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Abstract

The clinical features of Parkinson’s disease (PD) include tremors and rigidity. However, paresthesia has not drawn clinical attention.
PD involves the whole body and begins with gastrointestinal lesions, which do not start in the midbrain substantia nigra, but from the
beginning of the medulla oblongata of the glossopharyngeal nerve nuclei, to the motor nerve dorsal nucleus of the vagus nerve, to the
pons and midbrain, and finally to the neocortex. The human eye, ear, nose, tongue, and body perceive the external world. (1) Visual
impairment in patients with PD can be easily confused with senile eye disease. This change in retinal pigment cells has many similarities
to the degeneration of dopaminergic neurons in the substantia nigra in PD. (2) Selective high-frequency hearing impairment can cause
a certain degree of communication barriers, only understanding the son’s bass but not the daughter’s soprano, and there is a certain
relationship between hearing and body postural balance. (3) Olfactory loss is one of the earliest signs of PD and an important indicator
for the early screening of PD. (4) Taste disorders, including loss of taste and taste memory, can cause cognitive impairment. (5) The
body’s sense of touch, pressure, pain, temperature, and position abnormalities interfere with the motor symptoms of PD and seriously
affect the quality of life of patients. This article discusses vision, hearing, smell, taste, touch, and analyses of neuroanatomy and pathology,
revealing its clinical significance.
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1. Introduction sions in the brain do not begin in the substantia nigra of
the midbrain but begin in the glossopharyngeal nucleus of
the medulla oblongata, affect the dorsal motor nucleus of
the vagus nerve, and then reach the pons, midbrain, and fi-
nally the neocortex. Multiple organ multi-target injuries ac-
count for a wide range of motor and sensory disturbances
in PD, including motor and non-motor symptoms [28-31].
Humans use sensory organs, such as the eyes, ears, nose,
tongue, and body, to detect changes in the external world
and make appropriate adjustments. This is necessary for
the survival and development of humans. Therefore, this
paper examines and explains the neuroanatomical pathways
associated with sensory disorders, such as visual, auditory,
olfactory, gustatory, tactile, pressure, and pain sensations,
in PD.

The British physician James Parkinson first reported
“parkinsonism” in 1817, and humans have never stopped
researching “Parkinson’s disease” (PD) for more than 200
years. According to the eighth edition of the Clinical
Medicine’s undergraduate neurology textbook in China,
“Parkinson’s disease, also known as parkinsonism, is a neu-
rodegenerative disease commonly seen in middle-aged and
elderly people and is clinically characterized by resting
tremor, bradykinesia, rigidity, and postural balance disor-
ders” [1]. According to this definition, people are only con-
cerned with motor symptoms in PD and ignore sensory dis-
turbances [2-7].

PD is characterized by degeneration and a sharp de-
crease in the number of dopamine and other pigment-
containing neurons in the substantia nigra pars compacta,
locus coeruleus, raphe nucleus, and dorsal vagus nucleus
[8—15], as well as the appearance of eosinophilic inclu-

2. Visual Disturbance in PD

Diplopia, color discrimination disorder, contrast

sions (Lewy bodies) in the cytoplasm of the remaining neu-
rons [16—18]. Patients with PD first exhibit abnormal «-
synuclein deposition in gastrointestinal tissues other than
the brain [19-21], such as the antral mucosa, colonic mu-
cosa, and tissues surrounding the submandibular gland [22—
27]. PD is thus a disease that affects the entire body. Le-

recognition disorder, saccadic dysfunction, spatial percep-
tion disorder, visual hallucinations, and dry eye are visual
symptoms of PD [32-37]. Degeneration of the substan-
tia nigra in the midbrain reduces dopamine production and
release. a-synuclein deposition is also present in the in-
ner nuclear layer, inner lamella, and ganglion cell layer
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of the retina away from the midbrain [38], which is sim-
ilar to dopaminergic nerve cell dysfunction and results in
decreased visual conduction efficacy and acuity. In pa-
tients with PD, retinal fluorescein angiography revealed re-
duced avascular areas and increased vascular density in the
fovea, implying compensatory vascular proliferation with
dopamine neuron injury [39].

