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Abstract

Background: Parkinson disease (PD) is a neurodegenerative disease that has a wide range of motor symptoms, such as tremor.
Tremors are involuntary movements that occur in rhythmic oscillations and are typically categorized into rest tremor or action
tremor. Action tremor occurs during voluntary movements and is a debilitating symptom of PD. As noninvasive interventions
arelimited, thereisan ever-increasing need for an effective intervention for individual s experiencing action tremors. The Microsoft
Emma Watch, awristband with 5 vibrating motors, is a noninvasive, nonpharmaceutical intervention for tremor attenuation.

Objective: This pilot study investigated the use of the Emma Watch device to attenuate action tremor in people with PD.

Methods: The sample included 9 people with PD who were assessed on handwriting and hand function tasks performed on a
digitized tablet. Tasksincluded drawing horizontal or vertical lines, tracing astar, spiral, writing “elelelel” in cursive, and printing
a standardized sentence. Each task was completed 3 times with the Emma Watch programmed at different vibration intensities,
which were counterbalanced: high intensity, low intensity (sham), and no vibration. Digital analysis from the tablet captured
kinematic, dynamic, and spatia attributes of drawing and writing samples to calculate mathematical indices that quantify upper
limb motor function. APDM Opal sensors (APDM Wearable Technologies) placed on both wrists were used to calculate metrics
of acceleration and jerk. A questionnaire was provided to each participant after using the EmmaWatch to gain abetter understanding
of their perspectives of using the device. In addition, drawings were compared to determine whether there were any visua
differences between intensities.

Results: In total, 9 people with PD were tested: 4 males and 5 females with a mean age of 67 (SD 9.4) years. There were no
differences between conditions in the outcomes of interest measured with the tablet (duration, mean velocity, number of peaks,
pause time, and number of pauses). Visual differenceswere observed within asmall subset of participants, some of whom reported
perceived improvement. The majority of participants (8/9) reported the Emma Watch was comfortable, and no problems with
the device were reported.

Conclusions: There were visually depicted and subjectively reported improvements in handwriting for a small subset of
individuals. Thispilot study waslimited by asmall sample size, and this should be taken into consideration with the interpretation
of the quantitative results. Combining vibratory devices, such as the Emma Watch, with task specific training, or personalizing
the frequency to one's individual tremor may be important steps to consider when evaluating the effect of vibratory devices on
hand function or writing ability in future studies. While the Emma Watch may help attenuate action tremor, its efficacy in
improving fine motor or handwriting skills as a stand-alone tool remains to be demonstrated.
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Introduction

Parkinson disease (PD) is a progressive neurodegenerative
disease caused by the degeneration of dopaminein the substantia
nigra and striatum areas of the brain that results in a decrease
in the ability to control and coordinate movement [1,2]. PD
currently affects more than 6 million people worldwide [3] and
the incidence of PD is expected to doublein the next 2 decades
[2]. The cause of PD appears to be multifactorial, with
behavioral, environmental, genetic, and lifestyle factors playing
arole [2]. PD is characterized by both motor and nonmotor
symptoms, however, the cardina features include rigidity,
tremor, bradykinesia, and postura instability [4]. While many
forms of tremor may be present in PD, action tremor, which
includes postural, isometric, and kinetic tremor [5,6], occurs
during active, voluntary movement and is an impairment that
affects writing, hand function, activities of daily living, and
quality of life [4,7]. Furthermore, people with PD experience
psychosocial implicationsresulting from their tremor, including
negatively impacted relationships, self-image, and overall
well-being [8]. Action tremor is reported in 46% of individuals
with Hoehn and Yahr Stages 1 and 2, and up to 93% of people
in Stages 1-5 [7].

