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Abstract

Many performance-based assessment tools are available to measure upper extremity
function. Most define hand function by the time taken to complete a task. A new computer game-
based hand-arm function evaluation (GHA) tool has been developed to quantify fine and gross
object manipulations skills. Objective of this study was to evaluate the test-retest reliability and
convergent validity of the GHA assessment tool. Thirty stroke clients with the mean age of 68.41
years were recruited. Test-retest reliability was assessed by Intraclass correlation coefficient
(ICCs) and t-test. Convergent validity between GHA and the Wolf Motor Function Test
(WMFT) was determined using the Pearson’s correlation coefficient. Most of the GHA outcome
measures had moderate to high ICC (0.5-0.9). With scant exceptions, low correlations were
observed between GHA measures and WMFT score. The ICC values reflected the complexity of
the tasks, more complex task showed lower ICCs values. The WMFT measures the time taken to
complete a task whereas GHA measures the movement quality and accuracy. Thus not
measuring similar characteristics of a movement might be the reason for low correlations

between GHA and WMFT.
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Development of a Computerized assessment tool for hand-arm function after stroke: test-
retest reliability and convergent validity

1. CHAPTER-1

1.1 INTRODUCTION

Stroke is a major leading cause of disability in particular due to hemiparesis of upper and
lower extremities. The annual burden caused by stroke is almost about $65.5 billion, which
makes the rehabilitation post stroke an important issue (1). One-fourth of the people who
suffered a stroke have chronic dysfunctions, affecting their ability to stay independent in their
daily living activities. Though there are motor dysfunctions after stroke both in the upper as well
as in the lower extremity, upper extremity rehabilitation has been given comparatively less
consideration in the acute stage setup (2).

Manual dexterity involving handling and manipulating objects with the fingers and hand
is necessary for nearly all daily life activities, such as dressing, grooming, eating, use of utensils
and implements, and participation in play, hobbies, and chores. These activities require
manipulation of objects with a broad range of physical properties (size, shape, weight, inertia,
location of mass center), and often require a high degree of precision, where small deviations in
timing or end point positioning/orientation of the object leads to complete disruption of the
performance. Thus, it is critical for the patient to gain the dexterity skills post stroke to decrease
the dependency, prevent non-use sequelae, and ease the activities of daily living.

The Constrained Induced Movement Therapy (CIMT) forms the core basis of motor
rehabilitation post stroke (3). Motor recovery post stroke is a tedious and time-consuming
process, not many can afford regular physical therapy due to reasons such as money,
transportation, etc. Furthermore, adherence to physical exercises decreases even more as the

exercises become boring and monotonous after some time (4).
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To overcome these difficulties, and make exercises more engaging and fun, researchers
have been coupling them with digital media, or in simple words, computer games. Setups like
Nintendo, Wii and marker-based movement tracking systems have been tested in rehabilitation
setups and have given hope to better participant engagement than traditional therapies. However,
there are still many perspectives, which have to be considered before these programs can be
chosen over traditional ones in terms of better recovery. One major problem with these setups is
that they are still not feasible for home transition and require one to one guidance.

With respect to better outcomes, how good a therapy program is, is measured by the
results obtained by an outcome measure. Outcome measures developed so far are either time
based or counting the number of objects moved, which are limited to pegs, coins, cards, etc.
moved. As these outcomes do not tell us about the movement efficiency, accuracy and
movement path, it is necessary to have a measure, which can be more accurate and objective.

To overcome all the above-stated problems in a therapy program as well in assessment,
Szturm et al. have developed an innovative computer Game-based Tele-Rehabilitation platform
(GTR) for the training of finger hand function with an embedded assessment program, been
called the game based hand-arm assessment (GHA). The GTR couples exercise with interactive
computer games. Using the task-oriented approach a variety of manipulation tasks with objects
of daily life differing in sizes, shapes, weights, gravity assisted or eliminated and functional
demands can be used to practice many gross or fine motor skills and importantly while playing
computer games. With this tool, a personalized training program can be built, which could be

tailored for each according to his or her needs.
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The GHA is a tele-monitoring application tool that evaluates finger hand function. The
tele-monitoring module automatically logs clients’ task performances. Data analysis methods
have been developed to quantify movement quality during standardized, functional object
manipulation tasks by the use of computer controlled game activities. These objective electronic
outcomes can then be used as outcome measures to track changes as a function of intensity,

volume of practice, and tolerance.
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1.2 LITERATURE REVIEW

1.2.1 Constrained induced movement therapy (CIMT)

More than 50% of stroke survivors report persistent hemiparesis resulting in impaired
fine and gross motor skills of the upper extremity (5), (6). Various studies have shown that
early care, high intensity and functional involvement of the movements practiced is directly
proportional to a better recovery (7), (8). Unfortunately, there is a natural tendency for stroke
clients not to use the affected arm and hand, post stroke, and rather try to do almost every
functional activity with their less affected upper extremity (1). This is known as the non-use
phenomenon. This phenomenon further decreases functional ability of the affected arm and hand.
CIMT tries to inhibit the non-use phenomenon by restraining the non-affected arm and forcing
the affected one to perform all the functional activities with high intensity for many consecutive
days (3).

CIMT involves forced use of the affected upper limb in various motor tasks for a period
of 2-12 weeks. The less affected arm is placed in a mitt for 4-6 hours per day and the other arm is
forced to perform various physical activities of daily living such as, lifting objects, opening
doors, grooming, etc., and repeat them. Movements are practiced quite vigorously, and involve
the shoulder, elbow, forearm wrist and hand. However, not much is done for the fine
manipulation of finger and hand. As the unaffected arm is tied, bilateral activities cannot be
practiced and supervision is required at all time during the sessions.

A number of studies have evaluated the effects of CIMT in patients post stroke. Wolf et
al did a randomized multisite clinical trial to compare the effects of a 2-week CIMT program
versus usual rehabilitation therapies on improvement in upper extremity motor functions among

stroke clients (3). Two hundred twenty-two sub-acute stroke clients, having mild to moderate
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motor dysfunctions, were randomly assigned to the control and experimental group. The control
group therapy ranged from no treatment to basic rehabilitation therapies involving stretching,
strengthening and range of motion exercises, whereas CIMT group practiced repetitive tasks
involving functional activities like eating, lifting objects, etc., for 6 hours a day. The duration of
treatment, if given to control group is not explained in detail, but it would have been less than
CIMT group as there were participants in the control group who did not get any treatment at all.
Functional outcomes in both the groups were measured with WMFT and the Motor Activity Log
(MAL). The WMFT quantitatively measures upper limb motor ability by recording the time
taken for completing 15 functional tasks. 120 seconds are given to complete each task, the lesser
the time taken, the better are functions. Two strength-based tasks are also included which
measure pinch and grip strength by a dynamometer (8), (9). The MAL on the other hand is a
semi-structured interview to assess upper limb motor functions. Participants are asked to rate 30
tasks of daily living on the basis of quality of movement and amount of movement on ordinal
scales of 0-5, with zero being the least activity or quality and 5 being the highest. Scores are
based on an average of all tasks on a scale of 0-5, i.e. a mean MAL score is calculated for both
scales by adding the rating scores for each scale and dividing by the number of items asked (10).
At the end of the 2 week program, CIMT group showed clinically significant improvements in
upper-extremity function compared to the control group as the mean time taken to complete
WMFT decreased from 19.3 s to 10.8 s versus 24.0 s to 22.4 s, grip strength increased from 7.53
kg to 9.51 kg versus 7.23 kg to 7.91 kg, amount of use in the Motor Activity Log increased from
1.21 to 2.24 versus 1.15 to 1.37. Furthermore, improvements were seen from baseline to 12-
month follow-up within the group on all upper extremity outcomes as the mean time for WMFT

decreased from 19.3 s to 9.3 s versus 24.0 to 17.7 s making the between-group difference 34%
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(P<0.001). The MAL increased from 1.21 to 2.13 versus 1.28 to 1.66, showing between group
differences of 0.43 (P<0.001). The Stroke Impact Scale (SIS) showed a decrease of 19.5 in self-
perceived hand functional difficulty whereas the control group decreased from 10.1 having a
within group difference of 9.42 (P-0.05). Although there was a difference in outcome measures
between the groups, the duration of treatment was not matched in both the groups, thus there is a
possibility that the experimental group did better due to more treatment time.

An RCT done by Narayan Arya et al., recruited 103 mild to moderately affected stroke
clients, and randomly assigned them to either the experimental group or the control group (11).
The experimental group practiced tasks like lifting a glass, bringing it to the mouth, imitating
activities like bathing, washing utensils, etc., The control group received Brunnstrom and Bobath
neurodevelopmental techniques for a similar amount of time, i.e., one hour a day, 5 days a week
for 4 weeks. The Fugl Meyer Assessment (FMA) for upper extremity, the Action Research Arm
Test (ARAT) and WMFT were the outcome measures. The FMA is a quantitative measure to
assess upper limb functions specifically post stroke. It tests 5 domains of assessment: motor
functions, sensations, balance, joint range of motion and joint pain on an ordinal scale of 3 points
from 0-2, zero being the least functional ability and 2 being normal. This paper focuses on upper
limb motor functions, which have a maximum score of 66 (12). ARAT is an observational tool
to assess upper limb motor functions after stroke. There are 19 tests, which are further divided
into 4 subtests namely: grip, grasp, pinch and gross arm movement. Each test is measured on an
ordinal scale of 0-3, zero means can’t perform the test at all and 3 means normal, thus with a
maximum score of 57 (13). The experimental group improved on the FMA-UE score 11.98 to
29, versus 9.88 to 16.42 in the control group showing a between group difference of 9.23

(P<0.001). Similarly, the ARAT scores, including its sub items (grasp, grip, pinch, and gross
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movements) significantly changed from 6.56 to 22.84 versus 5.58 to 11.57 having a between
group effect of 8.23 (p <0.001). The WMFT (time) was found to significantly decline from
97.57s to 56.76s for the experimental group versus 106.28s to 94s for control, having the
between group difference of 28.7 s (p < 0.001).

Kwakkel et al., recruited 222 sub-acute stroke clients with at least 10° of active extension
of the wrist, thumb and two fingers, adequate balance, and standing ability to apply CIMT while
wearing the mitt (14). 106 clients were randomized to CIMT program and 116 to the usual care
and were given their respective treatments for 2 weeks. CIMT group practiced tasks that
replicated activities of daily living for example, lifting utensils, pouring water from the jug in a
glass, etc., for 6 hours a day. The control group, whereas ranged from no treatment to application
of orthotics and typical physical therapy having a different range of motion, stretching,
strengthening exercises, etc. The time for which both the groups received treatment did not
match, thus there was a huge difference in treatment time and also a difference in quality of the
treatment. On WMFT, CIMT group performance time was 34% more than the control group
(95% confidence interval (CI) 12 to 51). Whereas for the MAL (amount of use) the CIMT group
was 0.43 points more than the control (min to max score: 0-5) (95% CI 0.05 to 0.80); and the
MAL Quality of Movement by 0.48 points (min to max score: 0-5) (95% CI1 0.13 to 0.84). CIMT
group also had a greater decrease in self-perceived hand function, difficulty on the SIS hand
domain, by 9% (95% CI 0.3 to 19). Effect size is not calculated in this study. Although an
improvement was seen in CIMT group, there was still a mismatch in the duration and amount of
therapy given to each group. This could have been one of the reasons why CIMT group showed

more improvement.
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An RCT done by Azab et al., in 2009 investigated the effectiveness of CIMT on the
Barthel Index (BI) scores in mild to moderately affected stroke clients (15). BI is a measure of
functional disability in neurologically affected clients. It measures the functional dependency and
mobility. 10 daily living tasks such as eating, bathing, grooming, etc. are rated on a scale having
three levels, 0, 5 and 10. Zero signifies total dependency; five signifies partial dependency and
10 means full independence. It has a maximum score of 100 (16). Twenty-seven stroke clients
were placed in the experimental group, and 17 in the control group. Both the groups were given
traditional physical and occupational therapy involving range of motion exercises, stretching,
strengthening, etc. The experimental group also received CIMT where the less affected upper
limb was placed in a removable cast for 6 hours a day for 4 weeks. Thus, the treatment time and
intensity of the treatment were not similar in both groups. The movements practiced were
selected from the activities of daily living such as lifting objects, eating and drinking. The BI
scores for the control group before and after therapy increased from 68 to 79, whereas for CIMT
group they increased from 70 to 97. Baseline scores were almost similar for both the groups. Post
assessment, between group BI scores difference were 18 points. Though a difference between the
groups was observed, but was it because of CIMT or due to the higher dosage of therapy given to
the experimental group was not justified. Also, BI is not a measure dedicated only to the hand
functions; instead it has various components of general body functions and independence. Thus,
a measure like the WMFT or MAL would have been a better outcome measure for observing the
upper limb functional recovery in specific.

