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ARTICLE

Effect of Leap Motion-based 3D Immersive
Virtual Reality Usage on Upper Extremity
Function in Ischemic Stroke Patients

Efeito do uso imersivo da realidade virtual 3D baseada em movimento de salto na funcao
de extremidade superior em pacientes com AVC isquémico

Muhammed Nur OGUN’, Ramazan KURUL?, Mustafa Fatih YASARS, Sule Aydin TURKOGLU', Sebnem AVCI?,
Nebil YILDIZ'

ABSTRACT

Immersive virtual reality (VR) is a technology that provides a more realistic environmental design and object tracking than ordinary VR. The
aim of this study was to investigate the effectiveness of immersive VR on upper extremity function in patients with ischemic stroke. Sixty-five
patients with ischemic stroke were included in this randomized, controlled, double-blind study. Patients were randomly divided into VR (n = 33)
and control (n = 32) groups. The VR group received 60 minutes of the upper extremity immersive VR rehabilitation program and the control
group received 45 minutes of conventional therapy and 15 minutes of a sham VR program. Rehabilitation consisted of 18 sessions of therapy,
three days per week, for six weeks. The outcome measures were the Action Research Arm Test (ARAT), Functional Independence Measure
(FIM), Fugl-Meyer Upper Extremity Scale (FMUE) and Performance Assessment of Self-Care Skills (PASS). In both the VR and control groups all
parameters except the PASS improved over time. However independent t-test results showed that all of the FMUE, ARAT, FIM and PASS scores
were significantly higher in the VR group compared with the control (p < 0.05). The minimal clinically important difference (MCID) scores of
the FMUE and ARAT were higher than the cut-off MCID scores described in the literature in the VR group, whereas the FIM scores were below
the cut-off MCID scores. All scores in the control group were below the cut-off scores. Immersive VR rehabilitation appeared to be effective in
improving upper extremity function and self-care skills, but it did not improve functional independence.
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RESUMO

AVR imersiva € uma tecnologia que fornece design ambiental e rastreamento de objetos mais realistas do que a VR comum. O objetivo
deste estudo foi investigar a eficacia da VR imersiva na funcao da extremidade superior em pacientes com AVC isquémico. Sessenta e cinco
pacientes com AVC isquémico foram incluidos neste estudo randomizado, controlado e duplo-cego (clinictrials.gov. ID: NCT03135418).
Os pacientes foram divididos aleatoriamente em VR (n = 33) e controle (n = 32). 0 grupo VR recebeu 60 minutos do programa de reabilitacao
imersiva da extremidade superior e o grupo controle recebeu 45 minutos de terapia convencional e 15 minutos de um programa falso de VR.
A reabilitacao consistiu em 18 sessdes de terapia, 3 dias por semana, durante 6 semanas. As medidas de resultado foram Teste de braco
de pesquisa-acao (ARAT), Medida de independéncia funcional (FIM), Escala de extremidades superiores de Fugl-Meyer (FMUE) e Avaliacéo
de desempenho de habilidades de autocuidado (PASS). Nos grupos VR e controle, todos os parametros, exceto o PASS, melhoraram
com o tempo. No entanto, os resultados dos testes t independentes mostraram que todos os escores FMUE, ARAT, FIM e PASS foram
significativamente maiores no grupo VR em comparacéo ao controle (p <0,05). Os escores de FMUE e ARAT de diferengca minimamente
clinicamente importante (MCID) foram maiores que os pontos de corte de MCID descritos na literatura no grupo VR, enquanto os escores
de FIM estiveram abaixo dos pontos de corte de MCID. Todas as pontuacdes no grupo controle estiveram abaixo das pontuacoes de corte.
Areabilitacao imersiva da VR parece ser eficaz para melhorar a funcao da extremidade superior e as habilidades de autocuidado, mas nao
melhora a independéncia funcional.

