SURFHHGLQJV RI WKH 'HVLIQ RI OHGLFDO '

"L
$SULO OLQQHDSROLYV

g

1 O 1 %

HAPTIC NEUROFEEDBA CK DEVICE FOR PARKINSON'’S PATIENTS “%

Joseph Krighaum, Alvaro Rascon Harsh Patil §

Schaml of Biological and Health Schwl for Engineering of Mtter, Transport,rad Energy g

Systems Bgineering, Ira A. Fulton Schools bEngineering, >

Ira A. Fulton School of Engineering, Arizona State Arizona State University, "5’*

University, Tempe, AZ Tempe, AZ >

3

Shannon Jameson Panagiotis Polygerinost 9

Barrow Neurological Institute, The Polytechnic $hool, 5

St. Joseph’s Hospital and Medical & HPQAéhik UAZ Ira A. Fulton Schools of Engineering, g

Arizona State University, Mesa, AZ kS

ABSTRACT dystonia. 3
A method for e design and development of a feedback Patients with Parkinson’s and dystonia can currently be
device for the treatment of focal dystonic symptoms of prescribed medications to treat the symptoms pharmacologic%lly
Parkinson’s patients is described this work This device as well as using rigid braces to prevent their body from reacrﬁng

utilizes haptic feedback produced via a soft pneumatic actuator a fixed contracted position [3,4]. Other treatments incluge
incorporating zerovolume chambers and channels, to signalto  lifestyle nodifications such as more rest and more exercise E].
the patient that they are falling into a dystonic pattern so that  Patients with Parkinson’s disease frequently go to physigal
they themselves can manually break out of the patter therapy to exercise and during these sessions the therapistg can
preserving and prolonging the use of the afflicted limb, in this 2
case the hand. The system of detection for the dystonic
symptoms is a conductive rubber stretch sensor that detect
changes to the circumference of the forearm as the muscles
begin to involuntarily contract. The signal from the sensor then
feeds into a microcontroller that will activate the onboard pump
that will in-turn pulse the soft pneumatic actuator producing a
gentle but noticeable haptic sensation on the patient’'s arm.

INTRODUCTION
Parkin®n’s disease is a neurodegenerative disorder that
affects the dopaminergic neurons in the substantia figra
Symptoms usually develop slowly over years but can affect
patients’ daily life through tremors, gait and balance problems.
Other complications with patients with Parkinson’s is that they
may also develop dystonia. Dystonia is the third most common
movement disorder affecting approximately 500,000 adults and
children in North America and as much as 40% of all
Parkinson’s patients [2]. The disease is characterized by
painful, prolonged and involuntary muscle contractions in FIGURE 1: THE CUFF LIKE DEVICE THAT DETECTS
either specific parts of the body or throughout the entire body. MUSCLE CONTRACTIONS THROUGH THE STRETCH
Because of the nature of the involuntary contractions, after a ~ SENSOR AND PROVIDES HAPTIC FEEDBACK THROUGH
prolonged period of time of little to no treatment, patients may =~ A SOFT ACTUATOR LINING LOCATED ON THE INNER
end up rigid and unable to move those muscles affected by the SIDE OF DEVICE.
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give verbal cues to identify to the patient when they are going A
into a dystoit pattern. However, patients are generally unable
to receive those verbal cues when they are at home. Although .. siretch—!signal Processing @
more research needs to be conducted, sensory cueing seems ta Actuator
provide an effective way of improving symptoms such as .
improper gait, therefore not having such cues lealigléoto no i L
improvement in patients’ management of dystonia [6]. Ml
The inability for patients to identify when they are falling j Loop
into a dystonic pattern creates a need for an at home device that
will alert patients that they are going into the dystonic pattern.
In this paper we present a discreet, wearable feedback system
for patients with focal dystonia in the hand and wrist.

Electrical Signal Air Flow

B Senor Qutput: A !

1.1 Methods Treshold Value: B
Through the literature related to dystonia treatments [7], [8] i

. . . . . put remains off

as well as with feedback obtained from discussions with .
clinicians at Barrow Neurological Institute in Phoerfixizona,
we have identified a need for a discreet, wearable,
neurofeedback system that provides 4agsistive cues when a —
patient is falling into a dystonic pattern. The device alerts i
Patientsusing a soft pneumatic actuator that incorporates zero
volume chambers asmeans of providing haptic stimulation. |

The system that was developed to meet these needs ’
consists of a cuff like design, as shown in Fig. 1. This cuff ::SIC#EI(E:S;\A%%NTETV?LV\IZ?EGEQKIT;%IT_TZTEV?/E\F{,IACRET' EAI\ETT:
mounts a_rom_md the forearm a_nd detects contraction of the fI_exor INTERNAL SOETWARE CONIROL SYSTEM EOR TH
carpi radialis (FCR), palmaris longyPL), and flexor carpi MICROCONTROLLER
ulnaris (FCU) as well as the flexor digitorum sublimis (FDS), '
which are responsible for the curling and extension of the that would cover the possible maximum stretch the muscle
fingers, excluding the thumb [9]. contraction could reasonably cause.