Similar findings were found in several other studies (17), (18), (19) and (20). All these
studies compared the effects of CIMT over traditional physical therapy, and reported better

results in the former approach in terms of upper limb functions. These findings culminate to the
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fact that currently there is enough evidence available to show that task specific, and repetitive
movements do improve upper extremity functional performance post stroke. CIMT still has some
limitations. Firstly, only mild to moderately affected stroke clients can practice this approach,
there is almost nothing for the severely affected clients (18). Secondly, there has to be a one to
one guidance during this therapy, as it is not very safe to restrain the good hand of a stroke client
and let them be by themselves. Thirdly, only gross movements of the shoulder and elbow could
be practiced with this program, there is no consideration given to the fine finger and hand
movements. Lastly, after some time this therapy program becomes boring, tedious, monotonous
and hard to stick to. These problems make this program impossible to be transferred to home
(21), (22).

Though CIMT forms the core basis for neurorehabilitation, i.e., high intensity, high
volume and task-oriented practice, adherence is still low because of the above-stated problems.
Thus, there is a great need to develop a program, which can overcome these limitations and make
physical rehabilitation more efficient, engaging, cost effective, fun and easily transferable to the

home.
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Technology assisted therapies

Most stroke clients clearly benefit from intensive inpatient and well-resourced outpatient
care (23), (24). Physical rehabilitation post stroke is a slow and tedious process, and most of the
clients have to continue rehabilitation for an extended period. There are lots of reasons for low
adherence to rehabilitation such as money, transportation, losing interest in the exercises at home
after some time, frustration, etc. To try and cope with these problems, a lot of consideration is
made for coupling digital media with exercises (25), (26).

Coupling exercises with digital media, more specifically computer games is one way to
deal with most of the problems stated above and providing adherence to a high intensity quality
therapy, which could be done for a longer period of time, and most importantly could be
transferred to the participant’s home without making the participant lose their interest (27).
Technologies such as the Wii and the Kinect have been explored in the rehabilitation field for

quite some time now.

10
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1.2.2 Wii gaming system

The Wii gaming system is comprised of a wireless remote known as the Wiimote, which
has a gyroscope and an accelerometer and detects the user’s movements in a 3D plane. An
avatar, for example, a tennis racquet is slaved to the movements of the Wiimote, which is held by
the participant (28). Various commercial games like bowling, boxing, tennis, etc., can be played
with this setup. The movements practiced while playing these games involves gross “swing type
movements” i.e. gross movements of the shoulder and elbow, or movements performed just by
the hand and the wrist. The Wiimote does not differentiate different upper limb joints and
segments and their specific movements. Thus any joint could happen to move it. Further,
movement precision and accuracy is minimal with this setup. Also, for grasping the Wiimote
participant requires fine control of thumb to press the go button and release it to swing or serve.

All these games involve movement initiation, but where to precisely stop cannot be
practiced. On the contrary, while performing the daily living activities, we are required to initiate
as well as end the movement at a particular time and position. As a participant needs to hold the
Wiimote while playing the games, it is not possible to practice fine manipulation of the hand and
fingers. Also, post-stroke there is a tendency for the hand to go into flexion, thus any approach
that will help in opening up the hand would be more beneficial rather than enhancing further
grasping and closing of the hand. Lastly, the Wii has little value for severely affected
participants, as they are required to lift the whole arm against gravity and move to play the
games.

Saposnik et al. conducted a Wii based study in 22 mild to moderately affected acute
stroke clients. Participants were randomized either to the Wii group or the control group (29).

They studied the feasibility as well as the efficacy of the Wii system over recreational therapy.

11
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The treatment group played sports games (like tennis, golf, baseball, etc.) with the Wii system;
on the other hand, the control group played card games and bingo. Both groups received eight
sessions of one-hour therapy over a period of 14 days. Ideally, the movements that should have
been practiced while playing Wii games would have been large shoulder and elbow movements,
but we are not certain about the same as the accelerometer based Wii remote could be moved by
a small flick of the wrist or the forearm, i.e., a trick movement could easily be made. The
primary outcome measure was the WMFT in which the treatment group took on an average 7
seconds less than the control group post therapy. On the other hand, there were no significant
differences seen in the secondary outcome measures, i.e., the Box and block test, SIS and grip
strength. The Box and block test measures gross manual dexterity as the participant is asked to
move as many blocks as he/she can from one box to another in one-minute time. A total of 150
blocks are placed in the first box. Greater the number of blocks moved, the better is the
performance (30). As there were no adverse events and all the participants could complete the
program, a Wii program might be a feasible approach for rehabilitation in acute stroke clients.
Although, to achieve better results, an approach that involves movement accuracy, avoids
associated movements and avoids further fingers hand flexion should be developed.

Hijmans et al. developed a bilateral hand held Wii gaming therapy (28). They enrolled
14 acute stroke clients; the level of severity was not mentioned in the paper. All the participants
were given a control treatment for two weeks in which they played three computer games with
the help of a computer mouse. After a washout period of two weeks, the same participants were
given bilateral Wii gaming therapy. An accelerometer based Wiimote was attached to a custom
made rod, which the participants held with both hands to play games. The movements practiced

while playing the games should be with shoulder and elbow, but as said in the above article the

12
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cursor could have been moved with trick movements too. Also, the extent of participation of the
less affected hand/arm is unclear. It is possible that the less affected hand/arm did all the
movements. Participants were assessed with the FMA, WMFT, and the Disabilities of Shoulder
and Hand questionnaire (DASH) 4 times, i.e., before control treatment, after control treatment,
before Wii therapy, and after Wii therapy. DASH is a self-report questionnaire that measures
upper limb musculoskeletal disability. There are 30 questions, which have to be answered by the
client on a scale of 1-5, one being normal and five being unable to perform at all (31). The FMA
was 44.2 at the baseline, 44.0 after control treatment, 45.0 before Wii therapy and 49.2 Post Wii
therapy. The other two outcome measures remained almost unchanged (WMFT changed from
32.4s after control to 30.5s after the intervention, and DASH changed form 54.5 after control to
55.6 after intervention). No significant changes in the WMFT and DASH are likely because only
gross arm movements were practiced rather than functional movements. Also, one of the games
demanded fine finger hand manipulation. It was one of the few studies that placed importance on
the bilateral upper limb movements still, a lot could be improvised and done in the future studies

for better results.

13
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1.2.3 Kinect System

Kinect uses an Infrared (IR) camera that can sense full depth and is used to detect user’s
full body movements in a 3D space, and thus can interact with the computer screen and games
available. The infrared camera is attached to a personal computer using a USB. Unlike the Wii,
the Kinect system does not require users to hold any kind of remote or sensor in order to interact
with the system and play the games. A calibration is done before playing any game, and for this
the participant is asked to stand about two meters away from the Kinect sensor with their arms
up for about a few minutes. The IR camera captures the body movements and converts them into
the movements of a slaved avatar on the computer screen to play the games. The participant
could relate to a full body avatar on the computer screen in which he or she can move their both
arms and both legs, i.e., each limb/body segment as one unit. Unfortunately, not every joint can
be detected with all their possible movements. For instance, while playing tennis, lifting the
racquet can be done by shoulder elevation, elbow flexion or just wrist movement. Further, Kinect
is responsive to smooth and steady movements, which are quite unlikely to happen in the clinical
population. Further, it can sense large movements of the arms, but fine manipulation with the
fingers and hand is still not possible. Also, calibration can be a problem in clients who are unable
to move their arm up and hold it for some time. Some of the studies that have used the Kinect
system for upper limb stroke rehabilitation are discussed below:

Sin & Lee studied the additional effect of technology-based therapy using the Kinect
system with other conventional therapies such as active ROM exercises and gross dexterity
exercises in stroke clients (32). 40 mild to moderately affected participants with in the acute
stage of stroke recovery were enrolled in the study and were randomized either in the control

group, which only received conventional therapy or in the intervention group, which received
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conventional therapy plus therapy with the Kinect system. Participants played various games
with the Kinect system like bowling, boxing, etc., which focused on the gross movements of the
shoulder and elbow respectively. The performance was measured with the FMA and the Box and
block test. The FMA for intervention group changed from 26.06 to 47.72 versus 32.29 to 34.49
for the control. Further, the Box and block test scores changed from 11.11 to 20.67 versus 13.59
to 16.29 for the control. Calculation of between group statistics was not mentioned in the paper,
which would have been a better way of presenting results. Even with the significant difference
observed in the outcome measures, the entire credit cannot be given to the Kinect system therapy
as the experimental group overall had more treatment duration. It might be possible to obtain

similar outcomes if both groups were given therapy for the same amount of time.

1.2.4 Marker-based systems

Two types of marker based movement detection systems have been used in the
rehabilitation setups so far. The first system uses passive color markers in which movements are
tracked by a vision based tracking system. Different color markers are attached to the body parts
of the participant, and a camera is used to detect the movements of these markers. This camera is
further connected to a computer. The participant can see a game controller on the computer
screen, which moves as and when the color markers attached to body parts move. Thus, there is
not one game cursor. Instead, a whole limb can be viewed on the screen. Mostly red, green and
blue colors are chosen for data input images into the software, which translates the identity of
these colors in dynamic environments. The program starts displaying movements on the screen
as soon as the camera captures the images of the color patches. Calibration is done, and all the
color markers are identified through a filter to detect only the color patches. Once calibration is

done, the participant can start the task. Commercially available games cannot be played with this
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system. Instead, custom-made tasks are practiced. Also, the sensitivity of the color marker based
system is very limited when compared with the systems like Kinect. Further, multiple markers
and their movements are translated at the same time; which could be complex for stroke clients
to understand when and what joint to move. Also, there are limited options for the movements of
small joints of fingers and hand. Lastly, all the movements have to be performed antigravity as
there are no such objects that could support the arm during the tasks and eliminate the gravity.
Thus, only mildly affected participants can participate in the program.

The second system uses active light emitting diodes (LEDs) markers instead of a camera
and color based markers. For instance, in one setup a glove with LEDs attached on its fingertips
was used. Two Nintendo Wii remotes were used to track and translate the movements of LEDs
on a computer screen in order to perform the task.

Movements are caught in a 3D environment, and a game controller is slaved to move
while playing the games. Again, commercially available games cannot be played with these
systems. Thus, custom-made tasks are incorporated.

Da Silva el al. in 2011 developed a Rehabilitation Gaming System (RGS), which
captured the movements of the upper limb via colored markers attached to the hand and elbow
(33). An avatar mimicked the movements of the markers through which the participants were
able to interact with the system. Two groups were made, and 17 sub acute moderately affected
stroke participants were randomized. The intervention group practiced a task called the
Spheroids. In this task, the participants had to interact with the spheres appearing on the screen
by grasping, moving and hitting them. The control group played other games with Wiimote or
performed similar kinds of manipulation task but without visual feedback. Both the groups were

given their respective treatment for three 20-minute sessions per week for 12 weeks. At the end
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of 12 weeks, both groups showed an average improvement in the Bl and FMA with no
significant improvement of any group over the other. This study did not show any treatment
approach superior to the other it still shows the feasibility of RGS system in stroke rehabilitation,
as the experimental group was able to complete the program with no adverse events. A powered
RCT might bring out the efficacy of one system over the other.

Standen et al. published another study using a system, which consisted of a glove with
mounted LEDs (34). It was a feasibility study in which the setup was done in the home for 17
sub-acute, mild to moderately affected stroke participants. Participants were asked to wear an
LED glove and play three games for three times a day for 20 minutes each for eight weeks. The
Wii system recorded the frequency and duration for which the participant played the games. The
movements that were practiced while playing the games were forearm pronation-supination, and
grasping movements involving finger flexion. The game data was collected for each participant
including duration of use; how many times per day the glove was used and a number of days for
which the glove was used. Surprisingly out of 17 participants, 4 dropped out, as they did not like
the program. It was noted that out of 13 enrolled participants, 11 participants used the glove for
less than 25% of the recommended duration, and 8 participants practiced with the glove for less
than 50% of the recommended number of days. When asked about the barriers while using the
glove at the recommended duration 5 participants reported technical issues with the system, and
2 participants reported dependence on family members to help with the equipment. Other reasons
given were: health issues, family commitments, and loss of interest after some time. Only 5
participants said they found the games motivating and alleviating boredom. Two of the three
games focused on grasping, which post-stroke usually develops, more focus should have been

given on extension of hand and fingers. A small sample size with many dropouts is another issue
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with this study. Lastly, the setup and equipment were not user-friendly and required major
assistance from other family members. Also, a lot of participants encountered technical

problems, which lead to unwillingness and irritation in the participants.
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From the above-discussed studies, it is clear that technology in rehabilitation is still
evolving, and a lot of improvisation has to be done in these programs for better results regarding
adherence and functional recovery. A lot of limitations are observed in the technology assisted
rehabilitation setups, such as most of these setups cost a good amount of money, and are quite
complex and cumbersome for the rehabilitation purposes which makes their home transition
impossible. Also, the technology used is not that precise and fast to measure or track small
finger-hand movements. Further, there is no real object manipulation in these tasks, which
eliminate the real handling, touch, and perception of the objects. Movement precision is another
significant factor, which is left untouched in these studies. Movement initiation and ending with
precision are two different faces of a coin and should not be considered as one. It is easy to
perform a random gross movement when compared to a movement that requires accuracy and
precision. Any household job requires movement initiation and ending at a specific time and
position in space. A little deviation from the actual position can lead to complete disruption of
the function. For example, while eating, we have to be very precise that the spoon having food
goes into our mouth. A slight deviation from the actual movement path can lead to a complete
inability to eat.

