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Abstract.
BACKGROUND: Independent walking is important for individuals who have undergone lower limb amputation. Recently,
robot-assisted gait training has been widely used for individuals with abnormal gait. However, no study has evaluated the effect
of the Honda Walking Assist Device R (HWA) on the gait of patients who have undergone transfemoral (TF) amputation.
OBJECTIVE: This study aimed to investigate the safety, feasibility, and effect of gait training using the HWA for individuals
who underwent lower limb amputation.
METHODS: This study included two elderly patients who underwent TF amputation due to a nontraumatic reason. Gait training
interventions using the HWA were performed for a week (5 training sessions). Self-selected walking speed (SWS), step length,
cadence, hip kinematic parameters, and symmetricity of single support time ratios during SWS were measured before and after
the HWA interventions.
RESULTS: SWS, step length, cadence, and hip angle range improved after the HWA interventions in both patients. Symmetricity
of single support time ratios and maximum hip extension angle improved in patient 1, but not in patient 2. There were no adverse
events in either patient.
CONCLUSIONS: Gait training using the HWA was safe and effective for improving the gait of two TF amputees.
Keywords: Lower limb amputation, gait training, Honda Walking Assist Device, transfemoral amputation

1. Introduction
Independent walking is an important goal for patients who have undergone lower limb amputation.
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The number of nontraumatic amputations performed
increases with age and the presence of comorbidities
such as dysvascular amputation [1]. Even though elderly people who have undergone transfemoral (TF)
amputation are a major subgroup of amputees [1], they
are identified as having a low success rate with prosthetic gait [2].
Gait characteristics of TF amputees include asymmetrical walking pattern [3] and abnormal pelvic
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movement due to the reduced range of motion (ROM)
of the hip [4]. Regarding hip moment at the sagittal plane, TF amputees exhibit higher hip joint power
than healthy subjects during the early stance phase
in order to progress forward and compensate for the
lost anatomical function [5]. For this reason, lower
limb amputees required higher energy consumption
and more effort to walk. In particular, elderly amputees have low aerobic capacity and slower walking
speed [3,6]; they need to use a wheelchair in their daily
lives. Physical activity (e.g., daily step count recorded
by pedometer) and physical functions (e.g., 6-minute
walking distance, self-selected walking speed, and step
length variability) are all related in lower limb amputees [7]. Therefore, improving walking ability using
a prosthetic foot is important for improving the activities of daily living (ADL) and quality of life in lower
limb amputees.
Recently, the use of robot-assisted gait training has
become widespread among individuals with gait disabilities [8–10]. The Honda Walking Assist Device R
(HWA, Honda Motor Corporation, Japan) is a wearable robotic device that can be used for gait training.
Actuators placed at the hip joint assist flexion and extension movements to allow effective forward motion
during walking. The angular and torque sensors are
placed at the hip joint, and the computer calculates the
assisting torque to correct the gait (Fig. 1). Using the
HWA for gait training, we have previously improved
hip and pelvic kinematic parameters during walking in
a patient with hip disorders who underwent total hip
arthroplasty [11]. Because TF amputees have a reduced
ROM of the hip [4] and an asymmetrical walking pattern [3], we hypothesized that the HWA would improve the hip joint movements and symmetricity during walking in TF amputees.
Although the HWA has previously been used as a
means of gait training for individuals with stroke [12,
13], there is no study, to the best of our knowledge, that
has used the HWA to improve the gait of amputees,
i.e., the safety and feasibility of the HWA are unknown
in TF amputees who have problems with stump shortness, socket-thigh cuff interference, and high susceptibility to skin problems. In this study, we investigated
the safety, feasibility, and efficacy of gait training using
the HWA in two amputees.

2. Case presentation
Patient 1: The patient was a 63-year-old man with
TF amputation in his right leg and transtibial (TT) am-

