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Integracja Sensoryczna ukladu przedsionkowego, jako jeden z elementow
kompleksowej rehabilitacji dziecka z uszkodzonym sluchem

Sensory Integration of the Vestibular System as one of the elements
of comprehensive rehabilitation of a child with impaired hearing
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to sprawdzony od 7 lat dystrybutor
urzadzen do drenazu drog oddechowych

amerykanskiej firmy Hillrom

Hill-Rom.
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Airway Clearance System "=
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sprzet medyczny do drenazu i nebulizacji dla pacjentow w warunkach szpitalnych
— ze sprzetu w Polsce korzysta wiele oddziatéw rehabilitacji i 0IOM
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SKUTECZNA | BEZPIECZNA TERAPIA
PRADEM 0 CZESTOTLIWOSCI RADIOWEJ

Urzadzenie przeznaczone do przeprowadzania profesjonalnych
zabiegéw pradem o czestotliwosci radiowej (terapia TECAR).
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Dowiedz sie wiecej
terapiatecar.astar.pl [}

Aparat umozliwia prace z elektrodami
rezystancyjnymi (o $rednicy 25, 40, 55 lub 70 mm),
pojemnoéciowymi (o érednicy 25, 40, 55 lub 70 mm)
oraz z elektroda typu IASTM do terapii tkanek migkkich

Tecaris generuje sinusoidalny prad zmienny

o czestotliwosciach 300, 500, 750 lub 1000 kHz,
dostarczanego do tkanek pacjenta za pomocg
uniwersalnego aplikatora katowego lub prostego.

%

RES (tryb rezystancyjny) CAP (tryb pojemnosciowy)

Prad o czestotliwosci radiowej wywotuje efekly ~ Terapia wptywa przede wszystkim na tkanki
w glebszych warstwach tkanek, czyli kosciach, ~ powierzchowne, czyli miesnie (rozluZnienie)
Sciegnach lub wiezadtach. i uktad limfatyczny, przyspieszajac regeneracje
Umozliwia to leczenie zwitdknien i zwyrodnien komdrek.

tkanek w przewlektych stanach chorobowych.
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Movement analysis of fully immersive virtual
reality therapeutic module for usage in physical
therapy field

Analiza ruchu dla w petni immersyjnego modutu terapeutycznego wirtualnej rzeczywistosci do
zastosowania w dziedzinie fizjoterapii

Dina S Abd Allah'ABEF) Aya A Khalil2C.D:EF) Dina Alhamaky'(EF),
Maya G. Aly3(ABEF) Gehan H El-Meniawy3EF), Afaf M Tahoon(AB.EF)

Physical Therapy for Orthopedics Department, Faculty of Physical Therapy, Cairo University, Giza, Egypt
2Biomechanics Department, Faculty of Physical Therapy, Cairo University, Giza, Egypt
3Physical Therapy for Pediatric, Faculty of Physical Therapy, Cairo University, Giza, Egypt

Abstract

Objective. To analyze the users’ movement during performing the tasks of Fully Immersive Virtual Reality Therapeutic module.
Methods. An observational study was conducted at the Faculty of Physical Therapy, Cairo University, Egypt. Healthy
college-aged volunteers participated invited to participate in the study from 15 January 2023 to 25th April 2023. All
participants were invited to use the fully immersive VRaputic® software module (Vibilo™). Movement analysis was
performed via Kinovea 0.9.5x64 version video analyzing software on different views of photographs of each participant.
Results. The arc of motion performed during the module was in the following joints and directions in the upper limb:
shoulder joint (flexion (133.58 £ 5.10)), elbow joint (flexion (99.42 + 5.66), and extension (2.35 * 1.41)).

Conclusions. It was concluded that the selected fully immersive VRaputic® software (Vibilo™), a therapeutic module,
could be prescribed for the management of kinesiophobia, shoulder dysfunction, elbow stiffness, low back pain, hip and
knee joint dysfunction, and neurological cases (post-stroke, cerebral palsy, Erb's palsy) based on different joints' arc of

motion performed during the module.

Keywords
movement analysis, physical therapy, virtual reality

Streszczenie

Cel. Ocena i analiza ruchéw uzytkownikéw podczas modutu terapeutycznego w Peinej Immersyjnej Wirtualnej
Rzeczywistosci.

Metody. Obserwacyjne badanie przeprowadzone na Wydziale Fizjoterapii Uniwersytetu Kairskiego w Egipcie. Zdrowi
studenci w wieku akademickim zostali zaproszeni do udziatu w badaniu od 1 stycznia 2023 r. do 25 kwietnia 2023 r.
Wszyscy uczestnicy wyprébowali peten immersyjny modut oprogramowania VRaputic® (vibilo™). Analiza ruchu zostata
przeprowadzona za pomocg oprogramowania do analizy wideo Kinovea wersja 0.9.5x64 na r6znych widokach fotografii
kazdego uczestnika.

