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ELECTRICAL STIMULATION FACILITATED
SYMPTOM TRANSFERENCE FOR
EMPATHIC RESPONSE

FIELD OF THE INVENTION

[0001] The present invention is directed to a device to
evoke an empathetic response in a subject. The present
invention is directed to a method of using electrical muscle
stimulation to evoke empathy.

BACKGROUND OF THE INVENTION

[0002] Empathy is defined as the ability to understand and
share the feelings of another. Clinical empathy, in particular,
can be described as the ability to understand a patient’s
circumstances, thoughts and feelings, verifving those with
the patient, and responding both appropriately and helpfully
to the patient. There may be many benefits to empathy
among patients, physicians and caregivers. Empathy
towards patients has been shown to increase diagnostic
accuracy, improved adherence to medical recommendations
and better outcomes. A caregiver’s appreciation for the
patient and their emotional situation can lead to a shared
understanding of the patient’s response to illness.

[0003] Improving empathy towards patients or a disease
has traditionally involved narrative techniques such as ver-
bally describing symptoms, testimonials from patients about
their experiences or by watching videos of patients” expe-
riences. Recently, technologies such as virtual reality have
been employed to make for richer and more immersive
viewing experiences. These methods can work well for some
situations but for diseases such as Parkinson’s disease (PD)
or other movement disorders, where there may be apparent
motor symptom issues, simple narrative techniques may fall
short. Therefore there may be a need for a deeper form of
communication to help caregivers be empathetic to patients.

SUMMARY OF THE INVENTION

[0004] The aim of the present invention is to provide a
method of simulating a tremor in a subject and evoking an
empathetic response in the subject towards a patient suffer-
ing from tremors, the method comprising: capturing and
analyzing the pulses derived from a sensed neuromuscular
event associated with tremors experienced by a patient; and
applying an electrical muscle stimulation to the subject to
mimic the neuromuscular event derived from the sensed
information associated with a patient experiencing tremors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Referring to the drawings wherein like reference
numerals indicate similar parts throughout the several views,
several aspects of the present invention are illustrated by
way of example, and not by way of limitation, in detail in the
figures, wherein:

[0006] FIG. 1 represents the components of the EMS
technology.

[0007] FIG. 2 represents a sample EMG output result.
[0008] FIG. 3 represents a device in a garment placed on

a subjects forearm.

[0009] FIG. 4 represents the components of the device in
a garment.

May 16, 2019

[0010] FIG. 5 represents a progressive series of wave-
forms from a sensed neuromuscular event through several
phases of processing to a sample generated pulse train for
application to a subject.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0011] The detailed description set forth below in connec-
tion with the appended drawings is intended as a description
of various embodiments of the present invention and is not
intended to represent the only embodiments contemplated
by the inventor. The detailed description includes specific
details for the purpose of providing a comprehensive under-
standing of the present invention. However, it will be
apparent to those skilled in the art that the present invention
may be practiced without these specific details.

[0012] The present invention provides a method of simu-
lating a tremor in a subject and evoking an empathetic
response in the subject towards a patient suffering from
tremors, the method comprising: synthesizing a tremor
inducing signal, which may be done by capturing and
analyzing the pulses derived from a sensed neuromuscular
event associated with tremors experienced by a patient; and
applying an electrical muscle stimulation to the subject
using the synthesized pulses associated with a patient expe-
riencing tremors.

