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ABSTRACT

Aim of the study is to compare the efficacy of soft supination splint in comparison with elbow wrist
hand Orthosis in spastic forearm. 30 subjects with spastic hemiplegic cerebral palsy were included in
the study by random sampling. All the subjects were divided into two groups; A and B. Group A
provided with soft supination splint and Group B provided with elbow wrist hand orthosis. Baseline
data (spasticity, ROM, hand function and grip strength) was taken before use of the orthosis and post
data was taken after 4 week use of orthosis. There was no significant difference in MAS score
(p=0.403) and grip strength (p= .285) between the group A and group B. But there was significant
difference in ROM (p= 0.009) and upper extremity hand function (p= 0.019) between the group A and
B. It was concluded that soft supination splint is more effective than elbow wrist hand orthosis in the

management of forearm spasticity in case of hemiplegic cerebral palsy without any complication.
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INTRODUCTION

Cerebral palsy (CP), a disorder of
movement and posture resulting from a
deficit or lesion of the immature brain, is the
most common physical disability in
childhood & 2. This is a permanent disorder
which manifests early in life and are non-
progressive although the musculoskeletal
effects often change as the child grows.®4),
Causes of cerebral palsy are various which
includes congenital, genetic, inflammatory,
infectious, anoxic, traumatic and metabolic.
®8) The prevalence of CP rises in time from
well below 2.0 per 1000 live births in the
1970s to well above 2.0 in the 1990s ®
There are about 25 lakhs CP children in
India as per the last statistical information.

©% As per epidemiological report, from
Assam for a period of 1 year, it was found
that Spastic type was the predominant
(80%) in CP, with quadriplegic subtype
being the most common (43%). The other
types were mixed type (8%), hypotonic
(7%) and athetoid (5%) being the least.
Contractures and deformities developed in
9% cases and behavioural problems
developed in 7% cases. (¥

Limited hand function and impaired arm is
characteristic of the movement disorders in
children with hemiplegic cerebral palsy
(CP) which limits activity and participation
in activities of daily living. (**'?) Main
reason for impaired hand and arm function
is varying muscle tone causing imbalances
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and sometimes contractures. The main
significant deficits in CP child are in motor
and process skill ability due to poor grip
strength and restriction in  bimanual
activities 3

Pronation deformity of the forearm in
association with a flexion contracture of the
wrist is very common in patients with
cerebral palsy.®® It significantly limits
function in patients with hemiplegia who are
forced to use the dorsum of their hand or
forearm for two handed tasks. This is as the
pronation contracture prevents the palms of
the hands facing each other, and thus
manipulation of small objects between the
hands is difficult. (OZKAN,) Due to the
pronation deformity of the hand patients
ROM of forearm rotation, grip strength all
becomes hampered.®®

Hand splinting:

Splinting is a widely used modality which is
effective in stretching muscles which may
not be sufficiently stretched by therapy
alone,® although little reliable evidence is
present to support this approach. Splints are
used extensively to help reduce tone,
improve mobility and increase functional
skills. When a splint is applied over a
specific joint in a tone inhibiting pattern,
namely to position the thumb in abduction,
wrist in extension and forearm in
supination, and is worn for several hours a
day, it allows the muscles to perform active
movements and thus become stronger and
more functional *7. Both static and
dynamic splints are used to achieve these
aims of therapy. Most of the splints do not
involve the forearm movements, those
splints only concentrate only on function
and movements of the finger, thumb and
wrist joints. Because dynamic splints have
moving parts that allow the individual a
range of voluntary controlled movement, it
has been proposed that their use may
prevent  contractures while allowing
opposing antagonist muscle force to counter
the force of the spastic muscle.®® Two
previous studies provide anecdotal support
for the use of dynamic splints, with children

with spastic CP; however, no significant
relationship was found between the type of
splint and changes in hand use, grasp, or
arm hand posture. Static splints are designed
to be rigid for controlled support
(immobilization) of the involved joint for
improved function.!? Although several case
reports document subjective changes in
children with CP using static splints, (?°2%2?
only one study documented specific hand
function changes in a case-study research
design @® reporting increases in measures of
grip strength, dexterity, and active thumb
range of motion.?® For proper hand
function to position the Forearm into
supination is essential.® Thus, it would be of
huge benefit to use a splint that incorporates
forearm movement as well as wrist and
thumb movement. Evidence suggested,
Elbow wrist hand orthosis is also used to
maintain the alignment of the forearm
including hand. @%)

In one study, comparison made between
above elbow wrist hand orthosis and
combination of elbow gutter with below
elbow wrist hand orthosis in children with
spastic Cerebral Palsy and found both
orthoses are equally effective in reducing
spasticity and improving hand functions in
children with spastic cerebral palsy. Another
study by Delgado, found that with soft
supination splint, children with cerebral
palsy to decrease their spasticity, increase
their active range of movement and improve
their hand function' ®?- Till date very few
studies are present which compares the soft
orthosis with rigid orthosis.

