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ABSTRACT:

Background: Parkinson’s disease has been considered one of the most common and important
neurodegenerative conditions in the world. Its motor and non-motor signs determine a huge
functional loss, leading the individuals to lose their independence. Artificial neural network (ANN)
is a common machine learning method in Artificial Intelligence (Al) technology. Physical therapy is
one of the mainstays of rehabilitation of these patients. This systematic review aims to evaluate the
current body of research surrounding the role of artificial intelligence (Al) in Neurorehabilitation of
Parkinson’s Disease.

Materials and Methods: Literature search was conducted through electronic databases like Google
Scholar, PubMed, Science Direct, ERIC. Full Text research articles in English from January 2018-
January 2022 were included in the study. Artificial intelligence, neurorehabilitation, Parkinson’s
disease were the key words used. Research articles evaluating neurological conditions apart from
Parkinson’s disease and other rehabilitation methods apart from use of Artificial Intelligence were
excluded. The initial search identified 91 articles. After removal 79 research articles of duplication, as
per inclusion and exclusion criteria, total number of 16 articles were included.

Conclusion: Artificial Intelligence can be considered an effective treatment option for the
physiotherapeutic rehabilitation of neurological patients like Parkinson’s disease
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INTRODUCTION:

Parkinson’s disease (PD) is characterized by the progressive development of a wide array of motor
and non-motor symptoms.! Postural instability and freezing of gait (FOG) — brief episodes of inability
to produce effective forward steps despite the intention to walk are examples of common and disabling
symptoms that respond insufficiently to medication. This commonly leads to falls, reduced mobility
and diminished quality of life. Neurorehabilitation approaches can offer relief of such treatment-
resistant symptoms and signs, by exploiting behavioral adaptations that bypass the defective motor
circuitries.?

Physiotherapists often work with other health professionals to satisfy individual's healthcare needs.
The demands for physiotherapists is ever increasing and the supply is limited.Artificial intelligence
(Al) is one of the active research fields to develop systems that mimic human intelligence and is helpful
in many fields, particularly in medicine.® Advancements like augmented simulation, man-made
consciousness, and Al are among the most mainstream ones in medical applications. Advances in
digital therapeutics provide numerous options to foster engagement in healthy lifestyle behaviors such
as regular exercise, a healthful diet and optimal sleep hygiene habits.? The recent emergence of
artificially intelligent machines has seen human cognitive capacity enhanced by computational agents
that can recognize previously hidden patterns within massive data sets. Artificial Intelligence may
prove to be one of the most important treatment tool in delivering better medical and healthcare
services to the needy people. It is an attempt to identify the types, as well as to assess the effectiveness
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of interventions provided by artificial intelligence on adult neuro physical therapy optimization-related
outcomes.>An exoskeleton is one of them which is utilized for arms, legs, and hands videogames that
persuade patients to move and propels them to improve. Artificial Intelligence may help the therapists
in getting the necessary tools and assistance in providing the requisite care and support to their patients.
“ This systematic review aims to evaluate the current body of research surrounding the role of artificial
intelligence (Al) in Neurorehabilitation of Parkinson’s Disease.

MATERIAL & METHODS:

Identification and selection-

Preferred Reporting items for Systematic reviews and Meta Analyses (PRISMA) was used for
conducting this Systematic review. Pub Med, Science direct, Google Scholar and ERIC databases were
used for literature search. Keywords used were “Artificial intelligence, neurorehabilitation,
Parkinson’s disease”. Full texts articles were compiled and evaluated for inclusion.

INCLUSION CRITERIA:
All articles from January 2018-January 2022 evaluating role of Artificial intelligence in
Neurorehabilitation of Parkinson’s Disease. Articles in only English language were included.

EXCLUSION CRITERIA:

Articles evaluating parameters apart from artificial intelligence, neurorchabilitation, Parkinson’s
disease were considered as exclusion.

Literatures on other population group including neurological disease like stroke, Cerebral palsy were
excluded from the study.

Inclusion criteria were applied to title of the article, abstracts and full texts.

