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Introduction: Spastic hemiplegia is one of the most common typeserebral palsy.
Pathology of the central nervous system can alemal development of the somatosensory
cortex and develop sensory deficits. These deficiém decrease upper limp motor
performances and skills anelduce the tendency to use the affected upper Bmphe quality

of life is impaired in these children. Therefore this study, the effect of sensory interventions
(as part of occupational therapy services that @npa the performance of these children have
been less reported) on motor function of affectpden limb children with spastic hemiplegia
was investigated.

Material and Methods. In this study, three children with spastic hemipdegarticipated
using single-subject (A-B) design. During the bamsefbhase, motor function was measured by
Box and Block for three sessions a week to recordgdmpattern. After an initial assessment,
treatment phase began. In this phase, childreriveztesensory training interventions in 12
sessions and 3 times a week. Treatment program im@dsded two parts: tactile and
proprioceptive stimulation as active, passive atayfplness. Training for each child was
provided according to his/her condition and waslgdaso that progress, activities got more
difficult with the child’s progress. At the end efch week, evaluation was done to record
regularly changes after the treatment phase. Aswalip, children were evaluated in three
sessions, every other day. Then results of 3 phesesanalyzed.

Results: In a visual analysis for each three children, slap both treatment and baseline
phases was accelerating but in treatment was rhareliaseline. The effect size was large in
all of them. In 2SD method, the results of second third subjects were approved. However,
it was not significant for the first one.

Conclusion: Sensory interventions as training program basedsemsory deficits can be
effective in upper limb motor function in spastienhiplegia.

Keywords: Sensory intervention; Motor function; Cerebral paBgastic hemiplegia

Citation: Khoshbakht M, Raji, Ansari NN, Mahmodian Mffect of Sensory Interventions on Motor
Function of Upper Limb in 8-12 Years Old Children with Spastic Hemiplegia. J Mod Rehab 2016;

10(2): 86-92.

I ntroduction

clinical pattern of sensory-motor involvement ineon

Cerebral palsy is a neurodevelopmental disorder side of the body (5), in which the following injunf
caused by non-progressive lesions in one or several Upper extremity in these children, made impossitdée
areas of immature brain in the womb, during or gfior functional use. This injury in children with hemegia
after birth (1). Total prevalence is equal to 2-pet prevents them from participating in recreational
1000 children born alive (2) and is one of the most activities and the educational system. Hence,féctd
common physical disorders in childhood (3). Cerebra  the level of independence in doing daily activit{gs
palsy is a stable medical condition, and the disgbl Hands are taken into account as a crucial todién t
aspects of the disease will affect the whole pathe performance of everyday life. So with different ibra

child’s life and lead to restrictions on the adtas (4).

damages, their function becomes disturbed, and the

Spastic hem|p|eg|a is one type of cerebral pa|gy| wi weakness and |nab|||ty of them can have a negative



effect on the relationship between the individuad a
the environment. Furthermore, they are importamt fo
humans in the various aspects of cognitive, ematjon
protective, balance, sensory and motor particularly
According to studies hand and arm, function are
impaired in the majority of children with cerebpalsy
and almost the main problem of half of these chitdr
is the same problem, that depends on multiple facto
including the severity of paralysis, sensory disord
and the degree of spasticity (2, 7, 8).

Cerebral palsy is a neurological deficiency in the
central nervous system that might disrupt the ahtur
growth of somatosensory cortex. In addition to ptats
defects, sensory deficits are caused as well (9).
According to studies, there is a risk of sensomnaize
in the hemiplegic group rather than the other cateb
palsy groups and in accordance with strong evidence
this disorder is more common in lower limbs thaa th
upper ones (10). The prevalence of upper extremity
sensory damage is different in these children fE@%%6
to 96% in at least one of the sensory modalities.

Sensory system discovers and explores the features
such as material, weight, and size using manipmati
These capabilities and characteristics are based on
object recognition, and eventually it leads to moto
control. Upper extremity needs somatosensory
information to produce coordinated, adjusted, and
controlled force movement while manipulating obgect
In general sensory function is essential for motor
learning (11). In 2013, Borstad and his colleaglidsa
study to determine the relationship between semnsati
and movement in hemiplegic children and they came t
the conclusion that children who had a better sgnso
function, had better motor function too (12).

In addition, in 2012, Auld and his colleagues (13)
carried out a study to determine the relationship
between tactile sensation with upper limb function
hemiplegic children. According to the results ofsth
study, the researchers suggested that it is ketteting
the tactile sensation assessment into the assetsksten
of these children and plan special therapy fort#otile
sensation defects.

Due to sensory damage, these children have
imperfection in their skills and motor functionsdan
delay in motor learning. They often neglect the
affected side, and this leads to progressive Idss o
function in their limbs, this phenomenon is called
learned non-use. Because of this phenomenon sénse o
security has declined in these children.

