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Parkinson disease (PD) is a neurodegenerative disease that causes the loss of
dopaminergic neurons in the brain. The imbalance in dopamine production causes motoric
disorder that can produce specific electrical signal that can be detected by electromyography.
Some methods were developed to diagnose PD and the use of a questionnaire and clinical
observation was widely used to diagnose the disease. The limitation of the methods includes
the fact that there are some differences in assessment results from clinicians due to the need
of experience. The use of electromyography hopefully can obtain an objective assessment that
can be easily used by clinicians. Some studies showed differences between normal muscle
electric-activity compared to PD related abnormal muscle electric activity. Some methods were
developed to use electromyography as a tool to diagnose PD related motoric symptoms, such as
rigidity, gait abnormality and tremor. The use of electric signals, which are produce in muscle
contraction, as markers to diagnose PD, as well as to monitor complications and the effect of
therapy hopefully can be developed. In this review article, we will discuss about the use of
electromyography signals that are related to PD. Therefore we will explain about basics of
electromyography, the use of electromyography signals to detect tremor and gait abnormalities
in PD, the use of electromyography for monitoring PD patients.
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Parkinson’s Disease (PD) is a
neurodegenerative disease due to the lack of
production of some neurotransmitters such as
dopamine that causes tremor, rigidity, bradykinesia
and postural instability as the main (cardinal)
symptoms.! Further, there is an imbalance in
dopamine receptor activity in extrapyramidal
pathways, both direct and indirect pathways.
Dopamine receptor in direct pathways is DI

receptor that causes excitatory effect, while in
indirect pathways the receptor is D2 receptor that
produces inhibitory effect. The imbalance between
D1 and D2 produces different symptoms in each
PD patient, which is not all PD patients show all
four cardinal symptoms.>3 PD currently has no
significant tool to diagnose it, and definite diagnosis
is through post mortem pathology examination.
Recently questionnaires based on clinical symptoms
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(motor and non-motor symptom) were developed,
but the use of the questionnaire needs clinical
observations from experts to do clinical judgments
based on the questionnaires.® In addition, a more
objective clinical judgments based on abnormal
muscle activity in electromyography (EMG),
which can be found in PD patients due the clinical
symptoms like rigidity, bradykinesia and tremor,
were developed. Therefore, tool-based markers
are needed to provide objective, quantitative,
continuous, and real assessment of PD, not only
to diagnose, but also to help patients monitor the
effects of therapeutics on their symptoms and
help clinicians to monitor the progressivity of the
disease.’

Electromyography is a procedure to
measure electrical activity in muscle contraction.
EMG is able to distinct clinical pathologies in
muscle that is represented by the appearance of
muscle activity and sound of muscle activity.
Muscle contraction will produce a signal that can be
seen on a monitor, and a specific sound will appear
especially when the EMG needle is inserted at the
muscle. There is a difference in signal activities
and the sounds that were produced in muscle
contraction between healthy and abnormal muscle.
The signal is produced in neuromuscular activation
based on muscle contraction; and an abnormality
in the contraction of a muscle caused by injury,
nerve damage, or muscular or neurological disorder
can be identified through EMG signals, and can be
observed during voluntary muscle contraction.®

Due the alteration in muscle activity in
PD patients due to lack of dopamine in central
nervous system, the EMG signal in PD patients
showed different pattern than normal person.®’
Therefore the aim of this review was to discuss
basics of electromyography, the use of EMG for
PD detection and monitoring that were related with
the abnormality of gait, tremor, swallowing and
motor abnormality in PD patient, and additional
approaches for PD diagnosis.

Basics of Electromyography

Electromyography is a detection and
recording method of biomedical signals from
electrical activity of musculoskeletal contraction.**
In a contraction of skeletal muscle, there’s a process
of depolarization and repolarization at muscle
fiber membrane that is known as action potential.
The action potentials of a skeletal muscle that are

summed up is called Motor Unit Action Potential
(MUAP).* The EMG technique is recorded by
inserting a needle at the ‘belly’ of a muscle and
recording the action potential of some area that
needle covers.’ This needle using method is
inconvenient for patient. Therefore, methods that
used electrodes that were attached on the surface
of the muscle (known as surface EMG) were
developed. This method has a limitation that only
surface muscles can be detected or recorded. Some
materials of surface electrodes were developed
to overcome the limitation, and the use of wet
gel electrodes was recommended to get better
conduction and impedance.® The position of the
electrodes have an important role to get better
signals, so guidelines were developed to locate
the electrode; and the standard guideline that is
widely used is SENIAM (surface EMG for non-
invasive assessment of muscles).® '°

