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Abstract: Children with hemiplegia have lower spontaneous use and quality of movement in the
affected upper limb. The modified constraint-induced movement therapy (mCIMT) is applied to
improve the affected upper limb function. The objective of this study was to study the efficacy of
unaffected hand containment to obtain changes in the function of the affected upper limb after applying
two unimanual therapies. A randomized controlled pilot study was performed with 16 children
diagnosed with congenital infantile hemiplegia, with eight children randomized in each group
(average age: 5.54 years; SD: 1.55). mCIMT and unimanual therapy without containment (UTWC)
were applied, with a total of 50 h distributed in five weeks (two h/per day). Two assessments were
performed (pre- and post-treatment) to evaluate the affected upper limb spontaneous use, measured
with the Shiners Hospital Upper Extremity Evaluation (SHUEE), and the quality of movement,
measured with the Quality of Upper Extremity Skills Test (QUEST scale). The progression of the
variables was different in both groups. The results are expressed in the median of the improvement
percent and interquartile range (IQR). The spontaneous use analysis showed an improvement percent
of 31.65 (IQR: 2.33, 110.42) in the mCIMT group with respect to 0.00 (IQR: 0.00, 0.00) in the UTWC
group. The quality of movement increased in the mCIMT and UTWC groups, 24.21 (IQR: 13.44,
50.39), 1.34 (IQR: 0.00, 4.75), respectively and the greatest increase was obtained in the grasp variable
for both groups. The use of unaffected hand containment in mCIMT would produce improvements
in the affected upper limb functionality in children with hemiplegia (4–8 years old) compared to the
same protocol without containment (UTWC).

Keywords: containment; family; home; infantile hemiplegia; intensive therapy; modified constraint
induced movement therapy; rehabilitation; unimanual therapy without containment; upper extremity

1. Introduction

Infantile cerebral palsy (ICP) is a non-progressive encephalopathy that produces a series of permanent
disorders, affecting motor and postural development in children [1]. The disease prevalence in developed
countries is 2–2.5 cases per 1000 live births [1]. One of the most frequently occurring forms of ICP is
hemiplegia, where one vertical body side is affected, as a consequence of brain damage that primarily
affects one hemisphere [2]. Movements in the affected upper limb are slower and clumsy and accompanied
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by mirror movements. Moreover, there are deficits in the selective control in the fingers of the affected hand.
Consequently, there is a reduction in the use of the affected hand, commonly known as “developmental
disregard”, which interferes with activities of daily living [3]. Children with hemiplegia do not acquire a
typical movement experience in their affected upper limb, unlike adults who have suffered a stroke later
in their lifetime. Thus, the therapy used must provide the opportunity to experiment with the affected
side, granting as much functionality as possible to the affected upper limb [4].

The time between the ages of three and 10 years is critical for motor control development in
children, as evinced by behavioral [5–7] and neuroimaging studies [8,9]. Within this age range, motor
and sensory areas develop first, followed by higher order areas, such as the prefrontal cortex, which
develop later [9]. In the study by Abd El-Kafy et al. [10], children with an age range between four
and eight years were recruited, due to the repertoire of movements that allows the development of
efficient motor solutions to environmental restrictions. Therefore, interventions carried out at these
ages are focused on increasing practice in the affected upper limb. Many adolescents are motivated to
improve motor function through being aware of their deficits, thus they are keen to improve for the
sake of social inclusion [10]. This contrasts with young children, whose motivation and participation
in therapy is usually driven by their parents or caregivers [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, unimanual
task-oriented training for six consecutive hours per day during 10–12 days; (2) adherence-enhancing
behavioral strategies (transfer package); and (3) constraining the use of the less affected arm, usually by
wearing a glove during waking hours [11,12]. CIMT modifications were proposed by Page et al. [13,14]
using less than three non-consecutive hours of therapy per day applying the unaffected arm containment.
These studies reported an increased use in the affected arm [13,14].

Interventions with modified CIMT (mCIMT) [13,14] at an early age could expand primary neural
networks through the experience and practice of their affected upper limb, since it implies a structured
practice, demands attention to the task and encourages the practice and use of the affected segment.
Thus, the training and repetitive tasks would be aimed at treating children from four years of age, who
have the ability to execute the task for longer periods of time [13].

The mCIMT is effective at promoting the functional use of the affected upper limb in children with
hemiplegia [15–18]. Different studies in stroke patients have shown that mCIMT improves performance
in tasks such as picking up a cup, grasping a spoon or holding a book [13,14,19,20]. The home
environment provides a rich natural context to facilitate motivation, engagement and repetition in
functional activities of daily living [21,22]. A “transfer package” technique facilitates treatment gains
into real-world activities, such as reinforcement of treatment adherence and the emergence of new
behaviors, thereby improving the spontaneous use of the trained affected upper limb in infantile
hemiplegia [23,24]. Thus, mCIMT improves functionality in the affected upper limb through enhanced
practice, which could be induced by the unaffected hand containment [23].

It is unknown whether the benefits of mCIMT result from the repetition of activities or the
use of unaffected hand containment. Therefore, this study assessed the effects of two unimanual
therapies with the same dose and activities for the affected upper limb: mCIMT (with unaffected
hand containment) and unimanual therapy without containment (UTWC) in children with hemiplegia.
Our hypothesis proposes that children with hemiplegia who complete the mCIMT would have a higher
increase in affected upper limb functionality than children who complete the UTWC. The objective
was to assess the efficacy of unaffected hand containment to increase the spontaneous use and quality
of movement in the affected upper limb in children with hemiplegia between four and eight years old.

2. Materials and Methods

The study was approved (060-13) by the San Pablo CEU University ethics committee of Madrid
(Spain) according to the World Medical Association Declaration of Helsinki. Before the study began,
the consent of the families and children’s caregivers was provided.
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2.1. Study Design

A simple-blind (evaluator), randomized, controlled pilot study was designed (clinical.gov registry
number: NCT02178371) using two parallel intervention groups. The participants were recruited
through convenience sampling, and they were randomized using Epidat v.4.2 software.

