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Abstract

Background: This controlled experimental study aimed to investigate
the effect of immersive virtual reality-based movement therapy (IVR-
MT) on upper extremity functions (UEF), activities of daily living
(ADL), and cogpnitive functions (CF) in chronic stroke patients.

Methods: Patients who met the inclusion criteria, were randomly
assigned to the study (IVR) or control groups. Both of the groups
received 60 minutes/day of conventional rehabilitation program and
occupational therapy and the IVR group received 30 minutes/day of
additional IVR-MT for six weeks. UEF was evaluated by the Jebsen
Taylor Hand Function Test (JTHFT), and the Box and Block Test
(BBT), ADL was evaluated by the Barthel Index (BI), and 36-Item
Short Form Survey (SF-36), and CF was evaluated with the Mini
Mental Test (MMT).

Results: There were no differences between the IVR (n=15), and
control (n=10) groups for demographic and clinical characteristics or
baseline results of JTHFT, BBT, Bl, SF-36, and MMT. At six weeks
post-treatment there were significant improvements in the IVR group in
scores for moving large light cans (Pvalue=0.001) and moving large
heavy cans (Pvalue=0.003) in the JTHFT, in BBT scores
(Pvalue=0.004), in MMT (Pvalue=0.033) and for physical functioning
(Pvalue=0.008) in the SF-36. In addition, the change in score in the
IVR group for moving large light cans (Pvalue=0.008) and moving
large heavy cans (Pvalue=0.002) at week 6 was significantly larger
than in the control group.

Conclusions: These results suggest that additional IVR-MT, in
combination with conventional physiotherapy and occupational
therapy might improve outcomes in UEF and CF in chronic stroke
patients.
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I ntroduction

Post-stroke neurological symptoms vary according to the
location and grade of the brain lesion, and motor and cognitive
disorders are the most common symptoms.® Epidemiological
studies of stroke have found the rate of motor disorders, such as
paresis/paralysis, to be 80-90%, while 55-75% of stroke
survivors have permanent upper extremity functional
limitations, resulting in dependence for activities of daily living
(ADL).2 The aim of stroke rehabilitation is to ensure the highest

level of functional independence and to increase the quality of
life (QOL) of the individual, despite existing disabilities.
Stroke rehabilitation basically consists of three approaches;
conventional physical therapy, neurophysiologic approaches,
and activity-based training. In addition, specific interventions
for stroke rehabilitation have also been shown to promote
functional recovery and reduce disability.®* In an effort to
assist these individuals with motor recovery, systems
employing virtual reality (VR) have gradually been adopted.
Virtual reality is defined as a “computer-based technology that
lets users interact with a multisensory, simulated environment
and have ‘real-time’ feedback on performance”.® The
interactive "games" used for patients are designed to provide
them with real-life scenarios and activities relevant to daily
living.6 The software is able to provide concepts required for
motor learning, including frequency, intensity, repetition,
motivation, and task-oriented training, while enabling the user
to feel involved in their rehabilitation.> For users to experience
virtual environments as real, immersion and presence
conditions are required. Immersion describes a state of
consciousness in which the user’s awareness of the physical
self declines due to an upgrading involvement in a virtual
environment. A sensation of immersion can be achieved by
creating realistic tactile, auditory, or visual stimulation. An
immersive VR (IVR) system projects the visual scene onto a
head-mounted device filling the user’s vision or a large
projection surface that completely fills the user's field of view,
effectively surrounding the user. Recent studies have indicated
that VR applications are low-risk and can be useful in motor
relearning when applied as part of a physiotherapy program,
but the quality of the available evidence is low and more
comparative studies are required.” In the present study, we
aimed to investigate the effects of IVR-based movement
therapy applied in addition to conventional therapy in stroke
patients on upper extremity (UE) function, ADL, and cognitive
function.

