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ABSTRACT

In a developing fetus or kid, non-progressive brain injury or a brain anomaly can cause the
most common kind of cerebral palsy, called spastic diplegic cerebral palsy. Some of the
usual symptoms include muscular weakness, poor muscle coordination, poor balance, loss of
postural control, and postural misalignment. The issue is not confined to physical restrictions
when a person has poor postural instability that makes walking challenging; instead, the
person has increasing psychological challenges and problems. For this study, 30 children with
SDCP from the pediatrics physiotherapy OPD and IPD departments at the Shri Guru Ram
Rai Institute of Medical Science and Shri Mahant Indresh Hospital in Patel Nagar, Dehradun,
were chosen. For testing, children were randomly split into two groups: one group of 15 kids
received standard care alone, while the other group of 15 kids received standard care with the
Vestibular Stimulation Technique. When the data from both groups are evaluated, there was a
significant difference between them, however group A shows more development. The findings
of the analysis of the data from the PBS and MAS outcome measures are the same for both
outcome measures. From the data collected it was suggested that the patients will probably
have benefited more after four weeks of treatment with VST plus conventional therapy than
if conventional therapy were administered alone. Although vestibular stimulation paired with
conventional therapy demonstrated a more obvious improvement in clinical results for trunk
control, both therapies were proven to significantly improve trunk control of balance.

Keywords: Spastic Diplegic Cerebral Palsy, Vestibular Stimulation Technique, PBS (Pediatric
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INTRODUCTION

A lifelong disorder, cerebral palsy is brought on by non-
progressive brain damage or a brain abnormality in a
growing fetus or child (Rosenbaum, et al., 2007). The
most prevalent form of CP is spastic diplegic CP (SDCP)
(Yeargin-Allsopp, et al.,, 2008). Muscular weakening,
poor muscle coordination, poor balance, loss of postural
control, and postural misalignment are some of the typical
symptoms (Donker, et al., 2008; Prosser, et al., 2010; de
Medeiros, et al., 2015; Reid, et al., 2015). People with

CP experience challenges with regular tasks, leisure and
sports exercise involvement, and life quality including
interpersonal relationships because of reduced postural
control, which impacts gross motor abilities including
walking, sprinting, and leaping (Rose, et al., 2002;
Boulet, et al., 2009; Surana, et al., 2019; Tracy, et al.,
2019). When a person has defective postural instability
that makes walking difficult, the problem is not limited to
physical limitations; instead, the psychological difficulties
and hardships mount for the individual (Morgan, et al.,
2013; Morgan, et al., 2014; Boyer, et al., 2018). Since
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the vestibular system sends sensory data to the brain
through the vestibular nerve to keep postural stability,
stimulating this mechanism should help both children and
adults having CP who have balancing problems (Topley,
et al., 2021).

The motor controls are the result of some innate reflexes
that are developed as the brain matures. These motor
behaviors can also be inhibited due to brain maturation.
Individuals affected by CP show delayed reflex response
but if the reflexes are not deterred, voluntary movements
can be developed in a delayed fashion (Perret, et al.,
1992). To maintain proper posture as well as stability,
balancing requires several systems to function in concert.
People who have cerebral palsy frequently struggle to
maintain stability because of issues with muscle strength,
muscle tone, or sensory processing. The development of
children’s motor skills is fundamentally dependent on
balance control, particularly postural stability (Overstall,
2003). Regarding posture regulation to function, there must
be a careful balance between directives from the central
nervous system, visual, vestibular, and proprioceptive
signals, and neuromuscular reflexes, notably muscular
strength and response time (Nashner, et al.,, 1982). A
significant barrier to the motor growth of kids with CP
is poor postural control. These kids exhibit a variety of
instability-related restrictions in their competence to
do both stationary and dynamic tasks including sitting,
standing, and moving (Kyvelidou, et al., 2010).