2.2. Participants

The study sample was recruited from the HEMIWEB association (The association of infantile
hemiplegia in Spain), following the establishing of inclusion and exclusion criteria. The inclusion
criteria were the following: congenital infantile hemiplegia, aged between 4 and 8 years, lack of use
of the affected upper limb, exceeding 10◦ of extension of metacarpophalangeal and interphalangeal
joints and completing 10◦ of active extension of the wrist joint, adequate cognitive development
to understand verbal orders for the proposed tasks, and cooperation in their execution [25–29].
The exclusion criteria were defined as the following: visual problems, significant balance disturbances
that prevent performing the tasks, diseases not related to hemiplegia, pharmacoresistant epilepsy and
botulinum toxin infiltration within 3 months prior to the intervention.

2.3. Procedures and Interventions

The planning of the project and its dissemination to recruit the sample were carried out from
January 2015 to December 2017. In the period of January 2018 to December 2018, the participants
were selected and the meetings with the families were held. Assessments of the baseline situation
(pre-treatment) of the children were conducted in January–October 2019. The interventions were
carried out between January and October–November 2019, and the assessments of the final situation
(post-treatment) were conducted between February and December 2019.

An informational meeting was held with all families, in which they signed an informed consent.
Then, they were trained in the execution of each therapy (mCIMT: experimental group and UTWC:
control group) by the therapist, teaching them how they should carry out the activities at home in each
intervention group. The treatment was only initiated when the families and children were confident
about it. The family and therapist met every week to assess the activities and make adjustments
if necessary. A weekly follow-up was implemented to avoid any complications and increase the
treatment adherence. The follow-up with the families was conducted online, reviewing all the activities
and modifying those that were too difficult for the child, maintaining great therapist-family-child feedback.
This concept means that the family is a key component of the child’s environment and the relationship with
the therapist (through follow-up) can be used as the context to deliver critical components (i.e., intensity,
repetition, feedback) of established therapies with the child [30]. Hadders-Algra et al. [31] state that a
family-centered approach creates a richer and more varied array of opportunities by coaching the
family to encourage the child to use the affected upper limb in the usual environment.

The proposed objective between the therapist and the family was to increase the spontaneous
use of the affected hand, that is, that the affected hand could assist in the execution of bimanual
activities of daily living: eating, hygiene, dressing-undressing, etc. Therapist-family-child feedback
was maintained within a weekly family-centered program, where the monitoring table, the activities,
the doubts of the families, the complications, the manifestations of the children about the activities or
changes to promote their motivation following their preferences were reviewed. In this way, adherence
to the treatment, continuity and compliance with the proposed dose and activities were promoted.

The families were requested to fill in a table with the execution time of each activity, the different
activities the child performed in the first and second hour and the child’s behavior towards it (Figure 1).

Two 5-week intensive protocols of mCIMT or UTWC were executed at home. The tasks’ difficulty
gradient for the affected upper limb was programmed for 2 h per day from Monday to Friday with a
total therapeutic dose of 50 h [13,14]. The children were requested to perform the structured activities
for two non-consecutive hours, separated by at least 30 min of rest. The families were advised to set
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aside one hour in the early afternoon and another hour in the late afternoon to ensure that the child
was attentive, frustration-free and effort-tolerant. The families were also instructed to run a full hour,
repeating the activity and designing a story, in which the child was the protagonist and the activity was
an enjoyable game to complete. The unaffected hand was partially contained in the mCIMT group and
free in the UTWC group. Each family built the partial containment as a glove with a rigid cardboard
base to prevent mirror movements, leaving the wrist joint free (Figure 2).J. Clin. Med. 2020, 9, x FOR PEER REVIEW 4 of 15 
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Figure 2. Activities in both protocols. The (A,B) pictures show two activities performed with modified
constraint-induced movement therapy (mCIMT), using the containment in the unaffected hand (right
hand) to work the wrist extension in the affected hand (left hand). The (C,D) pictures show two
activities performed with unimanual therapy without containment (UTWC). The child works the
supination movement in picture C, where the mother puts stickers on his forearm, and, in picture D,
he removes rings towards supination.

Both therapies were carried out by the children’s families in their usual environment (home) to
encourage the learning of the affected upper limb in activities of daily living. In addition, the activities
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were created with a unimanual component in a general way based on the age and the affected upper
limb limitations of the children included in the baseline restrictions of movement, as well as on the
interests of the children (Appendix A Table A1). The activities were the same for both groups (the same
activities, dose, guidelines . . . ), with the difference of the containment in the unaffected hand for the
mCIMT group. The activities were programmed to work different movements that were limited in the
affected upper limb: shoulder flexion, elbow extension, supination forearm, wrist extension and grasp.
Each activity was repeated for around 10 min to obtain a learning about a functional strategy to use in
their usual activities.

2.4. Outcome Measures

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

2.4.1. Primary Measures

The spontaneous use analysis (SUA) was carried out through nine proposed activities included
in the modified House score scale, with a score of 0 when there is no activity of the affected upper
limb and a score of 5 when there is total participation of the affected upper limb in the bimanual task
proposed by the test. A total score of 45 points represented 100% spontaneous use.

The dynamic positional analysis (DPA), conducted in 16 activities, assesses the alignment of the
upper limb when performing the task, with a maximum score of 72 points, whereas the grasp–release
(GR) action evaluates the children’s ability to close and open their fingers with the wrist held in three
positions: flexion, neutral and extension (6 points is the maximum score). The variables were measured
using the Shriners Hospital Upper Extremity Evaluation (SHUEE) [32], which has been validated for
children with hemiplegia (3–18 years).

The absolute mean differences between the two scoring sessions for three raters were 1.2 and
1.0 for SUA and DPA, respectively. There was excellent intra-observer reliability between the two
sessions with regard to both SUA (r = 0.99) and DPA (r = 0.98). The assessment of inter-observer
reliability revealed absolute mean differences between four raters of 3.8 (SD: 2.4) and 3.7 (SD: 2.6)
for SUA and DPA, respectively. These differences were significantly different from 0 (p < 0.001);
however, the magnitudes of these differences were not important with regard to total score or clinical
interpretation [32]. There was excellent inter-observer reliability for both SUA (r = 0.90) and DPA
(r = 0.89) [32]. There was 100% agreement within and between examiners for GR. The Shriners Hospital
Upper Extremity Evaluation for Children showed a fair correlation with the self-care scaled score from
the Pediatric Evaluation of Disability Inventory (r = 0.47) and a good inverse correlation with the
non-dominant total time section of the Jebson–Taylor test (r = −0.76) [32].

