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Abstract—This study aimed to determine the effectiveness of a
bilateral, self-supported, upper-limb rehabilitation intervention
using a movement-based game controller for people with chronic
stroke. Fourteen participants received a control treatment, fol-
lowed by a washout period, and then the intervention. The inter-
vention comprised playing computer games with the CyWee Z
(CyWee Group Ltd; Taipei, Taiwan), a movement-based game
controller similar to the Nintendo Wii remote. The CyWee Z was
incorporated into a handlebar, making bilateral exercises possible
by allowing the unaffected side to support and assist the affected
side. The intervention lasted for 8 to 10 sessions of 45 to 60 min-
utes over a period of 2.5 weeks. The Fugl-Meyer Assessment
upper-limb section (FMA-UL) was used as the primary outcome.
The Wolf Motor Function Test and the Disabilities of Arm,
Shoulder, and Hand outcome measure were used as secondary
outcomes. Postintervention, motor performance as measured by
the FMA-UL was significantly improved compared with all pre-
intervention assessments (p < 0.001), whereas no changes were
found on both secondary outcomes. It can be concluded from this
pilot study that upper-limb motor performance of adults with
chronic stroke improves with repetitive, game-assisted, self-
supported bilateral exercises.

Key words: bilateral therapy, computer gaming, intervention,
motor performance, outcomes, rehabilitation, self-assisted, self-
supported, stroke, upper limb.

INTRODUCTION

An estimated 16 million people per year worldwide
experience a stroke, of which about two-thirds survive [1].
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Six months poststroke, 30 to 66 percent of them show
motor deficit of the arm contralateral to the lesion [2].
Activity-based rehabilitation can improve upper-limb
motor function [3]; this is of great importance, because
lack of arm-movement control directly affects activities of
daily living and independence [4].

To improve motor performance, both motor (re)learn-
ing and compensatory strategies are required [5—6]. Motor
(re)learning and recovery are mainly possible because of
plasticity of the brain [7], and the changes caused by plas-
ticity in the lesioned hemisphere coincide with motor func-
tion improvement after activity-based rehabilitation [3]. In
addition to neural plasticity changes in the lesioned side,
motor recovery may occur because of a shift of balance in
the motor cortical recruitment toward the undamaged
hemisphere via the ipsilateral pathways [8-9].

Movement practice and repetition form the basis of
plasticity-based motor recovery [10-14]. A number of fac-
tors are thought to enhance plasticity-based rehabilitation,
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such as task-oriented movement practice in a challenging,
engaging, functional, and meaningful way, and the reha-
bilitation should address body function and structures,
activity, and participation level [9-13,15]. Rehabilitation
has shown that, even in chronic stroke, improved upper-
limb outcomes can be achieved [16-17].

Recovery after stroke correlates with the frequency
and intensity of exercise [11,13,18-19]; however, passive
movement is insufficient to alter motor recovery [19].
Active engagement and movement attempts are thought
to be more important than passive movement, and the
focus should be on movement coordination rather than
muscle strengthening [19].

Moreover, strong evidence exists that bilateral training
is effective in functional recovery of the upper limb [20-
21]. Summers et al. suggest that bilateral synchronous
movement therapy is more effective than similar unilateral
training [22]. Bilateral therapy is based on the idea that
involvement of the unaffected upper limb facilitates learn-
ing the spatial and temporal parameters required for motor
recovery of the affected limb [21]. Bilateral training is
thought to increase activation of the affected hemisphere,
especially the secondary motor areas, by interhemispheric
connections [21-22].

Technology-assisted upper-limb training after stroke
can provide engaging and task-oriented training in a natu-
ral environment using patient-tailored feedback to support
(re)learning of motor skills [9]. Computer and video games
can improve therapy compliance through engagement [13].
Gaming consoles like the Nintendo Wii (Nintendo; Red-
mond, Washington) and the Sony Eyetoy (Sony Com-
puter Entertainment, Inc; Tokyo, Japan) are currently used
in upper-limb stroke rehabilitation, although limited clinical
evidence exists for their effectiveness [23-24]. Console
games are designed for nondisabled people; therefore, they
are often too fast for people with motor disabilities to use
[25] and frequently provide negative feedback when a game
is lost.

