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Abstract— A device for acute phase post-stroke rehabilitation was designed to aid patients in recovering supination/pronation of the wrist and flexion/extension of the hand. The loss of these two motions are common adverse after effects of stroke. The device consists of a wrist rotator and a hand grasper, both of which are driven by DC Brush Servo motors with encoders. These motors are controlled by a microprocessor that allows for active and passive movement. Resistance levels can be adjusted based on the level of functionality of each patient. The system is interfaced with a computerized video game that prompts the patient to perform a specific motion: either rotation of the wrist or grasping-ungrasping of the hand. If the patient is unable to complete the motion in a short period of time, the device assists them. The microprocessor continually monitors the degree to which the patient is capable of performing each motion, which facilitates progress tracking of each patient. 

I. INTRODUCTION
N
early 700,000 people are affected by stroke each year, commonly leading to impairments of speech and motor control, depending on the location in the brain that is  damaged. A common result of stroke is hemiplegia, which is the paralysis, or impairment of motor functioning on one side of the patient’s body. Stroke leaves approximately 470,000 with this chronic disability making it the leading cause of adult disability in the United States. Improvements of rehabilitation methods and therapy continue to be an active and ongoing area of research.
Research has shown that combining various methods of rehabilitation leads to a more efficient and complete successful recovery of motor functioning. Robot – aided therapy is a technology that is at the forefront of this growing field of stroke rehabilitation.  Robot – aided therapy techniques incorporate many methods that have been shown clinically to improve motor functioning including repetitive motion, visual stimulation, and progression tracking.  Many robot – aided devices have been developed, including the MIT-Manus devices. These devices focus on arm, hand or leg motions exclusively by focusing on linear motion, such as planar extension of the elbow. Neuroplasticty provides the theoretical groundwork for Robot-aided stroke rehabilitation and is described below. 

A. Neuroplasticity

According to classical belief of brain functionality, brain damage was deemed permanent and it was considered impossible to regain lost function. However, with advances in neurological research a new model of neuroplasticity is becoming more and more accepted. Neuropasticity is the “ability of neural systems to reorganize based on sensory and motor experience1.” Improved imaging techniques are demonstrating that new neural pathways can be constructed after damage has occurred. Cao et al provides neural images that shows new neural pathways being formed in the brain after damage has occurred. Figure 1 shows brain activation in both hemispheres of the brain after damage had occurred.


B. Rehabilitation methods 

Rehabilitation treatments that are clinically shown to increase functional ability of impaired limbs in patients utilize the theory of neuroplasticity to explain their success. Fischer, Barbas and Kahn et. al. 2005 provide further evidence for neuroplasticity by demonstrating that massed practice, task-oriented re-education, visual imagery, and guided-force training leads to an elevated success rate of rehabilitation.

Massed practice refers to the repetitive use of the impaired limb by performing specific functional tasks. Studies suggest that highly repetitive movements are one of the most effective approaches to arm and hand function restoration (Prange, et al., 2006). Task-oriented re-education gives the patient a specific goal to accomplish by performing motions with their impaired limb, which helps engage the patient, alleviate boredom and instill a sense of accomplishment. Visual cues are also often used to make the performed task seem more realistic and to provide visual stimulus to again alleviate boredom and monotony. Guided-force training involves applying force to assist the patient in performing the desired motion or applying a resistive force to strengthen muscles while the patient performs a desired motion. Robot-aided therapy devices utilize some or all of the aforementioned methods, thereby providing effective and engaging rehabilitation. 

C. Robot-aided therapy

Robot-aided therapy devices aim to provide a means to assist patients in performing specific motions while employing a task orientated environment and providing therapists with continual feedback on patient progress. These devices allow patients to train under passive, active, resistive and bimanual modes. Passive movement is chosen when the patient has some neuromuscular control and can perform the desired motion with little or no robot assistance. The active mode is reserved for patients with little to no neuromuscular control and the robot aids the patient in performing the desired motion. Often, patients who require active therapy have limb stiffness that introduces additional force that the device must overcome. As the patient progresses and regains neuromuscular control, the robot can be set to a resistive mode, which adds resistance to the motion and helps strengthen muscles required to perform the motion. The bimanual mode is commonly used with patients with a flaccid limb. The patient will perform one motion with their functional limb and the robot assists the patient in performing a mirrored motion with the paralyzed limb.

