the dynamic grasp were 
assessed when the child pick up the car. The total 
movement time of the task was registered from 
the moment the child pressed the switch until he/
she placed the car on the tray situated on a chair 
by the healthy side (Figure 2). A total of five trials 
were allowed, and only those in which the chil-
dren took the car were counted as valid. Two 
slopes (10° and 15°) were used to study the influ-
ence of speed.

Statistical analysis
Statistical analysis of the data was performed 
using SPSS v20.0 for Windows (SPSS Inc., 
Chicago, IL, USA). Given the small sample size, 
non-parametric analyses were used with the 
Mann–Whitney U-test to determine the inter-
group differences for the variables. The Wilcoxon 
test for paired samples was performed to com-
pare before–after treatment results in the same 
group for both therapies. Fisher’s exact test was 
used to determine inter-group differences 

Table 1. Examples of the designed tasks to perform with mCIMT and UTWC.

Movements to work in 
the affected upper limb

Examples of designed tasks (mCIMT and UTWC)

Shoulder flexion and 
elbow extension

•  Put stickers at different heights on the wall and try to cover them 
with the affected hand.

• Take a small and light ball and try to throw it higher toward a target.
•  Use balloons or bubbles and get the child to try and hit them with the 

affected hand.

Forearm supination • Put stickers on the palm of the affected hand or forearm.
• Fishing game.
• Playing the trumpet or other instruments. . .

Grasp–release • Grasp, hold and transfer light and long objects.
• Grasp, hold and transfer heavy, long and rough objects.
• Grasp, hold and transfer rough, light and spherical objects.
• Grasp, hold and transfer rough, heavy and spherical objects.
• Grasp, hold and transfer smooth, light and long objects.
• Grasp, hold and transfer smooth, heavy and long objects.

mCIMT, modified constraint-induced movement therapy; UTWC, unimanual therapy without containment.
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Figure 1. Unimanual therapy with and without containment. The first image (a) shows the activity: grasp, hold 
and transfer rough, light and spherical objects, without containment. The second image (b) shows that the 
unaffected hand is containment and the child executes the same movement (grasp–release) with the affected 
hand, in the similar activity with smaller objects.

Figure 2. Circuit with different slopes to assess visuomotor coordination, with a car attached to an 
electromagnet with a dynamometer. Figure shows the child receiving the verbal order “now” and pressing 
the switch with the affected hand to activate the car. Then, child must transport the car to the tray placed 
homolateral to the healthy upper limb, thus completing the task, and the total execution time.

https://journals.sagepub.com/home/taj
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according to sex, MACS level and the affected 
hemibody. The effect size (d) of differences was 
calculated to know the magnitude of the differ-
ence between groups. The results are shown as 
the median and interquartile range (IQR) with  
a confidence interval of 95%. All those values 
with p value < 0.05 were considered statistically 
significant.

Results
A total of 32 subjects were recruited, of which 14 
were excluded for not meeting the inclusion cri-
teria and another two eventually decided not to 
participate. The remaining 16 subjects met the 
inclusion criteria established and were randomly 
allocated in either of the two intervention groups. 
Eight children were included in the mCIMT 

group and the other eight children in the UTWC 
group (Figure 3).

The age range of the participants was 4–8 years, 
with an average of 5.54 years (SD = 1.55). Fifty 
percent were males and the other 50% were 
females, of which 62.50% had left hemiplegia, 
with the involvement of the right half of the body 
being less representative (37.5%), and the affected 
side was the non-dominant in all participants. In 
the MACS, 56.25% were classified as level II. All 
these children were classified as MHC level 5 
(fair active assist: can actively grasp object and 
stabilize it well), and perinatal stroke was the 
cause of the infantile hemiplegia in 100% of par-
ticipants (Table 2). Fisher’s exact test did not 
show significant differences for sex, MACS level 
and the affected side of hemiplegia (Table 2). In 

Figure 3. Consort flow diagram. Allocated of sample, performed therapies and analysis.
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the Mann–Whitney U-test, there were not statisti-
cally significant inter-group baseline differences 
for age (p = 0.78, Table 2), task total time with 
10°/15° slopes (p = 0.073; p = 0.071), reaction 
time with 10° slope (p = 0.064) and dynamic 
grasp with 10°/15° slopes (p = 0.32 for both), 
shown in Table 3.

