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Prosthetlcs/Orthotlcs Advancement and Development;”

Unllmlted but Bounded

) by Dudley S Chxldress Ph D.

. -In this age of Computer—gmded missiles, moon land-.w
- ings,. space stations, personal computers portable

) ‘phones, and FAX' machmes there is sometimes a tén-

- dency tofeel that technology can do almost anything. In
actual fact we are bounded in what we can do. We

cannot construct anything that we can imagine. Fortu—

" nately, however, within the bounds the possibilities for -
advancement are unlimited. It's similar to painting a .
picture. The artist is bounded by the painting medium,
" bythedimensions determined, and perhaps even by the -

_ subject matter. Nevertheless, what can be created in'the

pamhng remains essenhally unlimited.:

In what ways are we bounded? Flrstly, weare bounded '
by the laws of nature. We cannot build prostheses and -
Orthoses that violate principles of the universe, even

_ though we may be ablé to conceive of dev1ces of this

kind. For example; we cannot build an artificial leg in

_whichwe get more energy out than we put in each cycle.:
Secondly, we cannot build prostheses or orthoses. for
- -which technology has not been’ developed. We could -
only have practical myoelectric prostheses. after the

discovery and development of the transistor. We could

.- only have plastic orthoses and prostheses after polymer

chemlstry developed these materlals

, Thlrdly, in prosthetics and orthotms weare conefrained '
by the human organism itself, by what it will tolerate in -

‘the way of weight, size, temperature or appearance

Consequently, things that can be done with robotics in -
‘Disney Woild may be impossible in prosthetlcs and
-~ orthotics. It also has to be remembered that designing

‘quality replacements for the human body can be much

* more difficult than designing equipment for technical -

“systems, Hans Mauch, who worked on the de51gn of
1ockets during WWIL, and who subsequently was in--

. volvéd with the design of widely used artificial knee -

- mechanisms, once said that designing rockets was sheer .
51mp11c1ty 1tseIf compared ‘with d951gn1ng knee mecha— :

.msms

~ Engineering has been described as desrgn under con:
- strmntcondztlons EngmeersandothersmustseekdeSIgns '
‘ ’ : To *Advaricemant " pages ]
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ISPO Update -

: (ISPO Update will contain regularnews aboutthe i upcormng Seventh
World Congress of the International Saciety for Prostherrcs and
‘ .On'horrcs in1992.)-

Chicago has been chosen as the site for the Seventh
World Congress of ISPO (International Socrety for Pros-
thetics and Orthotics.) The Congress is organized in
collaboration with INTERBOR, AOFA, AAOP, APTA,
andotherNorthAmencanSocrehes DudieyS Childress,

Ph.D: is the General Secretary of this Congress, which -

“will be held from June 28 to ]uly 3, 1992 at the Hyatt
Regency Chicago Hotel.

The theme of the 1992 Congress is Find the New World =~
- The RU’s quarterly newsletter, Caprrbrlrtres, prowdes _

of Prosthetics and Orthotics Developing Around the
Globe. This theme acknowledges the pastand the 500th
anniversary of Columbus’ voyage to America, but more
importantly it directs us to the future and to the new
world of prosthetics and orthotics that people are de-
velopingaround the globe, These people will be coming

to Chicago to share their new knowledge, new devel-

opments, and new visions. -

‘The Congresswﬂl consist of smenufrc, technlcal chmcal o
L7 and surgrcal papers; plenary “sessions; mstruetlonal -
© = eourses; scientific and commerdial éxhibits; poster ses-

sions; a video and film program; and technical tours.

Socialand accompanymg persons programs will also he 7

© provided:

' Toprcs to be dlscussed at the Congress include ampu—
tation and surgical procedures, biomechanics, CAD/ -

CAM, gait analysis, lower and upper limb orthotics and

prosthetics, rehabilitation in ~developing countries,
wheelchair issues,. splne management physical and -

_ occupational therapy, and many others. In addition,
this will be the first Congress wherea specral Consumer
Sessron is planned R

For more mformatron on thls 1mportant event, 1nc1ud-
ing registration, presentation, and exhibition - forms,
contact the Congress Secretariat at: Moorevents, Inc.,.
400N. Mlchrgan Avenue Sulte 2300, Chlcago IL 60611
.

