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Abstract: This study delves into the implementation and efficacy assessment of hydraulic
exoskeleton therapy for children with cerebral palsy, focusing on enhancing biomechanical motion
aspects. Preceding therapy, biometric measurements and range of motion assessments were
conducted, ensuring appropriate sample selection and exoskeleton sizing. The exoskeleton,
comprising a brace and hydraulic rod, aimed to facilitate movements. The therapy protocol involved
supervised exercises guided by skilled assistants, aiming at transforming movements into therapeutic
processes. Real-time data collection through embedded sensors facilitated precise monitoring and
analysis. Statistical analysis, including descriptive statistics, Kolmogorov-Smirnov, Mann-Whitney
U, and paired samples tests, provided a comprehensive evaluation. Results indicated significant
improvements in flexion, extension, abduction, and adduction movements post-therapy. Notably, the
therapy positively impacted participants' daily activities and garnered favorable feedback from users
and caregivers. Further optimization, potentially through robotic integration, is suggested for
enhanced therapeutic outcomes. Overall, the study underscores the potential of hydraulic exoskeleton
therapy in enhancing motion capabilities and improving the quality of life for individuals with
cerebral palsy.

Keywords: Implementation; Assistive Technology; Hydraulic Exoskeleton; Cerebral Palsy.

on the case of cerebral palsy in Indonesia to expose

Cerebral palsy is a coordinative disorder of muscle
movement control caused by developmental barriers in the
brain"??, Cerebral palsy type diplegia is a condition of
developmental disorders or damage to part of the brain
associated with controlling motor function?>9, Referring
to report from Basic Health Research of Indonesian
Ministry of Health in 2018, the prevalence of diplegic type
of cerebral palsy in Indonesia was 0.09% of the number of
children aged 24-59 months. Hence, for every 1000 births,
there were 9 cases of children experiencing cerebral palsy
78)_ On the hand, National Socio-Economic Survey of the
Central Statistics Agency (BPS) of Indonesia in 2018,
reported that the number of cerebral palsies in all levels
was 866,770 people” ') The largest increasing number
for cerebral palsy was in East Java province with a total of
10.6%, consisting of 6.5% (age 5-17 years), 2.5% (age 18-
59 years), and 1.6% (age 60 and over)'?»!3!9. These
numbers, with no hyperbole, propose a serious situation

intensely. Besides that, a therapy for cerebral palsy can be
is physiotherapy, motion development, and occupational
therapy!3-19. Speaking of therapy, it requires a sort of
equipment such as brace!”, standing frame'®, walker,
crutches, prosthetic arm, and prosthetic leg!?. However,
the function of the therapy tool is only limited to helping
cerebral palsy with a type of diplegia standing exercise??,
which is still passive?".

The root of the problems in this research nails in the
pivotal issue of cerebral palsy??. The researchers propose
a shooting breakthrough to make therapeutic stone tools
in the form of assistive technology with a robotic
exoskeleton for cerebral palsy therapy?>29.

Generally speaking, assistive technology is defined
simply as any type of technological device, equipment,
product, or system assisting disable community’s activity
in performing daily activities, such as electric
wheelchairs?>?%), walking aids, software, computer
accessories, other innovative-technological tools?”-?®. To
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the extent of assistive devices with technology integration
can be defined as assistive technology and it increases the
mobility of the disable doing normal activities?®??,

One of remarkable innovation of assistive technology is
hydraulic exoskeleton3!3?, 1t is a lightweight modular
device controlled by using hydraulic rods and control
units to assist cerebral palsy. Historically, it was applied to
the medical, military, and industrial world to help
humans®¥; from helping exoskeleton development to be
one of interesting devices in reaching civilization for
disable community, hydraulic exoskeleton levels up the
living competence of disable people. It bases the
fundamental vigor of the researchers to implement the
development of a hydraulic exoskeleton as a therapeutic
tool for cerebral palsy whose functions, with no hesitation
to overstate, support the orientation and mobility of
cerebral palsy in carrying out motoric activities such as
walking, strolling, or even running. In a simple sum, a
hydraulic exoskeleton empowers our hope for cerebral
palsy with its mechanical power to aid movement. Some
hydraulic exoskeletons facilitate upper extremity
movements such as grabbing, grasping, or lifting objects.
Besides that, there is also a full-body robotic exoskeleton
encountering the combination tasks of limbs.
Technological contribution becomes a great add-on for
this innovation and this is the study aim at prioritizing the
development of science and technology 2010-2014 on the
National Innovation System (NIS) which focuses on
supporting the need for automation and robotics medical
device technology with the development target of
increasing national capabilities in Research, Development,
& Application of Science and Technology in the form of
technology, prototypes, publications and patents.

