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ABSTRACT

Parkinson's disease is a progressive neurodegenerative disease characterized by tremors and bradykinesia (slowing of
movement and speed) all due to the loss of dopamine levels in the brain. The loss of dopamine containing neurons in
the brain becomes progressive and affects different parts of the brain. Dopamine is essential to the brain as dopamine
enables neurons to communicate and control movement, which is lacking with Parkinson’s Disease. In Parkinson’s,
the neurons are vulnerable to degeneration because of its extensive amount of energy with its vast systems of neurons.
As Parkinson’s currently has no cure, the vast majority of the Parkinson’s Population is experiencing death at quick
rates as short-term solutions are not able to become long term. This review article sheds light on the disease progress
of Parkinson’s, possible therapies with visual and auditory cueing at the main focus, and the studies effects on the
treatment and scientific research progression on Parkinson’s Disease.

Introduction

Parkinson's Disease (PD) is one of the most common neurodegenerative disorders in which more than 1% of the
population is affected by this incurable disease by the age of 60. This disease is mainly due to the selective and
significant loss of dopaminergic neurons in the substantia nigra (1), which therefore becomes clinically characterized
as a combination of bradykinesia (progressive hesitations or halts) and akinesia (loss of ability to move muscles vol-
untarily). Clinical manifestations include hypokinesia, marked postural instability, resting tremor, bradykinetic move-
ments, and lagged facial expressions. These movement disorders become very harmful and difficult as age increases
by compromising the individual’s functions and inviting disabilities. In addition to the various motor instabilities,
approximately 25% of those diagnosed who have no history of other underlying neurological disorders also suffer
from cognitive deficits such as loss of attention, memory, and executive functions (3). However, this 25 percent of
newly diagnosed patients come from the fact that they enter the clinic after the disease has already reached a progres-
sive stage, making PD undetectable without symptoms. This inevitable late action takes a large toll on treatment
processes as the chances of catching Parkinson's Disease at its earliest stage is extremely rare. In a recent study, less
than 10% of PD cases are associated with genetic mutations such as the mutation of alpha-synuclein (SCNA), while
the other 90% of cases are idiopathic, meaning the cause of the disease is unknown (11).

Numerous other studies have shown that the loss of cognitive functions are caused by the dysfunction of the
caudate nucleus, which is responsible for the planning and execution of movement, learning, memory, and emotion.
In PD, the dysfunction of the caudate nucleus suggests that dopamine is lacking where it is necessary to transfer
information toward the motor-related functions, causing external disorders in patients with PD (4). The caudate region
of the brain is specifically involved in the deficits caused by PD, but this does not mean this is the only region being
impacted. The caudate nucleus is merely one example of a brain region that is hypothesized to play a key role in
Parkinson's Disease. Other brain regions will be explored through the course of this review paper. In America Parkin-
son’s Disease: An overview on its neurophysiological effects and potential treatments researchers. From 1990 to 2015
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the diagnosis of PD doubled to over 6 million (5). Due to the inevitable cycle of aging, this number is projected to
double again by 2040. In 1855 this neurodegenerative disease was classified as a rare disorder since only 22 out of 15
million people passed away from this disorder in England and Wales, contradicting the present skyrocketing rates.
According to the Golden Burden of Disease study, from 1990-2015 the global PD rates have increased 118%, with
PD being the number 1 fastest growing neurological disorder (18). The underlying causes in these sudden increases
within less than two centuries is widely debated. Current possibilities include increasing longevity and increased in-
dustrialization, leading to more diagnoses across the world (5).

Several other studies across the world have also shown the growing prevalence in Parkinson’s disease among
adults. Specifically in China, as the aging population is growing (older than 65), China is projected to increase from
8.87% in 2010 to a significant 22.6% in 2040, (2) signaling a major health issue in the coming years, especially given
PD’s incurable stage. These statistics are just a few of the many recurring patterns of increased PD around the world.
The fact that this once rare disorder is spreading across the world like a plague is quite alarming given that there is no
cure to this disorder and so much more information is yet to be gathered. Therefore, this review will explore PD
progression, neuropsychological effects, and potential therapies to mitigate the effects of PD.

