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Lower extremity
robotic exoskeleton

A wearable lower extremity robotic
exoskeleton is a medical device that

utiizes computerized powered

mechanical joint actuators to drive limb
movements thatre -create functional
tasks such as: standing, stepping, sitting

and over ground ambulation.




The first modern devices used to aid

human ambulation

ANikolas Y a g n(Russia) Running Aid
APatented in 1890

ABow and left spring design, then compressed
gas bags

Ahttps://patents.google.com/patent/US42017
9A/en

AlLeslie Kelley (USA) Pedometer
A1917

AUtilized a small steam engine worn in a
backpack

Ahttp://cyberneticzoo.com/man -
amplifiers/1917 -pedomotor -steam -powered -
running -device -leslie -c-kelley -american/




History T HARDIMAN Exoskeleton

Human Augmentation Research and Development
Investigation

ADeveloped in 1965 for heavy industrial use
AHydraulic and electrical power supply
AFull body suit for UE and LE

AWeighed 1500 Ibs.

ACan lift 750 Ibs.

AVery slow to respond to user commands
AGait speed 0.76 m/s

AProject was never finished

AGE website 1 www.ge.com



http://www.ge.com/
http://www.ge.com/

UW -Madison Exoskeleton, 1971

AMedical device made specifically for patients
unable to walk

AExternal pneumatic motors to drive joint
actuators

ALater models had DC motors with internal
power supply

AComputer is external to the device

AComponents:
APower supply
AComputer (mainframe
AMotors

AJoint actuators
AKAFOG6s wi
A Abdominal support

or 4x4 0 )

th hinged |

Walking shell for paraplegics,
consisting of 60 Ibs (27.2 kg.) of
motorized, battery-powered
tubing and hydraulic joint
actuators. The exoskeleton can
walk with or without a human
load, move forward, backward,
turn and walk up stairs.
Developed at the Department of
Mechanical Engineering,
University of Wisconsin,
Madison, 1976
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UW -Madison Exoskeleton

Ahttps://  youtu.be/5j0909vEYUw

Anttp://cyberneticzoo.com/taa/exoskeleton



https://youtu.be/5jo9Q9yFYUw
http://cyberneticzoo.com/tag/exoskeleton

Mihailo Pupin Institute (Belgrade)

Exoskeleton, 1970

ALightweight 12 kg exoskeleton

AExternal power supply and

computer

AMiany patients were able to

ambulate with this device



Lokomat

ADue to limitations on
computer technology it was
not until the
a commercially viable product
became available

AlLokomat , 2001

ABody weight supported
robotic gait training

AVery popular and still used
today

Ahttps://www.hocoma.com/so
lutions/lokomat/



https://www.hocoma.com/solutions/lokomat/

Current use

AMedical i robotic assisted gait
therapy (RAGT)

Alndustry
AMilitary
AOthers

AList components of an exoskeleton

AMVlade for use with forearm crutches
or a walker




Many available brands

AHANK by Gogoa
AReWalk by ReWalk Robotics

AHal Medical by CYBERDYNE
AEkso GT by Ekso Bionics

Alndego _ by Parker Hannifin
AExoAtlet by ExoAtlet
AARKE by Bionik Labs

APhoenix by SuitX (formally
US Bionics)

AAtlas by Marsi Bionics
AMODO by Active Bionics
ABionic Leg by AlterG
AAxoSuit by AxoSuit

AX1 Mina Exoskeleton by
NASA-IHMC

AREX by REX Bionics


https://exoskeletonreport.com/tag/rewalk/
https://exoskeletonreport.com/2015/12/cyberdynes-hal-to-be-sold-as-medical-device-in-japan/
https://exoskeletonreport.com/2016/04/ekso-gt-cleared-fda/
https://exoskeletonreport.com/tag/ekso-bionics/
https://exoskeletonreport.com/2016/03/indego-cleared-fda-clinical-personal-use/

https://exoskeletonreport.com /



https://exoskeletonreport.com/

FDA Indications

AParaplegia: most
ATetraplegia up to C7 complete: Ekso GT
AStroke: Ekso GT

APersonal (home) use: ReWalk,  Indego



General rehabilitation considerations

ARobotic exoskeletons can be employed in various other diagnoses
where gait training is a part of the rehabilitation goals