Only a few custom made games/tasks and movements could be practiced with these
programs as they are not compatible with commercially available, inexpensive games. Thus,
there are no such upgrades possible with these programs as they are possible with commercial
games. Pastor in 2012 concluded that due to the high complexity of these systems, the
requirement of big spaces, and their installing and usage make these approaches impractical for

the clinic as well as for home transition (35).
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The effectiveness of a therapy program depends on the changes observed in an outcome
measure. With the development of a therapy program, it is also important to develop an
assessment tool that can measure its effectiveness. Different assessment tools are available to
measure upper extremity motor function post-stroke.

A number of performance-based assessments are available such as the WMFT, Box and
block test, MAL and DASH. These tests measure hand functions by either the time taken to
complete a task or by quantifying the tasks by general observation. Time-based measures have
limited value because time alone fails to provide information about the quality, efficiency, and
accuracy of a movement. Other tests that utilize general observational skills to quantify
movement performance do not provide objective outcomes, as observation can be subjective and
differ from person to person. In addition to these limitations, only a few objects have been tested
in these assessment tools, the most common being pegs moved or can lifted, or cards turned

(36).
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1.3 SUMMARY

Stroke is a leading cause of upper limb disability and rehabilitation post stroke is long
lasting and tedious. Various studies have shown the sooner the physical rehabilitation starts post
stroke; the better are the outcomes (7). Rehabilitation post stroke is based on the principle of
high intensity and high volume of functional exercises (8). CIMT is a paradigm that has been
proved to be effective and better than the other traditional therapies in post-stroke rehabilitation
(11), (3). Unfortunately, adherence to CIMT is still low due to financial barriers, lack of
motivation and interest etc. (4), (37). To improve the adherence of physical exercises, many
researchers are using digital media (computer games), such as Microsoft Kinect, Wii, etc. These
systems have been tested for their feasibility in clinical setups and proven to be a good starting
point (28), (32), (35). Other marker-based systems have tried to develop specific tasks for
rehabilitation using digital media (33), (38). Though these systems have taken an initiative to
make the rehabilitation world more engaging, there are some limitations associated. For instance,
not every joint and movement can be practiced with these systems, only mild to moderately
affected stroke clients can benefit from them, the technology of these programs is not user
friendly, therefore cannot be transferred to participant’s home. The cost of these setups is another
issue.

To overcome the above problems, we have developed a set up called the Game based
Tele-Rehabilitation (GTR) system, where various objects can be manipulated, and almost any
commercially available computer game can be played. The objects chosen are according to the
need of the individual client, and so are the games. When practicing with the GTR system, the

participant is performing daily functional activities. This system is built on the concept of high
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intensity and high volume of quality functional exercises, which can be easily transitioned to the
patient’s home.

Another good thing about the GTR is that it has an inbuilt Game based Hand-Arm
function assessment tool (GHA), which automatically logs in the client’s data and various
performance measures such as movement time, response time, success rate, etc. are calculated.
The GHA provides a full description of how well the participant has performed or improved
from time to time. Unlike other assessment tools, which focus on time taken, range of motion or
number of objects moved, this tool focus on movement quality in terms of accuracy and

precision.
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1.4 PURPOSE OF STUDY
The overall goal of this study was to develop a home based Tele-rehabilitation platform
and test the psychometric properties of the embedded assessment tool for hand and arm functions
post stroke.
To fill in the gaps present in the current upper extremity assessment tools for stroke
participants it is important to develop a tool, which quantifies the upper extremity functions by
movement quality, accuracy, and variance. Also, a tool, which is not restricted to the testing of a

few objects, like pegs and coins, but has a broad range of object-manipulation.
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1.5 THE GTR/GHA SYSTEM

The GTR system consists of an innovative game-based exercise system through the novel
use of commercial computer input devices, which takes advantage of the wealth of inexpensive
and easily accessible commercial computer games. An inexpensive, wireless Air-mouse (The
Scoop™ Pointer Remote Model: RXR1000-0302E, Hillcrest Labs) is used to play the games.
The air mouse uses inertial sensors to derive angular displacement and allows the physical
motion to be translated and interpreted. Many objects or utensils can be modified to function
exactly as a computer mouse simply by attaching the small Air-mouse using Velcro. The
approach is intended to provide engaging, high-quality therapy with monitoring of function in
the home via Tele-rehabilitation and supported by clinicians. The GTR system focuses on a goal-
oriented approach according to every individual and their impairments, which relates to their
participation in real-life situations. Depending on physical and ergonomic properties of everyday
objects various tasks can be practiced with the GTR system. Knowledge of the therapeutic values
of these objects and tasks can assist the therapist to prescribe graded exercises and target specific
functional goals. This innovative approach provides a highly flexible and personalized treatment
tool. Not only the objects and tasks, but also the choice of computer games have particular
therapeutic value. Different computer games require varying levels of movement amplitude,
speed, accuracy and repetition. Approximately one hundred of easily accessible, inexpensive
commercial computer games have been tested with different objects. Thus, a broad range of
objects as well as computer games is available for practicing different functional activities. These
activities require manipulation of objects with a wide range of physical properties (size, shape,
weight, inertia, location of mass center), and often require a high degree of precision, where

small deviations in timing or end point positioning/orientation of the object leads to complete
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disruption of performance. By focusing clients’ attention with games that require coordinating
the movements and controlling diverse objects as game controllers, their skills will then improve
gradually. The utmost important part is that due its simple hardware and software, the GTR
could be easily transferred to the participant's home and provided quality therapy with tele-
support.

At the core of the GTR are interactive, computer-based rehabilitation games with
automated monitoring tools for enhanced therapeutic exercises that target fine and gross motor
skills of the hand and arm. This not only provides an improved therapy program but also records
exercise duration and performance outcomes through the inbuilt assessment tool, the GHA. The
GHA provides a standardized method to objectively quantify task performances during
manipulation of a broad range of everyday objects having different (a) physical and surface
properties, (b) precision level and (¢) function (anatomical requirements, i.e., 2-finger, 3-finger,
whole hand or bilateral tasks). The game assessment software automatically logs the client’s
performance and computes their movement quality, efficiency, and accuracy for each
manipulation task. This addresses the challenge of quantitative and objective outcome
measurement and provides the means to obtain electronic records for Tele-rehabilitation.

The idea of a tool in which treatment and assessment are integrated is very attractive as it
is efficient and time saving, documents volume of practice; provides a measure of intensity,
duration, and compliance, allows tracking of change within each treatment session and over time
thus allowing examination of "dose-response" relationship. It also provides timely feedback and
support for client and clinicians. Electronic records and reports can be generated to inform
therapists when and how a participant is performing, whether they are experiencing any

difficulty, and how they are progressing in their individualized home exercise program. This

25



Development of a Computerized assessment tool for hand-arm function after stroke: test-
retest reliability and convergent validity

opens up an exciting possibility for affordable, and scientifically motivated improvements in

stroke rehabilitation.
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1.6 RESEARCH OBJECTIVES

This study had three objectives:
1. The first objective was to evaluate the test-retest reliability of the GHA assessment tool
embedded in the GTR system by computing the ICC values from test one and two.
2. The second objective was to evaluate the convergent validity of the GHA assessment tool
embedded in the GTR system by comparing the outcomes of GHA with WMFT and grip
strength, specifically to assess the fine and gross motor skills in individuals who have suffered a
stroke.
3. Third and last objective of this study was to determine the known group validity of GHA
performance measures for each object manipulation task by comparing the stroke group

performances with that of the healthy group.

1.7 HYPOTHESES
This study had three hypotheses:
1. The first and the working hypothesis was that the GHA performance measures would show
high test-retest reliability in terms of high ICC values.
2. The second hypothesis was that the GHA performance measures would show a low to
moderate correlation with the WMFT and grip strength.
3. Third and the last hypothesis was that the healthy group would perform significantly better

than the stroke group in terms of the GHA performance measures.
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1.8 METHODS
Ethics Approval
The University of Manitoba human research ethics board and Riverview health center

ethics committee issued the approval for the study.

1.8.1 Sample Size
A sample size of 30 acute/sub-acute stroke inpatients/outpatients was recruited for the
test-retest reliability and convergent validity of GHA. Also, 20 healthy subjects between of 20-
30 years of age were recruited for the between-group comparison. The healthy individuals were
all graduate students at the University of Manitoba and had no history of neurological

impairments, vision problems or hearing problems.

1.8.2 Inclusion Criteria

Stroke clients were recruited if they had the following inclusion criteria:
(a) Age 40-70 years.
(b) Time since stroke less than 2-years.
(c) Ability to actively extend at least 10 degrees at the metacarpophalangeal and interphalangeal
joints and 10 degrees at the wrist joint. At least 30 degrees of active flexion-extension at the
elbow and some active movements present at the shoulder joint.
(d) English speaking, no clinical evidence of cognitive impairment (screened by a physician or

therapist), and able to provide informed consent.
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1.8.3 Exclusion criteria
Stroke clients having excessive spasticity, pain, or contractures were not included in the
study. Convulsive seizures preventing adequate attention to the tasks, problems with vision,

aphasia and apraxia were also considered as exclusion criteria.
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1.8.4 Testing Protocol

Test-Retest reliability and Convergent validity of the GHA assessment tool-

Szturm et al. have demonstrated reliability and validity of the GHA in 20 young, healthy
individuals (baseline control data) (39), and as well as in patients with hand arthritis. The test
protocol indicated moderate to high test-retest reliability of performance measures for three
manipulation tasks. ICCs were obtained ranging from 0.5 to 0.84 (p>0.05) for the people with
hand arthritis (36). The present study extended the test-retest reliability in the individuals with
stroke.

30 clients with upper limb hemiparesis and impairment caused by stroke were recruited
through their attending Physician, Physiotherapist or Occupational Therapist at the Riverview
Health centre or Health Sciences Centre in Winnipeg, Canada. Ten different GHA tasks were
performed for each participant.

The following hand function assessments were conducted and used to examine the
convergent validity of GHA performance measures:

1.) Quantitative measures of upper extremity functional ability through 15 timed tasks were
measured by WMFT.

2.) A grip strength test, using a dynamometer was performed to test the general strength level of
hand and wrist muscles.

The first session included administration of the WMFT followed by 10 GHA tasks. The
WMEFT has 15 time-based tasks (44). In the first session 8 of the 15 tasks were performed. The
participants were explained each task before administration. 120 seconds were given to complete
each task, but at the same time the participants were asked to complete the task as soon as they

can. Tasks unable to perform were given a score of 120 seconds. Also, every task was graded on
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an ordinal scale of 0 to 5, where 0 indicated did not perform at all and 5 indicated carried out
with normal movement. 10 GHA tasks were administered after WMFT. The participants were
comfortably seated and an adjustable table where objects were placed and manipulated was put
in front. A computer monitor was placed 1.5-meters in front of the participant at the eye level.
All the participants were provided with a demonstration of testing. After one practice trial of 15
seconds, each task was recorded. Three to four days apart, the second test was performed and
remaining 7 tasks of WMFT were completed, followed by grip strength testing of the more
affected hand. Grip strength was tested using an isometric hand dynamometer (G100, Biometrics
Ltd., UK) in the testing position recommended by the American Society of Hand Therapists. The
average score of the two consecutive trials was used for the analysis. All the GHA tasks were
again performed in the similar manner as done in the first session. Also, for the between group
comparison of GHA performance measures, 20 healthy subjects performed the same GHA tasks
in one session and their performances were compared with the performances of 20 randomly

chosen stroke participants.
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1.8.5 Materials
The wireless Air mouse was used to play the assessment games. As the Air mouse can be
easily attached with Velcro to many objects, GHA provides a highly flexible assessment tool
applied to fine or gross upper extremity motor skills. GHA further has following two assessment

modules that has been developed and were tested in this study:

1.8.5.1 1. Cyclic tracking module

This involved cyclic tracking of a visual target that moved horizontally left to right or
vertically up and down on a computer display for several cycles. Two cursors of different shape
appear on the monitor. One is the “target” cursor (motion is computer controlled). The target
cursor moves at a predetermined frequency and amplitude (user defined e.g. 0.5 Hz, amplitude of
70% of monitor width). The second “game” cursor is “slaved” to the motion of the air mouse.
The air-mouse was attached to various test objects and in this manner motion of the game cursor
represents the movement of the test object. The client was asked to move the game cursor in
synchrony with the moving target cursor for 60 seconds or approximately 25 repeated back and
forth movements of the test object. The computer application records the position coordinates of
the target and game cursors at a sampling rate of 80 Hz. This logged game data is used to

quantify performance of each object-manipulation task. For more information refer to figure 1.