Materials and Methods

In this controlled experimental study, patients with stroke
who attended the outpatient clinic between March 2018 and
September 2018 were assessed against study inclusion criteria.
The inclusion criteria were: aged between 18 and 75 years;
having hemiplegic due to stroke; disease duration of >6
months; a Brainstorm stage (BS) of >3; and having no
additional pain. Exclusion criteria were patients who had:
cognitive behavioral disorders that would affect participation in
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the study; suffered neglect; marked visual and/or hearing loss;
severe UE contracture or bone and joint instability; complex
regional pain syndrome in the UE and uncontrolled
comorbidities. Eligible patients were assigned to the study
(IVR) group or the control groups after baseline assessments
were performed by using a random number program created by
the computer. A randomization program was used by a
physiotherapist who was blinded to the study. Patients were
evaluated using the Jebsen Taylor Hand Function Test (JTHFT)
and the Box and Block Test (BBT) for UE functions. The Short
Form 36 (SF-36) questionnaire was used to assess QOL. The
Barthel Index (BI) was used to investigate ADL and the Mini-
Mental Test (MMT) was used as a measure of cognitive
function (CF) assessment. All these tools were applied at
baseline and six weeks post-treatment. The test within JTHFT
which involves writing a sentence was not evaluated because
two patients couldn’t read or write.

Both of the groups received 60 minutes of a conventional
rehabilitation program (range of motion, stretching and
strengthening  exercises, proprioception, weight-bearing,
balance, and coordination training) and 60 minutes of
occupational Therapy (OT) for three weeks during weekdays,
followed by 60 minutes of occupational therapy for three
weeks (6 weeks total). IVR group received an additional 30
minutes of IVR-based movement therapy during this 6-week
treatment time. Thus, the IVR group received a total of 15
hours of IVR-based movement therapy over a period of six
weeks which the control group did not. An immersive Oculus
Rift VR system (Climb game) was used for IVR-based
movement therapy. Before the start of therapy, the patients
were informed about the game by the therapist and they were
shown how to use the bundles. The patients performed active
shoulder elevation, adduction, active elbow flexion, and

VR group (n=15)

Figurel. Flowchart of the study
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extension, supination, and pronation movements of both upper
extremities in the game. Patients who could not perform plegic
side finger flexion and could not fully grasp the bundle were
assisted by the physiotherapist, who was able to see the
patient’s avatar on the television screen at the same time.
Patients planned which points to reach and hold by themselves.

Statistical analysis was performed by using SPSS, version
20.0 (IBM Inc., Armonk, NY, USA). Kolmogorov-Smirnov
tests were used to test the normality of data distribution.
Continuous variables are expressed as meantstandard
deviation, median (25th-75th percentiles, the interquartile
range), and categorical variables were expressed as percentages
(counts). Non-normally distributed continuous variables
between the groups were compared using the Mann-Whitney U
Test, Wilcox on test was used for comparison of the baseline
and week six evaluations for both groups. Categorical variables
between the groups were compared using the Fisher’s Exact
test. A two-sided Pvalue <0.05 was considered statistically
significant. The post-hoc power was calculated as 0.76 in the
power analysis using the BBT score measure for groups.

Results

A total of 40 stroke patients attended the center during the
study period and 28 patients who fulfilled the inclusion criteria
and agreed to participate in the study were included. The 28
eligible patients were randomly assigned to the IVR (n=15) and
control groups (n=13). All patients included in the study
completed their planned treatment, except for three patients in
the control group who were lost to follow-up (Figure 1)
because of familial problems. The demographic and clinical
characteristics of all patients are shown in table 1.

Control group (n=13)
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The results of JTHFT and BBT of the IVR and control
groups are given in table 2. At baseline, there were no
statistically significant differences in the baseline JTHFT and
BBT scores. However, six weeks after treatment significant
improvements were recorded in scores for moving large light
cans (Pvalue =0.001) and large heavy cans (Pvalue =0.003) of
the JTHFT, and in scores for BBT (Pvalue =0.004) in the IVR
group, while improvements were present in the control group
only for moving large heavy cans (Pvalue =0.021) and for BBT
(Pvalue =0.011). The degree of change between baseline and
six-week-post-treatment scores for the IVR group for moving
large light cans (Pvalue =0.008) and moving large heavy cans

(Pvalue =0.002) was significantly larger in the IVR group than
in the control group.

The results of the IVR group and control groups, Bl and
MMT scores are given in table 3, and SF-36 scores are given in
table 4. There were no significant differences in the baseline
results or for the degree of change in scores for BI, MMT, and
all SF-36 parameters when the IVR and control groups were
compared. However, a significant improvement was found in
the MMT score (Pvalue =0.033) and the results of the SF-36
physical functioning parameters (Pvalue =0.008) in the IVR
group, six weeks after treatment.