STUDY SOURCES:

Literature search was performed referring to subject of interest from January 2018-January 2022, using
following databases- Google scholar, Pub Med, Science Direct and ERIC using different key words.
Keywords included “Artificial intelligence, neurorehabilitation, Parkinson’s disease”.

STUDY SELECTION:
Figure 1; Study strategy and study selection process
Records identified through database searching

Google Scholar PubMed Science Direct ERIC (n=118)
(n=26) (n=35) (n=8)

(n=187)

k4

Removed Due to Duplication/Exclusion
(n=171)
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Total studies included in the review
(n=16)
DATA COLLECTION PROCESS:
Full text was obtained for each article from above mentioned database. In Total 187 articles were
extracted but due to duplication 171 articles were removed. Finally, 16 articles were included in our
systematic review. Required details were systematically analysed and recorded from each study and
findings. These are summarized based on their principal findings.
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systematic
review
S.Dixit, J. Tedla
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review
process.

Intra operative
quantitative
measurements
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evaluation
during deep
brain
stimulation
surgery using
leap motion
controller -A
Pilot Study
J.Wu, N. Yu
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Revised
UPDRS:
Motor task
of finger
tapping,
hand
opening &
closing,
pronation
&
supination

7 participants
with idiopathic
Parkinsons
reeiving
chronic
bilateral
subthalamic
nucleus deep
brain
stimulation
therapy were
recruited. The
motor task of
finger tapping,
hand opening
& closing,
pronation &
supination
were selected
pre & intra
operatively in
accordance
with UPDRS.
Participants
performed
these tasks in
sequence

Leap
Motion
Controller

The leap motion
controller achieved
promising results in
evaluating PD
patient’s hand &
finger bradykinesia
during DBS surgry

The study can incorporate the
leap motion controller with a
more user friendly interphase
& real time data processing
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Results suggest that
estimating segment
contribution to
angular momentum
from mechanical
signals from a
sparse set of body
segments is a
feasible method for
assessing co-
ordination of
balance

Future scope: Further study
highlighting the link between
cognitive and motor deficits
would be useful
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In this
promotional
physical
protocol we
demonstrate
combined
robot assisted
therapy & non-
invasive
neuromodulati
on with TDCS
as a method
for improving
rehabilitation
outcomes in
addition to
conventional
physical
therapy

Robotic
Therapy
with MIT
Manus,
training
with MIT
Manus arm
and T
WREX

Both TDCS &
Robot assisted
therapy are
promising add- ons
to rehabilitation &
target modulation
of brain plasticity
describing their use
to be associated
with conventional
therapy &
improves
therapeutic
outcomes

More studies are needed to
further investigate the
synergism & possible
additional effects of the
combined therapy before,
during & after rehabilitation
activity to affect feedback
outcomes
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group. Patients
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among the results in the 2
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Development &

validation of
automated
imaging
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PD (AID- P) -
A multisite
machine
learning study
D. Archer, J.
Pricker
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UPDRS —

Non-invasive
diffusion MRI

DMRI from
1002
subjects
along with
UPDRS 3
was used to
develop &
validate d.
Disease
specific
machine
learning
comparison
s using 60
template
regions &
tracts of
interest in
Montreal
Neurologica
| Institute
between
typical &
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This study provides
an objective
validated &
generalized
imaging approach
to distinguish
different forms of
PD using DMRI
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Feasibility of
home- based
automated
assessment of
postural
instability &
lower limb
impairments in
PD

C. Ferraris, R.
Merino
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mental

26
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Italy,
February
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UPDRS

Microsoft
Kinect v2
device with
software
development
kit RGB color
& DEPTH
streams,
human
computer
interface,
postural
stability score
(PSPIGD)

26
participants:
14
Parkinsons
and 12
healthy
controls
were
recruited.
PD patients
were
assessed for
leg agility
and arising
from chair,
gait &
posture by 2
neurologists
who were
expert in
movement
disorder,
assessed &
analysed by
the system.
The sets of
parameters
which best
co-related
with the
UPDRS
scores of

The results suggest
that proposed
system is suitable
for an objective
assessment of
posture and lower
limb UPDRS tasks.
It could be a basis
for the
development neuro
monitoring and
neurorehabilitation
applications in a
telemedicine
framework.

