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BACKGROUND
      Impairments in disability and difficulty in typical 
functioning are consequences of Cerebral Palsy 
(CP), featuring postural deficit in spastic 
hemiparesis, which is responsible for the 
consequent movement restriction and functional 
asymmetries(1,2).  Limitations in the pattern of 
movement and posture interfere with the postural 
control mechanism and motor capacity, and 
therefore have an impact on functional performance, 
motor milestones, as well as on daily activities(3-7). 
Specifically, about manual function and postural 
control for manual activities, degrees of difficulty are 
demonstrated(8,9), which are associated with muscle 
tone, posture(10), balance, coordination, decreased 
strength and loss of selective motor control(11). 
        There are countless essential daily activities 
that involve handgrip, being able to enable an 
independent and quality life, however, frustration 
behaviors observed in children when trying to use 
the affected extremity, lead them to make greater 
use of the non-affected hand side, a phenomenon 
that can be described as learned disuse(8,9,12). Once 
changes in manual skills are present, there is 
Induced Contention Therapy (ICT), which is one of 
the most developed approaches in upper limb 
rehabilitation(13,14). Children with hemiparetic CP 
tend to the significantly improve, with an increase in 

the functional use of the affected upper limb(14-18), 
the improvement of bimanual skills(19), the 
acquisition of new patterns of behavior(20), the 
improvement in manual dexterity and sensorimotor 
discrimination(21), the improvement in the quantity 
and quality of use of the affected upper limb(17), and 
improvement in the spontaneity of use of the most 
affected limb, with increased agility and functional 
ability(22), which consequently results in an increase 
in the performance of tasks of daily living(14,23,24).  
        Increased spontaneity in the use of the affected 
limb suggests that this type of intervention promotes 
motivation and perception of the possibilities of 
using the affected limb when performing daily tasks, 
which reduces learned disuse(14,23,25). In addition, it 
is recently used as an adjunct to a therapeutic 
program in the treatment of neurofunctional 
diseases, the functional bandage (FB)(26-30), 
restricting abnormal posture and decreasing 
spasticity in children with CP(26,31,32). Thus, in order 
to obtain a better use of voluntary coordination and 
manual control, the objective of this study was to 
identify the effect of ICT associated with the 
application of FB in the most affected upper limb 
(UL), according to manual functionality, of a child 
with spastic hemiparetic CP. 
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ABSTRACT 
Background: The decrease in the manual activity of hemiparetic children, affects their functionality and independence. Among the 

therapies used to improve manual function, there is Induced Contention Therapy (ICT) and functional bandaging (FB). Such approaches 
aim to improve the use and decrease the disuse learned from the upper limb in subjects with hemiparesis. Objective: Identify the effect 

of ICT, associated with the application of functional bandaging on the affected upper limb, in the function of the upper limb and on the 
handgrip of a child with spastic hemiplegic cerebral palsy. Methods: A 5-year-old child received ICT for three hours daily for three 

consecutive weeks associated with FB in the right upper limb. The use of the upper limb was evaluated using the Pediatric Upper 
Extremity Motor Activity Log (PMAL) scale, the acquisition of new motor standards using the Inventory of New Motor Activities  and 
Program (INMAP) scale, the motor skill by the Pediatric Arm Functional Test (PAFT) and the handgrip strength by the dynamometer. 
Results: There was an improvement in the quantity and quality of use of the paretic upper limb after the application of ICT, which 

remained after one month of therapy. In addition, it was observed the acquisition of new motor skills and improvement in handgrip 
strength. Conclusion: This study had a potential positive effect on handgrip strength, functionality and quality of use of the paretic upper 
limb of a child with spastic CP after the application of ICT associated with functional bandaging.  
Keywords: Child; Case Study; Cerebral Palsy; Rehabilitation. 
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METHODS 
       This case report is characterized as a clinical 
trial, with intensive intervention by ICT associated 
with FB in a child diagnosed with CP, of the 
spastic hemiparesis type with left laterality, Gross 
Motor Function Classification System (GMFCS) 
level V and Manual Ability Classification System 
(MACS) level II, characterizing the degree of 
active movement, impairment of active movement 
of the upper limb as two. 
 