[0013] Tremors are an involuntary, rhythmic muscle con-
traction leading to shaking movements in one or more parts
of the body. It may be a common movement disorder that
most often affects the hands but can also occur in the arms,
head, vocal cords, torso, and legs. Tremors may be inter-
mittent (occurring at separate times, with breaks) or con-
stant. Tremors can occur sporadically (on their own) or
happen as a result of another disorder or trigger. Generally,
tremor is caused by a problem in the deep parts of the brain
that control movements. Most types of tremor have no
known cause, although there are some forms that appear to
be inherited. Tremor can occur on its own or be a symptom
associated with a number of neurological disorders, includ-
ing for example: multiple sclerosis, stroke, traumatic brain
injury or neurodegenerative diseases that affect parts of the
brain (for example, Parkinson’s disease). Some other known
causes can include: the use of certain medicines (particular
asthma medication, amphetamines, caffeine, corticosteroids,
and drugs used for certain psychiatric and neurological
disorders), alcohol abuse or withdrawal, mercury poisoning,
overactive thyroid, liver or kidney failure or anxiety or
panic.

[0014] Treating tremors can be difficult and patients suf-
fering from tremors may sometime feel that health care
practitioners don’t understand their disease. The claimed
invention may help such practitioners understand what it
feels like to experience tremors so that they may be empa-
thetic towards their patient. Empathy towards patients has
been shown in literature to have a beneficial impact on the
treatment of the patient experiencing tremors for example in
diagnostic accuracy and adherence to medical recommen-
dations, for example in Neumann M, Scheffer C, Tauschel D
et al. Physician empathy: definition, outcome-relevance and
its measurement in patient care and medical education.
GMS 7 Med Ausbild 2012; 29: Docll; Halpern J. Empathy
and patient-physician conflicts. ] Gen Intern Med 2007; 22:
696-700; and Deladisma A M, Cohen M, Stevens A et al. Do
medical students respond empathetically to a virtual
patient? Am ] Surg 2007; 193: 756-760.
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[0015] The present invention provides a method of simu-
lating a tremor in a subject, which may include capturing
and analyzing the pulses derived from a sensed neuromus-
cular event associated with tremors experienced by a patient.
There are at least three ways of obtaining muscle motion
data, analyzing it, and generating useful signals associated
with a patient suffering from tremors or PD to evoke
simulated similar tremor with the help of electrical muscle
stimulation (EMS) in another person for the purpose of
evoking an empathic response. One method includes gen-
erating an electromyogram (EMG). An EMG shows the
electrical activity of muscles. This is a preferred method as
it provides a direct channel to the desired data to be
analysed, namely the activity of the targeted muscles during
tremor, and it aligns with the method of stimulation, using
EMS with “playback” of the EMG information.

[0016] A second method includes taking a video of the
muscle motions that may then be analysed using computer
vision techniques to determine which muscles need to be
stimulated in which order and at which timing and intensity.
A third way includes using accelerometers and gyroscope
sensors. These sensors have become ubiquitous in wearables
such as the Fithit™ and sophisticated algorithms have been
developed for the fusion of data to produce accurate analysis
of motions, which can in turn be used to synthesize a
tremor-inducing signal.

[0017] In an embodiment, the present invention provides
a method of simulating a tremor in a subject comprising
applying a synthesized electrical muscle stimulation signal
to the subject to cause a mimicking of sensed neuromuscular
events associated with a patient experiencing tremors. FIG.
1 shows the components of the device that generates and
supplies a subject with EMS.

[0018] EMS has been traditionally used in sports medi-
cine, physical therapy, for aesthetic and fitness promoting
purposes. EMS works by applying electrical current to
muscle nerves through electrodes placed on the skin in
proximity to the targeted muscles to cause muscle contrac-
tions.

[0019] The power supply 1 provides a power source to the
processor, display, wireless module 6 and the muscle stimu-
lation drive circuitry. It can be regular alkaline batteries such
as AA, AAA or rechargeable lithium-ion batteries. In one
embodiment, it is a regular 9V PP3-size alkaline battery.

[0020] The high voltage power module 2 boosts the bat-
tery voltage to that needed for electrical muscle stimulation.
EMS may require voltages from 30V to 80V depending on
activation intensity and location of muscle stimulation.
Areas on the body with larger muscles will require higher
voltages. A variable voltage of 30-42V may be used for
precise and comfortable activation of muscles in the fore-
arm.