2.4.2. Secondary Measures

The movement quality (MQ) was measured using the quality upper extremity skills test
(QUEST) [33], validated for ICP (18 months to 8 years of age). The test consists of 36 items, divided into
four categories: dissociated movements (DM), which is the capacity to perform a specific movement
using a joint; grasp (G), which is referred to what type of grasp the child uses for small objects, how
the child holds a pencil and whether there are atypical or incorrect positions during the activity;
weight bearing (WB), which is the correct position of the joints in the upper limbs to lean on a surface
using the hands; and protective extension (PE), which is the position that the upper limbs adopt to
counteract an imbalance. Each category can be scored from 1 to 100 points, and the result is expressed
in percentages (%).

Inter-rater reliability was reported to be excellent for total score from 0.90 to 0.96. Test-retest
reliability was high for total score at 0.95 and in the domains ranged from 0.75 (protective extension) to
0.95 (dissociated movements) [33,34]. Construct validity was assessed by correlating QUEST total score
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with the therapist’s ratings of left- and right-hand function on an 11-point scale and with chronological
age. Correlations with hand function ratings were reported to be high for the left hand (0.72) and
moderate (0.58) for the right hand [33,34]. The correlation between QUEST total score and chronological
age was low (0.33). The response to clinical change was not sufficiently studied, thus a change of
10 points in the QUEST total score can be considered as a great improvement [34].

2.5. Statistical Analysis

The 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, and the percent of improvement
for each subject was calculated. The Wilcoxon test for paired samples was performed to compare
before–after treatment results in the same group for both therapies. Fisher’s exact test was used
to determine inter-group differences according to sex. 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.

3. Results

A total of 32 subjects were recruited, of which 14 were excluded for not meeting the inclusion
criteria 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).
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Figure 3. Consort flowchart. Allocation of the sample, therapies performed and analysis.

Fifty percent of the participants were males and the other 50% were females and 100% of them
were diagnosed with congenital hemiplegia (perinatal stroke). Of the entire sample, 62.50% had left
hemiplegia, with the involvement of the right half of the body being less representative (37.50%),
and 56.25% were classified as Manual Ability Classification System (MACS) level II. All the children
had infantile hemiplegia due to perinatal stroke (Table 1).
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Table 1. Baseline measurements per group and total 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) -

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

MACS score (I–V)
II, n. (%) 9 (56.25) 6 (75.00) 3 (37.50) -
III, n. (%) 7 (43.75) 2 (25.00) 5 (62.50)

SHUEE Evaluation % median. (IQR)
Spontaneous Use Analysis 64.33 (42.22, 95.55) 70.00 (42.22, 95.55) 63.72 (44.44, 88.44) 0.64

Dynamic Positional Analysis 76.39 (45.83, 88.89) 77.78 (45.83, 88.89) 74.39 (48.00, 78.88) 1.20
Grasp and Release 64 (50.00, 100.00) 58.34 (50.00, 100.00) 64 (50.00, 100.00) 1.48

QUEST Scale % median. (IQR)
Movement Quality Total score 74.15 (56.24, 85,14) 74.15 (56.24, 85.14) 74.15 (60.00, 83.17) 1.76

Dissociated Movements 57.82 (49.45, 85.94) 59.38 (50.00, 82.82) 57.82 (49.45, 85.94) 1.92
Grasp 66.67 (25.96, 88.88) 62.97 (25.96, 88.88) 66.67 (25.16, 85.18) 1.92

Weight Bearing 77.78 (37.04, 100.00) 87 (72.00, 98.00) 94 (76.00, 98.00) 0.44
Protective Extension 80.56 (75.00, 100.00) 80.56 (75.00, 100.00) 80 (75.00, 90.00) 1.16

Experimental group: mCIMT: modified constraint-induced movement therapy; control group: UTWC: unimanual
therapy without containment. F: female; M: male. MACS: Manual Ability Classification System. Statistical
significance when p value is < 0.05 (α correction in Mann–Whitney U-test).

The ages were between four and eight years, with an average of 5.54 years (SD: 1.55 yr). There were
no statistically significant differences between groups for age (p = 0.78) and sex (p = 1.00).

All the parents completed the weekly follow-up (Figure 1), recording the activities carried out and
the time dedicated to each activity until completing the 2 h of daily treatment. In addition, when the
hours were not completed, it was also recorded, in order to calculate the total treatment dose. The mean
total dose recorded for the mCIMT and UWTC groups was 47 h and 45 h and 30 min, respectively.

3.1. Primary Results

There were no statistically significant inter-group differences in the baseline assessment (week
zero) for SUA, DPA or GR according to the Mann–Whitney U-test (p > 0.05). On the other hand,
there were statistically significant inter-group differences after treatment (week five) for SUA and
DPA (p < 0.05), but not for GR (p = 0.08), according to the Mann–Whitney U-test. All the variables
measured with the SHUEE evaluation obtained significant differences in the percent of improvement
(p-value < 0.01). These differences were present in the mCIMT group, with respect to the UWTC group,
since SUA showed an improvement percent of 31.65 (IQR: 2.33, 110.42) in the mCIMT group with
respect to 0.00 (IQR: 0.00, 0.00) in the UTWC group. For DPA, an improvement percent of 15.17 (IQR:
4.77, 78.36) was obtained in the mCIMT group compared to 0.00 (IQR: 0.00, 0.00) in the UTWC group.
Lastly, GR obtained an improvement percent of 41.67 (IQR: 0.00, 100.00) compared to 0.00 (IQR:0.00,
0.00) in the UTWC group. Thus, the percentages of improvement were stable and unchanged for the
three variables in the control group (Table 2). Figure S1 shows the Percent of improvement Shuee
evaluation variables (supplementary materials).

3.2. Secondary Results

There were no statistically significant inter-group differences in the baseline assessment (week
zero) for the different variables according to the Mann–Whitney U-test (p > 0.05). On the other hand,
there were statistically significant inter-group differences for all variables after treatment (week five)
according to the Mann–Whitney U-test (p < 0.05). All the variables measured with the QUEST scale
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obtained significant differences in the percent of improvement with a p value ≤ 0.01. These differences
were present in the mCIMT group, with respect to the UWTC group, since the MQ showed an
improvement percent of 24.21 (IQR: 13.44, 50.39) in the mCIMT group with respect to 1.34 (IQR: 0.00,
4.75) in the UTWC group. For DM, an improvement percent of 38.68 (IQR: 9.42, 81.24) was obtained in
the mCIMT group compared to 1.40 (IQR: 0.00, 7.77) in the UTWC group. GR showed an improvement
percent of 38.92 (IQR: 8.35, 156.78) in the mCIMT group compared to 4.67 (IQR: 0.00, 42.68) in the UTWC
group. Lastly, the improvement percentages for WB and PE were higher in the mCIMT group, with
12.68 (IQR: 2.04, 36.11) and 17.25 (IQR: 0.00, 25.92), respectively, with respect to the UTWC group, where
the values of improvement percentages for the same variables were 0.00 (IQR: 0.00, 0.00). (Table 3).
Figure S2 shows the Percent of improvement QUEST scale variables (supplementary materials).