The pathophysiology of action tremor is uncertain but has a
clear difference from other motor symptoms of PD [9] asit is
thought to be modulated by nondopaminergic pathways and
does not correlate with dopamine depletion in the striatum;
rather, serotonin, noradrenaline, and acetylcholine appear to
play more of arole [9]. It may be caused by oscillations that
occur within internal sensorimotor feedback circuits during
movement [10,11] or by abnormal activity within the basal
ganglia and cerebello-thalamo-cortical circuit [9,12] Action
tremor frequency usually displays a 1.5 Hz higher frequency
than that of rest tremor, which is~4-6 Hz [9]. Interventions for
the management of action tremor have been limited. Deep brain
stimulation to the subthalamic nucleus and globus pallidus have
shown improvement in action tremor severity at 6 and 12 months
post implantation, but is invasive, can lead to adverse events,
and isnot suitablefor everyone[11]. Dopaminergic medications
also have limited efficacy in improving action tremor-related
motor dysfunction [5,8,9,13], leaving apressing need to address
these functional sequelae.

Equivocal findings have been reported for total body vibration
to improve motor function in people with PD [14], however
recent studies suggest targeted vibration methods may be
beneficial [15]. High-frequency vibration stimulation (also
known as haptic feedback), along with medication, have
improved movement initiation, movement speed, precision, and
decreased tremor for people with PD [15-17]. Vibration is a
form of sensory stimulation that results in increased sensory
input and activation of the muscle spindle fibers, and may
improve neuromotor functions in people with sensorimotor
deficits [18]. Providing high frequency vibration over the
forearm activates the muscle spindles and interrupts the central
nervous system'’s interpretation of the proprioceptive position
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of the limb in space, interpreting the vibration as sensory
information and producing a muscle contraction [15].

Use of haptic feedback may reduce resting tremor and is
considered safe and well tolerated when delivered in short
durations viawearable devices, but its effects on action tremor
has not been well studied [19,20]. The Emma Watch is a
wrist-worn wearable device devel oped by Microsoft Research
that provides constant high frequency vibration to each side of
thewrist; preliminary findings suggest it may reduce movement
speed and improve precision of performance in drawing and
tracing tasks in people with PD [17]. However, efficacy of the
Emma Watch on peoplewith PD isunclear; therefore, this pilot
study evaluated the use of the Emma Watch in people with PD
who present with symptomatic and disruptive action tremor
during handwriting, drawing, and hand function tasks.

Methods

Participants

In total, 9 people with PD were recruited for this pilot study,
which began just prior to the COVID-19 pandemic. We had
expected to enroll atotal of 20 participants; however, human
subjects research was suspended in New York City during the
pandemic. The inclusion criteria were (1) formal diagnosis of
PD from a neurologist and (2) the presence of action tremor in
one or both hands, with a rating of >1 on the Movement
Disorders Society—sponsored Revision of the Unified
Parkinson’s Disease Rating Scale part |11 item 3.16 (rating of
tremor). Exclusion criteria were: (1) history of comorbid
neurological conditions, that is, including stroke or other
neurodegenerative disease, (2) acute orthopedic conditions on
the dominant hand, (3) chronic orthopedic conditions affecting
the ability to write, (4) implantation of a pacemaker or deep
brain stimulator, or (5) inability or unwillingness of the
participant or legal guardian to give written informed consent.
Individuals were recruited from the community via flyers and
neurologists from Columbia University Irving Medical Center
were informed of our study and could refer their patients.

Ethical Considerations

This study was approved by the institutional review board at
Teachers College, Columbia University (IRB#19-266) and all
participants signed informed consent. Privacy and confidentiality
standards were protected throughout the research study, and all
study data collected were deidentified. Participants were
compensated US $50 for their participation in this study.

Emma Watch Device

The Emma Watch is a lightweight watch-like device worn
around the dominant wrist. The device uses 5 small linear
resonant actuators, each with a 205 Hz vibration frequency and
controlled by a driver with an auto resonance engine. The
vibration's strength and modulation are controlled via a
Microsoft Surfacetablet app (Microsoft), which connectsto the
Emma Watch via Bluetooth. The vibration is initiated at the
start of movement and delivered throughout the task. Thelinear
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resonant actuators were run by a haptic driver at 100%, 64.7%,
and 50% duty cycle, producing 3 vibration amplitudes: ~1.51
g (highintensity), ~0.38 g (low intensity), and O g (no vibration)
modulated with a 500-millisecond/500-millisecond on/off
vibration cycle in a counterbalanced order.