In patients with PD, optical coherence tomography re-
vealed weakening of the macular region and gradual aggra-
vation of the retinal nerve fiber layer [40]. Before expe-
riencing visual impairment, patients with PD have a slow
metabolism and decreased dopamine activity in the primary
visual cortex. Reduced dopaminergic neurons in the frontal
and basal ganglia affect the modulation of pupillary light re-
sponses and saccadic eye movements [41].

Different waveforms of electroretinograms (ERG) re-
flect the functional status and changes in dopamine levels
in the retina of patients with PD. Pattern ERG reflects gan-
glion cell function and ERG reflects the functional changes
in retinal pigment epithelial cells and photoreceptors by
measuring the changes in resting potentials in the anterior
and posterior poles of the eyeball during dark and light
adaptation [42—47]. Clinical studies [48] have shown that
the granular cell layer is significantly damaged in the early
stage of PD, and levodopa treatment can shorten the latency
of visual evoked potentials (VEP) and improve the interme-
diate frequency of pattern ERG in PD patients. Theta values
of global domain synchronization of EEG in patients with
PD increased in the eyes-closed state and cortical responses
decreased after intermittent stimulation [49].

3. Auditory Disorders in PD

Patients with PD are unable to differentiate high-
frequency speech sounds, such as the daughter’s voice, but
can clearly hear the son’s bass tone.

The auditory nerve first enters the cochlear nucleus,
where it splits into two branches, one of which sends fibers
to the anteroventral nucleus of the cochlear nerve and the
other to the postventral nucleus of the cochlear nerve and
posterior nucleus of the cochlear nerve. Low-frequency
fibers extend ventrally, whereas high-frequency fibers are
distributed dorsally according to an organized pattern of
tonotopic projections that pass through the cochlear nucleus
[50-56]. The electrical impulses from each nucleus on the
auditory pathway from the auditory nerve to the auditory
cortex are clinically recorded by brainstem auditory evoked
potentials (BAEP), which then assess the functional state
of each pathway based on the latency and amplitude of the
waveform [57-59].

Auditory problems are linked to dementia and low
mood, in addition to affecting afferents of sound impulses
and communication with the outside world [60]. Patients
with presbycusis and PD are deaf and deposit a-synuclein
in the efferent nerves of the inner ear [61]. PD patients have
an uneven gait, which could be a sign of impaired auditory

nerve function [60,61].

PD patients experience ‘“Dysphonia-Unable to per-
ceive full range wavelength of sounds” because they have
poor high-frequency hearing and are unable to perceive a
full soundscape. For example, a palace commercial horn
sign feather may only have thin timbre and timbre quality.
PD patients with selective hearing loss in addition to ar-
ticulation and airflow tremors over time may talk and hear
differently from other people and experience social impair-
ment [62—67].

4. Olfactory Disturbances in PD

Reactions to their surroundings, behavioral patterns,
and memory are inextricably linked to olfaction; however,
patients with PD experience olfactory impairment before
motor symptoms. In the PD group, olfactory testing at the
University of Pennsylvania Odor Recognition Experiment
revealed higher taste thresholds and lower olfactory dis-
criminating [68]. Olfactory memory impairment may be
a symptom of PD disease.

Olfactory dysfunction is characterized by pathological
alterations that are primarily found in the anterior olfactory
nucleus, which also exhibits extensive aberrant a-synuclein
deposition and neuronal death [69—71]. In patients with
PD, cortical nuclei also exhibit structural abnormalities in
olfactory cells at low magnification, bilateral piriform and
orbitofrontal cortical atrophy, and olfactory nerve atrophy
[72]. The olfactory mucosa, olfactory nerve, and impaired
olfactory afferent pathways are peripheral mechanisms of
olfactory dysfunction. It is also possible that the causative
agent enters the brain tissue directly through the olfactory
mucosa and olfactory nerve, causing damage to the mid-
brain substantia nigra or prefrontal cortex. In addition, ret-
rograde olfactory pathways are hampered, and dopamine
neurons in the substantia nigra of the midbrain deteriorate
[73-76]. However, dopamine has no obvious effect on ol-
factory disorders, which may be related to the route of ad-
ministration and form of the dopamine drug.