Table 2. Results and percent of improvement per group and total sample in the variables measured
with the Shiners Hospital Upper Extremity Evaluation (SHUEE) evaluation.

SHUEE Evaluation Total Sample (n = 16) m-CIMT (n = 8) UTWC (n = 8) p-Value

SUA
Week 0
Week 5

Percent of improvement

64.33 (42.22, 95.55)
84.44 (44.44, 97.78)
34.77 (0.00, 110.42)

70 (42.22, 95.55)
88.87 (84.44, 97.78)
31.65 (2.33, 110.42)

63.72 (44.44, 88.44)
63.72 (44.44, 88.44)

0.00 (0.00, 0.00)

0.64
<0.001
<0.001

DPA
Week 0
Week 5

Percent of improvement

76.39 (45.83, 88.89)
79.71 (48.00, 97.22)
2.38 (0.00, 78,36)

77.78 (45.83, 88.89)
88.20 (65.27, 97.22)
15.17 (4.77, 78.36)

74.39 (48.00, 78.88)
74.40 (48.00, 78.88)

0.00 (0.00, 0.00)

1.20
<0.001
<0.001

GR
Week 0
Week 5

Percent of improvement

64 (50.00, 100.00)
83.33 (50.00, 100.00)
0.00 (0.00, 100.00)

58.34 (50.00,100.00)
91.67 (66.67, 100.00)
41.67 (0.00, 100.00)

64 (50.00,100.00)
64.40 (50.00, 100.00)

0.00 (0.00, 0.00)

1.48
0.08
0.008

Experimental group: mCIMT: modified constraint-induced movement therapy; control group: UTWC: unimanual
therapy without containment. SUA: spontaneous use analysis; DPA: dynamic positional analysis; GR: grasp and
release. Results expressed in medians (IQR, interquartile range: Q1, Q3). Statistical significance when p value is
< 0.05 (α correction in Mann–Whitney U-test).

Table 3. Results and percent of improvement per group and total sample in the variables measured
with the Quality of Upper Extremity Skills Test (QUEST) scale.

QUEST Scale Total Sample (n = 16) m-CIMT (n = 8) UTWC (n = 8) p Value

MQ
Week 0
Week 5

Percent of improvement

74.15 (56.24, 85,14)
83.17 (60.00, 96.66)
9.09 (0.00, 50.39)

74.15 (56.24, 85.14)
94.06 (96.66, 83.11)
24.21 (13.44, 50.39)

74.15 (60.00, 83.17)
75.92 (60.00, 83.17)

1.34 (0.00, 4.75)

1.76
<0.001
0.002

DM
Week 0
Week 5

Percent of improvement

57.82 (49.45, 85.94)
83.60 (53.12, 100.00)

8.60 (0.00, 81.24)

59.38 (50.00, 82.82)
89.84 (78.12, 100.00)
38.68 (9.42, 81.24)

57.82 (49.45, 85.94)
59.53 (53.12, 85.94)

1.40 (0.00, 7.77)

1.92
<0.001
0.002

G
Week 0
Week 5

Percent of improvement

66.67 (25.96, 88.88)
77.78 (37.04, 100.00)
18.15 (0.00, 156.78)

62.97 (88.88, 25.96)
96.30 (66.66, 100.00)
38.92 (8.35, 156.78)

66.67 (25.16, 85.18)
72.22 (37.04, 88.88)
4.67 (0.00, 42.68)

1.92
<0.001

0.01

WB
Week 0
Week 5

Percent of improvement

77.78 (37.04, 100.00)
96.00 (76.00, 100.00)

1.02 (0.00, 36.11)

87.00 (72.00, 98.00)
99.00 (96.00, 100.00)
12.68 (2.04, 36.11)

94.00 (76.00, 98.00)
94.00 (76.00, 98.00)

0.00 (0.00, 0.00)

0.44
<0.001
<0.001

PE
Week 0
Week 5

Percent of improvement

80.56 (75.00, 100.00)
90.83 (75.00, 100.00)

0.00 (0.00, 25.92)

80.56 (75.00, 100.00)
94.44 (91.66, 100.00)
17.25 (0.00, 25.92)

80.00 (75.00, 90.00)
80,62 (75.41, 90.00)

0.00 (0.00, 0.00)

1.16
<0.001
0.002

Experimental group: mCIMT: modified constraint-induced movement therapy; control group: UTWC: unimanual
therapy without containment. MQ: movement quality; DM: dissociated movement; GR: grasp and release; WB:
weight bearing; PE: protective extension. Results expressed in medians (IQR, interquartile range: Q1, Q3). Statistical
significance when p value is < 0.05 (α correction in Mann–Whitney U-test).
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4. Discussion

The effect of different therapeutic strategies in children with hemiplegia might be influenced
by two characteristics: “poor or non-use” of affected upper limb and mirror movements [35]. This
suggests that the containment of the unaffected hand could reduce the mirror movements that occur in
infantile hemiplegia, thus influencing the execution of uni and bimanual activities [36]. It also suggests
that having the unaffected hand free, with no specific role in the activity, would not influence the
mirror movements. Therefore, some of the studied variables (SUA, DPA, GR, WB and PE) did not vary
in the UTWC group, since children did not obtain variability in motor behavior, change of strategies or
quality of movement due to the presence of the free unaffected hand without a specific role.