Even though our current
implementation relies on the
Kinect for body tracking, the
Orbbec SDK or the sensor
independent NUI tracker are
equivalent replacements for
the purpose of this work
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subjects
performanc
e were used
to train
supervised
classifiers
for the
automated
assessment
of new
instances of
the task.
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Discussion:

In our systematic review we included 16 research articles related to Artificial Intelligence and
Neurorehabilitation in Parkinson’s disease. They were filtered on the basis of their date of
Publication. Full Text research articles in English published from January 2018 to January 2022 were
included in this study. They comprised of 2 systematic reviews, 1 literature review, 2 RCT’s and 11
Experimental studies This was done after a thorough search using databases like Google Scholar,
PubMed, Science Direct and ERIC. Summarizing the systematic review one can say that the evidence
for Robotic interventions as a part of Artificial Intelligence in neurorehabilitation of Parkinsons disease
has improved, although the study quality seems diverse. Overall quality of studies including
Parkinsons Disease (PD) were excellent. Though some studies (B. Filtjens et al 2021(15), N. Yu et al
2021 (5), J. Wu et al 2021 (7), N. Pickle et al 2019 (5), S. Spina et al 2020 (22) had a methodological
limitation of small sample size. Artificial intelligence in PD patients included Robot Assisted Gait
Training (RAGT), Kinect machine learning, Deep Brain Stimulation (DBS) with infrared
spectroscopy, Ontology based system for computerized cognitive rehabilitation, Automated Imaging
Differentiation (AID-P) and Dynamic Neural Network Approach. 6 studies utilized Robot assisted
intervention as a part of their rehabilitation program. Even though the sample size in these studies was
sufficient to show significant results it was too small to stipulate the result for a clinical scenario. The
study lacked the logic of using the duration &amp; frequency of therapy sessions. Moreover, there was
inadequate follow up to confirm the long-term gains. Deep Brain Stimulation (DBS) showed promising
motor rehabilitation outcome probably due to normalization of the hypo-activation of supplementary
motor area and hyper activation of other cortical regions and optimization of network profile towards
healthy controls (N. Yu, et al (2021) J.Yu et al (2021), Integration of Artificial Intelligence in routine
conventional therapy sessions may not be feasible due to the high costs involved and difficulty in the
maintenance of the equipment. In literature there are several important reports on the efficacy of robot
assisted gait training (RAGT) on gait and other motor parameters. These seem to be accepted and
widely applied in the rehabilitation settings of Parkinson’s patients of Europe and America to improve
gait and other functional activities.

Irrespective of the type of intervention, the Unified Parkinson’s Disease Rating Scale (UPDRS) was
used as an outcome measure for almost all the studies. The uniformity made it easy to analyse the
efficacy of treatment protocols in PD patients. Data on the influence of RAGT on the Quality of Life
(QOL) in Parkinson’s patients is limited and not standardized. This lack of standard evaluation tools
makes it difficult to compare quality of life changes due to RAGT from different researchers. This
emphasizes the need for an easy, reliable and accepted instrument for the end users. It would be
important to note that studies indicate that devices using Al should have a more user-friendly interface
and real time data processing. Future work will focus on the application of equipment like the Kinect
machine learning in clinical practice to evaluate its efficacy in PD patients. The diagnosis of the two
most common movement disorders Parkinson’s Disease and essential tremors, is challenging and
based primarily on clinical criteria ** .Researcher are using novel methods with the involvement of Al
to synchronize data in varied environments 2° . Artificial Intelligence especially Robotics has made
treatment outcomes more objectives more specific and reliable. Also the time saved in certain
processes could be re- allocated to meet the needs still unmet.?! Our study provides an overview of the
current Al driven approaches in assessment and treatment approaches in neurorehabilitation.

Conclusion:

Artificial Intelligence can be considered an effective treatment option for the physiotherapeutic
rehabilitation of neurological patients like Parkinson’s disease. It helps in patient monitoring, to
analyse data in rehabilitation and helps in development of new protocols. It has shown promising
results in the recovery of motor function in patients with Parkinson’s disease.
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