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Computers analyze a swimmer's stroke; special boots pump a weak heart;
electricity helps the paralyzed walk again. A new science is creating The
Human Machine.
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discusses the work of Dr. Woodie Flowers at MIT, who is developing a computer-controlled prosthesis for
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stairs more easily. The article concludes by discussing the potential future of biomechanics, including the
possibility of using electronic devices to enhance cognitive function.
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Below find a reprint of the 9 relevant pages of the article "The Human Machine" in "Science Digest":

Computers analyze a swimmer's stroke; special
boots pump a weak heart; electricity helps the
paralyzed walk again. A new science is creating

BY JEFFREY KLUGER

UMAN
MACHIN

Sprinting gracefully downfield, a football player closes in confi-
dently on a sure touchdown. But just short of the goal line, his
rhythm breaks and in a grimace of agony he tumbles forward.
His Achilles tendon, the stout cord at the back of his ankle, has
ruptured, and his foot hangs limply as he is helped off the field.
Across town, a construction derrick strains to lift an enormous
steel girder. Struggling against too heavy a load, a cable snaps.
The girder goes crashing to the sidewalk, and the derrick col-
lapses. Each day, the gap narrows. Each day, the distinctions
fade a bit more. The distance between man and machine—and
the differences that make each unique—are vanishing. In func-
tion, design, intellect and even mortality, what we are and what
we build grow ever more similar. It is a trend that's hardly new.
For centuries we have endowed much of what we build with
the attributes of living beings. Our cars are quadrupeds
equipped with two eyelike orbs. Our power shovels and back-
hoes feature “arms” that bend and reach with striking similari-
ty to our own. Complex webs of mains and pipes transport
water through buildings, just as an even more intricate network
of arteries, veins and capillaries carries blood through our bod-
ies. Our language, too, reflects a blurring of the line between
biology and engineering: our main roads are arteries; our cor-
porate headquarters are nerve centers; our spaceships are cov-
ered with protective skins, We measure distances in feer, and
we get to the heart of a matter. And despite our knowledge that
living things die and inorganic objects don’t, how often have we
heard a motorist claim that his battery just did? The parallels
between biology and machinery are so remarkable that human
inventions and human beings may have passed the point of
simple similarity. Rather, the two are slowly integrating, weav-
ing into a single, inseparable unit, a human machine. Nowhere
is the consolidation more evident than in health care. Take
a ial body parts, for example. For centuries we have de-
signed door hinges and machine joints that mimic the action of
the knee. That same technology is now allowing us to replace
the knee itself. At the Hospital for Special Surgery in New
York City, doctors are working with engineers to build artifi-
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lectrodes on a pitcher’s fingers reveal that
if one digit leaves the ball even an instant
after another, a fastball becomes a slow curve.

cial knees to replace the diseased joints of
patients with bone cancer or certain other
silments, During the transplant surgery,
the dociors leave the paticnt’s lower and
upper leg untouched while they remove
the aMicted arca. They then cement the
substitute in place, retaining the
body’s own ligaments. Built of a cobalt-
chrome or titanium alloy snd polycthyl-
ene, the implant owes its existence as
much to engineering as it does 10 medi-
sine

LAWS OF MECHANICS

The new science of biomechanics is
harvesting what we have learned in build-
ing structures from cars to cranes to
spacecraft and turning this knowlodge
hack into that most complex of contrap-
tions—the human body. Biomechanical
science approaches the body armed not
with traditional medical concepts but
with mations ef torque, load, stress, lift
and drag. From the view of the biome-
chanician, we owe our ability 10 move
about and support ourselves chiefly to the
everyday laws that govern fulcrums, le-
vers, pulleys and counterweighis.

Human beings and machines are both
physical structures th they are going.
to Function, must come to terms with the
same physical liws, says Dr. Feederick
Vosburgh, of Rockefeller Universiy in
New York City. “There is a correspon-
dence between what we design and what
nature has designed,” he adds. “And the
key to that cormespondence is that there is
a selection of what works and what
dossa't work in both spheres.”

Seientists often find that even the most
obscure of man's inventions may tura out
to be little more than hand-me-down
tricks long ago mastered by nature
Braces designed to stabilize the fusclage
against twisting in rockets and airplanes
were built and perfected only after the
tumn of the century. However, when Vos
burgh and his assosiates recently investi-
gated the fibrous structure of sharkskin,
they discovered that a shark's rear fins
are held rigid in almost the same fashion
as a fuselage. Acrodynamic laws, it
seems, foreed human engineers to reach
the same conclusions nature dis —weilm
arrived at our answers a bit la

Moo o osaschialcanay s
analyzing human form and function with
the same toals used 10 test inanimate de-

Jeffep Ksger, asistat edito, obersd
nics i Nova Scatia and New Fark:

vices and using wha they find 10 belp the
human body work better. At California’s
Coto Research Center, biomechanician
Gideon Ariel is employing sophisticated
electronic systems to decipher and im-
prove the performance of athletes

Curreatly, Ariel is designing what may
be the world's first computerized foot
wear— running shoe with a microchip
nestled i its sole. The chip operates as a
pressure and load gauge, recording and
interpreting foot impact and stride
length. At the conclusion of an excreise
period, the runner simply removes the de-
vice and plugs it into & home computer 1o
Icarn his aversge spesd, the distance he
ran, the calories he burned and how much
weight he is likely 10 lose.