There are many clinical uses of EMG
signals such as for diagnosis of neuromuscular
pathologies. EMG are used in many research
laboratories in relation to biomechanics, motor
control, neuromuscular physiology, movement
disorder, postural therapy and physical therapy.’
EMG signals as potential markers for PD
Detection and Monitoring

Electromyography signals that are
produced from body movements can be used to
identify abnormality of body movement. Abnormal
body movements in a certain disease can produce
abnormality in electromyography signal that can
be distinguished from that of normal person. In
PD patients the abnormalities such as increased
muscle tone, abnormal posture, gait and tremor
were found. Many studies tried to compare the
difference in EMG signal between PD patients
and normal persons.” ' '2 Therefore, EMG can be
used to detect the presence of PD and monitor the
progress of disease and treatment.
EMG to measure abnormal gait in PD patients

Some studies had been held to distinguish
abnormal gait in PD using EMG signals. Keloth e?
al reviewed the difference between normal gait in
normal person and abnormal gait in PD patients
and obtained the parameters to distinguish between
both of them."

Clinicians or neurologists usually asses
gait abnormality in PD with Unified Parkinson’s
Disease Rating Scale (UPDRS) score that needs
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an experience in clinical observations.® Further,
the information that is needed to assess UPDRS
score can be obtained from the patient, caregiver
or both. The information includes motor and non
motor functions that are divided into four parts, and
the scoring is divided into 5 stages (normal-slight-
mild-moderate-severe).'

Therefore, the use of EMG signals was
developed to asses gait in PD patients (Figure 1)."
Some inconvenience in the use of EMG signals as a
marker might occur due to its noisy characteristics,
such as noise from other muscle contraction,
artifact, or from equipment itself. To overcome
the disadvantage, scientists tried to reduce some
unwanted noise from EMG signal.’* ** Thus, to
reduce unwanted noise, smoothing algorithms,
such as moving average method, to yield a proper
amplitude parameter were applied. Moving average
is one of the methods to remove baseline fluctuation
that consists of four steps, i.e. select the data, select
the smoothing methods, select the span and select
the degree.® 16

Putri et al analyzed the abnormal gait
that was assessed by EMG, using artificial neural
network (ANN), and measured the voluntary
contraction of tibialis anterior, gastrocnemius
lateral and medial muscles. In the studies, the
EMG electrodes were attached at the belly of
the muscles that physiologically produced most
electrical signal. Using ANN classification for
signal processing, they showed that the accuracy of
the device to diagnose PD was 97%, which means
that the method has a benefit as a future diagnostic
tool for motoric symptoms in PD patients.”'” The
ANN classification, which was used consisted of
three layers, i.e. input, hidden and output layer.
Input layer is the feature of calculation result,
hidden layer consists of log-sigmoid transfer, and
the output layer is a hyperbolic tangent sigmoid
transfer function.’

A review from Singh et al discussed
various EMG signal processing techniques, such
as simple enveloping, EMG onset/offset detection,
EMG signal decomposition into MUAP, and
some algorithm of EMG signal analysis. Simple
enveloping is an EMG signal processing technique
that includes preprocessing, signal filtering,
rectification, smoothing, standardization, statistical
testing and computational algorithms. Some
scientists suggested to use band-pass filters for the

filtering of frequency within 10-500Hz.These EMG
signal processing may help to detect alterations
in EMG patterns between a healthy person and
a person with an abnormal gait (including a PD
patient). The various EMG signal processing
techniques are considered helpful to analyze EMG
signals that usually show a complex pattern, thus
for diagnosis and monitoring of some diseases,
including PD.¢

EMG to measure tremor in PD patient

Tremor in a PD patient is different from
other tremors. PD’s tremor occurs when a body
part of a PD patient is relaxed, and the tremor
is usually called as resting tremor. Such tremor
has intermediate amplitude, the frequency is
approximately 3-7 Hz, and can be modulated by
cognitive and physical activity.* ' ' EMG signal
can be used to differentiate tremor in PD from other
tremors, as well as for quantification, monitoring,
evaluation and detection of the tremor itself.'> "
At first there was a controversy to use EMG to
diagnose tremor in PD patients, because the use
of needles was very unpleasant and raised the risk
of infection. Therefore, analysis of tremor using
surface EMG (sEMG) was introduced, and the
promising results showed that it could discriminate
tremor in PD from a healthy person.'? A study
showed that EMG signals of patients with PD
contained more tonic background activity and
rhythmic burst activations than healthy controls.
EMG signal morphology was studied by using
sample histograms during isometric contraction of
biceps brachii muscle with varying loads to observe
differences between diseases.’

