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ABSTRACT 
Background: The use of robotics as a tool in physical therapy rehabilitation has grown in popularity over the past decade. The 
Lokomat is a robotic assisted gait training device used in the rehabilitation of a variety of populations, including people with 
stroke and spinal cord injury. Although various studies have been completed using the Lokomat, no systematic review has 
examined this robot's effectiveness in increasing the gait speed of people with stroke. The objective of this systematic review 
was to compare the effects of the Lokomat robotic gait training to alternative physical therapy on gait speed in people with 
chronic stroke. Methods: A systematic review was completed following PRISMA guidelines. A search was done of PubMed 
and EMBASE databases. Inclusion criteria consisted of: (1) participants 18 years or older that had a chronic stroke of greater 
than or equal to 3 months, (2) intervention that included the use of the Lokomat, (3) comparison of robotics to any other physical 
therapy intervention, and (4) outcomes including gait speed. Two authors screened titles, abstracts, and full articles in a stepwise 
process with a separate author acting as the tiebreaker at each stage. The senior author performed an independent screening. 
The reference list of the final articles was also searched to ensure no studies were missed. Risk of bias of the selected studies 
was assessed using the PEDro database. Results: Five studies were selected based on the inclusion criteria with PEDro scores 
ranging from 4 to 7 on the 10-point scale. Three studies demonstrated a greater improvement in gait speed after Lokomat 
training (effect size = 2.39, 0.22, and p- value = 0.007) while two studies showed greater improvement in gait speed with 
alternative rehabilitation (effect size = -0.38 and -0.17). Discussion: This systematic review showed conflicting results with 
three studies demonstrating greater improvement in gait speed with Lokomat training, while two studies showed improved gait
speed with use of an alternative intervention. However, one of the studies that reported increased gait speed with the Lokomat
group received a PEDro score of 4/10, indicating caution with interpretation. Limitations of this systematic review include the
risk of bias associated with included articles, the smaller sample sizes of the included studies, and the exclusion of articles not 
written in English. Due to conflicting results regarding the effectiveness of gait speed therapy, well-designed randomized 
control trials are needed to accurately determine the effects of Lokomat in improving gait parameters. Future research should 
include studies that consist of larger sample sizes, longer periods of Lokomat gait training, and long-term follow up with study 
participants. Despite the lack of evidence supporting the improvement of gait speed through robotic assisted gait training, the 
Lokomat may be useful in reducing physical stress on the participant and the therapist during gait training.  
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INTRODUCTION 
When treating patients with neurologic deficits, physical therapists often spend a large portion of their time addressing gait
impairments. Gait deficits have a significant impact on a patient’s functional mobility, which ultimately led to the development 
of a variety of body weight supported gait training (BWSGT) devices and robot-assisted gait training (RAGT) devices. BWSGT 
devices are interventional tools used by physical therapists in the treatment of the neurologic and orthopedic patient populations. 
Through the use of supportive harnesses, BWSGT allows individuals to perform varying gait tasks either over-ground or on a 
treadmill system with increased safety. These devices also allow for a percentage of the individual’s body weight to be 
supported, making ambulation less difficult. 

RAGT further addresses impairments by using robotic exoskeletons to physically assist a person with gait. Various RAGT 
devices, including the Lokomat, have been developed to help people with gait impairments sense proper gait movements in 
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the trunk and bilateral lower extremities. Because treadmill training is physically taxing on physical therapists when working 
with people with severely impaired ambulatory status, these devices have become increasingly more attractive [1]. The 
Lokomat allows physical therapists to adjust and precisely measure numerous gait parameters as the patient progresses in 
order to provide more optimized treatments. 

Literature has shown that BWSGT has grown more popular for use during gait training to improve ambulation in people that 
have had a stroke [2]. A stroke, also referred to as a brain attack, is a medical emergency in which blood flow to a portion of 
the brain is obstructed. Depending on the area of the brain that is affected, a wide variety of residual effects may be seen. 
Symptoms relating to gait dysfunction include decreased walking speed, decreased cadence, decreased stride length, and 
increased gait cycles [3]. 

