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Rehabilitation = ?
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Rehabilitation
From: re-ha-bil-i1-tate

Etymology: Medieval Latin rehabilitatus, past participle of
rehabilitare, from Latin re- + Late Latin habilitare to habilitate

1 a : to restore to a former capacity : REINSTATE

b : to restore to good repute : reestablish the good name of
2 a : to restore to a former state (as of efficiency, good
management, or solvency) <rehabilitate slum areas>

b : to restore or bring to a condition of health or useful and
constructive activity

©2010 Dick H. Plettenburg

%
TUDelft



Physical Medicine and
Rehabilitation

branch of medicine that deals
with the functional restoration of
a person affected by a physical
disabllity
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Physical Medicine and Rehabilitation
or

Physiatry, Physical Therapy, or
Rehabilitation Medicine

medical specialty concerned with the
treatment of chronic disabilities and with
the restoration of normal functioning to
the disabled

Encyclopedia Brittannica ©2010 Dick H. Plettenburg
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RrRehabllitation Medicine

BiomechanN
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Classical model of disease

Etiology

i
Pathogenesis

lliIness/disease
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Rehabilitation: model

Disease
Impairment
Disability
Handicap

Carel Meskers, LUMC ©2010 Dick H. Plettenburg

%
TUDelft



Rehabllitation.: mode/ e

classification
of Impairment,
aisability

\ and handicap

Impairment (ICIDH)

A
Disability
A

Handicap

Disease

Carel Meskers, LUMC ©2010 Dick H. Plettenburg

%
TUDelft



WHO, 1980

DISEASE

[OR DISORDER]

IMPAIRMENT

[INCL, FUNCTIONAL LIMITATION)]

DISABILITY

BCTIVITY RESTRICTION]

HANDICAP

[DISADVANTAGE]

IMTRIMSIC SITUATICOMN

EXTERIORIZED

OBJECTIFIED

SOCIALIZED
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Rehabilitation: mode/ e

classification
Disease of impairment,
aisability
\ and handjicap
Impairment (ICIDH)
(function) \
Disability
(activity) Ny
Handicap
(participation)
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Rehabilitation: mode/ e

classification
Disease of impairment,
aisability
\ and handjicap
Impairment (ICIDH)
(function) \
B Disability
nternationa .
classification (activity) \
of function Handic ap
/ICF, - :
e (participation)
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HEALTH CONDITIONS

[DISORDER/DISEASE]

1

BODY FUNCTIONS

2 STRUCTURE ACTIVITY PARTICIPATION

CONTEXTUAL FACTORS

ENYVIROMMENTAL andiar PERSONAL

WHO, 2001 ©2010 Dick H. Plettenburg
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classic meets rehabilitation

Etiology Handicap

Pathology Disabllity

lliness/symptoms Impairment
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classic meets rehabilitation

Etiology Handicap  Participation

Pathology Disabllity Activity

lliness/symptoms Impairment Function
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Rehabilitation topics today:
e Rehabilitation robotics
e Prostheses: lower limb prostheses

upper limb prostheses
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Rehabilitation robots

Machines to assist humans / interact with humans

“Rehabilitation robots are robots which operate semi of
fully autonomously to perform services useful to the well-
being of disabled humans”

(Richard Q. van der Linde, 2003)
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Rehabilitation robotics
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Gustav Zander
1835 — 1920

mechanotherapy
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LOCOMAT - Hacoma, Zurich

e commercial device

e gait generation (no impedance, just position)
e spinal cord injuries

e mainly research applications




LOPES — University Twente
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WHEELCHAIR ROBOTS - ARM

Lower arm

«— Upper arm

Wrist

«— Shoulder

N

Gripper — ~

~Handle
_-—-—'_'r'

Column/base Lift unit
.-"Illlrr
/
Support unit ——___ Attach-
ment to
wheelchair
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Spinal Muscular Atrophy (SMA)

Affects motor neurons voluntary muscles
Senses not affected, normal or above-average intellect

Inherited, Incurable, Progressive

Shoulders

\ Elbows \ /

Neck

_— Respiration
Trunk ——_

__— Hips

_— Legs
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Two of our volunteers!

