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Constraint Induced Movement Therapy for Cerebral Palsied
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| ABSTRACT |

Background and Purpose: Impairment of hand function is a major disability in hemiparetic cerebral palsied
children, the resulting sensory and motor impairments compromise movement efficiency, as a result those
children often fail to use the involved upper extremity and learn to perform most tasks exclusively with their
uninvolved upper extremity, the purpose of this study was to detect the effect of using constraint induced
movement therapy of the non-involved upper extremity on the hand functional abilities of the involved upper
extremity in hemiparetic cerebral palsied children. Subjects and procedures: twenty spastic hemparetic
cerebral palsied children (12 girls and 8 boys) ranged in age between five to seven years (X £SD) was 5.4 +
0.9 years participated in this study. They were selected from outpatient clinic of Faculty of Physical Therapy,
Cairo University. Active range of motion of wrist extension, wrist hand-grip strength and time of reaching
and grasping a spongy ball with the involved upper extremity was evaluated for each child before and after
twenty-one days of constraining the non-involved upper extremity six hours per day for twenty one
successive days and practicing a specific physical therapy treatment program aiming to enhance the function
of the involved upper extremity. Results: Mean values of all measured parameters that were collected and
statistically treated before and after the suggested period of treatment application showed a statistically
significant increase in wrist extension range of motion and wrist grip strength and there was also
statistically significant reduction of the duration of reaching and grasping a spongy ball with the involved
upper extremity (P<0.001). Conclusion: Pediatric constraint induced movement therapy can produce a
major and sustained improvement in hand function in children with hemiparetic cerebral palsy.

Key words: Hemiparesis-Cerebral palsy-Pediatric Constraint Induced Therapy-Learned nonuse-Upper
extremity functions.

to LNU, which in turn, leads to a contraction
of the cortical representation of the affected
extremity and prevents the use of the affected
extremity in the chronic phase of a patient's

| INTRODUCTION |

mpairment of hand function in children
with hemiplegic cerebral palsy (CP)

results in failure of those children to use

the involved upper extremity (UE) and
learn to perform most tasks exclusively with
their noninvolved UE (learned nonuse)*. This
nonuse, in turn, may lead to additional
impairments secondary to neural damage
associated with CP?*?_ The patient tries to use
the affected extremity, but cannot due to
physiological reactions in the nervous system
during the acute phase of an injury; the
repeated failure sets up the conditions leading

recovery %,

Children with hemiparetic cerebral palsy
have difficulty with timing and coordination of
reaching and grasping movements in addition
to lack of coordination of fingertip forces
during precision grasp, movement planning
and a deficient capacity to modulate postural
adjustments during reaching*%.

A recent therapeutic intervention,
constraint-induced (CIl) movement therapy,
seems promising for children with hemiplegic
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CP. It was developed to help patients to
overcome learned nonuse by providing an
opportunity to practice repetitively with the
involved hand and arm in structured program
after restraining the noninvolved upper
extremity®3,

It was found that repetitive practice of a
motor task with the involved hand can result in
improved performance in a relatively short
time period. This suggests that the involved
upper extremity is amenable to treatment and
that intensive practice may be beneficial to
improve function**.

This study was conducted to examine the
relationship between efficacy of a child-
friendly form of CI therapy of the uninvolved
UE and fine-motor performance of involved
hand in hemiparetic CP children.

| SUBJECTS AND PROCEDURES |

Twenty spastic hemiparetic cerebral
palsied children (12 girls and 8 boys) ranged in
age between five and seven years (X £SD) was
5.4+0.9 participated in this study. They were
selected from the outpatient clinic of faculty of
Physical Therapy Cairo University based on
the following criteria (1) Having a mild degree
of spasticity ranged from grade 1 to 2
according to Ashworth’s scale. (2) They had
the ability to extend the wrist >20° and the
metacarpophalangeal joint 10° from full
flexion®, (3) They were able to maintain
sitting balance, and (4) They could understand
commands and follow simple verbal
instructions.

Instrumentations

a) For evaluation:

1- Plastic geniometer: for detecting range of
motion of wrist and metacarpal joints.

2- A calibrated hand-held dynamometer: for
measuring the wrist grip-strength of the
affected hand.

3- Stop-watch: that was used for detecting the
duration of reaching and grasping a spongy
ball and the time needed to perform the desired
tasks.

b) For treatment:

1- Friendly cotton arm sling.

2- Occupational therapy tools as playing
dough, cards, cubes and puzzles etc.

Procedures

I) Evaluation procedures

1- Evaluation of range of motion of the wrist
extension:

From sitting position, with elbow flexed
90° and forearm supported on the wrist-arm
chair and maintained in pronation position
with the wrist free from chair the geniometer
was placed on the ulnar aspect with the
fulcrum on the ulnar styloid process, the fixed
arm was placed parallel to the forearm and the
movable arm parallel to the ulnar aspect of the
child’s hand. Each child was asked to extend
his/her wrist as much as he/she could and the
available reached range was determined in
degrees.