ACentral nervous system disorders
A Traumatic and non traumatic brain injuries
AMultiple sclerosis

ANeuromuscular disorders
A Guillian-Barre syndrome
A Polyneuropathies
A Myopathies

ACongenital abnormalities

AOther gait deviations in need of correction



Contraindications

AMedically unstable

AUntreated neurological disorders (seizures, tremors, etc.)
AUncontrolled hypertension

AUncontrolled autonomic  dysreflexia

ASustained orthostatic hypotension

ANew onset thromboembolism

AAdvanced cognitive dysfunction

ASkin breakdown in areas of exoskeletal contact points (skin checks
performed at the beginning and end of each session)

AColostomy
APregnancy



Contraindications

AActive axial or extremity fractures
ASignificant joint contractures

AUncontrolled spasticity

AOsteoporosis (non -ambulatory for over a year)

AActive joint disease limiting ROM (septic arthritis, heterotopic
ossification, etc.)

ALeg length discrepancy (>0.5 inch)
ALower limb amputations

AModerate to severe uncontrolled pain



Robotic assisted gait therapy

AThe exoskeleton is used during therapy sessions and is not
intended for home use

AUsed during both inpatient and outpatient rehabilitation

AThe end goal is to allow the patient to ambulate with greater
Independence without dependence on the exoskeleton

AUtilized during therapy sessions for gait training in addition to
conventional gait training to maximize gains



Robotic Assisted Gait Therapy (RAGT)

More Effective than Conventional Gait Therapy

A Morone et al results suggested that
robotic therapy could be used as an
adjunct to abbreviated conventional RAGT RAGT
therapy to improve the effectiveness
of rehabilitation in patients with
greater motor impairment during
inpatient stroke rehabilitation.

A The combination of different
rehabilitation strategies seems to be
more effective than over ground gait

training alone. Morone et al Pohl et al
Lang et al DEGAS

Sources:

Pohl M et al (DEGAS) Clinical Rehabilitation. 2007

Lang CE et al. ArchPhys Med Rehabil 2009

Morone G et al. Neurorehabilitation Neural Repair. 2011

Belda-Lois et al. Journal of NeuroEngineeringand Rehabilitation. 2011 18



Robotic assisted gait therapy

RAGT provides: RAGT improves:
AHigh dose ABalance
AHigh intensity A Safety
AProgressive (different modes) ARange of motion
training A Endurance
ATask specific training A Gait pattern
A Energy expenditure

A Ambulation distance
A Gait velocity



Benefits of robotic assisted gait

therapy
AADbility to perform high repetitions to maximally engage
neuroplasticity in the critical subacute period following CNS
Injury

ARepetition of a specific task is associated with increased
neuroplasticity and better functional outcomes

AMaintain body alignment during therapy session
ALess labor intensive for therapists (prevent injury)

AAccumulate data for research



Benefits of robotic assisted gait

therapy

APreliminary studies in both stroke and spinal cord injury

AVery small sample sizes (single digit to under 100 patients
enrolled in the studies)

ABetter efficacy in acute and subacute stroke patients vs.
chronic stroke patients

AExoskeleton restores standing, ambulation and sitting



Benefits of robotic assisted gait

therapy

Almproved functional outcomes in stroke and spinal cord injury
patients

Almprovement in FIM scores

Almprovement in gait parameters
A6 minute walk test
A 10 meter walk tests

A Gait velocity

AExoskeletons are well tolerated and safe



Benefits of robotic assisted gait

therapy

A Improvement in FIM  scores:
A 12 chronic paraplegics using ReWalk (Yang
A 70 SCI patients using Ekso