Olfactory dysfunction examinations can be used to
predict the likelihood of PD developing [77-81], and olfac-
tory dysfunction is an independent risk factor for diseases
such as PD [82-85].

Although there are now equipment and reagents suit-
able for the Chinese people, it is important to consider the
variations in vast Chinese areas and customs. The devices
currently in use should fully cover the regional culture, diet,
and environmental conditions. Olfactory testing, particu-
larly a thorough assessment of olfactory dysfunction in con-
junction with PD motor symptoms, increases the sensitivity
and specificity of early PD diagnoses.

5. Dysgeusia in PD

Taste is a special sensation that is instantly accompa-
nied by a powerful emotional reaction and profoundly in-
grained in the brain and digestive system. Distinct tastes
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excite different receptors that are delivered to the taste cen-
ter in the brain in various ways [86,87], whereas the same
taste stimulates the same receptors differently for the same
person during childhood and old age. There are connections
between scent, taste, and tongue temperature [87].

Methods for conducting taste tests include electrotaste
measurement, full-mouth taste testing, taste strip testing,
and taste-evoked potential testing. Little research has been
conducted on taste loss in PD patients. Electrogustometry
and the University of Pennsylvania odor recognition test
were used to examine taste and smell separately. In the PD
group, the taste threshold was higher and olfactory discrim-
ination was lower [87,88]. Because taste and scent changes
are gradual, they are frequently unreported. Some people
observed that their food had a mild, flavorless taste, or that
they frequently added more salt or pepper. Although the
loss of taste and smell is generally not a highly dangerous
symptom, it can cause appetite loss. Tongue taste in pa-
tients with PD can be affected by tongue stiffness, numb-
ness, pain, and burning sensations.

The taste sensation of the anterior two-thirds of the
tongue is mainly innervated by the facial nerve, whereas
that of the posterior one-third of the tongue is innervated by
the glossopharyngeal nerve. Loss of taste is mainly due to
nerve damage resulting in damage to the nerves innervat-
ing the taste buds, such as damage to the chorda tympani
nerve, and attention should also be paid to the following
conditions:

(1) Physiological taste loss due to older age.

(2) Pathological hypogeusia, such as gustatory nerve
disorders caused by surgery, otitis media, intranasal tumors,
rhinitis, turbinate hypertrophy, and other related diseases
may also cause hypogeusia.

(3) Drug-induced taste loss, such as the side effects
caused by long-term use of drugs to treat rheumatism,
levodopa causing a burning sensation in the mouth, and
trihexyphenidyl hydrochloride (Antan) causing decreased
salivary secretions, can affect the taste sensation in the
tongue, teeth, lips, and gums.

(4) Visceral diseases such as kidney or liver can also
cause taste abnormalities.

(5) PD tremors, particularly tongue tremors and other
movement disorders, cause oral problems such as difficulty
in cleaning, salivation, dysphagia, dry mouth, and tooth and
gingival problems, and can also lead to dysgeusia.

(6) In some patients, mood swings and insufficient
motivation for depression can lead to loss of taste.

6. Somatosensory Disturbances in PD

Paresthesia in the skin of PD patients is very subtle
and complicated, involving the feeling of touch or being
touched, pressure, temperature, pain, and imbalance of the
whole body when standing up or walking.

Unnameable pain is a special indicator of PD, and
some people experience pain in many body regions in vari-
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ous ways and at variable intensities before exhibiting move-
ment symptoms. However, the nature and etiology of cen-
tral and peripheral pain are quite different, and periph-
eral pain is mostly linked to poor vitamin Bj2 metabolism
[88,89]. Pain can be caused by small nerve fiber damage
and damage to the pain pathway in the central or peripheral
nervous systems.