Study sample 
       A five-year-old male child with hemiparetic 
cerebral palsy (HCP), selected in an intentional 
non-probabilistic way, complaining of asymmetric 
use of the upper limbs, was included in the study. 
The child was available for three-hour daily care 
for three consecutive weeks and did not have 
disabling language changes, comprising simple 
orders. In addition to clinical criteria, motor criteria 
for inclusion of the child were: presence of active 
movement in the shoulder, elbow, wrist and 
fingers; trunk control sufficient to release upper 
limbs for activities; and absence of disabling 
involuntary movement(33).  
 
Assessment Instruments 
       An anamnesis form was used to characterize 
the sample, containing data related to the person 
responsible for the child (name, age, date of birth, 
sex, marital status, profession, level of education), 
gestational history (prenatal, pregnancy 
complications, gestational duration), data 
regarding the child (name, age, date of birth, sex, 
birthplace, use of medication) and occurrence of 
neonatal complications during the first year of life. 
The handgrip strength was measured using the 
hand dynamometer Deyard EH101 Electronic 
Hand Dynamometer, UK.  To perform the test, the 
recommendation of the American Society of Hand 
Therapists (ASHT) was used, in which it is 
recommended that the child remain comfortably 
seated, positioned with the adducted shoulder, 
the elbow flexed at 90o, the forearm in a neutral 
position and, finally, the position of the wrist can 
vary from 0o to 30o in length. The child was asked 
to perform the greatest possible strength in each 
hand, with a demonstration and familiarization 
with the instrument and the test system always 
beforehand(34). The maximum peak was recorded 
through three measurements on the most 
compromised limb for calculating the arithmetic 
mean, respecting a period of 20 seconds of rest 
between two measurements on the same side(35).   
        To assess functionality, the Pediatric Upper 
Extremity Motor Activity Log (PMAL), Pediatric 

Arm Functional Test (PAFT) and Inventory of New 
Motor Activities and Program (INMAP) scales 
were used, and the ICT protocol was followed 
according to age(36). PMAL is a structured 
interview used for children aged 2 to 8 years; the 
responsible is asked how often it is used and what 
is the quality of the movement of the most affected 
upper limb during the performance of daily tasks. 
        The questionnaire consists of 26 tasks and 
features a Frequency Scale (FS) and a Quality 
Scale (QS), both scored from 0 to 5. In FS, the 
person responsible should assign the score 
considering that: 0 = does not use the affected UL 
to perform a certain task; 1 = very rarely; 2 = 
rarely; 3 = sometimes (half the time the task was 
performed); 4 = frequently; and 5 = balanced use 
of UL (normal) (10, 11). In the QS, the score from 
0 to 5 was equivalent: 0 = no use; 1 = very poor 
use, the most affected UL not functional, just 
moving; 2 = poor use of the most affected 
extremity, requiring assistance; 3 = moderate use, 
but with great difficulty; 4 = almost normal use, 
with little difficulty; and 5 = normal use. The 
Pediatric Arm Functional Test (PAFT) consists of 
26 items, which are separated into unilateral (17 
tasks) and bilateral (9 tasks) activities. Each item 
presents its description and initial position, the 
evaluation is filmed and then scored by a blind 
evaluator. The Inventory of New Motor Activities 
and Program (INMAP) corresponds to the records 
of new motor patterns, never observed before. 10 
motor programs and 22 activities of daily living are 
evaluated, same as PMAL. 
 