The improvements obtained in dissociated movements and grasp–release in the mCIMT group
and not in the UTWC group became visible in the affected upper limb alignment in motion when
the task was executed, assessed through dynamic positional analysis and a functional grasp test with
different wrist joint positions. The quality of movement in the affected upper limb improved, and these
changes were observed in the SHUEE evaluation for the mCIMT group, not only for the dynamic
positional analysis and grasp–release action, but also in spontaneous use, which is a very important
concept, since the non-use of the affected upper limb influences the non-participation in activities of
daily living, thus potentially producing frustration [37]. Comparing the data between the mCIMT
and UTWC groups, it was observed that the mCIMT group showed improvements in the affected
upper limb function. This could be due not only to the repetition of unimanual tasks and the strategy
opportunities provided, but also to the use of unaffected hand containment. Consequently, when the
unaffected hand was contained, the affected upper limb spontaneous use was faster [13,14]. In the
UTWC group, there was no involvement of the unaffected hand in the tasks, although the child was
free to move it, with the possibility of using it to try and do the task; thus, the parents had to remind the
child not to use the unaffected hand during the treatment activities. In this situation, the brain may be
obtaining information from both upper limbs and this would produce less affected limb participation
than if the unaffected hand was contained [13,14]. This would explain the absence of change in the
results of improvement percent for the UTWC group, since the children did not have the same chance
to practice with the affected upper limb due to the presence of verbal or physical reinforcement from
the parents not to use the unaffected hand. In the mCIMT group, spontaneous use, measured with the
SHUEE scale, showed a significant improvement in the affected upper limb, due to the fact that the
children obtained more active participation for the bimanual tasks (proposed in the test). This suggests
that the use of unaffected containment in the mCIMT group would improve the affected upper limb
perception, and that children were more aware of its existence, perhaps due to cortical changes in the
brain after applying this protocol [13]. Thus, having the unaffected hand free, despite the fact that it
did not participate in the tasks, may induce lower changes at the brain level, reducing the affected
upper limb perception, influencing the beginning of spontaneous use and decreasing the automatic
unimanual and bimanual use, since such changes were not obtained for spontaneous use in the UTWC
group after five weeks of therapy [16].

The deterioration in the functionality of the affected hand causes limitations in the performance of
activities of daily living in children with hemiplegia [38], with alterations in functionality compared
to the unaffected upper limb. These alterations manifest as slow and/or discontinuous movements,
variability in hand trajectories while reaching for an object, with trunk compensations, and inadequate
grasp force [39]. They occur at the structural and functional level, due to the fact that movement
deficits reduce the quality of movement of the affected upper limb. Thus, once both unimanual
therapy protocols were used, it was observed that, despite using the same dosage (50 h), significant
changes with improvements were obtained for the movement quality total score in the mCIMT group
and not in the UTWC group. These changes result from the large increase in the improvement of
dissociated movements and grasp–release, possibly acquiring an improvement in the selectivity of the
use of the joints, which might suggest greater ease in the individualized movement of the fingers; this,
in turn, may have facilitated the acquisition of a more precise and fine grasp, which translated into an
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improvement in trunk movement, since the existing pre-intervention compensations were reduced
(head lateralization and flexion and trunk lateralization). In the UTWC group, the greatest increase in
the movement quality variables also occurred in the grasp, although not clinically relevant changes,
since after therapy a more functional grasp was not observed in the children. Unlike the control group,
in the mCIMT group, the parents stated that, after the treatment, the children were able to use the
affected hand to assist their actions, holding the object with grasp to manipulate it with the unaffected
hand. The reduction in compensations in posture and a more effective grasp in the mCIMT group
could influence a higher quality in the reach and grasp of the object, facilitating the participation of the
affected upper limb, since these concepts and the action anticipation phenomena are altered in children
diagnosed with hemiplegia [40]. Thus, wearing the containment on the unaffected hand would allow
a more fluid movement trajectory due to the improvements observed in the variables of the quality
of movement.

Comparing the results of movement quality with those reported in the study of Choudhary et al. [18],
performed in children with hemiplegia from three to eight years old, a greater increase in total score was
observed in the mCIMT group (as in the present study) with respect to the control group, probably as a
result of the use of unaffected hand containment. The gains were greater in our study than in the study
of Choudhary et al. [18] for the mCIMT group. This could be due to the fact that Choudhary et al. [18]
applied a lower dose (20 h) with respect to the present study (50 h), suggesting that the dose is an
important factor to consider in the intensive treatment of children with hemiplegia (4–8 years). In both
studies, the greatest gains were obtained for the grasp–release subscale in the mCIMT group, being
greater in our study, probably due to the longer dose (50 h). The dissociated movements obtained
a great increase in the present study (30.46%) for the mCIMT group and a very low increase for the
mCIMT group in the study of Choudhary et al. (8%), which could be due to the fact that the children
in our study had a low score in the baseline situation (59.38%) in this variable compared to the mCIMT
group in the study of Choudhary et al. (75.5%). The baseline situation could influence the final results.
This suggests that children with more affectation and a greater dose (30 extra hours) could increase
the improvements in these subcategories (dissociated movements and grasp). The use of unaffected
hand containment in the mCIMT group improved dissociated movements and grasp in the quality of
movement measured with QUEST, which could improve the dynamic positional analysis during the
task movement. Therefore, it would be important to obtain a better functional grasp, which would
allow for better assistance with the affected hand when the children perform bimanual tasks, resulting
in an increase in affected upper limb spontaneous use and, thus, greater participation of the children
with their environment.

It is important to highlight that there were no dropouts from the therapies carried out in the study,
for any of the groups (mCIMT and UTWC), and that all families completed the activities adequately,
without complications. Moreover, there was great coordination between the therapist and the families
during the weekly follow-up, which helped them to complete a great treatment dose in both groups,
and no important modifications were made to the structured activities during the on-line weekly
follow-up sessions, only changes for a different object or one that the family had at home. The children
themselves were very participative. This suggests that weekly follow-up and the involvement of the
families and therapist allows the family to get involved in the therapy, which motivates the child to
perform it, preventing them from abandoning the treatment. All the families commented that the
execution within the natural environment allowed them to distribute the therapy time adequately,
without stress, since the protocol did not interfere with their needs, which could also benefit the
adherence to both treatments. The execution of the high-dose therapy in both groups, the adherence of
the family and child to the treatment, the active participation and the absence of parental stress are
phenomena that show that the family-centered model is functional, due to the empowerment of the
parents through the therapist, and that it allows the children to experiment and participate in their own
environment, leading to greater learning opportunities [31]. The stability of parental stress throughout
the intervention would suggest that this may have been an effective strategy for avoiding disruption
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of the psychosocial family dynamics. In the study of Ferre et al. [41], caregivers who applied 90 h of
bimanual intensive therapy at home with their children (diagnosed with hemiplegia) showed parental
stress levels that were similar to those of caregivers of typically developing children. Therefore, in
our study, it can be assumed that the levels of parental stress derived from the intensive treatment
may have been adequately solved with the empowerment of the family, the support provided and the
follow-up sessions, thus ensuring their adherence to the treatment.

