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Neurons encoding hand shapes identified in human brain
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Erik Sorto controlling a grip switch with a robot hand to make a smoothie. Credit: Spencer Kellis/Caltech 

Neural prosthetic devices, which include small electrode arrays implanted in 
the brain, can allow paralyzed patients to control the movement of a robotic 
limb, whether that limb is attached to the individual or not. In May 2015, 
researchers at Caltech, USC, and Rancho Los Amigos National Rehabilitation 
Center reported the first successful clinical trial of such an implant in a part of 
the brain that translates intention—the goal to be accomplished through a 
movement (for example, "I want to reach to the water bottle for a drink")—into 
the smooth and fluid motions of a robotic limb. Now, the researchers, led by 
Richard Andersen, the James G. Boswell Professor of Neuroscience, report 
that individual neurons in that brain region, known as the posterior parietal 
cortex (PPC), encode entire hand shapes which can be used for grasping—as 
when shaking someone's hand—and hand shapes not directly related to 
grasping, such as the gestures people make when speaking. 

Most neuroprostheses are implanted in 
the motor cortex, the part of the brain 
controlling limb motion. But the 
movement of these robotic arms are 
jerky, probably due to the complicated 
mechanics for controlling muscle 
movement. Having eliminated that 
problem by implanting the device in the 
PPC, the brain region that encodes the 
intent, led Andersen and colleagues to 
further investigate the role specific 
neurons play in this part of the brain.

The research appears in the November 18 issue of the Journal of 
Neuroscience.
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"The human hand has the ability to do numerous complex operations beyond 
just grasping," says Christian Klaes, a postdoctoral fellow at Caltech and first 
author of the paper. "We gesture when we speak, we manipulate objects, we 
use sign language to communicate with the hearing impaired. Tetraplegic 
patients rate hand and arm function to be of the highest importance to have 
better control over their environment. So our ultimate goal is to improve the 
range of neuroprostheses using control signals from the PPC.

Three MRI views of Erik Sorto’s brain, taken prior to implant surgery and used for targeting the implant 
site. Credit: Spencer Kellis/Caltech 

"The more precisely we can identify individual neurons involved with hand 
movements, the better the capability these robotic devices will provide. 
Ultimately, we hope to mimic in a robotic hand the same freedom of 
movement of the human hand."

In the study, the researchers used the rock-paper-scissors game and a 
variation, rock-paper-scissors-lizard-Spock. The game, says Andersen, is 
"perfect" for this kind of research. "The addition of a lizard, depicted as a 
cartoon image of a lizard, and Spock—a picture of Leonard Nimoy in 
character—was to increase the repertoire of possible hand shapes available 
to our tetraplegic participant, Erik G. Sorto, whose limbs are completely 
paralyzed. We assigned a pinch gesture for the lizard and a spherical shape 
for Mr. Spock."

The game was played in two phases, first rock-paper-scissors and then the 
expanded game with the lizard and Spock. In the task, Sorto was briefly 
shown an object on a screen that corresponded to one of the hand 
shapes—for example, a picture of a rock or Mr. Spock. The image was 
followed by a blank screen, and then text appeared instructing Sorto to 
imagine making the corresponding hand shape with his right hand—a fist for 
the rock, an open hand for paper, a scissors gesture for scissors, a pinch for 
the lizard, and a spherical shape (loosely analogous to the Vulcan salute) for 
Spock—and to say which visual image he had seen, as the neuroprosthetic 
device recorded the activity of neurons in the PPC.

The researchers were able to identify single neurons in the PPC that fired 
when Sorto was presented with an image of an object to be grasped—a rock, 
say—and identified a nearly completely separate class of neurons that 
responded when Sorto engaged in motor imagery (the mental planning and 
imagined execution of a movement without the subject actually trying to move 
the limb).
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"We found two mostly separate populations of neurons in the PPC that show 
either visual responses or motor-imagery responses during the task, the 
former when Erik identified a cue and the latter when he imagined performing 
a corresponding hand shape," says Andersen.