Affected individuals have shown gains in postural
stability, notably in static and dynamic balance, as well as
in seated harmony, after receiving vestibular stimulation
through specialized tasks like spinning and swinging (An,
2015; Tramontano, et al., 2017). The vestibulocochlear
reflex may mature, permitting a steady retinal picture
through head motion, and effects on the lateral
vestibulospinal tract may occur, assisting in maintaining
an erect, stable position (Clark, et al., 1977; Hosseini,
et al., 2015). Electric signal applied through self-adhesive
pads on the mastoid processes can activate the vestibular
system; this procedure is usually referred to as galvanic
nerve stimulation or vestibular nerve stimulation (VeNS)
(Pal, et al., 2009; Iwasaki, et al.,, 2014; Samoudi, et
al., 2015; Fujimoto, et al., 2016; Kataoka, et al., 2016;
Inukai, et al., 2018; McKeown, et al., 2020). To enhance
trunk control balance in children with spastic diplegic CP,
this study aims for an approach to study the efficiency of
the vestibular stimulation approach compared to that of
traditional therapy. The effectiveness of the two methods
is measured with the help of collected statistical data
obtained from the two groups of patients divided among
the two methods of treatment.
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MATERIAL AND METHODS

Sample collection

30 children with SDCP were selected for this study.
Children were randomly divided into two groups for testing
one group of 15 children with standard treatment alone and
another group of 15 children with standard treatment along
with the Vestibular Stimulation Technique. Subjects for
this test were collected from the OPD and IPD department
of pediatric physiotherapy, Shri Guru Ram Rai Institute of
Medical Science, and Shri Mahant Indresh Hospital, Patel
Nagar, Dehradun.

Inclusion Criteria

Children having an SDCP diagnosis ranged in age from 3
to 9 years and belonged to both sexes, boys and girls. The
GMFCS (Gross Motor Function Classification System)
levels values were 2 to 4.

Exclusion Criteria

Children having symptoms including a fractured spine or
lower extremity, a seizure, epilepsy, or a bone abnormality
were solely excluded from this study.

Materials used

Material and equipment used for this study include Tilt
boards, Scooter boards, Physio balls, Therapeutic mats,
Swings, Straps, Toys, etc.

Study Design

Two groups naming, A and B were defined. Group
A included the children with SDCP and treated with
Vestibular ~ Stimulation Technique along with the
conventional method of treatment. Group B included
the children with SDCP and treated them with the only
conventional method of treatment.

Standard Treatment

The conventional exercise and treatment steps include
pelvic bridging, assisted kneeling side-to-side walking,
trunk rotation, trunk rotation with trunk flexion and
extension, transfer of weight on the bolster, and Walking
on a soft surface with a little foundation. Traditional
therapy included functional grasping, quadruped,
kneeling, bilateral and unilateral take a seat, bridging, and
ball-throwing-and-keeping movements in distinct angles.

® bridges with a 10-second hold between each.
e Four-legged - five minutes
® Kneeling for five minutes

e Bilateral Sit to Stand: Perform one set of 10
repetitions.

® Pitching and retaining a ball—one set of 10
repetitions.
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e During advancement, the duration of time and
frequency was extended.

Vestibular Stimulation Technique

The vestibular Stimulation technique that was used in the
treatment of children includes the use of a Scooter Board
and T-swing, etc.

Scooter Board

With the help of the therapist, the children sat on the
scooter board. Sat next to the kid on the rollator stool,
hold their thighs with straps to avoid falls, and gradually
advance and receded the board to help the youngster gain
more stability.

T-swing
To enhance trunk balance, children sat on the T-swing and
holds it with both hands and legs. The therapist kneeled

in front of the child and slowly rotate the swing in all
directions, including clockwise and counterclockwise.

Result and Discussion

30 patient subjects were selected for this study from the
OPD and IPD department of pediatric physiotherapy,
Shri Guru Ram Rai Institute of Medical Science, and Shri
Mabhant Indresh Hospital, Patel Nagar, Dehradun. Children
belonged to both genders, boy and girl, aged 3 to 9 years with
SDCP diagnosis (Table 1). GMFCS levels ranged from 2
to 4. A similar study was performed in which children with
GMEFCS 2 to 3 were considered and the study included 40
children (Shailendra, et al., 2022). It shall be noted that a
study contained 6 weeks of intervention whereas our study
continues for 12 weeks for every patient (Shailendra, et
al., 2022). Children are exclusively excluded from the
symptoms like fractures in the spine or lower extremity,
seizure, epilepsy, or bone deformity. Using the Pediatric
Balance Scale (PBS), a balance was evaluated. A and B
were two distinct groupings that were named. Children
with SDCP who received both conventional therapy and
the Vestibular Stimulation Technique were included in
Group A. The sole traditional way of therapy was used
on the children in Group B who had SDCP. According
to the post-12-week treatment results, all groups greatly
improved. However, group A outperformed group B
by a large margin. To determine the significance of the
data between group A and group B, a paired t-test was
conducted. In all, 15 kids receive both conventional
treatment and vestibular stimulation, while 15 kids just
get conventional therapy (Figure 1, Figure 2, Figure
3, Figure 4, Figure 5, Figure 6). A random selection of
these patients was made using the inclusion and exclusion
criteria. Within group A and group B as well as between
group A and group B, the results of the data analysis of
the two outcome measures, PBS (Pediatric Balance Scale)