Table 1. Demographic and clinical data of the IVR group and the control group*

IVR group Control group
(n=15) (n=10) Pvalue**

Age (year) 51 (23-61) 51(28-63) 0.824
Sex (%)

Female 7 (46.7%) 5 (50%) 0.873

Male 8(53.3%) 5 (50%) :
Plegic side (%)

Right 11 (73.3%) 6 (60%) 0.493

Left 4(26.7%) 4 (40%) :
Etiology (%)

Infarct 14 (93.3%) 9 (90%) 0.768

Hemorrhagia 1(6.7%) 1(10%) 0.428
Disease duration (months) 20 (12-36) 25 (16.5-48) :
Brunnstrom stage

Upper extremity 6 (5-6) 5.5 (5-6) 0.683

Hand 5 (5-6) 5 (4-5) 0.397

Lower extremity 5(5-6) 6 (5-6) 0.683
MAS

Shoulder 1(0-1) 0.5(0-1) 0.892

Elbow Flexor 1(1-1) 1(1-1) 0.428

Wrist Flexor 1(1-1) 1(1-1) 0.605

Table 2. Results of JTHFT and BBT for the IVR group and the control group*.*Data shown for both groups are given as median (25-75%)

Baseline Change from Baseline (Week 6) Pvalue**

JTHFT

Turning over cards

IVR group 19.99 (12.34-45.61) -5.54 (-31.05-8.90) 0.125

Control group 17.24 (9.09-22.42) -2.95(-23.12-11.49) 0.508
Pvalue *** 0.285 0.495

Picking up small objects

IVR group 28.05 (21.07-107.79) -8.85 (-33.01-3.86) 0.069

Control group 22.99 (13.38-38.15) 2.91(-5.52-12.42) 0.541
Pvalue *** 0.338 0.103

Simulated feeding

IVR group 36.56 (20.75-112.18) -10.14 (-37.53-6.97) 0.311

Control group 29.73 (15.77-63.33) -0.23 (-4.08-4.81) 0.906
Pvalue *** 0.311 0.196

Stacking checkers

IVR group 22.45 (7.46-87.65) 0.00 (-21.04-29.87) 0.638

Control group 16.31(10.52-34.18) -8.27 (-14.89-0.79) 0.221
Pvalue *** 0.428 0.495

Moving large light cans

IVR group 11.84 (7.23-29.16) -21.62 (-30.65-(-)15.54) 0.001

Control group 10.75 (8.78-27.03) -4.26 (-25.34-0.47) 0.086
Pvalue *** 0.935 0.008

Moving large heavy cans

IVR group 15.14 (7.35-28.07) -20.89 (-40.61-(-)14.99) 0.003

Control group 11.18 (9.41-23.07) -5.01 (-11.59-(-)0.08) 0.021
Pvalue *** 1.000 0.002

BBT

IVR Group 28.00 (11.00-36.00) 4.00 (2.00-6.00) 0.004

Control Group 26.00 (15.75-31.75) 1.50 (1.00-4.25) 0.011
Pvalue *** 0.868 0.180

Pvalue ** Wilcoxon, Pvalue *** Mann-Whitney-U
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Table 3. Results of Bl and MMT for the IVR group and the control group*

