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HATTERY

A Russian Bioelectric-Controlled Prosthesis:
Report of a Research Team from the Rehabilitation Institute of Montreal

E. DAVID SHERMAN, M.D., FA.C.P..,* Montreal
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pirect Lontroli: intuitive to control when electrodes can be placed on pnysiologically

appropriate agonistyantagonistresiaual iimp muscie pairs. A mode switch (Co-
contraction, Torce sensitive resistor, etc) Is required to control more than 1 degree oT

Treedom.




Ihere are many tlavors or amplitude pbased control that typically rely on one or two
Sstrategically placed EIVIG sensors. Prosthetists have pbeen very successtul iIn combining
these approaches with switches to create TuncLidnallZlvior[&wolid control systems ror

patients.
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commerdcaily Avaliabie Armsystems

&

Lontrol Limitation: Current commercially avallable arm systems have more degrees of
freedom than can be reliable controlled using direct control methods.

Shirley Ryan

Abilitylab



Experience with Swedish Multifunctional Prosthetic Hands
Controlled by Pattern Recognition of Multiple Myoelectric Signals

C. Almstrom’, P, Herberts?, and L. Korner?

' Department of Applied Electronics, Chalmers University of Technology
? Department of Orthopacdic Surgery 1, University of Giteborg, Géteborg, Sweden

Shirley Ryan

Abilitylab



6=

(3

4

\ - O O e e e = e

2~

1

0

-1

2

< R ST R P USSP LS DS

|

B

£ 1 ' |
s ?s 1= O=

Fattern fRecognition. boes not require placement Or electrodes or agonist/antagonist
resiaual Imp muscie pairs and eliminates the need 1or mode-switcning. However, It aoes

require “aigoriln [Eaining A Blan[Al*durren(# nmil&l B[ ebmiel Fllehuenlid conltd:.
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Frostnesis Lonstruction
* 2 DUF WIIST prototype from UTto Bock
* [VIichelangelo Hand
outcomes
* SHAF, Liothespin Kelocation lest,
BOX and BIOCKS, and a customizea
‘wippie i
* lesting completed preand posta4
week home-Trial
Lontrol
* Pattern Kecogniton Lontrol
Subjects
* 3 Iransradial non-11VIK
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B Pre-Home Trial EH Post-Home Trial
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hey FOINt: 1] Patients have |mproved outcomes arter 4 week home-trial.
Z) Pattern recognition control outperrorms direct control arter the home

trial.
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largetedIviuscieKeinnervation( 1IVIK)
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largetedIviuscieKeinnervation( 1IVIK)

o When the patient
thinks about a specific
movement of the arm or
: hand, the nerve impulse
' travels from the brain

: to a corresponding

H location on the muscle.

o Doctors redirected the nerves to
the patient’s chest muscles. o

Chest
muscles —

Computer

€ Electrodes — fixed to the
hamess worn on the shoulder —
detect electrical impulses emitted from
the nerves and forward them to the arm.

o A computer processes the electrical impulses and makes the arm perform certain
movements, such as flexing the elbow, opening and closing the hand, and extending the
elbow and wrist.
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largetediviuscleKeinnervation (1 IVIK)

IECHNIQUE

* Residual nerves transterred to spare muscle and
skin.

* Muscle acts as a ‘biological amplifier’ ot the
motor command

Musculocutaneous N.

Pectoralis Major
Clavicular Head

Sternal Head

EMG Electrodes .
Prosthetic Arm

ADVANIAGEY

Additional control signals tor simultaneous
control or more DOUFS

control signais are physiologically appropriate
* More natural feel
* Lasler, more Intuitive operation

Shoulder st avallapble Tor controlling other
Tunctons

NO Implanted hardware required

Can use existing myoelectric prosthetic
technology

Pattern Recognition Control Is possible

DISADVAN IAGE

Requires additional surgery (unless it Is done at
time ot amputation)
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Unjectives
« Ll &fminer-wi i realyld Il ien{ e correrd &bl iyl ida prol Tk

Tanshumeral amputees.