Locations that will be used for the implementation of
the Hydraulic Exoskeleton for cerebral palsy are Special
Schools, Inclusive Schools, and a place for therapy for
children with special needs and in the community (the
quadriplegic/cerebral palsy community). Outcome
contributions to science are providing new assistive
technology in the field of special education/special
education for children with special needs/disabled persons
focusing on cerebral palsy.

2. Method

The methodology employed for this research follows an
experimental approach, specifically a pretest and posttest
group design, which involves subjecting the study's
sample to a series of meticulously devised assessments
and interventions. The aim of these assessments is to
gather data that would shed light on the research questions
at hand*»-*3, The core of the research centers around the
application of a hydraulic exoskeleton, serving as a
groundbreaking assistive technology. This exoskeleton is
strategically designed to stimulate the user's range of
motion in critical areas, including flexion, extension, and
adduction. These interventions are a critical component of
the study and are vital in assessing the potential impact of

the exoskeleton.

2.1 Participants

This study involved children with cerebral palsy who
were selected based on specific biometric measurements.
These measurements included the size of various body
parts and the range of motion before using the hydraulic
exoskeleton. Participants who had never undergone
therapy and were unable to use the exoskeleton were
replaced with other eligible candidates to ensure proper fit
and functionality of the device.

2.2 Exoskeleton Design and Setup

The exoskeleton consists of two main parts: a brace that
attaches the device to the user and a hydraulic rod that aids
in movement. The correct fit is crucial for optimal
functioning, as mismatched body sizes can impede the
device's performance. Detailed design and layout of the
exoskeleton are illustrated in Fig. 1.

2.3 Pre-Therapy Measurements

Before the therapy sessions began, a pretest was
conducted to establish a baseline for the participants'
biomechanical conditions. This involved measuring the
range of motion for various movements such as flexion,
extension, abduction, and adduction. The initial data
served as a reference point for later comparisons.

2.4 Therapy Implementation

Participants used the exoskeleton for a month, guided
by trained assistants who helped them perform prescribed
movements. These movements were designed to enhance
motor skills and were facilitated by the hydraulic system
of the exoskeleton, which reduced the physical effort
required. The installation of the exoskeleton at key points
on the user's body was meticulously planned and is
depicted in Fig. 2.

2.5 Routine and Data Collection

The therapy involved regular execution of therapeutic
movements, which were integrated into the participants'
daily activities. Data on movement range and size were
collected in real-time using sensors connected to an
Arduino microcontroller. This setup ensured precise and
efficient data collection, eliminating the need for manual
measurements.

2.6 Post-Therapy Measurements and Analysis

After the therapy period, a posttest was conducted to
measure any improvements in the participants' range of
motion. The data from the pretest and posttest were
statistically analyzed to evaluate the effectiveness of the
exoskeleton therapy.

2.7 Statistical Tests

To ensure the validity of the data, several statistical tests
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were performed. The One-Sample Kolmogorov-Smirnov
Test was used to check the normality of the pretest and
posttest data. Additionally, the Mann-Whitney U Test was
employed to compare the differences between pretest and
posttest measurements. The results of these tests indicated
that the improvements observed in the participants'
movements were statistically significant.

The overarching goal is to determine whether the
exoskeleton can indeed foster enhanced movement
development in individuals with cerebral palsy. The
conclusions drawn from this assessment are predicated on
a comprehensive examination of computer-processed data,
aiming to elucidate the exoskeleton's efficacy and its
potential to impact the lives of users®-37-3%),

3. Results and Discussion

3.1 Implementation of Hydraulic Exoskeleton

Fig. 1: Exoskeleton Prototype

Fig. 2: Impementation of exoskeleton

Before the therapy and trial activities are carried out, it
requires biometric measurements on the sample to be
tested. Measurements were made by measuring several
body parts and followed by measuring the range of motion
of the exoskeleton user’s movements before using the tool.

An analysis was also carried out on the user’s capacity to
use the exoskeleton, some people with cerebral palsy have
difficulty in using the tool due to conditions, since they
were toddlers, they have never done therapy, so that it is
not possible to use the exoskeleton®. Prospective users
who are unable or have difficulty using the exoskeleton
will be replaced with another sample. The selection of the
right sample is a must process to do because the user’s
body size must match the size of the tool. The exoskeleton
consists of two parts: the first part is a brace that serves to
connect the tool to the user and the second part is a
hydraulic rod that serves to help the user perform
movements. The user’s body size that does not match the
tool causes the exoskeleton can cause the device stop
functioning optimally*”. To understand the detail, the
design and layout of the tools can be seen in Fig. 1.