Moreover, the quality of life of these people is
affected eventually (10). Despite sensory disorders
children with hemiplegia and its effects on motor
performance, predominantly, rehabilitation
interventions focused on motor impairments in these
children (14) and few studies have been performed o
the impact of sensory training programs on uppab i
function improvement, and there is no clear evigenc
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of the impact of these interventions. In a study
conducted by Barrett et al. (15), a multi-sensory
training program was applied in six children with
hemiplegia by using the opposite senses (soft/hard,
flat/sharp, cold/warm). After the intervention, ke
children became aware of their upper limbs, ang the
used their affected side more often.

Considering dysfunction caused by sensory
damage, the aim of this study was effect of sensory
interventions on motor function of affected upperd
children with spastic hemiplegia.

Materials and methods

In the current study, was used single subject study
method (single-subject) with A-B-A design. It
approved by the Ethics Committee of Tehran
University of Medical Sciences
(IR.TUMS.REC.1394.2129). The study populations
were 8-12-year-old children with spastic hemiplegia
selected by available sampling from rehabilitation
centers affiliated to Tehran University of Medical
Sciences. Children were recruited according to the
inclusion and exclusion criteria. Inclusion crigerfor
this study were the child had a diagnostic critarfa
hemiplegia, with 1Q above 70 according to the Raven
Intelligence Test, Be at level 1 or 2 in terms cdrivial
Ability Classification System: MACS scale, No
surgery history in the upper extremity, No histardy
seizures, not having botulinum toxin injections in
3 months before study entry, Not having comorbid
physical diseases such as myopathy, neuropathy, and
other central and peripheral nervous system dissrde
and the spasticity should be between 0 and 2 based
modified Ashworth spasticity scale.

After identifying patients fulfilled the inclusion
criteria, the way of work implementation and
procedures were fully explained to parents, andr the
written consent was obtained. Three children were
entered after parental consent. Three children were
entered after parental consent. At first in theebas
phase, to record pattern changes, children were
assessed for three sessions in a week every adlyer d
Box and Block were used to evaluate the hand fancti
of these people. After completion of the initial
assessment, treatment phase began. This phase
consisted of 12 therapy session (45-minute), whiak
held in three sessions per week. The assessmeifd wou
be done again at the end of each week to record
changes of the child regularly. In the follow-upge
which was started immediately after treatment, ghre
assessment sessions were held again every otheit day
should be mentioned that during the study, common
treatment of children who were receiving them befor
starting the study, were continued and the senypey
of their treatment was under controlled and sugexvi
by the researcher. Treatment program included two
parts; tactile sensation and proprioception stitiuma
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88 Sensory interventions on motor function i C

programs. Each of them accounted half of the sessio
and in terms of the type of activity it was dividedo
three categories: active, passive, and as a plefpr®
performing any exercise, the method was demonsirate
orally and practically, so the children were famnili
with the exercises. The researcher supervisedhall t
exercises. Exercises for each child were provided
according to his condition and were graded so ttiat
activities became more difficult as the child deysd

and time of the exercises was adjusted based on the
severity of the injury and the child’s need. At tived

of each session, the therapist's observations and
comments about the child’s behavior during the
intervention were recorded and were used in later
sessions to provide better treatment.

Instruments used in this study were:

1. Demographic questionnaire was
demographic information such as age,
educational level.

2. The MACS, which classify how children with
cerebral palsy use their hands while handling dbjec
daily activities. This scale consists of five levehat
are reported by the caregiver. The inter-rateabdity
for this test is 0.97, and the reliability betwgmarents
and therapists is 0.96 (16). This test was used for
determining the inclusion criteria.

3. Raven IQ test that measures the general
intelligence (IQ) that is used for the age group of
5-65 years. This test was used for determining the
inclusion criteria. Reliability of Raven coloredrifio in
children is 0.2-0.8 (17). This test was used for
determining the inclusion criteria.

4. Box and Block motor test is a simple, fast, and
valid test which measures bilateral gross manual
dexterity. Grading is based on the number of cubes
transferred over 1 minute. The more number of
transferred cubes over time indicates better
performance of the child. The test - retest religbior
the right hand is 0.976 and 0.937 for the left hand
inter-rater reliability for the right hand is 1.0Ghd
0.999 for the left hand (18).

At the end of the study, the results of the
assessments in baseline phase and treatment were
analyzed statistically to determine the effectstlod
treatment and also the results of treatment phade a
follow-up were compared in order to determine the
lasting effects. Visual Analysis was used to inigede
the pattern changes and the rate of changes wdisdtu
through statistical analysis 2SD and D Cohen. The
final results were reported based on visual and
statistical analysis.

included
sex, and

Results

As mentioned above three children were entered into
the study and passed all phases. Male to femadle rat
was 2 to 1. An 8-year-old boy with the left hemisph
damage was our first participant. The second ore wa
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an 11l-year-old girl with the involvement of thetlef
hemisphere and the last one was a 12-year-old boy w
suffered brain damage in the right hemisphere tidl
three participants were at level 2 of the MACSfisst,

the results for each individual were collected and
presented in separate charts. Each graph congi$ted
points based on the time and the resulting dat@ Th
pattern of changes is presented in the figures 1-3.