Study Design

Individuals participated in two 90-minute sessions, performed
on different days, but only 1 day for each participant was
analyzed for this pilot study. Participants were tested within 1
hour after administration of their regular disease-specific
medication. All participants donned the Emma Watch, along
with 3 wearable inertiadl measurement units (APDM Opadl
sensors; APDM Wearabl e Technol ogies), oneon each wrist and
their trunk. All assessmentswere video recorded using aGoPro
camera (GoPro). Participants completed baseline clinical
assessments, along with a series of handwriting and fine motor
assessments, with the Emma Watch counterbalanced on 3
vibration conditions. The~0.38 g (low) isavery mild vibration
and acted as a control condition [21].

Assessments

We obtained demographic information from each participant,
including age, gender, hand dominance, current list of
medications, and education level. The effect of tremor on daily
living activities was evaluated using the Bain and Finley
Activities of Daily Living Scale [22] and self-reported hand
function was evaluated using the Manual Ability Measure [23]
(see Multimedia Appendix 1).

Tablet Analysis

Participants completed 3 repetitions of handwriting and drawing
tasks using a stylus and a digitizing tablet (Microsoft Surface).
Participants were instructed to conduct the tasks as quickly and
accurately as possible. Tasks included drawing horizontal or
vertical lines, tracing astar, spiral, writing “elelelel” in cursive,
and printing a standardized sentence. Each task was completed
3timesat 3 different vibration intensities: with the EmmaWatch
counterbalanced at a high intensity, alow intensity (sham), and
their baseline with no vibration. Digital analysis captured
kinematic [24], dynamic, and spatial attributes of drawing and
writing samplesto calculate mathematical indicesthat quantify
upper limb motor function. Thetablet recorded the pen’sx- and
y-position and timestamp without wires or other attachments.
The Windows app stored and converted datainto readablefiles
for analysis.

Analysis of the tablet recordings was performed with Python
3.7 (Python Software Foundation). The pen’s position in the x-
and y-direction was converted to Euclidian distance at each
point. The median sampling frequency of the x- and y-coordinate
datawas 142 Hz. To ensure a constant sampling frequency, the
distance was resampled to a constant 142 Hz, using linear
interpolation. Pointwise velocity was calculated as pointwise
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Euclidian distance divided by pointwise time interval. Vel ocity
data were smoothed using a 3.5-Hz cut off, 5th order, low-pass
Butterworth filter to remove high frequency fluctuations. We
used this cut off to quantify slow movementsrelated to writing.
Measures cal culated were (1) duration (seconds) of each drawing
task, defined as the time taken to complete the drawing, from
stylus down to stylus up, including pauses between strokes; (2)
number of pauses, where a pause is any lift off of the stylus
whiledrawing; (3) pause duration (seconds), defined asthe sum
of al pause times; (4) mean velocity (pixels/second) of each
drawing task, defined as the mean of each pointwise velocity;
and (5) fluency, defined asthe number of local maxima (peaks)
in the velocity profile. These peaks were found by comparison
of neighboring values without any threshold.

Accelerometry Analysis

Preprocessing of the APDM Opal Sensor data was carried out
in MATLAB (MathWorks R2020A). Raw signals from the
accel erometers were set to horizontal and vertical coordinates
by the sensors preexisting agorithms, which use the
magnetometers and gyroscopesto identify x-, y-, and z-reference
positions. Right and left wrist streams were extracted and
processed in MATLAB. Accelerometry streams, sampled at
128 Hz, were filtered through a 3.5 Hz cut off, zero-phase,
low-pass Butterworth filter. This filtering profile is consistent
with previous uses of APDM inertial measurement unit sensors
in identifying anticipatory postural adjustments. The
accelerometer and video data were synched through a series of
claps, performed to identify the start of each drawing task. The
start of aclap wasdesignated if it met apower threshold of 0.17
in the accelerometry stream and was followed by 110
consecutive data points above the threshol d.

