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Times change. Perceptions change.
Once upon a time, not so long ago, only a relatively small

ratio of the population had experienced limb loss or amputa-

tion, and only a few dedicated manufacturers and individuals

withlimited resources focused on research and development

of new prosthetic solutions.

As healthcare improved, people began living longer and sur-
viving traumatic limb loss and elective amputations resulting
from vascular disease. Improved sockets and liners, micropro-
cessor knees, and smart ankles appeared to meet the demands of
a growing population of lower-limb amputees.

Still, only one amputee in 13 was an upper-limb amputee. That
changed after 9/11, when the Middle East conflicts started to take
a terrible toll on young American servicemen and servicewomen
because of improvised explosive devices (IEDs) and
other instruments of war. The sudden upsurge in
amputations-both upper and lower limb-moti-
vated the Department of Defense (DoD) to become
involved, specifically through DARPA (Defense
Advanced Research Projects Agency).

Since its birth in 1958, DARPA has been using
its formidable brainpower and virtually bottom-
less financial reservoir to keep the U.S. military's
technology ahead of its enemies. Along the way,
it developed the Internet, the Global Positioning
System (GPS), night-vision goggles, titanium, Gore-Tex", and
unmanned vehicles, to name just a few.

Col. Geoffrey Ling, MD, PhD, former professor and acting
chair of the Department of Neurology at the Uniformed Ser-
vices University of the Health Sciences (USUHS), Bethesda,
Maryland, currently serves on the critical care staff at Walter
Reed Army Medical Center (WRAMC), Washington DC, and
fohns Hopkins Hospital, Baltimore, Maryland. He also serves
as the manager of DARPAs Revolutionizing Prosthetics pro-
gram, which is largely responsible for the explosion of recent
advances in upper-extremity prosthetics.

Why the Focus on the Upper Arm?
"Firstl'says Ling, "it's doggoned hard-and that's what DARPA
is all about. Our job is to show that things that are thought to be
impossible are, in fact, possible."

Existing upper-extremity prostheses are vastly inferior to low-
er-extremity prostheses in terms of functionality, largely due to
the complexity of a five-fingered hand with an opposable thumb
that allows 27 separate ranges of motion.
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While soldiers can and have chosen to go back to duty wearing
a C-Leg", the best thing available for upper-limb amputees was a
hook hand and maybe a powered elbow, Ling discovered. "That's
not nearly enough functionality for young people. The goal here
is to provide enough functionality so that they can go back to
active duty ifthey so choose. Our country is based upon choices,
and we sure like to give choices back to these young people who
have sacrificed so muchl'

Ling ticked offa list of needs: a five-fingered hand; an elbow that
can actually lift a decent amount of weight; a wrist that moves;
and a shoulder. "When you look at science right now-based
upon myoelectric control that uses residual muscles-you simply
dont have enough residual muscles to move all of the fingers and
the thumb. Even if you were Bill Gates and you wanted to buy it,
it just doesnt exist."

The mechanical arm doesnt exist because there would be no
way to control one if it did. With insufficient available muscle,
myoelectrics cant do it. The natural answer, says Ling, is to tap
into the person himself for the control. "You need the person's
nervous system-their own thinking-to drive the arml'A sim-
ple desire or intent-not a conscious focus on the mechanics of
each function-should drive movements.

Creating a brain-controlled arm that functions like a real
one-weighing only eight pounds, matching the dimensions and
appearance of a natural arm, waterprooi with on-board power-
was a tall order that no one else was equipped to tackle-not the
U.S. Department of Veterans Affairs (VA), and not the National

"F irst, it's doggone d hard-and
that's what DARPAIs all about.
Our job is to show thatthings that
are thought to be impossible are, in

fact, possible."
Col.  Geoffrey Ling, MD, PhD
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What Specific Strategy Does DARPA
Employ in Determining What's
Reasonable to Pursue and What's Not?
DARPAs business is high-risk, high-payoffresearch, Ling notes,
but it is possible to mitigate risk by only pursuing those ideas
that have scientific validity. "We don't take risks based upon
stupidity That doesn't mean there has to be preliminary data
or proof of principle. We don't ask for that. We just ask that the
engineering rationale make sense. The question then becomes,
'Have you assembled the right expertise?' -and that's very
crit ical because a lot ofpeople have good ideas, but they can't
execute them because they don't have the experience."