[0021] The low voltage power module 3 regulates the
battery voltage to provide a stable energy source for the
main processor, wireless module, display, and electrode
control circuitry.

[0022] The wireless module 6 enables the device to
receive muscle activity information in real-time, whether it
be raw EMG data or a post-analysis or synthesized muscle
control signal. It may also enable the device to receive
control and communication signals from a connected device
such as a smartphone. The module 6 may receive muscle
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control signals from a smartphone application that analyses
streaming EMG data in near real-time to provide a mirrored
synthetic tremor.

[0023] The microcontroller 7 is the main processor that is
used for analysing raw EMG data and generating synthe-
sized muscle control signals. It also has memory and is
capable of storing pre-recorded muscle control signal
sequences. Muscle control signals consist of impulse timing
and intensity specifications.

[0024] The electrode control module 4 receives muscle
control signals from the processor and has electronic com-
ponents and circuitry to supply the electrode interface 5 with
the required current impulse and voltage to cause desired
muscle motions. The module may include components and
drive circuits for control over more than one electrode. The
module 4 may in one embodiment control 8 or more
channels of electrical stimulation and may be connected to
a common processor.

[0025] The electrode interface 5 can consist of any number
of electrodes arranged in a variety of formations. The
electrodes can be integrated into garments for different parts
of the body to provide stimulation to specific muscles. In one
embodiment, 8 or more pairs of electrodes may be integrated
into a garment that is strapped to a subject’s forearm such
that the electrode pairs span the circumference of the fore-
arm targeting the muscles that control hand motion.

[0026] In one embodiment the EMS stimulation used for
targeting a subject’s forearm may be by a DC-DC converter
that may boost the battery voltage of 9V to a range of 10V
to 38V. The current may be within the range of 50 mA to a
500 Ohm. In one embodiment, the voltage may not vary
pulse to pulse but may depend on a subject’s body compo-
sition to provide a safe stimulation. Other higher voltage
ranges may be used for larger muscles such as those in the
legs.

[0027] Certain parameters that may characterize the pulse
stimulation include, for example: pulse intensity, the pulse
width, the number of pulses, the pulse frequency and the
duration of a synthesized pulse. The pulses that may be used
in a subject’s forearm may include monophasic pulsed
galvanic DC, these pulses may comprise of duration ranges
from 10-1000 microseconds. The pulse frequency may
range up to 100 Hz. Longer pulse durations may cause
greater contractions, however there may be a certain thresh-
old after which contractions may not increase. In such cases
a specific sequence of pulses may be used to stimulate
stronger contractions, such as limiting the time in between
pulses. For example, a pulse interval of 10 ms may not allow
the muscle fibres enough time to recover from the previous
stimulation thereby providing stronger contractions by in
essence compounding the effects of successive closely timed
pulses.

[0028] When the subject’s skin receives the electrical
stimulation current via electrodes, muscles near the elec-
trodes contract and relax, producing a motion in the hand
and forearm that may be characteristic of or very similar to
a Parkinson’s tremor. The electrodes may be placed on the
subject using technology known in the art, for example using
a garment 5. Depending on the muscle to be targeted and the
kind of tremor to be stimulated, the design, number of
electrodes and channels may vary. As in FIG. 4 the design
of the garment may comprise of at least 8 or more channels
of stimulation arranged along the circumference of the
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subject’s forearm thereby including at least 16 or more
electrodes. FIG. 3 shows the garment on a subject’s forearm.

Example

[0029] An EMG capturing device known as the Myo was
used to capture and analyse pulses derived from sensed
neuromuscular event associated with tremors experienced
by a Parkinson’s patient. An 8-channel EMG armband was
used on a patient’s forearm as in FIG. 4. The provided raw
EMG data was observed as an integer between -128 and
+128 at 200 Hz. F1G. 2 shows the raw data obtained from the
EMG.