Disease Progression

In order to begin a study of PD, the pathology behind it must be explained. The nervous system, the primary actor of
PD, is composed of individual units called neurons which are responsible for the communication of information
throughout the body. The chemical messengers that neurons use are called neurotransmitters which send information
through millions of synapses (the space crossing between two neurons) (6). The main type of neurotransmitter that is
most impacted in PD is dopamine that is produced by neurons in the substantia nigra. The loss of dopamine results in
abnormal nerve firing patterns that as a result impair movement as one of their effects. By the time of diagnosis, people
may have already lost a significant amount of dopamine producing cells, making this disease incurable (3). Perhaps
the largest factor in PD is the degeneration of dopaminergic neurons that takes place throughout the CNS. In PD, the
neurons are especially vulnerable to degeneration due to the amount of energy the brain requires, also because of
pacemaker neurons. Pacemaker neurons constantly send nerve signals through extensive branching of the CNS as they
are constantly discharging. Pacemaker neurons are also responsible for exerting control over neuronal circuit function
by their intrinsic ability to generate bursts of rhythmic potential, involving high amounts of energy (58). Because this
takes an immense amount of energy, patients often experience postural instabilities as a result (13). The extreme high
energy demands of the dopaminergic neurons appear to project from the substantia nigra. This is because of the ana-
tomical structure where substantial nigra neurons have branched axons and nerve fibers are not covered with a myelin
sheath (14,16). Statistically, these neurons are supposed to give rise to millions of synapses and a single action that
potentially damages these neurons, creates increased energy requirements. This process is replicated in PD. The re-
duction of neuromelanin pigmentation, neuron loss, and formation of lewy bodies are all observed to be impacted in
the substantia nigra (7,15).

Alpha-synucleinopathies in PD

Alpha-synuclein is a major factor that is a part of dopamine in neurons and the pathology of Parkinson’s disease.
Alpha-synuclein is described to be the major constituent of Lewy bodies and a pathogenic mark of all synucleinopa-
thies which includes Parkinson's disease. Before we move on to discuss the function of Lewy bodies in terms of alpha-
synuclein, we must understand its proper function and structure as a whole. The current studies, however, have each
shown various contrasting conclusions, leading to overall confusion in the role of alpha-synuclein. Some studies have
tried to examine the structure in various environmental conditions like changes in pH, salt, lipid compositions, and
modification of protein structure (24,25,26). A current universal consensus suggests that alpha-synuclein functions to

ISSN: 2167-1907 www.JSR.org 2



HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 11 Issue 4 (2022)

promote membrane curvature which then contributes to synaptic trafficking and vesicle budding (28,29). This serves
as an important finding mainly because of the association of alpha-synuclein with presynaptic terminal SNARE com-
plexes (27), therefore suggesting a potential role of alpha-synuclein in modulating dopamine release, which we know
as a major contributor to PD.

Lewy body pathology in PD

PD is also associated with the appearance of dopaminergic neuronal cytoplasmic inclusion called Lewy Bodies. Lewy
bodies consist of large aggregation forms of alpha-synuclein which misfold and give rise to beta-sheet amyloid fibrils.
When these Lewy bodies start forming, it blocks the production and transmission of dopamine, leading to the main
movement issues of PD (64). Specific research has shown that Lewy bodies from the substantia nigra of 6 patients
were strongly immunoreactive for alpha-synuclein (the proteins in Lewy bodies). This data showcases the leading
pathologic hallmark in biopsied patients which are not present in healthy individuals, indicating the impact of the
duplication of autosomal dominant mutations in the SNCA (23). Currently, research suggests that Lewy Bodies are
found in about 10% of brains from normal elderly individuals over 65. These cases may represent the earliest stages
of PD as Lewy bodies are known for the blockage of the transmission of dopamine. Lewy bodies are intracellular
inclusions found in a range of neurodegenerative disorders such as Parkinson’s and dementia. Specifically in PD, the
mutations in the gene that codes for alpha synucleins, SNCA, can cause increased protein aggregation leading to
neurodegeneration. However, the exact causal link between Lewy bodies and neuronal cell death is less certain. Lewy
body pathology begins in the medulla and olfactory bulbs, which then progressively spread through six stages to
involve the midbrain, amygdala, and the neocortex. The spread of these Lewy bodies have been shown to affect vul-
nerability of certain brain regions (65). Those that are impacted earlier are susceptible to greater degeneration over
the progression of PD. Overtime, we see that wherever there is neurodegeneration, there is the presence of Lew bodies
in the brain.

