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Abstract

Becker’s muscular dystrophy (BMD) is an X-linked recessive inherited 
disorder characterized by a slow and degenerative muscle weakness of the 
legs and pelvis. The patients eventually use walking aids or are wheelchair-
bound in daily life because of the progression of disability. The robot suit hybrid 
assistive limb (HAL) is a new robot suit designed to assist voluntary control of 
lower limb motion by detecting extremely weak bioelectric signals on the skin 
surface. Here we report how HAL gait training can be adapted for a wheelchair-
bound patient with BMD. A 25-year-old patient with BMD participated in HAL 
gait training.Gait training consisted of three phases: phase 1, adaptation of 
HAL for the patient; phase 2 (1 year), treadmill training with the body-weight 
supported walker (BWSW); and phase 3 (2 years), gait training on the floor 
with the BWSW. The subject completed 2 h of HAL gait training once a week 
(from August 2011 to August 2014). Although there are no standard exercises 
for patients with BMD, his gait ability and fitness improved, following HAL gait 
training. This result indicates that HAL gait training can be both feasible and 
safe when used as a part of a regular rehabilitation program for patients with 
BMD. Harness use seems to be essential for safety and feasibility of HAL gait 
for patients with BMD. The combined use of the HAL gait training and BWSW 
may be an effective rehabilitation tool for patients with BMD. 
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Case Presentation
A 25-year-old patient with BMD (height, 164 cm; weight, 54 kg) 

participated in HAL gait training. He was diagnosed with BMD by 
dystrophin immune-staining of biopsied muscle tissue at 9 years 
of age because of the appearance of motor function deficits [10]. 
After the onset of BMD symptoms, his physical function gradually 
declined, and he began using a wheelchair outdoors at the age of 15. 
At the age of 22, walking was no longer possible. From the age of 23, 
he participated in conventional physical therapy, including muscle 
strength and range of motion exercises, twice a week in preparation 
for HAL gait training. At the age of 25, he started HAL gait training 
in addition to conventional physical therapy. Prior to participating in 
HAL gait training, the subject provided informed consent; the study 
was approved by the Ethics Committee of the Kobegakuin University 
(HEB121211-1).

Mode Setting of HAL
The HAL has a hybrid control system consisting of Cybernic 

Voluntary Control (CVC) and Cybernic Autonomous Control 
(CAC) [9]. The CVC supports the patient’s voluntary lower limb 
motion according to the voluntary muscle activity and assistive torque 
provided to each joint. In this study, we used the CVC, which allows 
the operator to adjust the degree of physical support to the patient’s 
comfort. In addition, the HAL has two modes, walking mode and 
stand up mode, which support voluntary movement of walking and 
standing up, respectively, according to the electrical signals of muscle 
contracture and load on the feet. In this study, we used the walking 

Introduction
Becker’s muscular dystrophy (BMD) is an X-linked recessive 

inherited disorder, characterized by a slow and progressive 
degenerative muscle weakness of the legs and pelvis. Severity of the 
disease may markedly vary depending on the age of the patient at 
disease onset [1]. The patients eventually use walking aids or are 
wheelchair-bound in daily life because of progression of disability [2]. 
Rehabilitation exercises differ for ambulatory and wheelchair-bound 
patients. Gait training, activities of daily living (ADL) exercises 
and conventional physical therapy (stretching and range of motion 
at the lower limb joints) are practiced for ambulatory patients. 
Once patients become wheelchair-bound, gait training is no longer 
practiced; rehabilitation efforts instead focus on ADL exercises to 
maximize independent living.

