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Ken Fenstermacher : |
An Exemplary User of Bilateral

Arm Prostheses )

by Craig Heckathome, M.S.EE:
© "~ - Research Engineer
" Northwestern Univeysity
- Rehabihtatwn Engmeermg Program' :

e In October 1989 Ken Fenstermacher began usmg the
first of two arm prostheses developed through a eol-

. laborative project between the Northwestern Univer-- ..
- sity Rehabilitation Engineering Program (NUREP) and -
 the Prosthetic/Orthotic Clinical Services of the Reha- -
bilitation Institute of Chicago (RIC). Ken had lost both -
“arms at the shoulders as a result of an accident five
months earlier while working as an e]ectncal lineman. - -
" He had been referred to the RIC Amputee Program for o

prostheses and comprehenswe trammg

AL the ttme of Ken s referral engmeers at NUREP and: -
- prosthetists at- the RIC were developing a systematic
approach to prosthesis design for persons with high-
‘level bilateral amputations. They sought tocombine the -
advantages of body- powered compenents and of elec-

tric-powered devices in ways that the two_ systemns

: complemented each other’s function.' The goal was
‘pragmatic: to improve a person’s ablhty to mampulatel-

the physmal env1ronment

N The NUREP/RIC goal was ‘mirrored in. Ken's personal"—'

~ objectivetorestore as much of his mdependent function

' as possible. He came to the RIC with a“laundry list” of
skills he wanted to develp and became ‘part-of the'

rehabilitation team. He defined the tasks against which

the success of his thérapies and prosthetic designs were -
' measured Ken s.attitude flt well with the exploratory

. Consumer View: J|m Macl.aren
:-{'RU New Thlngs_

- research and development splrlt of the NUREP/ RIC -
- collaboratton ,

State-of the-art prosthehc components and control-'

- schemes remain far from the ideal defined by thebio-- ..
logical arm and hand. The viewpoint that total arm . -~
'prostheses are not-arms but tools was fundamental to - -
the design- of Kert's prostheses. To-enhance mampula- I
. “tive function, the NUREP/RIC team worked to im- =~

prove the functional attributes of the “tools” and to

- mhmately link the ”tool” to the user, .

. Theresulhng bllateral shoulderdlsarhculahon prosthe- :

ses are a hybrid configuration. The "dormnant” pros-

. thesis (the one preferred for tasks requiring care and -
- skillful handlmg) utilizes all -body-powered compo-.
" nents. This was Ken’ srlghtprosthesw The “non-domi-
nant” (or assistive) prosthesis incorporates severalelec-
o mc-poweredeomponents Thlsleftprosthes,ls prov1des' -

Contmued on Page 2
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' funchonal characteristics not achlevable with the body- '

~powered prosthesxs

 Ken began usin g the body powered prosthesm in Octo-

 ber 1989 He uses a single control cable; which he pulls

by rounding his shoulders using blscapular abduction,- -
©to position four components: a mechanical elbow, a

“mechanical wrist rotation unit, a wrist flexion unit, and

. theopening of asplit hook prehensor [1]. Theelbowand - - . . .

. - “wristcomponentsarelocking components Byreleasing
. “thelock ofany oneof these components, Kenis then able

to position- the component by movement of the control .
' R R : -~ manipulative control of the manual arin than youdothe

- electric arm. For. any kind of fine work, themanual arm

Cable

Posrhomng of the mechamcal components can be veryT
- smooth and precise becaiise Ken’s shoulder motions

directly operate themthrough the control cable hnkage o
Theposition ofhis. shoulders and the speed atwhichhe

_ moves them determings the posmon and speed of the

~ components. The cable also allows Ken to feel forces -

- exerted against. the. components through the senses

. associated with his shotilders. The' hnkage of thecable .

~ provides both contro! and feedback and is an essential

aspectofcontrolby extended physrologlcal propriocep- .

‘tion [2]. We believe this control method offers-the best -

_ p0551b111tyfordextrousmampulahonusmgrnuItl func-", -
- honal arm prostheses [3] :

., Certam charactenstrcs of the body—powered prosthesrs :

suich as the gripping force of the prehensor and the
weightwhich can be lifted while flexing the elbow, are

limited by Ken’s strengthand range of shouldermotion -
- and by the mechanical arrangement of the components o
* To provide highér grip force and greater lifting capac-" -
- ity, Ken’s non-dominant. prosthesis incorporates an.