The processing of the APDM Opal Sensor datawas done using
R (R Foundation for Statistical Computing) and Python (Python
Software Foundation). Further, 32 metrics were calculated for
each of the 3 axes of acceleration and jerk signals using
mhealthtools [25] R package. These include the mean,
complexity, mobility, roughness, rugosity, Shannon entropy of
the frequency probability distribution, mean frequency, and the
energy present in the twenty-four 0.5 Hz-bands between 2 Hz
and 12 Hz. The signal’s fluency was computed in asimilar way
to the tablet drawings streams.

Statistical Analysis

Statistical tests were conducted using R (version 4.02). Linear
mixed-effects models were used to compare means of task
outcomes (duration, humber of pauses, pause duration, mean
velocity, and number of peaks) between vibration intensities
(zero, low, and high) within the 5 tasks (rectangle, spiral, star,
elelelel, and handwriting; see Table 1). Linear mixed effects
models used vibration frequency as a categorical variable,
generated arandom intercept, and used the “Ime4” package on
R [26].
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Table 1. Duration, velocity, and peaks for tablet tasks.
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Task No vibration, mean (SD) Low intensity, mean (SD) High intensity, mean (SD)
Spiral
Duration (seconds) 38.8(23.7) 37.2(20.4) 37.1(21.1)
Pause number 1.6(2.8) 0.8(1.2) 1.2(2.0)
Patse time (seconds) 0.014 (0.02) 0.008 (0.01) 0.012 (0.02)
Scaled peaks (peaks/s) 2.2(0.1) 2.2(0.2) 2.2(0.2)
Number of peaks 85.8 (50.6) 85.3 (52.1) 82.4 (48.1)
Mean velocity (pixels/s) 168.0 (65.1) 171.0 (73.6) 171.8 (71.2)
Handwriting
Duration (seconds) 18.2 (4.9 17.3(5.0) 18.3(5.7)
Pause number 252(1.2) 24.6 (1.9) 24.4(2.0)
Pause time (seconds) 0.2 (0.03) 0.2 (0.02) 0.2 (0.03)
Scaled peaks (peaks/s) 14(0.2) 15(0.2) 15(0.2)
Number of peaks 25.2(8.3) 24.9(7.3) 26.5(9.0)
Mean velocity (pixels/s) 201.5 (80.7) 195.3 (78.3) 195.1 (68.9)
APDM Spiral
Acceleration
Complexity 235(3.7) 222 (34) 233(2.7)
Roughness 0.03 (0.05) 0.08 (0.1) 0.06 (0.1)
Rugosity 0.009 (0.006) 0.01 (0.008) 0.012 (0.008)
Mobility 15.6 (2.4) 14.4(1.9) 15.0 (1.5)
Frequency 2.3(0.5) 2.1(0.4) 2.1(0.3)
Entropy 0.57 (0.04) 0.55 (0.04) 0.56 (0.02)
Peaks 172.0 (102.6) 135.1(82.2) 1485 (82.7)
Normalized peaks 4.7 (0.5) 4.2 (0.5) 4.2(0.5)
Jerk
Complexity 41.8(10.1) 40.3(21.1) 40.0 (10.3)
Roughness 60.5 (122.5) 121.4 (200.3) 92.9 (173.0)
Rugosity 0.21(0.12) 0.32(0.22) 0.30(0.22)
Mobility 251 (4.3) 235 (4.6) 24.0(2.7)
Frequency 3.5(0.6) 3.3(0.5) 3.4(0.3)
Entropy 0.60 (0.03) 0.59 (0.04) 0.60 (0.03)
Results In total, 3 out of 9 participants reported noticeable or marginal

In total, 9 people with PD were tested: 4 males and 5 females
with amean age of 67 (SD 9.4) years. The results showed no
differences in any of the outcomes of interest measured with
the tablet (duration, mean velocity, number of peaks, pause
time, and number of pauses), or with APDM (acceleration and
jerk). The only exception was APDM normalized accel eration
peaks, where amain effect of intensity was found [sham: 4.67
(0.52), low: 4.18 (0.53), and high: 4.21 (0.50)]. However, apost
hoc Tukey test revealed no pairwise-differences between
frequencies.

https://biomedeng.jmir.org/2023/1/e40433
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improvement, 4 out of 9 reported enjoyment in device use; 8
out of 9 reported device comfort, and no problems with the
device were reported. For those individuals who reported
perceived improvement, a stratified sample of tremor severity
should be used in future studies to clarify which participants
may garner efficacious results.

