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Abstract. [Purpose] Gait-training robots have been developed for stroke patients with gait disturbance. It is
important to survey the views of physiatrists and physical therapists on the characteristics of these devices during
their development. [Subjects and Methods] A total of 100 physiatrists and 100 physical therapists from 38 hospitals
participated in our questionnaire survey. [Results] The most common answers about the merits of gait-training
robots concern improving the treatment effects (28.5%), followed by standardizing treatment (19%), motivating
patients about treatment (17%), and improving patients’ self-esteem (14%). The subacute period (1-3 months post-
stroke onset) was most often chosen as the ideal period (47.3%) for the use of these devices, and a functional am-
bulation classification of 0—2 was the most selected response for the optimal patient status (27%). The preferred
model was the treadmill type (47.5%) over the overground walking type (40%). The most favored commercial price
was $50,000-$100,000 (38.3%). The most selected optimal duration for robot-assisted gait therapy was 30—45 min
(47%), followed by 15-30 min (29%), 45—60 min (18%), > 60 min (5%), and < 15 min (1%). [Conclusion] Our study
findings could guide the future designs of more effective gait-training robots for stroke patients.
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INTRODUCTION

Gait disturbance is one of the most disabling sequelae of stroke' ?), with a reported prevalence of 54-80%> 4. Gait
disturbance often leads to loss of independence, which has profound effects on both the patients and the caregivers and
results in higher health-care costs* 7). The management of gait disturbance is therefore essential for stroke rehabilitation.
Several traditional gait rehabilitation techniques have been developed to improve gait disturbance in stroke patients, includ-
ing neurophysiological techniques (e.g., the Bobath, Brunnstrom, proprioceptive neuromuscular facilitation, Vojta, and Rood
methods)® and motor learning techniques (e.g., the Perfetti, Carr and Shepherd, conductive education, and sensory integra-
tion methods)?. However, these traditional methods are very physically intensive for the therapists, making it difficult for
these practitioners to continuously provide gait training for stroke patients!?.

Robotic technology has progressed rapidly in recent years, and several gait-training robots have now been developed,
including the Lokomat (Hocoma Inc., Volketswil, Switzerland) and G-EO (Rha Technologies, Olten, Switzerland). These
devices use a powered exoskeleton with a treadmill (Lokomat) or powered footplates with programmable trajectories, or are
analogous to a robotic elliptical trainer (G-EO)!D. These devices have alleviated the physical workload for the therapists and
have thus gained popularity. Several studies have also suggested that gait-training robots can improve locomotor recovery
in stroke patients'?).

To aid in the further development and refinement of gait-training robots, it is important to survey the views of the physiat-
rists and physical therapists who might use these machines, in terms of merit, indication, type, price, treatment duration, and
design. In our current study, these parameters were evaluated by means of a questionnaire survey.
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SUBJECTS AND METHODS

A questionnaire was developed to collect the opinions of physiatrists and physical therapists on robot-assisted gait-training
therapy. The questionnaire was divided into six sections: merit of robot-assisted gait training, indications for gait-training
robots, robot type, treatment duration, price, and design of gait-training robots. On the basis of these six categories, a total of
46 questions were developed. Most questions were either closed ended (multiple choice), or based on a 10-point Likert scale
that gauges the level of agreement with or feelings on the importance of an item. A total of 100 physiatrists and 100 physical
therapists from 38 hospitals participated in the survey from November 2013 to May 2014. A self-written survey method was
used, either face-to-face or by mail. A software was used to randomly enroll participants from the registry of physiatrists and
physical therapists at the Korean Academy of Rehabilitation Medicine. This study was exempted from institutional review
board (IRB) review requirements based on the guidelines of Asan Medical Center (IRB no. S-2013-1301-0006).

The SPSS version 18.0.0 software package was used for statistical analyses, and p-values < 0.05 were considered to
indicate statistically significant differences. Questions such as perspectives on the use of gait-training robots for stroke
patients according to rehabilitation experience parameters were analyzed by using Pearson’s chi-square test and ANOVA.

