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Abstract—
Upper-limb
(UL)
training
interventions are increasingly being developed
using virtual reality (VR) platforms. However,
since motor recovery is related to exercise intensity
and task difficulty, it is important to determine
whether these factors are considered in VR
applications applied in different centers for
patients with different motor impairment levels.
We define exercise intensity as the total number of
movement repetitions divided by the total minutes
in active therapy.
The main objective of this study was to
determine the training intensity of a clinicallyapplied treatment program using VR in 3 centers
involved in a multi-site study. Our secondary
objective was to determine if training intensity
differed among patients with different levels of UL
sensorimotor impairment.
Patients with sub-acute unilateral stroke in the
middle cerebral artery area (<6 mo post-stroke)
with Fugl-Meyer Assessment (FMA-UL) scores
ranging from 14-57, completed 10 50-minute UL
training sessions with a VR rehabilitation
application over 2 weeks, in rehabilitation centers
located in 3 countries. Total training time
(minutes), total number of movement repetitions,
and success rates were extracted from game
activity logs. Intensity was calculated for each game
for each participant, related to UL impairment and
compared between centers.
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Exercise intensity was higher in one of the 3
centers (p<0.01). Participants had most difficulty
with the games involving bilateral coordination and
lateral reaching. Participants with higher FMA-UL
scores had longer total training times (r = 0.40, p =
0.03) and started the training earlier within the
subacute phase (r = -0.38, p = 0.04). Participants
who used the VR system later in the subacute phase
trained at a higher intensity than those who started
earlier (r = 0.43, p = 0.02). However, their level of
training intensity was not related to UL
impairment.
The level of intensity attained with this training
program was much higher than that reported in
current stroke therapy practice. Despite different
training centers, therapists progressed patients
through the training program using similar
training principles. Therefore, VR rehabilitation
systems can be used to deliver intensive exercise
programs in a standardized way and can be
tailored to individual impairment levels.
Keywords— exercise intensity, virtual reality,
personalized exercise, arm impairment
I. INTRODUCTION
Intensity of exercise is an important component
contributing to motor recovery after stroke. Evidence
suggests that the intensity of practice during
rehabilitation is not sufficient to improve motor and
functional recovery. Some of the reasons for this may
be limited rehabilitation resources, time constraints,
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and lack of early motor recovery in the arm and hand
[1]. Lang et al. [2] observed physical and occupational
therapy sessions in inpatient and outpatient
rehabilitation centers. The average session duration
was 36 ± 14 minutes, and the average number of
functional upper limb (UL) repetitions was 32. The
number of repetitions was smaller in inpatient (23 ± 5)
compared to outpatient settings (45 ± 13). In another
study, Lang et al. [3] observed 36 outpatient treatment
sessions. In these sessions, the average number of
repetitions per session was 39 for active-exercise
movements, 34 for passive-exercise movements and
12 for purposeful movement.

definition does not consider the amount of actual
exercise performed within the allotted therapy hour.
Animal and human models suggest that a high number
of repetitions of a newly learned or relearned behavior
is needed to induce lasting neural changes (i.e.
increased synapse number, strength or reorganization;
[3, 6]). This suggests that the number of repetitions
may be more relevant to motor recovery than the total
therapy time [7]. In this study intensity of exercise is
defined as the number of movement repetitions
divided by the number of minutes in active therapy.

A wide range of rehabilitation interventions are
used to improve motor and functional recovery such as
task-specific training, strength training, constraintinduced movement therapy, mirror therapy, bilateral
arm therapy, interventions for sensory impairment and
neuromuscular electrical stimulation [8, 9]. Virtual
rehabilitation (VR) is a technology-enhanced
intervention that provides a simulated practice
environment, with the advantage of providing
feedback on movement execution and goal
achievement. VR enables people to participate in
activities in environments similar to the real world
[10]. One of the attributes of VR is that it can motivate
the patient to perform a greater number of movement
repetitions [11]. Levin et al. [12] found that
improvements in UL clinical impairments and activity
scores occurred in more patients who received VR
therapy comparing to participants in a conventional
treatment group. A Cochrane review synthesized
previous reviews of interventions to improve UL
function after stroke [9]. Moderate-quality evidence
suggests that VR interventions delivered in
conjunction with conventional therapy may have a
beneficial effect on UL impairment and activity
outcomes. However, it is unknown whether VR
applications actually deliver higher intensity treatment
than that reported in conventional therapy [2, 3]. In
addition, since the intensity of treatment is not well
defined and documented, it is difficult to compare
sensorimotor outcomes in studies that are conducted at
different sites in which only `time of treatment` is
equalized. In a step to address these gaps in
knowledge, our main objective was to determine the
training intensity of a clinically-applied treatment
program using VR in 3 centers involved in a multi-site
study. Our secondary objective was to determine if
training intensity differed among patients with
different levels of UL sensorimotor impairment.