The implementation of exoskeleton therapy is a
multifaceted process, centered on providing children with
cerebral palsy access to the exoskeleton for a one-month
period. This extensive trial encompasses a series of crucial
steps aimed at evaluating its effectiveness in enhancing
the biomechanical aspects of motion.

The journey begins with a pretest, a vital diagnostic step
designed to ascertain the initial biomechanical condition
of the participants with cerebral palsy before their
exposure to the exoskeleton. This pretest serves as the
baseline, enabling us to gauge the impact of the
exoskeleton therapy accurately. It provides essential data
that will later be compared with posttest results to measure
the progress achieved.

The exoskeleton is introduced as a therapeutic medium,
and its use is facilitated with the assistance of trained
personnel. These skilled assistants play a pivotal role in
guiding the participants through a series of prescribed
movements. The goal here is to not only enhance motion
development but also to transform these movements into
a therapeutic process. The presence of an assistant ensures
that participants are correctly and safely maneuvered
through the motions.*). The technical aspect of this
therapeutic process, specifically the utilization of the
exoskeleton, involves the precise installation of the device
at several key points along the user's axis of motion. This
installation strategy is meticulously detailed in Fig. 2,
offering a visual representation of the process.

Once the exoskeleton is securely in place, the assistant
directly aids the user in executing a series of movements.
These movements are further facilitated by the
exoskeleton's hydraulic system, which provides a
lengthwise push. This assistance significantly reduces the
physical effort required, making the movements feel
lighter and more attainable, especially for those
individuals who have struggled due to underdeveloped
muscles.

The therapeutic movements are organized into a routine
program. Regular and periodic execution of these
movements not only fosters skill development but also
yields valuable data. This data, collected systematically,
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becomes an invaluable resource for therapists to pinpoint
the right timing and form of exercise tailored to each user's
unique needs and progress.

Beyond its role in assisted therapy, exoskeletons are
also designed to integrate into users' daily activities over
short periods. In addition to acting as a therapeutic aid,
exoskeletons are expected to facilitate everyday tasks,
enhancing the overall quality of life for the users.

To evaluate the impact of exoskeleton implementation
thoroughly, a posttest and measurement process is
conducted to analyze any developments in the range and
size of movements. Remarkably, the recording of
movement data occurs in real-time, thanks to sensors
embedded within the exoskeleton, which are intricately
connected to an Arduino microcontroller. This real-time
data collection not only heightens precision but also
expedites the measurement process, eliminating the need
for time-consuming manual measurements. The
involvement of sensors results in more natural and precise
movement recordings, as it minimizes the need for
additional interventions from therapist assistants.

In order to provide a comprehensive overview of the
therapy's effectiveness, the results of the implementation
process are subjected to rigorous statistical analysis based

on pretest and posttest data. The entire process comprises
six distinct treatment phases, each contributing valuable
insights into the impact of the exoskeleton on enhancing
motion capabilities. The values obtained through this
comprehensive analysis are meticulously presented in
Table 1, offering a comprehensive summary of the study's
findings.

The appliction of hydraulic exoskeletons has unfolded
a transformative narrative of progress, perceptible through
a comprehensive analysis of the increased average values
in crucial motions: flexion, extension, abduction, and
adduction. Each of these variables serves as an essential
marker, intricately defining the observable development
in user mobility, as meticulously measured through
biometric data.

The changes observed in each variable provide a
nuanced understanding of the diverse aspects of
movement development, addressing unique components
of flexion, extension, abduction, and adduction. These
alterations in variable values serve as a testament to the
tangible growth experienced by the users, highlighting the
efficacy of hydraulic exoskeletons in enhancing motion
capabilities.

Table 1. Descriptive statistics

N Std.
Mean Median Mode . . Sum
Valid | Missing Deviation
Pre_Flexion 10 0 142.5 140.0 135° 7.169 1425
Pre_Extension 10 0 163.0 160.0 160° 5.375 1630
Pre_Abduction 10 0 129.0 132.5 100° 17.448 1290
Pre_Adduction 10 0 355 35.0 35° 3.689 355
Post_Flexion 10 0 146.9 146.0 145° 5.405 1469
Post _Extension 10 0 164.7 164.0 162° 4.990 1647
Post _Abduction 10 0 131.0 135.0 103° 15.972 1310
Post _Adduction 10 0 36.5 36.5 35° 3.831 367
To ensure the utmost accuracy and reliability of the data, 163164.7

meticulous adjustments have been made to account for
variations in each user's anthropometric size. This
consideration is paramount, as even slight discrepancies
in body measurements can influence the precision of the
collected data. Consequently, the measurements have
been conducted repeatedly throughout the day, aligning
with the various therapeutic activities. This approach
safeguards against potential measurement bias stemming
from user fatigue, ensuring that the data reflects a genuine
and holistic representation of progress. To be more clearly
in detecting the increase of each motion, the histogram
image can be seen as below.