~ Resource Unit

(Hesource Un:t wil conram regular news from the Hesource Unrr for

lnformatron and Education.)

The Resource'Ur_rit for Information and Education (RU) at

Northwestern University’s Rehabilitation Engineering
Program provides information in prosthetics and

orthotics to a wide audience of consumers, researchers, -

and service provrders The RU was formed under a

“grant from NIDRR in 1987/ 88.

The RU maintains databases which contain information

- on amputation management, amputee support groups,

state-of-the-artresearch, recreational resources, self help

- groups, prosthetic/orthotic schools, service providers,
prosthetic/orthotic pubi:catlons and manufacturers

mformatlon

A Help-Line is available on (312) 908-6524 where callers
. can.agk for information and receive helpful materials. |

All heip—lme services and materials are free of charge.

“TheHelp-Linealso refers callers toalternative resources;
however, no recommendatlon or endorsement is made. :

state-of-the-art research information, consumer interest

B artlc_les .pubhcatron reviews, and other items of interest
to persons i'nvoived with P & O '

The RU networks regu]arIy with other mformatlon

~sources and- sponsors educational opportumhes It
- maintains contacts with amputee support groups and
strives to create cooperative interactions between
manufacturers, service providers, researchers, and

CONSUmMers, Consumer feedback to the Resource Unitis
formally acquired through meetings with the Rehab

' Engmeermg Program’s Consumer Advrsory Panel.

- For more mforrnahon chp and ma11 the coupon in thls )
issue or-write to Northwestern University, Rehab En-
' gineering Program, Resource Unit for Information and

Education, 345 E. Superior St., Room 1441, Ciucago IL

' 6()611 (312) 908-6524. ¢

_CAP Provides Input.

;_ The Consumer Advisory Panel (CAP) of Northwestern _
- University’s Rehabilitation Engineering Program in - -
Prosthetrcs and Orthoticsisa group of md1v1duals whose_

To ‘CAP, pagss

Capatilities (158N 10557156)rspub!rshedlnAan July, Octoberand January
by Northwestern University's Rehabilitation Engineering Program. Program
Dlrector Dudley 5. Chrldress Ph.D.

Sishscription is free to al |nd|\r|dua|s interested in prosthetics and orthetics, For -
coniribution guidelines and advertising inquiries, write to the address below.

- 8end subscription inforiation, address changes, correspondenoe and contri-

_"butions to: Capabilities, Northwestern University-REP, 345 East Superior 1.,
Rm 1441, Chrcago I 60611 (312) 808-8560.

©199) Nor:hwastem University Rehabilitation Engzneerlng Program AIE rights
reserved. Feproduction by any means of the entire conterits or any portion of
this publrcatron withiout prior writien permission is stricily prohibited. erlted

copying I’or educational purposes is allowsd,
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SOA:

(S.0.A or State-Of-the-Art will feature regularreports onprosthetics/ ' _
orthotics résearch af Northwestern University’s Rehab Engineering .

Program and Prosthetics Research Lab.}

CAM of Prostheses Using Stereohthography and
- CNC Mllhng

The CAE/CAD/CAM revolution (computer—alded en-

- gmeermg, design, and manufacture) is now encom- .

passing the Prosthetics and Orthotics (P&O) community.
The CAD/CAM tools developed and marketed thus far
appear to be performing well. These new tools basmally
replicate, in automated ways, the curréntand common]y
used practices (hand tools, positive plaster model, etc.)

of prosthetics fabrication. Other design and manufac- ,
turing options are available, and we believe some of -
these options may be used ini the future in the P&O field. "
Our research and development teams at- Northwestern ‘

are currentiy mveshgatlng a number of these ophons

Oneof the'opfionsisstereol ithography Stereolith'ogra'phy' _
creates a plastic object from a bath of plastic resin by
selectively hardening the resin using ultraviolet light

from a laser beam. The light traces the desired shape of
the object on the surface of the resin bath. The ob}ect is
built up layer by layer in the resin. The tracing is under