Aril is also one of several biomechani-
cians who have been using ulira-high
specd films, moving at the rate of up to
10,000 frames per secoad. to record acts
a5 simple as walking or as complex as &
basketball lay-up shot. He then projects
the films onto a screen with a grid and
thousands of coordinates. A computer
can thus follow a specific spot on the vol-
unteer’s anatomy as it passes across the
grid and assess how far, how fast, how cf-
ficiently and how expertly the subject’s
limb travels in a given instant. The device,
which breaks movement and agility down
into countless tiny fragments, helps dis-
tinguish previously indistinguishable cle-
ments of motion. So well does this unfor-
giving scrutiny work that Ariel has boen
asked 1o apply his techniques 10 members
af several professional sports teams and
even to athictes on the 1984 Olympic

HYDRODYNAMICS

i whe is studying the
imming a1 Teachers
Callege, Columbia University, has buil
mosch of the human hand, securale
down 10 the pores, and immersed them
L4aks of moving ek 1o s W Byt
dynamic soundness of variowus hand posi-
tions, in the same fashion that propeller
blades and airfoil sections of ships are
routinely analyzed, Like Ariel, he also
films athletes and has succeeded in break-
ing swimmers’ stroke cycles down into in-
texvals of one-fiftieth of a second. With
such testing systems, he can help many
athletes improve bath their spoed and eff-
ciency of energy comsumption.

Joan Stevenson, a biomechanician
now at Queens University, Kingston,
Canada, udied the arm and finger

Phcangragh by Iok . Rl Focm Da Sport: i3 congetr smagt &
ciovecny F Pt Caranagh; botien mape couriens of Tom MeMaben

cientists can direct the flow of the body’s
own electrical current out a nerve and along
a copper wire to operate an artificial organ.

mations of baseball pitchers. The investi-
gator attached electrodes 10 the fingers of
several college players and conted 4 test
ball with electroconductive paini, When
the sihlenss weat o their Flicking mo.
tions, they stepped on a microswitch, irig-
gering a monitoring system that recorded
information regarding the handling of the
ball. The speed of the pitch was precisely
measured when the ball struck yet an-
other switch buried in the catcher's glove.
The system showed that while the arm
may be respansible for launching ihe ball,
the fingers serve as & sort of gyroscope
“The order in which cach of them releases
the ball is the key to 1 pitcher’s precision.
If an index finger Jeaves the ball cven a
fraction of an instant before another digit,
a smoking fastball may become a slow,
hanging curve and a dizzying strike may
became an casy home-run pitch,

E

BACKBREAKING VIBRATIONS
Like any other bit of architecture, the
human spine can break down from too
much shack, load or vibration. With this
in mind, Dr. Malcolm Pope, of the de
partment. of orthopedics and rehabilita-
tion at the University of Vermoat, who
has been investigating a type of back pain
common simng (ruck drvers,suspecied
harnelther b s noe i per
f sitting were responsible for the
complaints. Rather, he thought the cul
prit might be vehick vibrations. When
Pope strapged laboratory volunteers onto
machines that duplicated truck motion he
discovered that the severity of vibrations
found in an ordinary truck reaches a level
physicisis and architects term the first
natural frequency. This s the paint at
which all physical structures are danger-
cusly wrenched and stretched.
sed on his stuics, Pope recommend-
ed that truck designs immediately begin
incorparating antivibration features. And
no wonder. The first natural frequency is
not 1o be taken lightly. In 1940 the origi-
nal Tacoma Narrows bridge in Puget
Sound, Washington, was buffesed by
highespeed winds. bridge bucked,
swayed, heaved and finally collapsed
Like the quivering truck, the bridge was
vibrating at the first natural frequency.
At the Massachusetts Institute of
Technology, work is under way to main-
tain one of the body's more intricate me-
| components—that fist-size
pump we call the heart. Professor Ascher
Shapiro, & Nuid-dynamics specialist who
ones worked with propulsion engines and
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the science of high-spesd flight, is now
employing the physical laws. of Nowing
liquids 10 develop mea a
lives of heart atiack victims. To do this,
Shapiro is focusing his attention not only
o the heart itself but also on the legs.