putation in his left leg. Etiologies of his amputations
were vascular occlusion due to atrial fibrillation. He
started walking exercises with his prosthesis 4 months
after undergoing lower limb amputation. He wore the
Monolock Knee (Össur, Reykjavik, Iceland) for his
right knee and the 1C11 Terion K2 (Ottobock, Duderstadt, Germany) for both feet. The length of his right
femoral stump was 18 cm from the ischial tuberosity,
and the length of his left tibial stamp was 15 cm from
the lower border of the patella. Ten months after amputation surgery (at the start of the HWA intervention),
he had mild limitations in right hip extension (0◦ ) and
right hip adduction (0◦ ) but did not have such limitations in his left leg. He exhibited mild weakness in his
right hip muscle (good level tested by Manual Muscle
Test) but not in his left leg. There was no severe skin
trouble in his legs. He was able to walk with prostheses and bilateral crutches for 300–500 m in a training
situation; however, he usually used a wheelchair in his
daily life to increase mobile efficiency.
Patient 2: The patient was a 60-year-old man with
TF amputation in his right leg. The etiology was squamous cell carcinoma and related infection. He started
walking exercises 2 months after amputation surgery
using his prostheses. He wore the 3R41 modular knee
joint (Ottobock, Duderstadt, Germany) for his knee
and the 1C11 Terion prosthetic (Ottobock, Duderstadt,
Germany) for his foot. His stump length was 23.0 cm
from the ischial tuberosity. Five months after surgery
(at the start of the HWA intervention), he had mild limitations in hip extension (5◦ ) and hip adduction (10◦ )
and mild weakness in his right hip muscle (good level
tested by Manual Muscle Test). There was no severe
skin trouble in his leg. He could walk 300 m with his
prostheses and bilateral crutches with effort; however,
he sometimes used a wheelchair in his daily living.
Both patients were ambulatory with prostheses and
bilateral crutches in the hospital area; however, they
both needed a wheelchair to complete their activities
of daily living. Gait characteristics included the lack
of hip extension at the stance phase and asymmetric
weight shift to the TF side, which led to inefficient forward progression. As discussed in the introduction, the
HWA assists hip movement and leads to a more symmetric gait, which could be beneficial for these two patients. For this reason, we used the HWA for gait training to improve their gait.
This study was approved by the Ibaraki Prefectural
University of Health Sciences Ethics Committee (approval no. e204). Sufficient explanations regarding the
study procedures were provided to the patients prior to
obtaining their written consent for participation in the
study.
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Fig. 1. (A) The Honda Walking Assist Device R (HWA). (B) Gait training with the HWA.

2.1. Intervention
Gait training interventions using the HWA were performed for 1 week and included five training sessions.
Each HWA intervention was performed for approximately 20 minutes, excluding the resting time. The assist torque was set for each intervention based on the
level of comfort with walking and on the results of a
gait assessment conducted by the physical therapist to
obtain optimal walking parameters of the patient. Patients could use bilateral crutches during the HWA interventions to maintain balance. They also underwent
conventional rehabilitation for 40–100 min per day, including ROM exercises, stretching, muscle training of
the hip joint, and balance exercises, during the intervention period.
When using the HWA, one can choose the normalor short type thigh frame. To attach the HWA to patients, the normal type thigh frame was used for the TT
side in patient 1 and for the healthy side in patient 2.
The short type was used for the TF side in both patients, and the fixing belt was fastened over the prosthesis socket. To verify the safety of the interventions,
patients were carefully observed during each gait training with the HWA, and any adverse events, such as hip
pain or skin problems (redness or scarring due to contact with equipment), were noted.

ducted twice on a walking path that was 10 m in length,
with an additional 3-m length before and after the 10m measurement. Walking aids and settings of the prostheses were under the same conditions for all interventions. To calculate step length and cadence, the number
of steps taken during the SWS tests was counted. The
average values of the two trials were designated as the
SWS, step length, and cadence, respectively. The symmetricity of the single support time ratios (right single
support time/left single support time) was calculated to
evaluate gait symmetricity.
To analyze the gait pattern, patient motions were
recorded on a digital video camera (Handycam, Sony,
Tokyo, Japan) in the sagittal plane. We analyzed three
consecutive walking cycles using two-dimensional
motion analysis software (Frame Dias V, DKH, Tokyo,
Japan). The hip joint angle during the gait was formed
by the acromion-greater trochanter-knee joint of the
prosthesis. The maximum hip extension joint angle
at the stance phase, maximum hip flexion angle at
the swing phase, and hip flexion/extension range (hip
range) during walking were compared. In patient 1, the
patient wore a bilateral prosthesis. Here, we focused
on the side of the TF amputation for the video analysis
because the hip of the TF amputation side had a limited ROM and muscle weakness, whereas that of the
TT amputation side was more intact.

2.2. Measurements
3. Results
Gait parameters and gait patterns without the HWA
were measured before and after HWA interventions.
Gait parameters (walking speed, step length, and cadence) and gait patterns were measured at the selfselected walking speed (SWS). SWS tests were con-

Interventions were successfully completed in both
patients, and neither patient experienced skin trouble
or pain during all gait trainings with the HWA. The
HWA was attached on the socket of the TF side sing the
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Table 1
Gait parameter and gait pattern measurements
Parameter
SWS (m/s)
Step length (m)
Cadence (step/min)
Symmetricity of single
support time ratios

Patient 1
Pre-HWA
Post-HWA
0.74
0.87
0.49
0.54
90.7
96.4
0.75
0.80

Patient 2
Pre-HWA
Post-HWA
0.65
0.85
0.43
0.54
90.1
94.6
0.77
0.73

SWS, self-selected walking speed; HWA, Honda Walking Assist Device R .
Table 2
Results of the hip angle during self-selected walking at the trans-femoral side

Maximum hip extension
angle (◦ )
Maximum hip flexion angle (◦ )
Hip angle range during
one gait cycle (◦ )

Patient 1
Pre-HWA
Post-HWA
10.2 ± 0.2
16.4 ± 5.8

Patient 2
Pre-HWA
Post-HWA
4.0 ± 3.8
4.5 ± 3.0

25.2 ± 5.6

30.5 ± 1.2

23.3 ± 1.8

30.5 ± 1.5

35.5 ± 5.6

46.8 ± 7.0

27.3 ± 2.3

35.0 ± 1.5

HWA, Honda Walking Assist Device R . Data are presented as mean ± standard deviation.