- electric-powered prehension device and an electric el-
bow.-An electr1c~powered wrist rotator s also used to

** “provide continuous rotation and higher rotation torque -

_ than is possible on-the body- powered side, All three
“devices_ are controlled by switches mounted on the
socket and actuated by Ken s left shoulder or his chin:

- :'__Kenrecerved the electrlc poweredprosthes1stecem—
ber 1989 S ‘ _

The method of controlhng the two prostheses avolds the $

- common problem of cross-coupling, or cross- -control.
“Cross-coupling occurs when control actions uséd: to

" operate one prosthesis unlntenhonally affect the other . -

prosthesis. By using body- powered componentsonone

side and electric components on theotherside, together -

with carefui seiec’non of control achons it has been

pos51b1e to de-couple the two prostheses The benefitis. .
more reliable control without increasing the attentlonr -

g:ven to operatmg each prosthe51s

" VIDEO AVAILABLE

The RIC Biomedical Media Department is developing 2 videotapé showing

-how Ken carries out many common "activities including personal care, !
dressing, food preparation, lawn care, and driving. The video will also show
_homeadaptahonsused iorshowermg dressmg and drwmg For lmormatlon""..- R
. on 1h|s tape contac! ’ : : -
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“In Oetober 1990 Ken summarrzed his eXPErlences with

the hybrid systemin this way: “...you have much better

is mich easier to operate: Now, you get'into heavier

work, the electric. arm works well for that. The combi- .
natlonworksreal well together Eacharm complements R
. the other

: -Ken continues to seek effxcrent ways of carrymg out hrs. .
activities and improvemerits fo his prostheses (suchias.” . -

the addition of locking shoulder joints in 1991). He is’

" committed to developing methods for independencein . -

a variety of situations. As he says, “You have to adapt..

. tofigure outhow youcanmake thm gs around youwork .
for you rather than agamst you :

: _The N UREP/RIC team expresses Its apprec;atlon to ﬁm Lcme, X

C.P., of the University of Katsas Medical Center. Mr. Lane

* participated in the’ development of Mr. Fenstermacher s:'L o
- prostheses and continués to provide local support 0
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-+ Ken Pens't'ermac'her'shmbing' his hybrid bilateral protheses.

. His right prosthesis is completely body- powered and hzs left
pmsthesw has several electrical ]omts o

Using bilateral prostheses in complementary fashion.

RU QueSﬁon & Answer-- |

What are Neu:omas, aﬁd_Hdw Can They '?Be"_Trea'ted? )

A neuroma is a mass of nerve fibers growing from a’

__nerve severed during. amputatlon All amputees will
_develop neuromas of. varymg degree, althoughnot all

are painful. When the nerve is cut, it attempts to regen-.
erate (growback) and thus formsaneuroma. Painatthe’

- neuroma site is caused by pressure on the neuroma and -

it is real pain, as opposed to any kind of phantom-

_ sensauon

When amputatxcm occurs, the surgeon w1ll bury sev-

- ered nerves back'into the remaining muiscle mass. This. -
1is done so resulting neurcias are less sensitive to
pressure. Other techniques, intended to keep thenerve

from growing back, have also been tried to keep -

- neuromas from forming. Noneof these techniqueshave

béen very successful; and apparently any procedure -
which traumaﬁzes the nerve more resuits m a more

'pamful neuroma.

: Some treatments for painful neuromas ate: cortisone’
injections; injections which anesthetize (numb) the -

neuroma; solutionsinjected to destroy nerve tissue;and

‘nervecauterization ata spinal level. Surgical treatment: o
- includeshaving thesurgeonlocateand bury the neuroma
- 30 that pressure on'itis dlrmmshed ¢ '

B Pubhcanons on Neuromas Pam and Phantom Pam & Sensanon

e 'Phantom Pain Rehef AAM News 11, Sept 1992. Order from Amputee' -
: 'Assn of Maryland Inc.; 2200 N. Forest Park Ave; Balumore MD 21207.

Allen, A.Phantom Limb Pain and Potassxum Amputthn 54, Fall 1991,
Order from War Amps of Canada 2827 Rwersxde Dr., Ottawa Gntano
Canada K]V UC4 : ) .