Neurophysiological alterations in PD

PD is one of the largest diseases primarily attributed to the loss and dysfunction of dopaminergic neurons. To discuss
the alterations in PD, we first must discuss the pivotal role of dopaminergic neurons in this specific disease. The
primary role dopamine plays in the human body is the modulation of behavior and cognition, voluntary movement,
motivation, sleep, mood, attention, and learning (62). The high energy requirements of the substantia nigra make these
neurons susceptible to degeneration. These energy demands are a function of their extensively branched anatomy and
their large number of transmitter release sites. Therefore, these neurons have been said to be operating in a critical
equilibrium where any stress may lead to decomposition and degeneration (13). Degeneration is what primarily takes
place in PD. Speaking of inflammation, excessive fat accumulation in the brain has induced inflammatory responses
by promoting pro-inflammatory cytokine production in the CNS. This topic will be discussed further into the article
The selective degeneration of these dopaminergic neurons in the substantia nigra does lead to PD, however the cause
and origin for this cell loss is still unknown. The uncertainty of this loss makes therapies especially important as the
only way to combat this disease is through early detection and long-term effective solutions.

Brain regions involved in PD development/progression

Although the substantia nigra is a brain region that is heavily involved in PD pathology, other brain regions such as
the amygdala, hypothalamus, locus coeruleus, median rape nucleus, and basal ganglia also begin to deteriorate and
destroy chemical pathways that regulate chemicals like norepinephrine, serotonin, and acetylcholine (6). It is reported
that there are two types of subtypes of PD which will affect the basal ganglia in different manners: heterogeneous
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phenotypes such as tremors and postural instability. The basal ganglia, which processes signals from the cortex and is
responsible for accurate execution of voluntary movements, is proven to be the most affected brain area in PD as the
lesion of the basal ganglia causes impairment in cognitive functions (7).

Furthermore, In PD, the dopaminergic nigrostriatal pathway progressively degenerates as a result of PD. The
dopaminergic projections to the sensorimotor striatum -contains neuronal activity related to movements which relate
to preparation, initiation, and execution- are affected significantly stronger than those to the associative and limbic
striatal regions in the basal ganglia, resulting in problems with movement in PD. The loss of dopamine in the striatal
region is associated with a reduction in the density of dendritic spines in the striatum. This loss of dopamine SNc cells
remains the best-known pathological aspect of PD (10). Studies have shown that microstructural changes within the
substantia nigra are severely affected in patients with postural instability compared to patients with tremor dominant
phenotypes (8,17). In PD patients, the loss of attenuation and also the length of the dendritic spines of medium sized
neurons located in the striatum has also been reported in the substantia nigra. As a result, reduction in the volumes of
the caudate nucleus and thalamus, which is observed in PD, is in fact an early sign of disease progression.

In addition to the nigrostriatal pathway, another brain region we see affected greatly by PD is the cerebellum,
responsible for a wide range of functions and processes. Functional and morphological modulations in the cerebellum
have been detected in relation to akinesia, tremor, gait disturbances, and some other non motor symptoms (60). Due
to the changes in the cerebellum, many research articles have shown that visual information relayed through this brain
region can result in the bypass of defective basal ganglia circuits (46), showcasing one of the potential solutions to
gait disturbances. The occipital lobe, mainly responsible for processing and interpreting visual information is then
activated through visual cues to promote activity in proper regions, leading to overall decreased gait variations (61).