200 1429469 129 135

o il M

Abduction

35.536.7
b bed
Adduction

Flexion Extension

M Pretest M Posttest

Fig. 3: Pretest and Posttest

An in-depth analysis of the histogram images unveils
compelling insights into the effectiveness of the
exoskeleton hydraulic device in facilitating motion
development, particularly in flexion, extension, abduction,
and adduction movements. The data derived from these
images provides a comprehensive view of the progress
made by children with cerebral palsy during the study.
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Looking closely at the flexion motion, the pretest
results yielded an average value of 142.4, while the
posttest results exhibited a noteworthy increase to 146.9.
This upward trajectory in flexion motion average values
signifies a tangible improvement in the range of motion
experienced by the participants. Similarly, when
examining the extension motion, the pretest results started
at 163, but they climbed to 164.7 in the posttest phase.
This marginal yet significant increase underscores the
positive impact of the exoskeleton on extending their
range of motion.

Further analyzing the abduction motion, the histogram
image reveals a clear elevation in the average value. The
pretest data indicated an initial value of 129, while the
posttest results displayed a substantial growth to 135. This
enhancement in abduction motion underscores the
exoskeleton's ability to augment the participants' capacity
for lateral limb movement.

In the realm of adduction motion, the data illustrated in
the histogram image once again substantiates the
advantages of exoskeleton therapy. The pretest value
started at 35.5, and the posttest value escalated to 36.7,
reaffirming the exoskeleton's contribution to enhancing
the subjects' ability to perform medial limb movements.

Collectively, the calculations and explanations
underscore a consistent pattern of improvement in all
evaluated movements. This pattern clearly indicates that
the application of the exoskeleton hydraulic device
effectively aids children with cerebral palsy in optimizing
their movement development, with a particular emphasis
on flexion, extension, abduction, and adduction motions.
The increased values recorded in the pretest and posttest
stages provide tangible evidence of muscle mass and
volume enhancement. Most notably, the widening range
of motion experienced by the participants is a direct
consequence of the exoskeleton's therapeutic assistance.

In addition, referring to the statistical data, interviews
were also directed with several users who use
exoskeletons.  Interviewed users gave  positive
testimonials, they felt of experience of an intensification
in performance in daily activities. From the results of the
interview, it can also be clinched that the coziness vibe in
using the exoskeleton is relevant and working and of
course, it can still be further improved*?. The positive
feedback is not only obtained from device users, the
caregivers of people with cerebral palsy also find it helpful
to use this tool because previously, the therapeutic process
of moving the body parts of people with cerebral palsy
was very heavy, weighty, and hefty due to debilitated
muscles because they were infrequently used*).

The progress of the resulting motion is due to the role
of hydraulics. The hydraulics on the tool act as resistance
so that the child is stimulated to move. The stimulus given
is the driving force that helps the child perform
movements, including flexion, extension, abduction and
adduction*?. This movement was chosen because it is the
type of movement that is most popular to-do things in

daily activities. With this sort of therapy movements,
within a certain period of time, the user is expected to find
it easier to carry out daily activities.

Other hydraulic function is as a force that helps
motion*>. This is in accordance with the principle of
Leverage (Lever system). In the implementation of the
lever system in the human body, there are 3 principles:
force as a driving force, axis as the axis of motion, and
resistance as a fensioner. From observations of testing the
tool, it appears that there is one variable that also affects
performance; the weight of the tool and hydraulics. The
weight can determine the consequence of the muscle
performance and thus, the hydraulic weight, which is
resting on the wuser’s arm, willy-nilly, contributes
significantly to the movement result.

The data acquired from our extensive testing presents a
robust endorsement of the theory that regular muscle
movements can indeed stimulate muscle hypertrophy,
propelling these muscles to function at their peak
efficiency. This is a particularly significant revelation,
given the context of individuals with cerebral palsy. The
neurological challenges often experienced by these
individuals mean that their strong muscles might remain
underutilized, as their brain signals struggle to command
these muscles effectively. Hence, during the initial stages
of exoskeleton implementation, the presence of an
assistant becomes indispensable to facilitate the
understanding and seamless operation of the exoskeleton.
This educational role of the assistant plays a vital part in
elucidating the mechanics of the exoskeleton, especially
during the initial phases of movement.

