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Reverse engineering

Problem Solution
(pathology) Normal (bionics)
(physiology)




Take home points:

- Not everything is salvageable...
- There are other options

- As surgeons of the extremities we
influence the options



Why prosthetics?
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Orthopod
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Upper extremity prosthetic
DESIGN:

Mechanical force mmmm) Mechanical gross
motor function



Gottfried "Gotz" von
Berlichingen (1480 — 23
July 1562) also known
as Gotz of the Iron Hand

= AP designed the first known

I B ERt= moving prosthesis
g & 5T capable of multiple

functions



Presenter
Presentation Notes
Initially warriors had iron arms made that had no to little function until Gotz,


First Mobile Hand Prosthesis

& * Gottfried "Gotz" von

it Berlichingen (1480 — 23
July 1562) also known

as Gotz of the Iron Hand
designed the first known
moving prosthesis
capable of multiple
functions

DIRECT HIS HORSE




1t i Harness design — first
@%  functional prostheses
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* Body powered




Upper extremity prosthetic
DESIGN:

Muscle electrical === Mechanical gross
activity motor function



11 Myoelectrics - since the
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= uses electromyography signals or

potentials from voluntarily
contracted muscles

= Controls closing and opening of
distal attachment

= often rejected due to the significant B
neuromuscular retraining required
and, even under the best
circumstances, the cumbersome,
sequential manipulation of each
joint or device




+fs0 Targeted muscle
&% . reinnervation (TMR)
= motor nerves whose primary target
muscle groups have been lost are

re-implanted into deliberately
dennervated proximal muscles

Advantages:

* Increased number of
independent control sites
* intuitively

* simultaneously, rather than




1. NEURAL SIGNALS STILL EXIST

2. AVAILABLE MUSCLE SITES

3. INTUITIVE CONTROL

TARGETED REINNERVATION




Targeted
Reinnervation
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Pectoralis Major
Calvicular head

+ . Pectoralis Major
. Superior Segment
| Sternal Head

L
‘Pectoralis Major
Inferior Segment
Sternal Head

Hand (N'Y). 2014 Jun;9(2):253-7. doi: 10.1007/511552-014-9602-5.
Targeted muscle reinnervation in the initial management of

traumatic upper extremity amputation injury.
Cheesborough JE1, Souza JM1, Dumanian GA2, Bueno RA Jr3.

Medial cord

Posterior cord

Lateral cord

Pectoralis Minor




= Following TMR procedures
at Northwestern Memorial Hospital, five
out of nine shoulder disarticulation
patients who reported neuroma pain prior
to their TMR procedure reported no
neuroma pain after TMR.



Upper extremity prosthetic
DESIGN:

Muscle pattern == Mechanical FINE
activity motor function



vt £¢ Advanced pattern recognition
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7 computer algorithms to decipher surface
electrode data

= and subsequently associate speciffic signal
patterns with

= Requirement: have undergone TMR







1 t7¢ The patient factor ...
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ceveryone is different







Function




£ 7+ Osteointegration
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* An emerging surgical technique
for direct skeletal attachment of
prostheses which may one day
render sockets antiquated and
obsolete for many patients.

= Permanent coupling of metallic
implants to the skeleton.

= Works for OMFS, dental
implants... ortho?


Presenter
Presentation Notes
Moderate revision and complication
rates persist at present, and infection, fracture, and
implant loosening remain concerns (41). The implantskin
interface remains the critical, rate-limiting barrier to
the further utilization and widespread adoption of these
techniques 

three European groups are
actively implanting devices in amputees, and one U.S.
group is performing animal trials (45).


v ¢ £ ¢+ Osseointegrated percutaneous prosthes
g ma

Survival rate at two
years (92%)
enhanced prosthetic
use and mobility,
fewer problems and
improved quality of
life



https://www.ncbi.nlm.nih.gov/pubmed/?term=Br%C3%A5nemark%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24395320
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berlin%20O%5BAuthor%5D&cauthor=true&cauthor_uid=24395320
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hagberg%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24395320
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bergh%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24395320
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gunterberg%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24395320
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rydevik%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24395320
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Upper extremity prosthetic
DESIGN:

Neurological mmmmm) Precise fine
electrical motor function



Intuitive control — with CNS

Experimental implant in motor cortex can

grant control of extra (third) armin
primates and in early human experiments










1/ ¢ Targeted Sensory
&% . Reinervation







Sensation




Sensation is felt as if on
the hand in the following
areas

= 1.Firstdigit

= 2.First and second Digit
= 3.Third digit

= 4.Fourth digit.

= 5.Fifth digit




i \We are not at the finish line
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