Brain volume alterations and its correlation with neuroinflammation in PD

A growing body of research has revealed there is a strong correlation between brain size and cognitive functions. In
these complex areas of the brain, it has been reported that the volume of the frontal lobe, parietal lobe, insula, anterior
cingulate cortex, basal ganglia, and thalamus has increased in PD patients. The loss of gray matter has also been
reported (7) through VBM analysis that compares dyskinetic and non-dyskinetic groups which provided evidence on
increased gray matter volume in the bilateral inferior frontal gyrus, which was more evident in patients with early-
onset PD (9). A study on the effect of the presence of active inflammatory lesions on brain volume has reported that
with the increase in inflammation, the brain volume increased by an estimated mean of 1.2 cm cubed, simulating the
similar processes that occur in neuroinflammation during PD.

Neuroinflammation specifically takes place usually in the ordinary aging brain, which occurs in the central
nervous system due to molecules released from blood-derived immune cells. This inflammation is the body’s initial
response to an insult, acting as a mechanism in the brain and spinal cord to protect and re-establish the normal func-
tions of the brain. An example includes aiding the recovery of injured neurons as a means of fighting against infection.
As it may seem as though the functions of neuroinflammation are beneficial to the human brain, extreme or prolonged
inflammation can be detrimental in terms of causing or further fueling neurodegenerative diseases (4). Inflammatory
reactions must be concluded to maintain the tissue structure and homeostasis in the brain. This includes eliminations
of pathogens, dead cells, or other cellular debris. If neuroinflammation persists or the mechanisms involving the ter-
mination of inflammation are damaged, chronic inflation can arise and impact the average human brain (11).

For example, the microglia is one of the major cells involved in the neuroinflammation of PD and inflammatory
responses in the central nervous system. These cells constitute 5-10% of total brain cells and also 20% of the glial cell
population in the brain (12). Various studies across the board have proven the significance of the microglia and im-
mune components of PD. The activation of microglia in the SNpc striatum is involved in various types of PD animal
model studies. Further study of this has revealed higher levels of proinflammatory mediators in the midbrain of PD
patients, indicating the role of inflammation as well. The protective role of M2 microglia in the process of polarization
is important to note. M2 microglias role is to execute an anti-inflammatory effect and promote wound healing (20). If
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any aspect of the polarization of M2 microglia is suppressed, it immediately causes microglia overactivation and
neuronal death as a result of aggravated dopamine in PD. An example of this concept would include Jmjd3, a protein
essential for M2 microglia polarization, in the substantia nigra (19). If this overactivation turns into a long-term con-
dition the microglia in the PD brain increases the expression of proinflammatory cytokines which then results in the
acceleration of high levels of dopamine degeneration, accelerating the progression of PD (21). A recent study on the
treatment of experimental autoimmune neuritis disease emphasized the need to stop the toxic phase of M1 microglia
polarization, which is associated with the production and release of multiple proinflammatory cytokines (20), by en-
hancing the beneficial effects of m2 microglia (22).

Potential Therapies

Currently in the United States, the cost of treating PD is estimated to be around $14 billion with indirect costs of
around $6.3 billion a year, all while there is still no permanent cure to PD (6). Although there are studies being done
on finding clinical treatments, there is a lack of understanding on whether current treatment options prevent or improve
PD development and progression, causing a severe burden on this population. Currently, most treatment options re-
main short term and to an extent, ineffective. Finding long term options through sensory and auditory cueing, which
has been proved beneficial results, would alter the course of the PD community by giving patients access to a man-
ageable life. Therefore, to battle the alterations presented by PD such as sensory-perceptual alterations, cueing pro-
vides a great tool to mitigate these effects. In the current field of research, evidence of altered auditory processing has
been found to provide beneficial results These alterations range from disturbances in the processing of acoustic fea-
tures, speech perception and sensitivity to affective and linguistic parody (37, 38). The sensitivity of this motor input
can be attributed as a defect because of the basal ganglia dysfunction in PD (39). Therefore, auditory cues like music
or augmented feedback have been used to prompt a motor response and control (39). Because auditory and sensory
alterations have been reported at relatively early stages of PD, it's important to understand whether further research
into these types of cueing which can be used at that earlier stage, is truly beneficial or not. The reason why researchers
and scientists have shifted to a more physical approach to PD is mainly because these sensory and auditory issues
caused by such diseases are not correctly or efficiently controlled by levodopa (39).