~..computer control and the ob}ect is built directly from -

~ computer data, wnthout ihtérvening steps. Working with
" the Advanced Engineering/ Design Center of the Baxter
Healthcare Corp. we have produced the first prosthetic
socket using this technique (equipmeit of 3D Systems,

Inc.). However, the socket took many hours to produce -

~ and the resin now used results in a socket-that is too
brittle for actual use in prosthetics, These drawbacks are

considered temporary since faster machines and more -

versatile materials are already under development.

AnotheroptionistouseaCNC (computerized numerical .

control) milling machine to create prosthetics sockets

directly by milling procedures. Thisenablesus to explore -
alternative materials thatare not possible ornof practical -

to use with moremanual techniques. Current techniques
pretty much limit prosthetics sockets to thermoplastxc
materials or to thermosel"hng resms. :

We have recent]y acqulred a standard industrial CNC
milling machine with the idea of investigating direct -
socket creation from various kinds, of materials, For "

example, we have fabricated a patella te_ndon bearing
(PTB) below kniee (BK} socket from wood. Wood isa
material that was used in the pastin prosthetics. ‘How-

.ever, a highly skilled artisan is needed to shape wood -

and an intimate fitting PTB socket of wood would be

The CNC produced socket viewed from behind and right. The PTB
socket has a 7mm uniform wall thickness.

almost impossible to do by hand. A CNC milling

machine, through its computer control, can easily make
a wooden socket of almost any complexity and accu-
racy. Wehave fabricated a PTB socket of wood. This was
partially an exercise to demonstrate direct production of
a socket from a block of material by CNC techniques.

Nonetheless, wood is a material of biological origin that
-is compatible with the human body. It has strength,
durability, and is fatigue resistant. It is a thermal insu- -

lator, yetisreported to “breathe.” Consequently, wefeel
it is one material, among many, that should be 1nvest1—
gated for prosthetics sockets.

Ourwooden socketwas madein three pie'ces andbonded

together. The socket is unique in two ways: (1) it is the

first socket we know of that was produced using stan- .
dard industrial machining practices, and (2) it is the first
PTB BK socket ever made of wood in this manner. ¢

This artide is adapted from material in the laboratory’s 1990

Annual Report. For more information on this research work,
contact Joshua Rovick, M.S., at Northwestern University,

- 345 E Superwr St., Roomm 1441, Chicago IL 60611
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SOA.

{S.OA brState-—Of-rhe-An willfeattre reqularreparts onprosthelics/
orthotics research at Northwestern University's Rehab Engineering

'Program and Prosthetics Research Lab.)

CAM of Prostheses' Usmg Stereohthography and
© CNC Millmg

The CAE/CAD/CAM revoliation (computer—alded en-

_ gmeermg, design, and manufacture) is now encom-,

passing the Prosthetics and Orthotics (P&O) community.

The CAD/CAM tools developed and marketed thus far

appear to be performing well. These new tools basically

replicate, in automated ways, the currentand commonly '

used practices (hand tools, positive plaster model, etc.)

of prosthet:cs fabrication. Other desigh and manufac-. -
‘turing opnons are available, ‘and we believe ‘some of -
these options may be used in the future in the P&O field:

* Our research and development teams at Northwestern"

_are currently mvestlgatmg a number of these Ophons

One of the optzons isstereol ithography. Stereohthography

- creates a plastic object from a bath of plastic resin by ,.

selectively hardening the resin using ultraviolet light
from a laser beam. The light traces the desired shape of
the object on the surface of the resin bath. The object is
built up layer by layer in the resin. The tracing is under

. computer control and the object is built dlrectly from

computer data, withoutintervening steps. Working with

" the Advanced Engmeerlng/ Design Center of the Baxter -

Healthcare Corp. we have produced the first prosthetic
socket using t}ns_.techmque(equxpment of 3D Systems,
Inc.). However, the socket took many hours to produce

and the resin now used results in a socket that is too

brittle for actual use in prosthetics. These drawbacks are
considered temporary since faster machines and more
versatile materials are already under development.

