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Abstract

Original Article

IntroductIon

Although most stroke survivors recover at least limited 
walking function, more than half of patients participating 
in acute inpatient rehabilitation facility (IRF) are unable 
to walk independently in this early recovery phase.[1] The 
current inpatient rehabilitation care paradigm is based 
on both government requirements and internally created 
clinical protocols that are financially sustainable and support 
a minimum of 3 h of multidisciplinary therapy per day.[2] 
Although large amount of task‑specific stepping activity is 
believed to promote neuroplasticity of the central nervous 
system and result in improving walking function,[3,4] the 
intensity of treatment currently provided during standard care 
is far below recommended levels for this to occur.[5]

Many challenges exist to improve the intensity of ambulation 
practice in the inpatient rehabilitation setting, particularly for 
severe stroke patients who demand a significant amount of 

physical assistance. The fast development of technology in 
rehabilitation engineering has led to a variety of gait training 
devices that hold promise to increase repetition and patient 
engagement in therapy.[6-8] Although the effectiveness of 
these devices in stroke recovery has been in debate in the 
chronic phase of recovery, the emerging evidence including a 
recently revised Cochrane review supports that nonambulatory 
patients benefit most from mechanically assisted walking when 
provided early resulting in more independent walking.[7,9-13]

An inpatient rehabilitation single-blind randomized pilot study 
was recently conducted demonstrating the feasibility of an 
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additional hour of gait training provided outside of regulated 
PT sessions using the Lokomat compared to manually assisted 
training.[14] However, very few studies have reported the 
strategy and effectiveness of providing robotic‑assisted gait 
training (RAGT) in IRF.

The goal of this quality improvement (QI) project was to 
improve the intensity of gait training for severely affected 
stroke patients with limited ambulation function in IRF. 
The implementation focused on increasing the utilization of 
RAGT during the allotted clinical time for physical therapy 
while monitoring step counts. After implementation, the 
devices’ utilization, compliance, patients’ safety, and their 
potential impact on Functional Index Measure (FIM)-M gain 
were reviewed retrospectively to assess the effectiveness and 
preliminary efficacy of this initiative.

MaterIals and Methods

To maximize the intensity of training provided to severely 
affected stroke patients in daily PT sessions, a QI task force 
was created in September 2017 for the planning process. This 
QI project utilized the “Plan, Do, Study, Act” (PDSA) cycle. 
The collaborative interdisciplinary locomotor committee 
was created including the administrators, physiatrists, and 
clinical champions. The core group met regularly to develop 
guidelines based on literature review and clinical experience. 
Training and educational resources included an online video, 
written materials, and hands-on training modules which were 
developed for all involved therapists. Different work groups 
met to focus on identifying barriers and facilitators of logistics 
implementation.

Implementation process
The implementation was initiated in March 2019 and 
completed at the end of October 2019. The targeted population 
were patients with ambulatory dysfunction secondary to 
primary diagnose of an acute stroke (ischemic, hemorrhage, 
or embolic) who were admitted to our 26-bed inpatient stroke 
rehabilitation during this period. Those whose initial walking 
status was identified as “low level” by the treating physical 
therapist (PT) were considered for inclusion. “Low level” was 
defined as walking <15 feet with any amount of assistance or 
requiring assist of more than 2 people or only using parallel 
bars for walking. We did not include patients who were 
nonambulatory prior to admission or patients who could not 
complete the acute inpatient rehabilitation program due to 
medical complications.

The physical therapy team was comprised PTs specializing 
in poststroke rehabilitation who have received extensive 
locomotor training. The six participating PTs have an average 
of 10 years of experience, and five are board certified in 
neurologic physical therapy.