Sensory cueing and its implications for Freezing of Gait (FOG)

Recent reports have identified that sensory and auditory cueing shows effective utilization in the present and future
for PD patients. Cueing is defined as a spatial stimulus that facilitates repetitive movement, which includes visual,
tactile, or auditory rhythmic signals. Cueing proves to be a very effective therapy as it allows for the tuning of neuronal
networks to external performance. In other words, cueing has been proved to enhance the timing and synchronization
of movements, promoting decreased contractions at inappropriate times (59). The biggest struggle with PD is the
insufficient amount of research that proves long term therapies to mitigate or even cure extreme motor deficiencies.
A patient loses all control over motor functioning, contributing to the inappropriate movement as described. This
method, without a doubt, contrasts from the many traditional therapeutic practices we see such as deep brain stimula-
tion, levodopa, stem cells, etc. However, this contrast does prove to be beneficial as external cueing provides a “tem-
plate” to sculpt the new movement pattern. It allows the patient to utilize the existing motor pattern that is similar to
the desired action, expediting the motor learning process.

The reason for using these types of cueing is because of the common symptom of freezing of gait (FOG)
which is the condition of sudden, involuntary, and blocking of gait in advanced stages of Parkinson’s Disease. This
symptom takes away a lot from a PD patient as it contributes to loss of function and independence within the move-
ment of an individual. The freezing of gait normally appears in specific situations such as gait initiation, turning,
passing narrow doorways, and shows up in movement of small steps, causing total akinesia (44). Many neuroimages
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suggest deficits that showcase an imbalance between the subcortical and cortical brain activations underlying the
freezing episodes (47). However, FOG has repeatedly been shown to correspond with the breakdown of an already
strongly impaired gait. Patients who show a strongly impaired gait have shown symptoms of asymmetry and stride
variability (45). However, these variabilities are not observed in patients that are not suffering from FOG. It is im-
portant, though, to discuss implications of FOG as most PD patients do suffer from the imbalanced variability in gait.

To target impaired gaits, sensory cues have been identified as an essential tool to improve motor deficits.
Previous reports have shown that using sensory cues can help relieve structural impairments in PD. Some studies use
various sensory cues such as vibratory, auditory, and visual cues as their main focus. A study conducted on 7 PD
patients suffering from FOG indicated that when cueing is applied after the onset of freezing, it can initiate a reduction
of the average gait duration overall. The result of this study suggests that these cues may have helped patients to
bypass defective basal ganglia circuits, which other neuroimaging methods have relieved a number of structural and
functional impairments at the neurological level in patients with FOG (47). Therefore, visual cues for example might
be interpreted as helping patients reduce the load on the basal ganglia and allowing them to overcome freezing epi-
sodes quicker (46). A study in 2012 on the improvement of motor imagery (MI) quality in patients with Parkinson’s
disease through external cueing has shown promising results. This experiment consisted of the investigation of
whether the quality of motor imaging could be improved by external cueing. Patients with PD and 14 healthy control
groups physically execute and visually imagine a goal-oriented task. They compared these results with the absence of
cues. The research concluded that the presence of visual cues significantly reduced patients’ bradykinesia and signif-
icantly increased the temporal isochrony between MI and execution. Additionally, the patients experienced the in-
creased speed of both imagined hands movements and the patients’ eye movements (40).