Regarding the limitations of the study, it is important to highlight, firstly, the small sample size,
which is why it is considered as a pilot study, and secondly, the absence of a long-term follow-up to
assess the maintenance of the results in both groups. Future studies should consider using a larger
sample, multicenter trials should be performed to improve the research viability and reliability and
follow-up results at six months or longer. Moreover, further research could assess affected upper
limb functionality (including a mirror movement assessment) over time and add a bimanual group
to compare the changes using both hands without containment and only the affected hand without
containment in the UTWC compared with the mCIMT group.

5. Conclusions

The use of unaffected hand containment in mCIMT would produce improvements in the affected
upper limb functionality in children with hemiplegia (4–8 years old) compared to the same protocol
without containment (UTWC). Unaffected hand containment could reduce the “developmental
disregard or non-use”, thus increasing spontaneous use and quality of movement in the affected upper
limb in children with hemiplegia.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/9/2992/s1,
Figure S1: Percent of improvement Shuee evaluation variables, Figure S2: Percent of improvement QUEST
scale variables.
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Appendix A

Table A1. Designed task applied in the intervention protocol. Examples of the designed tasks applied
in the five week intervention protocol for both therapies (mCIMT and UTWC).

Intervention Weeks for Both
Groups (mCIMT and UTWC) Designed Tasks for the First Hour (Examples) Designed Task for the Second Hour

(Examples)

-Week 1-
Shoulder Flexion/Shoulder

external rotation

1. Shoe boxes attached on the table. First one,
then two and up to three stacked boxes where

the parents will place light objects (such as
crumpled papers, small boxes or a ball), which

the child will first pull and then take.
2. The parents will give the child a small and

light ball, which he/she will try to throw higher
and higher or towards a target.

3. The parents will throw balloons or bubbles,
which the child will try to hit with his/her hand.

1. The parents will stick plasticine balls on the
wall at increasing heights, which the child will

try to remove.
2. The parents will put a cardboard or

continuous paper stuck on the wall; using
finger paint, the child will try to draw a picture

or put his/her hand with paint on the paper.
3. The parents will place stickers at different
heights on the wall and the child will try to

cover them with his/her hand.

http://www.mdpi.com/2077-0383/9/9/2992/s1
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Table A1. Cont.

Intervention Weeks for Both
Groups (mCIMT and UTWC) Designed Tasks for the First Hour (Examples) Designed Task for the Second Hour

(Examples)

-Week 2-
Elbow extension

1. The parents will place a rope from one end of
a chair to the other and hang different objects
(strings, pieces of paper, deflated balloons...).
They will ask the child to try and touch these

objects from a sitting position on the floor.
2. The parents will place different tools in front
of the affected arm on a table, and the child will

perform the elbow extension movement to
touch them.

3. The parents will place different objects on top
and in front of the child, who will try to reach,

touch or take them off.

1. The parents will put pieces of plasticine
glued on the table and the child will try to take

them off, reproducing the elbow extension
movement.

2. The child will glue small empty bottles, with
marbles or other elements inside, on the table.

Then, he/she will try to knock them down.
3. The child will use the magnet board placed

in front of him/her.

-Week 3-
Forearm supination

1. The parents will put stickers on the palm of
the hand or on the forearm of the affected arm.
2. The parents will place a light object on the

palm of the affected hand (for example, a
colored pompom) and the child will keep it

for a time.
3. The child will comb, play a trumpet or

noisemaker, etc.

1. The child will take things stuck under
the table.

2. The child must remove rings towards
supination

3. The child will use the affected hand to
remove objects stuck on his/her t-shirt

(at the level of the abdomen).

-Week 4-
Wrist extension

1. The child must roll a ball, bottle.
2. The child must hit a piano or a drum

placed vertically.
3. The parents will place an object on the back
of the hand and the child will try to raise the
back of his/her hand towards the extension

while keeping the object from falling.

1. The child will remove pieces fallen from
the wall.

2. The parents will push cardboard boxes or
other elements and the child will try to throw

them off the table.
3. The child will smash packing paper, balls

and/or soft objects with the palm of
his/her hand.

-Week 5-
Grasp

1. The child will grasp, hold and transfer light
and long objects.

The child will grasp, hold and transfer heavy,
long and rough objects.

2. The child will grasp, hold and transfer rough,
light and spherical objects.

The child will grasp, hold and transfer rough,
heavy and spherical objects.

3. The child will grasp, hold and transfer
smooth, light and long objects.

The child will grasp, hold and transfer smooth,
heavy and long objects.

1. The child will grasp, hold and transfer
smooth, light and spherical objects.

The child will grasp, hold and transfer smooth,
heavy and spherical objects.

2. The child will grasp, hold and transfer small,
light, long and rough objects.

The child will grasp, hold and transfer small,
heavy, long and rough objects.

3. The child will grasp, hold and transfer small,
rough and spherical objects.

The child will grasp, hold and transfer small,
rough, heavy and spherical objects.

References

1. Rosenbaum, P.; Paneth, N.; Leviton, A.; Goldstein, M.; Bax, M.; Damiano, D.; Dan, B.; Jacobsson, B. A report:
The definition and classification of cerebral palsy April 2006. Dev. Med. Child Neurol. Suppl. 2007, 109, 8–14.
[PubMed]

2. Bax, M.; Goldstein, M.; Rosenbaum, P.; Leviton, A.; Paneth, N.; Dan, B.; Jacobsson, B.; Damiano, D. Executive
Committee for the Definition of Cerebral Palsy. Proposed definition and classification of cerebral palsy, April
2005. Dev. Med. Child Neurol. 2005, 47, 571–576. [CrossRef] [PubMed]

3. Huang, W.C.; Chen, Y.J.; Chien, C.L.; Kashima, H.; Lin, K.C. Constraint-induced movement therapy as a
paradigm of translational research in neurorehabilitation: Reviews and prospects. Am. J. Transl. Res. 2010,
3, 48–60.