Fig. 2. The hip joint angle during the SWS in the sagittal plane. Hip joint angles was the average angle obtained during the three walking
cycles. Moving average smoothing was used to draw the figure. The dotted line indicates the pre-intervention, whereas the solid line indicates the
post-intervention of the hip joint angle. Figure 2A shows Patient 1 and Fig. 2B shows Patient 2. HWA, Honda Walking Assist Device R ; SWS,
Self-selected walking speed.

short type thigh frame. Patients stated no complaints
regarding this intervention.
Table 1 shows results of gait parameters and symmetricity of single support time ratios at the SWS. In
both patients, walking speed, step length, and cadence
after the HWA interventions increased compared to
the measurements taken before the interventions. Symmetricity of single support time ratios increased from
0.75 to 0.80 in patient 1 but decreased from 0.77 to
0.73 in patient 2.
Figure 2 shows the right hip flexion and extension
angle during the SWS. Table 2 shows the maximum
hip flexion, extension angle, and hip joint range during

the SWS. In both patients, the hip joint range after the
HWA increased compared to the range before the interventions. In patient 1, both the maximum hip flexion
and extension angle increased; however, in patient 2,
only the maximum hip flexion angle increased.

4. Discussion
In this study, we investigated the safety, feasibility,
and effectiveness of gait training using the HWA in two
TF amputees. Though both patients had a short stump
length, it was possible to install the thigh frame on the
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prostheses. We were able to perform all interventions
safely, and there were no adverse events. Therefore, it
is suggested that HWA intervention is a safe and feasible means of improving gait in patients who have undergone TF amputees.
SWS, step length, and cadence improved after the
HWA interventions in both patients. The hip angle
range increased after the HWA interventions compared
to the range before the interventions. In general, if the
hip joint angle during walking is extended, the step
length becomes wider, and a wider step length contributes to a faster SWS. From our results, the HWA interventions increased the hip joint range during walking, which contributed to the increased step length and
improved walking speed.
Symmetricity of single support time ratios increased
in patient 1, but not in patient 2. We think that this variance is caused by the difference in patients’ impairments. Patient 1 had TF amputation in his right leg and
TT amputation in his left leg, while patient 2 had TF
amputation in his right leg and fully intact left leg. Patient 1 had impairments in both legs, so he might need
restraints in both legs; however, patient 2 did not need
restraints in his left side. This might lead to the residual asymmetry in patient 2. To verify this state, we are
going to accumulate additional number of patients including hemilateral and bilateral amputees for further
studies.
In general, individuals with TF amputations who
use a wheelchair in their daily life have joint contractures and muscle weakness caused by hip flexion during wheelchair use. Hip flexion and extension angles
during walking are smaller in the TF amputated side
than in the healthy side [14]. Moreover, in the hip joint
of the amputated side, increased muscle activity and a
greater muscle power peak are needed to compensate
for the absence of the rocker function [15]. The excessive work produced by the hip may further contribute
to the increased energy expenditure that is required
for the lower limb amputees to proceed forward while
walking [5]. These problems negatively impact the patient’s walking ability and hinder their gait improvement. In order to solve these problems, traditional approaches, such as stretching [16], muscle strengthening of the hip joint [17,18], proprioceptive neuromuscular facilitation (PNF) techniques [19], and balance
exercises [16], can be conducted. The characteristic of
the HWA is to lead walking to a correct walking pattern by assisting the flexion/extension movements of
the hip joint. Our results suggest that the HWA assisted
the hip joint extension muscle and increased the hip
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joint extension moment during the early stance phase.
Additionally, the device assisted in the gait timing to
allow effective and efficient forward progression. We
believe that the HWA intervention contributes to walking ability through these assistances.
Our gait training interventions using the HWA were
performed for only 1 week and included five training
sessions. For this reason, although HWA training improved gait parameters and patterns, the patients’ ADL
did not change significantly. In the future, we need to
verify whether HWA training contributes to ADL improvement with lager sample size.
The limitation of this study is that we included only
2 cases without control group, and evaluated the patients before and after the intervention period. To generalize our results, we need to accumulate additional
number of patients with control group to develop a
comparative study. Nonetheless, we think our study is
important as an opening for further investigation.

5. Conclusions
As the life expectancy continues to increase, the
number of elderly lower limb amputees with dysvascularity or other comorbidities is also expected to increase. Elderly individuals tend to have lower success
rates for gait improvement. We suggest that the HWA
intervention is an effective means of gait training for
such individuals.
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