The most accepted explanation for this would be the fact that these cues actually help patients compensate
for movement deficits. External cueing can overcome these issues because it activates the premotor and parietal cortex
and the cerebellum to bypass the basal ganglia (42). The visual cues allow patients to gain a closed control mode in
which they can adjust their movements based on the availability of visual information (43). Another analysis on the
upper-limb movements demonstrated that cued movement off-medication led to increased activity in the superior
parietal lobe and inferior parietal cortex (IPC), indicating the increased motor and spatial awareness as a result of
cueing (47). The inferior parietal lobe, a portion of the cortex, is an anatomically heterogeneous region that is involved
in sensory processing and known to be involved in oculomotor and attentional mechanisms and the adaptive recali-
bration of eye-hand coordination (48). Given its functions, the increased activity of the IPC/IPL in PD patients sug-
gests that the function of this cortex is enhanced, leading to positive effects with sensory cueing (47).

In terms of targeting sensory aspects in the auditory region, we must look at the pathology behind the auditory
region. Auditory cues, like music and variation in sound frequencies have also widely been known to be used success-
fully in the rehabilitation of motor functions with movement disorders like Parkinson’s disease. It is said that this is
because areas like the cerebellar-thalamocortical networks are typically involved in PD and since these areas are in-
volved in perceiving rhythm (49). The activation in these regions through stimulated cues allows for these complex
networks to be the cause of long-term motor improvements. However, before we explore the effects of auditory cues,
let's take a look at the backgrounds of auditory cues and its involvement in different brain regions. The most success
has been shown with the use of auditory sounds that mimic sounds of footsteps. Just like young kids who associate
sounds with actions from early childhood, similar sounds such as footsteps enhance auditory skills (52), this same
natural technique could be used in PD patients. In an experiment recording the effect of footstep sounds on patients’
motor improvements, found significant reduction of variability in gait. PD patients tried to imitate these actions and
eventually recreated them (51). The stimuli activate various brain regions we have discussed earlier in this paper such
as the cerebellum, brainstem, and the sensorimotor cortex by instigating reorganization in the cortico-cerebellar cir-
cuits. Essentially, rhythmic cueing has been suggested to preserve neural centers involved in the perceiving externally
cueing as goal directed movements. These great effects could easily help patients live a more normal life as they don't
have to worry about situations of high stress like constraint of time and space, like escalators and traffic signals. With
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improved gait, PD patients will be able to modify gait patterns all due to an “internal” attention towards control that
comes from external cueing (53).

However, auditory cueing is highly dependent on the type of audio given. The sounds of footsteps, for ex-
ample, produce continuous auditory information. On the other hand, noise from a metronome consists of sudden bursts
of noise and periodic silence. Data concluded that continuous noise proved to reduce variability of gait at a much
greater extent (50). However, regardless of what auditory measures are being displayed, we do see a common pattern
among various research: the improvement in gait due to auditory cueing. Studies have shown that auditory information
performs better than its counterparts. As a result, the auditory cortex has been reported to have perceived stimuli with
shorter reaction times as compared to visual or sensory tactiles (53). This is mainly because of the lower rhythm
perceptual thresholds for the auditory cortex, rich neural connectivity, and better temporal precision. The rich connec-
tivity to motor centers from the spinal cord that extends towards the cortical and subcortical structures allows strong
cross-sensory impacts on motor execution (53, 55). When auditory cueing is being presented, these various factors
are enhanced and therefore improve motor performance in patients with deficits (54).