Wyniki. Luk ruchu wykonywany podczas modutu dotyczyt nastepujacych stawow i kierunkdw w konczynie gornej: staw
ramienny (zgiecie (133,58 £ 5,10)), staw tokciowy (zgiecie (99,42 + 5,66) i rozcigganie (2,35 + 1,41)).

Whioski. Wniesiono, Ze wybrany peten immersyjny modut oprogramowania VRaputic® (vibilo™), modut terapeutyczny,
mogtby by¢ sugerowany w zarzadzaniu kinesiofobia, dysfunkcja barku, sztywnoscia tokcia, bélem dolnego odcinka
kregostupa, dysfunkcja stawu biodrowego i kolanowego oraz przypadkami neurologicznymi (po udarze, mézgowe
porazenie dzieciece, porazenie Erba) na podstawie r6znych tukéw ruchu stawéw wykonywanych podczas modutu.

Stowa kluczowe

analiza ruchu, fizjoterapia, wirtualna rzeczywisto$c¢

Funding
The study was funded by Cairo University, Egypt fund to Faculty of Physical Therapy, Cairo University, Giza, Egypt.
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Introduction

Virtual reality (VR) technology has been used in various he-
alth care settings. It can provide a fully immersive environ-
ment that stimulates both the visual and proprioceptive senses
of the users [1:3]. Carrougher and coworkers concluded that
VR has a significant effect on decreasing pain, improving jo-
int mobility, and motor function for individuals with musculo-
skeletal system disorders, burn injuries [4], and neurological
conditions like post-stroke [5-7].

VR therapy appears to be more interactive and is better tole-
rated by patients [6]. It enhances patients' motivation and ad-
herence to exercise programs, especially in the rehabilitation
of chronic conditions which require a prolonged exercise pro-
gram and high exercise repetitions [7]. Recently, virtual reali-
ty exercise training is considered an effective additional
therapeutic modality to conventional rehabilitation programs
[1,7].

Motion and posture analysis technology are developing quic-
kly; they are deemed important effective diagnostic tools, par-
ticularly for musculoskeletal system disorders [8]. Recently,
2D biomechanical analysis such as Kinovea software provides
a simple, rapid, effective, and low-cost method of kinematic
evaluation compared to other sophisticated laboratory appro-
aches [8, 9].

Aim

Analyzing the motion of virtual reality users' performance
inside a virtual environment is essential to identify the goals
achieved by each VR training module or to modify the virtual
scenario to meet the needs of each patient. This provides va-
luable context and guidance for the therapist to clarify, select,
and suggest the appropriate VR training scenarios for each
diagnosis and matched to each patient problem list to achieve
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the desired outcomes. It will help to identify the expected the-
rapeutic uses of the emerging VR technology in rehabilitation.

Methods

Participants

Healthy college-aged volunteers (both genders) were invited to
participate in the current study. The VRapeutic® (Full immer-
sive game-based therapy) is a new therapeutic Egyptian so-
ftware. It has the potential to provide intensive, repetitive, and
task-oriented training. A fully immersive VRapeutic® software
module (Vibilo™ module) was selected. The study protocol
followed the applicable regulations and guidelines and was ap-
proved by the local ethical committee of the Faculty of Physical
Therapy, Cairo University (P.T.REC/012/004703). All partici-
pants signed an informed consent.

Vibilo™ module description: A book ordering activity, where
the participant is instructed to put back books on the floor or
on a side table into their shelves in the library. It simulates up-
per limb functional tasks related to arm-reaching to target (bo-
ok), grasp, and then release (formed by holding one hand
controller on the affected side) (Figure 1, 2). It consists of 3 le-
vels; level 1: It is the easiest level; a very simple task to put
back books requires less attention from the participant. In level
2: Audio-visual distractors (repeated sound of a parrot) are in-
troduced, while the participant is required to order books ac-
cording to their color (more attention). Level 3 features a
distracting task during book ordering. The complexity and du-
ration of the tasks, the number of books, and the nature of di-
stractors are all customizable. The Vibilo™ module is
appropriate for users from 6 years old, with 1Q > 70, with no
history of epilepsy or seizures. The expected duration to com-
plete the task wholly, or in part, with a required VR dose is 20
minutes.

Figure 1 and 2. The Viblio™ module of VRaputic® opening page

www.fizjoterapiapolska.pl
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Instruments and procedures

* A digital camera (Samsung; model: ST66), videos and pho-
tographs of each participant were taken from different views
within the virtual environment.