Patients with PD usually experience unbearable bone-
crushing pain. Patients with PD may also experience bone
and joint discomfort, especially in those with low back pain.
However, PD may result in inexplicable pain owing to stiff-
ness, cramps, spasms, or other forms of muscle pain. Leg
discomfort known as “restless of leg”, feels like a pain in the
muscles and affects one-third of PD patients, is the most
prevalent type of pain that many PD patients also experi-
ence insomnia concurrently.

In fact, discomfort such as unmeasurable pain in pa-
tients with PD is frequently caused by muscle rigidity. This
is because uncomfortable symptoms typically worsen when
the drug is not as effective as the onset of dopaminergic
medication. However, the exact cause of the pain remains
unknown. In some cases, patients with PD may be more
sensitive to pain than are healthy individuals. Peripheral
neuropathy is a risk factor for PD, and can be exacerbated
by high-dose levodopa therapy. Burning pain, which is
a side effect of levodopa, is a key symptom of peripheral
neuropathy. Levodopa increases homocysteine levels and
decreases vitamin Bio intake [90]. PD and vitamin Bs-
deficiency increase the risk of uncontrollable pain [91].

Other commonly prescribed dopaminergic medica-
tions, including compound dopa, compound dopa + enta-
capone (Dalindox), dopamine receptor agonists (pramipex-
ole), and monoamine oxidase inhibitor type B, also aid in
the relief of PD pain, particularly pain related to motor fluc-
tuations [92]. PD can also be managed using nondopamin-
ergic medications. Targinact, a combination of the opioid
agonist oxycodone and peripheral opioid antagonist nalox-
one, is clinically used to effectively treat chronic pain in PD.
The semi-synthetic opioid oxycodone has long been used
in medicine as a strong analgesic. Drug safety issues with
this class of medicines have gained increasing attention in
recent years as drug addicts using oxycodone-containing
drugs have become more prevalent. Preparations made
from oxycodone-containing compounds and other types are
managed by relevant national authorities. Other opioid
analgesics with neuropsychiatric and gastrointestinal ad-
verse effects, such as tramadol, codeine, and morphine,
have not been proven useful in treating PD pain [93].

PD pain can be effectively treated with duloxetine, a
serotonin and norepinephrine reuptake inhibitor, with an-
tidepressant and central analgesic properties. Pregabalin
and gabapentin, two medications frequently used to treat
neuropathic pain, do not appear to be beneficial in the
treatment of PD pain. Botulinum toxin injections are safe
and effective in treating localized PD discomfort. The PD
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and pain were significantly relieved using neuromodulation
techniques [94]. When moderate-to-severe pain is present
in patients with PD, it may be challenging to obtain satis-
factory results with drug therapy alone, or patients may be
unable to take the medication continuously due to the side
effects of drugs.

Using neuromodulation techniques, deep brain stim-
ulation of the subthalamic nucleus may produce prolonged
efficacy in treating PD discomfort such as pain. The pain
associated with PD may be reduced by repetitive tran-
scranial magnetic stimulation (rTMS) [95], a noninvasive
method of cranial neuromodulation that modifies pain-
related signaling systems.

After skin biopsy, the nature of pain can be determined
by microscopic examination of tiny nerve fibers, quanti-
tative sensory tests, and contact thermal pain-evoked po-
tentials. In patients with PD, skin biopsies have revealed
a-synuclein accumulation in the epidermis of sensory and
autonomic neurons [96], a reduction in the number of epi-
dermal nerve fibers, and axonal enlargement of nerve fibers.
The functions of the tiny fibers were examined using quanti-
tative sensory testing. Elevated temperature perception and
lowered thermal pain thresholds have been observed in PD
patients. The contact thermal pain-evoked potential test is
non-invasive and simple to use [97]. It measures the den-
sity of nerve fibers in the skin epidermis, and the amplitude
is decreased in patients and is linked to special conditions.

Somatosensory evoked potentials (SEP) can be used to
assess the health of somatosensory pathways carried by the
gross tactile fibers. The vagus SEP can be used to measure
the damage to the dorsal motor nucleus of the vagus nerve
in PD. According to previous studies [98], PD patients had
considerably longer vagal SEP latency, smaller P20-N30
peak-to-peak values for bilateral short-latency SEP, and
amplitudes of N30 linked to blood flow in parietal cortical
regions [99].