Palavras-chave: Reabilitacao do acidente vascular cerebral; extermidade superior; terapia de exposicao a realidade virtual.
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Stroke is a common neurological problem and is one of
the major causes of disability and death'” In stroke patients,
the mortality rate is approximately 30%, and there is an
increase in the morbidity rate after stroke occurrence. In
addition, stroke is one of the main factors in increases in the
burden of health care expenses during adulthood?.

Upper extremity paresis is the most common deficit after
stroke. Over 80% of stroke survivors experience acute upper
extremity paresis and, for half of them, the paresis becomes
chronic’. Stroke may manifest as muscle tone disorders,
weakness, loss of coordination, and contractures. These
impairments negatively impact the individual’s daily living
activities, including grasping, reaching, and handling®.

Virtual reality (VR) applications have been developing
rapidly due to fast-moving technological advancements.
Currently, these applications are used predominantly in sim-
ulations and games®’.In medicine, they are used for the train-
ing of many diagnostic and therapeutic interventions, such
as laparoscopy and bronchoscopy, and they are also used for
rehabilitation®. Interactive video games and VR have become
popular as a new treatment method for stroke rehabilita-
tion. In the clinical setting, there are certain methods involv-
ing activities that often cannot be performed or achieved by
the patient. Conversely, a virtual world application allows the
patient to perform these activities, with the application pro-
viding the opportunity for abundant repetitive movements
and giving the patient visual feedback. Moreover, VR pro-
grams are designed to be more fun and sustainable than tra-
ditional treatment programs’.

Immersive VR consoles, which have the ability to cre-
ate numerous realistic virtual environments, may lead to
new rehabilitation opportunities. Those consoles provide a
360-degree interactive experience in a predesigned environ-
ment in which the individuals are completely isolated from
the outside world". As a result, these consoles provide a near
real-life experience for the users. In this environment, they
can see their own avatar and interact with objects. Virtual
reality applications are the most advanced technology in use
today and increase an individual’s sense of presence in the
3D environment. This effect is achieved using headphones
that provide audio, and glasses that allow for the use of the
entire visual field'"'2. The greatest advantage of the new gen-
eration, compared with older devices, is that it prevents the
symptoms of motion sickness, such as nausea, dizziness, and
headache. Compared with older models, this new technology
allows for an immersive design and object tracking, meaning
the device can be used for extended periods of time without
the user experiencing nausea or headaches"™.

Leap Motion is a device that can be mounted on immer-
sive VR devices to track hand movements at the level of mil-
limeters using infrared sensors'. This device recognizes all
fingers and associated movements and can use gestures to
interact with the virtual environment'>'. It can also process
the depth of movements through two integrated cameras,
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which gives users a real-time on-screen hand simulation
that is almost as accurate as real arm movements'. In
most of the upper extremity rehabilitation studies using
VR, a 2D screen has been used rather than 3D immersive
VR. Moreover, in the studies using 3D immersive VR, Leap
Motion has not been used to track finger motion'®, and
in the studies using Leap Motion, 2D screens were used
instead of immersive VR'**.

We hypothesized that the use of 3D VR and Leap Motion
together would increase the experience of immersion in the
virtual environment. To the best of our knowledge, there has
been no other study that combined immersive VR and Leap
Motion for use in stroke rehabilitation.

In this study, we investigated the effects of using 3D
immersive VR combined with motion tracking on upper
extremity rehabilitation and functional independence
compared with conventional methods used in ischemic
stroke rehabilitation.

METHODS

Participants

A total of 65 patients who had been diagnosed with isch-
emic stroke and were admitted to Bolu Abant Izzet Baysal
University, Physical Therapy and Rehabilitation Hospital
were included in the study. Each patient’s medical infor-
mation was obtained by our institution’s neurology clinic.
Inclusion criteria were: 1) a Mini-Mental State Examination
score > 25%; 2) stroke onset between six and 24 months;
3) a Modified Ashworth Scale score < 3; and 4) an upper
extremity and hand Brunnstrom score > 4. Exclusion crite-
ria were: 1) secondary neurological diseases; 2) recurrent
stroke; 3) reduced or lost visual field in one or both eye(s);
or 4) hemorrhagic stroke. Discontinuation criteria in the
studyincluded: 1) continuous pain after a session in the upper
extremities; 2) decreased compliance; 3) a medical deterio-
ration that could not be managed by the therapist; or 4) if
a rehabilitation session was missed without the chance to
catch up. The study was performed according to the Helsinki
Declaration and with permission from the local ethics com-
mittee (no. 2016/233). All participants were informed about
the study, and written consent was obtained. The study was
registered on http://www.clinicaltrials.gov, with the unique
identifier NCT03135418. This study was funded by the Bolu
Abant Izzet Baysal University Scientific Research Projects
Board, 2017.08.32.1165.

