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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Research on Motion Sensing and Multiple Facilitative Stimulus Control System
and Selective Arm-DOF Constrainable Mechanism

for Hemiplegic Shoulder Flexion and Elbow Extension Rehabilitation

Name: Koutaro Taniguchi

This thesis summarizes the research on development of rehabilitation device for the isolation
movement training of elbow extension and shoulder flexion using a various facilitative stimulus such
as electrical stimulation and vibration stimulus for hemiplegic stroke patients. In this research, we
proposed requirements specification and principles of mechanism of the device, and prototyped.
Firstly, clinical research on able-bodied subjects was carried out to verify the effectiveness of the
device. Furthermore, clinical experiments demonstrate the clinical practicality of this system by
changing conditions of facilitative stimulus and method of training. This system consists of a
selective DOF constrainable mechanism and a facilitative stimulation timing and duration control
system. The selective DOF constrainable mechanism enables the separation of synergic movement
during shoulder flexion and elbow extension training by constraining each individual joint to target
the training exercise. Furthermore, the facilitative stimulation timing and duration control system
allow for controlled intervention timing and duration of shrinkable electrical stimulation (SES) and
vibratory stimulation according to the training joint angle and angular velocity. In addition, this
rehabilitation system is economical and convenient, because it enables training movements of both
the elbow and shoulder using a single device. Moreover, this system is safe because there are no
actuators. In addition, the research suggests that the effectiveness of a combination of SES and
vibratory stimulation is better than vibratory stimulation alone. Therefore, clinical experiments
demonstrate the clinical practicality of this system. This thesis consists of six chapters. The summary
are as follows.

Chapter 1 describes a background on this research from the point of view as nursing care and
medical. In addition, motive on this research is described by mentioning issues of previous research.
An essential theory of physical therapy and physiology on this research have been described.
Furthermore, necessity of this research are discussed, due to mention about an importance to
constrain the non-deliberate movement in order to assist an isolate movement and an effectiveness of
electric and vibratory stimulation in the isolate movement separating from synergic movement.

Chapter 2 proposes a selective DOF constrainable mechanism for shoulder flexion and elbow
extension training for hemiplegic rehabilitation. Requirements specification and principles of the
mechanism was described. Rehabilitation training of upper limbs should be performed in a supine
position, with arms lifted, in order to minimize the effect of gravity on the weight of the user's arm



and the device. The mechanism should be applied to the training of right and left arms using a single
device. In addition it should be adjustable to fit the different length of upper limbs for various
patients. In the case of shoulder flexion training, the mechanism should neutralize synergic
movement to constrain DOF of upper limbs except for flexion-extension of the shoulder and scapula
movements accompanied by shoulder flexion-extension. In the case of elbow extension training, the
mechanism should neutralize synergic movement to constrain DOF of wrist, shoulder, and scapula
movements accompanied by elbow extension-flexion. The mechanism should support and restrict
motion range of deliberate voluntary movement with elbow flexion and elbow extension in order to
train safely, because hemiplegic patients cannot deliberately control the paralyzed limb without any
support. Moreover to separate the target training exercise from synergic movement, the mechanism
should have built-in sensors in order to automatically deliver the facilitation stimulus to the desired
training muscle.

Chapter 3 proposes a system which measures elbow and shoulder flexion-extension movements by
sensing the velocity and angle of the training joint. Utility of the system is confirmed by the results
of measuring the angle and angular velocity of training joint during training exercise of operational
experiments. Quantitative evaluation is possible through comparison of maximal angular velocities
of deliberate targeted training motions, before and after, using the proposed system.

Chapter 4 proposes a system which controls the timing and duration of SES and vibratory
stimulation for elbow and shoulder flexion-extension movements by sensing the velocity and angle
of the training joint. An operational experiments were carried out with actually giving electrical
stimulation to the able-bodied subjects. Utility of the system is confirmed by comparison of maximal
angular velocities of deliberate targeted training motions, before and after, using the proposed
system. In addition, training method using this system is proposed, it was verified to organize the
results of the maximum movement angular velocity obtained in training experiments for each
electrical stimulation intensity. Immediate effects of training were compared by the results of motion
measurement before and after training without using electrical stimulation. Improvement of the
maximum velocity of training motion showed the effectiveness of the device confirmed on the
vicinity of the threshold of exercise of electrical stimulation intensity.

Chapter 5 describes about clinical trials for stroke patients using this system. As a result, maximal
angular velocities of shoulder flexion and elbow extension training improved significantly in most
subjects. In addition, the research demonstrates that the effectiveness of a combination of SES and
vibratory stimulation is better than vibratory stimulation alone. These clinical experiments
demonstrated the clinical practicality of this system.

In Chapter 6, the conclusions of this research were summarized.



