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Far several years we have been WUI‘klI‘tU onthe devel—
" opment of powered prosthesis control systems that are

based on the concepts of extended physiological pro-

“prioception {e.p;p.), @ concept originally formulated in
the early 1970s by ‘D.C, Simpson at the University of
Edinburgh. Recenfly-has it been possible for us to begin
clinical trials of an electricelbow controlier based onthis

" concept (see photo above). This control approach at-

templts.to use the body’s ownproprioception to provide

‘information concerning forces, position, and velocity of
aprosme:,ls]c;mtbmnc'controllﬂd Body-powered, cable-
actuated prostheses.exemplify a kind-of e.p.p. system
because the body’s own joints determine where the
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- Whatis S ?.’?‘ i

Powered Prostheses
with "Boosted" Cable
Activation
byDudleyS Ch:ldress Ph.D.

pabilities

VOLUME 1 NUMBER 2, JULY 19%

‘prosthesus is’ ‘positioned in space and how fast it is

moving. Also, forces active on the prosthesisare coupled
through it and/or the'cable to the user. We believe
systems based.on e.p.p-control can be used easily and

somewhat subconsciously (low mentalleading) because
‘the approach captures and uses the body’s own natural

proprioception aspart of the control process. The ep.p.

_control system we have developed for electric elbows,
‘and -which we have fitted clinically, uses a cable to

control the electric-elbow in essentially the same way a
non-powered elbow is controlled and actuated. There-
fore, the user of the electric elbow can operate it in a
traditional way, but with powered assistance. Conse-
quently, the force and excursion required to operate the
elbow can be set to match the user’s own capabilities for
force and excursion. We might say that we have used

“electric power to “booest” the cable so that it can be

operated with little force -or with small excursion, as
compared the purely body-operated situation.

Thee.p.p.system hasbeenimplemented on three clinical
fittings (Rehabilitation Institute of Chicagp) for control
of aNY-Hosmer elbow. One above-elbow wearer hasan
above elbow amputation {photo), and he uses flexion of
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'-Dr ClmtonC Cmmpere dLed onSunday,MayZEi 1991 in ‘_
" This: home in. Tucson Arizona. He was 80 years vld. The ;
medical engineering laboratories on the 14th fioor of the

‘Rehabilitation. Institute of Chicago (RIC) are’his. direct

'legacy, as is.the Northwestern University Prosthetics-
Crthotics ‘School -on the 17th fleor. He-organized the

‘Northwestern Umver51ty Prosthetics Research Labora-
‘tory“in 1957 when ke hired Golin McLaurin:and Fred

.+ . Hampton from Sunnybrook Hospital in Toronto. He -
.. initiated the Prosthetics-Orthotics Education Program
 4n 1958, and brought BlairHangarint¢1lead prosthetics
education. In 1972 he was behind the establishment of -

“Northiwestern Umverszzy s Rehabilitation Engineering
Program, which at thattime concentrated.on totakjoint

. replacement research and the development of assistive
- dids for prafoundly disabled individuals. Thisled to the
establishrent of the Rehabilitation Engineering Clinical

Services Department of the RIC in 1981..Dr..Compere
was alwaysvery supportiveof prosthetistsand orthotists,
and his early influences helped them indeveloping their

professional identity. Ina similar way, he Supported the _

new field of rehab engineering,.

‘The research and educdtion programs are only a small
part of Dr. Compere’s many contributions to medicine.
First and foremost, he was an outstanding orthopaedic
surgeon. Highly respected nationally, he heid many of
the top positions of orthopaedic societies in the United
States. For example, in'1963 he was the president of the
' American Academy of Orthopaedic Surgeons (AAQOS}.
In Chicago, he was Chief-of Staff of Chicago Wesley
Memorial Hospital from 1963 to 1965. He was chairman
of the Department of Orthopaedic Surgery of North-
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western University Medical School from 1978 to 1980.

Dr. Compere wasdirector of the Bone and }othathology ,

Laboratory in the Department of Orthopaedic Surgery
from 1946 to 1966. This was his primary personal area of
research. Active on national committees in Washington,
D:C., he wasinstrumental in helping initiate many of the
programs that are s¢ important today in rehabilitation.

The RIC began with Dr. Clinton’s {(as he was affection-
ately called) amputee clinicand with Hildegarde Myers,
who established the physical therapy-department. Dr.