Data collection procedure 
       This research was approved by the Human 
Research Ethics Committee of the Universidade 
do Estado de Santa Catarina, with CAAE number 
60009516.3.0000.0118. The Free and Informed 
Consent Terms were presented and both the 
mother and the child agreed to be part of the 
research. After the application of the identification 
form and anthropometric measurements, the 
subject was prepared to assess the handgrip 
strength, using the dynamometry technique. To 
obtain biomechanical records, the child was 
instructed to remain seated, with forearm 
supinated and supported on a flat surface, and 
elbow at 90o of flexion(34,35,37). The handgrip 
movement was performed with the most affected 
upper limb, three repetitions were requested at 
the highest speed the child was able to perform, 
with intervals of 20 seconds between each one.   
        According to the ICT Protocol (Figure 1), the 
pre-intervention was performed through the 
participation contract with the person in charge, to 



MTP&RehabJournal 2020, 18: 809                     Bortoli PO et al. 
 

 

Manual Therapy, Posturology & Rehabilitation Journal. ISSN 2236-5435. Copyright © 2020. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial License which permits unrestricted non- commercial use, distribution, and reproduction in any medium provided article is properly 
cited 

3 

compromise the presence in the sessions, as well 
as in the use of restraint in the home environment 
and carrying out the tasks established by the 
therapist, the physical examination, the 
application of complete PMAL, application of 
PAFT and INMAP, and the placement of a sling 
for the least affected limb. During the intervention 
period, the child received task-oriented training 
with supervision for 3 hours a day, where two 
training procedures were used, shaping - a 
training method based on the training of motor 
behavior or task practice - task less structured 
and specific, working the member globally(12,15,36). 
From the 1st day to the 13th day of training were 
carried out: the application of 11 items on the 
PMAL / TMAL quality scale (1-11 or 12-22), new 
motor patterns verified by INMAP, three hours of 
training, and determination of homework. The 
tasks were chosen according to the TMAL score 
and performed with play materials suitable for the 
patient's reality. On the 14th day of training, the 
sling was removed and the three-hour training 
was focused on bimanual functions and 
guidelines, in addition the INMAP was applied to 
verify new motor patterns. On the 15th training 
day, complete PMAL / TMAL was applied to verify 
the use of the upper limb without a sling. In 
accordance with the ICT protocol, evaluations 
were carried out in the pre-treatment, during 
treatment (daily by PMAL / TMAL), and after 
training, connection one-month post-training. The 
total duration of therapy was three hours daily, 
five days a week, for three weeks. The frequency 
and quality of daily use of the most affected UL 
were assessed by the Pediatric Upper Extremity 
Motor Activity Log (PMAL) and the motor ability 
was assessed by the Pediatric Arm Function Test 
(PAFT). In addition, the acquisition of new motor 
standards by the Inventory of New Motor Activities 
and Program (INMAP). 
 

 
Figure 1. Flowchart to represent the principles of 

Induced Containment Therapy followed in the study 
       The application of FB was performed in the 
most affected upper limb, for scapular stabilization 
and palmar stabilization, favoring supination and 

wrist and finger extension (Figure 2) since 
hemiparetic patients present a flexor pattern of the 
upper limb with internal rotation and adduction of the 
shoulder, elbow flexion, wrist and finger pronation 
and flexion(34,35). This pattern installs due to the 
spasticity present in the antigravity muscles, giving 
rise to abnormal posture and movement 
patterns(34,35). The first application was on day one 
of treatment, after an initial test in case of elastic 
band allergy; the child remained with the tape until it 
began to spontaneously release, after removal it 
was waited for at least 24 to 48 hours for 
replacement, avoiding skin lesions(38). The 
biomechanical evaluation was carried out before 
and after treatment. The child underwent three 
evaluations in total: one day before the start of 
treatment (A1) in which the biomechanical 
evaluation was performed and the application of the 
PAFT, INMAP and PMAL scales, last day of therapy 
in which all scales were reapplied and the 
biomechanical assessment of handgrip strength 
(A2) was redone and 30 days after the end of the 
ICT in which the PMAL scale (A3) was reapplied. 
 

 
Figure 2. Application of Functional Bandaging. 