RESULTS

A total of 106 physiatrists and 107 physical therapists were invited to complete our study survey. Six physiatrists and
seven physical therapists could not complete the survey for various reasons, resulting in a 94% participation rate. For 62
(31%) participants, the surveys were conducted face-to-face. The remaining participants (69%) completed the survey by
mail. Concerning the experience of the study participants in providing rehabilitation to stroke survivors, 33% had worked
with stroke survivors for > 5 years, whereas 67% of these practitioners had worked with such patients for 1-5 years. Sixty-
seven (33.5%) participants had a previous experience with using a rehabilitation robot. The survey questions asked about the
perception of the treatment effects of gait-training robots by using a 10-point Likert scale for effectiveness. Participants with
previous experience with a gait-training robot selected a higher score in this regard. The average score of this experienced
group was 7.63, and that of the nonexperienced group was 6.93 (on a 10-point Likert scale, p < 0.001; Table 1). A more
detailed description of these statistics is provided in Table 2.

The survey included questions on the merit of robot-assisted gait training for stroke patients. The most selected answer
was “improvement of treatment effects” (28.5%), followed by “standardized treatment” (19%), “triggering a patient’s moti-
vation for treatment” (17%), and “elevation of a patient’s self-esteem” (14%).

The survey also queried the appropriate period to use a gait-training robot. At “1-3 months after stroke onset” (47.3%)
was the most frequently selected answer, followed by “3—6 months after stroke onset” (27.4%), “within 1 month after stroke
onset” (14.4%), “6—12 months after stroke onset” (8%), and “12 months after stroke onset” (3%).

The survey participants were also asked about the appropriate locomotor status of a patient to warrant the application of
a gait-training robot. Patient locomotor status was rated on the basis of a functional ambulation classification (FAC) score
from 0 to 5. The most selected response for the optimal patient locomotor status was “FAC 17 (27%), followed by “FAC 2”
(24%), “FAC 0” (23%), “FAC 3” (11%), “FAC 4” (8%), and “FAC 5” (2%). The extent of agreement with the application
of a gait-training robot at each locomotor status by using a 10-point Likert scale was also surveyed. The average scores for
each locomotor status classification are reported in Table 3, and the mean scores for each locomotor status score showed an
identical pattern.

The most useful type of gait-training robot for stroke patients was also surveyed. The most selected answer was the
“treadmill type” (47.5%), followed by the “overground walking type” (40%), “foot plate-based gait trainer” (11.5%), and
“fixed-gait trainer” (1%). The survey also asked about the appropriate treatment duration for robot-assisted gait therapy. The
“30-45 min” period was selected most often (47%), followed by “15-30 min” (29%), “45—60 min” (18%), “> 60 min” (5%),
and “< 15 min” (1%).

When queried about the most suitable price for a gait-training robot for stroke patients, the survey participants most fre-
quently selected “from $50,000 to $100,000” (38.3%), followed by “from $100,000 to $200,000” (37.8%), “below $50,000”
(14.4%), and “from $200,000 to $500,000” (8.5%).

The participants were also surveyed about design considerations. Most of the respondents selected “stability” (49%),
followed by “comfort” (28%), “cutting edge” (13%), “friendliness” (9%), and “other” (1%). When asked about the most im-
portant consideration for the production of gait-training robots, the most frequently selected answer was “convenience of on
and off” (39.7%), followed by “fitting sense” (23.9%), “light weight” (23.2%), “miniaturization” (10.2%), and ““aesthetics”
(3%). The most frequently selected response concerning the intention detector sensors for gait-training robots was “EMG”
(electromyography) (25%), followed by “foot pressure” (22%), “joint torque” (20%), “tilt sensor” (19%), and “other” (14%).
When asked about the ideal graph type for training results, “bar graph” (42.3%) was selected most often, followed by “line
graph” (27.9%), “radiant graph” (21.9%), and “pie graph” (8.0%). In terms of the most preferred materials for direct contact
areas, most respondents to the survey selected “silicon” (60%), followed by “leather” (21%), “cloth” (13%), “wood” (4%),
and “others” (2%).
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Table 1. Perception of the treatment effects of a gait-training Table 3. Average scores for each locomotor status

robot

Mean SD
Experienced Nonexperienced FAC 0 6.34 +2.37
T;;:atment 763 6.93" FAC 1 6.89 +1.94
effect FAC 2 6.25 +2.10
Values are on a 10-point Likert scale. “p < 0.05 by using Fisher’s FAC 3 4.93 1241

exact test
FAC 4 443 +2.44
FAC 5 2.85 +2.60

Values are on a 10-point Likert scale. FAC: functional am-
bulation classification