During the implementation, the PTs were encouraged to 
integrate the robotic devices to facilitate gait training as soon 
after admission as feasible. Given the goal of maximizing 

walking practice during therapy, the use of robotic training 
within the standard allotted PT time was encouraged but not 
mandatory. Locomotor training devices within the institution 
included the overground devices SafeGait and Andago, the 
tethered robotic exoskeleton Lokomat, and the end effector 
robotic device G-EO. The choices of devices were not limited 
to one kind of device per patient, the clinical decisions with 
regard to how and when to integrate the robotics devices 
were primarily made by the individual therapist based on 
walking deficits of patients, other training needs and goals, and 
devices availabilities. Heart rate and oxygen saturation were 
monitored by pulse oximeter during the training time to help 
assess voluntary effort and safety.[15] The physiatrist provided 
guidance and management regarding medical stability and 
safety. An ankle accelerometer (StepWatch, Modus, LLC, 
Edmonds, WA, USA) was placed on the patient’s paretic 
ankle to monitor the stepping activity recorded throughout the 
day between 7:30 am and 5:00 pm on weekdays as soon as 
following admission.[16] The daily placement and removal of 
accelerometers were done by nursing staff and physical therapy 
staff. The individual step count data were stored electronically 
for retrospective review but were not provided in real time to 
patients or treating therapists as daily feedback.

At the end of implementation, the charts of patients admitted 
consecutively to the unit from March to October 2019 who 
met the desired criteria were reviewed. Patient information was 
de‑identified, their training modality, step counts, and weekly 
FIM scores were collected and retrospectively analyzed. The 
exempt IRB from our institution has approved that no written 
informed consent from participants needed for the retrospective 
chart review study.

Outcome measures
Feasibility outcome
To assess the feasibility of RAGT in regular PT sessions, the 
proportion of patients with low walking function who received 
locomotor training and individual robotics devices utilization 
frequency were calculated. Patients who received robotics 
devices at least three times per week during the majority 
of (>2/3) their IRF stay were identified as the locomotor 
group. Any device-related adverse events including falls, 
skin breakdown, and hypotension events were reviewed. The 
barriers encountered in the process of training implementation 
were discussed among team members.

Preliminary efficacy
To assess for preliminary efficacy, both changes in 
FIM-M (calculated as discharge FIM-M score minus admission 
FIM-M score) and daily step counts were recorded. The 
minimal clinically important difference (MCID) for FIM‑M 
score was identified as 17 points.[17] This was compared 
between those who received consistent locomotor training, 
as above, and those who received conventional care. Other 
potentially associated factors including demographic and 
clinical characteristics between the two groups were analyzed 
as well.
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Statistical analysis
Baseline demographics and clinical characteristics were 
summarized using standard descriptive statistics and compared 
between those who received conventional training and the 
locomotor group using the Wilcoxon rank-sum test for 
continuous variables and Fisher’s exact test for categorical 
variables. Pearson correlation coefficient was calculated 
to evaluate the correlation between the FIM motor gain 
and the maximum number of steps. Coefficients between 
0.5 and 0.7 were considered moderate correlations, while 
coefficients >0.7 were considered strong. Linear regression 
was used to assess the difference in FIM motor gain between 
the two groups, adjusted for maximum practice step counts. 
A prespecified significance level of 0.05 (two‑sided) was used 
for all analyses. Statistical analyses were performed using 
STATA 15.0 (College Station, TX, USA).

results

One-hundred and five electronic medical charts were 
retrospectively reviewed for patients admitted during the 
period of March to October 2019. A total of 37 files were 
identified as the “low level” walking group, who had been 
ambulatory prior. We also excluded those whose steps were 
unable to be recorded and tracked, which resulted in 33 patients 
for analysis.

Patient characteristics
Table 1 provides demographic data, clinical characteristics, and 
baseline measures at admission. All the patients were admitted 
to stroke unit within 3 weeks post stroke. Admission FIM-M 
scores indicated all the patients included presented initially 
with severe motor deficits.

Feasibility outcomes
There were 10 patients (30%) found to utilize the locomotor 
devices consistently during the inpatient rehab stay and these 

were identified as the “locomotor group” for analysis. The 
Lokomat (seven patients used it consistently in PT sessions) 
and G-EO (three patients used it consistently in PT sessions) 
were identified as the most used locomotor training devices in 
our institution during the period of implementation. Andago 
and SafeGait which are body weight support overground 
training devices had a low frequency of utilization in this group 
of patients (<20% of PT sessions).