1.8.5.2 2. Motor skill Game Module
The goal of this computer task was to move a paddle (the game sprite) to interact with
moving objects that appeared at random locations on the computer screen. The speed of the

target objects and the size of the game paddle (precision level) were configurable. The time
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period between successive target appearances is also configurable. Typically 2-3 seconds is used.
Thus, for one test session of 2 minutes, 40-60 player movements are made; one-half in each
direction (left-right or up-down with one-half of medium amplitude and other of large
amplitude). Again, the test objects are equipped with the air-mouse and controls the
position/motion of the game cursor. The computer application records the game data at a
sampling rate of 80 Hz. This logged game data is used to quantify the following performance
measures, movement response time, movement duration, movement accuracy, movement
efficiency, and movement variation over the 40-60 movement events. For more information,

refer to figure 2.

1.8.5.3 Object selection

Many objects of daily life can be instrumented with the air- mouse and hence a myriad of
functional tasks can be examined. The following object-manipulation tasks were chosen to test
GHA:
1. Flexor spasticity in fingers and hand is a major problem post stroke and exercises that promote
finger extension are important. In the first task we attached the air-mouse on a cylindrical object
(diameter of 10cm). Game play required the client to roll the cylinder back and forth using their
fingertip. This task promoted finger extension. Apart from the finger extension, wrist, elbow and
shoulder flexion-extension were also practiced in this task.
2. To increase the difficulty level a soccer ball was used for rolling. This time the participant had
to have more control as the soccer ball allows 2 degrees of freedom, i.e. it could be moved in
more than one plane whereas; the cylinder only had one degree of freedom and could be only

moved in one plane. The participant rolled the soccer ball right and left by placing the hand on

33



Development of a Computerized assessment tool for hand-arm function after stroke: test-
retest reliability and convergent validity

the top of it. The movements performed were internal and external rotations of the shoulder,
some flexion-extension of the elbow, and extension of the wrist and fingers.

3. A joystick was crafted for practicing the large movements of shoulder and elbow. It was kept
on the affected side of the participant at an adequate height so that the participant’s hand was at
knee level while sitting on a chair. Further, the Air mouse was attached at the bottom of the
joystick. The participant manipulated the joystick by placing the hand on the top and moving it
forward and backward. This task also focused on the hand and wrist extension.

4. In the fourth task we attached the motion mouse on a coffee mug, which was held with a
power grip and rotated side to side to control the game cursor position/motion. Elbow pronation
and supination were practiced in this task.

5. Fine control movements of the thumb and fingers are extremely important for many activities
of daily living. These functions range from (a) two-finger functions, e.g. turning a key or coin,
(b) three-finger function, e.g. turning a doorknob. For this purpose a crafted set up replicating a
doorknob was used. Participant held the doorknob by a 2-finger or 3-finger pinch grip and
rotated it in both directions to control the position/motion of the game cursor.

6. A similar setup was made for the whole hand function where an object was crafted which
required whole-hand grip. The participant had to hold it and rotate right and left just like opening
and closing a jar lid.

7. Bi-manual task: many activities of daily living require manipulation of objects with both
hands, e.g. driving, carrying large size objects, mopping, etc. Our last object was a bilateral one
in which the participant held and manipulated a beach ball. The task required the client to use

both hands and rotate the beach ball to control the position/motion of the game cursor.
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These objects represented a wide range of physical properties requiring different
manipulation skills, such as pinch grip, power grip, whole hand grasp and bilateral movements
respectively. The difficulty level within each object and task could be increased or decreased by
altering: 1) Physical Load (for example Torque, Weight, Size, degree of freedom and Gravity),
2) Anatomical Load, i.e., the anatomical movements required and lastly 3) Physiological Load
(example, Precision and Accuracy). During both testing sessions, the motion sensor was secured

consistently at a point marked in a certain portion of all the above objects.

1.8.6 Data Analysis

Cyclic tracking task performance measures
Figure 3C presents synchronous plots of the target motion (circle) and object manipulation
(square) performed by a client for a typical GHA tracking task. The quality of movement is
quantified by computing the Total residual error (TRE), which is the sum of the difference in
position between the computer reference target and the participant position as shown in figure 1.
TRE is measured in pixels. Amplitude consistency (AC) is the variation in movement amplitude
for each half cycle, i.e. in 20 cycles there would be 20 left to right movement and 20 right to left
movement or 20 top to bottom or 20 bottom to top. The amplitude consistency is measured in
percentage and is determined as the standard deviations normalized by mean for all the cycles

over 60 s. A detailed description of analysis has been previously published (53), (36).
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Figure 1-The raw data of cyclic tracking task. The difference between the reference
trajectory and user trajectory is the total residual error, measured in pixels.

Motor Skill tasks Performance Measures

This module records the time of each target object appearance and disappearance and
logs the position coordinates of target objects and game paddle at a rate of 80 Hz. Figure 2A
presents the manipulation of a coffee mug while playing GHA motor skill task. Figure 2B

presents the segmented game events. Figure 2C presents the sorted overlay trajectories of

participant movements for all rightward and leftward game events recorded in one game session,

and figure 2D presents the performance measures of this module. The following performance
outcomes averaged for all rightward game movements were determined; (a) Movement onset
time (MOT): the time from target appearance to start the game sprite (paddle) movement,

measured in seconds, (b) Success rate (SR): determined as the percentage of target objects that

were caught, (¢) Movement variation (MV): it is the standard deviation calculated from the mean

of all movement trajectories and calculated in percentage. For a detailed description of motor
skill game module refer (54), (55), (56). MATLAB (The Math Works, Natick, MA, version

2010a) was used to compute the outcome measures for the both tracking and game tasks.
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Figure 2-The raw data of motor skill game task. Panel A presents a participant
manipulating mug and playing the game, Panel B presents the segmented game events of
all left and right directions, Panel C presents the sorted left, and right game events and
Panel D presents the analysis method, with time (in Sec) on the X axis and movement
amplitude on the Y axis.

1.8.7 Statistical Analysis

ICC values were calculated to determine the relative test-retest reliability (57), (58). ICC
values were interpreted as very high (ICC>0.9), high (ICC > 0.7), moderate (ICC between 0.5-
0.7) and low (ICC < 0.5) (59). Absolute reliability was calculated using Standard error of
measurement (SEM), using the formula SEM = S Dx(m where SD is the average
standard deviation of the two session scores (60), (61). Paired student ‘t' test for mean
differences between the two sessions scores was also done. The Minimal detectable change
(MDC) was calculated using the formula MDC = 1.65xSEM x/2, where 1.65 is 2-tailed tabled
z-value for 90% confidence interval and V2 is the variance of 2 measurements (62), (63). MDC
can be interpreted as the magnitude of change in the performance measures below which there is
90% chance that the change is due to an error, and no real change has occurred. Thus, any

change greater than MDC signifies a real or significant change.
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Convergent validity was analyzed using Pearson correlation co-efficient between GHA
performance measures and WMFT (time) and grip strength. Spearman rank correlation co-
efficient (rho) to determine the strength of the relationship between GHA performance measures
and WMFT (movement quality). The strength of the correlation was interpreted as high (r/rho >
0.7), moderate (0.4 to 0.7) and low (<0.4) (10), (64). A within stroke group correlation of GHA
performance measures was done by computing Pearson correlation coefficient. Known group
validity was evaluated by performing a between group analysis in stroke and healthy groups by
using paired Student t-test. Data was analyzed with IBM SPSS Statistics for Windows, Version

19.0. Armonk, NY: IBM Corp. Statistical significance was p<0.05 (two-tailed).
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2.1 ABSTRACT
Background: A number of performance-based assessment tools are available to assess
functional ability post-stroke, such as Wolf motor function test (WMFT) and box and
block test. These tests measure the hand function with either the time taken to complete a
task or number of objects moved. These measures have limited value because time alone
fails to provide information about movement quality, movement accuracy or movement
variation. Also, only the manipulation of a few objects has been tested so far, the most

common being moving pegs, lifting cans and turning cards.

Objective: A new computer game-based hand-arm function evaluation (GHA) tool has
been established to quantify fine and gross object manipulation skills, movement quality,
accuracy, response time, and movement variation. The tool can be used with numerous

objects with various geometric/surface properties and functional and anatomical
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demands. The objectives of this study were to determine the test-retest reliability and

convergent validity of the GHA assessment tool.

Methods: Thirty stroke clients, the mean age of 68.41 years who suffered a single stroke
of thrombo-embolic or haemorrhagic origin, within the previous six to twenty-four
months were recruited. Each participant was assessed twice (test and retest) with the
GHA assessment tool and once with WMFT. Ten object-manipulation tasks with
different functional, anatomical and physical demands were tested. Intraclass correlation
coefficient (ICC) values to establish a test-retest reliability of the GHA assessment tool
were calculated. Also, the convergent validity of the GHA assessment tool was

determined by comparing its outcomes with that of WMFT and grip strength.

Results: ICC values reflected the complexity of the object manipulation task of the GHA
assessment tool. The results showed that the more complicated the task, the lower the
ICCs and the higher the standard error of measurement (SEM) and minimal detectable
change (MDC). Most of the performance measures of the GHA assessment tool had high
to moderate ICC values ranging from 0.87 to 0.51. Also, high to moderate ICC
performance measures had lower SEM and MDC values. The Total residual error (TRE)
of the mug, cylinder and soccer ball manipulation task had ICC of 0.87, 0.81 and 0.72
and SEM of 8.23%, 10.06%, 12.64% and MDC of 19.16%, 23.43% 29.44%. Scant low
correlations were established between GHA performance measures and WMFT and grip

strength (r<0.7). A between group (stroke and healthy groups) analyses showed that the
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healthy group performed significantly better than the stroke group in all GHA

performance measures.

Conclusion: This study illustrates the utility of GHA for assessment for fine and gross
motor skills. High to moderate ICC values and relatively low systematic errors in the
performance measures indicate that this tool can repeatedly measure reliable data from
stroke clients. There was a limited correlation between GHA performance measure and
the WMFT. This indicates that the two assessment tools represent distinct features or
qualities of hand-arm functions. The GHA assessment tool measures the actual
movement accuracy, variation and response time of a broad range of fine and gross motor
skill task with different functional demands, whereas the WMFT records time to

complete a task.

Keywords: hand-arm functional assessment, computerized assessment, test-retest

reliability, convergent validity, and tele-rehabilitation
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2.2 INTRODUCTION

Stroke is a leading cause of upper limb dysfunctions (1). Studies have shown that
more than 60% of stroke survivors report persistent hemiparesis resulting in impaired fine
and gross motor skills of the upper extremity (40), (5), (6). Manual dexterity involving
handling and manipulating objects with the fingers and hand is important for nearly all
daily life activities such as dressing, grooming, eating, etc. These activities require
object-manipulation of a wide range of physical properties (size, shape, weight, inertia,
location of mass center), and often require a high degree of precision where small
deviations in timing or end point positioning/orientation of the object leads to complete
disruption of performance (2), (7), (8).

Post-stroke rehabilitation is tedious, and full recovery is unlikely (24). It is very import
for clinicians and researchers to evaluate the effectiveness of therapies/interventions to
track changes before and after, and most importantly to evaluate if one can incorporate a
tele-rehabilitation format i.e. high-quality therapy program transferred to the client's
home with supervision (41), (42).

An accurate, reliable and valid assessment tool is important to quantify
clinical/functional manifestations of mild to severe impairments post stroke. Assessment
tools should be able to identify clients’ functional status, which could be further used to
determine adequate treatment and quantify the changes in upper limb motor functions
before and after intervention (43).

A number of assessment tools are available to evaluate upper limb functions post
stroke. Some are time-based tools such as the Wolf Motor Function Test (WMFT), which

measures upper limb functional ability by recording the time taken to complete 15 tasks
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and grading the tasks for movement quality on the basis of general observation (44), (9).
The box and block test records the number of blocks moved in a one-minute time period
from one box to another (30,45), (46). These time-based measures have limited value
because time alone does not provide information about the movement quality, efficiency,
movement accuracy or types of movement errors. Besides, only a few object-
manipulation tasks have been tested, the most common being moving pegs, lifting cans
and turning cards. Some are observation-based assessment tools such as the FMA (12),
(47) and ARAT (13), (48). Other widely used tools are self-perception questionnaires or
interview-based tools. For instance, the MAL is a semi-structured interview that asks
clients to rate the quality and amount of movement for 30 activities of daily living. The
tasks evaluated include object manipulation (e.g. pen, fork) and daily activities such as
transfers (49), (50). The DASH is an example of a self-report questionnaire. This
questionnaire contains 30 items on disability and symptoms related to upper limb
activities such as opening a jar, carrying objects, etc. (31), (51), (52). Observational
tools and self-perception questionnaires provide a limited picture of functional
impairment but may provide an adequate picture of the limitations in life-role
activities/participations.