“Clinton brought Ms. Myers to the RIC from the West

Side VA Hospital (Chicago) and she played an impor-

. tantrole inits survival during those early years. In 1957
“Dr. Compere was Vice-Chairman of the Board of Direc-
- tors of the. RIC and member of the: Founders Group. He

erved oriits board of directorsuntil his death. He was
one of the people responsible for bringihg Dr. Henry
Betts to the RIC, which’ caused it to flowrish. In- many

‘academic institutions there wasa bias against the rela-
~tivelynew field of phys1ca] medicine and rehabilitation.
This was never. fhe case at- Northwestem pnmarﬂy

because of Dr Compere

Cempere Wwasasurgeon’s surgeon and he was ateaﬂher
‘e wasmentortomany physicians and- researchers. He
*lives on'in their work and in their prograihs. In- thisage
_of éxtensive: lmgatlon in medicine, he-never had a'law

sutit. Perhaps he waslucky; perhapsitwasbecause ofhis

excellent-skills in the operating Toom: and-his Way with
“patients. He-wasone of the few orthepaechc Surgeonsin
‘thecouniry who cauld also giveapersonan “adjustment”

of .the spine. He was tough;: curmudgeoh-like -some

would say,:but’ ‘beneath:the external shell was a heart of

goodness and caring that was somehow- commuricated

to his patients: Healways took: plenty oftime with them.
- Care was his primary. goal. He was not in medlcal
_ .prachce to make money - R :

: -Ol’tthaedIC Surgery has lost:one of its great surgeons.
‘Prosthetics, Orthotics, and Rehabilitation Engineering

have lost-one.of their great-advocates. We have lost a

great friend and father.# by Dudley 5. Childress, Ph:D.
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Resource Unit

ISPO Update

As project director of the Resource Unit, I talk to people
every day who need information on p&o, and find out
why they need it. Giving outinformation is a privilege,
knowing someone will benefit from it—and a responsi-
bility. I want to give the best information we have.
Sometimes, though, I'min a position to receive informa-
tion myself. Some of the best kind of information is the
human kind—stories about people. Like about Donna
Lynn Hall. :

In'1964, Donna Lynn benefitted fromher parents’ insis-
tence on asking questions until they gotthe information
and answers they needed. When a lump on Donna’s leg
wouldn’ tgo away, and with thatinstinctive knowledge
that “somepneknows what's going on”, her parents kept
.asking questions unti] they were directed to Dr. Clinton
Compere. The lump was diagnosed as cancer, and
Donna’sleg wasamputated above the knee. Herespected
their questions—and their fears—going the extramileto
talk to.ayoung teenaged girl with all her concerns about
appearance.(“] want to wear mini skirts like the other
girls”) and instilling confidence that allowed Donna to
eontinue living herlife to thefullestafter the amputation;

ice skating, horseback riding, sailing, and camping.

“God directed us to Dr,fCompere,” said Mrs. Hall,.

“Donna had total confidence in Dr. Compere, and they

-were very good- frxends "He made extra visits to ‘herin

the hespital, and. she. trusted ‘his decisions completely.
" She once said, ‘If he wanted to cut off my head, I'd know
it was the right thing for me.” And Dr. Compere’s
character was reflected in-the hosplta] staff Thelr care
for Donna.was terrific.”

The openness and caring of Donna’s parents and of Dr.
‘Comperesurely gave her the motivation to learn to walk
again. A-spirit-filled Christian, she knew she could do it,
with-God and her friends’ and parents’ help. * Bemg an

amputee was-hard back then, “‘Mrs. Hall said, “Ampu--

tation was shocking to somme people. But Donna’s ac-

ceptance of it—and success despite it—plus the support

of schoolfriends and everyone, made:all the difference.”
Donna was determined. She didn’t want to. Hmp, and
discarded her cane before- ‘becoming a summer camp
counselor in 1965. Her campers, or “bunnies”, often
wondered what she would do about the leg in various
camping situations. Whao knows what acceptance of
persons with disabilities she instilled in thern as a rosuit
of her owr attiftude and experience.

Donna’s story continues beyond her death in 1966 from
returning cancer. This year, Donna’s parents donated
her prosthesis to the Prosthetics Research Laboratory.
“We thought someone could use it,” said Donna's
mother. “It represents all the determination Donna had
to walk again.” by Else M. Ternessen, M.S.
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The International Society for Prosthetics and Orthotics
(15PO)cordially invites you to bean exhibitor in Chicago
at the Seventh World Congress of ISPO, June 28 to July
3, 1992.'This triennial event offers-a unique opportunity
for manufacturers and distributors of prosthetic and -
orthotic products to show these products to a worldwide
audience of prosthetists, orthotists, therapists, physi-

~ cians, surgeons, engineers, nurses, rehabilitation spe-

cialists, and others. Over 1200 attendees are expected.

The.exhibition will Tun from Sunday, June 28, 1992, to

] Thﬁrsda_y, July 2, 1992, Exhibits will be open from 9:30

am to 5:00 pm moest days.