The researchers discovered that individual neurons in the PPC also 
responded to hand shapes that did not directly correspond to a grasp-related 
visual stimulus. The paper shape can be related to the initial opening of the 
hand to grasp a paper, and the rock closing the hand to grasp a rock—and in 
fact, these imagined hand shapes were used by Sorto to imagine opening a 
robotic hand by imagining paper and closing the robotic hand around an 
object by imagining rock. However, scissors, lizard, and Spock call for 
imagining hand gestures that are more abstract and iconic than those needed 
to grasp the visual objects, and suggests, says Andersen, that this area of the 
brain may also be involved in more general hand gestures, such as ones we 
use when talking, or for sign language. 

Explore further: Predicting grip movements of the hand by measuring 
brain cell activity

More information: C. Klaes et al. Hand Shape Representations in the Human 
Posterior Parietal Cortex, Journal of Neuroscience (2015). DOI: 
10.1523/JNEUROSCI.2747-15.2015
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Predicting grip movements of the hand 
by measuring brain cell activity  January 22, 
2015 
Tying shoelaces, stirring coffee, writing letters, playing the 
piano. From the usual daily routine to demanding activities: 
Our hands are used more frequently than any other body part. 

Through our highly developed fine motor ...

One brain area, two planning strategies
 February 26, 2015 

Ready to strike, the spear fisherman holds his spear above 
the water surface. He aims at the fish. But he is misled by the 
view: Due to the refraction of light on the surface, he does not 
see the actual location of the fish. ...
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neurons  November 23, 2015 
When a high-fat diet causes us to become obese, it also 
appears to prompt normally bustling immune cells in our brain 

to become sedentary and start consuming the connections between our 
neurons, scientists say.

Neurons encoding hand shapes 
identified in human brain  November 23, 2015 
Neural prosthetic devices, which include small electrode arrays 
implanted in the brain, can allow paralyzed patients to control 
the movement of a robotic limb, whether that limb is attached to 
the individual or not. In May ...
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High-fat diet prompts immune cells to 
start eating connections between 
neurons
When a high-fat diet causes us to become obese, it also 
appears to prompt normally bustling immune cells in our 

brain to become sedentary and start consuming the connections between 
our neurons, scientists say.

Neurons encoding hand shapes 
identified in human brain
Neural prosthetic devices, which include small electrode 
arrays implanted in the brain, can allow paralyzed patients 
to control the movement of a robotic limb, whether that limb 

is attached to the individual or not. In May ...

Wireless sensor enables study of 
traumatic brain injury
A new system that uses a wireless implant has been shown 
to record for the first time how brain tissue deforms when 
subjected to the kind of shock that causes blast-induced 

trauma commonly seen in combat veterans.

Discovery helps explain what guides 
neurons to connect
It's a wonder of nature - and a darned good thing - that amid 
many billions of similar cells in the brain and spinal cord, 
neurons can extend their tendrillous axons to exactly the 

right place to form connections. Otherwise ...

Scientists unveil critical mechanism of 
memory formation
In a new study that could have implications for future drug 
discovery efforts for a number of neurodegenerative 
diseases, scientists from the Florida campus of The Scripps 

Research Institute (TSRI) have found that the interaction ...

Neuroscientists reveal how the brain can 
enhance connections
When the brain forms memories or learns a new task, it 
encodes the new information by tuning connections between 
neurons. MIT neuroscientists have discovered a novel 

mechanism that contributes to the strengthening of these ...

Deciphering the role of brain layers
New research from the Department of Developmental 
Neurobiology at the Institute of Psychiatry, Psychology & 
Neuroscience, King's College London, sheds light into the role 
of layers in the brain. The study, published today ...

Brainstem 'stop neurons' make us halt 
when we walk
A population of 'stop cells' in the brainstem is essential for the 
ability of mice to stop their locomotion, according to a new study 
by scientists at Karolinska Institutet in Sweden. In an article 

published in the journal ...

Computational linguistics of 'Alice in 
Wonderland' leads researchers into the 
brain
Alice in Wonderland is 150 years old this year but the ever-
young adventurer recently led Cornell researchers to a part of 

the brain that helps listeners understand her story.

Team sheds light on how our brains see 
the world
A Dartmouth study reveals how the brain understands motion 
and still objects to help us navigate our complex visual world.
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