2- Evaluation of the grip-strength:

The dynamometer was set at zero level,
the child was asked to sit comfortably on
upright straight-backed chair with the feet flat
on the floor, shoulder adducted and neutrally
rotated, elbow flexed 90 degrees, forearm in
neutral position, and wrist maintained between
0 and 30 degree extension and between 0 and
15 degree ulnar deviation?.

The child was asked to hold the handgrip
dynamometer vertically in the affected hand
with the line of the forearm maintained at the
standard forearm and wrist position, then the
child was asked to squeeze the dynamometer
as hard as he/she could. Recordings measured
in kilograms.

3- Time of reaching and grasping a spongy
ball:
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From sitting position on a back-support
chair in front of a suitable height table the
child was asked to grasp a spongy ball that
was placed on the table in front of him, and the
duration from starting to perform the action till
complete grasping of the ball was determined
(in seconds) by using a stop-watch.

I1) Treatment procedures

A cotton sling was fastened around the
child’s neck and covered the entire arm and
hand of the non involved upper extremity.
Straps attached to the sling were rounded
around the child’s waist to secure the child’s
trunk (figure 1). The child was asked to put on
the sling for six successive hours per day for
successive 21 days™.

Fig. (1): A child with the sling that was fastened
around the neck and rounded to the child's trunk
with a strap to prevent use as an assist.

Physical therapy program:

Treatment application based on the following

steps:

- Broken down of all activities into step-by-
step tasks that could be worked on
individually and then chained together in
progressive steps toward the targeted goal.

- Individualized instruction involving the
specific practice of designated target
movement was given for each child during
each session’.

- Activities were play-based and included
use of a variety of toys and objects.

235

- From sitting on a back rest chair with the
feet flat on the floor with hips and knees
were kept at 90° in front of a suitable
height table that was at the chest level,
children were engaged in play and
functional activities that provided 2 types
of structured practice using the hand of the
involved upper extremity including
shaping and Repetitive-task practice’.

- Shaping involved practicing a target
movement in isolation of other movements
under a time constraint of 30 seconds. Task
objects that were frequently used included
household objects (eg, jars, eating utensils,
spring-loaded clothespins), children's toys
(building blocks, marbles, rings and cubes)
As soon as the target movement was
performed successfully, the difficulty of the
task was increased by changing temporal
and spatial accuracy task constraints.

- Repetitive-task practice involved
performing a target movement in a
functional context or in relation to other
movements (practicing forearm supination
by turning over cards within the context of
a game, building tower of 3 cubes, form a
ball with rolling dough on the table and
reconstructing puzzles.

"Success" was defined as achieving either the
same frequency in 3 of 5 trials (30 seconds
each). The choice of changing either
spatial/accuracy or temporal dimensions
depended on the constraints of a particular task
and the target movements that were elicited by
the task.

| RESULTS |

This study was conducted to demonstrate
the statistical analysis of the mean values of
range of motion of wrist extension, wrist grip
strength and time of reaching and grasping a
spongy ball with the involved upper extremity
after constraining the uninvolved UE six hours
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per day for 21 successive days in hemiparetic
CP children.

The collected data for twenty spastic
hemiparetic cerebral palsied children were
statistically analyzed to show the mean values
and standard deviation of the measured

parameters before and after treatment
application.  Minitab  statistical  analysis
program was used to determine the

significance of wusing constraint induced

movement therapy in hemiparetic cerebral
palsied children.
1) Range of motion of wrist extension:

The post treatment mean values of the
range of motion of wrist extension showed a
statistically significant improvement. The
mean values of range of motion of wrist
extension before and after treatment were
36.36£3.49 and 50.62 +3.57 degrees
respectively (P<0.001) as shown in table (1)
and illustrated in figure (2).

Table (1): Mean values of the range of motion of wrist extension (degrees) before and after treatment

application.
ROM of wrist extension X £SD MD t P Sig.
Pre 36.36+3.49 .
Post 50 60435 14.26 11.266 <0.001 Sig.

ROM: range of motion
P: probability value

X *SD: mean +standard deviation
Sig.: level of significance

t: tabulated value

} OROM of wrist extension

ROM in degrees

Pre

Post

Fig. (2): Mean values of range of motion of the wrist extensors (in degrees) before and after treatment

application.

2) Grip-strength:

The post treatment mean values of the
wrist grip strength showed a statistically
significant improvement. The mean values of

wrist grip strength before and after treatment
were 3.45+0.47 and 5.59 +0.72 degrees
respectively (P<0.001) as shown in table (2)
and illustrated in figure (3).