DARPA often creates teams that didn't previously exist. "We
are very good at cross-disciplines; for example, getting a math-
ematician to work with a biologist, or an engineer to work
with a materials scientist. These experts often don't know each
other, so we pair them upJ'

DARPA establishes very rigid milestones, keeping its experts
on track and on schedule. "Ifyou don't achieve step one, there's
no way you're going to get to step two, three, or four. Granted,
those milestones are open to discussion because science is sti l l
science. But sti l l , i t gives us a framework."

Even if the project doesn't succeed, it is crit ical to have
learned something along the way, Ling stresses. "Every jour-
ney is worth taking. Although you may not get to the ultimate
goal, you may have learned a lot along the way that will then
be helpful for something else."

Unlike NIH or other agencies, DARPA gives its program
managers a tremendous amount of leverage, says Ling, all
based upon contract money. "We can always terminate a con-
tract, so it's highly motivatir-rg."

What about Timeframes? Can Genius
be Rushed-or Held to Deadlines?
"Sometimes we establish deadlines, sometimes notl'Ling says. "In
the case of the brain-controlled upper-limb prosthesis, we want
an advanced mechanical platform in two years, and in four years
we want the thing neurally controlledl'

What happens if they cant do that?
"Then we find out why they didnt do iti' Ling explains. "If it

was because they didnt have a resource or a piece oftechnol-
ogy available, we try to get it to them before we get to the failure
point. On the other hand, if the science just doesnt merit it, we
will know ahead of time and we'll disengage.

'And if it's because they're just not good performers, we will
have taken their money away from them long ago because my
team is 'in their shortsj meeting with them once a week. And
once every couple of months, I pay them a visit. We are watch-
ing every move, so if things are starting to slip, we know. But
in this case, both performers-DEKA Research and Develop-
ment [Corporation] and the fohns Hopkins University Applied
Physics Lab-have not only met their milestones, they're actually
ahead ofschedulel'

Although Tether oversees every.thing within the agency, frorn
finances to procedures, DARPAs program managers require
minimal oversight, says Ling. "The vast majorify of program
managers here have at least one doctoral degree-I myself have
two. There's only a certain amount of control that you need to
leverage on these people. Ifyou leverage too much control, you
actually squash their independent thinkingi'

DARPA experiences no difficulty in locating performers to
execute the programs it conceives, according to Ling. "Many

people seek us out, but in most cases, we send out an Internet
announcement specifying in very detailed terms what we want.

www.oandp.com/edge November 2OO7 tThe O&P EDGE 23



abpe/Luo)'dpueo'MMM/002 raqua^oN. 19Ol d8O aql I tZ

t ls€€ Epltoll'llauqsng
anua^v puPFllnos.l 0zl

u tsaa qw u-un 0 pD u 0 ̂pv :alqD I D^v jslv

srolo] luauotd E€

nnL9-296-008

"''";lloJllil sud $rHHrs0r
uro)' q)reeseJ sr glaqlsold'rvrrvrrvr

n

l

o
o
o

o

o
n
o
o_

alqel re^e slrn pord I e)ruouola
pue alqernp lsoru aqt aq ol ua^ord

spnpord sud

q uelg 6u rnre3 pue ZJ L{)}ol}S
'ulIS Zl'su rsau'sa^tsaqpV

fir;en6 Jo uorl)elaS

sa^eels urls olell-n lo
peaqv dals auO

laal lerue6 dat5 {se3

)Dnpud+l!i/A lsDpzuq 0 s0 spla/Aa pulaDualu puD l0uatllu u0/A sztl pua
.,itpa pua )alu// Ddndsuau n uaaq slrl atls uarssaloft 4pg aql ut sludtD snauzA 101 sultl
;:1at tlqnd pua burla>ltow tlllM patslssl sDrl 0rl/,4 )aluAA Duzpa4 0 s1 ox6 sdd111t14 tlttpnJ

10r rrvll6l :6Ng )t)tnD gtvt ;s.{n8 alqrs
-sodrur, aqt are asaql '{lle raUV'rueql paau l,uplnom a.tt'1r lrrpard
plnor aM JI 