Figure 1 shows 2 representative parti cipants who demonstrated
avisual improvement on the spiral tasksin the high versus sham
condition, with corresponding objective data of task duration,
pause duration, pause count, mean velocity, and number of
peaks. Participant 4 reported perceived improvement and
expressed greater functional difficulty on their assessment or
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baselines scores (see Multimedia Appendix 1). Alternatively,
participant 5 had a visual improvement in spiral quality;
however, did not report perceived improvement. This visual
difference was observed within a small subset of participants,

Pacheco et d

some of whom reported perceived improvement. Reports
included a “benefit on straight lines,” “difference on spiral and
star,” that “continuous motion (was) easier,” and the “most

impact of tremor (was on) spiral.”

Figure 1. Thisfigure represents responders to high vibration for spiral drawings.

Responder 1: spiral images. See Table 1 for corresponding demographics

Participant 4

No vibration High-intensity vibration
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Responder 2: spiral, handwriting and “el” images

Participant 5

No vibration High-intensity vibration

Discussion

Principal Findings

Thispilot study investigated the use of the EmmaWatch during
finemotor and handwriting tasksfor PD-induced action tremor.
We recruited a range of people with PD with varying degrees
of action tremor. The participants performed 5 different
handwriting tasks on adigitized tabl et with the use of the Emma
Watch on the dominant wrist. The Emma Watch provided
vibration at high, low, and zero intensity in a counterbalanced
order. The device was found to be safe, and there were no
adverse reactions. When interpreting our quantitative results,

https://biomedeng.jmir.org/2023/1/e40433

No vibration | High vibration
Duration (s) 14.83 18.79
Peaks 31 36
Scaled peaks | 2.09 1.92
(peaks/s)
Mean velocity | 313.28 260.91
(pixels/s)
Pauses 0 1
Pause time (s) | 0 014
No vibration | High vibration
Duration (s) 27.57 19.71
Peaks 65 40
Scaled peaks 2.36 2.03
(peaks/s)
Mean velocity | 184.13 255.86
(pixels/s)
Pauses 1 1
Pause time (s) | .01 01

it is important to consider the small sample size of 9 people
with PD. Therewas amain effect for differencesin normalized
acceleration peaks measured by APDM Opal sensors, however
apost hoc Tukey test reveal ed no pairwise differences between
vibration intensities. Visual differences were observed within
asmall subset of participants, some of whom reported perceived
improvement.

Comparison to Prior Work

Thebasal gangliaplay acritical rolein automatic and volitional
motor performance, making automatic motor tasks, such as
walking and handwriting difficult for people with PD. In
addition, the loss of dopamine from PD causes a decrease in
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activation of the circuity that runs through the sensorimotor
cortex and the basal ganglia; thus, increasing the response from
the sensory system may alter the feedback loop and improve
automatic motor responses [27]. In previous studies, the use of
somatosensory cues has been successful in compensation
strategies for improving gait impairments for people with PD
[28]. Peripheral vibration is aform of sensory stimulation that
provides proprioceptive input and may improve neuromotor
function in people with sensorimotor deficits[18]. In aprevious
study in people with PD who had resting tremor, use of full
body vibrotactile stimulation via 4 wearable devices on both
wrists and ankles was found to be safe, feasible, and to possibly
attenuate resting tremor [20]; however, people with action
tremor were not included.

