


“We want our user 
just to think, ‘Open 
my hand,’ and the 
hand opens.”
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to perform certain tasks like grasping a ball. One 

ultimate goal of his lab’s work is to use that brain-

activity pattern to allow people with spinal cord 

injury paralysis to use their limbs with the help of 

a neuroprosthesis—or a brain/computer interface.

  It works like this: In a patient with a spinal cord 

injury, information from the brain isn’t able to get 

to the nerves of the arms to cause movement. It’s 

blocked. Scientists at Miller’s lab have found a 

workaround. Functional Electrical Stimulation 

(FES) uses electrical current to cause paralyzed 

muscles to contract. The trick, in a paralyzed patient, 

is to come up with a way to control those contractions. 

Using signals recoded from the brain might be 

that trick.

 Northwestern researchers give a monkey a local 

anesthetic to cause temporary arm paralysis. They 

then give the monkey a ball to pick up. The monkey’s 

brain—which is implanted with an array of microelec-

trodes that can record the activity of individual brain 

cells—communicates that it is trying to pick up a ball. 

In doing so, the neuroprosthesis sends an electrical 

current to the paralyzed muscles, causing them to 

move as the brain is trying to tell them. In the 

lab, through FES, the monkeys can use their 

hands to pick up the ball, almost as they did 

before the paralysis.

 “Because we can look at the monkey’s 

brain and � gure out what he’s trying to do 

with his muscles, we can electrically stimu-

late them, cause them to contract arti� cially 

and essentially restore the monkey’s volun-

tary control. The signals go to the paralyzed muscles 

through our computer and electrical stimulator 

instead of through the spinal cord,” Miller says.

 One particular challenge is in developing the FES 

part of the neuroprosthesis so that it can cause the 

complex hand movements we are naturally capable of 

making. Another challenge facing all brain/computer 

interfaces is that the array implanted in the brain 

only works, on average, for one to two years and has 

the potential to damage the brain. 

Scientists, therefore, must develop 

a more biocompatible method before 

it can move beyond the lab.
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Sliman Bensmaia, PhD, associate professor in the Department of 

Organismal Biology and Anatomy at The University of Chicago, is 

tackling a signi� cant challenge in the realm of prosthetics: feeling. 

Without sensory signals, prosthetic devices feel awkward, clumsy, slow. 

Bensmaia is working to change that. 

 The ability to feel relies on the sensory parts of the brain. For people 

who have lost an arm or hand, the part of the brain that communicates 

touch in those areas is dormant. In his lab work with monkeys, Bensmaia 

electrically stimulates the sensory parts of the brain 

through implanted electrodes to elicit touch sensations. 

He’s trained monkeys to recognize (nonpainful) pokes on 

their hand and has shown that if he replaces those pokes 

with electrical stimulations to the brain, the monkeys 

react as if they had been poked in a speci� c way, 

implying that they experience the electrical stimulation 

of the brain as touch sensations.

 The long-term goal: When a prosthetic device 

touches or is touched, the person will feel that sensation because the 

brain will be electrically stimulated. “Any time the index � ngertip touches 

something, we will inject some current through an electrode in the brain 

that used to receive sensory input from the � nger. What we’ve shown is 

when you do that, the patient will feel something on his or her index 

� ngertip,” Bensmaia explains.

 Challenge: The electrodes that are implanted in the brain only 

work for a few years and cannot be removed or replaced. Scientists 

must develop a method that is viable in the longer term before it can 

move beyond the lab.  +
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