Patients were randomly divided into two groups, VR or
control, with stratified randomization according to age, sex,
and stroke onset, using an online randomization website.
Both patients and outcome assessors were masked, which
was achieved by using sham VR therapy with the control
group and the outcome assessor being blinded to the groups.



Intervention

Patients used the VR device to play task-oriented
games that focused on gripping and handling of objects
with arm and forearm motion and stability. The device was
mounted on the patient’s head to completely cover their
eyes and ears. In order to prevent falls, patients were safely
fastened to a chair with arm support (Figure 1). A differ-
ent game was used for each function, with a total of four
games: 1) a cube handling game used for grip function inte-
grated with the Leap Motion device to make the patients
feel like they were handling a real object using their own
fingers without the use of any external device to track hand

motion; 2) another Leap Motion-integrated game involving

Figure 1. General features of Leap Motion and virtual reality
(VR) devices: A) Leap Motion (red arrow) mounted on a VR
device; B) VR device; magnifying glasses (white arrows),
headphone (black arrows); C) Hand movements can be tracked
without using any devices on the hands via Leap Motion; D)

All hand movements and the virtual environment also can be
seenona TV screen.

-—

decorating a tree with leaves and fruits or picking up veg-
etables from a bowl and putting them back, which was
chosen to facilitate all hand motions combined with com-
plex motions in a task-oriented job; 3) a kitchen experience
game used for stimulating forearm supination and prona-
tion and for combining complex arm movements; and 4)
a drumming game, selected to randomly assign each sep-
arate movement of upper extremity flexion and abduc-
tion (Figure 2). The VR group received VR rehabilitation
three days a week, on Monday, Wednesday, and Friday, at
the same time each day, for six weeks. Each session lasted
approximately 60 minutes and comprised four games that
lasted 15 minutes each. The level of difficulty was the same
for all of the games in all the sessions.

The control group received conventional upper extremity
active exercises comprising the same tasks as used in the VR
group. The control group also used the VR equipment, but
only focused on visual scenes without any upper extremity
interaction. Rehabilitation sessions lasted approximately 60
minutes, during which 15 minutes was scheduled for passive
VR therapy.

Outcome measurements

The primary outcome measurement was assessed with
the Fugl-Meyer Upper Extremity (FMUE) assessment. The
Action Research Arm Test (ARAT), Functional Independence
Measure (FIM), Performance Assessment of Self-Care Skills—
instrumental activities of daily living (PASS-IADL), and
Performance Assessment of Self-Care Skills—basic activities
of daily living (PASS-BADL) were used as secondary outcome
measurements. In this double-blind experiment, the partici-
pants were unaware of the intent and purpose of their group
assignment, and test results and examiners were unaware of
the intervention group assignment. An independent, experi-
enced physiotherapist performed all the clinical assessments
at the beginning and end of the treatment.

Figure 2. Types of VR programs: 1) Cube handling (A and B); 2) Decorating a tree with leaves (C and D) and picking up vegetables
from a bowl (E and F); 3) Kitchen experience game (G and H); 4) Drumming For Review Only game (I and J).
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The FMUE evaluates and measures recovery in post-
stroke hemiplegic patients. The FIM measures the level of
a patient’s disability and indicates how much assistance
is needed for the individual to carry out daily life activi-
ties?. The purpose of the PASS is to demonstrate indepen-
dence, adequacy, and safety. All the domains are rated on
a four-point scale. The PASS scores can be divided into the
two subsections of basic activities of daily living (BADL)
and instrumental activities of daily living (IADL)*. The
ARAT assesses upper limb functions using observational
methods that focus on gripping, grasping, and pinching
motions of the hand*.