'Bhole, D. Separatmg fact from Fiction: post amputatmn pam syn-'_

drome_e (phantom pam) AFGA Newsletter 1(2): 3, 1992.

Chadderton C. Pain and the Amputee Order from National Amputee

'Foundauon, 12—45 150th St., Whltestone NY 11357

‘ ]ohnsen,D Neuromas and pam North Texas Ampritee Support Group

News56:2; May1993 OrderfromNTASG 3714 Lxsa Lane Mesquite TX
75150.-

Marbock 1 Phantom blte syndrome Ameracan }aumal of Psychmtry ‘
135(4) 476, 1978 ‘

Melzack R Phantorn hmbs Scxenﬂhc Amencan 120 Apnl 1992

-:Rxckhuss, PK Crufts, SL; Stewart CPU. Phantom pam—spmal anesthe—r

sia:’a prospectwe study ISPO Newsletter 18, Summer 1992.

Ruibin, G Phantom I_.1mb Pam Tke Amp, February 1979

Phautom Pam Rehef without Med:mttoﬂ? Columbla Amputees in Ac-

' hon Contact AlA, c/ o Don }ones, PO Box’ 335 Columbla MO 65205.
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" Review

‘The Gift

byK1rk Douglas © 1992 Klrk Douglas &AnneDouglas ;

i _New York Warner Books $21 95 hardccwer

“Miguel sard Hey,Patrzzm——peopIearealmostas 1mportant :
Toas ammals ‘ . ‘ -

The Grft is not. ]ust about an amputee bullfrghter it is.

" aboutpeople withdisabilities rising above their disabil- -

ity to find meaning in life, and to treasure it. Whenx‘

- Miguel Cardiga loses his'leg below the knee in the

. 'Portuguese bullring; he believes *his life is over. The .~

. book gives usa touching portrayal as Migiel struggles .
: w1than1mageofh1mself as “not whole,” ashe struggles. -
- to overcome" the stigmas he faces from friends and .

o famrly, and ashe struggles “tobe the best™

'_ " hisfather, Paolo, the country’ S t()p rrdm g champron and
: tramer of horses

" The book is also about Patrraa Denmscm a- young
" heiress who is constantly disabled by her past, its * -
“emotional and ‘mental effect on her Wthh results in-

. inadequacy and lack of self confidence, and theseries of .

| ‘ codependeént relationships she finds herself in. Mrguel
. and Patricia, two persons with disabilities of dlfferent

~ natures-—but with- the same consequences--meéet
S through their mutuallove of horses, and their storyand..
' growingrelationship gives testrmony thatthereismore . -
. -tolife thana dlsabrlrtywthat llvmg is the most rmpor—
- tant thmg of all. ' R -

 The tht is adept at mtegratmg persons with, dlsabﬂmes. '

- as hurhan, three- dimensional, main characters in a

- ;story It deals sensitively with. self-image issues, de-.
‘scriptions of prosthetic practice in other countries, and © *

|
|
|
B : :‘_" Nonhwestern Unwersﬂy
|
I
|-
|

the painful but necessary ‘self-realizations that all those
“with some sort of handicap; beit physrcal or emotional,

" have to face It describes with insight the exhiliration

' Miguel experiences when' he finally finds the right

prosthetic device which enables him to re-enter the. .
Bullring. Firially, as his life unfolds as an amputee, asa . -
-+ person, and as a lover of Patricia, Miguel realizés how . |

much more life means because of the gift of hisampu- | 0 Please sendme Capabiliies . FREE.

tatron and how much he would have mrssed w1th0ut1t :_

- When wrmng this book Mr Douglas carefully re-[_ '
searched his topic: in his crédits he thanks the inventor - -

" ‘and manufacturer of the Seattle foot, Ernest Burgess

~ and M+ND respectively,”and amputees Albert ,
Rappaport and Jim MacLaren, the latter whose article

also appears in thrs issue of Capabr[:tres on page 5

It is encouragmg to see the contmumg portrayal of :
' persons wrth drsabrhtres m all types of medra from .