The device reads the muscle contractions by using a Once the system detects the initial muscle contraction (Fg.
conductive rubber stretch sensor, which has been shown to 3), the microcontrollebegins to track how long those muscle
directly detect the contractions of these muscles and produce a stay contracted and after a period of time, if the muscles are “sgtill
similar response to those shown when using a surface EMG contracted, the system will start a pump that will feed air ing:
sensor. The underlying rmleanism correlates the resistance  the soft pneumatic actuator. To produce the haptic sensation
change with the stretch of the sensor, which influences the thatthe patient can feel, the system will pulse the pump at about
output voltage and allows for the detection of circumference  12.5 Hz creating that haptic sensation that in turn notifies the
change of the forearm [10]. The stretch sensor was patient that their wrist is falling into the dystonic pattern. S
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characterized by conducting static tests that omeds the The soft pneumatic actuator uses microbubbles spaced
voltage output of the sensor as it was stretched (Fig. 2). This 30mm apart to create the higpgensation for the patient. Theg
was performed by using a microcontroller (Trinket MO, microbubbles are placed at that distance to comply with the
Adafruit, New York, USA), that would dect the signal output skin’s mechanism of twpoint discrimination, in which the &

as thesensor was stretched at consistent intervals over a range body requires a minimum distance between two points :@f
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stimulation to distinguish them as two separstieuli [11].

The pneumatic actuator (Fig. 4) uses three layers and utilizes a

method that creates a zerolume chamber for air to flow
through [12]. The first is a silicone base layer, which was made
by pouring uncured silicone into a mold, creating the
foundation of the actuator once it has been cured completely.

The next layer, a mask, that sits on the cured base layer of

silicone ensuring that a spray agent (mold release) is only

present where the channels and chambers would be. Finally, the

last laye of uncured silicone that is poured over the first layer
with the mold release applied to it, bringing the entire actuator
to its final thickness of about three millimeters. This process
creates an extremely thin actuator that can be inflated and
pulsed vith limited flow rates and pressures allowing for a
smaller and more discreet system overall.

1.2 Results
Literature indicates that thminimum force (contact) that
can be felt by the human skin is at least 0.4mN [12]. For this

reason, the haptic feedback system comprised of the soft

actuator with zero volume chambers and the conductive cord

was mechanically characterized. The force generated by each
of the microbubbles was measured using a universal tensile

testing machine (Instron 5944, Instron Corp., High Wycombe,
United Kingdom). As shown in Fig. 5, the pneumatic actuator
is capable of producing the necessary amount of force to
provide the required feedback. Given the constraints of the
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pump, the device was set to provide a maximum of 0.5N of
force to the patient, which is well above the minimum sensed
force. Being that the stretch sensor is the most crucial element
of the system an experiment was performed to ensure that the
sensor operated properly. A motion capture system and a
number of reflective passive markers where attached on the arm
and hand of a healthy participant to observe the angle generated
by the wrist during flexionThe output of the stretch sensor wa8é
also recorded demonstrating the forearm muscle contractign.
As shown in Fig. 6, the stretch sensor was able to providé a
range for the voltage that would be used to activate the
pneumatic pump when a preset sensorstioll value was
exceeded.

1.3Interpretation

In this work we presented a soft pneumatic haptfc
neurofeedback device capable of providing haptic cues 3to
patients whose hands are falling into a dystonic pattern. ﬁ]e
haptic neurofeedback system was shownet@lle to: operate = g
for 8.59 hours before needing a recharge; to detect simulaged
dystonic patterns through the muscle contractions in the
forearm of the wearer; and then alert to break out of such
patterns. In future work of the device, we seek to exmgand <
developing a stretch sensor capable of detecting even smaller
and more precise contractions via increased sensitivity. AnotBer
goal for future development would be to decrease the size of’ihe
entire device into a more discrete system. Additionally, vile WrD
seek to test the effectiveness of this device onto patlegts
suffering from Parkinson’s and focal dystonia of the hand ahd
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wrist. %
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