The purpose of present study was to
compare the spasticity, grip strength and
upper limb function in subject with spastic
forearm while subjects using soft supination
splint and elbow wrist hand orthosis.

METHODOLOGY

Thirty children from both sexes (aged 3 to 7
years) with hemiplegic cerebral palsy
children were enrolled for the study,
because the children in this age are able to
follow the commands and he/ she is able to
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actively perform reach and grasp/release
activities with verbal prompting.

Inclusion criteria were as follows:
Children with hemiplegic spastic cerebral
palsy, Mild To Moderate Spasticity (MAS
scale upto 2), Agree to participate in this
study, Able to understand command and
patient undergoing Regular  Therapy:
Occupational And/ Or Physiotherapy At
Least Once A Week. Only dominant side
was selected.

Exclusion criteria for participation in the
study included: Contracture Of Upper
Limb -Elbow, Wrist, Arthrodesis Of Upper
Limb, Burn Of Upper Limb, Visual
Impairment, Other Associated Neurological
Or Orthopaedic Condition, Child Had
Previous Upper Limb Botulinum
Neurotoxin-a and Splinting Within 6
Months.

Materials:

Two types of splints were used in this study
shown in the figurel and figure 2.

The supination splint: (Figure 1) was made
out soft, stretchable nonslip elastic strap.
The 5cm width roll was used for the
construction of the supination splints used in
this study.

The splint is a long strap, which is secured
around the thumb metacarpal joint,

Figure 1: Patient Wearing supination splint

Procedure: After obtaining an informed
consent from parents, selected subjects were
randomly assigned into two groups- Group

positioning it in abduction. It is then rolled
around the forearm gently pulling the arm
into supination. It is strapped proximal to
the medial and lateral epicondyles of the
humerus. The splint positions the forearm
midway between neutral position and 90°
supination. It is a dynamic splint as it assists
the child to move the forearm into
supination. It allows the child to move his
forearm between 30° of pronation and 80°
of supination.

Elbow wrist hand orthosis (EWHO):
Elbow wrist hand orthosis was made of
polypropylene and aluminium bar which is
rigid material and very light weight.
Measurement was taken by drawing a
template; according to template elbow wrist
hand orthosis was made. Medial and lateral
bar was made curved as per contour of
elbow joint and distal part of the bar was
made curved opposite direction which keeps
the wrist joint extension position, forearm in
Midprone position and elbow joint in slight
flexion. It maintains both the wrist and
elbow joint in fixed position. No
movements are allowed in wrist and elbow
joint, only hand function is possible. One
Forearm band was fixed at dorsal side and
another band fixed proximal to the wrist
joint.

Figure 2: Patient Wearing EWHO splint

A & Group B. Each group was included 15
subjects. In the Group A each subject was
provided with soft supination splint and in
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the Group B each subject was provided with
elbow wrist hand orthosis. Before the
fabrication of the orthosis data like
spasticity, grip strength and Quest scale for
Range of Motion, quality of movement of
upper limb, were measured. Intensity of
application of both the orthosis were 6 hrs
per day for a period of 4 weeks. Others
therapeutic intervention was continued.

Grip strength measurement:

Grip strength was measured by using Jamar
Hand dynamometer ®® The Jamar Handgrip
Dynamometeris an  instrument  for
measuring the maximum isometric strength
of the hand and forearm muscles. It consists
of a sealed hydraulic system with adjustable
hand spacing that measures handgrip force
in pounds per square inch. The instrument
was calibrated and procedure followed by
American society of hand therapist.