4. Boyd, R.N.; Sakzewski, L.; Ziviani, J.; Abbott, D.F.; Badawy, R.; Gilmore, R.; Provan, K.; Tournier, J.D.; Al
Macdonell, R.; Jackson, G.D. INCITE: A randomised trial comparing constraint induced movement therapy
and bimanual training in children with congenital hemiplegia. BMC Neurol. 2010, 10, 4. [CrossRef] [PubMed]

5. Ferrel, C.; Bard, C.; Fleury, M. Coordination in childhood: Modifications of visuomotor representations in 6-
to 11-year-old children. Exp. Brain Res. 2001, 138, 313–321. [CrossRef] [PubMed]

6. Hay, L.; Bard, C.; Ferrel, C.; Olivier, I.; Fleury, M. Role of proprioceptive information in movement
programming and control in 5 to 11-year old children. Hum. Mov. Sci. 2005, 24, 139–154. [CrossRef]

7. Thibaut, J.P.; Toussaint, L. Developing motor planning over ages. J. Exp. Child Psychol. 2010, 105, 116–129.
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/17370477
http://dx.doi.org/10.1017/S001216220500112X
http://www.ncbi.nlm.nih.gov/pubmed/16108461
http://dx.doi.org/10.1186/1471-2377-10-4
http://www.ncbi.nlm.nih.gov/pubmed/20064275
http://dx.doi.org/10.1007/s002210100697
http://www.ncbi.nlm.nih.gov/pubmed/11460769
http://dx.doi.org/10.1016/j.humov.2005.05.002
http://dx.doi.org/10.1016/j.jecp.2009.10.003


J. Clin. Med. 2020, 9, 2992 13 of 14

8. Casey, B.J.; Galvan, A.; Hare, T.A. Changes in cerebral functional organization during cognitive development.
Curr. Opin. Neurobiol. 2005, 15, 239–244. [CrossRef]

9. Casey, B.J.; Tottenham, N.; Liston, C.; Durston, S. Imaging the developing brain: What have we learned
about cognitive development? Trends Cogn. Sci. 2005, 9, 104–110. [CrossRef]

10. Abd El-Kafy, E.M.; Elshemy, S.A.; Alghamdi, M.S. Effect of constraint-induced therapy on upper limb
functions: A randomized control trial. Scand. J. Occup. Ther. 2013, 1–13. [CrossRef]

11. Mark, V.W.; Taub, E. Constraint-induced movement therapy for chronic stroke hemiparesis and other
disabilities. Restor. Neurol. Neurosci. 2004, 22, 317–336.

12. Morris, D.M.; Taub, E.; Mark, V.W. Constraint-induced movement therapy: Characterizing the intervention
protocol. Eur. Medicophys. 2006, 42, 257.

13. Page, S.J.; Sisto, S.; Johnston, M.V.; Levine, P. Modified constraint-induced therapy after subacute stroke:
A preliminary study. Neurorehabil. Neural Repair 2002, 16, 290–295.

14. Page, S.J.; Levine, P.; Leonard, A.C. Modified constraint-induced therapy in acute stroke: A randomized
controlled pilot study. Neurorehabil. Neural Repair 2005, 19, 27–32. [PubMed]

15. Charles, J.R.; Wolf, S.L.; Schneider, J.A.; Gordon, A.M. Efficacy of a child-friendly form of constraint-induced
movement therapy in hemiplegic cerebral palsy: A randomized control trial. Dev. Med. Child Neurol. 2006,
48, 635. [CrossRef] [PubMed]

16. Chen, C.L.; Kang, L.J.; Hong, W.H.; Chen, F.C.; Chen, H.C.; Wu, C.Y. Effect of therapist-based constraint-
induced therapy at home on motor control, motor performance and daily function in children with cerebral
palsy: A randomized controlled study. Clin. Rehabil. 2012, 27, 236–245.

17. Chen, H.C.; Chen, C.L.; Kang, L.J.; Wu, C.Y.; Chen, F.C.; Hong, W.H. Improvement of upper extremity motor
control and function after home-based constraint induced therapy in children with unilateral cerebral palsy:
Immediate and long-term effects. Arch. Phys. Med. Rehabil. 2014, 95, 1423–1432. [CrossRef]

18. Choudhary, A.; Gulati, S.; Kabra, M.; Singh, U.P.; Sankhyan, N.; Pandey, R.M.; Kalra, V. Efficacy of modified
constraint induced movement therapy in improving upper limb function in children with hemiplegic cerebral
palsy: A randomized controlled trial. Brain Dev. 2013, 35, 870–876.

19. Miltner, W.H.; Bauder, H.; Sommer, M.; Dettmers, C.; Taub, E. Effects of constraint-induced movement
therapy on patients with chronic motor deficits after stroke: A replication. Stroke 1999, 30, 586–592.

20. Brogårdh, C.; Sjölund, B.H. Constraint-induced movement therapy in patients with stroke: A pilot study on
effects of small group training and of extended mitt use. Clin. Rehabil. 2006, 20, 218–227.

21. Eliasson, A.C.; Krumlinde-sundholm, L.; Shaw, K.; Wang, C. Effects of constraint-induced movement therapy
in young children with hemiplegic cerebral palsy: An adapted model. Dev. Med. Child Neurol. 2005, 47,
266–275. [CrossRef]

22. Novak, I.; Honan, I. Effectiveness of paediatric occupational therapy for children with disabilities: A systematic
review. Aust. Occup. Ther. J. 2019, 66, 258–273. [CrossRef] [PubMed]

23. Taub, E.; Griffin, A.; Nick, J.; Gammons, K.; Uswatte, G.; Law, C.R. Pediatric CI therapy for stroke-induced
hemiparesis in young children. Dev. Neurorehabil. 2007, 10, 3–18. [CrossRef]

24. Taub, E.; Griffin, A.; Uswatte, G.; Gammons, K.; Nick, J.; Law, C.R. Treatment of congenital hemiparesis with
pediatric constraint-induced movement therapy. J. Child Neurol. 2011, 26, 1163–1173. [CrossRef]

25. Dromerick, A.W.; Edwards, D.F.; Hahn, M. Does the application of constraint-induced movement therapy
during acute rehabilitation reduce arm impairment after ischemic stroke? Stroke 2000, 31, 2984–2988.
[CrossRef]

26. Taub, E.; Uswatte, G.; King, D.K.; Morris, D.; Crago, J.E.; Chatterjee, A. A placebo-controlled trial of
constraint-induced movement therapy for upper extremity after stroke. Stroke 2006, 37, 1045–1049. [CrossRef]

27. Ostendorf, C.G.; Wolf, S.L. Effect of forced use of the upper extremity of a hemiplegic patient on changes in
function: A single-case design. Phys. Ther. 1981, 61, 1022–10288. [CrossRef]

