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Introduction
e ACL Injury Background

e Aims of the CORL

e Capstone Focus
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Problems Addressed
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Problems Addressed - EMG Electrodes

e Electromyography (EMG) signal strength
is a measure of muscle health

Commercial rodent electrodes are
expensive ($305 per electrode[3]) and have
great lead time (6 weeks delivery) Example EMG signal (4]

Custom, biocompatible rodent EMG
electrodes were needed
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Problems Addressed - Dynamometer Knee Orthosis

e A dynamometer is a machine that is able
to measure the force and torque a muscle
produces
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e Quadriceps strength recovery is best ——h*
quantified by measuring knee extension Ctinical dynamometer (5]
torque
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Problems Addressed - Dynamometer Knee Orthosis

e During initial data acquisition, the
rodent’s leg was not stable

e A method to constrain any
accessory motion was needed

Dynamometer pre-Capstone
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Methods - EMG Electrodes

e Senior lab members taught a
small team how to create the
biocompatible electrodes

After producing initial
electrodes, a standard
operating procedure to
fabricate and test them were
developed

Electrode materials [6]
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Methods - EMG Electrodes

e To compare the custom
electrodes to the commercial
option, ex vivo testing was
performed

Different waveforms were sent
to both electrodes and the
correlation was measured

Electrode interface
board (EIB, 16-QC,
Neuralynx Inc.)

Stimulating
electrodes
Neuralynx data acquisition platform
(DigitalLynx 4sX Base, Neuralynx Inc.) via a
magnetic tethered cable system

~

Recording electrodes 4- Saline bath
(custom fabricated & (0.9% sterile
Microprobe Chronic EMG '

saline solution
Patch) )

Ex vivo testing of electrodes [3]




M | MICHIGAN ENGINEERING

UNIVERSITY OF MICHIGAN

e Root cause analysis was performed to
identify the problem and guide design

o Realization of the problem

o Background research /PN

o Measuring dimensions of the existing system - >
and rodent anatomy e T

o Making design recommendations
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Pre-design work
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Results - EMG Electrodes e

B. Place foil into folding jig and use the folding
jig to fold foil into U-shape.

e A proprietary electrode

silicone mesh. The mesh should contain 12 foils
for 6 bipolar electrodes.

fabrication process was

one arm of the U-shaped foil flush with the
mesh.

d eve I o pe d E. Denude wire and weld to the remaining

upright foil arm and fold foil arm flush with the
mesh.

H. Align denuded wires and apply silicone (1g) -
toluene (75 g) mixture to seal electrode and set
for 72 hours.

G. Denude wire and weld to the remaining
upright foil arm and fold foil arm flush with the
mesh.

e Using this method, nearly
100 electrodes were

toluene (75 g) mixture to seal electrode and set
for 72 hours.

hand-fabricated over the

electrodes measuring "10 x 5" mm and clean in
ultrasonic bath

course of three weeks

Fabrication process flow chart [3]
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Results - EMG Electrodes
e Total cost per electrode: $32.70

o ~90% cost reduction relative to
commercial alternative

e Time to produce batch of ~50: <1

week
o Potential to produce 300 electrodes
during 6-week commercial lead time

Two of the final batches of electrodes
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Results - EMG Electrodes

e Different waveforms were
sent to both electrodes and
the correlation was
measured

Data showed similar
performance and high
correlation between
custom and commercial
electrodes

Correlation data [3]
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Results - Dynamometer Knee Orthosis

® SolidWorks design of e T Foraw Ooat Siots For
knee orthosis to restrain

Dynamometer Rodent Leg Velcro Straps

undesired leg movement {éz
o Simple press fit clip
attachment to existing
system
Knee orthosis body to
position rodent’s leg for

teSting Labeled views of the final design of the knee orthosis
Slots for velcro straps to

immobilize lower limb
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Results - Dynamometer Knee Orthosis

3D printed model in use
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Discussion and Conclusions - EMG Electrodes

e The CORL now has biocompatible
electrodes to collect EMG data

Reliable electrodes can be made
on-demand, quickly, and at very
lost cost to the lab

A standard operating procedure
exists to train future members of -
the CORL and Other IabS Two of the final batches of electrodes




M | MICHIGAN ENGINEERING

UNIVERSITY OF MICHIGAN

Discussion and Conclusions - Dynamometer Knee Orthosis

® The dynamometer can T K Ot Siots For

Attachment To Body To Hold

Dynamometer Rodent Leg Velcro Straps

now be used to reliably {éz

collect data about the
quadriceps

This design is easily

used, manufactured

through 3D printing, and

iS read“y accessible for Labeled views of the final design of the knee orthosis
other labs to utilize
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