 

Data analysis 
        The data from the clinical evaluation by the 
PMAL were evaluated using a Frequency Scale (FS) 
and a Quality Scale (QS), both of which score from 
zero to five. For FS zero it demonstrates the 
deficient use of the upper limb in a given task and 
five to the use of the affected upper limb in the same 
proportion as the non-affected limb. The total score 
was obtained, adding up the score for each item and 
dividing by total number of tasks, in the case of tasks 
impossible to be performed; the question was 
eliminated from all PMAL sessions, and the score 
was defined by the number of valid and answered 
questions.  
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       The data obtained by PAFT were determined 
from the child's spontaneity in performing the task 
with the affected limb. In the tasks in which the 
patient used the non-affected limb, at the end of the 
test it was repeated and pointed at the affected limb, 
in the bilateral tasks, the subject was instructed to 
use both limbs.  
       The scale indicated whether the child performed 
the movement during the first or second task 
administration; as for the functional scale, it varies 
from zero to five, which corresponds to the child not 
making any attempt with the affected limb, or doing 
the activity normally with the affected limb, 
respectively. The score for unilateral and bilateral 
activities was obtained by adding the tasks 
performed in administration one plus administration 
two, divided by the number of tasks performed, 17 
in unilateral activities and 9 in bilateral activities. 
        The new motor patterns observed by the child 
during treatment, from INMAP, were characterized 
in a descriptive manner. The data obtained by the 
dynamometer, were calculated from a routine 
implemented in the Open Source Scilab software. 
For all evaluations, the same evaluator remained, 
and for the analysis of PAFT, pre and post-
intervention footage was used, from a blind 
evaluator. For the characterization of the analyzed 
variables, descriptive statistics were used with 
distribution of mean parameters, variance, and 
frequency, which are represented by graphs and 
tables for better visualization of the data.  
 

 
RESULTS 
       This study refers to a case report of a five-
year-old male child with a clinical diagnosis of 
spastic HCP on the right with left laterality. 
According to the degree of active movement, 
impairment of active movement of the upper limb 
was characterized as grade 2. In Figure 3, it can 
be seen that the use of the affected upper limb 
increased from 31.8% to 74.5%, and the quality of 
the movement improved, from 26.3% to 71.8% 
when comparing the assessment pre-intervention 
and post-intervention; in the evaluation of one 
month post-intervention, they remained increased 
in relation to the pre-intervention evaluation, 
however decreased compared to the immediate 
post-treatment assessment, maintaining a 
percentage of 64.5% in the frequency of 
spontaneous use of the affected UL and 63.6% in 
the quality of movement of the same. 
 

 
 

 
Figure 3. Scale of Frequency and Quality of Use of 

the PMAL throughout the evaluations. 
 
       According to Table 1, it is noted that new 
motor patterns were acquired in relation to the 
pre-intervention evaluation and the evaluation at 
the end of the treatment, standing out among the 
unilateral activities: the abduction thumb grip, the 
thumb and multiple fingers opposition, the lateral 
clamp and an efficient clamp, weight unloading in 
the affected UL during the transfer from 
orthostatic position to sitting and weight support in 
the affected UL with the wrist and fingers 
extended, and among the bilateral tasks: the 
patient started to perform bimanual activities with 
both hands in a typical manner. 
       Table 2 characterizes the child's spontaneity 
in using the affected upper limb and if the task is 
performed, in addition to the functional scale 
score. In the three attempts to measure handgrip 
strength, higher mean values were noted in the 
post-treatment when compared to the pre-
treatment, these being 3.1 N and 2.5 N, 
respectively. 
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Table 1. Motor patterns observed by the child during 

treatment by INMAP. 
 