Statistical methods

All statistical analyses were performed using SPSS for
Windows version 22.0 (SPSS Inc., Chicago, IL, USA). The
chi-square test was used to compare the distribution of
sex, and affected side, between the VR and control groups.
The Shapiro-Wilk test was used to test for normal distri-
bution of continuous variables, with normal distribution
observed for the FMUE, ARAT, PASS and FIM scores, and age
in both groups. A paired sample t-test was used for analyz-
ing changes in pre- and post-test results in each group, and
an independent t-test was used to analyze the mean val-
ues of test results in both groups. A p-value of less than 0.05
was considered statistically significant. To achieve a < 0.05
and B = 80%, according to the FMUE, 28 participants were

required in each group®. Minimal clinically important dif-
ference (MCID) scores were obtained, based on previous
studies, with MCID scores defined as 22 units for the FIM?*,
5.7 units for the ARAT*, and 5.25 units for the FMUE?. To the
best of our knowledge, there is no MCID score for the PASS
described in the literature.

RESULTS

The 65 patients who met the inclusion criteria and
were included in the study were randomly divided into
either the VR group (n = 33) or the control group (n = 32).
During the study, 10 patients from the VR group and nine
patients from the control group discontinued their ses-
sions. All of the dropouts in our study resulted from com-
pliance issues. (Figure 3).

There were no significant differences between the
two groups in terms of baseline characteristics (p > 0.05)
(Table 1).

Paired sample t-test results showed that the FMUE, ARAT,
FIM, and PASS scores increased significantly compared with
the baseline in the VR group (p < 0.001). There was a signifi-
cant increase in the FMUE (p < 0.001), ARAT (p < 0.001), and
FIM (p = 0.002) scores in the control group; however, the
differences in the PASS-BADL (p = 0.509) and PASS-IADL
(p = 0.542) scores were not significant (Table 2).

Figure 3. Flow chart of study.
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Table 1. Baseline characteristics.

Virtual reality Control
Variable Group Group p-value
(n =33) (n=32)
Mean age + SD 61.48+10.92 59.75+8.07 0.440
Mean stroke onset + SD  14.72+7.38  156.37+9.77  0.750
MMSE score + SD 28.69+1.94 2859+184 0.690
Sex distribution
Male (%) 28 (84.8) 23(71.9) 0.694
Female (%) 5(15.2 9(28.1)
Affected side
Right (%) 18 (54.5) 19 (59.4) 0.667
Left (%) 15 (45.5) 13 (40.6)
Education

Elementary (%) 7(21.2) 5(15.6)
Junior High (%) 8(24.2) 7(21.9)
0.797
High School (%) 7(21.2 11 (34.4)
9(27.3 8(25)
Masters (%) 2(3.2) 1(3.1)

SD: standard deviation; %: percentage; p < 0.05; MMSE: Mini-Mental State
Examination

)
University (%) )

Table 2. Paired Sample t test results.

When the differences between the post-test and pre-test
values of all outcome measures (FMUE, FIM, ARAT, PASS-
BADL, and PASS-IADL) of the patients in both groups were
compared, a significant difference was found in favor of the
VR group (p < 0.001) (Table 3).

The mean difference between the post-test and pre-test
scores of the FMUE was found to be 6.90 in the VR group
and 1.48 units in the control group (MCID for FMUE: 5.25).
For the ARAT, it was found to be 8.33 units in the VR group
and 1.25 unit in the control group (MCID for ARAT, 5.7). The
mean difference between the post-test and pre-test scores
of the FIM was found to be 4.78 points in the VR group and
0.71 in the control group. However, this value was below the
acceptable MCID limit of 22 units (Table 3).

DISCUSSION

In this randomized, controlled, double-blinded study, we
found that six weeks of upper extremity training using immer-
sive VR improved the functional activities of the upper extremity,
functional independence, and self-care skills in stroke victims.