Protocol:  The subject holds the
dynamometer in the hand to be tested,
Subjects were sited on chair with neutral
shoulder adduction and rotation, 90° flexion
of the elbow, and forearm and wrist in
neutral on arm rest and asked to carry out
the movement with maximum strength
while the examiner is holding the device.
Each trial lasts 5 second, with a 10-second
interval as rest. In assessing the strength, the
client grips the dynamometer with thumb
facing the finger and finger alongside each
other. No other body movement is allowed.
The subject was strongly encouraged to give
a maximum effort. Three trial data was
taken and mean of three trial was taken as a
subject data.

RESULTS
Demographic data

QUEST (Quality of Upper Extremity
Skills Test: @4

The Quality of Upper Extremity Skills Test
(QUEST) is a standardized test that was
developed to assess the qualitative
components of movement in children who
have a neuromotor dysfunction with
spasticity. It evaluates quality of movement
in four domains: dissociated movement,
grasps, protective extension and weight
bearing. In the present study quest total
score was evaluated for dominant side only.

Data analysis:

The study was conducted between
May,2017 to April, 2018. The data were
recorded in the data collection form.

Data were exported from MAS Scale,
QUEST, Goniometer and JAMAR hand
dynamometer into Microsoft Excel, and
final data analysis was performed in SPSS
version 23.0 (SPSS Inc, Chicago, Illinios).
The data were explored using appropriate
descriptive and graphic techniques. Each
data set was examined for a normal
distribution prior to conducting any
inferential analysis. Test of normality was
done by using Shapiro Wilk test.
Statistically the results were analyzed using
independent t test for between group
analysis and paired t-test for within group
analysis. For QUEST score Man Whitney
test was used for between group analysis
and Wilcoxon sign rank test was used for
within group analysis. The tests were
applied at 95% confidence interval with o
value set at 0.05. The results were
considered significant at p < 0.05.

Parameters Group-A (Mean + SD) | Group-B(Mean + SD)
Gender distribution | Male =11 Male =10

Female = 04 Female = 05
Age 4.6600+ 1.45641 4.5067 + 1.16525
Height 98.066 + 2.64 99.67+ 3.26
Weight 13.696 + 0.6592 13.6 + 0.495

Table 1: Demographic data
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Outcome measures:

Parameter GROUP A GROUP B t value p value
MAS Score of forearm Pronators Baseline | 1.67 +£0.36 1.75 + 0.65 -0.419 0.678
Post data | 0.967+ 0.44 | 1.12+ 0.52 -0.849 0.403905
MAS score of wrist flexors Baseline | 1.46+.51 1.48+.52 0.00 1.000
Post .400+0.5 0.867+.7 -2.009 0.05
Active Forearm supination (Degree) | Baseline | 29.733+4.3 | 29.40+4.687 | 0.202231 | 0.841198
Post data | 38.20+ 5.62 | 32.93+4.6 2.791 0.009
Active Wrist extension Baseline | -14.4+4.28 -12.6+3.5 4.936 222
Post 9.60+2.09 5.33+2.6 -1.250 0.001
Grip strength (kg) Baseline | 1.340+0.20 | 1.342+ 0.20 | -0.023 .984
Post data | 1.563+0.29 | 1.370+0.201 | -1.110 0.28

Table 2: comparison of MAS score of forearm pronators and wrist flexors, Active Forearm Supination, Active Wrist extension and

Grip Strength before and after using both types of splint

QUEST score Total:
Parameters | GROUP A (Mean + SD) | GROUP B (Mean + SD) | Zvalue | p value
Baseline 130.5406 + 10.0158 135.1760 + 6.2050 -1.182 .250
Post 153.3593 + 13.349 143.4173 + 7.5083 -2.344 0.019

Table 3: comparison of QUEST Score between groups before and after using both types of splint
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DISCUSSION

The aim of this study was to investigate
efficacy of soft supination splint in
comparison with elbow wrist hand Orthosis
in spastic forearm in cerebral palsy.