3

Academic degree B

Head support

Scoliosis, A had
surgery, B not

Wheelchair bound
Arm on armrest

Good sense of touch

Slight deformations
In hands
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Different concepts

1. Separate 2: Powered 3: Passive
Manipulators Orthoses Orthoses

Universal
Radial

“Focal TOP

Weston MULQOS WREX
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Clinically driven approach

Home visits - W
N% S0 esins

S En BLADOMSLAG “E\ | 1/ @PPAKAAT.VAAT

e Independence % ~SE gty
Personal Hygiene WN = i

Cooking, eating
Computer work

Social activities

Have dinner
Shake hands

Trunk balance
Arm rest essential

Inconspicuous! “Your page turner is ready...”
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Conceptual design
Force analysis revisited

F. and F, constant F. and m,g constant
F. by shoulder for complete arm
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Conceptual design
Working principle

No longer alongside arm
Arm rest maintained
Inconspicuous
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Conceptual design
Working principle




Preliminary clinical testing
Moving arm up

Herder, Tomazio, Cardoso, Gil and Koopman, 2002 ©2010 Dick H. Plettenburg
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ARMON (Mark 11) patients with the device





ARMON (Mark 111) First commercial product

Herder, Vrijlandt, Antonides, Cloosterman, Mastenbroek, 2006 ©2010 Dick H. Plettenburg
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ARMON (Mark I11)
Patients with the product

Herder, Vrijlandt, Antonides, Cloosterman, Mastenbroek, 2006 ©2010 Dick H. Plettenburg
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Prostheses
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PROSTHESIS

ARTIFICIAL SUBSTITUTE OF A MISSING
PART OF THE BODY
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Prosthesis
Ethyology: from Greek: pros=to

tithenal = to place

Prosthesis = to place something to or against

Encyclopedia Brittannica ©2010 Dick H. Plettenburg
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congenital



THALIDOMIDE

Issued in 1956 by Chemie Grinenthal
to fight nausea and sleeping problems
In pregnant women.
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aquired




Prostheses — lower lImb
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Ambroise Paré (1510-1590)

Kiinstl. Oberschenkel dss
kleinen Lotharsngers. (

(A. Paraeus. XVI.Jhit) O /_
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Prosthesis of Paré
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Peter Stuyvesant
1612 - 1672
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Peg leg Pete

[T/

Stuyvesant
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4-axial knee:

Improve local stability
Improve controllability
No actuation!
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Chdo Bock

QUALITY FOR LIFE

C-leg





Prostheses — upper limb
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Egypt, 330 BC [Loffler, 1984]
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Florence, 15" century [Loffler, 1984]
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GOtz von Berlichingen

1480 - 1562

GOtz von Berlichingen, = 1504 [Loffler, 1984]
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GOTZ
VON
BERLICHINGEN
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GOtz von Berlichingen, 1509 [Borchardt et.al., 1919]
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Ambroise Paré

1510 - 1590

Ambroise Paré, 16™" century [Loffler, 1984]
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Count of Beaufort, 1860
[Loffler, 1984]
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Borchardt et.al., 1919
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Borchardt et.al., 1919
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cosmetic hand prosthesis

Nader, 1990




passive hand prosthesis

WILMER®
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RSL-Steeper, UK

Otto Bock Healthcare GmbH
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BODY POWERED TERMINAL DEVICES

WILMER®
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muscle activation signal:
Electro Myo Gram (EMG)
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EMG is the summation of many
asynchronous Motor Unit
Action Potentials differential lead-off

Electrode mounted amplifier
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REITER, 1948

[Childress & Billock, 1970]
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e EXTERNALLY POWERED TERMINAL DEVICES

Otto Bock Healthcare GmbH

i
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HANDIG

Vaardigheden van kinderen met een reductiedefect van de onderarm

Centrum voor Revalidatie “De Vogellanden”, Zwolle, Netherlands ©2010 Dick H. Plettenburg
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innovative upper extremity prostheses and orthoses W
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Partners

e« Ambroise bv . Ambroise

e Delft Prosthetics bv NENESIEE RSN ERRIIES
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http://www.ambroise.nl/

UPPER EXTREMITY
PROSTHETICS

Dick H. Plettenburg

Publisher: VSSD — Delft
www.vssd.nl/hlif/m011.htm
ISBN 978-90-71301-75-9
Euro 21.50

«
TUDelft



Delft Institute of Prosthetics and Orthotics

o o
\\ J \\ J \\ J . J

innovative upper extremity prostheses and orthoses
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