Although little research has been done specifically on the effects of RAGT in people with a history of stroke, research has 
demonstrated improvements in balance in this population. However, a systematic review did indicate that more research is 
necessary to determine if these balance improvements are greater than other therapeutic interventions [4]. Furthermore, a
systematic review that used the Lokomat showed RAGT results in a greater improvement in mobility related outcomes when 
compared with over-ground gait training in individuals with incomplete spinal cord injuries [5]. The objective of this 
systematic review was to compare the effects of the Lokomat robotic gait training device to alternative physical therapy on 
gait speed in people with chronic stroke.

METHODS
Eligibility Criteria: Inclusion criteria consisted of (1) participants 18 years or older that had a chronic stroke of greater than 
or equal to 3 months, (2) intervention that included the use of the Lokomat, (3) comparison of robotics to any other physical 
therapy intervention, and (4) outcomes including gait speed. Eligible articles were randomized control trials (RCTs), clinical 
trials, and pilot studies. Articles were excluded if not available in English, not available in full text, or if it was an abstract from 
conference presentations. 
Information Sources/Search: PubMed and EMBASE were used to search in October, 2017. PubMed used the search: ((stroke) 
AND gait) AND robotics. EMBASE used the search: ('stroke'/exp OR stroke) AND ('gait'/exp OR gait) AND (‘robotics’/exp 
OR robotics). No filters were placed on the searches, and the search string was completed with help from a university librarian. 
Another search was performed in October, 2018, using the same search parameters to determine the availability of new 
publications since the original search. The October, 2018, search did not reveal any additional publications.
Study Selection: To identify the articles that were included for review, a stepwise process was used with two authors screening 
the titles, followed by a review of abstracts and, finally, a review of the full text. A third author was the tiebreaker for the titles 
and abstracts that were not agreed upon by the first two reviewers. The senior author performed a separate screen of titles, 
abstracts, and full text articles. For any discrepancies between the screenings, caution was aired on the side of inclusion. A final 
meeting was held to discuss any discrepancies in final titles to be included, with the ultimate decision being made by the 
tiebreaker. A final search was completed through the reference list of the final articles to determine any articles that were 
missed in the original search (see Figure 1 PRISMA Flow Diagram).
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Figure 1 PRISMA Flow Diagram 

Data Extraction: Two independent reviewers extracted data with input from the senior author. Tiebreakers were broken by a 
third independent reviewer. The data extracted from each article included: author(s), year of publication, total number of 
participants, exclusion criteria (per article), gait parameter outcome measures, and assessment intervals (days).
Study Characteristics: There was a total of 124 participants in the five studies, with 63 receiving Lokomat therapy and 61 
receiving an alternative form of physical therapy. With regards to the stroke duration, one study required participants to be 
greater than three months post stroke, three studies required greater than six months post stroke, and one study required greater 
than 12 months post stroke.  The mean age ranged from 53.56 to 66.91 years in the participants receiving Lokomat training 
and 53.76 to 64.33 years in the participants receiving alternative forms of physical therapy.  
For the alternative physical therapy, two studies used body weight supported treadmill training, one study used non-body weight 
supported treadmill training, one study used over-ground gait training, and one study used home physical therapy with an 
emphasis on over-ground gait training. The therapy duration ranged from 12 sessions to 40 sessions, with therapy lasting 30 
minutes to one hour. All studies varied the therapy intensity by decreasing the amount of body weight supported, decreasing 
percentage of guidance assistance, increasing gait speed, or increasing ambulation duration [6-10]. Specific characteristics of 
each study design can be found in Table I: Description of Included Articles.  

Outcomes 
Three studies showed a faster post-gait speed in individuals in the Lokomat groups when compared to the alternative physical 
therapy group. This resulted in effect sizes of 2.39 in Bang et al.[6], 0.22 in Westlake et al.[7], and a p-value of 0.007 in Ucar 
et al[8]. These studies utilized non-body weight supported treadmill training, body weight supported treadmill training, and 
home physical therapy respectively [6-8]. Two studies showed a faster post-gait speed in individuals in the alternative physical 
therapy group when compared to the Lokomat group. This resulted in effect sizes of -0.38 in Kelley et al.[9] and -0.17 in 
Hornby et al[10]. These studies utilized over-ground gait training and body weight supported treadmill training respectively 
[9-10]. A summary of the results can be found in Table 2.
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Table I: Description of Included Articles