'lrnlrar ol sanurluof .{rua8e eql lsnrl ure.rq ,{reuorsr,r,
pue'lrlsunlnJ 'elrlear)'a,rrleur8eur r(pp.tr aql uror; auot 1q3ru
leqm lrrpard uer oq.{r 'arnlnJ aql u1 '3ur1 s,(es 'u.no rrar.l}Jo svd
-Uvq-lulru Surdola,rap are-(ggq) .,t8raug ;o luaugedaq
aqt pue (S11U) salrlras ueurnH pue qlleeH ;o luarulredaq
'S'n aql-selrua8e luaruura,ro8 .raqlo teql luelxa aql ol la^o
saurl dueur quolr{ sll ualord spr{ VdUVC 

'uorldarur slr arurs

.;pua-luo4 lsrr-q8rq aq] IIe euop aAeM J)uo ra^o tr a)pl
dlensn,(aql :.raulred uorlrsuprl lsaq rno,,(lpraua8 sr fpueutuo3
Ierralery pue qrreasag prrpayq dru.ry
'5nl 

,.(urry 8tg, ar11 'VA eqt 'adoq 
I 

'pue

durry 'g'n eql aq ot d1a111 are s:au1.red
uorusuerl rno leql aq plnom ssan8 d11,, '1r

Suunlre;nueu pue Sur8eped;o 4set aql
re^o alpl ol a^eq IIrM euoeuos'1urod leq]
ty'3u11 s.(es'pua 11,tr 1ra(o:d aql ur luaru
-a^lolur s.VddVC 'alqrssod sr alqrssodur
aql leql uruoqs a.teq.{aq} uaqm ,{ep aug

'ssarord p,to;dde VCC eql aurluearls
ot dlaq plnor uerSo.rd slqt go lq8rsra,to
aqtgo yed ^,(pea.rp are sa^lesulaql srergo

VCJ eq] ]eqt tleJ aq1 ,;adrd eqt umop Sunuoc sr l.3o1ouqra1 srql

teql eurl Jo pear{p .ttoDl .,(aql os 'sp,tordde roJ uaql paIse seq
auoLue aJoJaq uala pal]o^ur dlalerurlur uaaq a,teq Laq1,, 'salrlap

aql auruexa pue slesodo.rd aql Mar^ar iurq padlaq seq qlrq,r\
'VCc aql qtg'r .{lasop palrom seq aq s.(es 3ur1 'uoqrppe u1

..ppo.4{ aql ol a.rr8 ol Suro8 sr erueruv Surqt pgrap
-uo.M raqloue aq o1 Suro8 sr srql Iulql I 

'aprmplrom Lltunuuor
uerlrlrr aql olul lno oB o1 slql lradxe al4 'lerres e lou sr srql,,

'llnpoJo aql uolllsueJl o] /vlol{
Mau>l leql ̂(I1ua lerc;auuol e aq lsnu sraulred aql Jo auo leql
slesodo.rd roJ IIer rno ur palepueru seM lI '.rau].red 

IeoJarutuo) e
peq 1a,r,ay anbrlul eqt ol lr epeu leql psodord afurs dra.r.a o5 '8urqt

slql aleu ot a^eq ol Suro8 sr dpoqau-ros',{ep aqlSo pue aqt le leql
Matrrl aM' '3ur1 sl.es ,;c11qnd aqt ot saruelpe asaql Surga8 qlrm
panlolur,4.ra,r a.r.ar*'uer3o.rd slrlaqlsord Surzruorlnlo,La5 atll q,,

arllqnd [Praua9 arn
ol aIqEIIB Vr(gepraururol

Iuaql 8u5qeq-urral-tuo1
spalord ll ono{ vduvc saoc

.;dn sdod leq'/tl aos
ol alrsqem rno 3ur11or1 ,{lluelsuor are .(rl
-snpur pup sarlrsJJArun lsory'eJeql ,{auour

_Io lol e s.areql Mou>I .{aqt asneraq slesod
-ord ro; sllel rno o1 puodsar a1doa4 'sa

-8ua1pqr Surlunep d;aa, a;e asaql asne)aq
puodsar lsaq Lra,r aqt ,(1uo 'Lllerauag

s)rlaqlsord sazruorlnlo^au vduvc
t:

H