* Kinovea 0.9.5x64 version: A video analyzing software. All
photographs were imported into the video analyzing software.
* Markers were placed on the following anatomical land-
marks: spinous process of the 7th cervical vertebra, acromion,
lateral humeral epicondyle, olecranon, anterior & posterior su-
perior iliac spine, S5th lumbar spinous process, greater trochan-
ter, lateral femoral epicondyle, and head of fibula. The
kinematics of each joint and angles were drawn and analyzed
using the cross marker tool, line tool, and angle tool of the so-
ftware [9] (Figure 3, 4). Each event was paused, and the ma-

0000
SHOT ON REDMI 9T

ximum measurements of each angle for all the joints were ta-
ken for each participant and recorded in the data sheet to be
analyzed.

* VRapeutic® virtual reality gaming software (version
2019.4.40f1 LTS, Vibilo™ Module).

* Oculus Quest 2 headset Head-Mounted Display (HMD) with
a resolution of 1440 x 1600 pixels and a field of view of 96x94
degrees.

* Two Oculus Touch Controllers. The participant wears the
Oculus Quest headset and holds the wireless hand controller,
allowing him/her to enter and connect with the virtual library
system, interact, walk in, and manipulate books. The virtual
environment engages the participants to perform the required
repetitive motions needed for motor learning.

—

——

o

800
SHOT ON REDMI 9T

Figure 3 and 4. The participant during performing the tasks of the Viblio™ module of VRaputic®

Statistical analysis

Statistical analysis was performed using SPSS software for
Windows, version 25.0 (Armonk, NY, USA). Results were
expressed as mean =+ standard deviation.

Table 1. Demographic characteristics of participants

Results

Twenty females and four males participated in the study. Their
demographic characteristics are presented in Table 1. Table 2
clarifies the arc of motion of different joints and directions that
were achieved during the Vibilo™ module.

n =24, Mean = SD

Age [years]
BMI [kg/m?]

44
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22.38+1.77
23.40 £ 0.63
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Table 2. Joint angles characteristics of participants
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Minimum
Shoulder flexion 125.0
Elbow flexion 90.00
Elbow extension 0.2
Trunk flexion 44.5
Hip flexion 85.3
Knee flexion 122.0

Discussion

The aim of the study was to analyze the user’s movement during
performing the tasks of fully immersive VR module.. Assessment
of participant performance during a selected fully immersive VRa-
putic® software module seems to be a beneficial context for the
therapist to recommend acceptable techniques suitable for each in-
dividual situation or setting and to accomplish the intended results.

The results of the study revealed that the selected Virtual Re-
ality Therapeutic module seems to have a beneficial effect on
improving joint kinematics and range of motion of the shoul-
der joint flexion, elbow joint (flexion and extension), entire
upper limb functional performance i.e. reach to target, gra-
sping targets, then release (arm-hand coordination activities)
and object manipulation. Moreover, it includes trunk, hip, and
knee flexion movements that further improve walking pattern
and balance. Improvement in patient performance contributes
to the achievement of one of the Sustainable Developmental
Goals (Good health and well-Being, SDG 3).

These results were supported by Lin et al. [1] who concluded that
virtual reality therapy improved pain, function, range of move-
ment, and joint kinematics in patients with musculoskeletal sys-
tem disorders or neurological disorders. Moreover, VR therapy
minimized kinesiophobia and enhanced the quality of life. A sys-
tematic review concluded that adding VR exercises to a conven-
tional exercise program had significant effects in the treatment of
rheumatoid arthritis, knee osteoarthritis, chronic ankle instability,
and following anterior cruciate ligament reconstructive surgery.
However, there are still limited studies that investigate the effica-
cy of VR in rehabilitation following knee arthroplasty, fibromy-
algia, and chronic low back pain [10].

A pilot study was performed to examine the effect of VR on
shoulder joint motor functions in patients with frozen shoulders.
The results showed significant improvement in shoulder joint
mobility, motor performance, and muscle strength [11]. In addi-
tion, combined VR Exergaming (using bobo motion sensors sub-
marine game & car game) and conventional exercise resulted in
improvement in shoulder pain, range of motion, kinesiophobia,
and quality of sleep in stage II frozen shoulder [12].

Another randomized study compared the effect of adding VR
(oculus guided physical therapy by use of Hand Physics Lab
on Oculus Quest game) and Maitland’s mobilization versus
conventional exercise and Maitland’s mobilization in the tre-
atment of frozen shoulder; they revealed significant improve-

www.fizjoterapiapolska.pl

Maximum n =24, Mean £ SD
145.5 133.58 £5.10
110.00 99.42 +5.66

4.5 235+ 1.41

69.7 58.79 £7.54
119.9 105.86 +£9.91
143.0 133.05 £ 6.63

ment in pain, shoulder range of motion, and shoulder functio-
nal activities of daily living [13]. In addition, a previous study
concluded that immersive VR using an interactive kitchen
environment provided better improvement in upper limb func-
tional activities and pain in patients with upper limb complex
regional pain syndrome [14].