Biomed Sci Instrum. Vol 55(1) January, 2019 ©2019 IAE All rights reserved

ISSN:0067-8856 01 55 1 58 978-1-775245-6-8



DISCUSSION
Based on the results of this systematic review, there is some evidence that suggests the Lokomat may improve gait speed in 
people with a history of a previous stroke. However, there were conflicting results when all studies were compared. Two of the 
included studies showed a greater improvement in gait speed with use of an alternative physical therapy intervention. In 
comparison, the remaining studies showed a greater improvement in gait speed with use of Lokomat training. However, one of 
the studies that showed better results with the Lokomat received a PEDro score of 4/10, indicating caution with interpretation. 
Because of this, there is no conclusive evidence to support Lokomat training over alternative physical therapy interventions 
when comparing improvement in gait speed in people with a history of chronic stroke.

While this study did not definitively show that the use of the Lokomat is a better intervention than alternative physical therapy 
intervention, other studies that did not meet this study’s criteria have shown that Lokomat can improve different gait parameters, 
functional skills, and generic activities of daily living more than alternative interventions. In Taveggia et al. [11], patients that 
were included in the trial had an average of less than 3 months between the stroke and intervention. This study concluded that 
the experimental group, which received Lokomat training along with alternative intervention, showed greater improvements in 
gait function and generic activities of daily living. The experimental group also showed a significant increase in gait speed at 
the end of treatments as well as at the follow-up appointment, and it was the only group to show functional improvements. 
Other studies that have included a stroke duration of less than three months have shown significant improvements in outcome 
measures such as the Functional Independence Measure, Timed-Up and Go, endurance, and stair negotiation for the group 
receiving Lokomat treatment  [12][13]. All of these studies concluded that Lokomat can be very beneficial for people who have 
had a stroke within 3 months of treatment as compared to only receiving alternative intervention.  

The Lokomat, while expensive and not proven to be a superior treatment option, will decrease the physical demands of the 
physical therapist during gait training [1]. Both the Lokomat and alternative interventions have shown overall gait and 
functional improvement in people with a history of a stroke. Until further research is done, both are considered to be acceptable
and beneficial treatment options to improve overall function for this patient population. 

Limitations of this Systematic Review: One of the limitations to this study was the risk of bias associated with the included 
articles. Each article measured gait speed in a different way with two using a GaitRite System, one using the GaitMat II, and 
two using the 10-meter walk test. Of the three articles that showed greater improvement of gait speed with use of the Lokomat, 
two of those studies used the 10-meter walk test to determine gait speed while the other used the GaitRite System. Use of the 
10-meter walk test in these two studies demonstrates intra-rater reliability and observer expectation bias. The use of a pressure 
sensitive walkway to measure gait parameters, such as the GaitRite or GaitMat II systems, could eliminate this risk of bias by 
providing conclusive data. 

Table 2: PEDro Results

Biomed Sci Instrum. Vol 55(1) January, 2019 ©2019 IAE All rights reserved

ISSN:0067-8856 01 55 1 59 978-1-775245-6-8



Another limitation to this study is the use of smaller sample sizes in all of the included studies with the largest sample size
being 48 participants in Hornby et al. [10]. The average sample size between all of the studies was 25 participants. The last 
limitation to this study was the exclusion of two articles that were not available in English. 

Suggestions for Future Research: Despite the use of robotics being a new area of intervention in rehabilitation, there is a 
shortage of research on the benefits in using robotics to improve outcomes. Because of this, well-designed randomized control 
trials comparing Lokomat to alternative physical therapy interventions with larger sample sizes are needed. These studies 
should include people in the acute or subacute stage of a stroke and longer periods of training with both the Lokomat and 
alternative physical therapy interventions. Long-term follow up with study participants should be included to determine the 
long-term outcome after treatment with either intervention.  

CONCLUSION 
Based on this research, there is no definitive evidence supporting the use of Lokomat to improve gait speed. Because of this, 
physical therapy clinics that cannot afford a Lokomat can continue to use alternative physical therapy interventions to help 
improve gait deviations in people recovering from a stroke with confidence that evidence-based treatment is provided.
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