Combination therapies in PD

Currently, the most common treatment includes the use of medicinal drugs to improve dopamine response, a major
aspect of Parkinson’s that we have previously discussed. Levodopa, for example, is absorbed by nerve cells in the
brain and turned into a chemical dopamine, which is used to transmit messages between nerves and parts of the brain
that controls movement. In Parkinson's disease, the site of the degeneration is in the substantia nigra, in which PD
results in the disruption of the nigrostriatal pathway which decreases striatal dopamine levels (30,33). The function
of this drug allows levodopa to convert to dopamine in the central nervous system. However, a downside of levodopa
is the fact that it must be combined with other medications like benserazide or carbidopa in order to stop the levodopa
from breaking down in the bloodstream before even reaching the brain. However, these treatments are very short term.
Over the years, the effects become less impactful as more nerve cells in the brain are lost, there are fewer and fewer
of them each year for the medicine to absorb (31). To combat the growing ineffectiveness, the dose of this drug may
have to be increased over time, leading to postural difficulties such as dyskinesias, or even situations where the person
rapidly switches from being able to move to instantly being immobile. A clinical study on the effect of levodopa on
the rate of progression of Parkinson disease in 2004 proved that subjects receiving the highest dose of Levodopa had
significantly more dyskinesia, hypertonia, infection, and nausea. Levodopa on multiple occasions has proved it either
accelerates the loss of nigrostriatal dopamine nerve terminals or its pharmacological effects modify the dopamine
transporter (32). These types of medicines only allow for symptomatic relief rather than relief from the underlying
pathology (51). Either way, drugs like Levodopa have an uncertain long-term effect on the progression of Parkinson’s
disease.

Stem cell therapy treatments for PD patients

Furthermore, the fact that the regeneration of neurons is not possible gives rise to stem cell therapy. Stem cell therapy
is beneficial in all aspects for replacing and repairing damaged dopamine-producing nerve cells within the brain. There
are three types of stem cells: Embryonic, somatic, and pluripotent. Each type of stem cell varies in terms of the way
they transform into many types of cells, how they repair functions of cells, and further mature cells. To treat the death
of brain cells in PD, researchers use these various types of stem cells to introduce directly into the affected areas of
your brain where they can transform into usable brain cells (36). These brain cells could then take up the function of
regulating dopamine levels and improve the symptoms of the disease. For example, iPSC became available to treat
PD and in its first clinical trial in Japan (35), it has shown improvements in movement and as well as non-motor
symptoms like bladder control. iPSCs can be derived from a donor or derived from your own cells, which can reduce
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the likelihood of your body rejecting them. However, as always, stem cell therapy is also a treatment and not a cure.
As the disease is still present, the chance of PD destroying the newly impacted stem cells eventually is quite possible.

Conclusion

In this paper, we discussed the pathological aspects of PD. The loss of dopaminergic neurons in the substantia nigra
is the main conductor behind all other pathological aspects impacted by PD. The various brain regions such as the
caudate nucleus start to experience dysfunction such as loss of attention, memory, and cognitive functions. Other brain
regions such as the sensorimotor striatum, which is responsible for neuronal activity relating to initiation and action
are also significantly impacted by the loss of dopamine in the striatal region. Initially, PD was classified as a movement
disorder, however after careful research the neuroinflammation, immune dysfunction, and its non-motor implications
led to the conclusion of PD being a multi-system disorder, making treatment options even more limited (63).

With the ever-expanding statistics of the increase in Parkinson's Disease across the nation, it's important that
our research guides us in the most effective route possible. Sensory and auditory cues do provide a significant amount
of hope in many cases. For the most part, apart from the neurological standpoint of both methods of cueing, the
economical contribution does prove to be cost effective. The use of rhythmic auditory tactics like smartphone-based
metronomes and footsteps (56) are all methods that are cheap, viable, and easy to follow up. These therapies can be a
useful rehabilitation tool in lower income countries who may not have the proper funding for higher level therapies or
poor healthcare services (54). Other therapies like stem cells can cost thousands for patients. Although proven to be
successful to a certain degree, stem cells must be tested multiple times in many clinical trials just as sensory and
auditory cueing. However, although Medicare does cover stem cell therapy, it doesn't cover treatments that aren't FDA
approved like experimental treatments as a part of clinical trials (57). Without the clinical setting, a patient could be
experiencing the burden of paying anywhere from $5,000 to $50,000 (58). Especially in low-income areas who may
not have access to Medicare or other health insurances, this number could further skyrocket, leaving the majority of
the population unwilling or unable to receive treatment. These statistics provide another data point to the beneficiary
use of economical and effective rehabilitation techniques.
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