In addition to this, it is crucial to emphasize that the
spotlight should also be directed towards the profound
impact of hydraulics within the exoskeleton, which
extends beyond therapeutic use. The hydraulics within the
exoskeleton have the remarkable capability of assisting in
the movement of the user's body parts. This invaluable
feature not only empowers users but also significantly
eases the responsibilities of therapists, streamlining their
roles*®. Furthermore, the real-time data processing offers
therapists a dynamic tool for designing customized
exercise programs tailored to individual user needs.

However, it's imperative to acknowledge the need for
additional research, especially in the context of
anthropometry for individuals with cerebral palsy. The
anthropometric measurements used in the initial design of
the exoskeleton were primarily derived from samples in
the East Java area, and this may not adequately represent
the diversity of anthropometric characteristics across
different regions. Given this, numerous adjustments and
refinements may be required as the exoskeleton is
implemented in various geographic locations. These
considerations are pivotal as they help ensure that the
exoskeleton is universally accessible and beneficial to all.
Of course, it can be realistic if the components of
engineering are produced lighter or avoiding the use of
weight components or materials. Besides that, the
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Hydraulic Exoskeleton can still be further refined®?, for
example by using rtobotic technology*#¥4939  With
robotic or even Artificial Intelligent integrated
combination, this device, potentially, without no doubt,
reaches its peak contribution’!?),

3.2 Comprehensive Analysis of Descriptive Statistics

The descriptive statistics (Table 2) presented offer a
detailed view of pretest and posttest measurements for
four types of movements: flexion, extension, abduction,
and adduction. Each category includes ten samples,
providing insights into the impact of hydraulic
exoskeleton therapy on individuals with cerebral palsy.
Here is an in-depth analysis of these statistics:

3.2.1 Flexion

For the flexion movement, the pretest values ranged
from a minimum of 135.00 to a maximum of 155.00, with
a mean of 142.50 and a standard deviation of 7.17. These
values indicate moderate variability in participants' initial
flexion abilities. The posttest results showed an increase
in the mean to 146.90, with a slight reduction in variability,
reflected by a standard deviation of 5.40. This shift
signifies an overall improvement in flexion, suggesting
that the exoskeleton effectively enhances this type of
motion. According to Esquenazi & Talaty (2019), robotic
exoskeletons can significantly improve limb movements
by providing consistent and controlled assistance, which
aligns with the observed improvements in flexion .

Table 2. Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

Pre_test Fleksi 10 135.00 155.00 142.5000 7.16860
Pre_test Ekstensi 10 155.00 170.00 163.0000 5.37484
Pre_test Abduksi 10 100.00 150.00 129.0000 17.44834
Pre_test Adduksi 10 30.00 40.00 35.5000 3.68932
Post_Test_Felksi 10 137.00 155.00 146.9000 5.40473
Post_Test Ekstensi 10 157.00 173.00 164.7000 4.98999
Pos_Test_Abduksi 10 103.00 150.00 131.0000 15.97220
Post_test Adduksi 10 30.00 42.00 36.7000 3.83116
Valid N (listwise) 10

3.2.2 [Extension

Regarding the extension movement, the pretest values
ranged from 155.00 to 170.00, with a mean of 163.00 and
a standard deviation of 5.37, indicating a relatively tight
clustering of scores around the mean. Posttest results
showed a slight increase in the mean to 164.70 and a small
reduction in the standard deviation to 4.99, indicating that
participants  experienced  slight but consistent
improvements in extension. Esquenazi & Talaty, (2019)
highlight that exoskeletons can aid in the rehabilitation of
extension movements by providing targeted support and
resistance, which is reflected in the consistent posttest
improvements observed in this study.

3.2.3 Abduction

The pretest abduction data showed a broader range,
from 100.00 to 150.00, with a mean of 129.00 and a higher
standard deviation of 17.45, reflecting significant
variability among participants. The posttest results
indicated a slight increase in the mean to 131.00, with a
corresponding reduction in standard deviation to 15.97.
These changes suggest that while there was an
improvement in abduction, the variability among
participants remained relatively high, though slightly
reduced. Molteni et al., (2017) found that wearable robotic

exoskeletons can help reduce variability in movement
performance among users, though individual differences
can still be significant.

3.2.4 Adduction

For the adduction movement, pretest values ranged
from 30.00 to 40.00, with a mean of 35.50 and a standard
deviation of 3.69. Posttest results showed a slight increase
in the mean to 36.70, with a marginal rise in the standard
deviation to 3.83. These results suggest a minor
improvement in adduction capabilities with consistent
performance across participants. Jouaiti & Dautenhahn,
(2023) emphasize that even small improvements in
adduction can lead to better overall motor control and
functional mobility in daily activities.