Evaluation toools Groups Pre-test - X+ SD Post-test - X + SD t dF p-value
VR (n=33) 39.63 +8.84 46.54+7.91 9.935 32 <0.001
FMUE
Control (n =32) 38.56 £8.80 40.06 £8.33 5.729 31 <0.001
VR (n = 33) 32.81+717 4115+7.82 10.761 32 <0.001
ARAT
Control (n = 32) 30.84 + 6.32 32.09+5.94 4.846 31 <0.001
VR (n = 33) 84.81£5.96 89.60 £ 8.20 4.722 32 <0.001
FIM
Control (n =32) 84.25+6.37 84.96 £ 6.42 3.474 31 0.002
VR (n = 33) 1.46 +0.27 1.84+0.24 6.208 32 <0.001
PASS-BADL
Control (n = 32) 1.63 £0.25 1.56 £0.17 0.668 31 0.509
VR (n = 33) 1.58+0.16 1.98+0.18 10.493 32 <0.001
PASS-IADL
Control (n =32) 1.57£017 1.61+0.32 0.616 31 0.542

PASS-BADL: Performance Assessment of Self-Care Skills — basic activities of daily living; ARAT: Action Research Arm Test; FIM: Functional Independence
Measure; PASS-IADL: Performance Assessment of Self Care Skills — instrumental activities of daily living; FMUE: Fugl-Meyer Upper Extremity Assessment; t:
paired sample t-test; SD: standard deviation; dF: degree of freedom; p < 0.05.

Table 3. Independent t-test result of mean differences between groups.

Virtual reality (n = 33) Control (n = 32)
Variable t dF p-value
X+ SD X+ 8D
FIM 478 +5.82 0.71+117 3.876 63 <0.001
ARAT 8.33 + 4.44 1.25+ 1.45 8.569 63 <0.001
FMUE 6.90 + 3.99 1.50 +1.48 7193 63 <0.001
PASS-BADL 0.38 £0.35 0.03+0.29 4.295 63 <0.001
PASS-IADL 0.39+0.21 0.03+0.33 5.083 63 <0.001

PASS-BADL: Performance Assessment of Self-Care Skills — basic activities of daily living; ARAT: Action Research Arm Test; FIM: Functional Independence
Measure; PASS-IADL: Performance Assessment of Self Care Skills — instrumental activities of daily living; FMUE: Fugl-Meyer Upper Extremity Assessment; t:
independent sample t-test; SD: standard deviation; dF: degree of freedom; p < 0.05.
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Despite similar applications being used in stroke reha-
bilitation, our study was the first to combine immersive VR
with real-time hand and arm motion tracking without any
wearable sensors, which eliminates the sensory integra-
tion on these devices™. Gloves and other wearable sensors
may potentially increase the proprioception of the related
extremity. Because proprioception training and approxima-
tion are already part of conventional rehabilitation, it may
not be determined whether any improvement is caused by
the wearable sensors or the VR rehabilitation. Therefore, we
eliminated sensory integration by using Leap Motion. In
non-immersive VR applications, individuals see their ava-
tars reflected on the screen®. However, immersive VR pro-
vides accuratereal-time motion feedback that canbe used to
correct motion that deviates from normal. Using VR in this
study, we aimed to create an environment that resembles
the real one. The VR increases the measurable parameters
of motor learning, which have been described as 1) repeti-
tive and varied practice; 2) progression of task difficulty; 3)
problem solving and error correction; 4) motivation; and 5)
the frequency and quality of feedback. In addition, VR pro-
vides task-specific exercises, adequate exercise intensity,
and repetition®. Therefore, we intended to enhance motor
learning with the use of a virtual environment. To achieve
this and to improve upper limb functions, the game ses-
sions for the VR group included exercises matching the test
functions (a kitchen with interactive kitchenware, a room
with a desk full of different sized objects for handling and
reaching functions, and five drums of different sizes and
heights) where participants had to use their upper extremi-
ties and hands in activities.