Robotic therapy has been reported to improve several
motor control aspects (e.g., muscle-activation pattern,
selectivity, and speed) and may have long-term effects [26].
Robot-assisted therapy appears to improve motor control
more than conventional therapy and is suited for rehabilita-
tion in both the acute and subacute phase [26]. However,
the advantages probably exist only because a higher inten-
sity of practice can be reached [13,27], resulting in
improvement at a body function and structures level and
not necessarily improvement in activities of daily living

[13,26]. A disadvantage of robotic therapy is the cost; thus,
an important question regarding the future of robotic reha-
bilitation is whether similar objectives can be accomplished
by a simpler and more cost-effective approach [28-29].

We have developed a system that uses low-cost gam-
ing technology to exercise the affected upper limb of
people with stroke while their less-affected arm supports
and assists the movements of the affected arm in a bilat-
eral manner. In this pilot study, we investigate the effects
of this system on motor recovery, which is designed to
provide repetitive, game-assisted upper-limb rehabilita-
tion in adults with chronic stroke.

METHODS

Participants

Adult participants at least 6 months poststroke were
recruited from the local community by media advertising.
Exclusion criteria comprised no voluntary arm movement,
self-reported problems preventing device use (orthopaedic,
medical, and/or painful conditions), and an inability to
understand the project and its requirements.

Study Design

In a control-washout-intervention design, the partici-
pants served as their own controls. Participants were
assessed after being enrolled in the study (TO = precontrol).
During the initial control period, participants played four
simple mouse-based computer games on a personal com-
puter (PC) with their unaffected arm: Solitaire, Mah-Jong,
FreeCell, and Bejeweled. Three participants played on three
PCs with one or two therapists supervising during a
2.5 week period of 8 to 10 sessions, each lasting between 45
and 60 minutes. The participants were retested after the con-
trol treatment (T1 = postcontrol) and again after 2 to
3 weeks (T2 = preintervention) during which no intervention
was provided. Finally, participants received the intervention,
followed by the last assessment (T3 = postintervention).

The intervention comprised playing games on a PC
using a CyWee Z game controller (CyWee Group Ltd;
Taipei, Taiwan) incorporated into a custom-made handlebar
(Figure 1). As in the control treatment, three participants
played on three PCs with one or two therapists supervising,
the same amount of therapist interaction provided during
the control treatment. A suite of games provided a gradu-
ated series of physical challenges, from strategic, station-
ary target-hitting games (Bejeweled and Balloon Popping),
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Figure 1.

CyWee Z game controller (CyWee Group Ltd; Taipei, Taiwan)
incorporated into handlebar. (a) “Hands vertical” for exercising radial
and ulnar deviation (combined with elbow and shoulder flexion/
extension). (b) “Hands horizontal” for exercising wrist flexion/
extension (combined with elbow and shoulder flexion/extension).

to moving target-hitting games (Mosquito Swat, Music
Catch, and ReBounce) and faster sports games (10-Pin
Bowling and Air Hockey), as well as some casual games
(Paint By Numbers) and puzzle games (Mah-Jong and Soli-
taire). All games required large cursor movements in both
the horizontal and vertical direction. In the first two ses-
sions, the therapist presented three simple target-hitting
games (Mosquito Swat, Music Catch, and ReBounce). In
the following sessions, the participants could choose which
game to play—either a new or a known game. The cogni-
tive requirements to play the games were low, because the
games were simple target-hitting games with large, easy-to-
see objects; basic sports games; or simple puzzle games,
including the well-known Solitaire and Mah-Jong. Most
games were specifically developed or adapted for people
with stroke so that graphics were clear and fast reaction
speed was not required. A therapist would advise the partici-
pant to choose an easier game if he or she was not able to
cope with the cognitive requirements of a certain game.
Movement was the main objective of this study; the games
were used to guide movements and motivate the participant
to move.