The Emma Watch has been hypothesized to mitigate tremor by
mediating sensory signals in the cerebello-thalamo-cortical
circuit, which has been linked to the origination of action tremor
[29,30]. A recent study found that 80 Hz of vibration was
sufficient to demonstrate improved motor performance as well
as decreased beta oscillatory activity over the contralateral
sensorimotor cortex compared to 20 Hz in people with PD,
suggesting that higher frequency peripheral vibration increases
the excitability of the sensorimotor cortex [15]. In another study,
randomized frequency peripheral vibration from the
TheraBracelet, when used in conjunction with a therapy, was
found to be safe and feasible for upper extremity motor recovery
post stroke[31]. In addition, in a previous study in people with
PD, the Emma Watch, at 200 Hz at 60 bpm modulation, was
found to have a significant improvement on movement speed
and precision of motor performance during tracing motor control
tasks when compared to 200 Hz at 20 bpm modulation [17].
Therefore, we hypothesized that the high intensity condition
would be sufficient to improve motor function and performance
in our study. As per recent evidence suggestions, sensory based
strategies, including high-intensity vibration, may potentially
improve motor learning and motor performance on automatic
motor tasks [15,17,31]. This study is one of the first to report
high-intensity vibration during fine motor and handwriting tasks
for the primary aim of reducing action tremor in people with
PD.

Strengths and Limitations

While we found no difference in task performances with the
device on versus off in our 9 participants, avisua differencein
accuracy was observed within a small subset, who further
reported perceived improvement in handwriting or drawing
skills. It is unclear why some participants with action tremor
experienced improvementswhile othersdid not. Perhapsit may
be that individuals who have a lower perceived hand function
ability, or greater tremor severity, perform better with use of
the device.

There are multiple limitations in this study that should be
considered when interpreting the results. First, the results of

Pacheco et d

this study arelimited dueto the small sample size aswe did not
reach our planned recruitment goal due to the COVID-19
pandemic; therefore, future studies would benefit from alarger
sample size to increase the statistical power. Second, other
limitations included technical difficulties spanning app failure,
device malfunction, and data-saving issues. Unfortunately, these
technical difficulties further reduced the amount of data
available.

Third, the Emma Watch was used for a relatively short time
period, and hypothetically, it is possible that length of time
under stimulus may affect its efficacy. Alternatively, alearning
effect might devel op while using the Emma Watch as the body
adapts to both the vibration stimulus and to the repetition of
drawing the same 5 tasks multiple times. Lastly, handwriting
was performed on a tablet with a stylus, which has notable
differences to handwriting performance using pen and paper,
such as paper orientation and feedback from the pen. However,
kinematic analysis could not be performed without use of a
digitized tablet [24].

Future Directions

Future studies should consider focusing on individuals with
greater tremor severity, as 1 participant in our study who
demonstrated visual improvement had an action tremor of 2
and was at Hoehn and Yahr Stage 3. Additionally, the vibration
may need to be individually tailored to the participant to
maximize benefits. A stratified sample of tremor severity should
be used to clarify which participants may benefit from this or
similar devices. Future studies may aso consider including
individual swith action tremor who have adiagnosis of Essential
Tremor, as there may be a difference in the response generated
from the EmmaWatch. According to Chen et a [32], therewas
adifference in the velocity of spiral drawing between patients
with essentia tremor and those with PD who had similar severity
in their action tremor. We initially did include people with
essential tremor in our study, and wanted to compare the 2
populations; however, due to technical difficulties and the
COVID-19 pandemic halting human research, we did not have
sufficient data to analyze and compare to people with PD.

While we recognize that the small sample size and technical
difficulties limit the interpretation of our results, there were
visually depicted and subjectively reported improvements for
a small subset of participants that are important to recognize.
As action tremor severely affects quality of life and functional
independence for people with PD, it is increasingly important
to report on any interventions that may potentially improve
functional abilities [8]. Future studies must focus on finding
safe and efficacious ways to address this clinica need and
should exploretheefficacy of combining the EmmaWatch with
task-specific training or other intervention tools, as this may
attenuate action tremor. However, the Emma Watch efficacy
in improving fine motor or handwriting skills as a stand-alone
tool remains to be demonstrated.
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