The data were analyzed by visual analysis and
interpretation. It is very practical, acceptableyda
useful in single case studies and it is commonédus
most of these types of studies. In this analykis,data
examined in terms of the level, slope, aspect, or
changes. After visual analysis to evaluate stasibti
results and rate of changes more accurate, th& 8
and D Cohen analytical methods were used. In these
two methods, the evaluation is done based on tl@me
and standard deviation (19).

The first participant: As shown in figure 1, in the
first evaluation session and the third treatmessisa,
the score was reduced but then the process of ehang
has increased and between sessions 6 and 9.

participant 1
30
28
2% | A0
24 ’J«
22
20
18 A B A'
16
14
12

10

1 2 3 3 6 9 12 1 2 3
Figure 1. The pattern of changes in Box and Block
motor test of the participant number 1, in termshef
number of the displaced cubes in 1 minut,
Baseline, B: Treatment, A’: Follow up

In the participant 1, maximum changes have occurred
and the graph was steep slopped. Again there been a
reduction in the 12 treatment session. Despite the
fluctuations occurred, the scores are rising witheatle
slope in the treatment phase. Since the sloparieeatis
slightly more than baseline phase, recovery hasrcezt
Changes in the follow-up phase remained constant.

The second participant: There was no observable
change in the first session after the assessmeateph
started. A big change occurred after the intenadls
sessions 3 and 6, and the graph has a sharp upward
slope, but then a small decrease occurred in ninth
session, and after that it remains a constant slopie
the end of the treatment. In total, the scores wisieg
gradually with a very gentle slope, and accordmthe
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baseline phase, it is a sign of recovery. Changehkd
follow-up phase remained constant (Figure 2).

participant 2

] N

Figure 2. The pattern of changes in Box and Block
motor test of the participant number 2, in termghef
number of the displaced cubes in 1 minute, A:
Baseline, B: Treatment, A’: Follow up

The third participant: The treatment phase was
initiated increasingly by little changes, but the
treatment has not changed between sessions 3 and 6,
and the slope of the graph remained constant. Again
the graph raised with sudden and large slope betwee
sessions 6 and 9 and the peak of changes caniinsee
the ninth treatment session, but the changes camot
seen again between sessions 9 and 12. Recovery was
occurred due to constant slope in the baselineephas
and increase in the scores of the baseline phagbel
follow-up phase not only the changes preserved but
also the slope has been increased to improve the
performance of the individual (Figure 3).

Table 1 summarizes the statistical and visual
analysis. According to the investigations and th¢ad
obtained from the table, in the first participathg line
treatment slope is ascending and greater than the
baseline phase, also based on the calculation of tw
standard deviations with the mean of 23.33 and
standard deviation 3.04, there is no significant
difference between the two phases and the effeetisi
0.97, which shows the great impact. Considering tha
there have been changes in the visual analysis and
effect size, we suggested that the recovery has
occurred. The treatment phase slope is greatertti®an
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baseline phase in the second and third participeamds
the effect size of these two participants, basedhen
two standard deviations method, are 1.72 and 186 i
order which represents a big effect size. Therefore

improvement in motor function in these two
participants is observed.
participant 3
A B A

H//"

Figure 3. The pattern of changes in Box and Block
motor test of the participant number 3, in termghef
number of the displaced cubes in 1 minute, A:
Baseline, B: Treatment, A’: Follow up

As can be observed, all three participants changed
from the baseline phase, but it is more clearlytfar
third one.

Discussion

Spastic hemiplegia is one of the most common tybes
cerebral palsy which creates disturbance in motor
function and development of upper extremity due to
sensory injuries. Sensory disorders in childrenhwit
cerebral palsy is one of the factors affecting the
performance of motor function of upper limb and
impairing the use of limbs in everyday life and
consequently affected the growth and development of
the child. Moreover, it causes learning disorders;
including reading, writing, and behavioral disoler
Unfortunately, despite  disabilities and their
implications on the performance of children with
cerebral palsy, there are Ilimited studies on the
treatment of these kinds of disorders (20). Fregjuen
assessments in this study, show improvement inruppe
extremity function in all the three participants.