Table (2): Mean values of wrist grip strength (Kgm) before and after treatment application.

Wrist grip-strength X +SD MD i P Sia.
Pre 3.45+0.47 _
Post 5.50+0.72 2.14 12.379 <0.001 Sig.

X £SD: mean xstandard deviation
Sig.: level of significance

t: tabulated value

P: probability value
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} O Wrist grip strength

Grip strength in

Pre

Post

Fig. (3): Mean values of the wrist grip strength (in Kgm) before and after treatment application.

3) Duration of reaching and grasping a
spongy ball:
As shown in table (3) and illustrated in
figure (4) there was statistically significant
decrease of the duration required for reaching

and grasping a spongy ball as the mean values
of the required duration before and after
treatment were 50.62+3.57 and 36.36+3.49
respectively (P <0.001).

Table (3): Mean values of time of reaching and grasping a spongy ball before and after treatment

application.
Time of reaching and grasping a ball X £SD MD t P Sig.
Pre 50.62+3.57 .
Post 36.363.49 14.26 11.266 <0.001 Sig.

X *SD: mean +standard deviation
Sig.: level of significance

t: tabulated value

P: probability value

}l Reaching and grasping duration

Pre

Post

Fig. (4): Mean values of reaching and grasping a spongy ball before and after treatment application.

\ DISCUSSION \

The results of the current study showed a
statistically significant improvement in the
wrist extension range of motion, grip strength
and duration of reaching and grasping a
spongy ball with the involved hand in spastic

hemparetic cerebral palsied children treated by
constraining the uninvolved upper extremity.
Choosing the age sample for this study
comes in agreement with many authors®*3!®
who concluded that in the age division before
8 years coordination of fine finger force
development during grasping approximates
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that of adults by the age of 8 years. within a
younger population of children  with
hemiplegia (aged 1.5-4 years), there was a
relationship between age and improvement,
with older children actually improving more
than younger children in the extent to which
they effectively use their involved hand during
bimanual tasks®.

Improvement of the hand functional
abilities for children participated in the current
study may be explained in two ways, the first
depend on the idea that children possess far
better brain reorganizational capabilities after
lesions than adults'®®. Neural plasticity is
assumed to be greater in younger children,
because the central nervous system is still in
the early stages of postnatal development. The
neural substrates for hand control continue to
develop over the first 2 decades of life"*
which suggests the presence of neuroplasticity
in older children as well. This notion support
the concept that CI therapy is beneficial in
older children and adolescents®>*°.

The results of the current study comes
in agreement with many authors™?* who
reported that a child with hemiplegic cerebral
palsy may have neural tissue that is
underutilized, Constraint-induced movement
therapy might be especially well suited for use
with those children because of the great
capacity for plasticity in the developing
nervous system. a child with hemiplegic CP
may not develop neural pathways involved in
movement because of the lack of ability to
experience  age-appropriate  sensorimotor
stimuli that lead to the development of UE
skills.

Tub et al.,® recorded that the second
cause of improving hand function after
constraint induced movement therapy is
significant increased cortical representation of
the affected hand which result from increased

neuroimaging that resulted from repetitive
practice.

The results of the current study comes in
agreement with Charles et al.,> who reported
improvement the functional abilities of the
more affected upper extremity with 3 school-
age children with hemiparesis after applying
combination of both modified version of
constraint-induced movement therapy of the
less affected UE and intensive training of the
more affected UE.

The results of the current study also
comes in agreement with Crocker et al.,* who
recorded positive changes in upper extremity
functions such as manual dexterity, sensory
discrimination, and limb  coordination
following  constraint-induced  movement
therapy for the children involved wearing a
cotton sling on the less affected UE while an
investigator engaged them in various
functional and play activities for 6 hours each
day for 14 consecutive days.

Willis et al.,”® compared between two
groups of hemiplegic CP the study one was
treated by plaster cast of the non affected
upper extremity for one month while the other
group treated in a traditional way and he
recorded a significant improvement for the
study group.

The results of this study can also be
supported by the work of Tub et al.,” who
demonstrated improvements in both amount of
use and functional abilities in 18 children
ranged in age between 7 months and 8 years
treated by applying plaster cast for 21 days and
received functional training activities for the
affected arm for 6 hours a day.

Cl therapy has been shown to be
effective, but it requires many hours of
dedicated one-on-one care between the patient
and the physical therapist. Given the vast and
growing post-stroke  population,  the
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availability of an individual therapist for up to
six hours per day is not practical.

Conclusion

Constraint induced movement therapy
may be consider as a promising therapy in
treatment of hemiplegic cerebral palsied to
improve the hand functional abilities by
reinforcing the child to use the involved upper
extremity.
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