Table 2. Baseline characteristics of the study participants

n (%)
Male 137 (68.5)
Gender
Female 63 (31.5)
. Physiatrist 100 (50)
Occupation . .
Physical therapist 100 (50)
More than 5 years 56 (28)
Career
Less than 5 years 144 (72)
Experienced in gait rehabilitation Experienced 67 (33.5)
with a gait-training robot Nonexperienced 133 (66.5)
Tertiary hospital 63 (31.5)
o General hospital 40 (20)
Institution of employment . .
Rehabilitation hospital 72 (36)
Care hospital 25 (12.5)

DISCUSSION

In our present study, the views of physiatrists and physical therapists on the use of gait-training robots were surveyed,
specifically their views on the merits of robot-assisted gait training; the indications for using these devices; the optimal
treatment duration of robot-assisted gait training; and the type, price, and design of gait-training robots.

The largest group of participants selected “treatment effect of gait training” as the principal reason that would merit
robot-assisted gait training, followed by standardized treatment. This finding is consistent with those of previous reports
showing that robot-assisted gait training exhibited equivalent or better treatment effects compared with conventional physical
therapy'! 1319 In conventional gait training by physical therapists, the protocols and intensities of this intervention can differ
depending on the practitioner. By contrast, robot-assisted gait training can provide reproducible symmetrical gait kinematic
patterns of leg movements'®), and thus enable standardized treatment to be continuously provided to stroke patients'®).

In the survey of experts, the most appropriate patient locomotor status for the application of gait-training robots was
indicated to be an FAC score ranging from 0 to 2, which corresponds to patients who cannot walk without assistance!?).
Conventional gait training thus imposes a significant physical burden on therapists when treating patients with FAC scores
of 0-2!%), and this approach could not therefore be readily applied on a large scale for such cases. Importantly, this limitation
could be overcome by the application of robot-assisted gait training'®).

Our current study survey indicated that the most appropriate period to apply gait-training robots in stroke patients is at
1-3 months after the disease onset. This result concurs with previous reports of a significant improvement in walking speed
and functional outcomes when these devices are used during the acute post-stroke phase (2.5-14 weeks)?-2%. Additionally,
several clinical studies have reported that recovery from stroke mainly occurs during the first 3 months after its onset?+26),

Treadmill gait-training robots were the most selected type in our survey, followed by overground walking-type robots.
This finding was consistent with those of preliminary studies that suggested that the use of treadmill gait training leads to
a better recovery of ambulation, with beneficial effects on overground walking speed and endurance, and a reduction in
the physical assistance required to walk?”2%. Conversely, fewer of our survey participants selected a foot plate—based gait
trainer. This result was not surprising, as foot plate-based gait trainers are considered to have several drawbacks compared
with other types of gait-training robots. First, foot plate-based gait trainers lack a true swing phase during the gait cycle3?.
Additionally, they cannot control spasticity of the lower extremities!) and would be difficult to use for patients with a lower
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locomotor status (FAC 0-2).

The appropriate duration of a robot-assisted gait therapy session was considered to be 3045 min by most of our survey
respondents. This was also an unsurprising finding. A previous study has suggested that > 30 min of gait training is effective
in improving the locomotor function of stroke patients*!). Moreover, > 30 min of aerobic exercise is required for an improved
cardiovascular function®?. However, a prolonged treatment duration can cause patients to experience physical fatigue and to
lose interest in continuing the therapy?33:34).

Concerning the suitable price for a gait-training robot, the most commonly selected response was the $50,000-$100,000
range, followed by $100,000-$200,000. The most important requirements to consider in the design of a gait-training robot
were considered by our survey participants to be (in order of importance): stability, comfort, cutting-edge features, and
friendliness. Bar graphs were the most preferred graphical representations of real-time training states and training results,
perhaps because these data are easier to comprehend. An EMG sensor was considered to be the most appropriate type for the
detection of intended gait initiation. From these responses, we contend that gait-training robot producers should consider the
results of our survey when designing and then manufacturing gait-training robots.

To the best of our knowledge, only one previous study has investigated the views of therapists on the optimal practices
and design requirements for the development of an upper-limb stroke rehabilitation robot3®). However, no study to date has
surveyed the views of practitioners on their use of gait-training robots. Our current study is the first to investigate the actual
user demands for gait-training robots, and to evaluate the perspectives on the use of these devices to help in the rehabilitation
of stroke patients. A notable limitation of our current investigation was that only one-third of the participants had experience
with robot-assisted gait training. Future studies should therefore enroll more participants with such an experience.
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