Jeon et al used wearable devices that were
attached to fingertips and wrists to measure EMG
signals and to evaluate tremor from PD patients
(Figure 1), and compared it with the UPDRS
scoring, which was evaluated by two neurologists.
The result showed that scoring from the device was
similar to the clinicians’ scoring. The EMG signal
pattern can be used to diagnose tremor in PD, as
well as to evaluate the severity of tremor in PD."

A study by Moghadam et a/ showed the
difference of the intensity of tremor in PD patients,
which the severity of tremor was measured using
EMG, between Extensor Carpi Radials Brevis
(ECRB) Muscle and Flexor Carpi Ulnaris (FCU)
muscle. The new algorithm, which is called Fast
Orthogonal Search (FOS), was used in the study,
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and hopefully can be developed to determine the
severity of tremors that can be related to the dose
of medication. The result of the study showed that
the accuracy, sensitivity, and specificity of the
algorithm to detect tremor severity were 99.26%,
97.17%, and 99.72%, respectively.?

Some limitations were found in the use of
EMG for PD detection due to various environment
exposures that might have effects on the result
of the examination, e.g. thermal condition like
cold that might increase the severity of tremor, or
otherwise heat that might increase muscle rigidity.'
EMG to measure dysphagia and motor
symptoms in PD

Neurogenic dysphagia often occurs in PD
patient in early or late period of PD. The swallowing
difficulty in PD range between 10-100% and can
increased the risk of death due to infection.?-
Ertekin used electrophysiology method to identify
dysphagia in PD at oropharyngeal phase that were
recorded from suprahyoid muscle under the chin
using surface electrode. The method was called
submental EMG (Figure 1). The purpose of this
method is to understand the pathogenesis of
oropharyngeal swallowing disorder in patient, to
identify spontaneous swallowing, and to diagnose
and monitor objectively.”

A monitoring method for motor symptom
in PD using EMG signals was developed later
by Boroojerdi et al that combined an accelerator
(a tool to detect the movement of the body) and
EMG device to detect motor fluctuation in PD
through wearable bio-censor patches. This study
compared the result from the sensor-patch (called
NIMBLE) connected EMG device and from
clinical observation using a questionnaire. The
study proved that the use the NIMBLE sensor-
patch could predict the motor-symptom score that
obtained from clinical observation.**

Additional Approaches for PD Diagnosis

Recent studies showed that PD is not
only related to dopamine pathology, but also to
other neurotransmitters, such as norephineprine,
serotonin, GABA and glutamate. The non dopamine
pathology of PD generates non motoric symptoms
of PD that are considered as prodromal symptoms.
The prodromal symptoms can be variable, such
as depression, behavior and cognitive disorder,
olfactory dis-function, or sleep disorder.?>?’

Recent studies used non motoric symptoms
for early diagnosis of PD. Electroencephalography
(EEG) can be used to measure the alteration
of sleep wave in healthy patients and to
predict a sleep disorder in a PD patient. Some

Fig. 1. Use of EMG to assess gait, ! tremor '° and dysphagia *
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neuroimaging examinations, including magnetic
resonance imaging (MRI), transcranial Doppler
ultrasonography, positron emission tomography
(PET), single-photon emission computed
tomography (SPECT), morphometric MRI
studies, functional MRI and perfusion imaging can
be used to distinguish idiopathic PD from other
Parkinsonian disorders.'>#*

Some biomarkers were studied for
early diagnosis to give early treatment for
PD patients, such as orexin, §-Hydroxy-20-
Deoxyguanosine, a-synuclein, apolipoprotein A
and many other neurochemicals.”® Neuroimaging
and neurochemicals are considered to be promising
markers to develop objective diagnostic tools.'*

The UK Parkinson Disease society brain
bank for diagnosis of Parkinson Disease developed
a questionnaire and a criteria to diagnose PD that
consist of main motor symptoms, exclusion criteria
and supportive criteria for PD, whose accuracy
was approximately 90%. The limitation for this
questionnaire is that it only consists of motor
symptoms, while the non-motor symptoms as
prodromal symptom was not assessed. However,
it is likely to be used by clinicians, because it is
more familiar." %

In conclusion, many studies showed the
accuracy of EMG signal compared to scoring
systems that were widely used by clinician
(especially neurologist) and showed high accuracy,
specificity and sensitivity. EMG is a potential
marker to distinguish abnormal tremor and gait
in PD, and hopefully can be used to diagnose or
monitor PD symptoms that are more objective and
have a quantitative results compared to scoring
systems.
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