II. METHODS
A. Design
Data was extracted from the treatment intervention
part of a large international multicenter study, which
was a single-blind randomized controlled trial.
B. Participants
Hospitalized patients with sub-acute stroke were
recruited from rehabilitation centers. Participants were
included if they had/were (1) a stroke in the middle
cerebral territory, confirmed by magnetic resonance
imaging/computed tomography (MRI/CT), and
medically stable; (2) aged 25–80 years; (3) in the subacute stage of stroke (3 weeks to 6 months post stroke);
(4) arm paresis (2–6/7 on the Chedoke-McMaster
Stroke Assessment arm score, CMSA; [13]) and able
to perform at least 30° elbow flexion and extension;
and (5) elbow flexor and/or extensor spasticity (>1+
out of 4 on the Modified Ashworth Scale, MAS; [14,
15]). The ethics boards of all centers approved the
project. All participants were informed of the
procedures and provided written consent prior to
participation.
C. Procedures
The level of UL impairment of each patient was
assessed with the Fugl-Meyer Assessment of the UL
(FMA-UL [16]). Participants completed 10, 50-minute
UL training sessions with a VR rehabilitation system
(Jintronix Inc., Montreal, Canada), over 2 weeks, in 3
rehabilitation centers located in different countries
(Center 1-Canada, Center 2-Israel, Center 3-India).
The VR therapy was completed as an adjunctive
therapy and delivered by a site clinician. Participants
sat in an armless chair with their knees at 90º and feet
flat on the floor. The games were viewed on a large
computer screen. Movements were tracked by an
integrated Microsoft Kinect II camera. Participants
were instructed to use their more-affected arm
(unilateral activities) or both arms (bilateral activities)
as quickly and precisely as possible according to the

The definition of training intensity varies. Previous
studies have indicated that intensity can be measured
as the number of hours in therapy [4, 5], but this
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rules of each game. Different interactive games
included catching falling objects and dropping them
into containers (Catch, Carry and Drop, Theme:
bilateral coordination; controlling the movement of a
fish in different shapes (Fish Frenzy, Theme:
controlled movement), moving tomatoes from a plant
to a basket (Garden Grab, Theme: lateral reaching),
and placing cups and cutlery on shelves and drawers
(Kitchen Clean Up, Theme: reaching forward, Fig. 1).
Games were calibrated according to the available
ranges of the participant’s UL movement and played
in a random order within each training session. In
addition, there were different difficulty levels (varying
movements, number of items, play time) for each
game through which participants were progressed.
Increases in the difficulty level of each game were
determined by the clinician according to their clinical
judgement and guided by game progression guidelines
and patient preferences.

level. Intensity was defined as the total number of
movement repetitions/total training time and
expressed as repetitions/minute.
E. Statistical analysis
Game activity log outcomes were summarized,
compared between training centers and related to UL
impairment levels based on the FMA-UL. Totals were
compared between rehabilitation centers using oneway analyses of variance and Chi Square analysis, and
related to impairment level using Pearson correlations
(SPSS v20, SPSS Inc., Chicago, IL). Initial
significance levels were set at p<0.05 for all statistical
tests with Bonferroni corrections, where applicable.
III. RESULTS
Thirty patients were recruited. See Table 1 for
socio-demographic information.
TABLE 1. SOCIO-DEMOGRAPHIC AND STROKE INFORMATION
Characteristics
n

Center 1

Center 2

Center 3

7

13

10

Age (years, mean ±SD)

54.4
±10.5

57.4
±9.7

56.8
±8.7

Days post-stroke of
treatment initiation (days)

45-146

31-132

24-153

Left-sided lesion (%)

43%

85%

60%

Ischemic stroke (%)

71%

69%

80%

Hemorrhagic stroke (%)

0%

15%

20%

29%

15%

0%

14-57

14-52

17-50

Mixed stroke or unknown
(%)
Fugl-Meyer Assessment –
Upper Limb (/66)

The average training time across centers was 471.1
± 48.7 mins. Although the total training time in Center
2 was shorter compared to Center 3 (F2,27 = 7.6, p =
0.002), there was no difference in total training time of
either center compared to Center 1 (Fig. 2). The
intensity of exercise varied from 3 to 14 reps/min
(average 6.6 ± 2.7 reps/min) with no differences
between centers (Fig. 3).
The success rate for each game was very high
across centers (Fig. 4), but there were significant
differences between games (F3,108 = 32.857, p = 0.000;
Table 2). Participants had the most difficulty with the
games involving bilateral coordination and lateral
reaching.

Fig. 1. Four games in the virtual rehabilitation system: A) Catch
Carry Drop for bilateral coordination, B) Fish Frenzy for controlled
movement, C) Garden Grab for lateral reaching, D) Kitchen Clean
Up for reaching forward.

There were significant relationships between
FMA-UL and total training time as well as time since
stroke. A significant relationship was also found
between training intensity and the time since stroke.
Participants with higher FMA-UL scores had longer
total training times (r = 0.40, p = 0.03; Fig. 5). These

D. Data acquisition and analysis
Game activity logs from the Jintronix system were
extracted that contained information about the total
training time (minutes), total number of movement
repetitions, and the success rate attained at each game
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Fig. 5. Relationship between FMA and total training time.
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Fig. 2. Comparison of total training time between centers.
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Fig. 3. Comparison of exercise intensity between centers expressed
as the number of repetitions per minute.

Fig. 6. Relationship between FMA and time since stroke.
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Fig. 7. Relationship between time since stroke and intensity.
Fig. 4. Success rate for each game type.
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TABLE 2. POST-HOC COMPARISONS OF SUCCESS RATES OF 4
GAMES

Game

n

BC

SD

Bonferroni
Comparisons
BC
CM
LR

19

Mean
(%)
84.6

11.6

CM

30

100

0

.000

LR

30

92.2

3.2

.000

.000

RF

30

96.6

4.3

.000

ns

r= -0.15, ns

10
5
0
0

10

20

30

40

50

60

FMA UL

Fig. 8. Relationship between FMA and intensity for all participants

.015

BC = bilateral coordination, CM = controlled movement, LR =
lateral reaching, RF = reaching forward

participants started training earlier within the subacute
phase (r = -0.38, p = 0.04, Fig. 6). Participants who
began VR training later in the subacute phase trained
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at higher intensities than those who began VR earlier
(r = 0.43, p = 0.02; Fig. 7). However, the level of
training intensity was not related to the level of UL
impairment (Fig. 8).
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IV. DISCUSSION
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