Anotheroptionistousea CNC (computerized numerical ..

control) milling machine to create prosthetics sockets

directly by milling procedures. This enables us to explore )

alternative materials thatare not possibleornot practical

to use with more manual techniques. Current techniques.

pretty much limit prosthetics sockets to thermoplastic
materials or to thermo sethng resins.

‘We have recently acqu1red a standard mdustrlal CNC
milling machine with the idea of investigating direct

socket creation from various kinds of materials. For -

example, we have fabricated a patella tendon bearmg

(PTB) below kriee (BK) socket from wood. Wood is a-

~ material that was used in the past in prosthetics. How-
.ever, a highly skilled artisan is needed to shape -wood
- and an intimate fitting PTB socket of wood would be

The GNC produced socket viewed from behind and fight, The PTBL.

socket has a 7mm uniform wall thickness.

almost impossible to do by hand. A CNC milling

machine, through its computer control, can eaeily make
a wooden socket of almost any complexity and accu- -

racy. Wehave fabricated a PTB socketof wood. This was

partially an exercise to demonstrate direct productionof

a socket from a block of material by CNC techmques

Nonetheless, wood is a material of biological origin that
- is' compatible with the human body. It has strength,
" durability, and is fatigue resistant. Tt is a thermal insu-
lator, yetisreported to “breathe.” Consequently, wefeel

it is one material, among many, that ShOuld be mvestl—
gated for prosthetics sockets.

- Our wooden socket was made inthree piecesand bonded

together. The socket is unique in two ways: (1) it is the
first socket we know of that was produced using stan-
dard industrial machining practices, and (2) itis the first
PTB BK socket ever ‘made of wood in this manner. ¢

' This article is adapfed from material in the Iabomtory 51990 .

Annual Report. For more information on this research w_qr.k,
contact Joshua Rovick, M.S., at Northwestern University,
345 E Supenor St., Room 1441, Chicago IL 60611,
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Consumer View

(Consumer View will feature regular edrtorrals wntren by consumers

" of prostheticlorthotic products. Opirions expressed in this cofumn

~ are not necessanly views he!d by Northwestern Umvers:iy and rts g

staff) -
| _ Empoj\tei'ing ‘P'eopfle: A-Rehabilitation Goal: -

by Carol ‘Young'Sc'holar, M.S.,R.N.

: Seven years ago 1 was challenged “to the max” when my _

‘right arm was amputated above the elbow because of a
malignant tumor. During this t1me, T'had to cope ‘with
three ma]or stressors,

First, 1 knew that I had a disease that mlght be life

threatening. Second, my body.image was changed for-

ever. Third, Idiscovered that my pride and dignity were.

“hurt. I now could be categorized as one of “those poor
handicapped people.” Iknew that those withdisabilities
are often stlgmatized devalued and excluded in our
soc1ety ; :

.In iy work ml’ndependent meg,lmet people who were.
o -remplents of blatant prejudice and discrimination. They'
| were 1gnored inconversation; segregated in classrooms,‘r
passed up for jobs; excluded from restaurants; voting .
- places, and social functions. For me and many others,

thisreality is the hardest part of having a disability. Fear
- and grief involved in the loss of a body part or function

tend to lessen in intensity over time, but this stressor -
- goes on and on, day after day. It is easy to come to the -
. conclusion thatthe actual problemis the disability itself:

- “it's my disability, my lmperfect body that keeps me
* from participating fully in life.” ' Nothing, of course,
conld be further from the truth. Socletydoes notwelcome -

or address the needs of people w:th disabilities.

v

- Rehab profess;onale need to -understand that from a :
patient perspective, disability :is miich more than a -

* medical phenomenon. The disability itself is not nearly
as limiting as the societal batriers that accompany it. To

be truly helpful professmnels need to go far beyond the

phys1cal restoration phase.