The

for

both

the

groups.

result of this study showed that
spasticity of forearm pronators was reduced
in both the groups but it was relatively same
There was no

significant difference in MAS score between
the group A (using soft supination splint)
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and group B (using elbow wrist hand
orthosis) (p=0.403) after 4 week use of
orthosis. But there was a significant
difference in MAS score of wrist flexors
between both the groups (p=0.05). But more
improvement was in group A compared to
group B. Spasticity reduction was more in
group A compared to group B. The change
in spasticity may be a result of response of
short end muscles to the continuous stretch.
When the muscles are stretched, they are
relaxed and sarcomere give is more than in
the shortened position. When safe forces
applied to the tissues statically or cyclically,
they demonstrate a transient lengthening
depending on the viscoelastic properties of
the tissues. It may be the result of sustained
prolonged stretch over a two joint muscle
resulting in the lengthening of muscle length
more effectively. The present findings is
supported by Medelene Delgado (2006)
whose study showed significant reduction in
spasticity and overall reduction of hand
function in the group receiving therapy and
splint versus the one receiving therapy only.
The result of this study also supported by
Bertoti’s which found that muscle tone
decreased significantly in the group that
combined inhibitory cast with NDT. The
result by Yogita Chhawchhria @4 also
supports the present findings which showed
that the orthosis A (AEWHO) and B
(BEWHO) are equally effective in reducing
spasticity.

Regarding another parameter ROM, this
study revealed that active ROM has been
increased in both the groups but it is
comparatively more in the group A (38.20
5.621388) than group B (32.93 + 4.667) in
case of forearm supination. There was
significant difference in ROM between the
group A and group B after 4 week use of
orthosis (p= 0.009). In case of active wrist
extension, also significant improvement was
found between both the groups (p=0.001). It
may be the result of decreased spasticity by
which the splint applied a gradual force to
stretch the pronator and wrist flexors and in
so doing, allowed a slightly larger range of
supination and wrist extension. The use of a

splint that permits active movement
provides weak muscles with the opportunity
to move against gravity and to perform
functional activities. The supination splint
used in this study simultaneously stretched
the forearm muscles and wrist flexors and
allowed  active  movement, thereby
providing the muscles with the opportunity
to lengthen and ‘strengthen’. As supination
splint used in this study function on
principles of creep based loading and elbow
wrist hand orthosis function as stress
relaxation. Elbow wrist hand orthosis allow
progressive changes in joint position as the
passive range of motion of the involved
joint changes and improves over time, so it
takes more time to improve joint range of
motion. As the data was taken after 4 weeks
use of orthosis, improvement in joint range
of motion was less in elbow wrist hand
orthosis compared to supination splint. In
the Glasgow et al. study, ®® .patients using
dynamic orthoses for PIP or metacarpal—
phalangeal joint contractures wore these
orthoses for either 6 h or 6-12 h. Those in
the longer wearing time frame demonstrated
significantly more passive joint range of
motion.

Regarding another parameter grip strength,
this study showed that grip strength is
increased in both the group A and B but
there is no difference between the groups.
There was significant difference in grip
strength within group A (p= 0.001) and
group B (p= .012) but there was no
significant difference in grip strength
between the groups A and B (p= .285). As
the active range of movement increased so
the children’s ability to grasp objects
improved. It was observed that when the
wrist was slightly extended and forearm
supinated there was an increase in grip
strength compared to the lack of grip or
weakness experienced when the wrist is
flexed and the forearm pronated. 6
Regarding QUEST significant difference
observed between group A and Group B (p=
.0.019, z=-2.342) but significant difference
was observed within group in pre and post
(z=-3.408, p=0.001). That means total hand
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function was improved using supination
splint compared to elbow wrist hand
orthosis. According to Graham, children
with cerebral palsy have difficulty with
immediate carry over of new functional
skills, since motor learning needs to take
place in order to benefit from the new
biomechanical conditions of lengthened
muscles, bigger ranges of movement and
reduced spasticity. This was clearly evident
in this study. Despite the subjects having
decreased spasticity and slightly increased
active range of movement by the second
month of supination splint use, their hand
function had not had any significant
improvement. But as the children learnt to
make use of their newly acquired active
range of movement and lengthened muscles,
their mean scores in the hand function
assessment increased significantly. %

As the MAS score and upper limb function
was improved more using supination splint
and difference was observed in MAS score,
upper limb function and grip strength, the
study supported the experimental hypothesis
in a significant way

CONCLUSIONS

From the above findings it is concluded that
there was no significant difference in MAS
score and grip strength between the group A
and B. But there was significant difference
in ROM and upper extremity hand function
between the group A and B. Hence it was
concluded that soft supination splint is
effective in the management of forearm
spasticity in case of hemiplegic cerebral
palsy without any complication.

Future recommendation

The outcomes of this study are conclusive;
however further investigations using a
similar research design that includes a larger
number of subjects and introduces a control
group that does not receive any splint would
confirm the results obtained in this study.
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