     Itens Pre 

 
Post 

 
Conclusion 

 

1 Reach Yes Yes Maintained 

Contact with the 
arm/hand 

Yes Yes Maintained 

Contact with fingers Yes Yes Maintained 

Contact crossing the 
midline 

Yes Yes Maintained 

2 Hold with every 
hand 

Yes Yes Maintained 

Anyway Yes Yes Maintained 

Thumb in abduction No Yes Reached* 

3 Drop objects Yes Yes Maintained 

Independent Yes Yes Maintained 

4 Thumb/finger No Yes Reached* 

Multiple 
fingers/thumb 

No Yes Reached* 

Lateral forceps No Yes Reached* 

Efficient forceps No Yes Reached* 

5.Protection reaction Yes Yes Maintained 

Anterior Yes Yes Maintained 

Lateral Yes Yes Maintained 

Posterior Yes Yes Maintained 

6 Using UL while 
sitting 

Yes Yes Maintained 

Weight support on UL No Yes Reached* 

Sits without support Yes Yes Maintained 

7 Use of UL in 
crawling 

Yes Yes Maintained 

Diagonal pattern Yes Yes Maintained 

Weight support Yes Yes Maintained 

8 Weight support No No Maintained 

Fist extended No Yes Reached* 

Fingers outstretched No Yes Reached* 

9 Transitions Yes Yes Maintained 

Bench press/prone Yes Yes Maintained 

To sit Yes Yes Maintained 

Standing up Yes Yes Maintained 

10 Bilateral use No Yes Reached* 

Only with help Yes No Reached* 

Typical use No Yes Reached* 

Table 2. Child's spontaneity in performing the task 

with the affected limb and functional scale of the 
attempt to perform the task with the affected limb 
during unilateral and bilateral activities throughout 
the evaluations using the PAFT scale. 

 

Itens Pre  Post 
 

 

 Attemp
t 

Scor
e 

Attemp
t 

Score 

Reach above the 
head 

2 3 1* 4* 

Reach at waist 
level 

1 3 1 3 

Achieve by 
crossing the 
midline 

1 3 1 4* 

Catch the ball 1 4 1 4 

Carry the ball 1 5 1 5 

Putting the ball in 
the pot 

1 4 1 4 

Pouring the ball in 
the pot 

1 1 1 3* 

Throw the ball at 
the target 

1 3 1 3 

Say goodbye 1 3 1 4* 

Seated protection 
reaction 

1 5 1 5 

Use of finger 
isolated 

1 1 1 4* 

Remove fitting 
part by the pin 

1 3 1 3 

Holding Pencil 2 2 2 2 

Use pencil 2 3 2 2 

Eating a cookie 2 2 1* 4* 

Eat a small piece 1 3 1 3 

Eating with spoon 2 2 2 3* 

Bilateral tasks     

Separating a toy 1 3 1 3 

Carry a big ball 1 4 1 3 

Throw the ball 
into the basket 

1 3 1 4* 

Putting a hat on 
the head 

1 5 1 5 

Put on boots 1 1 1 3* 

To sit 1 4 1 4 

Cat position 1 3 1 5* 

Crawl 1 3 1 5* 

Lift using the 
bench 

2 4 1* 5* 
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DISCUSSION 
        In order for gains in paretic upper limb 
dexterity in children with CP to be enhanced, the 
combination of techniques has been cited. In 
order to make better use of voluntary coordination 
and manual control, we seek to recognize the 
effect of ICT associated with the application of FB 
in the most affected upper limb of a child with 
spastic HCP. From the results obtained, there 
was an improvement in the quantity and quality of 
use of the paretic upper limb in the immediate 
moment of the intervention, remaining after one 
month of therapy; acquisitions of new motor skills 
and improvement in handgrip strength were also 
identified.  
        FB is described in the literature as an 
adjuvant technique in the rehabilitation of 
neurofunctional changes, with indication of its use 
in conventional and/or intensive methods. Among 
intensive rehabilitation treatments, ICT stands out 
for its several benefits in relation to asymmetric 
changes in upper limb function in neuromotor 
disorders. Thus, considering that the combination 
of these therapies acts in favor of manual 
functionality(24,39), the FB concomitant with the ICT 
protocol may have increased the use of 
coordination and voluntary control(35), for 
providing immediate motor sensory feedback on 
functional skills(39), provide stability and protect 
weak structures(40), and therefore improve the 
function and control of the upper extremity during 
rehabilitation(39).  
        Once manual functionality is compromised, it 
is associated with numerous motor and sensory 
changes, which directly interfere with the child's 
independence and quality of life(17,24), as a result 
of difficulties in using the affected upper limb to 
perform important daily tasks(17). Despite its 
potential for use, it can be seen in the present 
study that the most affected limb tends to be less 
participatory in manual activities, whether 
unilateral or bilateral activities. In the adaptation 
process after a brain injury, the subject often does 
not use the affected extremity in his routine and 
starts to create adaptation strategies, performing 
his activities only with the non-paretic limb(41).  
         The increase in the quality and frequency of 
use of the affected upper limb over the period of 
intervention by ICT is recognized(39), including 
aspects of occupational performance, lifestyle 
and social participation(39,40). The amount of initial 
movement compared to the final one increased, 
changing from rare use at the beginning of the 
protocol to frequent use of the most affected 
upper limb throughout the intervention, as well as 
the quality of use increased, being changed from  