" The most 1mportent goal of rehabilitation should be 0

help theindividual feel empowered enough tospeak up

_  for his or her rights as a human being, It is éssential that
. people with disabilities have self-advocacy skills. and

regain a feeling of rnastery and control over theu* lives.

L Peop]e gain self-esteem and confidenceif they areactive - .

and involved in meetmg their own needs

Thisself-ad vocacycan startfromDay Onelfprofesswnale

allow and encourage the patient to become an active

“work,.and 17 years’ experzence in nursmg

_’.’consumer.”: by educating them about their disability,

and by teaching therrthow to negotiate service systems
and evaluate products and services. Asa consumer, one

- plays anactiveroleinrehab planningandhasa respected

voice as a member of the rehab team.

People are truly rehabilitated when they return to the

mainstream of life in their pwn community. Peoplewho
are secure in their self worth will strongly believe'that -

they areentitled tonothing shortof totalaccess and total

participation. ¢ -

Carol Scholar is Associate Director of ARISE, Syracuee,' New
York: She has 14 years expenence in mdependent living

‘ (Hewew will reguiarly feature mformatton on pub!fcanons programs,
- educational opportunrtres and resources for those mterested in

prosthetics and orthotics.)
' -fhe Childfen with Linﬁb Loss Booklet Series

Chlldren w1th L|mb Loss: A Handbcok for Famlhes
o . Book One:Binttito 5 Years = -
Book Two: 61012 Years
Book Three: Adolescents
Chnldren with Limb Loss: A Handbook for Teachers
Chlldren w:th Hand Differences A Guide for Famlltes

a The fll'St three titles, coauthored by Area Cluld Amputee T
_Center staff and Mary Point Novotny, RN, 'M.S., focus

on prov:dmg information about normal child develop-
ment as it is impacted by limb deficiency and prosthetic

. treatment. Thé booklets grew out of the authors’ expe-
riencein workmg with child amputees and are designed
- to filla gap in mformahonal rnatenals for families.

'Later in a team effort led by Ann Swagman RN, . -

M.P.H.; the Area Child Ampitee Center staff developed
two addlhonal booklets. The Handbook for Teachers draws

heavily on the medical and prosthetxc sections of the
family handbooks, and also includes. information on

facilitating a normal school experience. Children with Hand
Differences focuses primarily on children with hand

anomalies that do not lend themsélves to prosthetic
" treatment. Again, the emphasis is on developmental

conmderahons both fme motor and psychoso<:1al

Allfive booklets prov1de the reader w1th basm anatomi- -
cal, med1ca1 and prosthetic/ ortho tic: mforrnahon In- .

To *Review” page 5 .
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Review, from page 4

cIudéd are illustrations, diagrams, definitions and infor-

mation on other-resources. Sue Taylor's delightful
drawings make the booklets user—fnendly ”

The books are pubhshed by the Area Child Amputee

- Center, Grand Rapids, Michigan. For more information
and order forms, contact ACAC, Mary Free Bed Hospital
and Rehab Center, 235 Wealthy St. S.E., Grand Rapids
MI'49503, ¢ Review by Char Greer

=

CAP, frc_:m, page 2

‘purpose is to advise on research progfam'development
and to provide input to the Resource Unit for Informa-

tion and Education. The CAP is formally a part of the *

" Resource Unit for Information and Educanon another
part of this Program -

 Panel members, as well asbemgconsumers of prosthetlc_
and orthotic products are involved and interested in -
. consumer-related activities in P & O, comnutted to

‘promoting quahty lives for persons with disabilities,
‘and able to communicate effectively with P & O pro-

fessionals. They are also recognized representatives of

their const1tuenc1es This year’ s Panel mcludes

C. Chadderton The War Amputahans of Canada
- E. Eckenhoff, Nat'l Rehabilitation Hospital -~ -
" W. Gablin, Congress of Organizations for the
' Physically Handicapped (COPH) '
- 1. Kemp, United Cerebral Palsy Assns, Inc.
- W. Lintz, Central Ohio Amputee Support Team, Inc. _
. M. Pfrommer, Technical Aids & Ass:stance for the -
- Disabled
C. Scholar; ARISE
W. Vercellotti, Wxsconsm Amputee GoIf Ass.
R. Wilson, COPH. -

'The'CAP meets formally once a year. In February of this
year, the Panel metin Chicago, lllinoisat the Rehabilitation
Instituteof Chicago for a two-day agenda of seminars and
meetings. CAP.members présented talks on consumer-

oriented topics suchas the medical model of rehabilita-

tion, current needs in- orthotics, peer visitation pro-

grams, and computers for persons with disabilities.