Across all movement types, there is a noticeable
increase in the mean values from pretest to posttest,
signifying overall improvement in the participants'
capabilities. This improvement can be attributed to the
hydraulic exoskeleton therapy, which appears to be
effective in enhancing movement functions in children
with cerebral palsy.

For most movement types, there is a reduction in the
standard deviation from pretest to posttest, indicating that
the improvements are not only present but also more
consistent among participants. The most significant
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improvements are observed in flexion and extension
movements, where both the mean values increase and the
standard deviations decrease. This suggests that the
hydraulic exoskeleton is particularly effective in
enhancing these motions.

3.3 Analysis of One-Sample Kolmogorov-Smirnov
Test

The One-Sample Kolmogorov-Smirnov (K-S) test is

employed to determine if a sample comes from a
population with a specific distribution, in this case, a
normal distribution. The table provided presents the
results of the K-S test for pretest and posttest
measurements of four types of movements: flexion,
extension, abduction, and adduction. Each movement
category includes ten samples. Below is a detailed
analysis of these statistics (Table 3.).

Table 3. Kolmogorov-Smirnov Test

Pre_test_ | Pre_test_ | Pre test |Pre_test |Post Test [Post Test (Pos_Test |Post_test_
Fleksi Ekstensi | Abduksi |Adduksi Felksi Ekstensi | Abduksi | Adduksi
N 10 10 10 10 10 10 10 10
N 1 Mean 142.5000 | 163.0000 | 129.0000 | 35.5000 | 146.9000 | 164.7000 | 131.0000 | 36.7000
orma
a,b
Parameters Std. 7.16860 | 5.37484 | 17.44834 | 3.68932 | 5.40473 | 4.98999 | 15.97220 | 3.83116
Deviation
Absolute 236 312 223 254 .163 176 175 .169
Most Extreme | -, Giive | 236 312 152 254 137 176 148 169
Differences
Negative -.152 -.204 =223 -.246 -.163 -.156 -.175 -.129
Kolmogorov-Smirnov Z 147 985 705 .803 S14 557 554 534
Asymp. Sig. (2-tailed) .631 .286 703 .539 954 916 919 938

3.3.1 Pre-Test Flexion

For the pre-test flexion measurements, the mean is
142.50 with a standard deviation of 7.17. The absolute
most extreme difference is 0.236, indicating some
deviation from the normal distribution. However, the
Kolmogorov-Smirnov Z value of 0.747 and the
asymptotic significance (2-tailed) of 0.631 indicate that
this deviation is not statistically significant, implying that
the pre-test flexion data is normally distributed. This
aligns with the findings of Ghasemi & Zahediasl, (2012),
who noted that non-significant K-S test results typically
indicate data are normally distributed .

3.3.2 Pre-Test Extension

In the pre-test extension measurements, the mean is
163.00 with a standard deviation of 5.37. The absolute
most extreme difference is 0.312, which suggests a
noticeable deviation from the normal distribution.
Nonetheless, the Kolmogorov-Smirnov Z value of 0.985
and the asymptotic significance level of 0.286 show that
this deviation is not statistically significant, indicating that
the pre-test extension data is normally distributed. Field
(2017) explains that even with noticeable deviations, a
non-significant result in the K-S test suggests normality.

3.3.3 Pre-Test Abduction

For pre-test abduction, the mean is 129.00 with a

standard deviation of 17.45, indicating greater variability.
The absolute most extreme difference is 0.223, suggesting
some deviation from normality. However, the
Kolmogorov-Smirnov Z value of 0.705 and the
asymptotic significance level of 0.703 indicate that this
deviation is not statistically significant, suggesting that the
pre-test abduction data is normally distributed. As Massey
(1951) highlights, the K-S test is robust for assessing
normality even with larger standard deviations, provided
the test results are non-significant .

3.3.4 Pre-Test Adduction

The mean for pre-test adduction is 35.50 with a
standard deviation of 3.69. The absolute most extreme
difference is 0.254, indicating some deviation from
normality. However, the Kolmogorov-Smirnov Z value of
0.803 and the asymptotic significance level of 0.539 show
that this deviation is not statistically significant, indicating
that the pre-test adduction data is normally distributed.

3.3.5 Post-Test Flexion

For post-test flexion, the mean is 146.90 with a standard
deviation of 5.40. The absolute most extreme difference is
0.163, indicating minimal deviation from normality. The
Kolmogorov-Smirnov Z value of 0.514 and the
asymptotic significance level of 0.954 indicate no
statistically ~ significant deviation from normality,

-2311 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 03, pp2305-2316, September, 2024

suggesting that the post-test flexion data is normally
distributed.

