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recruit new neural connections to compensate for loss of motor or sensory
function with other areas of the brain. One way to catalyze the formation of _ L _ .
new connections is through electrotactile stimulation. Stimulation of the tongue DeS | g N: I Ni t| al P f OtO ty p s F' I al P 1 OtO ty p e all d TeS'“ f g
In this manner has shown promising rehabilitative results for patients with ] ]
balance disorders; however, not all patients are able to hold a tongue o _
stimulator in its proper position. A face mask design that stimulates the same PUEEORN:, Final Prototype Initial Prototypes
neural branch was thus requested for research purposes. The chosen design i .. «Cost = $90
utilizes flexible silicone custom-molded to an individual's face to administer ‘Mass = 200 g
electrical stimulation. The prototype successfully applied random stimulation to Electrodes=u-drive screws
one subject. Processes used to create this design proved to be specific to -2.46 mm long
only one individual and while stimulation was successful, the stimulation -7 85 mm head diameter
threshold results were less repeatable than desired. Future work includes 36 electrodes
making the electrode-skin interface more reliable, creating a non-specific mask Silver Elexible Cure
for use by multiple face shapes and increasing the coverage are of the mask. .

conductive epoxy

B A kg OUIN d | Heat-shrink tubing over

stimulation is a competitive treatment
Figure 10: Competition for facial stimulation for balance disorders that is highly
iInvolves a forehead stimulator model made invasive and involves the implantation
for vision replacement.3 of electrode paddles directly onto the
cortex.?

DesigniCriteria

-Must not be uncomfortable to wear

connections

Neuromodulation - 3 x 25 mm wide elastic -30-min./session once a week
4 i -Possibly > 1 year -
« Electrotactile stimulation or drugs to Loss of function banding for straps sewn A/ i1 it Safe
| 19s 1C (balance) with thread : -Conductivity— withstand and utilize perspiration
marmlaulate the neural connections in the { .Improvements from initial -Weigh less than 250 g | | 1
_?_;?28 - dvantage of brain olastici S orototypes 3 | -Good mechanical contact and electrical connection
L €eqa 1or ‘
J p y neuromodulation -more stable electrode Figure 4: First prototype Fi 5:S d -Sare GOOd
 New neural pathways form in damaged thexa | - - . lgure 5: Second prototype
f Habilitat Py > S { - "\ connections using a pre_made plast|c made from a ski mask. -Current-controlled (<1O mA) for Safety | |
areas for rehabiiitation l_l_l Figure 3: Final prototype on -covered entire face mask to mold the silicone. -Virtual ground I Contact
Tongue Stimulator i _easi -Nontoxic materials
.gEI t d t I t .féuhjﬁt attem[g / \ a SUbJECt. easler tO pUt on Prototype 1 Prototype ? EI tr d
ectrode array stimulates fo perform e Cost = $75 Cost ~ $45 -Electrodes
surface of tongue function that has | =0 0ot M -Sil d into pre-mad k  ePolyester and elastin ski mask -Should not react with skin (gold, stainless, platinum)
been lost while ™ €lectrotactile  east SE ilicone poured into pre-made mas olyester and elastin ski mas w goia, P
« Random patterns of being stimulated stimulation +18 electrodes *50 electrodes -Smooth head (minimal edge effect)
stimulation has shown J J : *Electrodes=u-drive screws *Electrodes=u-drive screws as in -Prototype cost <$3,000
promise to rehabilitate s -1.48 mmlong Prototype 1
bal disord : -1.24 mm head diameter *Pros I: W k
alance disoraers r New neural : *Pros -conformed to most of face U t U re O r
‘ Stwn_ulates trlgemlnal_nerve connections E -easy to mold -no additional attachment needed
e Device must be held in the t : -electrical stimulation worked *Improvements to be made -Straps
mouth to be effective e . «Improvements to be made -poor electrode attachment .
Figure 1. Subject using and regain of -lack of specificity to face -uneven contact force 'Neec_l a more adjustable format | o
tongue stimulator. 2 function -didn’t cover half of face -not Contacting entire face 'Appl|Cat|On Of Ve|CI’O COUId a”eV|ate thIS ISSue
Figure 2: Flowchart describing -poor electrode-wire connections -Manufacture PrOC.eSS
rehabilitation using neuromodulation. -Must take less time
" " -Less specific final product
Viotivation | o s T sk old Stimul -Use MRI (Figure 12) Figure 12: An MRI scan
final prototype Egurebé}: F;osfltlonlrrgd(_)f t?_e eleﬁtrodes ohn 10 - Reproducibility Testing: Threshold Stimulus -Use rapid prototyping technique for mold co%ld prO\./ide 3D
. . . . e subject’s face, indicating where eac
The tongue stimulator is not ideal for all test subjects such as those who ect é touch qth gl iive standard 9 - -Increase Coverage Area rendition of the face.
. t h |d th d . . th . th electroae OUC €s an € relative standar 'EIeCtrOde Contact Improvements (taken from http://web2.uwindsor.ca/courses/phys
can nO (@) e eVICe N elr mOU S - . error (SE) IN the three Separate threshold 8 - ics/high_schools/2006/Medical_Imaging/mri.html)
srequire the use of their mouths during rehabllitation. reproducibility tests (shown in Figure 9). . ]
The scale is shown to the left, with red o ) Co nec | USIONS
’ 0 —
. : : : i £ < i
Additionally, research may show that effects of stimulating the face is representing least SE and purple, most SE. gE °
greater or can be used for different applications than those of the =3 5 : ; }r | r Overall, our final prototype met our goals:
tongue stimulation. @ g 4 - r . ! ;oad H “ ! § 1. Can electrically stimulate the face.
S5 t ! “} } ; %r + 2. Conforms to most areas of subject’s face.
. . . Figure 8: Testin = IR ‘ } -
Goal: To create a device so that our client may test the effectiveness of prgcedure Setug_ " S ! ; 3. Has stable electrode connections. | |
neuromodulation through a facial sensory channel. testing, the subject b } However, there are also a few key areas which could be improved:
controlled the 1 - 1. Better conform to concave areas of face.
Ref e r e n C es stimulation intensity of 0 2. Better position reproducibility of mask on face (as measured by very
each electrode A\ Ll _ : | 0 10 20 30 low standard error in stimulation threshold reproducibility testing).
. - . . ., -~ Voltage is
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for all 36 electrodes was 1.2-5.3 mA with an average SE of 0.345 mA.



