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A Better Way  
to Amputate

T
oday’s  state-of-the-art prosthet-
ic limbs are scientific marvels, de-
signed with robotics and sensors 
that respond to neural and mus-

cular signals, to give users the possibility 
of greater function and control. 

But amputation techniques lag far behind 
these sophisticated prostheses. “The amputa-
tion paradigm hasn’t significantly changed in 
the last 200 years,” explains Shriya Sriniva-
san, a doctoral student in the Harvard-MIT 

Health Sciences and Technology (HST) pro-
gram. In typical amputations, nerves and 
muscles are cut and arranged somewhat hap-
hazardly; the main goal is to create a sturdy, 
well-padded appendage. “The types of neural 
signals and muscles signals that you get are 
really unstable. They decrease over time, and 
sometimes researchers can’t isolate individ-
ual muscles,” Srinivasan says, calling this “a 
mismatch between the technology and the 
human physiology.”

Working on a team that included Mat-
thew J. Carty ’95, associate professor of sur-
gery at Harvard Medical School (HMS) and 
a reconstructive plastic surgeon at Brigham 
and Women’s Hospital, and Hugh Herr, her 
adviser, who heads the biomechatronics lab 
at MIT, Srinivasan helped develop a new pro-
cess for performing amputations. It ensures 
better communication between the body and 
prosthesis, with the goal of giving the patient 
more natural sensation and movement. 

This approach, known as the agonist-
antagonist myoneural interface (AMI), uses 
muscle grafts from the patient’s body and 
existing nerves at the amputation site to cre-
ate muscle pairs that mimic those found in 
uninjured limbs. Ordinarily, when one mus-

A surgical technique designed to preserve 
proprioceptive signals after amputation 
should allow patients to sense the location 
of their prostheses, feedback that is often 
compromised by convential surgery. 
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cle contracts, the opposing muscle stretch-
es, actions that provide key sensory feed-
back—proprioception—about the location 
of the body. Thus someone with a normally 
functioning foot stepping off a curb knows 
“where that foot is in space and is able to ad-
just to the change in height automatically,” 
Srinivasan says, intuitively sensing the speed 
of movement and amount of force required. 
“A person without any of that sensory feed-
back has to watch the ankle or leg as it moves 
off the curb and onto the street,” and then 
calculate how to place the body. (Some peo-
ple with lower-limb amputations describe 
a “ski boot” sensation, in which their ankle 
joint feels locked and unable to move.)

Srinivasan and her colleagues tested the 
AMI surgical process in rats (research they de-
scribe in Science Robotics), and confirmed that 
they could successfully create these dynamic 
muscle pairs. Nerve tissue in the muscles re-
generated quickly,  allowing the muscles to 
communicate with the brain. The research-
ers expect similar results in humans. They are 
just beginning to perform the AMI surgery 
on human candidates; Hugh Herr himself, a 
double amputee who earned his Harvard doc-

torate in biophysics in 1998, plans to under-
go it. The researchers say the procedure will 
work both in new amputations and in cases 
where the initial surgery occurred many years 
ago. As an additional benefit, AMI may solve 
the problem of neuromas, common in normal 
amputation, in which severed nerves become 
painfully hypersensitive when embedded in 
muscle tissue. “We give the transected nerves 
a home to live in, and they grow back into the 
muscles,” Srinivasan explains. “We don’t see 
the same unhealthy nervous tissue formation 
that normally occurs.”

To develop AMI, the researchers drew 
insights from a multidisciplinary approach 
historically missing in amputation and the 
prosthetics field. “There’s been a lack of 
communication among surgeons, research-
ers, prosthetists, and the people who are 
actually designing the robots used in pros-
thetics,” Srinivasan says. By using a systems 
perspective, Carty reports, “We’ve been able 

to have discussions that yield solutions that 
I think none of us could have come up with 
on our own as effectively or as gracefully.”

Srinivasan says the HST program has been 
ideal because it has allowed her to combine 
her work in MIT’s biomechatronics lab with 
clinical courses and HMS rotations that have 
deepened her understanding of human phys-
iology. She has long considered the challeng-
es of moving with a prosthetic limb; she is 
co-founder of Anubhava Dance Company, a 
professional group of classical Indian danc-
ers from around North America who gath-
er frequently to perform. One of her fellow 
dancers, a close friend from childhood, uses 
a leg prosthesis. “When you’re dancing, it’s 
all about having your mind in tune with the 
rest of your body, and being able to feel your 
arms and legs in space,” she says. “I’m hope-
ful that we’ve found a more elegant solution 
for people like my friend, who could have a 
much greater sense of functionality.” 

“The amputation paradigm hasn’t significantly 
changed in the last 200 years.”
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Carty foresees a day when AMI is the 
standard approach for amputations. “This 
technique could allow patients who’ve un-
dergone limb loss to recapture a degree of 
‘wholeness’ that is usually lost forever for 
amputees,” he says. “This represents a way 
to get at least some of that—and maybe a 
lot of that—back.” verin o’donnell

harvard-mit health sciences and 
technology website:
https://meded.hms.harvard.edu/
health-sciences-technology

D O T A G E  D E N I E D ?

Anti-Aging Approaches

D
ecades  of research have shown 
that calorie restriction extends 
lifespan and delays morbidity in 
many small, short-lived species: 

yeast, spiders, and various fish and rodents. 
In humans, though, the benefits of calorie 
restriction are still unproven, and prob-

ably less straightforward. And how calorie 
restriction slows the aging process is still 
not well understood. “The interesting thing 
about calorie restriction is that we used to 
think the body was in some way slowing 
down, maybe in the number of heartbeats 
or production of free radicals,” says profes-
sor of genetics David Sinclair. “But it turns 
out that’s wrong….When we’re calorie re-
stricting, what we’re really doing is telling 
the body that now is not the time to go forth 
and multiply. It’s time to conserve your re-
sources, repair things better, fight free radi-
cals, and repair broken DNA.”

Sinclair believes that a compound found 
in all living cells, nicotinamide adenine di-
nucleotide (NAD), could be used to mimic 
these effects in humans without the starva-
tion or decreased reproductive capacity as-
sociated with calorie restriction; his human 
trials of a therapy that could increase NAD 
levels are due to begin this month. Mean-
while, a similar compound is already being 
marketed as a supplement by a health start-
up with several distinguished scientists (in-
cluding three Harvard faculty members) on 
its advisory board—even though there’s still 
no evidence that the substance works.

Sinclair’s approach is based on a broad 
view that links diseases of age such as can-
cer, diabetes, Alzheimer’s, and heart failure 
to common cellular processes. His lab aims to 
understand these processes and then use that 
understanding to develop medical therapies.

Underlying the wide-ranging benefits of 
calorie restriction, Sinclair explains, are sir-
tuins—a group of seven genes that appear 
to be very important in regulating the ag-
ing process. “These longevity-gene pathways 
are turned on by changes in lifestyle” such 
as exercise and calorie restriction, he says. 
They “control a variety of protective pro-
cesses—there’s hundreds of things that they 
do, and we still don’t know everything. But 
they protect the chromosomes, they protect 
stem cells from being lost, they protect cells 
from senescing.” Sirtuins can be activated by 
a lack of amino acids or of sugar, or through 
an increase in NAD. (The compound’s level 
in the body declines with age.)

Earlier this year, research from Sinclair’s 
lab showed that feeding mice nicotinamide 
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