A Improvement in 6 min timed and 10 meter walk tests:
A 16 SCI patients with Indego over 5 sessions, Shephard (Hartingan)
A 23 hemiparetic stroke patients with Eksoover 12 sessions (Molteni)

A Improves gait:
A Gait speed in paraplegics (Louie)
A Gait speed and various other gait parameters (Chang, review article) in paraplegics
A Gait parameters in 48 non-ambulatory stroke patients over 3 months of training ( Morone)

A Exoskeletons are well  tolerated and safe:
A 21 SCI patients in self reported pain and spasticity measures (Stampacchig
A 5 patients whose cardiorespiratory and metabolic parameters were measured (Evans)
A Exoskeletonsare safe to use (Federici review article)

A Improved outcomes in stroke patients using Ekso, (Ekso GT clinical research summary
of findings)



Ekso GT used at DHR Health

ATwo units

AFor use in the inpatient and
outpatient rehabilitation setting

ANot for home use

A45 Ibs. (self supported)

A2 rechargeable lithium batteries

A4 joint motors at hips and knees
ASoftware enables 4 treatment modes
ACVA and SCI up to C7 complete
ATakes 5 -10 minutes to apply

ACan be used in a variety of other
conditions of gait dysfunction




Ekso GT used at

A5 inpatient and 3 outpatient Ekso
certified personnel

AEkso evaluation done during the 1 st
week of inpatient rehab admission

AEkso is used 3x per week in addition
to conventional gait training

A6 minute walk test, 10 meter walk
test, balance scores

AOutcomes are measured atthe end
of the 1 st week, weekly and at
discharge

DHR Health




Patient selection for Ekso GT

AMedical stability
AFull weight bearing

AAdequate upper extremity function (to use walker or forearm
crutches)

ATolerate an upright position for prolonged period of time
AMaximum weight of 220 Ibs.

AHei ght Dbetween 50600 and 6040
ASt anding hip width of not more

ASlight (12 degrees) of LE joint contractures can be
accommodated

t

h



Ekso GT

AUsed with forearm crutches or a walker for support
AStarting position  from sitting

Aexoskeleton provides sit to stand, ambulation and return to
sitting position

ATherapists to supervise during therapy sessions
ATherapist spotter to drive the ~ movement

APatient provides cue to initiate a step by moving hips laterally
and forward

APatient may drive movement with a hand operated control



Ekso GT has 4 modes

APre gait: APro step (plus):
A Prepares patient for gait training A Patient initiate the step and
AMini squats and side steps controls movement
A Standing and sitting A Chime is set to cue weight shifts
AVariable assistance
AFirst step: ARobot detects joint motion via

sensors and assists in providing

A Therapist controls initiation of the balance of the force

movement necessary to complete the
A The exoskeleton does all the movement
work

_ _ A Software can track the amount
A Unilateral or bilateral of assistance provided to monitor
the patients progress



Ekso GT has 4 modes

A2 free (free gait):
APatient does all the work

ACan program in resistance to
enable progressive training

A Safety mechanism: no LE
flexion beyond 60 degrees to
prevent buckling

AUnilateral or bilateral

AData is compiled in a
HIPPA compliant cloud
for follow up and research
purposes

ATrack number of steps
ATrack patient effort
ATrack time in the device

ATrack time spent in active
mode in the device



DHR Health:

EKSO vs. Non -EKSO

EKSO Patients

AAverage LOS : 25.7
AAverage Admission FIM: 43.8
AAverage DIS FIM : 85.1
AAverage FIM Change : 41.3

AAverage D/C to Home: 86%

NON-EKSO Patients

AAverage LOS : 15.0
AAverage Admission FIM: 45.6
AAverage DIS FIM : 74.5
AAverage FIM Change : 28.9

AAverage D/C to Home: 73%



Inerapist assisted gait  training
compared to

AKessler
AEkso website







Therapist assisted gailt training

compared to




