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Spinal cord injury (SCI) significantly affects thousands of
individuals every year. SCI is due to various pathogenic fac-
tors such as trauma, inflammation, and tumors. SCI caused
spinal neurological dysfunction below the injury plane, e.g.,
it affects motor, sensory nerve, sphincter, and vegetative
nerve function. A robotic exoskeleton system is an emerging
rehabilitation therapy for SCI worldwide. For patients with
SCI, correction of gait and improvement of the function of
the lower limbs during walking are particularly important.

Hybrid assistive limb (HAL) was developed by Sankai
and his team. It is mainly controlled by surface-
electromyography (sEMG) signals which are gained by the
sensors attached to the surface of muscles. HAL provided
assistance to pilots to facilitate easier walking [1,2]. Loko-
mat is the first-ever gait-training robot constructed for pa-
tients with SCI worldwide and is mainly composed of fixed
hips, lower-limbs orthotic exoskeleton, body-weight support
Some researchers [3—6] have per-
formed clinical experiments to verify the effect of the use
of Lokomat on gait rehabilitation. Patients with chronic
complete/incomplete SCI have undergone gait rehabilitation
training with Lokomat robots, and the results have shown a
significant improvement in walking speed, walking distance,
Timed Up and Go test results, and Walking Index for Spinal
Cord Injury II (WISCI II) score. This study verified the
safety and effectiveness of the assistive device for paralyzed
patient (AIDER) system, which can improve the walking
ability and spinal cord independence of patients with SCI.
All aspects of this study were certified by the Ethics Com-
mittee of Sichuan University West China Hospital.

The AIDER system. The AIDER system is a robotic
exoskeleton designed to assist pilots with SCI in standing,
walking, and climbing stairs/slope. The structure of AIDER
is shown as Figure 1(d). AIDER is a physically tightly
coupled human-robot system comprising pilots, wearable
mechanical parts, sensors, motors, and computing devices.
Through the implementation of various techniques such as
human engineering, computing, control, and mechanics, this
collaboration between a pilot and AIDER can provide real-
time perception, motor control, human-robot fusion, and in-

system, and treadmill.
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formation exchange [7]. The goal of AIDER is to implement
this human-robot collaboration to improve stability and bal-
ance in pilots. Moreover, this collaboration involves biome-
chanics, motor coordination, and sensory organization. Fur-
ther, pilots are able to set the gait speed, length, and mode
as needed [8]. Crutches were designed not only to maintain
balance while standing and during ambulation but also to
control sitting, standing, walking, and stopping [9].

Methods. In total, 10 subjects were selected for this study
according to the inclusion and exclusion criteria (Figure 1(a)
and (b)). All subjects provided written informed consent.
The international standards for neurological classification of
spinal cord injury were used to measure the neurological in-
jury level, and classification of injuries was done according
to the American spinal injury association impairment scale.
The subjects were required to wear AIDER for gait train-
ing as shown in Figure 1(e). The safety and effectiveness of
walking ability and spinal cord independence were assessed
during three visits.

Prior to the study, all of the participants including the
staff, therapists and subjects must attend a 1-week curricu-
lum to familiarize them with the basic operation of AIDER
and to make additional announcements during the study
period. After the week, they had to take an examination,
which assessed their mastery of wearing, resizing, and oper-
ating AIDER and dealing with potential emergencies. The
study was not initiated until all parties passed the examina-
tion.

The clinical trials included three visits during which an
external therapist who did not take part in any training as-
sessed the walking abilities and spinal cord independence
of the subjects. The first visit was conducted during the
first day of training, the second visit after one-week train-
ing (7 + 2 days), and the third visit after 2-week training
(14 +2 days). The 6-minute walking test (6MWT) was con-
sidered the main measurement method in this study. The
secondary measurement methods included 10-meter walk-
ing test (1I0MWT), Hoffer scale, WISCI II, and spinal cord
independence measure (SCIM). The safety index included
recording of adverse events (AEs) and serious AEs (SAEs).
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Figure 1

(Color online) The information of the clinical trials and the results. (a) Inclusion criteria; (b) exclusion criteria; (c) the

subjects’ information; (d) the AIDER system and its structure; (e) training; (f) the results of 6MWT; (g) the results of 1I0MW'T;

(h) other results.

The whole training lasted 2 weeks. Every subject par-
ticipated in a 30-min session/day with 5 sessions held every
week. One therapist and four staff members were necessary
for training. The therapist was responsible for checking the
subjects’ temperature, blood pressure, oxyhemoglobin sat-
uration, pulse rate, and heart rate before and after train-
ing on each training day. The staff members had to ensure
the subjects’ safety and record training data, device prob-
lems, AEs, and SAEs. The subjects could opt for any 2
days during a week as rest days. In a training session, the
subjects could take a rest if they felt tired during train-
ing. However, we attempted to adhere to an effective train-
ing time of 30 min/day. One session included the following
tasks: sitting-to-standing, standing-to-sitting, balance keep-
ing, weight shifting, and walking. If any clinical indicator
remained abnormal after repeated measurement, the subject
was considered ineligible for participation in the training
session that day. If a subject was absent for 3 consecutive
days, the subject was removed from the study. After a ses-
sion, the therapist had to check for any skin abrasions. Skin

abrasions, tumbles, and seriously abnormal vital signs were
considered SAEs in this study, and the affected subjects were
removed from the study to receive treatment.

Results. Because this study was a self-controlled clini-
cal study, the subjects were required to abstain from wear-
ing AIDER or other orthotics/devices during the first visit.
Figure 1 shows that the walking ability and spinal cord in-
dependence of the subjects were improved after the 2-week
training, which significantly improved their quality of life
and contributed to better performance of daily activities.

At the first visit, all patients scored 0 on 6MWT (Fig-
ure 1(f)) and 10MWT (Figure 1(g)). The results of 6MWT
showed an increasing walking distance over the three visits.
Because we expected the scores of 1I0MWT to decrease, the
first visit was not drawn in this figure. Compared with at the
second visit, all subjects used less time to complete 10MWT
at the third visit. Taken together, these results suggest that
walking speed increased after the training with AIDER. Pre-
vious studies have shown that improvements in the 6MWT
and 10MWT scores are related to increased walking dis-
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tance and speed. In Figure 1(h), the SCIM score reflects
spinal cord independence, with a higher score indicating
better spinal cord independence. Accordingly, the results
indicate better spinal cord independence after training. Fur-
ther, the Hoffer classification of most subjects increased to
IIT (community ambulation) after training, suggesting that
they could walk with AIDER in daily living environments.
The WISCI II score of most subjects could reach level 12 af-
ter training, indicating that these patients could walk with
AIDER for > 10 m without any other help. The improve-
ment in these indexes indicates that AIDER can provide
the better walking ability and spinal cord independence to
subjects with SCI.

Subject No. 0106 was excluded from Figure 1(c) because
he dropped out before training for personal reasons, and
subject No. 0107 was sick with a cold after the third day of
training (considered as an AE). Overall, there was no SAE or
equipment malfunction observed in this study. While AEs
cannot be avoided in any clinical study, our results show
that AIDER is safe for gait training and walking assistance.

In conclusion, we were able to identify the safety and ef-
fectiveness of AIDER for gait rehabilitation. In the future,
we expect AIDER to be used for both gait rehabilitation
and routine activities.
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