During each session, the participants made an esti-
mated minimum of 500 repetitions and possibly up to
800 repetitions. One repetition could be an up-down
movement, a left-right movement, or (in most cases) a
combination of both (e.g., moving cursor from center to
top-right corner of screen).

If the participants were able to use the CyWee Z trig-
ger button with their affected hand, the CyWee Z was
placed in that hand (n = 11); otherwise, the CyWee Z was
placed in the unaffected hand. If grip strength was insuf-
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ficient to hold the game controller, a therapist fixed it to
the participant’s wrist with a soft bandage (n = 2).

Device

The CyWee Z is a movement-based game controller
similar to the Nintendo Wii controller. It was incorpo-
rated into a handlebar between 350 and 500 mm long
(Figure 1). Rotations of the device in the transverse
plane produced horizontal mouse cursor translations on
the screen, while rotations in the sagittal plane produced
vertical mouse cursor translations (Figure 2).

The handlebar could be held two ways (Figure 1):
(1) “hands vertical” for exercising radial and ulnar deviation
(vertical mouse cursor translations) combined with elbow
(vertical and horizontal mouse cursor translations) and
shoulder flexion and extension (horizontal mouse cursor
translations), and (2) “hands horizontal” (pronated) for exer-
cising wrist extension and flexion (vertical mouse cursor
translations) combined with elbow (vertical and horizontal
mouse cursor translations) and shoulder flexion and exten-
sion (horizontal mouse cursor translations). When hands
were held horizontal, only non—mouse-clicking games could
be played. All games required both horizontal and vertical
mouse cursor translations. Therefore, wrist, elbow, and
shoulder movement of both the affected and the unaffected
sides were required to play. The therapists instructed partici-
pants to practice with both hands vertical and hands horizon-
tal and observed every session.

Outcome Measures and Statistics

During all assessment sessions, therapists performed
the Fugl-Meyer Assessment upper-limb section (FMA-
UL) [30]; the Wolf Motor Function Test (WMFT) [31];
and the Disabilities of Arm, Shoulder, and Hand outcome
measure (DASH) [32-33]. We used the FMA-UL as the
primary outcome, whereas we considered the WMFT and
the DASH secondary outcomes. We tested the effects of
the intervention using an analysis of variance for repeated
measures (o = 0.05 for all statistical tests). Significant
within-subject effects were Bonferroni adjusted in multi-
ple comparison tests. We used MedCalc version 11 (2009)
for all statistical analyses. We recorded the actual time
spent on game play and on rest periods within the sessions
during sessions 3 and 7.
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Figure 2.
Movements required for controlling cursor on computer screen using CyWee Z game controller (CyWee Group Ltd; Taipei, Taiwan) incorporated
into handlebar.

RESULTS out before the start of the trial and another dropped out
before the intervention because of family commitments.

Twenty-two adults poststroke were recruited, of  Five women and nine men with an average age of 71 + 12
which 16 were eligible for this study. One person dropped  (mean + standard deviation; range: 47-85) completed the
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trial. Eight participants had had a stroke in their left hemi-
sphere and six in their right. One person was left-arm domi-
nant prestroke with the left arm affected by the stroke; so,
in nine participants the dominant hand was affected and in
five the nondominant. The control therapy was played with
the unaffected hand (5 dominant and 9 nondominant).
Eleven participants used the trigger of the CyWee Z with
their affected hand. Three participants had insufficient grip
to use the trigger with their affected hand; therefore, they
used the CyWee Z with their unaffected hand. Time since
stroke was between 1 and 6 years. The mean FMA-UL
score at inclusion was 44.2 +17.9 and ranged from 14 to 65
(maximum score: 66).