 
poor to near normal. In addition, new motor 
patterns were observed, both in unilateral and 
bilateral tasks: the ability to perform efficient pinch 
movement; greater weight unloading in the 
affected UL during the transfer from the 
orthostatic to the sitting position; maintenance of 
weight support of the affected upper limb with 
extended wrist and fingers, among others. It is 
described in the literature that the persistence of 
the benefits of ICT associated with manual 
training after 6 months(42,43) and after 2 and 6 
months(19) are identified for manual dexterity, 
quality of movement, ability to use the paretic 
upper limb(12,19,43) and presence of new motor 
behaviors associated with greater functional 
independence(12). Considering that to reduce 
functional limitations, ICT is based on overcoming 
the learned disuse(20), especially in children and 
adolescents(12,39,44), and include concepts of 
neural plasticity and cortical reorganization to 
improve the function of the affected UL(44,45), it is 
possible that there are motor gains and that they 
are maintained after the period of therapy.  
        Using transcranial magnetic stimulation and 
functional magnetic resonance techniques, a 
significant improvement in functionality is 
identified with the application of ICT, 
accompanied by activation of cortical regions 
adjacent to the area of the initial injury(37,42,43), 
which suggests that this therapy technique can 
provide not only an improvement in the quality 
and quantity of movements, but also spontaneity 
of use, as well as an increase in agility and in the 
ability to perform functions with the UL affected by 
two adolescents with HCP(22). Regarding the 
spontaneity of the use of the affected limb of the 
child evaluated in this study, greater use of the 
affected upper limb was observed in the periods 
in the comparison of the pre and post-intervention 
periods.  
        The neuromuscular capacity to generate, 
graduate and vary strength is essential for the 
formation of coordinated patterns of movement(44-

47), when muscle tensions are higher than those 
experienced during daily activities, an increase in 
muscle strength is generated(45-47). Among the 
findings, there was an increase in the handgrip 
strength of the compromised upper limb at the 
end of the three weeks of intervention. Initial 
strength gains, mainly in untrained subjects, are 
due to the increase in voluntary neural activation 
of trained muscles, and healthy subjects tend to 
have a significant increase in strength due mainly 
to neural aspects after 3 weeks of training, 
confirmed through electromyography(45-47). 
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        However, despite the improvement in the 
study patient, the reference value of palmar 
pressure in the non-dominant hand of healthy 
children, according to the age group(45,46) was not 
achieved, this difference can be explained by the 
reduced mobility being associated with less 
tension characterized by hemiparesis, which can 
characterize a lesser capacity to produce strength 
when compared to subjects without neuromotor 
disorders(45-47).  

 
CONCLUSION 

       An improvement in the quantity and quality of 
use of the paretic upper limb was observed after the 
application of ICT associated with FB, results that 
were maintained after one month of therapy. In 
addition, new motor skills were observed, such as 
thumb grip, finger opposition, tweezers, greater 
weight unloading and weight support with the 
affected upper limb, and therefore an improvement 
in handgrip strength. Thus, in view of the results 
obtained, the association of ICT and FB techniques 
has a potential positive effect on the handgrip 
strength and on the functionality and quality of use 
of paretic UL in children with spastic CP. 
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