3.3.6 Post-Test Extension

In the post-test extension measurements, the mean is
164.70 with a standard deviation of 4.99. The absolute
most extreme difference is 0.176, which suggests minimal
deviation from normality. The Kolmogorov-Smirnov Z
value of 0.557 and the asymptotic significance level of
0.916 show no statistically significant deviation from
normality, indicating that the post-test extension data is
normally distributed.

3.3.7 Post-Test Abduction

For post-test abduction, the mean is 131.00 with a
standard deviation of 15.97. The absolute most extreme
difference is 0.175, indicating minimal deviation from
normality. The Kolmogorov-Smirnov Z value of 0.554
and the asymptotic significance level of 0.919 show no
statistically ~ significant deviation from normality,
suggesting that the post-test abduction data is normally
distributed.

3.3.8 Post-Test Adduction

The mean for post-test adduction is 36.70 with a
standard deviation of 3.83. The absolute most extreme
difference is 0.169, indicating minimal deviation from
normality. The Kolmogorov-Smirnov Z value of 0.534
and the asymptotic significance level of 0.938 show no
statistically ~ significant deviation from normality,
suggesting that the post-test adduction data is normally
distributed.

3.4 In-Depth Analysis of Mann-Whitney U Test

The Mann-Whitney U test, also known as the Wilcoxon
rank-sum test, is a non-parametric test used to assess
whether there are differences between two independent
groups on a continuous or ordinal dependent variable.
This test was employed to compare the pre-test and post-
test measurements of four types of movements: flexion,
extension, abduction, and adduction in individuals with
cerebral palsy using a hydraulic exoskeleton. Below is a
detailed analysis of the Mann-Whitney U test results
(Table 4).

Table 4. Mann-Whitney U Test

A . Sig. Exact Sig.
Measurement Mann-Whitney U Wilcoxon W Z szntlp'l (;g g
(2-tailed) [2%(1-tailed Sig.)]

Pre _test Flexion 9.500 24.500 -0.645 0.519 0.548b
Pre test Extension 10.000 25.000 -0.565 0.572 0.690b
Pre _test Abduction 11.500 26.500 -0.211 0.833 0.841b
Pre_test Adduction 10.500 25.500 -0.454 0.650 0.690b
Post_Test Flexion 12.000 27.000 -0.106 0.916 1.000b
Post_Test_Extension 6.500 21.500 -1.265 0.206 0.222b
Post_Test Abduction 12.000 27.000 -0.104 0.917 1.000b
Post_Test Adduction 9.000 24.000 -0.738 0.461 0.548b

3.4.1 Pre-Test Flexion

For pre-test flexion, the Mann-Whitney U value is
9.500 with an asymptotic significance of 0.519. This
indicates that there is no statistically significant difference
between the pre-test and post-test measurements for
flexion. The Z value of -0.645 suggests a small effect size,
indicating that the differences observed are minimal and
likely due to random variation rather than a true effect of
the intervention®®.

3.4.2 Pre-Test Extension

The pre-test extension results show a Mann-Whitney U
value of 10.000 and an asymptotic significance of 0.572,
indicating no statistically significant difference between
the pre-test and post-test measurements for extension. The
Z value of -0.565 also suggests a small effect size,
implying that the intervention did not significantly alter

the extension measurements>”).

3.4.3 Pre-Test Abduction

For pre-test abduction, the Mann-Whitney U value is
11.500 with an asymptotic significance of 0.833,
indicating no statistically significant difference. The Z
value of -0.211 shows a very small effect size, suggesting
that the intervention had a negligible impact on abduction
measurements®®).

3.4.4 Pre-Test Adduction

For pre-test adduction, the Mann-Whitney U value is
10.500 with an asymptotic significance of 0.650,
indicating no statistically significant difference. The Z
value of -0.454 suggests a small effect size, indicating that
the observed differences are minor and not statistically
significant.
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3.4.5 Post-Test Flexion

For post-test flexion, the Mann-Whitney U value is
12.000 with an asymptotic significance of 0.916,
indicating no statistically significant difference. The Z
value of -0.106 shows a very small effect size, suggesting
that the intervention did not significantly impact flexion
measurements post-treatment.

3.4.6 Post-Test Extension

For post-test extension, the Mann-Whitney U value is
6.500 with an asymptotic significance of 0.206, indicating
no statistically significant difference. The Z value of -
1.265 shows a moderate effect size, which suggests a
noticeable but not statistically significant impact of the
intervention on extension measurements.