To fill in the gaps present in current upper limb functional assessment tools for
stroke, the GHA assessment tool was developed by Szturm et al. (36). Two custom-made
computer tasks were developed where a wide range of objects can be manipulated by
attaching a motion mouse to them. This attachment makes that object the mouse or game
controller. In these two tasks, the participant either tries to track a rhythmic moving target

or moves a paddle to catch randomly appearing small targets on the computer screen. The
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participants perform these tasks by manipulating a wide range of objects, which have
different geometrical and surface properties, functional and anatomical demands. These
tasks objectively measure movement components like movement quality, accuracy,
response-time and success rate. The reliability and validity of the GHA assessment tool
has been demonstrated in individuals with hand arthritis (36) and as well as in normal
healthy individuals (39).

The first objective of this study was to evaluate the test-retest reliability of GHA
performance measures in stroke participants. We hypothesized that GHA performance
measures would exhibit high test-retest reliability (ICCs>0.7). The second objective of
this study was to determine the convergent validity of the GHA assessment tool. For that,
we compared it with the WMFT because WMFT also involves manipulations of objects
with different size, shape and functional demands, just like GHA. Still, performance
measures of the WMFT and GHA tool focus on different characteristics of a movement;
therefore we hypothesized a moderate correlation (Pearson r value between 0.4 and 0.7)
between them.

The last objective of this study was to determine the known group validity of the
GHA performance measures for each object manipulation task by comparing the stroke
group performances with that of the healthy group. We hypothesized that the healthy
group would perform significantly better than the stroke group for all GHA performance

measurcs.

2.3 METHODS
A repeated measure design was used. Thirty participants (20 males and 10

females), age between 40 and 70 years who suffered a single stroke of thrombo-embolic
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or hemorrhagic origin within the previous twenty-four months were recruited.
Participants included had at least 10-degrees range of motion at MCP, IP and wrist joints,
30-degrees of elbow flexion-extension, and some active movements present at the
shoulder joint. Also, they were English speaking and had no clinical evidence of
cognitive involvement.

Participants with excessive spasticity, contractures, and problems with vision
were excluded from the study. The human research ethics board of the University of
Manitoba and the Riverview Health Center ethics committee granted ethics approval for

the study. Informed consent before the evaluation was taken from each participant.

2.4 MATERIALS

Two computerized custom applications were developed which standardized the
task used to guide a variety of object-manipulations. This included a small motion sense
mouse (The Scoop™ Pointer Remote Model: RXR1000-0302E, Hillcrest Labs).
Various objects of daily life can be instrumented with the motion mouse, and hence
different types of functional tasks can be examined. For this study, seven objects were
chosen with different physical properties (size, shape, weight, texture, etc.), functional
demands (movement precision and accuracy) and anatomical demands (manipulation
using 2-finger grip, whole hand grip, bi-manual and involvement of wrist, elbow, and
shoulder). The GHA assessment tool included two modules. Table 1 presents the
different objects that were manipulated during GHA tasks. It also presents specific joint
involvement and their respective movements. Lastly, it presents which mode of the GHA
tool (Cyclic tracking or motor skill game) was performed. The objects ranged from large

to small ones. Large objects included a soccer ball, cylinder, and joystick, which required
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movements at the shoulder, elbow and wrist. Medium and small sized objects included a
mug; jar lid and doorknob, which required movements at the forearm, wrist, and hand.
Lastly, there was a bilateral task in which a beach ball was manipulated by the hand,

wrist and elbow.

46



Development of a Computerized assessment tool for hand-arm function after stroke:
test-retest reliability and convergent validity

Table 1- Objects manipulated and their respective movements.

Object

Cylinder

Soccer ball

Joystick

Jar lid

Doorknob

Beach ball

Task

Participant placed his/her

hand on the top of a
cylindrical jar and

manipulated it by rolling

forward and backward.

Hand on the top of the soccer
ball and manipulated by

rolling left and right.

The hand kept on the circular
top surface of the joystick
and manipulated by tilting

forward and backward.

A coffee mug held with its
handle through a power grip
of hand and manipulated by
rotating it left and right.

Elbow till mid forearm

supported on a Styrofoam.
Held with all the tips of

finger and thumb and

manipulated by rotating it
right and left. Elbow till mid

forearm supported on a
Styrofoam.

Held with pinch grip of
thumb and index finger,
manipulated by rotating right

and left. Elbow till mid
forearm supported on a
Styrofoam.

Held with bilateral hands and

rotated up and down.

Movements involved

Shoulder and elbow
flexion-extension. Wrist
and hand kept in
extension.

Internal and external
shoulder rotations with
some elbow flexion and
extension. Wrist and
hand help in the
extension.

Large shoulder and
elbow flexion-extension.
Wrist and hand kept in
extension.

Forearm pronation-
supination.

Flexion at PIP and DIP.
Extension, adduction,
and abduction at MCP
joints. Wrist in
extension and some
forearm pronation-
supination.

MCP, PIP and DIP of
thumb and index finger
in slight flexion with
other MCP, PIP and DIP
in full flexion. Fine
adduction and abduction
of thumb and index
finger with some
forearm pronation-
supination.

Wrist ulnar-radial
deviation with elbow
fixed in 90-degree.

GHA mode

Cyclic tracking
Motor skill
Game

Cyclic tracking

Motor skill
Game

Cyclic tracking
Motor skill
Game

Motor skill
Game

Cyclic tracking
Motor skill
Game

Cyclic tracking
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2.4.1 Cyeclic tracking module

This test involved cyclic tracking of a visual target that moved horizontally left and
right or vertically up and down on a computer display for several cycles. Two cursors of
different shapes appear on the monitor. As shown in figure 3-B, there is one “target”
cursor (motion is computer controlled), which moves at a predetermined frequency and
amplitude e.g. 0.5 Hz, amplitude of 70% of monitor width. The second is the “game”
cursor, which is “slaved” to the motion of the air mouse, which is attached to various test
objects and in this manner motion of the game cursor represents the motion of the test
object, as shown in figure 3-A. The client is asked to move the game cursor in synchrony
with the moving target cursor for 60 seconds or approximately 25 repeated back and forth
movements of the test object. Figure 3-C presents the plots of the target and user
trajectories while manipulating a mug using pronation and supination.

The computer application records the position coordinates of the target and game

cursors at a sampling rate of 80 Hz. This mode has two outcome measures, TRE and AC.
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A. Participant manipulating an object
attached with a mouse.

C. Trajectories of computer target and
object movement

User trajector
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Task duration in seconds

B. Components of tracking task

Game cursor
Target cursor

-

Panel A presents a participant manipulating soccer ball
attached with a motion mouse. Panel B presents the
components of a tracking task where the paddle is
controlled by object manipulation and circle by computer.
Panel C presents the synchronous plots of

reference cursor motion and user object manipulation for
a typical tracking task.

Figure 3 Cyclic tracking task, and its components.
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2.4.2 Motor skill Game

The goal of this computer task was to use the test object to move the game paddle
(game sprite) to interact with moving objects that appear at random locations on the
computer screen as shown in figure 4-A and 4-B. The speed of target object was slow; it
took 3 seconds for the target to move from one edge of the monitor to the other edge. The
game paddle size was medium (on a 19-inch monitor the paddle was 4 inches. The
period between successive targets appearances was 3 seconds.

Thus, for one test session of 2 minutes, 40 player movements were made one-half
in each direction (left-right or up-down). One-half of the movements were medium
amplitude (the paddle moved one-third to one-half the distance of the monitor
dimensions), and one-half were large amplitude (the paddle moved one-half to full

monitor dimensions). The locations of target appearance were random on the screen.
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A. Participant manipulating a doorknob

with mouse attached on it. B. Components of game task

1y

Target Object

W

Game paddle

C. Trajectories of object manipulation D. Mean outcomes of a game task.

Rightward movement trajectories
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Panel A Doorknob manipulation, Panel B presents the components of a game task where paddle is
controlled by user object manipulation and circle is the computer target. Panel C presents sorted
game events of rightward trajectories of object manipulation task. Panel D presents mean outcome of
game task, the response time and final target position.

Figure 4- Motor skill Game task and its components.
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2.5 DATA ANALYSES

Cyclic tracking task performance measures

Figure 3-C presents synchronous plots of the target motion (circle) and object
manipulation (square) performed by a client for a typical GHA Cyclic tracking task. The
quality of the movement is quantified by computing TRE, which is the sum of the
difference in position between the computer reference target and the participant position.
AC is the variation in movement amplitude for each half cycle, i.e. in 20 cycles there
would be 20 left to right movement and 20 right to left movement or 20 top to bottom or
20 bottom to top. The amplitude consistency was then determined as standard deviations
normalized by the mean for all the cycles over 60 s. For a detailed description of this
module analysis, see (53), (36).

Motor Skill tasks Performance Measures

This module records the time of each target object appearance and disappearance
and logs the position coordinates of target objects and game paddle at a rate of 80 Hz.
Figure 4C presents the overlay trajectories of participant manipulating movements for all
rightward game events recorded in one game session, and figure 4D shows the average of
all the game events. The following variables averaged over all rightward game
movements were determined; (a) movement onset time (MOT) i.e., the time from target
appearance to start the game sprite (paddle) movement and (b) the game success rate
(SR) i.e the percentage of target objects that were caught, and (c) Movement Variation
(MV) i.e. the standard deviation calculated from the mean of all movement trajectories.

For a detailed description of the analysis of the game module refer to previous
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publications (54), (55), (56). MATLAB (The Math Works, Natick, MA, version 2010a)
was used to compute the outcome measures for the both Cyclic tracking and Motor skill

game tasks.

2.6 PROTOCOL

The first session included administration of the WMFT followed by GHA
assessment. The WMFT has 15 time-based tasks (44). In the first session, 8 of the 15
tasks were performed. Before administration, each task was explained to the participants.
120 seconds were given to complete each task but at the same time, the participants were
asked to complete the tasks as soon as possible. Tasks which were unable to be
performed were given a score of 120 seconds. Also, every task was graded on an ordinal
scale of 0 to 5, where 0 indicated did not perform at all, and 5 indicated performed with
normal movement. The GHA assessment was administered after the WMFT. The
participants were comfortably seated, and an adjustable table where objects were placed
and manipulated was put in the front. A computer monitor was placed 1.5 meters in front
of the participant at eye level. All the participants were provided with a demonstration of
testing. After one practice trial, each task was recorded. Three to four days later the
second test was performed and the remaining 7 tasks of WMFT were completed,
followed by grip strength testing of the most affected hand. Grip strength was tested
using an isometric hand dynamometer (G100, Biometrics Ltd., UK) in the testing
position recommended by the American Society of Hand Therapists. The average score
of two consecutive trials was used for the analysis. All GHA tasks were again tested in
the same manner as tested in the first session. For the between group comparison of GHA

performance measures, 20 healthy subjects performed the same tasks in one session and
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their performances were compared with performances of 20 randomly chosen stroke

participants.
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2.7 STATISTICAL ANALYSES

ICC values were calculated to determine the relative test-retest reliability (57), (58).
ICC values were interpreted as very high (ICC >0.9), high (ICC > 0.7), moderate (ICC
between 0.5- 0.7) and low (ICC < 0.5) (59). Absolute reliability was calculated using
SEM, using the formula- [JEM = S Dx(\/m where SD is the average standard
deviation of the two session scores (60), (61). A paired student ‘t’ test for mean
differences between the two sessions score was also done. MDC was calculated using the
formula- MDC = 1.65XSEM x~/2, where 1.65 is 2-tailed tabled z-value for 90%

confidence interval and V2 is the variance of 2 measurements (62), (63). MDC can be
interpreted as the magnitude of change below which there is more than a 90% chance that
no real change has occurred. Thus, any change greater than the MDC signifies a real or a

significant change.

