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ASSISTANCE SYSTEMS 

WITHIN EASY REACH
A hand exoskeleton designed for 
everyday wear has to be light and 
straightforward to use.
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HEADING 

HOME WITH 

A REHAB 

ROBOT
TEXT Martina Märki

Hands are our most important tools. Many stroke 
survivors struggle with a serious loss of motor func-
tion in their affected hand. Despite undergoing  
intensive physiotherapy and occupational therapy 
in the first few weeks, two out of three patients sub-
sequently find that this hand remains impaired. 
This constraint takes a heavy toll on their  
independence in day-to-day life. Roger Gassert, 
Professor of Rehabilitation Engineering at ETH 
Zurich, aims to change that.

“The use of robotic devices for therapy is fairly 
widespread in hospitals and rehabilitation centres,” 
says Gassert. However, he sees room for improve-
ment, particularly when patients return home from 
a clinic environment. “The transition to everyday 
life is tricky,” notes Gassert, adding that the mo-
ment patients are on their own, they tend to favour 
their healthy hand, using it more often to relieve 
their impaired hand. The consequences are dire. 
The hand remains untrained, and the skills acquired 
so painstakingly in rehab are lost. The impairment 
worsens, as do the adverse effects of paresis.

USE IT OR LOSE IT A training regimen to exercise 
the hand’s functions could counteract this problem 

and provide additional benefits such as moving and 
strengthening the arm. “Gripping isn’t just about 
muscle strength. It also involves sensory percep-
tion and dynamic interaction with the environ-
ment, which are cognitively demanding,” says  
Gassert. But how do you motivate people to keep 
training and using their impaired hand at home?

Gassert and his team are pursuing two avenues. 
For one, they aim to continue developing a robot 
designed for hand therapy in hospitals so that  
patients can also use it independently at home. The 
other option – a hand exoskeleton to help patients 
grasp objects – is for cases where the first approach 
has little chance of succeeding. Both robots are al-
ready undergoing trials with partner clinics. But 
what works in the sheltered setting of a rehab facil-
ity may not be suitable for day-to-day use at home.

The ReHapticKnob is a robot-assisted therapy 
device with two finger modules. The patient inter-
acts with these interfaces, shifting their relative 
pos itions with a pinching motion or rotating both. 
Various sensors track the hand’s motor and sensory 
functions with great accuracy. This device can 
rend er a wide range of virtual objects with different 
characteristics for the patient to feel. Using virtual 
reality, patients can monitor how their fingers are 
accomplishing the task of grasping an object. The 
robot allows patients to execute special exercises 
based on neurocognitive therapy, which were de-
veloped and implemented in collaboration with the 
Hildebrand Clinic in Brissago. It automatically ad-
justs the degree of difficulty according to an assess-
ment of how the therapy is progressing.

The robot has been used successfully for ther-
apy in a clinical setting, as one study has shown. It 
remains to be seen if this approach works at home. 
“You can’t just hand this kind of device over to  
patients and say, ‘your turn,’” says Gassert,  
pointing out the many challenges they would face. 
This is why researchers are starting with a follow- 
up study to determine how patients fare once they 
are familiar with the devices and are free to use 
them independently at the clinic but outside of  
regular therapy hours.

REDUCED TO THE MAX Gassert is well aware that 
technologies for home use have to be convenient, 
easy to operate, robust and as low-maintenance 
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as possible. Reduce to the max: that’s the mantra. 
Tenoexo, a hand exoskeleton, has already been ex-
tensively streamlined. This assistive device is de-
signed to help people grasp real objects in their day-
to-day activities. “Today’s devices are very complex 
and heavy. They may be able to do a lot, but they’re 
hard to carry and put on without help,” says  
Gassert. In marked contrast, the exoskeleton from 
Gassert’s laboratory is streamlined for utmost sim-
plicity. The researchers found that four grasp types 
suffice to hold 80 percent of all objects, which is why 
at the moment the exoskeleton can only close all its 
fingers at the same time. Equipped with elastic 
elem ents, they adapt to whatever object they grasp. 
The motor is housed in a small backpack. All in all, 
the exoskeleton weighs less than 150 grams. The 
wearer gives the command to move by simply 
pressing a button. Gassert’s team decided to do 
without sensors and control channels that connect 
the nerves or brain to a brain-computer interface 
(BCI). “That’s obviously exciting, but it’s still too 
unreliable for use in daily life,” says Gassert, dis-
missing the BCI option with a wave of his hand.

He is vigorously pursuing his vision of intro-
ducing robot-supported rehabilitation and assist-
ance into people’s everyday lives. Far from limiting 
his collaboration to clinics and partners from Switz-
erland and neighbouring countries, Gassert will 
also be able to develop his vision further in the new 
Future Health Technologies research module at the 
Singapore-ETH Centre. The environment in Singa-
pore looks ideal from his perspective, with skilled 
research partners, a tech-savvy society and a close-
knit healthcare system that accompanies  
patients as they return to their lives at home. “We 
hope this will give us easier access to patients in 
their homes,” says Gassert. 

BRAIN 
GAME

TEXT Samuel Schlaefli

2

Samuel Kunz is at a critical stage of his training reg-
imen. In May, he will be up against 11 other athletes 
at the second Cybathlon in Zurich, competing in a 
virtual car race in which he controls the vehicle  
using only his thoughts. Each week, Paulina Kratka 
– a Bachelor’s student from the Neural Control of 
Movement Lab – visits him in Frauenfeld to help 
him train. She starts by placing a cap on his head 
studded with 64 electrodes and filling each elec-
trode cavity with an electrolyte gel to ensure good 
contact between the electrodes and his scalp. Then 
she plugs the cable from the cap into a signal ampli-
fier. This is connected to a laptop on which the 
game runs.

Samuel Kunz is the pilot of the ETH Zurich 
Brain Computer Interface (BCI) team. He has had 
tetraplegia since a swimming accident in the  
Limmat river in the summer of 2014. Despite his 
disability, he completed his degree in mechanical 
engineering at ZHAW and now works as a design 
engineer. “I’m a total technophile,” he says. “When 
my therapist told me about the Cybathlon, I was 
immediately keen to take part.”

STEERED BY EEG For this year’s Cybathlon, 
Nicole Wenderoth, an ETH Professor at the Neural 
Control of Movement Lab, is working closely with 
Professor Cuntai Guan from Nanyang Technologi-
cal University (NTU) in Singapore. Guan’s group 
specialises in electroencephalography (EEG) and 
neural signal processing. In neuroscience, EEG is 
used to measure the electrical activity of the brain. 
With the right algorithms, it can also be used to play 
computer games.

“We use EEG to record all the signals from the 
cerebral cortex,” explains Rea Lehner, Senior  

Roger Gassert at the Rehabilitation  
Engineering Laboratory: 
relab.ethz.ch/laboratory/team/roger-gassert.html