The robot suit hybrid assistive limb (HAL) is a new robot suit 
designed to assist voluntary control of the knee and hip joint motion 
by detecting extremely weak bioelectric signals on the surface of the 
skin [3-5]. The HAL can support the wearer’s lower limb motion 
while walking by adjusting the supportive level [3]. The HAL gait 
training is being increasingly employed for patients suffering from 
acquired neurological disease, such as stroke or spinal cord disease 
[4-9]. However, no studies have attempted to examine the feasibility 
of HAL rehabilitation for patients with BMD. Here we report a case 
in which the patient was wheelchair-bound and rehabilitation gait 
training had ceased. We report how HAL gait training can be adapted 
for use by a wheelchair-bound patient with BMD. Gait ability was 
influenced by HAL training.
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mode for gait training and stand up mode for sit-to-stand exercises. 
Furthermore, we monitored the heart rate during gait training to 
ensure that the working load was safe and appropriate.

Training
Gait training consisted of three phases: phase 1, adaptation of 

HAL for the patient; phase 2, treadmill training with the body-weight 
supported walker (BWSW); and phase 3, gait training on the floor 
with the BWSW. Typical gait training (phases 1 and 2) proceeded 
as follows: attaching electrodes, wearing the HAL and harness, and 
setting up the computer (45 min); HAL gait training (60 min, including 
rest time); removing the HAL and harness (15min). In phase 3, five 
sit-to-stand exercises (5STS) were added after gait training. All gait 
trainings and 5 STS were conducted by three physical therapists. The 
training phase is summarized in Table 1.

Phase 1: Adaptation of HAL suit for the patient
According to the manufacturer’s instructions, electrodes for 

the hip extension were attached just below the ischial tuberosity. 
However, sufficient electrical signals of muscle contraction were not 
detected in this area. Several electrodes were placed on different sites 
around the hip joints, and an area on the upper part of the gluteus 
maximus muscle was found to enable bioelectrical signal detection 
(Figure 1). When applying the HAL, we used BWSW to adjust the 
working load (Figure 2). BWSW is a modified body support system, 
which has been used for the HAL gait training for patients with stroke 
and spinal cord injury [9, 11]. A HAL supplier-recommended special 
harness in the BWSW was used for the patient (Figure 3A). We were 
able to adjust the height of patient from the floor using a handle on 
the outside of the frame (Figure 3B). In addition, this system can be 
set up to be used with a treadmill or as a special walker on the floor 
(Figure 4, 5). 

Phase 2: Treadmill training with BWSW 
In this phase, the subject under went 2 h of HAL gait training 

once a week for 1 year (Figure 4). The treadmill speed was adjusted to 
the patient’s condition. The subject could not continue walking with 
HAL so much after his heart rate reached at 125 bpm. For the safety 
reason, 125 bpm was set as the discontinuance criteria for the HAL 
gait training. The treadmill speed and walking distance during the 

training was the speed and distance before his heart rate reached at 125 
bpm, and they were gradually increased (Figure 6). We started with 
a treadmill speed of 0.6 km/hr and walking distance of 200 meters, 
because he felt the difficulty of walking with HAL in the begining and 
his heart rate reached at 125 bpm very easily. Near the end of phase 2, 
the subject could walk at a speed of 1.6 km/h and walk a distance of 
>700 meters. Additionally, the subject walked on the treadmill with 
1-3° incline in the last 100 meters when his condition was good. His 
average heart rate was approximately 110 bpm during walking. 

Phase 3: Gait training on the floor using the BWSW

After phase 2, we began gait training on the floor (Figure 5). 

Phase 1
Adaptation of HAL suit for patient

Phase 2 (1 year)
Treadmill training with BWSW

Phase 3 (2 years)
Gait training on the floor with BWSW

•	 Search for the body parts to detect 
the bioelectrical signal for hip 
extension.

•	 Apply the special harness to 
BWSW.

•	 2 h of training once a week (gait training: 1 h).
•	 The treadmill speed was adjusted to patient's 

condition (0.6–1.6 km/h)
•	 The gait speed of the treadmill and the walking 

distance during training increased (the distance that 
the patient walked before the heart rate reached 125 
bpm). 

•	 2 h of training once a week (gait training: 1 h)
•	 Walking speed was adjusted by a therapist to pull the 

BWSW but not exceeding the heart rate of 125 bpm.
•	 Walking distance during training increased (the 

distance that the patient walked before the heart rate 
reached 125 bpm). 