and MAS (Modified Ashworth Scale), are the focus of
this study. The results were examined and analyzed to
assess whether or not VST (Visual Scanning Therapy)
and conventional treatment are effective in treating spastic
diplegic CP. The results of groups A and B were analyzed
and contrasted using a paired t-test. Data analysis was
conducted at a significance level of 0.0001. When group
A after treatment means and standard error of mean were
compared to group A before treatment mean and standard
error of the mean (0.667 = 0.210), the PBS analysis clearly
showed a significant difference. When group B after
treatment means and standard error of the mean (1.333 +
0.1260) were compared to group B’s mean and standard
error of the mean (0.6000 + 0.1902), analysis of PBS
showed a marginally significant difference. Both groups
A and group B showed a substantial difference when PBS
was analyzed, however group A’s result is marginally more
significant. There was a significant difference between
group A and group B after the analysis of the post-PBS
data, with group A showing better improvement after
receiving VST and conventional treatment (group A Mean
and SEM: 2.133 £0.1919, group B Mean and SEM: 1.333
+ 0.1260) (Table 2, Table 3, Figure 7). When comparing
group, A after treatment means and standard error of the
mean (0.6000 £ 0.1309) to group A before treatment means
and standard error of the mean (2.600 = 0.1309), analysis
of MAS showed a significant difference. When comparing
group B after treatment means and standard error of the
mean (1.867 + 0.1652) to group B before treatment means
and standard error of the mean (2.467 = 0.1333), analysis
of MAS showed a significant change. When group A’s
and group B’s MAS were analyzed, there were substantial
differences between the two groups, with group A showing
somewhat more significance in the outcome (Table 2,
Table 3, Figure 8). There was a substantial improvement
in group A, i.e., group A exhibited higher improvement
when treated with VST & conventional therapy, according
to an analysis of post data of MAS of both group A & B,
group A Mean & SEM (0.6000 + 0.1309), and group B
Mean & SEM (1.867 + 0.1652) (Table 4, Figure 9).

Table 1: List of children treated with conventional and
vestibular stimulation techniques.

S.No. Patient Conventional Vestibular Stimulation
Identity Treatment Technique

1 Patient 1 + +

2 Patient 2 + -

3 Patient 3 + -

4 Patient 4 + -

5 Patient 5 + +
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Table 4: Post-data outcome measure comparison between

6 Patient 6 - o
groups A and B within each group
7 Patient 7
3 Patient 8 S.No. Outcome Group A Group B P
atien Measure Post Data Post Data value

9 Patient 9 + (Mean = Sem) (Mean = Sem)
10 Patient 10 - 1 PBS 2.133+0.1919  1.333+£0.1260 P<
Il Patient 11 - 0.0016

. 2 MAS 0.6000 £0.1309 1.867+0.1652 P<
12 Patient 12 +

0.0001

13 Patient 13 - Group A = Patients treated with conventional therapy along with
14 Patient 14 - Vestibular Stimulation Technique.
15 Patient 15 + Group B = Patients treated with conventional therapy alone.

16 Patient 16
17 Patient 17
18 Patient 18
19 Patient 19
20 Patient 20
21 Patient 21
22 Patient 22
23 Patient 23
24 Patient 24
25 Patient 25
26 Patient 26

- Although there is a substantial difference between the
two groups when the data from both groups are analyzed,
. group A exhibits more progress. When the data from the

PBS and MAS outcome measures are analyzed, the results
* are identical for both outcome measures. In light of these
+ findings, it is likely that after four weeks of treatment
+ with VST and conventional therapy, the patient will
have improved more than if conventional therapy were
used alone. Both therapies were shown to considerably
enhance trunk control of balance, although vestibular
stimulation combined with traditional therapy showed a
+ more pronounced improvement in clinical outcomes for
- trunk control.