Much preliminary research has demonstrated efficacy of robot aided devices. Prange et al. 2006 reviewed clinical trials that employed robot-aided therapy for the rehabilitation of impaired arms of stroke victims. The researchers concluded that these methods lead to an average increase of 6 % in motor control.  This 6% increase correlates to a 3.7 point increase in Fugl-Meyer scores between pre- and post-treatment scores.  The Fugl-Meyer scale is used to assess the motor recovery of stroke patients and the score is indicative of the number of motions the patient can successfully perform.  Similar improvement in the Fugl-Meyer score has been demonstrated in a number of studies on robot- aided therapy. Studies have also revealed that the robotic method yields continual improvement in Fugl-Meyer scores over a long period of time (4 months)2.  Fasoli, Krebs and Hogan found a long-term progression of improvement in patients; they also found that persons with moderate to severe motor impairments recovered to a greater degree as opposed to those treated with constraint-induced movement therapy, providing more evidence for robot-aided over other classical methods.
II. Methods

A. Grip and Twist Overview

The system allows for performance of the specific movements of supination/pronation of the wrist and flexion/extension of the hand, used in conjunction with a visually stimulating, goal-oriented computerized video game. The device allows the patient to perform the two motions simultaneously or individually with assistance given when needed. The patient may perform many repetitions with minimal supervision. The therapeutic device utilizes two motors that control each movement individually as well as send feedback, such as degree of independent rotation from the encoder to the computer, which can be used to assess and track patient progress. Computer programs control the speed, degree of rotation, and the time given to allow the patient to perform the motion independently (i.e. without device assistance).  The Grip and Twist incorporates passive and active methods of rehabilitation. 

The device was designed to be as universal as possible, accommodating both left and right appendages of a wide range of sizes. First, the wrist is placed into a padded cuff termed the “wrist rotator” and the fingertips are placed into the “hand grasper.”  Each of these is controlled by a separate servo motor.  The servo motors allow for both active and passive motion and can also provide a resistive force for advanced patients.

 The cuff extends past the fingertips of the patient. The hand-grasping device, located on the cylindrical tube allows the movements of the wrist and hand to be performed simultaneously and independently. The device can be seen in use in Figure 2.  

B. Safety Features


The Grip and Twist has a number of built in safety mechanisms to ensure that the patient is not harmed during use. A number of computerized checking mechanisms existing in the programming code along with physical mechanical limit switches allow the clinician to feel comfortable with setting up the device on the patient and allowing them to carry out the rehabilitation session unattended. The program constantly checks the position of the motor relative to the position of the limits set by the clinician at the start of the game. If the motor position, and therefore the wrist rotator or hand grasper positions, should ever fall out of range of the set limits, the program will be stalled, the patient will be given instructions to return to neutral and if they are incapable of doing so the rotator and hand grasper will be returned to neutral positions. The [image: image1.jpg]


 Figure 2. SolidWorks drawing of Grip and Twist.  The front of the device(left in drawing) houses the motor for the wrist rotator, microcontroller, and power supplies and is also padded to serve as the elbow and forearm rest. The cuff stabilizes the wrist and the hand is placed into the hand grasper.  A small servo motor controls the hand grasper (not shown). Limit switches are located on the back plate and in the wrist roator shell to prevent over rotation.  
physical limit switches are located on the hand grasper and rotator and are triggered by physical contact with the corresponding components if they should ever exceed the predetermined range. Upon activation, these limit switches send an electrical signal to the microprocessor that initiates a sequence of events ultimately resulting in the wrist rotator and hand grasper returning to neutral positions. The device also features a hand-held emergency cut-off switch that the patient holds in their functional hand, which is wired to cut power to motors in case of any emergency, pain, or discomfort during the exercise. Upon activation of any of the aforementioned safety mechanisms, a “call clinician message” will appear on the game interface screen and the clinician will be notified in a similar manner to the “call nurse” methodology used in patient rooms in hospitals.

