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Table SI. Current commercial lower arm rehabilitation devices from the literature search.

Name of device

Developer/creator

Type

Lower arm

segment aided freedom (DOF)

Degrees of

Description of function

Amadeo (38)

Arm-Assist Assistance
Robot (39)

InMotion HAND (40)

ExoHand (41)

AMES (42, 43)

CyberGrasp (44, 45)
Digi-Flex (46)

Hand Mentor (47)
Kinetec Maestra (37)
Power-Web (36)
TheraBand Hand
Exerciser (48)
SaeboFlex (49)
SaeboStretch (50)

Hand of Hope (51)

Tyromotion, Austria

Rehub Health Accessible
Technology, Spain

Boinik Labs, USA

Festo

AMES Technology Inc.,USA

CyberGlove Systems Inc., USA
CanDo, USA

Kinetic Muscles Inc., USA
Kinetec, France

Power Web International, USA

Hygenic Corporation/Performance

Health, USA
Saebo, USA

Saebo, USA

Rehab-Robotics, China

End-effector

End-effector

End-effector

Exoskeleton

End-effector

Exoskeleton

End-effector

Exoskeleton

Exoskeleton

End-effector

Elastic band

Exoskeleton

Exoskeleton

Exoskeleton

Full hand

Wrist

Full hand

Full hand

Full hand

Full hand

Full hand

Full hand

Full Hand

Full Hand

Full Hand

Full Hand

Full Hand

Full Hand

5 passive

1 active

1 active

5 active

5 active

5 active
5 passive
1 active
4 active
1 passive
1 passive

5 passive

2 passive

1 active

Floor-mounted device allows the patient to
grasp an object

Desk-mounted hand, wrist and forearm
mount used to aid wrist flexion and
extension

Desk-mounted hand module that can be
used with InMotion ARM Robot for grasp and
release training

Glove/exoskeleton for both rehabilitation
training and strength enhancement

Both an active rehabilitation system as well
as being able to provide controlled sensory
stimulation

Device allows extension and flexion of each
finger

Patients grasp the device to compress
springs to build strength

Mounted orthotic device that moves the
fingers as one in a grasping motion

Helps by providing continuous motion of the
fingers

Circular rubber sheet with holes to allow
stretching

Hand opening and closing. Fingers move

as one

Uses springs to replicate each tendon in the
hand that the patient can work against to
aid rehabilitation

Single piece of flexible rubber mounted to a
wrist orthotic device for grasping

Full-hand exoskeleton with an
electromyography (EMG) trigger to extend
the fingers
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Table SII. Non-commercial hand and wrist end-effectors from the literature search in chronological order of development