Table 1. The effect of the treatment on the upper extremitgbtor function in all of the participants

Participant Average of the basdline Amount Effect size D Cohen D Cohen inter pretation
number phase 29D +,- Base-treatment line Base-treatment line
1 23.33 3.04+, - 0.97 Big effect

2 13.00 0+, - 1.72 Big effect

3 16.00 0+, - 1.86 Big effect
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The greatest improvement was achieved in the third
participant. Since the sensory function affects anot
function and this participant had severe sensory
damage, it is assumed that due to the further
improvement in sensory performance compared with
other participants; improvement in motor function
increased. On the other hand, constant gradesaakd |
of fluctuation in the baseline phase, absence of
receiving continuous rehabilitation interventiorefdre
the study in this subject could affect the results.
addition to these factors, motivation, interestd dne
child cooperation for this test were in a good lexd
of these factors could be justifications for themdes.
According to the results, the first participant qared
to the others had the least variations that it inkgh
caused by a number of factors like the great
fluctuations in scores in the baseline and treatmen
phases, receive long-term rehabilitation interaargi
before the study and the better motor performarice o
this person compared to the others.

In 2014, Auld and his colleagues (20) carried out a
study to determine therapeutic interventions fatila
sensation injuries in upper extremity in childreithw
cerebral palsy. The results showed that the childre
with  cerebral palsy require tactile sensation
interventions which integrated with the effective
methods in adults with stroke and have the abttity
run in children.

Auld and his colleagues (13) in 2012 conducted a
study with the aim of determination the relatiopshi
between the tactile sensation and upper limb fancti
in hemiplegic children. According to the resultstlois
study, the researchers suggested that it is Hettaing
the tactile sensation assessment routinely into the
assessment list of these children and plan special
therapy for the tactile sensation defects.

Borstad and his colleagues performed the study in
2013. The two purposes of this study were as falow
to determine the relationship of sensation and moto
learning and evaluation of the persistence of ket@n
movements’ improvement of the upper extremity in
children with cerebral palsy in the reach and grasp
activities and the ability to generalize them te th
similar tasks. The results showed that targeted
activities to improve the kinematic movements of
upper extremity in children with cerebral palsyads
to better learning of motor patterns, the othedifig
indicated a tremendous impact of sense on motor
learning in children with cerebral palsy (12).

In 2003, Smania and her colleagues (21) studied the
impact of sensory rehabilitation interventions on
somatosensory deficits and the control of it relate
stroke patients. This study indicated that sensaiging
programs could be effective to improve the perforoea
of somatosensory and motor control in stroke ptgien
with cortical and subcortical sensory injuries.

In another study that was conducted in 2003 by
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BYL et al., the impact of sensory and motor tragnim
upper limb recovery and also on the level of furrai
independence in stroke patients (which they lived i
the 6" month until the 7 year after the stroke) were
evaluated. Most of the patients showed significant
improvements in motor function and functional
independence of upper extremity after a period of
sensory and motor retraining (22).

As it could be observed the results of these studie
expressed the importance of sensation and related
disorders on motor function, they also showed that
improvement of motor function could be done through
the provision of rehabilitation interventions, wihic
they are aligned with the results of this study.

The somatosensory system is one of the systems
that affect the performance and motor skills. Iheot
words, sensory stimuli through sensory map of the
body influence on learning the new movement
patterns and reforming movements in the brain and
are lead to sustainable changes in motor behaviors
(12). Therefore, sensory deficits reduce the sensor
feedback and have an effect on motor behaviors. (23)
It is probable to provide sensory stimulation ire th
form of a comprehensive treatment program which
focuses on the sense; the information sent through
sensory receptors in upper limb will be increasad a
involve more neurons to build-up internal conneasio
and increases awareness of the cerebral cortex.
Following these variations, dysfunction, processing
and sensory integration will improve in the bramda
will lead to motor control, skill improvements and
motor functions.

Hand skills are patterns which need proprioceptive,
tactile sensation, and visual information for makin
accurate, coordinated, and fast movements. The
superior hand skills are depended on how well the
somatosensory works. Thus, the role of somatosgnsor
information and feedback in many aspects of childre
hand skills is essential (24). On the other hahe, t
brain motor cortex receives sensory input fronpalits
of the limb, but the most sensory inputs transteteethis
area are received from the distal parts of thecmities.
Therefore, it can be concluded that the sensogresffs
of the environment, are connected especially witle f
motor of hands and fingers through controlling distal
extremities. All of these factors could have anaotpon
the incidence of the results (25).

Conclusion

According to the results of this study, using senso
exercises in a training program could lead to
improvement in motor performance. Although these
rates of change are significant scientifically and
statistically, its effectiveness in terms of clalicuse
requires further investigations. Furthermore, girgle
case study was carried out with a few participalts,

it could be the starting point for other researcivith
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more samples and generalization power. In addition,
the motor performance is a term with broad meanings
and includes various components that manual déxteri
is one of them so that the impact of this treatmant
other components of motor function could be exadhine
through later studies.
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