•	 5 times sit-to-stand exercise after gait training

Table 1: Summary of gait training.  

Figure 1: Locations of electrodes for hip extension.

 

Figure 2: Body-weight supported walker.

B: Handle for the adjustment of patient height A: The harness for gait training 

Figure 3: Treadmill training with the BWSW with harness.
BWSW: body-weight supported walker
A: The harness for gait training,
B: Handle for the adjustment of patient height
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Walking speed was adjusted by a therapist to pull the BWSW but not 
exceed a heart rate of 125 bpm. The initial walking distance during 
training was less than 200 meters, but it was gradually increased to 
approximately 500 meters (Figure 6). After gait training and some 
rest, 5STS was performed. Three therapists helped the subject stand 
up on a platform, which was 50 cm above the floor. One therapist was 
in front to manually support him stand up, and the other two assisted 
from the sides to pull up the harness. His heart rate frequently reached 
125 bpm during the last 5STS trial. When his heart rate reached 
125 bpm before the last trial, we stopped the exercise immediately. 
Clinical assessments were performed at the initial evaluation and 3 
years after HAL gait training (Table 2).

Discussion
This case report describes the feasibility of HAL gait training for 

patients with BMD. In general, patients with neuromuscular disease 
do not undergo gait training during the non-ambulatory phase [12]. 
This patient had not undergone gait training since he had become 
wheelchair-bound. Although there are no standard exercises for 
patients with BMD or severe Duchenne muscular dystrophy [13], his 

 

Figure 4: Treadmill training with BWSW.
BWSW: body-weight supported walker.

Figure 5: Gait training on the floor with BWSW.
BWSW: body-weight supported walker. gait ability and fitness improved with HAL gait training. This finding 

indicates that HAL gait training is both feasible and safe when used 
as a part of a regular rehabilitation program for patients with BMD.

All gait trainings were performed using BWSW, which provided 
safety and gait speed control. The combined use of the HAL and 
BWSW is important for HAL gait training in patients with BMD. 
The combination allowed the patient to stop walking whenever 
he wanted. Although the BWSW height occasionally limited the 
reduction of weight load, it was satisfactory in the present case. The 
use of a harness seems essential to allow safe HAL gait training for 
patients with BMD.

The HAL training began long after the patient became wheelchair-
bound. HAL gait training at an early phase may be necessary to 
prevent lower limb muscle weakness or joint contracture due to 
disuse syndrome as described in other conditions [9]. In the present 
case, the training frequency was relatively limited (once a week, Table 
1). Furthermore, other physical exercises, such as knee extension 
exercise with HAL, were not performed. Other physical functions, 
such as muscle strength and range of motion, may be recovered by 
additional HAL trainings. Finally, improvement was not observed 
in the clinical assessment (Table 2). Other medication should be 

Figure 6: The time course of walking distance during gait training.     
Walking distance: The distance that the patient walked during training before 
his heart rate reached 125 bpm.

Pre-training
(initial evaluation)

Post-training 
(3 years later)

Body weight (kg) 56 54

BMI 20.8 20.1

ROM (°)   

 Hip extension (R/L) −30/−20 −25/−20

 Knee extension (R/L) −20/−15 −20/−15

 Ankle dorsiflexion(R/L) −25/−25 −25/−20

MMT

 Hip extension (R/L) 2−/2− 2−/2−

 Knee extension (R/L) 2−/2− 2−/2−

 Shoulder flexion (R/L) 2/2 2/2

 Shoulder extension (R/L) 2/2 2/2

 Elbow extension (R/L) 3/3 3/3

 Brook upper extremity scale 2 2

 Vignos lower extremity scale 9 9

Table 2: Results of clinical assessments.
BMI, body mass index; ROM, range of motion; R/L, Right/Left; MMT, manual-
muscle testing.
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combined with HAL gait training to achieve clinical improvement. 
Further study is needed in this area.

Conclusion
For patients with BMD, HAL gait training may be an effective 

rehabilitation tool.
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