
End-Effector Gait Trainers - Advantages and Versatility in 
Therapy
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An example of the Gait Trainer GT II

Restoration of gait following stroke, traumatic brain injury, and spinal cord injury is a major task in 
neurorehabilitation. In the late 90s, treadmill training with partial body weight support had 
become the standard approach, and has shown considerable promise at restoring gait in chronic 
non-ambulatory subjects after stroke and spinal cord injury. In the early 2000s, two robotic 
technologies emerged based on the approach of repetitive practice of gait-like movements: 
exoskeleton and end-effector gait rehabilitation devices. 

Exoskeleton devices are outfitted with drivers or passive elements that move the knees and hips 
based on a preprogrammed trajectory throughout the phases of gait.

End-effector devices have moveable foot plates to which the patient’s feet are fastened. These 
foot plates move along a natural trajectory stimulating the stance and swing stages of gait 
(Hesse et al., 2010).   

The advantages of robotic gait therapy devices over traditional rehabilitation 
practices

Release therapists from physical strain

The major disadvantage of treadmill or overground training is the great physical effort required 
by the therapists to assist the patient‘s gait. Robotic gait trainers can be used to give non-
ambulatory patients intensive practice of gait cycles while reducing effort for therapists.  Such 
devices can eliminate the need for therapists to set the involved or paretic limbs or assist trunk 
movements (J Mehrholz & Pohl, 2012). This can extend the therapy time per patient from the 
traditional 10-15 min to over 30 min. Moreover, robotic gait trainers also enable training with 
only one therapist in comparison to the traditional 2 therapists per session.

More intensive gait training

Based on the task-specific repetitive concept of motor learning, the earliest possible intensive 
therapy provides the highest probability of restoring gait. Research has demonstrated both with 
traditional overground gait training and BWSTT (body weight supported treadmill training), a 
wheelchair bound patients could perform a maximum of 50 to 100 steps during a 30 min 
session, while electromechanical gait therapy devices allowed training intensity to increase 10 
fold. Both exoskeleton and end-effector type gait rehabilitation enables a patient to exercise up 
to 1,000 steps per session. 
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Differences in patient population

Based on the technological differences and 
the method of simulating gait patterns 
(passive vs. active), exoskeleton and end-
effector devices are suggested for different 
levels of FAC patients. 

Exoskeleton type devices are more suitable 
for heavily impaired, non-ambulatory 
patients who can benefit most of the 
constrained and controlled approach, e.g. 
early rehabilitation of incomplete spinal 
cord injury patients.

Figure 1: Different robotic devices and their 
suggested application for FAC stages

End-effector devices can be used as early as FAC 0 patients who can already sit-up in their bed-
up – e.g. early rehabilitation of stroke patients - until the patient is already able to walk with an 
aid – e.g. after mild traumatic brain injury. (Morone et al., 2017) Based on the technological 
setup, end-effector type gait trainers are much more versatile and can be used for a broad 
range of patient population. 

Active motor learning vs. passive motor learning

Regaining independent walking ability (FAC 4 or 5) has many components that can be measured 
and improved by therapy (S. Hesse et al., 2013). Such components are e.g. gait distance, gait 
speed, leg strength, functional level of mobility, gait velocity, and balance. Improving the 
components of gait happens through neuroplasticity and motor learning. End-effector robotic 
devices are based on active motor learning (the patients feet are only guided) in opposite to 
exoskeleton devices where the patient’s legs are passively moved along pre-programmed 
trajectories. (Bingham, 1988) suggests that patients need to actively generate movement (active 
motor learning) to promote neuroplasticity. Several studies have been investigating these 
different aspects of gait during interventions with both types of devices and found that end-
effector gait trainers perform better than exoskeleton type devices.
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(Bruni et al., 2018)’s systematic review and meta-analysis found that the end-effector device was 
significantly more effective in improving walking speed compared to the control group and found 
that found no evidence that the exoskeleton robot was more effective than conventional therapy 
in subacute stroke patients.

A Cochrane systematic review, when looking at the effectiveness of electromechanical-
assisted training for walking after stroke, showed a significant difference in walking velocity 
after use of end-effector gait training but no difference in walking velocity with an exoskeletal 
device. The same Cochrane systematic review showed that the greatest benefits, with regard 
to independence in walking and walking speed, can be achieved when the intervention is 
applied early post-stroke. (Jan Mehrholz et al., 2013)
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Hemiplegic patient’s capacity to move their legs in a gait-like fashion is much lower than those of 
healthy subjects. This capacity is heavily impacted by their walking oxygen demand and the energy 
cost of walking. Both of which are much greater in case of stroke patients. (David et al., 2006) In 
traditional gait rehabilitation settings – such as overground training and treadmill training – both the 
higher oxygen demand as well as the higher energy cost of walking will reduce the efficiency of gait 
training. In case of body weight supported end-effector trainers (GT I) the cardiac and metabolic 
request are much lower with partial BWS than overground walking. (Jan Mehrholz et al., 2013) also 
concluded in their studies that the Gait Trainer increased walking time duration and reduced the 
oxygen cost of walking in hemiplegic patients, which in turn increased the intensity of the training.

Gait Trainer GT II – perfecting end-effector gait training

The Gait Trainer GT II is the next generation end-
effector robotic rehabilitation device based on the 
initial success of the original Gait Trainer GT I 
(installed base of over 170 devices). The GT II 
includes all the features of GT I – that were 
extensively researched and proven effective in the 
above-mentioned clinical trials - and have been 
updated with a state-of-the-art yet compact design.

With its electric lift, body weight support, knee- 
and back support as well as easy patient access, it 
is suitable for patient groups FAC 0 and 1 with the 
help and guidance of only one therapist. 

Figure 2: Gait Trainer GT II

The intuitive touch screen and programmable foot 
plates enable the training and measurement of 
different and important gait parameters. 

Summary

End-effector gait therapy devices have been proven more effective in most clinical settings than 
traditional therapy practices or even exoskeleton devices. Since they are suitable for a wider 
patient population (from FAC 0 to FAC 3) than other devices and allow a more intensive training 
with less workload on the therapists, they are the best choice for clinics and hospitals who work 
with different types of patients. 

The Gait Trainer GT II – based on Prof. Hesse’s original GT I – has been developed to further 
utilize the research findings and to enable optimal rehabilitation outcome for patients.
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