Statistically significant inter-group differences 
were found after the intervention, with clinically 
relevant results for the mCIMT group, but not 
for UTWC, in the variables: reaction time with 
10°slope (p = 0.003, d = 2.44), reaction time with 
15°slope (p = 0.002, d = 2.15) as well as for the 
total task time with 10°slope (p = 0.002, d = 2.25), 
active reach with 10°slope (p = 0.002, d = 2.7), 
active reach with 15°slope (p = 0.003, d = 2.29) 
and dynamic grasp 10°/15°slopes (p = <0.001, 
d = 2.69). There were not statistically significant 
inter-group differences in the task total time 
15°slope (p = 0.074 d = 1.27). All results are 
shown in Table 3.

For the mCIMT group, a greater reduction in the 
reaction time was obtained for the 10° slope 
(0.23 s; p = 0.018) compared with that obtained 
for the 15° slope (0.22 s; p = 0.027), as well as for 
the total task time for the 10° slope (0.74 s; 
p = 0.018) and for the 15° slope (0.23 s; p = 0.027). 
In the active range, there was a 0.2 cm reduction 

for the 10° slope (p = 0.018) with respect to the 
15° slope (p = 0.028). In the dynamic grasp, the 
same increase (1.12 PSI) in force was obtained 
for both slopes (before and after treatment) 
(p = 0.007).

All the parents completed the weekly follow-up, 
recording the activities carried out and the time 
dedicated to each activity until completing the 2 h 
of daily treatment. It was also recorded when the 
hours were not completed, in order to calculate 
the total treatment dose. In relation to compli-
ance to treatment, the mean total dose recorded 
for the mCIMT and UWTC groups was 48 h 
(96% of total dose) and 47 h and 30 min (95% of 
total dose), respectively. Therefore, they achieved 
more than 92% of the compliance to treatment 
proposed in our study, based on the research of 
Ferre et al.16 on intensive home therapies.

Discussion
Children with hemiplegia have visual delay when 
paying attention to an object, which generates a 
deficit in action planning, as vision precedes 
motor action, and the action is delayed by the 
analysis of the task and its sequence.26 The 
affected upper limb visuomotor coordination 
assessed in this study obtained a favorable result 
after applying mCIMT therapy performed at 

Table 2. Characteristics of participants.

Variables Total (n = 16) mCIMT (n = 8) UTWC (n = 8) p value

Age, years (SD) 5.54 (1.55) 5.63 (1.21) 5.50 (1.12) 0.78

Sex

 Male, n. (%) 8 (50) 4 (50) 4 (50) 1.00

 Female, n. (%) 8 (50) 4 (50) 4 (50)  

Hemiplegia

 Left, n. (%) 10 (62.50) 5 (62.50) 5 (62.50) 1.00

 Right, n. (%) 6 (37.50) 3 (37.50) 3 (37.50)  

MACS level (I–V)

 II, n. (%) 9 (56.25) 6 (75.00) 3 (37.50) 0.31

 III, n. (%) 7 (43.75) 2 (25.00) 5 (62.50)  

F, female; M, male; MACS, Manual Ability Classification System; mCIMT, modified constraint-induced movement therapy; 
UTWC, unimanual therapy without containment.
Statistical significance when p value is < 0.05 (inter-group differences).
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home compared with UTWC, which suggests 
that children would be able to adapt their move-
ment to an increase in car speed (with a 15° slope). 
This could be due to the fact that the task was 
simple and did not require a previous thinking 
strategy at different speeds,6,8,26 and thus, instead 
of planning the end of the action, they were shown 
to use a step-by-step planning strategy. That is, 
they first plan the movement toward the object, 
and only after having grasped the object do they 
subsequently plan the next movement.6,8 Thus, 
better results are obtained for the 10° slope than 
for the 15° slope, as it would be necessary to mod-
ulate the trajectory of the movement to the 
increase in the speed at which the car descends on 
the 15° slope in order to complete the task. Speed 
is a factor that could influence the time that chil-
dren with hemiplegia require to perform a task 
with different actions, as task analysis and action 
planning are altered in this population. Lin et al.27 
found that action planning occurs in children who 
execute the mCIMT protocol compared with 
those who do conventional therapy, as there is a 
reduction in reaction time that also favors the task 
execution approach. Moreover, as in the mCIMT 
group of this study, in that of Lin et  al.27 an 
improvement in the active range was obtained 
after the intervention with constraint.