Baseline Change from Baseline (Week 6) Pvalue **
Bl
IVR Group 100.00 (90.00-100.00) 0.00 (0.00-0.00) 0.102
Control Group 100.00 (85.00-100.00) 0.00 (0.00-0.00) 0317
Pvalue *** 0.531 0.602
MMT
IVR Group 28.00 (27.00 — 29.00) 0.00 (0.00-1.00) 0.033
Control Group 29.00 (21.50 — 30.00) 0.00 (0.00-1.00) 0.059
Pvalue *** 0.631 0.927
*Data shown for both groups are given as median (25-75%)
Pvalue ** Wilcoxon, Pvalue *** Mann-Whitney-U
Table 4. Results of SF-36 scores for the IVR group and the control group*
SF-36 Baseline Change from Baseline (Week 6) Pvalue **
Physical functioning
IVR Group 65.0 (30.0 - 85.0) 5.0(0.0-5.0) 0.008
Control Group 75.0 (41.25 - 86.25) 0.0(0.0-5.0) 0'157
Pvalue *** 0.605 0.264 ’
Physical role functioning
IVR Group 25.0(0.0-75.0) 0.0(0.0-0.0) 10
Control Group 75.0 (0.0 - 75.0) 0.0(0.0-0.0) 0 3'17
Pvalue *** 0.765 1.000 ’
Emotional role functioning
IVR Group 33.0 (0.0 - 100) 0.0(0.0-0.0) 10
Control Group 33.0(0.0- 75.25) 0.0(0.0-0.0) 0 3'17
Pvalue *** 0.892 0.221 ’
Vitality
IVR Group 66.0 (50.0 - 85.0) 0.0(0.0-0.0) 0.109
Control Group 82.5(45.0-91.25) 0.0 (0.0-6.25) 0'109
Pvalue *** 0.461 0.711 ’
Mental health
IVR Group 72.0 (60.0 - 84.0) 0.0 (0.0-1.0) 0.066
Control Group 78.0 (63.0 - 90.0) 0.0(0.0-0.0) 0'317
Pvalue *** 0.428 0.361 :
Social role functioning
IVR Group 63.0 (25.0 - 100) 0.0(0.0-0.0) 0.180
Control Group 62.5 (43.75 - 100) 0.0(0.0-0.0) 0'317
Pvalue *** 0.935 0.806 ’
Body pain
IVR Group 78.0 (68.0 - 90.0) 0.0(0.0-0.0) 0.317
Control Group 83.5(59.75 - 100) 0.0(0.0-0.0) 0'317
Pvalue *** 0.723 0.724 '
General health perceptions
IVR Group 70.0 (45.0 - 80.0) 0.0(0.0-0.0) 0317
Control Group 77.5 (47.5 - 85.0) 0.0(0.0-0.0) 1'000
Pvalue *** 0.567 0.414 )

*Data shown for both groups are given as median (25-75%)
Pvalue ** Wilcoxon, Pvalue *** Mann-Whitney-U

Discussion

In this study, it was demonstrated that combining IVR-
based movement therapy with conventional physical therapy
and occupational therapy might provide additional benefits on
UE motor recovery in stroke patients. We observed a
significant improvement in the physical dysfunction data of the
SF-36 test and in the MMT scores.

Improving functional performance after stroke continues to
be a big challenge for rehabilitation professionals,® but with
increased use of new technologies, such as VR, functional
performance can be improved further.®® There is evidence that
VR-based interventions that include repetitive and task-specific
activities can improve the restoration of UE function after
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stroke,’>*2 and an immersive design can produce greater
improvement6. In our study, we used an immersive VR system
to study patients in addition to their conventional rehabilitation
program. Non-immersive VR systems have been widely used
in stroke rehabilitation for some time to improve motor
functions®* and non-immersive VR-based rehabilitation is
effective in UE functional recovery in stroke patients compared
to standard physiotherapy.’> A study that investigated the
effects of VR games improving UE function and general health
among stroke survivors found that replacing a section of
physiotherapy program time with VR games was equally
effective in improving UE function and general health
compared to receiving only conventional physiotherapy among
stroke survivors.'4
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Previous studies used different VR systems for UE
rehabilitation. In a randomized controlled study conducted by
Laffont et al., video games and conventional rehabilitation
effectiveness for UE rehabilitation in patients with sub-acute
stroke were compared.'® These authors compared the effects of
a 45-minute additional session of conventional OT or a VR-
based OT session as additional therapy to a normal
rehabilitation program, 5 days/week for six weeks. The authors
found that VR-based exercises were more efficient than
conventional rehabilitation on both gross grasping function and
sensorimotor recovery. In another study, the effect of VR-based
therapy on improving upper limb functions in individuals with
stroke was investigated.'® In this study in which 40 patients
with chronic stroke were evaluated, participants were randomly
assigned into two groups study and control. The study group
received a conventional 1-h functional training program,
followed by another hour of VR-based therapy using Armeo
Spring equipment and the control group had 2 h of a
conventional functional training program for three months.
Both groups showed significant differences in all variables
after the treatment. Individuals with stroke in the study group
had a better improvement in the Action Research Arm Test
(ARAT), Wolf Motor Function Test (WMFT), and WMFT-
Time scores after the treatment compared to the control group.
No significant difference in Hand Grip Strength (HGS) scores
was detected between groups after completion of the treatment.