His method involves u pair of inflatable
ankle-to-groin boats that can be pressur-
ized and depressurized in synchrony with
each beat of a failing heart. As the heart
contracts, the boots fit loasely, leaving leg
arteries open and reseptive to incoming
blood. When the heart relaxes, the boots.
tighten, squeezing blood back up to the
beart. “One of the advantages fo this
technigue,” Shapiro says, “is that it is
noninvasive and docs ot require & sur-
gean.” On-scene paramedics would be
qualified to apply the device. Later, a hos-
pitalized patient might wear it for hours,
days or even weeks. The objective of the
iechnology, Shapiro says, “is to minimi
the amount of heart muscle that dies,” re-
ducing the lasting damage that often re-
sults from an attack

In England, Dr. G.E. McLellan has cn
dured the insertion of sharp sensor pi
into his tibis and then walked about &
hard laboratory floor in & variety of types
of shoes in order to test how the shocks of
heel-to-floorconcussions are ra
throughout the skeleton. He found that
bodics, like buildings, transmit such
forces very readily. In fact, as these vibra-
tions dart about the body, they may con-
tribute to maladies such as _,u..n o back
pain mi ne headaches. A simple
switch from hard-heeled el may thus
be prescribed for 4 wide vasicty of aches
and iwinges.

Many of the advances in biomechanics
may be the most vivid of

rities: the parallel

between electrical wiring and the body's
nervous system. Like a computer that

THE ING OUTL

@ swimmer's stroke fs recorded o film
that scientists scrutinize i impro

the athlete’s efficiency. They digitize
data from cach frame of film and feed
it into @ computer, {Left inset) A
digitized hutterfly stroke (red) shows the
propulsive forces (blue lines and yeliow
horizantal line} acting ou the hand
tigreen). A digitized freestyle stroke
bt st pasitions af the
fingertips (white dots), hand (green),
Jforearm (blve) and upper arm (veilow) at
ome-twentieth of a second intervals.
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BRAIN BOOSTERS

Now that scientists are

human minds with
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feeds its orders out through cables and
across junctions, the brain transmits its
commands via low-level electrochemical
charges that course through miles of
nerve fibers to every organ in the body.
By tapping into this natural electronics
network, scientists can detour bodily cur-
rent and direct its flow out of a nerve,
through a copper wire and 1o an artificial

At the UCLA Medical Center, re-
searchers in an experimental program
have developed a method for wiring a
muscle in an amputee’s stump 1o & syn-
thetic hand that features such details as
cosmetic veins and fingernails. The wire
carries the muscular current into the
prosthesis, where it activates a sensitive
motor and the hand opens and closes on
command. To be sure, the agility of the
prosthesis is limited; however, the device
does show that an order originating in an
organic brain can culminate in the func-
tional movement of an inorganie collec-
tion of plastics, gears and electronic cir-
cuits,

All such systems are designed for pa-
tients who have damaged or absent limbs
but retain healthy nervous systems. How-
ever, what of paralysis victims with dam-
aged spinal cords who can no longer com-
mand muscles to move because the neural
links between their brain and limbs have
been severed? The problem is like trying
to turn on a lamp whose cord has been
cut. It is also a problem that may at last
have a solution. Biomechanician Ernest
Byron Marsolais of Ohio’s Case Western
Reserve University, working at the Cleve-
land Veterans Administration Hospital,
inserts unobtrusive needles into patients’
limbs, wires the probes to a computer and
hooks the computer to a simple nine-volt
battery. The battery supplies the current
that the computer applies to the body in a
smooth, natural sequence. As the various
muscles receive their patterned stimula-
tion, they gracefully contract and the
limbs begin to stir. Some people who have
been confined to wheelchairs can walk
after training. Some people who had no
use of their arms are able to grasp.

SUPER-SUBTLE CONTROL

Marsolais' computer, while currently
the size of @ small refrigerator, will, if YA
funding continues, soon be reduced so
that it can be worn comfortably on the
body. Most encouragingly, the entire sys-
tem can be tailored to fit the needs of the
individual patient. A person handicapped
only from the waist down can tumn the
sysiem on with a hand-controlled micro-
switeh. A quadriplegic without the use of
his hands but with some shoulder mobil-
ity can use his upper arm to press a switch
attached to his upper chest. Even people
with no movement at all below the neck
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can turn the batiery on with implanted
electrodes designed to pick up the tiny
clectrical signals discharged by a moved
ear or a raised brow.