Convergent validity was analyzed using Pearson correlation coefficient between
GHA task performance measures and WMFT (time) and grip strength. Spearman rank
correlation coefficient (rho) to determine the strength of relationship between GHA task
performance measures and WMFT (movement quality) was also calculated. The strength
of the correlation was interpreted as high (r/rho > 0.7), moderate (0.4 to 0.7) and low (<
0.4) (10), (64). A within stroke group correlation of GHA performance measures was
done by computing a Pearson correlation coefficient. Known group validity was
evaluated by performing a between group analysis for stroke and healthy participants,

and was done by using paired Student’s t test. Data was analyzed with IBM SPSS
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Statistics for Windows, Version 19.0. Armonk, NY: IBM Corp. Statistical significance

was p < 0.05 (two-tailed).
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2.8 RESULTS
1. Demographics
Table 2 presents the demographic characteristics of study participants. 30 participants
20 males and 10 females, with a mean age of 68.41 years old with a history of single
stroke within previous six to twenty-four months were recruited. Mean values for WMFT

(time) were 282.21 seconds, and WMFT (functional ability) was 45.2.

Table 2-Clinical and demographic characteristics of study participants.

Number of Participants 30
Men/Women 20/10
Mean age (year) 68.41
Mean time since stroke (year) 1.32
Mean (SD) of WMFT (time) 282.21 (295.13)
Mean (SD) of WMFT (functional ability) 45.2 (12.35)
Type of stroke:

i. Ischemic 25

ii. Hemorrhagic 5
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2.8.1 Raw data of the GHA assessment outcomes and their key
features

2.8.1.1 Cyeclic tracking

Figure 5 presents the typical plots of participant motion trajectories during the
cyclic tracking task for each of the 5 object manipulation tasks. On the left side are the
objects that were manipulated for each task, in the middle are the trajectories of a healthy
subject and on the right are the trajectories of a stroke subject. The blue dotted lines
represent the amplitude of the reference wave.

The trajectories of a healthy client when compared with that of stroke client,
clearly indicate poor movement consistency in the latter. Each sinusoid wave i.e. one
peak and one trough represents one full cyclic movement or manipulation of the object.
For example, while manipulating a mug, the peak would be pronation and trough would
be supination. Both peaks and troughs are over or undershooting the reference trajectory
range in the stroke client, which represents poor coordination and movement control. On
the other hand for the healthy subject, they are quite consistent. For the doorknob
trajectory, there is most overshooting of the peaks, which shows that small fine
movements had the poorest control among all tasks. Also, a couple of missed cycles are
seen in the stroke trajectories, which does not occur in the healthy participants. Lastly, in
the stroke trajectories sudden jerky movements are observed, which for the healthy
participants are smooth and consistent. These findings of the raw data clearly present the

outcome characteristics we expected from the healthy and stroke group performances.
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Group 1 (healthy) Group 2 (stroke)
Objects manipulated S tracking tasks representing 5 tracking tasks presenting
during the tasks movement amplitude, and movement amplitude,and
consistency. consistency.

1. Cylinder

5. Bilateral

Figure 5- User motion trajectories of the Cyclic tracking tasks of normal and stroke
group. Two groups, stroke and healthy performed the similar S GHA cyclic tracking
tasks. On the left are the S objects that were manipulated during the tasks, in the
middle are performances of a healthy participant and on the extreme right are the
performances of a stroke subject. The blue dotted line represents the amplitude of
the reference trajectory. On the X-axis is the time in seconds and on the Y-axis is the
movement amplitude.
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2.8.1.2 Motor skill Game

Figure 6 presents the overlay typical plots of the participant motion trajectories during
the Motor skill game tasks for each of the 5 object manipulation tasks. On the left side are
the objects that were manipulated during each task, in the middle are the trajectories of a
healthy client, and on the right are the trajectories of a stroke client.

The plots of normal and stroke clients had a huge difference on observation. Each
trajectory represents one game event. Firstly, the trajectories of game events are not
consistent with each other and are quite different from each other in stroke performances,
whereas for the healthy subject they appear smooth and consistent. Secondly, MOT is
delayed and extended among stroke trajectories and is early and fast for healthy, which
shows that the stroke participant took more time to initiate a movement than the healthy
participants. Thirdly, the over and undershooting of amplitude among trajectories for the
stroke participants represents jerky movements made during the task performances which
are not present in the healthy performances. Lastly, some straight trajectories are seen in
the stroke performances, which mean those game events were not entertained during the

task. Nothing likewise was seen among healthy performances.
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Group 2 (healthy) Group 1 (stroke)
Obiect . outcome of 5 manipulation outcome of 5 manipulation
jects manipulated tasks. Game events are tasks. Game events are not

during the tasks

consistent and variation is low. consistent and variation is high.

1. Cylinder

5. Jovstick

Figure 6- User motion trajectories of Motor skill game tasks of normal and stroke
group. Two groups, stroke and healthy performed the similar 5 GHA motor skill
game tasks. On the left are the S objects that were manipulated during the tasks, in
the middle are performances of a healthy participant and on the extreme right are
the performances of a stroke subject. On the X-axis is the time in seconds and on the
Y-axis is the movement amplitude.
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2.8.2 Test-Retest reliability

Table 3 presents the results of statistical analysis of relative and absolute reliability of
the TRE of the Cyclic tracking tasks. Test-retest reliability was high (ICC > 0.7) for the
cylinder, mug, and soccer ball, moderate (ICC between 0.5 and 0.7) for the doorknob,
and low (ICC <0.5) for the bilateral task. SEM as a percentage of the group mean value
ranged from 6.96% to 23.78% and was less than 15% in the majority of cases. MDC as a
percentage of group mean value ranged from 19.16% to 55.55% and was less than 30%
in the majority of cases. Paired Student’s t tests showed no significant differences in
mean performance measures for each task between the sessions (p > 0.05).

Table 3- Test-retest reliability of TRE outcome measures. The table presents ICC
values (95%CI), Mean (SD), SEMs, MDCs, and t-statistics.

Object ICC (95% Mean (SD) SEM MDC  t-test
CI) (% of  (%of (p-
Test 1 Test 2 mean) mean) value)
Cylinder 0.81(0.61- 751.08(173.30) 769.03(206.36) 75.54 176.02 0.56
0.92) (10.06) (23.43)

Soccer  0.72(0.36-  840.30(200.60) 823.0(197.65) 106.15 247.32 0.65
Ball 0.88) (12.64)  (29.44)

Mug 0.87 (0.71-  814.89(185.91) 799.95(209.12) 67.03  156.18 0.57
0.94) (8.23)  (19.16)

Door 0.62 (0.10-  757.03(134.09) 760.98(258.41) 82.66 192.59 0.94
knob 0.84) (6.96) (25.44)

Bilateral 0.44 (0.13-  658.31(209.75) 734.24(197.53) 156.95 3657  0.09
Task 0.73) (23.78)  (55.55)
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Table 4 presents the results of the statistical analysis of relative and absolute
reliability for the AC of the cyclic tracking task. Test-retest reliability was high (ICC >
0.7) for cylinder and doorknob, moderate (ICC between 0.5 and 0.7) for the soccer ball
and bilateral task, and low (ICC < 0.5) for the mug. SEM as a percentage of the group
mean values ranged from 3.11% to 30.33% and was less than 20% in the majority of
cases. MDC as a percentage of group mean value ranged from 7.22% to 84.07% and was
less than 40% in the majority of cases. Paired Student’s t tests showed no significant
differences in mean performance measures for each task between the sessions (p > 0.05).

Table 4-Test-retest reliability of AC outcome measure. The table presents ICC
(95%CI), Mean (SD), SEMs, MDCs, and t-statistics.

Object ICC (95% CI) Mean (SD) SEM (% MDC  t-test (p-
of mean) (% of value)
Test 1 Test 2 mean)
Cylinder 0.76 (0.46- 22.66(7.03) 23.27(7.8) 3.44 8.02 0.65
0.89) (15.18) (35.39)
Soccer 0.51(0.13-0.75) 28.27(12.25) 30.3(12.16) 8.58 23.76  0.61
Ball (30.33) (84.07)
Mug 0.28 (0.69- 26.29(5.74)  28.35(8.58) 4.87 11.35 0.31
0.69) (18.52) (43.17)
Door 0.71 (0.31- 26.59(8.38)  25.66(7.55) 4.51 10.51 0.54
Knob 0.85) (16.96) (39.52)
Bilateral 0.67 (0.31- 23.35(8.94) 25.77(9.2) 5.14 11.96 0.16
task 0.85) (21.12) (51.22)

63




Development of a Computerized assessment tool for hand-arm function after stroke:
test-retest reliability and convergent validity

Table 5 presents the results of the statistical analysis of relative and absolute
reliability for SR of the Motor skill game task. Test-retest reliability was high (ICC > 0.7)
for jar lid, moderate (ICC between 0.5 and 0.7) for cylinder, mug, joystick, and low (ICC
< 0.5) for doorknob. SEM as a percentage of the group mean values ranged from 5.28%
to 7.39% and was less than 10% in all of the cases. MDC as a percentage of group mean
value ranged from 12.31% to 17.93% and was less than 20% in all of the cases. Paired
Student’s t tests showed no significant differences in mean performance measures for
each task between the sessions (p > 0.05).

Table 5- Test-retest reliability of SR outcome measure. The table presents ICC
(95%CI), Mean (SD), SEMs, MDCs, t-statistics.

Object ICC (95% Mean (SD) SEM MDC  t-test
CI) (% of (p-
Test 1 Test 2 mean) value)
Cylinder  0.52 (0.02- 94.73(10.53)  95.61(8.15) 7.29 16.99  0.66
0.77) (7.7) (17.93
)
Mug 0.51(0.15- 93.60(7.07) 91.01(15.07) 4.94 1153  0.34
0.76) (5.28) (12.31
)
Door 0.45 (0.14- 94.80(9.45) 87.93(20.25) 7.01 1632 0.06
knob 0.74) (7.39) (17.21
)
Jar lid 0.82 (0.61- 89.02(14.71)  90.19(14.12) 6.24 14.54  0.58
0.91) (7.01)  (16.33
)
Joystick 0.56 (0.03- 93.47(8.21) 93.77(6.15) 5.45 12.69  0.85
0.81) (5.83) (13.57
)
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Table 6 presents the results of the statistical analysis of relative and absolute
reliability for MOT of the Motor skill game task. Test-retest reliability was high
(ICC>0.7) for the doorknob, moderate (ICC between 0.5 and 0.7) for the mug, jar lid, and
low (ICC <0.5) for cylinder and joystick. SEM as a percentage of the group mean values
ranged from 10.84% to 18.88% and was less than 15% in the majority of cases. MDC as
a percentage of group mean value ranged from 26.50% to 43.33% and was less than 30%
in the majority of cases. Paired Student t tests showed no significant differences in mean
performance measures for each task between the sessions (p>0.05).

Table 6- Test-retest reliability of MOT outcome measure. The table presents ICC
(95%CI), Mean (SD), MDCs and t-statistics.

Object ICC (95% Mean (SD) SEM MDC  t-test

CI) (% of (% of  (p-
Test 1 Test 2 mean) mean) value)

Cylinder 0.45 (0.37- 0.83(0.13) 0.82(0.14) 0.09 0.22 0.69
0.76) (10.84)  (26.50)

Mug 0.51 (0.11- 0.77(0.14) 0.74(0.17) 0.1 0.23 0.45
0.78) (12.98)  (29.87)

Door knob  0.71 (0.32- 0.77(0.19) 0.78(0.19) 0.1 0.24 0.79
0.86) (12.98) (31.16)

Jar lid 0.62 (0.14- 0.75(0.14) 0.73(0.18) 0.09 0.2 0.48
0.83) (12.0) (26.66)

Joystick 0.41 (0.22- 0.90(0.22) 0.82(0.19) 0.17 0.39 0.12
0.71) (18.88)  (43.33)
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Table 7 presents the results of statistical analysis of relative and absolute
reliability for MV obtained from the Motor skill game task. Test-retest reliability was
moderate (ICC between 0.5 and 0.7) for the doorknob, and low (ICC < 0.5) for the
cylinder, mug, jar lid and joystick. The standard error of measure (SEM) as a percentage
of the group mean values ranged from 13.04% to 35.71% and was less than 30% in the
majority of the cases. The minimal detectable change (MDC) as a percentage of group
mean value ranged from 46.15% to 86.17% and was less than 50% in two of the five
cases. Paired Student’s t tests showed no significant differences in mean performance
measures for each task between the sessions (p>0.05).

Table 7- Test-retest reliability of MV outcome measure. The table presents ICC
(95%CI), Mean, (SD), SEMs, MDCs, and t-statistics.