The Table shows the outcomes at TO, T1, T2, and T3.
A significant within-subject session effect was found on
the primary outcome measure, the FMA-UL (p < 0.001).
In a multiple comparison test (Bonferroni corrected), the
FMA-UL score at T3 was significantly higher than at TO,
T1, and T2, with an average increase and 95 percent confi-
dence interval (CI) of 5.00 (ClI: 1.45-8.55; p = 0.005), 5.23
(ClI: 1.80-8.66; p = 0.003), and 4.23 (Cl: 1.81-6.66; p =
0.001), respectively.

No significant within-subject or multiple comparison
effects were found on the WMFT and the DASH (Table).
Of the 14 participants who completed the trial, one
missed the T1 assessment; therefore, we did not take the
outcomes of this participant into account in the statistical
analyses. When we performed the same statistical analy-
ses on TO, T2, and T3 (n = 14), the same outcomes
remained significant (data not presented).

Average session time increased from 49.3 to 52.1 min-
utes between intervention sessions 3 and 7. The average
cumulative rest time during sessions decreased from 3.6 to
1.0 minutes, meaning that the actual game-play time
increased by 11 percent between sessions 3 and 7.

HIIMANS et al. Poststroke UL rehabilitation using game controller

DISCUSSION

This is the first study conducted using the CyWee Z as
an upper-limb rehabilitation tool and using self-assisted
bilateral movements with a movement-based game con-
troller. This pilot study showed that repetitive, bilateral
game-assisted exercises using the CyWee Z incorporated
into a handlebar improved upper-limb motor performance
measured by the FMA-UL. Even though the group com-
prised adults with chronic stroke, the cohort was heteroge-
neous (FMA-UL scores ranged from 14 to 65 at inclusion),
and even though the intervention had only 8 to 10 sessions,
the intervention improved motor performance signifi-
cantly. The mean improvement as an effect of the interven-
tion ranged from 4.2 (compared with T2) to 5.2 (compared
with T1). These results are comparable with the more
intensive robotic-aided therapies reported by Prange et al.,
with FMA-UL score improvements between 3.4 and 6.1
[26]. Others have also shown that a highly repetitive, syn-
chronous bilateral intervention over a short duration, albeit
with no mechanical or computer device included, can be
effective [22].

We found no effects on the WMFT and the DASH;
the possible explanation for this is that the intervention
focused on repetitive arm movements and not on func-
tional or participatory arm activities. The DASH, a self-
report questionnaire, assesses upper-limb function at an
activity and participation level, whereas the FMA-UL
assesses the upper limb on the body function and struc-
tures level [34]. The WMFT is a timed, performance-
based measure that measures the speed of performing
motor tasks. It can take time for people to incorporate
body function and structure improvement and increased
task-performance speed, and because assessment was car-
ried out immediately after a relatively short intervention,
the WMFT may not be responsive enough to measure
change in such a time frame. The low intensity of the

-I\I;Iaeglrf .ir standard deviation of outcome measures precontrol (T0), postcontrol (T1), preintervention (T2), and postintervention (T3).
e n T "
FMA-UL 442 +17.9 440+17.2 45.0+16.2 49.2 £ 16.6 10.41 <0.001
WMFT 32.7+50.4 32.4+50.6 31.5+50.9 30.5+51.2 2.74 0.06
DASH 51.8+215 545+ 234 55.0+244 55.6 £23.2 0.66 0.58
*n=13.

DASH = Disabilities of Arm, Shoulder, and Hand outcome measure (increase in score indicates improvement); FMA-UL = Fugl-Meyer Assessment upper-limb
section (increase in score indicates improvement); WMFT = Wolf Motor Function Test (decrease in score indicates improvement).
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intervention compared with constraint-induced therapy
could be another explanation for the lack of change meas-
ured by the WMFT. Additionally, the WMFT includes
movement tasks more frequently performed by the domi-
nant hand but does not consider dominance.