28. Wolf, S.L.; Winstein, C.J.; Miller, P.J.; Taub, E.; Uswatte, G.; Morris, D.; Giuliani, C.; Light, K.E.; Larsen, D.N.
Effect of constraint-induced movement therapy on upper extremity function 3 to 9 months after stroke:
The EXCITE randomized clinical trial. JAMA 2006, 296, 2095–2104. [CrossRef]

29. Van Der Lee, J.H.; Wagenaar, R.C.; Lankhorst, G.J.; Vogelaar, T.W.; Devillé, W.L.; Bouter, L.M. Forced use of
the upper extremity in chronic stroke patients: Results from a single-blind randomized clinical trial. Stroke
1999, 30, 2369–2375. [CrossRef]

http://dx.doi.org/10.1016/j.conb.2005.03.012
http://dx.doi.org/10.1016/j.tics.2005.01.011
http://dx.doi.org/10.3109/11038128.2013.837505
http://www.ncbi.nlm.nih.gov/pubmed/15673841
http://dx.doi.org/10.1017/S0012162206001356
http://www.ncbi.nlm.nih.gov/pubmed/16836774
http://dx.doi.org/10.1016/j.apmr.2014.03.025
http://dx.doi.org/10.1017/S0012162205000502
http://dx.doi.org/10.1111/1440-1630.12573
http://www.ncbi.nlm.nih.gov/pubmed/30968419
http://dx.doi.org/10.1080/13638490601151836
http://dx.doi.org/10.1177/0883073811408423
http://dx.doi.org/10.1161/01.STR.31.12.2984
http://dx.doi.org/10.1161/01.STR.0000206463.66461.97
http://dx.doi.org/10.1093/ptj/61.7.1022
http://dx.doi.org/10.1001/jama.296.17.2095
http://dx.doi.org/10.1161/01.STR.30.11.2369


J. Clin. Med. 2020, 9, 2992 14 of 14

30. Ferre, C.L.; Gordon, A.M. Coaction of individual and environmental factors: A review of intensive therapy
paradigms for children with unilateral spastic cerebral palsy. Dev. Med. Child Neurol. 2017, 59, 1139–1145.
[CrossRef]

31. Hadders-Algra, M.; Boxum, A.G.; Hielkema, T.; Hamer, E.G. Effect of early intervention in infants at very
high risk of cerebral palsy: A systematic review. Dev. Med. Child Neurol. 2016, 59, 246–258.

32. Davids, J.R.; Peace, L.C.; Wagner, L.V.; Gidewall, M.A.; Blackhurst, D.W.; Roberson, W.M. Validation of the
Shriners Hospital for Children Upper Extremity Evaluation (SHUEE) for children with hemiplegic cerebral
palsy. J. Bone Joint Surg. Am. 2006, 88, 326–833. [CrossRef]

33. De Matteo, C.; Law, M.; Russell, D.; Pollock, N.; Rosenbaum, P.; Walter, S. The reliability and validity of
Quality of Upper Extremity Skills Test. Phys. Occup. Ther. Pediatrics 1993, 13, 1–18. [CrossRef]

34. Hickey, A.; Ziviani, J. A Review of the Quality of Upper Extremities Skills Test (QUEST) for Children with
Cerebral Palsy. Phys. Occup. Ther. Pediatrics 1998, 18, 123–135. [CrossRef]

35. Hoare, B.J.; Wasiak, J.; Imms, C.; Carey, L. Constraint-induced movement therapy in the treatment of the
upper limb in children with hemiplegic cerebral palsy. Cochrane Database Syst. Rev. 2007, 2, CD004149.
[CrossRef]

36. Simon-Martinez, C.; Mailleux, L.; Hoskens, J.; Ortibus, E.; Jaspers, E.; Wenderoth, N.; Sgandurra, G.; Cioni, G.;
Molenaers, G.; Klingels, K.; et al. Randomized controlled trial combining constraint-induced movement
therapy and action-observation training in unilateral cerebral palsy: Clinical effects and influencing factors
of treatment response. Ther. Adv. Neurol. Disord. 2020, 13. [CrossRef]

37. Adler, C.; Berweck, S.; Lidzba, K.; Becher, T.; Staudt, M. Mirror movements in unilateral spastic cerebral
palsy: Specific negative impact on bimanual activities of daily living. Eur. J. Paediatric Neurol. 2015, 19,
504–509. [CrossRef] [PubMed]

38. Steenbergen, B.; Charles, J.; Gordon, A.M. Fingertip force control during bimanual object lifting in hemiplegic
cerebral palsy. Exp. Brain Res. 2008, 186, 191–201. [CrossRef]

39. Forssberg, H.; Eliasson, A.C.; Redon-Zouitenn, C.; Mercuri, E.; Dubowitz, L. Impaired grip-lift synergy in
children with unilateral brain lesions. Brain 1999, 122, 1157–1168. [CrossRef]

40. Krajenbrink, H.; Crichton, A.; Steenbergen, B.; Hoare, B. The development of anticipatory action planning in
children with unilateral cerebral palsy. Res. Dev. Disabil. 2019, 85, 163–171. [CrossRef]

41. Ferre, C.L.; Brandão, M.B.; Hung, Y.C.; Carmel, J.B.; Gordon, A.M. Feasibility of caregiver-directed home-based
hand-arm bimanual intensive training: A brief report. Dev. Neurorehabilit. 2014, 18, 69–74.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/dmcn.13497
http://dx.doi.org/10.2106/00004623-200602000-00011
http://dx.doi.org/10.1080/J006v13n02_01
http://dx.doi.org/10.1080/J006v18n03_09
http://dx.doi.org/10.1002/14651858.CD004149.pub2
http://dx.doi.org/10.1177/1756286419898065
http://dx.doi.org/10.1016/j.ejpn.2015.03.007
http://www.ncbi.nlm.nih.gov/pubmed/26004994
http://dx.doi.org/10.1007/s00221-007-1223-6
http://dx.doi.org/10.1093/brain/122.6.1157
http://dx.doi.org/10.1016/j.ridd.2018.12.002
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Procedures and Interventions 
	Outcome Measures 
	Primary Measures 
	Secondary Measures 

	Statistical Analysis 

	Results 
	Primary Results 
	Secondary Results 

	Discussion 
	Conclusions 
	
	References