In our study, when comparing the study group before and
after treatment, a significant improvement in the capability to
lift large light objects and lifting large objects was found. In
contrast, in the control group, a significant improvement was
only found in the ability to lift large objects. The degree of
change in capacity to lift large and light objects was greater in
the IVR group compared to controls. We found a significant
improvement between the pre-treatment and post-treatment
BBT data of the study group and the control group. This
improvement can be because of the fact that during BBT
evaluation, proximal muscles of upper extremity movement are
required for the patient as in the game we chose for the study
patients. Afsar et al. evaluated the effect of the Microsoft Xbox
360 Kinect VR system on upper limb motor functions in
subacute stroke patients.t” The Brunnstrom stages and the
Fugl-Meyer Assessment for upper extremity (FMA-UE) scores,
BBT, and Functional independence measure (FIM) improved
significantly during the study in both the study and the control
groups. The results were similar to our study. In another
systematic review and meta-analysis, Fang et al. stated that
traditional plus VR rehabilitation therapy is an effective
method to improve the upper limb motor function and manual
dexterity of patients with limb disorders after stroke, and VR
rehabilitation treatment may become a new option for
rehabilitation after stroke.'®

Although the evaluation of the effects of VR-based
treatment is still in its infancy, recent systematic reviews and
meta-analyses have shown that VR may increase upper
extremity motor function in stroke,* and provide medium to
large positive treatment effects in ADL.° Jin et al.® examined
40 studies including 2,018 patients and showed that VR
exhibited higher beneficial effects on arm function, motor
impairment, and ADL compared with the control group. In a

similar study, Mekbib et al.?° randomly divided patients with
stroke into two groups and applied additional 1VR-based
exercises to the first group for eight hours for two weeks and
time-matched OT alone to the second group. Treatment effects
on cortical organization and motor recovery were investigated
using the Barthel Index, FMA-UE, and resting-state fMRI.
Their results suggested that using an VR system might offer
additional benefits for upper extremity rehabilitation in patients
receiving OT.

In our study, we didn’t observe any significant difference
in BI scores, we found a significant difference between only
IVR and the control group’s SF-36 physical function data, in
addition to their ADL scores. The fact that the positive results
we obtained in upper extremity motor functions did not also
result in improvement of ADL of the patients may be
associated with the relatively short duration of our study and
the game played by the patients wasn’t created for
rehabilitation. Similar results to our study were found in a
study that evaluated the upper extremity motor function in
stroke patients. Ahmadi et al. reported significant
improvements in upper limb motor function, muscle tone, and
the range of motion in the study group, compared to the control
group; however, no significant changes in none of the group’s
ADLs.2!

Until recently, most VR systems were designed to improve
motor function in stroke patients. In studies conducted,
improving and evaluating CFs are often regarded as secondary
objectives.’? Nevertheless, studies targeting improvement in
both motor and CFs have revealed evidence that cognitive and
motor systems work together at a structural and functional
level.® Leng et al.?? explored the impact of cognitive function
on functional outcomes in people with subacute stroke after VR
intervention. In their study, in a session VR group had a 30-
minute conventional therapy program and a 30-minute
nonimmersive VR training using Kinect 360. The control group
received the same amount of time conventional rehabilitation
program. They stated that VR intervention is as effective as
conventional rehabilitation in improving upper limb function
independent of the cognitive functional level.

Recent studies show that after VR applications focused on
motor recovery, stroke patient’s attention and memory also
developed, which had a small to moderate effect on CF. When
we compared the pre-treatment and post-treatment in-group
data of the patients by MMT, the IVR group had significantly
better change in scores compared to controls. Better CF results
may be because, the game played included a Cognitive stage
(the individual learns what to do and then subsequent mental
practice), the Relation stage (the individual learns the skill
required for the game), and the Independent stage (the need for
attention is reduced and the movement becomes automatic). In
the literature, there is quality I, A grade evidence on the
effectiveness of the VR practice in the enriched environment to
increase participation in cognitive activities, and quality 1lb, A
grade evidence on the effectiveness of external memory assist
technology (computer and game technologies).? The main
limitation of our study was the small number of patients.
Another limitation was that the duration of treatment in the
IVR group was longer than the control group. The final
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limitation was that we did not follow up with the patients for
more than six weeks after treatment.

Virtual reality applications, which are easy to apply and
safe, appear to bring additional benefits to the treatment
programs used with stroke patients. VR-based exercises are
enjoyable and can be used by patients themselves at home to
increase the intensity of exercise and reduce rehabilitation
center dependency. Although the results of the studies
conducted so far are encouraging in terms of improving UE
functions in patients with stroke, larger, well-designed studies
should be conducted to demonstrate the benefits and possible
drawbacks of different forms of IVR-MT in stroke recovery
treatment.
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