We incorporated the CyWee Z into a handlebar for
several reasons. First, the unaffected side can support and
assist the affected side in a bilateral manner by using the
handlebar. Bilateral therapy has proven to be effective in
functional recovery of the upper limb [20-21]. Second,
rotation of the CyWee Z results in synchronous bilateral
gross motor movements with the handlebar, whereas
while the CyWee Z is held in one hand without the han-
dlebar, only limited wrist movement is needed to control
the cursor. Third, the handlebar can be placed on the lap
as a support against gravity yet still enable gross motor
movement if the user has difficulty lifting the device. In
their review of bilateral therapy, Latimer et al. suggest that
bilateral training provides the requirements considered
necessary for motor relearning and focuses on the impor-
tance of active involvement of the affected side rather
than the affected hand being driven by a robot or the unaf-
fected side [21]. Bilateral training using the CyWee Z
requires this active involvement of the affected upper
limb.

The CyWee Z is a movement-based game controller
similar to the Nintendo Wii but coupled to a PC. There-
fore, it is possible to develop and use games paced to suit a
user’s ability level. This system provides a platform for
self-assisted, engaging, highly repetitive, and task-oriented
bilateral training of the upper limb, all modalities crucial
for motor recovery following stroke [13,27]. Previously,
expensive robotic therapy was seen as the only way to
deliver such a therapy [29].

Overall, game play appeared to be engaging and
acceptable for participants. A range of games was pro-
vided that had various levels of challenge, and participants
selected games according to their own ability and prefer-
ence. All participants were able to use the equipment.
Some participants played only the cognitively easiest
games and frequently needed the therapist’s help to man-
age the PC; others played all games, including the more
challenging sports games, without assistance. A possibility
for improvement could be performance-driven games,
where the patient’s performance dictates future session tar-
gets [34], ensuring that each participant works at an appro-
priate level.

This pilot trial had limitations. The research design
used was a pre-baseline-post design in which the partici-
pants were observed over time. It was not possible to
blind the assessors, and no control group was recruited.
In this study, all participants received the control treat-
ment first, followed by the intervention. In general, a
design in which 50 percent of the participants receive the
intervention first and 50 percent receive the control treat-
ment first would be a preferable approach. We chose not
to use this approach, because if natural recovery would
still take place, more recovery would be expected sooner
poststroke (during the first weeks of the study). In our
design, more natural recovery was expected during the
control therapy. Therefore, it was possible to demonstrate
that the intervention showed more improvement than natu-
ral recovery in combination with a control intervention. We
controlled for therapist-interaction effect by using a con-
trol treatment consisting of the same amount of therapist-
interaction time as during the actual intervention. No
differences were found between the control treatment and
the washout period. Therefore, therapist-interaction time
appeared not to bias our results. Only the immediate
effects were studied; a follow-up study should be per-
formed to study the long-term effects of the intervention.

Four participants mentioned shoulder pain during and
after the intervention. This pain did not prevent them from
participating but should be considered when the game con-
troller is used more frequently, for a longer duration, or
without supervision. The first few sessions appeared
fatiguing for most participants, reflected by the shorter ses-
sion lengths and longer break times in session 3 than in
session 7. While quantity, duration, and intensity are
important variables in (re)learning motor skills and chang-
ing neural structure [35], these results suggest that the start
of an upper-limb rehabilitation program may need a ramp-
ing regime to slowly increase quantity, duration, and inten-
sity to ensure that sessions are pain free.

CONCLUSIONS

This study showed that computer-assisted, bilateral
upper-limb rehabilitation using a low-cost game controller
can significantly improve upper-limb function over a short
duration in adults with chronic stroke. Engaging in com-
puter games using a CyWee Z incorporated into a handle-
bar seems to be a cost-effective alternative to other forms
of therapy, such as robotic, catering toward repetitive,
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self-supported upper-limb exercises. Therefore, based on
this study, performing a larger-scale controlled trial with a
longer intervention duration and follow-up is recom-
mended. We expect further improvements when the game
controller is used over increasingly longer sessions with a
longer intervention period.
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