. Rehab Engineering Program staff presented state-of-
the-artresearchincluding humanmechanics, wheelchair
headrests, upper limb components, fitting of high-level
upper limb amputees, computer-aided engineering and
computer-aided manufacturing. At the annual business
- meeting, the CAPandlaboratory staff metfor discussion
and an exchange of ideas.

- lﬁ\ddress

[City, State, Zip_

For more information on the CAP, or if you would like

to serve on the Panel in the future, contact Dr. Dudley
Childress, Northwestern University-REP, 345 E. Supe—
tior 5t., Room 1441, Chmago L 60611 54

[ . Resource Unit Information Request

| Fill out the information below, then send this coupon to:

Northwestern University
Rehab Engineering Program
Resource Unit for Information and Educatlon
' 345 E. Superior St., Room 1441
: Chicago IL 60611

']EI PIease send me more |nformat|on on the RU.

;D Please-send me your newsletter .

: iD Please send me a support group list Ior the state o

"~ of

|Q Please send me a publiéations list for {topic):

IName '

I
I
|
I
|
I
I
I
|
|
| | : |
I_EI Please send me infor:r'nation on (topic): - ' il
!
I
|
I
I
|
!
|
]
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Advancament, from page1

‘within the bounds of Vnature s laws even though they :
may even try to bend nature to their advantage. How- -

ever, Nature is a taskmaster and usually opérates with

- abalance sheet. When we gainanadvantageinone drea,
we usudlly give up something in another. In commion
parlance this is summed up by statements like, “you
can’t get something for nothmg’ and “there is no free

lunich,” As a result, engineers and others who design

prostheses and orthoses must make tradeoffs. To make
-something stronger may require that it be heavier or -

- morebulky. Making something morereliablemay mean

higher cost and additional testing: Not everything that

can be hoped for in an orthosis or prosthesis can always

be designed and produced at least not without com-
promise. 4

By this time, you may wonder how anythmg can actu-
ally be designed. In fact, the bounds that have been

* discussed still leave much freedom for imagination and -
“innovation. It’s as if the space for advancement is un- -
limited, even though it’s bounded. Indeed, there have

_been ‘many dramatic advances and improvements in

prosthetics and orthotics over the last 45 years; some of =~ Program. The prosthesis willbe used for researchand

which can be traced to the high technology that weread -
50 muich about in current publications. New develop-"
- ments appear regu]arly as the resultof research and_ .

- Advancement in science and technology seems to pro—
ceed ina step-like fashion, with breakthroughs at inter-
* - vals that result in fast-paced advancement: These peri- -

ods-of rapid change are usually linked by intervals of

‘ramp-like advancement, where progress is slow but
_continuous. Advancement in the field of prosthetics and
. orthotics seems to follow a similar pattern. P0551b111hes .

for advancement are unhrmted as long as they are “in

.bounds 0. o

Dr: Chzldress is. Dzrector ofNorthwestem Um’aersxty sRehab '
Engineering Program and Prosthetics Research Laboratory, - -
. and Professor of Orthopiedic Surgery and Biomedical Engi-~

- neermg at Northwestem Umversrty ' -

Spec1al Thanks

_the donation of an above-knee prosthesis to the Pros-
thetics Research Laboratory and Rehab Engineering

demonstration. The prosthesis was used by the Halls'

_ development S
: & cap_a'bﬂiugs
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s gotoDonand Gretchen Hall of Oak Lawn, Ilhnms for _. -

_ | daughter, DonnaLynn from 1964 to 1967. Re_adabout .
- Donna in the next- issue of Capabzht:es 4 :