Object ICC (95% Mean (SD) SEM MDC  t-test

CI) (% of (% of  (p-
Test 1 Test 2 mean) mean) value)

Cylinder 0.22 (0.61- 0.14(0.06) 0.12(0.06) 0.05 0.12 0.23
0.62) (35.71)  (85.71)

Mug 0.31 (0.66- 0.13(0.03) 0.13(0.03) 0.03 0.06 0.61
0.70) (23.04) (46.15)

Door knob 0.68 (0.27- 0.13(0.05) 0.14(0.05) 0.03 0.06 0.58
0.86) (23.07)  (46.15)

Jar lid 0.47 (0.50- 0.15(0.06) 0.11(0.06) 0.04 0.1 0.11
0.56) (26.67)  (66.66)

Joystick 0.23 (0.62- 0.15(0.05) 0.14(0.04) 0.05 0.11 0.74
0.74) (33.33)  (78.57)
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2.8.3 Convergent validity

A correlation analysis between GHA outcome measures and WMFT (time and
movement quality) and grip strength was performed. The Pearson correlation coefficient
was calculated between the WMFT (time), grip strength and GHA outcome measures-
TRE for the Cyclic tracking task and MOT and SR for the Motor skill game task. The
Spearman correlation coefficient was calculated for WMFT (movement quality) and
GHA outcome measures for the 5 cyclic tracking and 5 Motor skill game tasks.

Only 2 out of 15 correlations between GHA cyclic tracking performance outcome
(TRE) and scores of WMFT were significant. Low correlations were observed between
WMFT (movement quality) and TRE of bilateral task (rho = 0.36, p=0.011) and
between grip strength and TRE of soccer ball (r = 0.48, p = 0.008).

For the Motor skill game task only 6 out of 30 correlations between GHA
performance scores (MOT and SR) and WMFT were significant. Moderate correlations
were seen between grip strength and SR of doorknob (r = 0.53, p = 0.003), grip strength
and MOT of doorknob (r = 0.53, p = 0.004). Low correlations were seen between WMFT
(time) with SR of doorknob (r = 0.38, p = 0.037), WMFT (movement quality) and MOT
of cylinder (tho = 0.41, p = 0.034), WMFT (movement quality) with SR of doorknob (rho

=0.41, p =0.037), Grip strength and MOT ofjar lid (r = 0.47, p = 0.010).
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2.8.4 Correlation of tasks within stroke group

A Pearson correlation analysis was conducted to determine if a significant
correlation existed in TRE performance scores among 5 different object manipulation
tasks. With one exception, there were no significant correlations in the performance
scores among the cyclic tracking tasks. The one exception was a high correlation (r =
0.72, p = 0.001) between the cylinder and soccer ball tasks.

Further, a Pearson correlation analysis was conducted to determine if a significant
correlation existed in SR performance scores among 5 different object manipulation
tasks. With two exceptions there were no significant correlations in the performance
scores of the Motor skill game tasks. The two exceptions were low correlations between
cylinder and doorknob (r = 0.39, p = 0.035), and joystick and doorknob (r=0.37,p =

0.042) tasks.
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2.8.5 Known group validity/comparison of tasks between
stroke and normal healthy group
Figure 7, 8, and 9 present between group comparison of the means and SEMs of
GHA Cyclic tracking (TRE), and Motor skill game (MOT and MV) outcome measures of
5 object manipulation tasks. Table 8, 9 and 10 presents the results of the statistical
analysis comparing the performance scores between the two groups. The performance
scores for both the Cyclic tracking and Motor skill game task were significantly better in

the control group. There was one exception where MV of jar lid task had p-value=0.15.
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Figure 7- Between-group comparisons of TRE. Blue bars represent the performance
of stroke group, and red bars represent the performance of the healthy group. On
the X-axis are the five objects that were manipulated during the tasks and on the Y-
axis is the TRE outcome in pixels. The error caps represent the standard error of
the mean for both groups.

Table 8- between group statistical analyses of TRE.

Total residual error t statistics (df=38) Sig. (2-tailed)
CYL 7.82 .000
SB 8.73 .000
MG 5.52 .000
DK 4.67 .000
BL 5.57 .000
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Figure 8- between group comparisons of MOT. Blue bars represent the
performance of stroke group, and red bars represent the performance of the healthy
group. On the X-axis are the 5 objects that were manipulated during the tasks and
on the Y-axis is the MOT outcome measure in seconds. The error caps represent the
standard error of the mean for both groups.

Table 9-between group statistical analyses of MOT

Movement onset t statistics (df=38) Sig. (2-tailed)
CYL 5.58 .000
JS 4.52 .000
MG 5.56 .000
TB 5.21 .000
DK 5.20 .000
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Figure 9-between group comparisons of MV. Blue bars represent the performance
of stroke group, and red bars represent the performance of the healthy group. On
the X-axis are the 5 objects that were manipulated during the tasks and on the Y-
axis is the MV outcome measure. The error caps represent the standard error of the
mean for both groups.

Table 10- between group statistical analyses of MV

Movement variance t statistics (df=38) Sig. (2-tailed)
CYL 3.31 .002
JS 3.64 .001
MG 5.21 .000
TB 1.45 154
DK 3.23 .003
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2.9 DISCUSSION

This study had two major objectives. The first was to determine the test-retest
reliability of the GHA assessment tool. Test-retest reliability ranged from high to
moderate for TRE and AC performance measures of the Cyclic tracking mode and SR
and MOT of the Motor skill game, whereas MV had moderate to low test-retest
reliability.

The second objective was to determine the convergent validity of the GHA
assessment. With very few exceptions there were no significant correlations between
GHA and WMFT performance outcomes. Within stroke group correlation of GHA tasks
revealed no or correlation. Further, a between-group comparison between stroke and
healthy group to determine the known group validity of GHA performance measures was
done. All the GHA Cyclic tracking and Motor skill game performance measures were

significantly better in healthy than in stroke (p < 0.05).
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2.9.1 Test-Retest Reliability

For the 5 GHA performance measures (TRE and AC of the Cyclic tracking mode,
SR, MOT and MV of the motor skill game) the ICCs ranged from high to moderate for
most of them. In general, the cyclic tracking performance measures (TRE and AC) had
higher ICCs than the Motor skill game measures (MOT, SR, and MV). This could be
explained by the fact that the Cyclic tracking tasks were comparatively easier to perform
than the Motor skill game tasks. The Cyclic tracking tasks were predictable and
continuous. Whereas, the Motor skill Game task had randomness, and required more
accuracy and precision. Higher ICCs of TRE and AC indicate that participants were able
to produce continuous movements but were not able to reciprocate the higher accuracy
and precision demands of the Motor skill game tasks. For instance, ICCs were lowest for
the MV of Motor skill game task, which could be due to poor accuracy and movement
repeatability in a random task, pertaining to factors such as post-stroke spasticity and
muscle weakness.

SEM and MDC values were low for the performance measures having high ICC
values and were high for the performance measures having low ICC values. For instance,
MYV had the lowest ICCs and highest SEM and MDC values. This could be again
explained by the poor movement repeatability, i.e. it was difficult to produce random and
complex movement over and over than an easy and predictable movement. For daily
activities, we are required to perform a movement not just once, but multiple times with
high accuracy and precision. Thus, these findings suggest that post-stroke movement
repeatability is poor. Spasticity, lack of range of motion, and movement control are other

factors that could account for the same. Lastly, post-stroke compensatory movements are
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seen, our tasks required participants to perform exact movements that would move the
cursor on the screen and an associated movement would not move it to the same extent
and thus movement error would increase.

Therefore, performance measures having high SEM and MDC such as MV would
require a greater improvement for them to be significant when comparing the effects of a
treatment program. In the case of MV movement repeatability with accuracy and
precision has to be practiced more often.

ICC values ranged from high to low for different object-manipulation tasks. The
test-retest findings interestingly reflected the complexity of a task, i.e. the more complex
was the task lower was its ICC value and easier was the task, higher was the ICC value.
A similar finding was observed for SEM and MDC values, i.e. more complex task had
higher SEM and MDC values, whereas simpler task had lower SEM and MDC values.

The object manipulation tasks differ from each other in terms of functional
demands, anatomical demands, and geometric properties. Object-manipulation having
lower functional and anatomical demands had high ICCs for instance; doorknob rotation
had a high to moderate ICC values in 4 of the 5 performance measures. The doorknob
rotation requires small fine movements of the thumb and index finger, and a crafted
object was used to eliminate object’s mass and to restrict movement to a single axis of
rotation. Thus, it was easy to manipulate than other objects. These could be the reasons
for its best performance. Similar results were found when manipulating the jar lid. It had
high to moderate ICC values. The movements required were very similar to that of the

doorknob i.e. required grasp using the whole hand, and small movements of the thumb
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and all the fingers with some forearm pronation and supination. Like doorknob, a crafted
object was used to eliminate the object's mass and restrict movement to one axis.

Rolling the cylinder had high to moderate ICC values in most of the performance
measures. Rolling of a soccer ball and rotating the joystick, on the contrary, had moderate
to low ICCs. Manipulation of the cylinder, soccer ball, and joystick required movements
of the wrist, elbow, and shoulder simultaneously. Finger extension was also required to
handle the object while they were rotated. Though all three of them involved similar
joints, their outcomes were different, which might be due to their geometric properties
and functional demands. For instance objects with 2 or 3 degrees of freedom (joystick
and soccer ball) could be manipulated in more than one plane and require high movement
control, thus were difficult to handle. These objects had lower stability thus lower
performance and lower ICC values. On the contrary objects with only 1 degree of
freedom (rolling of a cylinder), was easy to handle as it only could be manipulated in one
plane. Objects with 1 degree of freedom had higher stability thus better performance and
higher ICC values.

Rotation of a beach ball was the bilateral task and required coordinated
movements of both hands and arms (required ulnar-radial deviation of both wrists with
the elbow in 90-degree flexion). Rotation of the mug required forearm pronation and
supination. These were the two most difficult object manipulation tasks, with much lower
ICC:s. For bilateral and mug manipulation, controlled cyclic movements of involved
joints were required. Poor coordination, the excessive tone in one hand and arm could
attribute to these findings. Also, it was noticed that pronation and supination of the

forearm are largely affected post stroke, and participants found the mug manipulation
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task, in particular, the most challenging one. Thus, these findings could relate to the
participant's perspective and results.

The object manipulation tasks with lower ICCs and higher SEM and MDC values
indicate that higher performance measures of these tasks will be required to change for a
significant difference than those with high ICC and lower SEM and DMCs. Thus, object-
manipulations having poor ICC, SEM and MDCs should be included in the participant’s
exercise program and practiced often.

Similar findings were reported in a previous study where test-retest reliability of
similar performance and tasks were quantified in a population with hand arthritis. In this
study, a task similar to the doorknob manipulation had high ICC (0.84), which required
rotation of a wineglass using the thumb, index, and middle fingers. A task similar to the

mug rotation had moderate ICC (0.53), which required rotation of a jug.
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The Cyclic tracking tasks had, in general, high ICC and lower SEM and MDC
values than the Motor skill game tasks. Cylinder, soccer ball, mug and doorknob had high
ICC and lower SEM and MDC for Cyclic tracking, whereas for the Motor skill game
only jar lid and doorknob had high ICC. One of the reasons for these findings could be
the randomness of the Motor skill game task, i.e. the targets appeared at random locations
and required the client first to locate the target and then make movements of different
amplitude. On the contrary, cyclic tracking was a continuous rhythmic task with fixed
amplitude, which also made it predictable i.e. there was no random element present.
Lower ICC values of the motor skill game could also be explained, as this task required
greater movement precision (i.e. to interact with small moving targets). Also, the
performance measures more directly quantify the movement accuracy and response time.
Thus, the participants were able to perform relatively better during Cyclic tracking tasks
as it was comparatively easy and predictable, but when it came to the Motor skill game
tasks, due to high accuracy and precision demands, their performance level dropped

down.
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2.9.2 Convergent validity and known group validity

GHA performance measures for each object manipulation tasks were correlated
with WMFT and grip strength to examine the convergent validity. In most of the cases,
there were no significant correlations found between the GHA performance measures and
WMEFT or grip strength. Similar findings of low correlations were reported in a previous
study (36) where task performance measures were correlated with a time-based outcome,
nine hole peg test (NHPT) for hand arthritis participants. In this study, the participants
were asked to place 9 pegs into 9 holes in a wooden block and then remove those pegs
from the block, and the time was recorded. NHPT is similar to WMFT as it records the
time taken to complete the test.

Likewise, the WMFT measures the time taken to complete a task, and also it rates
movement quality on a 5-point ordinal scale. Though the WMFT tasks range from
manipulation of gross to fine objects, time taken to complete a task does not tell us about
movement quality, movement accuracy and response time. The GHA assessment tool, on
the contrary, is designed to objectively measure movement quality, accuracy, amplitude
and response time. Furthermore, the WMFT tasks required general object manipulation
and did not require the precision of movement as that was required by the Motor skill
game task of GHA. Also, WMFT tasks required limited movement repetition (although
some tasks had more than one common object to manipulate), but the cyclic tracking task
of GHA, on the other hand, required repetitive cyclic movements. Lastly, in the WMFT
there are limited numbers of objects that are manipulated, whereas with GHA different
kinds of object manipulation tasks could be done. These properties of GHA tool make it

an objective assessment tool for upper extremity function.

