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The authors have developed a practical wrist rehabilitation robot for hemiplegic patients. It
consists of a desk equipped with mechanical rotating handle grips, sensors, a computer, and
a display. Myoelectric sensors, which are bioelectric signal detectors, are used to monitor
the extensor carpi radialis longus/brevis muscle and flexor carpi radialis muscle activity
during training. Training effectiveness is ensured by monitoring the extension and flexion
of the appropriate muscles. A feature of the system is that it operates as a dual-wrist system,
developed to mirror the training between wrists, making autonomous training of either wrist
possible. A user-friendly touch screen interface is provided; the screen displays progress data
and images to encourage the patients towards completion of the necessary rehabilitation tasks
critical to facilitate recovery. The developed robotic system is relatively compact and portable.
The effectiveness of this system has been confirmed through clinical trials, and motivational
effectiveness has been confirmed through electroencephalography (EEG)-based evaluation and
direct survey.

1. Introduction

The effectiveness of repetitive rehabilitation training for stroke patients is clear from medical
research.!~® Occupational therapists traditionally play key roles in rehabilitation training
support through personal support for each and every patient as required. However, with the
continued increase in demand for a limited number of therapists, the provision of assistive
mechanisms to reduce the workload on such therapists is essential. While a number of assistive
mechanisms are available, they tend to be physically large, heavy, complex to use, and lack
the necessary feedback to encourage and inspire the patient to complete the necessary training
critical for rehabilitation.®'¥ To address these issues, the wrist training system outlined in this
paper has been developed, tested in hospitals, and confirmed to be effective for rehabilitation.

*Corresponding author: e-mail: iyamamoto@nagasaki-u.ac.jp
http://dx.doi.org/10.18494/SAM.2018.1901

ISSN 0914-4935 © MYU K.K.
http:/myukk.org/



2 Sensors and Materials, Vol. 30, No. 8 (2018)

2. Rehabilitation Robot and Its Interface

A rehabilitation mechanism has been developed specifically to restore wrist movement
particularly in the case of hemiplegia. The system schematic is shown in Fig. 1 and can be
seen in use in Fig. 2. Myoelectric sensors are positioned on a patient’s arms as shown in Fig.
3 to monitor the actuation of the extensor carpi radialis longus/brevis muscle and flexor carpi
radialis muscles. The mechanism features two handles mounted on a desk as shown in Fig.
4. Each handle or grip is coupled to a servo motor to provide assisted actuation, position, and
torque sensors to monitor user interaction. Finally, a computer screen is provided to customize
system settings to the individual user’s requirements and provide a display to show user
progress and provide user motivation.

The usage of such myoelectric sensors (Fig. 3) has been found to be beneficial for monitoring
rehabilitation training effectiveness in muscles.!>™'® A major feature of this mechanism is
the ability to mirror movement for training from the nonparetic hand, as expressed through
interaction with the grip, to the paretic hand; this is referred to as mirror effect training.(19) This
mirror effect has been found to be particularly effective for patients with advanced paralysis. If
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a patient is unable to stably grip the handle, a strap is provided to ensure that the paretic hand
maintains contact with the handle.

The developed wrist rehabilitation mechanism is relatively light and compact, making it
suitable for both home and hospital use. The servo motors coupled to the grips are located
under the desk panel, and customizable parameters are displayed on the user interface.

This wrist rehabilitation mechanism has been tested in five hospitals in Kyushu, Japan. On
the basis of feedback from the tests, various changes have been made to make the system easier
to use and more engaging.

Figure 5 shows the display that was initially developed. This screen provided excellent
detail for rehabilitation specialists but was considered unfriendly for patients. Figure 6 shows a
simplified display. The main parameters are the arm flexion angle shown in degrees, the torque
expressed as a percentage of the maximum torque of 10 Nm (~1 Kgm), the number of repetitions
(reps) to be completed, and the mode of operation; an emergency stop button is also provided on
the desk itself.

The repetitive movement required for effective rehabilitation tends to become monotonous.??)
To reduce this monotony, firstly, the remaining number of reps to be completed is displayed; in
addition, a number of themes have been tested. Figure 6 shows a hamburger and a drink; this
hamburger is put together from scratch, firstly, the buns, then the lettuce, etc. The completion is
synchronized with the completion of the reps. The screen shown in Fig. 6 during clinical trials
shows a slot machine screen. Other screens include creating sushi dishes and travel images to a
wide variety of tourist destinations. Occasional sounds are also produced to assist attentiveness.

3. Near-infrared Spectroscopy (NIRS) Measurement

Formal measurement of the additional motivation provided by the improved screen was
measured using NIRS-based neuroimaging. NIRS measures brain activation on the basis of
concentration changes of oxygenated hemoglobin in the cerebral vessels. The neural activation
of motor-related areas of a healthy subject was tested using NIRS (Fig. 7). Wrist movement
rehabilitation tasks were performed using the original screen shown in Fig. 5, referred to as
passive mode, and then tested using the newer display shown in Fig. 6, referred to as active
mode. The experimental protocol consisted of three 30 s task reps with 40 s rests between the
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Fig. 5. (Color online) Original user interface. Fig. 6.  (Color online) More user-friendly interface.
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Fig. 7. (Color online) Neuroimaging trial. Fig. 8.  (Color online) Test result of NIRS imaging.

Fig. 9. (Color online) Clinical evaluation.

tasks. The results of the NIRS measurements are shown in Fig. 8. Each data block indicates the
data obtained from a given cerebral location. The increased activation of motor-related areas
during active assistance can be clearly seen. Areas that show significant variation between
the passive and active modes have been outlined in red and labeled as “activation areas”. On
the basis of this NIRS data, the active assistance provided clearly indicates increased levels of
motivation using the active screen.

4. Effectiveness of Wrist Rehabilitation Robotic System Visual Interface

A clinical trial was conducted to evaluate the effectiveness of the new visual interface for
a stroke patient. An 8l-year-old woman with left side hemiparesis resulting from cerebral
infarction participated. The period of treatment is 5 months from the onset of the stroke. Both
passive and active user interfaces were evaluated; in this case, the active theme was that of a
slot machine (Fig. 9). At the end of each exercise, the participant was asked to assess the level
of interest experienced during the exercise. The scale was a visual continuum (visual analogue
scale, VAS) consisting of a 100 mm horizontal line with “Not interesting” on the left and “Very
interesting” on the right. After using the passive interface, she gave a 46 mm VAS evaluation
(gauged from the left). After using the active interface as shown in Fig. 9, she gave a 100
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mm VAS evaluation indicating “Very interesting”. Therefore, the visual interface was highly
evaluated by this particular patient.

The cost of the basic device is 500000 Japanese yen, and with the addition of all options,
1000000 Japanese yen. Mass production will reduce the cost. The use of this therapist that
uses robotic technology is expected to be profitable.

5. Conclusions

A practical wrist rehabilitation robot has been developed, which provides dual-wrist mirror
effect training for hemiplegic patients. A user interface system has been developed to provide
motivation for the patient to complete the critical level of rehabilitation required to enable
progression towards recovery. The wrist rehabilitation system has been clinically tested in
hospitals, and increased user motivation has been proven through NIRS electroencephalography
(EEG) data analysis as well as through direct survey data.
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