Chicago .is the leading convention city of the United
States and the Hyatt Regency Chicago is the leading
hotel for large. meetings like the Congress. Wacker Hall
is directly adjacent to.all the'Congress meeting rooms,
ensuring an excellent flow of participants through the
exhibit hall.Generousexhibitspace means you can’have
all the space you require. Empty.booth space, as well as -
furnished-booths, will be avaﬂable BOOth pnces start at

5960,

The exhibit fesérv.ation dead]ine'is_NoTvenﬁér 15, 1991
For mere information, contact.Moorevents, “Inc., 400

" North Mlchlgan Ave Sulte ')300 Chlcago IL 60611
USA.®

P ’Resmu:ce Unlt Infnrmatmn Request
out the information below then send this coupon to:

Northwestern University
Rehab Engineering Program
Resource Unitfor information and Education
345 E, SuperiorSt,, Hoom 1441
~ Chicago, IL. 60611

Pieaae send me-maore lnformatson on Ihe RU.-

13 Please send me information on {topic}:

a Please send me a. suppon group list-for the state

10 Please: send me a publications list for (topic):
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Address
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Controller, from page 1

his remaining limb to control flexion of the artificial
elbow. In the two other fittings, both shoulder disar-
ticulations, rounding of the two shoulders is used to
contral élbow flexion. Only one powered joint is being
controlled while the dinical merits of the system are
examined. 1t is our opinion that the greater benefits of
e.p.p- control will become apparent when the user needs
to contro] several prosthetic joints simultaneously and
in a coordinated manrer. It is then, we believe, that the
proprioceptive feedback available to the user through
his orherownphysiological joints will have opportunity
to be used to its greatest advantage. ,

The field _b'f artificial limbs is not.the only one fo use
cable-aciuated control to provide effective feedback-to
theuser. The actuation of wing and tail control surfaces

on airplanes was contralled directly by cables for many

years. Pilots liked.the “feel” (e.p.p.) this provided them.
As planes became larger the direct cable controls gave
way to a “boosted” 'kind ‘of cable control, similar in

concept to the system we have developed for:the élbow
. controller. In a somewhat similar manner, albeéit with-

outcables, steering mechanismsof. automobilesarenow
-mostly“powered,” and thismakes parking easy because

. the forceand. excursipn requirements can accommodate ‘

the capabﬂmes of a wide range of drivers.

This research was performed by Dudley 5. Childress, .
- Phi, CranW Heckathorne, M.5.;john'S. Strysak and-:.
Edward'C.{larahn. For more mfor_mahon see the follow-

ng: : ,
' }Sl_mpson D. C (1974) “The Ch01ce of Control Systemfor

" the Multimovement Prosthesis: Extencted Physiological

Proprioception (e.p.p.),” The Control of Upper-Extremity
.Pr_ostheses .and Orthoses, P. Herberts et al. (eds.); New
" York: Charles C. Thomas, pp. 146-150.

* Prostheses,”

Doubler, J.A. and Childress, D.5.(1984), "An Analysts of

Extended Physiological Proprioception as a Prosthesis ..

Control Technique,” |. Rehab, Research and Develo;ment
Vol. 21, No. 1, pp. 5-18.

Doubler, J.A. and Childress, D.5.(1984), "Design and
Evaluation of a Prosthesis Control System Based on.the
Concept of Extended Physiological Proprioception,” .
Rehab. Researchand Development, Vol.21,No. 1, pp. 19-31.

Childress, D.S. (1989), “Control Philosophies for Limb
Progress in Bioengineering, ].P. Paul et al.
(eds:); New York: Adam Hilger, pp. 210-215. .

Heckathorne, C.W., Sﬁysik, J.5. anld‘ Grahn, E.C.(1989),

+ “Design of a Modular Extended Physiological Proprio-

ception Controller for Clinical Applications in Prosthe-
sisControl,” Proceedings of the 12th Annual RESNA Con-

) ference, pp. 226-227.
‘Heckathorne, C. w. (1990} “Mampulanon in Unstruc-

tured Environmerits: Extended Physiological Proprio-

ception, ‘Positian Control, and Arm Prostheses” Pro-

ceedings of the International Conference on Rehabilitation -

~ Robiotics, pp. 25-40:¢

4 Capabilities -

Capabilities

- ISSN 1055-7156.

Northwestern University
Rehabilitation Engineering Program
345 E. Superior St.,Room 1441
Chicago, IL 6061144958

ADDRESS CORRECTION REQUESTED

Non-Profit Org,
U.5. Postage
PATD .
Permit #2433
Chicago, IL 66611 -