C. Programming 
Clinicians will start the gaming system on a PC, where they will be prompted to place the necessary information for the patient’s ranges, such as: the limits designated for wrist rotation; the amount of time and repetition of the exercises; which hand the patient will be rehabilitating. The gaming system, visually replicates a mechanical claw picking a static object off of the end of a conveyor belt. The patient will be prompted to perform gross closing of their hand for the claw to pick up the object. They will then be told to move the claw and object over a pot, which they will achieve by supination/pronation depending on the location of the pot. Once the claw and object are over the pot, the game will prompt them to drop the ball, which the patient can do by opening their hand. The patient will then be asked to return to neutral where they conveyor belt is positioned and they will have another object to pickup. 
All of the motions follow the same pattern for active/passive motion. If the patient has not initiated movement within five seconds they will be assisted to the necessary position for the next phase of the game. If the patient has achieved the desired motion and reached the necessary position, the motors will assist them in keeping either their hand or their wrist in the desired position, while they are completing another task. This is to ensure that they are keeping their tendons and muscles stretched as well as ensuring that they are aided in the game. The motors used have 500 ppr encoders which allows for high sensitivity. If the patient is not assisted they may also not be able to hold the range of positions desired and this may result in them not achieving the games goals and becoming frustrated and uninterested in the process.  We are trying to reward motion, specifically in acute post stroke, once the patients are at higher levels of rehabilitation resistance will be provided in achieving the desired position and the assistance of being held at the desired position will be taken off.  

D.  Testing

In order to assess the efficacy of the device, we have outlined a two-phase test. The first phase involves obtaining clinician feedback regarding ease of set up, use and functionality of the device. A total of five clinicians will be tested. Each clinician must be at least 21 years of age, must have earned certifications for physical or occupational therapy and must be currently practicing therapy. Once consent has been given, the clinician will meet with two investigators for a one-hour session. The investigators will explain the motivation for the device as well as the means by which the device aims to accomplish the goals set forth. The investigator will demonstrate the procedure that would typically be performed by the clinician when using the device. This will consist of a pre-evaluation of the patient, set up of the device and initiation of the program. The clinician will then have the opportunity to ask any questions as needed. The clinician will then perform the entire procedure by fully evaluating and setting up the device for each of the investigators in two separate time trials. A 5-minute break will be granted between set-ups if desired.  After the times have been recorded, the clinician will then be asked to fill out a questionnaire for feedback purposes. The times of each trial will be evaluated with a paired t-test to determine the learning curve for setting up the device, while the questionnaires will be scored with a Mann-Whitney to determine the value of the device from the clinician’s point of view.  

The second phase of testing will be used to assess patient progress regarding improvement of motor functioning. A total of five patients will be tested with the following inclusion criteria: The patient must be at least 45 years of age, have previously been diagnosed with hemiplegia as consequence of stroke (verified by MD) and with no other confounding arm impairments. The patient must be considered medically stable (as assessed by MD) and must be able to actively perform at least 10% of their maximum range of motion for each movement. The must be able to sit in an upright position for up to one hour, and be capable of comprehending and following simple two step instructions. Each patient will meet with an investigator for 10 sessions over the span of 2-3 weeks. Each session with the device will be a maximum of 20 minutes and can be shortened if the patient experiences fatigue or pain. This session will be given in addition to their regular physical or occupational therapy. Before the first session with our device, the patient will be evaluated regarding their active and passive flexion and extension of the hand and supination / pronation of the wrist. These measures will be taken again after the fifth session and after the 10th session to determine progress at the halfway point as well as final improvement over the course of the study. Lastly, patients will complete a subjective questionnaire to obtain their feedback. These evaluations will also be analyzed using a Mann-Whitney test to determine the value from the patient’s point of view. 
We were recently granted IRB approval from the Medical College of Wisconsin for the aforementioned testing protocol. Testing will commence within Froedert Hospital as soon as client validates software, and then clinicians and patients are recruited and give consent. 
III. Conclusion

At present, we have not begun testing the device on human subjects since we only recently received IRB approval. However, given the breadth of research in the stroke rehabilitation field, it is reasonable to expect this device to yield favorable results considering it combines repetition, visual stimulation and progress feedback.  Our system allows the patient to perform specific motions while playing an engaging, enjoyable game. We expect this to help generate interest in this type of therapy. We are continuing to work on improvements on the aesthetics of the device and the programming interface.  
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Figure 1: MRI scan The MRI scan shows activated parts in both hemispheres of the brain in a patient who had a stroke. The right side of the brain activates to compensate for loss of functioning on left side of brain when moving the impaired limb.  


Source: Cao, et al., 1994
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