[0030] Referring to FIG. 5 the raw EMG data was first
rectified by converting the raw EMG signal 10 to a positive
set of values using the baseline, referred to as the pulse
segmentation 12. Areas in the EMG where non-baseline
activity was detected, the segment of the signal representing
one pulse was isolated for further analysis. Once the seg-
mentation was performed, the EMG data underwent an
envelope detection operation to determine the coarse shape
of the waveform of the signal. This allowed for differenti-
ating between a short burst contraction and a sustained
contraction. A Fourier Transform calculation was then per-
formed to determine the fundamental frequency of the pulse.
The duration of the impulse and intensity were also deter-
mined, this process is also known as tremor characterization
13. The pulse duration is calculated by performing a thresh-
old filter over a windowed segment of rectified EMG data.
The synthesized pulse parameters were calculated using the
following equations:

1o (W e Olfin)*(amatysea=0-3)/0.5)+ O

=min[max[dur/(t,g+t,,/1000),1],25]

Miserations

By measuring several periods of the tremor cycle, an aver-
age set of impulse parameters can be extracted and an
impulse train synthesized consisting of several timed syn-
thesized pulses.

[0031] This information from the patient determined the
EMS pulse generation, 14, such as for example the pulse
intensity, the voltage, the pulse width, the number of pulses,
the pulse frequency and the duration of a synthesized pulse
administered to a subject to evoke empathy.

[0032] Self-reports were used to measure empathy, using
a set of questionnaires. Both trait and state empathy were
measured to examine dispositional empathy (i.e., how one
generally feels on a regular basis) and situational empathy
(i.e, how one feels in the moment), respectively. Trait
empathy was measured using the Jefferson Scale of Physi-
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cian Empathy (JSPE; Hojat et al., 2001), which contains 20
items, each answered on a 7-point Likert scale (1="Strongly
Disagree”, and 7=“Strongly agree”). State empathy was
measured using a modified version of the State Empathy
Scale (adapted from Shen, 2010), which is a 12-item ques-
tionnaire, measuring affective, cognitive, and associative
components of situational empathy, on S-point Likert scales
anchored at both poles (0="Not at all,” and 4="Com-
pletely”).

[0033] Subjects first answered the Jefferson Scale of Phy-
sician Empathy to assess overall trait empathy. Next, the
subjects were outfitted with the device on their dominant
arm and stimulated with a 2-minute tremor simulation from
a Parkinson’s disease patient. The participant was then asked
to perform specific motor function tasks, including button-
ing a shirt, and writing their name on a sheet of paper. After
the motor function tasks, the participants answered the
Modified State Empathy Scale.

[0034] The findings showed that use of the device did
increase the empathy experienced for the disease by a fairly
significant amount.

What is claimed is:

1. A method of simulating a tremor in a subject and
evoking an empathetic response in the subject towards a
patient suffering from tremors, the method comprising:
applying an electrical muscle stimulation in a synthesized
pattern to the subject to cause tremors in the subject which
mimic tremors associated with the patient experiencing
tremors.

2. The method in claim 1, further comprising capturing
and analyzing EMG harvested from a sensed neuromuscular
event associated with tremors experienced by the patient.

3. The method in claim 1, wherein obtaining muscle
motion data, analyzing it, and generating equivalent signals
to those from the patient suffering from tremors or Parkin-
son’s disease include using: EMG information, a video of
the muscle motions, accelerometers or gyroscope sensors.

4. The method of claim 1, wherein the synthesized pattern
of electrical muscle stimulation includes a pattern of pulses
of specific intensity, duration, slope and interval or fre-
quency.

5. The method of claim 1, wherein the synthesized elec-
trical muscle stimulation is administered to the patient using
at least 8 electrical muscle stimulation electrodes incorpo-
rated into a garment that delivers at least eight channels of
stimulation to locations along the circumference of the
subjects forearm.
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