Degrees
of freedom
Hand/wrist /Active or
Year first segment passive
Name of device Developer published aided device Description of function
SPIDAR-8 (52) Tokyo Institute of Technology, Japan 2001 Both hands 6 active Dual fixed end-effector where hands interact with to play
virtual reality (VR)
Williams (53) Massachusetts Institute of Technology, 2001 Wrist 3 active Wrist attachment for the MIT-Manus (54) allowing for wrist
USA exercises
Rutgers Masters ~ The State University of New Jersey, USA 2002 Three fingers 4 active Finger manipulation device primarily designed to sense force
1I (55) +thumb and position
GENTLE/s (56) University of Reading, UK 2003 Upper 1 passive An upper arm neurorehabilitation system that allows for wrist
arm +wrist motion but just records the motion.
HIRO (29) Gifu University, Japan 2004 Three fingers 11 active A 3-fingered device for use as a rehabilitation system in which an
objectis manipulated in VR and the feedback given to the patient.
HIRO II (57) Gifu University, Japan 2005 Full hand 15 active, A full-hand system designed to be used in a master/slave
6 passive configuration with the non-paretic arm; however, limited range
of motion (cannot register pinch motion)
MR CHIROD (58) Northeastern University, USA 2005 Full hand 1 active Gripper that both reads the force applied and implements a
variable resistive force
HIFI (59) University of Ljubljana, Slovenia 2006 One finger 2 active Device allows the extension/flexion of 1 finger
Masia (60) Massachusetts Institute of Technology, 2006 Full hand 1 active The final module created for the MIT-Manus to allow complete
USA upper limb rehabilitation by manipulating the hand using a novel
expanding cylinder system
HIRO II+ (61) Gifu University, Japan 2007 Full hand 15 active, Device allows normal movement of the human hand to be
6 passive mimicked by interacting with a replica robotic counterpart with
3 DOF per finger
HapticKnob (25)  National University of Singapore and 2007 Full hand 2 passive Used for training the hand to open and close and to manipulate
Imperial College London a knob
GENTLE/G: Grasp University of Reading, UK 2007 Wrist and 1 active, An addition to the GENTLE/s neuro-rehabilitation system to
Assistance Robot full hand 2 passive create a complete exercise routine by including the ability to
(27) aid grasping
HandCare (62) National University of Singapore and 2008 Full hand 5 passive Using a clutch system each finger is allowed independent
Imperial College London movement with only 1 actuator with force feedback
RiceWrist (63) Rice University, Houston, USA 2008 Wrist 4 active Wrist-mounted attachment for the MIME Project (64) that
provides force feedback and rehabilitation
HENRIE (65) University of Ljubljana, Slovenia 2008 Full hand 3 active, Designed to both help with reaching and grasping exercises,
2 passive created to work with a virtual physiotherapist
Ramos (66) University of Tubingen, Germany 2009 Four fingers 4 active A combination of a finger flexion system with a BMI for
rehabilitation
Chen (67) Hong Kong Polytechnic University, China 2009 Wrist and 5 active Five Firgelli linear actuators are used to provide motion for a
full hand patient’s rehabilitation, which can be fully active, EMG triggered
or continuous EMG motion
Mohamaddan (68) Universiti Malaysia Sarawak 2010 Full hand 5 active This wire-driven assistive device uses self-motion control to
provide rehabilitation
ReachMAN (69, Imperial College London, UK 2010 Wrist and 3 active Designed as a compact portable rehabilitation system to aid
70) full hand pronosupination and grasping using rail-mounted holds with
DC motors providing force
Unluhisarcikli (71) Northeastern University, USA 2010 Wrist and 2 active Two novel electro-rheological fluid-based hydraulic actuators
full hand allows for both grasp/release exercises and pronation and
supination of the forearm
Oboe (72) University of Padua, Italy 2010 Full hand 1 active A 2-hand orthosis, where the clinician uses an exoskeleton to
remotely activate an end-effector shaped as a hand with which
the patient interacts
HIRO III (73, 74) Gifu University, Japan 2011 Full hand 15 active, The latest generation of HIRO systems uses a new mechanism
6 passive and wire-saving control system to reduce friction and backlash
Master Finger-2 University of Ljubljana, Slovenia 2011 One finger 2 active, Individual joint manipulation of a single finger for rehabilitation
(75) 2 passive purposes
ReHapticknob ETH Zurich, Switzerland 2011 Finger and 2 active An advancement of the previous HapticKnob (25) system offering
(76) thumb a greater complement of sensors and increased torque allowing
patients with higher spasticity to train in grasping.
FINGER (77) University of 2012 Four fingers 4 passive Four single DOF mechanisms are stacked to allow for a full
Idaho, USA range of motion to grasp, this is used with a Guitar Hero©
themed game for therapy.
Kazemi (78) McGill University, Canada 2012 Wrist and 2 active The manipulation of both the hand (grasping/finger extension)
full hand and wrist (supination/pronation) are performed by a jaw
mechanism opening and closing
Kim E (79) Yeungnam University College of 2012 Full hand 1 passive Simple device designed to control and aid in the action of grasping
Medicine, Korea
CAFEx (80) Universiti Teknologi MARA, Malaysia 2013 Full hand 5 active Multiple motors are used to provide the extension for a hand once
it is mounted to the base unit with each finger fixed separately.
Kim H (81) Gyeongsang National University, South 2013 Full hand 5 active Five individual motors connected to separate linkages allow for
Korea each finger to be manipulated into a grasping and extension
motion
Kang (82) Universite Teknologi Malaysia, Malaysia 2014 Wrist 1 active Adjustable device for multiple wrist orientation movement
Marini (83) Italian Institute of Technology, Genoa, 2014 Wrist 3 active Full range of wrist motion allowed as well as being back-drivable
Italy
Shape-Changing Hanyang University, South Korea 2014 Hand 1 active Tactile surface for interactive games and interaction, individual
Robot (84) sections move and react to either the users touch or the
computer-generated commands
Tsagarakis (85) Miguel Hernandez University, Spain 2015 Wrist 1 active Single DOF wrist rehabilitation device with multiple mounting

options for simplistic use
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