——better than .

i o Please send me Ideas for Fundrng P&O. Fmancmg}_

1 Address

: 1 City, State le

. Benny inLA Law to Mrguel Cardrga in Tke Grft and the' ERRE
support given by those who have aninfluence, such as..:
Mr. Douglas. The Giftis, aboveall, a good story, encour- . - .

g agmg, warm entertammg—nand enhghtemng Don o '
mhiss it. : S S

For Cluldren—— T
A Very Specral Crrtter

. by Gina & Mercer Mayer. ©1992, SBN 0- 307—12763 x T
New York: Golden Books, Western Publishing Com-= -
~pany, Inc,, Racme WI 53404 $1 95 paper For ages K-

Grade 2

In Lrttle Cntter’ s world bemg specral isa way of hfe, for

~ all- “critters” look drfferent But when a: crrtter in a .
wheelchair arrives in Lrttle Crrtter s class® as a new
e student "drfferent” takes on a new meamng

. In tlus charmmg chlldren s book the Mayers recreate ‘-;‘- SR
" the challenge of not only accepting a new studentinto

- class, butone withadisability, as well. Inshort; easy-to-. . -
read text and fun illustrations, Little Critter and his® "
“friends learn about.differences, acceptanice; and issues .

" on disability such as devices’ (wheelchalrs) accessrbrl— T
11'Y, modlfred vans, and the llke ' : L

Lrttle Critter: tells hrs father about the sper:lal critter, cin
~ Alex. Father: says,: ”]ust because he’s in a ‘wheelchair 1
doesn’ t mean he’sany different than the rest ofyorr He 7 .
. probably just ieeds some special help oncein awhile” .
h thtle Crrtter thrnks thrs makes sen.se So wrll you 0 ':2': ; L
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Frh' out rhe rnformatron below rhen send rhrs coupon to N

Hehab Engineering Program

Resource WUnit for information and’ Educaﬁoﬂ [ N

345 E.Superior St., Room 1441
Chlcago lL 60611
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Consumer V|ew

You re Worth Fwe Mmutes

by Iames E. MacLaren

ﬁm MacLaren Iost his left leg i a m@torcycle acczdent in .

1985. He was in a coma for six days, and that near death

experience. changed his life forever. He has since becoine the
fastest ampuiee in the world in friathlons and distance”
* running. He is also an actor, busmessman inventor and o

_sought- after motwat:onal speaker.

1 believe that by fmdmg success and ]oy thhm our-
selves, there will be a “cross-over” into our external

. lives.T'haveaccepted this to be true for myself, and the
-~ results have been astounding—astounding to such.a
L degree that every facet of my life has changed

g Let me begm with wakmg up in the mommg I—Iow,
. many of us woke up, looked out the window, breathed .
and said, “Wow, 'malive! 'm aliveand I beheve in my.

_-ability to accomphsh what-

. everitis thatT wanttoday!”
How many of us woke to -

" the raucous sound. of the

' 'about the phrase, ”Today is the flrst day of the rest of
your life.” Well, sure it is, but with a’ heck of a lot of

baggage towed behmd

‘What if, mstead of ]ookmg at the problems in our hves Co
as tragic, we chose to perceive them as gifts instead? Is.
it possible that it’s not the problems thatare holding us -
back, but rather-ourselves? Do you really believe that
havmg the séemingly perfect lives of wealthy Arsenio .

Hall or supermodel Cindy Crawford, would bring you

‘happiness? [believe that those of us who.are miserable
now would be miserable within two yearsMeven inour
new,” perfect” lives. : : ‘

: ',,Sat(:hel Palge once sald “It's great to pray when 1t’ 8
:" raining, but you damned well better pray whenthesun.
is shining, too.” If we haven’t taken the time for our-
- :selves personally, rio matter how “good” or “bad” our - |
lives are on the external leveI we are destmed for'

unhappmess.

'So when you wake up in the mormng, C0n51der takmg
i . ‘ . five minutes to- visualize-
. some sort of success for.
" yourself durmg the day.”

-~ Maybe a career goal, arela-

" alarm; hit the -snooze but- If we ha've n’t take n the tlme tlonshlp, or such. This vi-

fon numesous mes, only o gyrselves...no matter how

" to begin our day in a-com-

" Did wefeélasif wewerein-

aruPerhapsgoingloajch - AFe destmed for unhappmess |

- that depresses us? But first

- having to showet, feed the .
_ famlly, goto school? .