[Tl 2hen 1vik

Frostnesis Lonstruction
* BOSTON LigItal EIDOwW
* [VIotion Lontrolwrist rotator
* Single DU terminal device
control
* Direct Lontrolsystem equivalent
1o thelr aally use prostnesis
* Pattern Kecognition Control
outcomes
* SHAP, LIOThespin Kelocation 1est, Boxand BIOCKS
testing pre and posta 8 week home-trial.
* Assessmentor Lapacity Tor IVIyoelectric Lontrol
(ACIVIC testng posthome-trial).
* Pre and postvirtual environment testing using the
(largetAchievementLontrol 1askK).
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Innovatvegellinerintertace
* Embedded electrodes, lead wires, and ampliriers

IVIagnetictlectricInterrace|(IVitl)
* Polarized magnet orientthe Iimo when donning
* Latchis engaged o ensure ropustelectric connectuon
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larget Achievement Lontroi{ 1AL) lest
* Lontrolavirtual limb to various target postures
and maintain the target 1ror £Z secondas

outcomes
* Number or targets successtully acquired
(LoMpIeTon Kate)
* |Ime to acquire and hold the posture
(Lompletion 1Ime)
* HOW much e Vvirtual imo moved when
acquiringthe posture (Path Erficiency)
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I Pre-Home Trial M Post-Home Trial
20 * * * *

- 150 15 e 600
30 8 © 30
= 500
xR 15 R 0 S O 2 O
- p Q6 < © 100 610 @ 400
E € 20 % T 20 g Re: .
@ 10 Q D4 w— ) m o 300
= = £ o) € = B £
a5 & 10 5 3 10 F 50 2 & 200
= 100
0 0 0 0 0 0
Classification TAC Test TAC Test SHAP Closepin Box and Jebson
Error Rate Failure Rate Completion Time Relocation Blocks
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Key FoInt. 1) Patients have improved outcomes using both virtual and physical
prostheses post a minimum b week home-trial.
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Shirley Ryan

Abilitylab



Relationship Between TAC Completion Time and ACMC Score
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* |neALIVIL IS a valldated outcome measure. Scores higherthan 3/ have been
suggested as being appropriate Tor MyoelectricCoNTrol USErs.
* SignImcant (p<u.Us) strong correlation between ALIVIL and 1AL 1est compietion time.
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Virtual Keairty Iraining Applications Tor improvea Lontrol
* VWe have snown users become more promncientusing teilr prostnesis arter using itin tneir nome
environment.
* Improved muscie strength and endurance
¢ Lapanlirty To make more disunct contractions
* Better understanding orthe limmations orthelr prostheticlimio
* bevelopmentor compensatorystrategies to Come compiete Tunctonal activiaes

= .
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Lurrent.ommerciaily Availabie 1001S
* Focused on providing assistance WITth Initial Ttting to the patient
* Developed tor In-clinic based use
* IVIanutacturer speciric
* NOT engaging enougn Tor Iong-auration use
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Lonsumer virtual Reality
* Hignly Immersive
* Some are capable ot positional tracking (eg. Ucculus Kirt, H 1L Vive)
* Someare moblle (eg. Loogle Laydream, Samsung Gear)
* Kelatvely Inexpensive (<P 1,UuU)
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Emerging Kesearcn dystems
* IVIyo armonand coupled with IvViobiie phone

>

DESIGNinteractive

SENSOR BAND PATIENT MOBILE APP SECURE CLOUD SERVER PROVIDER PORTAL

* IVIyo armband coupled with iImmersive VR

Sheffield
Hallam
University
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VirtualLoacn
¢ Lentertortne intrepia
¢ Larnegie-vieion university

*  dNIneyKyan AplityLan

MCI
EMG to Game
Command Converter

A
1
1
1

EMG Signals

[ —

User / Amputee Therapist/Clinician
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VirtualLoacn—Immersive H IL Vive Experience

Al dllicone Gel Liner

B: IVIagnetic LOCKINg Lonnector

L. Battery rowered Iviyoelectric vecoder
L. HIL Vive Lonnector Iviechanism

E: Commercially Avallable Vive Controller

PKUS: CUNS:

* EXtremely engaging * IOt all games are suitable Tor use

* \WIde variety or games avallaple (TIrst * Requires empty space to contigure
person shooters, Job simulators, etc) play area

¢ POSITIOnal TracKing oT body and lImp
Shirley Ryan
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Virtual Loacnh—Lustomized Iraining Environments
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virtualLoach—Immersive boogieLayareamexperience

* Ihe VR application can communication seamlessly wWith the embedded controlier
Inside the prosthesis.

* LEfrectiveness of the virtual tralning can be tested iImmediately with the prOStQ%EJ%m

Funaing: CUIVIKP, (WS LXWH 12-UZ-UU/2) Abilitylab
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