The increase in slope, as well as in the speed of 
the car, did not influence the dynamic grasp for 
mCIMT or UTWC, as the values were the same 
for both slopes. When the speed increases, more 
force is generated in the affected hand to grasp 
the car. Children with impaired coordination are 
able to modulate the clamping force at a higher 
speed for the moving object; compared with a 
typically developing child, they use more force to 
give stability.22 However, children with hemiple-
gia using the same force without variations com-
pared with a child with typical development are 
not able to adapt the force in the affected hand, 
perhaps due to a restriction in movement, a defi-
cit of sensory information, or little unimanual 
exploration experience.9 A longer treatment time 
(over 5 weeks of intervention) may be needed by 
these children with impaired fine-motor adjust-
ment and lack of dissociation of their fingers, as 
well as proprioception in their affected hand, to 
gain experience (trial–error) at adapting the grasp 
to the shape, texture and weight of the object, 
thereby allowing the execution of a previous 
thinking strategy (anticipatory control) to achieve 

precision in the grasp and to adjust the force to 
take hold of the object adequately.9,10 An improve-
ment in the stability and force of the grasp allows 
greater hand functionality when taking objects of 
various characteristics and holding them during 
the execution of selective and precision tasks, 
such as throwing a small ball at an object, keeping 
the fork stable with the affected hand and bring-
ing food to the mouth during the feeding 
phase.28,29 Most children with unilateral brain 
injuries do not develop an adequate grasp force in 
the coordination of unimanual activities carried 
out by the affected upper limb.2 A pathological 
pattern or an immature state of grasps are pro-
duced for this age, resulting in an inadequate syn-
ergy of the coordination force that is related to 
manipulative skill deterioration in the affected 
hand, depending on the level of injury.30,31

In addition to the intensity of the treatment and 
the repetition of the tasks, the execution of the 
latter at home also favors visuomotor coordina-
tion. However, the main element that makes this 
possible is the containment of the healthy upper 
limb. This was verified in 30 h of mCIMT in the 
study of Lin et  al.,27 in which the reaction time 
was reduced with respect to that of conventional 
therapy. This suggests that the containment of 
the healthy upper limb is essential to allow an 
increase of visuomotor coordination in the 
affected upper limb, as well as improving the 
reach and grasp without the interference of the 
unaffected hand, as it remains free. The cortical 
representation and presence of the affected seg-
ment would be reduced.30

The lack of abandonment of intensive care thera-
pies, as well as the correct management at home, 
as there were appropriate family-therapist follow-
ups and no complications, suggests that therapies 
could be carried out by the parents, thereby guar-
anteeing that the functional gains are transferred 
within daily activities.27,31,32 The adherence of the 
family and child to treatment, active participation 
and the non-generating parental stress are phe-
nomena that show that the family-centered model 
is functional thanks to the empowerment of par-
ents through the therapist and allowing the child to 
experiment and participate in their own environ-
ment, leading to greater learning opportunities.33 
The stability of parental stress throughout the 
intervention would suggest that this may have been 
an effective strategy for avoiding disruption of the 
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psychosocial family dynamic. In the study of Ferre 
et al.,34 caregivers who applied 90 h of BIT at home 
with their children (diagnosed with hemiplegia) 
demonstrated parental stress levels that are similar 
to caregivers of typically developing children, 
because of that in our study, the presence of stabil-
ity in parental stress levels could be considered due 
the family adherence of treatment. 

Weaknesses and strengths
Although positive results were obtained in the 
mCIMT group, these should be evaluated with 
caution due to the small sample size, and it is not 
possible to generalize the obtained results to the 
population of children with infantile hemiplegia. 
Additionally, the sample was not homogeneous in 
the baseline situation, and although inter-group 
statistically significant differences were not found 
for MACS levels, it should be noted that children 
in the UTWC group showed poorer manual abil-
ity than children in the mCIMT group. Therefore, 
to draw a robust conclusion about the treatment 
effect, further study in clinical trials with more 
participants would be worthwhile. There was no 
long-term follow-up of the results, thus further 
studies must be performed to prove these results. 
Despite these limitations, to the best of our 
knowledge, this study is the first to assess visuo-
motor coordination divided into these variables to 
analyze its increase in children with hemiplegia 
applying unimanual therapy with and without 
containment. Correct decision-making and clini-
cal practice are important in clinical rehabilitation 
to improve the affected upper limb function in 
infantile hemiplegia.
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