The patients’ demographic characteristics (age, sex, race) 
and their clinical characteristics were not significantly 
different between groups, neither their admission FIM motor 
[shown in Table 1]. No device-related adverse events were 
reported. Hypotension episodes reported in PT sessions were 
not directly related to locomotor usage.

Preliminary efficacy
The impact of the locomotor program on the patients’ 
functional outcomes is summarized in Figure 1. The locomotor 
group showed greater FIM motor gain (n = 10, mean 32.30) at 
discharge compared to the conventional group (n = 23, mean 
17.88) (P < 0.005) [Figure 1a], and the step counts between 
these groups were significantly different. The conventional 
care group performed an average of 527 steps/day, compared 
to 1870 steps/day for the locomotor group [Figure 1b, 
P < 0.005]. Furthermore, the number of steps performed in 
daily therapy showed a strong positive correlation (r = 0.8, 
P < 0.0001) to the FIM motor gain [Figure 1c]. To further 
probe the relationship among use of robotic devices, number 
of steps, and FIM motor gain, a regression analysis of motor 
gain on treatment (locomotor vs. conventional) adjusted for 
maximum steps was performed. When the number of steps 
is accounted , the effect of whether a device was used or 
not on FIM motor was no longer significant(p=0.23). The 
maximum steps remained strongly associated with motor 
gain (P = 0.0021).

Table 1: Characteristics of participants

Variables Locomotor (n=10), n (%) Convention (n=23), n (%) P
Age (years)

Mean 63.1+/−12.1 66.2+/−18.0 0.32
Male 6 (60.0) 9 (39) 0.45
Race 3 (30.0) 13 (56.5) 0.38
Caucasian 5 (50.0) 8 (34.8)
African-American 2 (20.0) 2 (8.7)
Others time since stroke (days) 3–21 3–21 0.46
Affected side

Right 3 (30.0) 11 (47.8) 0.44
Left 7 (70.0) 12 (52.2)

Stroke type
Infarct 7 (70.0) 14 (60.9) 0.094
Hemorrhage 1 (10.0) 3 (13.0)
Embolic 1 (10.0) 6 (26.1)
Subdural hematoma 1 (10.0) 0
Admission FIM (mean) 22.6 (4.9) 19.2 (6.8)

FIM: Functional Index Measure
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All of the patients (10/10) who received consistent 
robotic-assisted locomotor training reached MCID for FIM 
motor change, while only 60% (14/23) of patients who received 
mainly conventional training reached MCID at discharge.[17]

dIscussIon

Before implementation of this QI project, we collected 15 
nonambulatory patients for baseline accelerometer data, we 
found that these patients (15/15) in our institution attained on 
average between 20 and 200 steps in daily PT sessions during 
inpatient rehab stay. This observation was similar to reports 
from other acute inpatient rehabilitation facilities.[5,18] The 
QI project primarily targeted to improve the intensity of gait 
training for low-level patients.

This retrospective review indicates that it is feasible to integrate 
robotic-assisted locomotor training into daily PT sessions for 
patients with limited walking ability after stroke. Findings 
suggest this intervention can be both effective and safe as 
there were no increased adverse effects reported. However, 
the percentage of participants and frequency of locomotor 
utilization in the program can be improved. Despite the great 
effort made for education and training prior to the program 
implementation, there are multiple barriers the treatment team 
encountered which contributed to a large proportion of patients 
not receiving consistent locomotor training by the end of the 
implementation. Support from management was beneficial, but 
the key for change of practice was driven by therapists. The 
barriers and facilitators identified from this process can help to 
guide future implementation. Therapists who participated in the 
project were interviewed to identify these barriers. Training or 
logistics were not felt to be significant obstacles. Due to patient 
medical status and physiological and behavioral tolerability, 
some of the clinicians struggled with their confidence to push 
patient intensity, difficulty prioritizing intensity of practice 

over traditional approaches, as well as having sufficient time 
to address other plans of care needs. The time required for 
accessing, setup, and donning is device dependent but required 
between 5 and 20 min of the therapy session. These barriers 
were consistent in most part with other studies.[19,20] Some 
team members reported difficulty with identifying the best 
robotic tool to meet their patients’ needs which is unique to 
the institution with a larger collection of devices and ongoing 
new acquisition. At a system level, the challenges included 
financial and time investments needed toward technology, 
education and training, and protocol optimization without 
allocated increased contribution from payers. 