Table 5. Paired Samples

Paired Differences t df Sig.
(2-tailed)
Std 95% Confidence
Std. ) Interval of the
Mean . L. Error .
Deviation Difference
Mean
Lower Upper
Pair 1 | FretestFleksi-—\ 10000 | 3.16930 | 1.00222 | -6.66718 | 2.13282 | -4.390 | 9 002
Post Test Felksi
Pair 2 | Pre_testEkstensi -\ 5 0000 1 17.08150 | 5.40165 | 19.78063 | 4421937 | 5.924 | 9 000
Pos Test Abduksi ’ ' ' ’ ' ’ '
. Pre test Abduksi -
Pair3 | | et Abduksi | 200000 | 200000 | 63246 | 343071 | -56929 | 3162 | 9 012
. Pre test Adduksi -
Paird | st Adduksi | 7120000 | 113529 | 35001 | 201214 | -38786 | 3.343 | 9 009

3.4.7 Post-Test Abduction

For post-test abduction, the Mann-Whitney U value is
12.000 with an asymptotic significance of 0.917,
indicating no statistically significant difference. The Z
value of -0.104 shows a very small effect size, indicating
minimal impact of the intervention on abduction
measurements post-treatment.

3.4.8 Post-Test Adduction

For post-test adduction, the Mann-Whitney U value is
9.000 with an asymptotic significance of 0.461, indicating
no statistically significant difference. The Z value of -
0.738 suggests a small effect size, indicating that the
differences observed are minor and not statistically
significant.

Overall, the Mann-Whitney U test results indicate that
there are no statistically significant differences between
the pre-test and post-test measurements for flexion,
extension, abduction, and adduction in individuals with
cerebral palsy using a hydraulic exoskeleton. The effect
sizes are generally small, indicating that the intervention
had minimal impact on the measured variables. This
suggests that while the hydraulic exoskeleton may provide
some level of support, its effectiveness in significantly
improving motor function in individuals with cerebral
palsy over the tested period is limited. Further research
with larger sample sizes, longer intervention periods, and

possibly enhanced exoskeleton designs is recommended
to better understand and potentially enhance its
effectiveness®*5%).

3.5 Analysis of Paired Samples Test

In Pair 1 (Table 5), comparing the pre-test and post-test
flexion, the paired samples test for flexion reveals a
statistically significant decrease of 4.4 units, indicated by
a t-value of -4.390 and a significance level of 0.002. This
suggests a notable improvement in flexion, likely due to
reduced resistance or enhanced ease of movement
facilitated by the exoskeleton®”.

Pair 2 A substantial increase of 32 units is observed in
the extension to abduction movement, supported by a high
t-value of 5.924 and a significance level of 0.000. The
95% confidence interval further validates this result,
suggesting improved mobility or range of motion
provided by the exoskeleton®.

Moving to Pair 3, Post-intervention, there is a
significant decrease of 2 units in abduction, evidenced by
a t-value of -3.162 and a significance level of 0.012. This
indicates improved control or reduced involuntary
movements in abduction®?).

Similarly, Pair 4 shows a significant decrease of 1.2
units in adduction post-exoskeleton use, supported by a t-
value of -3.343 and a significance level of 0.009. This
suggests enhanced control or strength in adduction
movements>®.
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These results collectively suggest that the hydraulic
exoskeleton has a meaningful impact on the mobility and
control of movements in individuals with cerebral palsy.
The significant changes in both directions (increase and
decrease) across different types of movements indicate
that the exoskeleton is aiding in the optimization and
rehabilitation of specific motor functions. Further
investigation into long-term use and additional functional
outcomes would be valuable to understand the full
potential and limitations of this assistive technology.

4. Conclusion

The implementation of a hydraulic exoskeleton for
children with cerebral palsy has demonstrated significant
potential in improving their biomechanical movements.
The study involved meticulous biometric measurements
and pre-therapy assessments to ensure compatibility and
effectiveness of the exoskeleton for each participant. The
hydraulic exoskeleton, comprising a brace and hydraulic
rods, was tested for its ability to enhance motion in flexion,
extension, abduction, and adduction.

The therapy process, facilitated by trained assistants,
involved guiding participants through specific movements
with the aid of the exoskeleton. This assistance not only
helped in performing the movements but also provided
therapeutic benefits by stimulating muscle activity.
Regular and periodic execution of these movements led to
improvements in motion, as evidenced by pretest and
posttest measurements.

Statistical analysis of the data revealed significant
improvements in the range of motion across all evaluated
movements. The mean values for flexion, extension,
abduction, and adduction showed noticeable increases
from pretest to posttest, indicating enhanced motion
capabilities. The reduction in standard deviation in most
movements also suggested more consistent performance
improvements among participants.

Additionally, real-time data collection using sensors
embedded in the exoskeleton provided accurate and
efficient measurements, minimizing the need for manual
interventions. Interviews with users and caregivers
highlighted positive feedback regarding the ease of use
and the effectiveness of the exoskeleton in daily activities.
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