Stroke rehabilitation programs are individualized for each
patient. However, when it comes to applying those individu-
alized programs, therapists are often limited by something
related to the patient environment, like the need for a musi-
cal instrument or a workstation that is similar to the patient’s
work environment®. An individualized program refers to the
fact that it is necessary to design therapy according to the
functional needs of each individual, and it is easy to design
and implement these things in VR rehabilitation. Thus, the
question that needs to be asked here is, ‘Are immersive VR
programs as effective as conventional therapy?” According to
Laver’s review, VR does not cause significant improvement in
upper extremity function®. And, while studies that used VR
training for more than 15 hours reported better results, these
results were obtained without subgrouping the VR used into
non-immersive and immersive categories®®.

Cortical lesions disrupt cortical and cortico-subcorti-
cal connections, resulting in a decrease in signal processing
capacity. It has been shown that the process of relearning
skills and compensating for affected functions may improve
with multisensory stimulation®. The recovery of motor skills
depends on neurological recovery, adaptation, and learning
new strategies and motor programs. Virtual reality systems
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apply relevant concepts for driving neuroplasticity (rep-
etition, intensity, and task-oriented training of the paretic
extremity) and lead to benefits in motor function improve-
ment after stroke. This is possible due to cortical reorgani-
zation and rewiring in the injured brain (brain plasticity)*.
The use of VR has shown practice-dependent enhancement
of the affected arm through the facilitation of cortical reor-
ganization. This process may be enhanced by the provision
of multisensorial (visual, auditory, tactile) feedback available
in some VR systems (e.g., Wii, Kinect, PlayStation)®. It has
been reported that the movements performed in the virtual
environment stimulate plasticity®. Similarly, it has also been
shown with neuroimaging methods that virtual motion can
activate motion-related representation sites in the brain®*.

We found that both VR and conventional rehabilitation
provide significant improvement in both upper extrem-
ity function and functional independence. However, self-
care performance did not improve in the control group.
A group-wise comparison showed that the VR group had
significantly more improvement on all the tests for func-
tionality, independence, and self-care. When the patients’
upper extremity function, level of independence, and daily
life activity scores were analyzed and compared with the
MCID scores, we found that the FMUE and ARAT scores
improved enough to be considered clinically important, but
the FIM scores did not show a clinically important differ-
ence. Since there was no MCID cut-off value described in
the literature in terms of the PASS scores, the change in the
PASS scores may be interpreted as significant. Our findings
were similar to the existing studies in the literature that
have used non-immersive VR applications®*,

In our study, we observed that the patients needed time to
adapt to the VR system, and at least one session was required
for individuals to orient to the device and the user interface.
During the games, where shoulder movement was required,
the 10-minute session times were exhausting, and the qual-
ity of movement diminished after 10 minutes for some of
the patients. However, we did not allow any breaks because
they were not in our initial study design. We advise that at
least one break should be given, especially for upper extrem-
ity repeated motions, depending on the patient’s endurance.
During the rest period the patient can rest on their chair
without taking off the VR device.

The main limitation of the current study was the high
dropout rates and single-center design. Further multicenter
and large sample size studies are needed to compare the
results of the present study. We had a 23% dropout rate in the
VR group and 22.5% in control group in this study. Similar
studies investigating stroke rehabilitation experienced drop-
outs due to medical reasons related or unrelated to rehabili-
tation and compliance issues. Our dropout rates were higher
than previous VR studies investigating stroke rehabilita-
tion and expected dropout rates. All of the dropouts in our
study resulted from compliance issues. Although we used the



Mini-Mental State Examination score to assess the patients’
self-efficacy and compliance issues, high rates of dropout due
to compliance issues indicate that a more detailed assess-
ment tool is needed for VR rehabilitation®**. Another limita-
tion of this study was that the long-term effects of immersive
VR-based rehabilitation were not investigated, and further
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studies are needed to determine the long-term effects of
immersive VR-based rehabilitation.

In conclusion, the results of the present study suggest that
using immersive VR applications in rehabilitation has a posi-
tive impact on upper extremity function and daily life activi-
ties, but does not improve independence, for stroke patients.
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