Another study revealed that Meta Quest 2 VR based rehabilita-
tion using three different tasks (1% memory game matching
button pairs, 2" drawing a three-dimensional trajectory betwe-
en highlighted planets to connect them, and 3" touching pairs
of hands (left and right) from their respective sides) significan-
tly improved upper limb function and shoulder and elbow joint
mobility in their study for upper limb injuries [15].

Similar results were obtained for both upper limb functional
performance and pain in patients with subacromial impinge-
ment syndrome [16]. However, in a randomized controlled stu-
dy on shoulder impingement syndrome, the authors didn’t find
any significant difference between VR exercise using Nintendo
Wii (Nintendo, Kyoto, Japan) (boxing match, bowling game,
and tennis game) and conventional exercise on pain, shoulder
joint mobility, function, and acromiohumeral distance [17].

The combined effect of virtual reality (Armeo® Spring equip-
ment) and a conventional exercise program was investigated
on upper limb functional abilities and range of movement in
chronic stroke. It was concluded that there was a significant
improvement in upper limb functional performance (reaching,
grasping & manipulating objects) and entire range of motion
when compared to an isolated conventional exercise program
[18]. These were also proven in similar previous studies [5, 6,
7, 19, 20] Systematic reviews also showed that VR exercise
therapy is more effective than a conventional program in reha-
bilitation of upper extremity post-stroke [21-24].

The VR training (Nintendo Wii games) had a positive effect on
shoulder, radioulnar, wrist joint range of motion, and upper
limb function in children with obstetric brachial plexus injury
(Erb’s palsy type (C5, C6)) [25]. In addition, a VR exercise
program (Armeo ® spring) was more effective than a conven-
tional exercise program in improving upper extremity function,
shoulder range of motion, and muscle strength in Erb’s palsy
[26]. It was proven that VR games effectively motivated chil-
dren with brain lesions such as cerebral palsy, which could si-
gnificantly improve range of motion function and muscle
strength [27].

45
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Previous systematic reviews concluded that virtual reality tra-
ining in children with cerebral palsy is considered an effective
additional intervention to improve motor function abilities,
strength, gait, and balance [28, 29]. Treadmill training with
Virtual Reality could improve walking pattern, balance, func-
tion, and muscle strength in cerebral palsy [30].

Although it has been proven that VR provides effective pain
relief, early mobility, increased range of motion, and early re-
covery of function in burn rehabilitation [4, 31-34], others fo-
und no statistically significant difference between VR therapy
and conventional rehabilitation programs on either upper
extremity function or pain during burn rehabilitation [33, 35].
In addition, virtual reality exercises are effective in improving
pain and functional ability in patients with chronic low-back
pain [36], total hip arthroplasty [37], knee osteoarthritis [38],
and total knee replacement [39].

Maier and his co-workers in their systematic review suggested
that specific VR systems are more beneficial than conventio-
nal therapy for upper-limb recovery, whereas nonspecific VR
systems are not. Nonspecific VR (NSVR) systems including
Nintendo Wii, Microsoft Xbox Kinect, and Sony PlayStation
EyeToy are not adaptive and accessible for modification. Spe-
cific VR systems have the advantage that every principle co-
uld be customized to the patient’s individual ability and
necessity automatically [40]. All those features are present in
the Vibilo™ module of VRaputic®.

Many protocols relied on therapists to individualize the practi-
ce to the patient’s needs by selecting the training task or mo-
vement requirements or adjusting the difficulty parameters.
Therefore, it was necessary to analyze the novel therapeutic

Competing interests

modules introduced to the market, assess their potential effects,
and determine which one would be of interest according to pa-
tient needs in their rehabilitation program.

Conclusion

It was concluded that the selected virtual reality therapeutic
module (Vibilo™ module) introduced by VRaputic® could be
suggested for management of kinesiophobia, shoulder dys-
function, elbow stiffness, low back pain, hip and knee joint
dysfunction, and neurological cases (post-stroke, cerebral pal-
sy, Erb's palsy). The module could optimize the movement of
different joints based on the arc of motion during the module.
The following joints and directions are presented: shoulder jo-
int (flexion), elbow joint (flexion & extension), trunk, hip, and
knee joint (flexion). Furthermore, the Vibilo™ module might
improve cognition and attention in brain lesions.

Clinical message

Further research is needed to assess the efficacy of the Vibilo™
module in the treatment of shoulder dysfunction, elbow stiff-
ness, low back pain, hip and knee joint dysfunction, stroke pa-
tient rehabilitation, cerebral palsy, and Erb's palsy.
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