After days and months of 11vmg 11fe in these ruts, we go
©oona two-week vacation where we “forget it all.” We

' "relax leave all of our problems and tragedies at home,

. and when wereturn t0 the real worId all- of our "stuff"

" ig still there

. 'Bottom line: we can’t go to a mountain top or a beach g
‘andlive ourlives irnrisolati_on. We'rehere with allofour -
problems. I'think this is'what has always bothered me -

sualization givesyouarock

that five minutes and. in ten séconds you are able to
center yourself Aren’t you worth flve mmutes’¢
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“to hold onto for the entire-
' pletely chaoticmentalstate? good or bad ounr lwes are...we day. Perhaps your five-..
~minute’ visualization is a .
time.to take: personal in-_
ventory. I saw the value of
this -after coming out of a
“week-long -coma. My -
mother kept a diary durmg that period, and after’
readmg it, I was amazed 10 find how. many" people -
~ visited me in the hospital. It was like going to my own
- funeral. I realized that I had touched many lives, The
- factis thatyou havedone moreé in your lifeand touched -
“more people than you realize. Let something like'that - :
empower you for therestof the day. Regardless of what
“happens to you, all you need todo is recall the image of



Resource Unit_

345E Superlor St Rm. 1441 , Chicago IL 60611 USA'_
HelpL:ne (31 2) 908 6524

| New Thmgs

. New thmgs are happemng at the Resource Umt as well :
‘as at Northwestérn University’s | Rehabilitation. Engi- -
-neering Program. The program was recently awardeda 8

_ new._five-year grant from the National Institute on
Disability and Rehabilitation Research (N IDRR) to ¢on-
tinue state of the art advancements in prosthetics and

- - orthotics. Some of the- excmng pr0]ects to be pursued_ :
- _w111 mclude work on o !

Ambulatton s Mobihty
Measurements sInterface Mechamcs
] CAD /CAM -Materials in P&O
Mampu]ahon and Upper Limb. Prostheses
Educahon ° Informahon Dlssermnatxon

T The last two are of parhcular relevance to the Resource o
o Unit as: ‘the RU will:be responsxb]e for their success:
. Sorne of the new thmgs the Resource Unit- w111 be"-_

L "‘-offenng mclude o : ‘

Free mformatlon packets on 30 P&O_toples A

”Qulck Informatlon Shedts” :
Large Prmt & Audiotape versions of mformatnon
Videos resulting from Research -
Courses & Seminars for Professionals & Consumers
‘ Multlmedla Presentatlons :

" In the next quarter you will receive a llstmg of the - ER
* standardized packets you can order FREE from the ,
ResourceUmtontoplcsrangmgfromchﬂdren sP&Oto'” -
- post-polio. information. The first Quick Inforrnahonfi R
Sheet, “Funding Ideasfor Prosthehc—()rthohe Devices,”
---“isnow available. Itlistsideas and resources for alterna-. - -
‘ t1vefmancmgforprosthesesand orthoses. Wehopethis .+
* sheetwillbe useful to you. The courses for professionals .
-~ and consumers will be held in conjunction with North- .~
O westemUmver51tyMedlcalSchool’sProsthehc-Orthohc R
-+ Center. To receive the 1993- 1994 Course Bulletm call' oo
C+ 7 (312) 908-8006. . L S

The RU w111 contmue offermg th1s newsletter as well as’

these meetlngs in the next issue of Capabzhhes o e
R C‘?Pf”",“f?esr ' - VOLUME 3NUMBER?, Jumgga'_';
Tl "Capahlmes'i o R
. ISSN1055-7156 Ngnspgaﬁtm Org_ R
"+ Northwestern Unlversny S IS A:([)]S) ge L
- Rehabilitation Engineering Program - .].Jcrmjt n 435

345 E: Superior St., Room 1441
: Chmago iL 60611 4496 g

" pooRess con_ﬁecn_ora REQUESTED.' o

o July 1993

Chrcago IL 60611

" the HelpLine Service on {312) 908-6524 for P&O infor- - =,
‘mation. Theannual Consumer Advisory Panél meeting: =~
. will oceur in August as well as a meeting of thenewly- -
“formed Technical Adv1sory Panel. Look forareporton-
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