79



Development of a Computerized assessment tool for hand-arm function after stroke:
test-retest reliability and convergent validity

A low correlation was also observed between GHA performance measures and
grip strength. This finding again was not surprising as grip strength measures single
voluntary maximum contraction of the wrist and hand muscles. Maximum voluntary
contraction was not required during the object-manipulation of the GHA. Manipulation of
the cylinder, soccer ball, and joystick required finger extension with controlled
movements of the wrist, elbow and shoulder joints. The mug task did require a grasp to
hold the handle, but it was a light grip and did not require maximum contraction of the
wrist and hand muscles. For the jar lid and doorknob manipulation, a whole hand or two-
finger grip was required, but these grips only required fingertips to hold the object.
Lastly, for the bilateral task the participant held a beach ball and manipulated it by wrist
ulnar-radial deviation. It is not the first time a low correlation is observed between task
performances and grip strength; a previous study has reported similar findings (26).

A correlation of all GHA performance measures for all tasks within the stroke
group was performed. There were no significant correlations among the different object
manipulation tasks with one exception. The one exception was a high correlation for the
TRE value between the rotation of the cylinder and soccer ball (r = 0.72, p < 0.001).
Although the cylinder was more stable than the soccer ball, the hand position, and
wrist/elbow/shoulder motion was similar. Though the movements associated with the
cylinder are shoulder, elbow flexion-extension and those with soccer ball are internal,
external rotation of the shoulder and flexion-extension of the elbow, both of these tasks
required finger and hand extension. Thus, the involvement of similar joints and similar
movements might be the reason for their correlation. The insignificant correlations

between the other performance measures for all tasks can be explained by the fact that all
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the tasks were, in fact, different from each other regarding physical properties, ergonomic
properties, and functional and anatomical demands. For instance, manipulation of the
doorknob was completely different from that of the mug and the mug was different from
the soccer ball and so were the rest of the tasks.

A between group comparison in stroke and healthy participants was done to
determine the known group validity of the GHA performance measures. Results of the
statistical analysis revealed that all the performance measures, (TRE, AC, SR, MOT and
MYV) were significantly better in the healthy group than in the stroke group (p < 0.05).
From the perspective of the manifestation of stroke, all performance measures were
affected by the stroke, some more than the others. This indicates that healthy subjects
were able to perform the tasks with efficiency, accuracy, and precision irrespective of the
high functional and anatomical demands of GHA tasks. Further, movement repeatability
was better in the healthy subjects and thus had less movement variance than the stroke
subjects. Variance was still seen in healthy subjects for tasks that required fine control
(such as the mug task which required controlled movement of pronation and supination)
still; it was significantly less than the stroke group. It was expected that the healthy group

would perform better than the stroke group, and they did significantly.
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CHAPTER-3: CONCLUDING CHAPTER

3.1 CONCLUSION

The goal of this study was to develop a home-based tele-rehabilitation system for
hand-arm function post stroke with an embedded assessment tool. It is important to
include a tele-monitoring module for home-based exercise programs to obtain timely
feedback and monitor improvement in performance measures of how the client is
progressing in their home program. The purpose of this study was to test the
psychometric properties of the embedded assessment tool. Post-stroke a quality therapy
program is important, but a detailed functional assessment tool is equally essential to
assess, plan and improvise treatment paradigms. The GTR, on one hand, is a home based,
highly engaging quality therapy platform; on the other hand, GHA is embedded in the
GTR and is a computerized assessment tool for upper extremity functions. Psychometric
properties of the GHA assessment tool were tested in this study for a stroke population.
The GHA assessment tool had moderate to high test-retest reliability and low systematic
errors in most of its performance measures, which makes it an accurate measure for upper
extremity functional assessment i.e. it can repeatedly and reliably measure data of stroke
clients. MV was one of the outcome measures having the highest values for MDC.
Though it had the lowest performance, it might be the measure which improves the most
i.e. it might be possible to see small pre to post changes in other performance measures
such as SR, but larger changes could be seen for MV for similar amounts of treatment.

Further in this study, 7 common objects were chosen and tested to establish the

test-retest reliability of the GHA assessment tool. These objects ranged from simple to

complex in terms of size, shape, the degree of freedom, number of joints involved and
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demands for accuracy and precision. These objects were in fact statistically different
from each other. For example, an object was crafted that mimicked the function of a
doorknob and another object was a typical soccer ball. The doorknob was very stable and
required small movements of the thumb and index finger while the forearm were resting
on firm foam. On the contrary, the soccer ball was a larger and more complex object and
required multiple joints i.e. shoulder, elbow, wrist and hand for its manipulation. The
soccer ball had multiple degrees of freedom. Thus it was difficult to manipulate. The
participants had difficulty while placing their hand on the ball and manipulating it as it
was very easy for the hand to come off the ball due to its multiple degrees of freedom.
Objects that can be tested with the GHA tool are not limited, and different objects with
different functional, anatomical and physiological demands can be tested with it. This
wide range of objects and their evaluation is not available with any other assessment tool.
Also, other assessment tools, such as the WMFT do not measure the quality of movement
in terms of accuracy and precision. Thus the low correlation between the GHA
performance measure and WMFT was not a surprise. This simply suggests that the two
assessment tools represent distinct features or characteristics of the tasks performed. The
GHA assessment tool measures the actual movement accuracy, variation and response
time of a broad range of fine and gross motor task with different functional demands,

whereas the WMFT measures the time taken to complete the tasks.

3.2 CLINICAL SIGNIFCNACE

So far the outcome measures for the upper extremity have focused on measuring
the time of a task completion. Time is important but does not tell us about quality,

efficiency, repetition, etc. of a movement. In real life, it is not the time that matters the
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most but the movement quality and its repetition. It is important to identify the correct
movement pattern and eliminate compensatory ones, which might be due to multiple
reasons post stroke. Post-stroke movement patterns are different from a healthy person
pertaining to lack of control and high muscle tone. Thus, it is important to educate the
stroke client to perform movements like a healthy person and eliminate error to improve
movement quality. Also, the hand and arm are the most mobile segments of our body and
are engaged in almost every activity of daily living. Thus, assessing hand and arm
functions by one or two object manipulations is not sufficient. Multiple sensory-motor
functions are required to be evaluated before any treatment can be planned.

For this, we developed the GHA. The GHA is not a diagnostic tool but is
developed to fill the above stated gaps in an assessment tool, and evaluate the difference
between two treatment sessions in terms of movement accuracy, quality, success rate and
variance. Also, the GHA helps to evaluate an individual’s functional improvement and
further requirements in a therapy program. The GHA is a part of the GTR and embedded
in it. The GTR system uses commercially available computer games and object
manipulation for physical therapy post-stroke. A thorough knowledge about objects and
their geometrical properties, functional and anatomical demands, helps to set specific
treatment goals for each individual. Transfer of the GTR to the participant’s home is the
ultimate goal, where the GHA will provide continuous feedback to the participant and

therapist about their progress and prognosis.

3.3 STRENGTHS AND LIMITATIONS
The GHA assessment tool is a standardized program for analyzing movement and

it's various components through the manipulation of a myriad of objects of daily living.
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In the current study, a set of standardized objects was chosen to assess upper extremity
functional status post stroke. The test-retest reliability and convergent validity of GHA
was determined. The results of this study showed that the GHA is an objective
assessment tool that can quantify the client’s functional status, help in treatment planning,
and compare changes between treatment sessions.

Unlike other assessment tools, the GHA quantifies a movement in terms of
accuracy, quality, and success rate and movement variation. Other tools, on the contrary,
measure the time taken to complete a task, or objects moved in a given time to complete a
task. Time-based assessment tools are not able to quantify a movement like the GHA
does. Also, the GHA is not limited to a certain number of objects; instead most of the
objects of daily living can be manipulated and assessed, leaving a few such as playing a
musical instrument. Playing an instrument requires very fine repetitive and random
movements in more than one plane. The GHA can assess a movement at one time in one
plane only.

The reliability of the GHA has been developed in the hand arthritis population
and now in the stroke population. It is required to establish the reliability and validity of
the GHA tool in other neurological populations such as traumatic brain injury and spinal
cord injury.

The GHA has two modes that measure performance from different perspectives.
Both the modes were simple and straightforward; interestingly both the modes did require
some cognitive abilities, which were not dealt with before. People with previous
knowledge of computers and games might be at some advantage, which is not listed in

this study. Though every participant was given a detailed explanation of each task,
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participants having experience with computers and games took less time to understand
the tasks than the other participants. Lastly, tasks that required maximum contraction of

hand and wrist muscles were not tested and correlated to grip strength in this study

3.4 FUTURE DIRECTIONS

As grip strength is an essential measure of hand assessment, manipulation tasks
involving maximum muscle contraction should be tested and correlated with the same.
Further, the reliability of GHA tool should be established in other populations with
neurological conditions such as spinal cord injury, multiple sclerosis, and traumatic brain
injury.

The GHA assessment tool is embedded in a GTR treatment program, that uses
commercially available games and a large range of objects and utensils for everyday
living for post-stroke rehabilitation, which increases compliance. The future goal is to
conduct a feasibility study where treatment is provided with the GTR and participants are
assessed multiple times with the GHA throughout the treatment program to observe and
record the gradual recovery in stroke clients.

Most stroke patients clearly benefit from intensive inpatient and well-resourced
outpatient care (4). While one-to-one supervised therapy is the preferred form for many
patients, due to access and financial barriers many patients do not have this option (21).
In fact, it is not unusual for the patient's physical function to decline after discharge from
inpatient/outpatient rehabilitation in the home, when in terms of the natural course of
their injury; they should be improving (40). When rehabilitation regimens are prescribed

for the patients to do at home or community centers, adherence is low because
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rehabilitation exercises are tedious and boring, and there is little or no support or follow-

up (21).

To improve the adherence of physical therapy, an innovative program as been
developed, the Game-based Tele-Rehabilitation program (GTR) of therapeutic exercises
for hand and arm (65). The GTR consists of an innovative exercise gaming platform,
through the novel use of computer input devices, which takes advantage of the wealth of
inexpensive, easily accessible commercial computer games. This approach was designed
to provide engaging, high-quality, client-centered therapy in the acute rehabilitation
setting, and which could then be implemented in the home via tele-rehabilitation. At the
core of the platform are designed rehabilitation games with automated monitoring that
target fine and gross motor skills of the hand and arm (GHA). This not only provides an
enhanced therapy program but also importantly allows automatic tracking of exercise
duration and performance outcomes. The idea of a tool in which treatment and
assessment are integrated is a very attractive system as it is efficient and time saving,
provides measures of intensity, duration and compliance, and allows tracking of change
in fine/gross motor skills within each treatment session and over time thus allowing
examination of "dose-response" relationship. It also provides timely feedback and
support for clients and clinicians. Electronic records and reports are also generated to
inform therapists when and how a client is performing and how they are progressing in
their individualized exercise program. This information will be valuable for discharge
planning. Also, the development of a feasible and cost-effective program that can

transition from the clinical setting to the home could allow early discharge.
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Ten participants will be recruited in this study, and a task specific, exercise
gaming program will be given. Each participant will be asked to attend 3-4 forty-five
minute therapy sessions at HSC or RHC. These will be scheduled in the last couple of
weeks of their inpatient stay when they have almost achieved their inpatient goals and are
close to discharge. A starting exercise program will be established based on the degree of
their hemiparesis and functional status. Participants will receive training regarding the
specific exercises, and the use of the motion mouse and computer games. To begin games
will be selected with relatively slow and large target movements. Game
speed/amplitude and precision will be progressed as tolerated. Based on the initial three
clinical sessions, a home program will be prescribed and adapted to the participants’
specific abilities and tolerance. Participants will be asked to perform their exercise
programs 30 minutes per day, five days per week for 12 weeks. The research
therapist will attend the participant’s home to set-up the motion mouse and computer
games and the exercise objects. The research therapist will phone the participants weekly
to monitor progress, inquire about difficulties with the computer equipment, answer

questions, and to progress exercises as outlined above.

The following primary outcome measures will be obtained:

1. Wolf motor function test.

2. Grip strength test using a dynamometer

3. The stroke impact scale, which is a stroke-specific self-report health status measure

will be included in the assessment of stroke outcomes, including strength, hand function,
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activities of daily living, mobility, communication, emotion, memory and thinking, and
participation. This will be assessed in the home visit and immediately after completion of

the 12-week home program.

Secondary outcome measures will include the GHA assessment as described
above to quantify movement quality and movement accuracy. Assessments will be
conducted before the start of the intervention and at the end of the 12-week home

program.

Individual interviews will be conducted at the end of the 12 week home exercise
program and a qualitative analysis will be performed to describe the feasibility and
acceptability of the technologies, content, and delivery of the home exercise programs,
personal and environmental factors that influenced doing the home exercise, and
recommendations or modifications for improving the exercise programs. Feasible results

from this study would direct us towards a powered sample size RCT.
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