+ 4+ + + + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ A+
[

27 Patient 27 +
28 Patient 28 -
29 Patient 29 -
30 Patient 30 + +

+ = Patient was treated with respective method of treatment; —=
Patient was not treated with respective method of treatment

Table 2: Comparison of the outcome measure between
groups within group A

S.No. Outcome Pre(Meanz= Post(Mean=* P value

Measure Sem) Sem)
1 PBS 0.667+0.210 2.133+0.1919 P<
0.0001
2 MAS 2.600 + 0.6000 + P<
0.1309 0.1309 0.001

Table 3: Comparison of the outcome measure between
groups within group B

S.NO. Outcome Pre(Mean+ Post(Meanz= P value

Measure Sem) Sem)
1 PBS 0.6000 + 1.333 + P<
0.1902 0.1260 0.0012
2 MAS 2.467 + 1.867 + P<

0.1333 0.1652 0.0025 Figure 1: Facilitation of Trunk Balance.
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Figure 2: Side-to-side weight shift on bolster exercise for
improving trunk control balance.

Figure 5: Kneeling position exercise for improving trunk control
balance.

Figure 3: Clock-wise rotation exercise for improving trunk control
balance.

Figure 6: Pelvic Bridging exercise for improving trunk control

balance.
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Figure 4: Anti-Clockwise rotation exercise for improving trunk - ]
control balance. Figure 7: Group A and Group B pre- and Post-PBS comparison
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Figure 8: Group A and Group B pre- and post-MAS comparison.
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Figure 9: Group A and Group B post-PBS and MAS comparison.

For children to be more motivated and eager to
engage in the treatment, treatment activities should be
engaging, interesting, and rewarding. If treatment is too
difficult, it’s fulfilling because it inspires kids. When
engaging in the exercises within the trampoline frame,
the kids had fun (Dunn, 2000; Nielsen, et al., 2015).
Individuals suffering from spastic diplegic cerebral palsy
who performed balance exercises while employing trunk-
supported floor leaping (suspension treatment) had greater
improvements in their balance and gross motor function
(El-Bamma, et al., 2016). Another study stated attempted
to discover how vestibular stimulation affected balance
in cerebral palsy quadriplegic patients. 44 quadriplegic
patients were taken for the study and 6 weeks intervention
period was allowed (Bashir, et al., 2022). There is a new
method of approaches that may not be fully conventional
and therapeutic related but the involvement of certain
activities that are not originally considered as exercises by
all has shown profound positive results to the children. An
adolescent with cerebral palsy was given highly engaging
virtual reality game-based therapy, and its benefits on gross
motor function, balance, including gait were examined. As
a consequence, it was shown that fully interactive virtual
reality game-based training can improve gait, balance,
and gross motor function in teenagers with cerebral palsy
(Lee, et al., 2022). Such activities are truly engaging, and
interesting and open up a wide regime yet to be explored
within children. This study includes only one adolescent
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child and if a such strategy of approach to treating patients
can be applied belonging to younger minds and children, it
is possible to receive a unique set of data and understanding
that can be much more beneficial to such patients in the
future. This study also lacks the involvement of varied
games that are available and such a study to explore
more to this area more can be designed for future studies.
The study was done over a brief period and revealed a
moderate effect. Due to the COVID-19 epidemic, proper
follow-up with the children was not done. The sample size
for the current investigation was minimal. The genders of
youngsters are not separated. Because the trial lasted just
12 weeks, no long-term effects could be seen.

Declaration: We also declare that all ethical
guidelines have been followed during this work and there
is no conflict of interest among authors.

CONCLUSION

Spastic Diplegic Cerebral Palsy is a serious threat to
children and the need for better treatment options is
essential for improving the quality of life of affected
children. However, there are certain limitations with the
existing and known methods of treatment, it is sufficient to
say that the treatment options discussed in this study depict
that the combination therapy of the conventional method
with the use of the Vestibular Stimulation Technique
provides promising results than using the single technique
alone. The results that can be seen with the supported
data suggest the use of the Vestibular Stimulation
Technique along with the standard method of treatment
that is conventionally known is far more beneficial to us in
improving the trunk control balance.
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