PD is characterized by various abnormalities in many
body and organ systems, including autonomic dysfunction
of the gastrointestinal, cardiovascular, genitourinary, and
thermoregulatory systems. Heart rate variability and sym-
pathetic skin responses were used to assess autonomic dys-
function. Cardiovascular autonomic function is dynami-
cally monitored using heart rate variability [100]. Its am-
plitude reflects the simultaneous activation of efferent sym-
pathetic nerve fiber discharges by sweat glands, and can be
used as an indicator for cholinergic nerve function detection
in patients with PD. Sympathetic skin responses can reflect
autonomic dysfunction caused by damage to the peripheral
and central nervous system damage [101]. Patients with
PD have longer latency and diminished amplitude of sym-
pathetic skin responses in both the upper and lower limbs,
which may indicate impairment of the sympathetic nervous
system.

Likewise, patients with position perception disorders
are greatly affected. Position and hearing, which comprise

the functions of the eighth cranial nerve, have specific roles
and are complementary to one another. Nerve impulses that
originate from three semicircular canals perpendicular to
one another emit links with various systems to establish po-
sitional sensations [102]. Dystonia, visual abnormalities,
and compromised cortical control contribute to abnormal
gait and posture, which characterize PD.

As a result of their clinical characteristics and inabil-
ity to be entirely distinguished from motor symptoms, PD
sensory disorders are postulated in relation to PD motor dis-
orders and are classified as the primary “non-motor symp-
toms”. Since sensation and movement are intertwined, a
thorough evaluation of sensory and motor impairments in
PD is necessary to determine patients’ quality of life and
likelihood of survival. There are no precise grading scales
for sensory abnormalities because of their intricacy, yet
they may come before PD motor symptoms. Despite the
subjective nature of sensory disturbances, objective testing
is the only way to diagnose them. To obtain early diagno-
sis and treatment, a combination of subjective and objective
measures, clinical and neurophysiology, neuroimaging, and
molecular biology must be used together.

This study has three limitations. This study focused
solely on PD sensory impairment rather than motor symp-
toms. For example, the eighth cranial nerve carries hear-
ing and balance sensations, cochlear nerve division hear-
ing, and nerve division position sensations from the semi-
circular canal. Sensation and movement are inextricably
linked. Additionally, sensory problems have a strong ob-
jective foundation; this review only searched for objective
proof, and not in the subjective sector. The sensory percep-
tion fell within the subjective category.

This paper analyzed sensory disturbances based on the
human eyes, ears, nose, mouth, and skin of the body, but
comprehensive sensations may be more biologically mean-
ingful, and this paper did not take people into account for
the convenience of the narrative. PD is a systemic disease
and this analysis may have greater clinical value. Paresthe-
sia in patients with PD is not identical to the well-known
nonmotor symptoms of PD. In the future, it may be pos-
sible to statistically assess different PD sensory problems,
integrate them, and study them in conjunction with motor
symptoms. This may be the key to early diagnosis and treat-
ment of PD.

7. Summary

PD is clinically characterized by tremors and rigid-
ity. However, sensory disturbances corresponding to these
movement disorders have not aroused clinical concern. Re-
cent studies have confirmed that PD affects the entire body.
From the beginning of gastrointestinal lesions to the brain,
brain lesions do not start in the substantia nigra of the mid-
brain as we already known, but from the glossopharyngeal
nucleus of the medulla oblongata, followed by the dorsal
motor nucleus of the vagus nerve, to the pons, midbrain, and
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finally to the neocortex. Humans use sensory organs such
as the eyes, ears, nose, tongue, and whole body to sense ex-
ternal world changes; therefore, this study analyzes the neu-
roanatomy and pathological changes one by one from sen-
sory disturbances such as visual, auditory, olfactory, gusta-
tory, tactile, and pressure sensations in PD and reveals its
clinical significance.
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