Based on our preliminary efficacy data, achievement of greater 
motor FIM gain at discharge from IRF using these devices is 
likely associated with the achievement of a higher amount of 
step repetition than conventional therapy with manual assist 
training [Figure 1]. The patients’ demographic and clinical 
characteristics were not found to be a driver for PT team’s 
treatment decision [Table 1] (all P > 0.05).

Based on the chart review results, Lokomat and GEO were 
identified as the most frequently used devices during this 
phase of implementation. Both of the devices provide dynamic 
body weight support, have the ability to assist with limb 
advancement, and can provide pelvic and upper trunk stability, 
all of which may be required to mobilize a low-level patient 
following acute stroke. Lokomat was observed to have a higher 
utilization frequency than G-EO, which may be attributable 
to its exoskeleton design to better support for patients with 
knee instability than end effectors devices. In this study, 
real-time feedback from accelerometers/activity monitors 
was not provided to the treatment team or patients as a part of 
the intervention. The intention was not to use the step counts 
to influence clinicians’ decision or patients’ performance.[21] 
However, in the next phase of implementation, how clinicians 

Figure 1: (a‑c) Preliminary efficacy in Functional Index Measure‑M change after implementation of robotic‑assisted gait training and its association 
with step counts in low‑level stroke patients

c
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can utilize this real-time feedback to optimize the training will 
be explored as we observed the positive correlation of step 
counts and FIM-M outcomes. The accelerometers/activity 
monitors may provide valuable information with regard to the 
dosage of intervention in IRF setting.[3,4]

Limitations
The main limitation was the use of just one cycle of PDSA, 
resulting in small sample size and nonrandomized QI 
study. Another limitation was that the walking capacity 
outcomes (10-m walk test and 6-min walk test) were not 
obtained from the chart review consistently due to the limited 
ambulation capability of this group of patients. The heart 
rate and blood pressure were monitored closely before and 
after training for the safety consideration of patients, but the 
training intensity was not consistently guided by the targeted 
heart rate achieved as initially planned. As we pointed out, the 
results from this project may not be able to be generalized to 
other institutions due to clinicians’ experience and technology 
availabilities.

future dIrectIon

Based on what we have learned, we have seen that patients 
with stroke and lower levels of functional mobility benefit 
from robotic-assisted locomotor training in the earlier phases 
after injury. To our knowledge, there has been no work to date 
investigating the practicality of instituting a robotic training 
program primarily targeting this group of patients in an acute 
rehabilitation program. Our program intended to encourage 
clinicians to develop clinical reasoning to match various 
training tools to individual patients’ clinical characteristics 
which might have stronger potential to enhance outcomes in the 
future. This is an ongoing effort that our field needs to continue 
to develop and is relevant to nonrobotic intervention as well. 
The success of implementation of the RAGT in clinical practice 
would rely on perceived benefit and phased implementation.

In future efforts, the intervention protocol will be tailored to 
individual patient’s clinical recovery patterns and walking 
deficits, and we will utilize real‑time quantification of intensity 
of intervention and robust data collection and analysis. The 
knowledge gained from continued implementation and study 
will further reduce gaps between robotics design, development, 
research trials, and clinical practice. More work needs to be 
done to develop a practical algorithm to guide the use of 
rehabilitation robotics devices in the real world, as well as 
provide feedback to the technology developers as to how to 
further enhance the robotics performance for improved clinical 
implementation and effectiveness in future.

Preliminary efficacy in FIM‑M change after implementation of 
RAGT and its association with step counts in low-level stroke 
patients is shown in Figure 1
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