Marsolais stresses that his computer is
not a panacex for the handicapped pa-
tient. While movement can be restored,
complete grace and fluidity cannot. It is
thus nearly impossible to regain the preci.
sion found in such finely detailed muscu-
lar structures as the hand. In fact, it is
difficult even to provide patients with an
especially cosmetic stride. However, Mar-
solais remains optimistic about his pa-
tients" futures. “They're not going to be

ncing,” he concedes, “but they can get
around

Training the body to coexist with such
alien machinery it a far more arduous
process than it sounds. Marsolais’ system
has been in development for 12 years and
currently about 10 tenacious patients are
enjoying its benefits. One such pioneer,
36-year-old attorney Robert Lynch from
Cleveland Heights, Ohio, has been work-
ing to adapt to his clectrically bestowed
mobility for close to a year. A victim of
neurological inflammation that left him

hat's next? Will we be plugging electronic
devices into our heads to help us
think? Or will our entire brains be artificial?

the synthetic stimulation. “At the point
where I really need it,” he says, “the ma.
chine is doing fifty percent of the work.
At MIT, Dr. Woodie Flowers is taking

experimental—approach o the “living
prosthesis. Flowers, who is working with
artificial limbs for amputees who have
lost a single leg, attaches one of his

vices to the remaining portion of
like any other prosthesis. Flowers' pros-
theses differ in that they operate by a
unique computer-controlled system
Wired into the healthy leg, the computer
directs the prosthesis to mimic everything
the healthy limb does. Thus, when the
wearer climbs a staircase, the good leg
takes a step, and then the artificial leg du-
plicates the action. It works extremely
well with something as comparatively
casy as walking. According to Harvard

with some rudimentary in
maost of his body but little functional co-
ordination, Lynch had to learn not so
much to use the experimental machinery
as to collaborate with it. His muscles and
Marsolais’ mechanisms must both con-
tribute if mobility is to result. The less
taxing a desired movement is, the more
Lynch relies on his own remaining mus-
cular control. For movements involving
gross motor activity, such as rising from a
chair, Lynch defers almost completely to

Thomas the
antificial leg duplicates the action of
healthy one “in a smart w. improvis-
ing and coping with unexpecied obstacles.
McMahon, who has seen films of veterans
using the leg, says, “It’s like a miracle."

There are many wha insist that the hu-
man-mechanical symbiosis is not, as bio-
mechanicians argue, based merely upon
the dictates of physical design law, Ac-
cording to sociobiologists, for example,
human beings do litde that cannot be

A new artificial knee, extended (left) and flexed (right), comains a ball inside its

plastic socket. Afier being cemented into the leg bones, the prosthesis gives a 120"
flexion-extension range and even allows the foot 1o rotate 207 bach inward and outward,

FPhesogragin sounmy of the Universiy of Michigas:

traced back to an irresistible need to
thrust as much of their individual genetic
material as possible into the next genera-
tion. Often this urge may divert itself into
building and design fields. When an ar-
chitect blucprints buildings with skele-
tons and hearts—in the form of girders
and boilers—he may be doing nothing
more than designing 2 bust of himself.
This, sociobiologists conclude, is procre-
ation in one of its most elegant forms.

PARA-REPRODUCTION

Harvard entomologist Edward O. Wil-
son, often called the father of sociobiolo-
&Y, concludes that the habit of designing
devices that mimic man “is related 1o the
seeking of immortality through monu-
ments and great works of philanthropy.”
He remarks, “It's possible that the same
kinds of emotions are being employed in &
kind of para-reproductive funétion.”

Dr. Charles Lumsden, formerly a re-
search fellow in biology at Harvard, who
collaborated with Wilson on Genes,
Mind, and Culture, agrees that machine
building may well be an act of vicarious
reproduction. “One could derive deep in-
ner satisfaction,” he comments, “from
seeing and participating in actually repro-
ducing one's own form in some artificial
medium."

Nowhere are the benefits of this phe-
nomenon more profoundly felt than in
factory and industry settings where the
similarity of machines to man allows the
two 10 mesh with maximum efficiency.
Industrial biomechanicians focus on im-
proving faciory components as obscure as
package handles in an effort, as one re-
searcher noted, “to improve the coupling
between a human operator and a load.”

And so the loop between human and
machine—the mutual process by which
we manipulate them and they manipulate
us—continues. Where will it end?

The brain seems to be the next frontier
as man imparts more and more of his in-
tellectual capacity to computers. Will we
soon be plugging electronic devices into
our heads to help us think? Will people be
reasoning with prosthetic brains? No one
knows, but the challenge is awesome. Per-
haps biomechanician John S said it
best more than a decade ago: *"This fifty-
liter rawhide bag of gas, juices, jellies,
gristle and threads movably suspended on
more than 200 bones, presided over by a
cranium, seldom predictable and worst of
all living, presents a challenge 1o discour-
age a computer into incoherence.” -

n
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