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Abstract

Background and Purpose: Virtual reality (VR) is an innovative technology
that shows promise in the assistance of physical therapy (PT). This case report
explores the use of virtual reality with a patient suffering from unilateral ves-
tibular hypofunction (UVH). Case Description: The patient is a 50-year-old
male who was referred to physical therapy following a motor vehicle accident.
The patient was diagnosed with having an acute left UVH, accompanied by
reports of dizziness, imbalance and gait disturbances which impaired him
from his work in construction. Intervention: The patient was seen two to
three times a week for 40-minute sessions along with an individualized home
exercise program. Interventions included vestibular rehabilitation exercises,
balance training, gait training, and VR. The goals of VR were to provide task-
specific simulations to improve postural balance, decrease anxiety through
exposure therapy, and improve smooth eye pursuits to improve static balance.
Outcomes: Outcomes used included subjective questionnaires such as the Ac-
tivities-Specific Balance Confidence survey and the Dizziness Handicap In-
ventory (DHI) as well as functional tests like the Sensory Organization Test,
Motor Control Test, and the Functional Gait Assessment (FGA). Outcome
measures were performed at initial evaluation, at the 10th visit, and again at
discharge. Notable improvements were seen on DHI and FGA scores. Con-
clusion: Dizziness, confidence, balance, and gait improved following vestibu-
lar rehabilitation combined with VR. Outcomes of this case suggest that vir-
tual reality in conjunction with vestibular rehabilitation therapy is effective in
improving deficits of unilateral vestibular hypofunction. Additionally, the use

of VR in this case report suggests this can be an effective tool for intervention
to facilitate patient-specific goals.
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1. Introduction

Modern technology and the advent of the internet have changed the structure
and organization of the entire medical field. Technology has given the frag-
mented nature of health care more efficient ways to sort through the large vo-
lume of transactions within the system, a way to provide the need to integrate
new scientific evidence into practice, organize other complex information man-
agement activities, and free the limitations of paper-based information man-
agement [1]. New systems and technologies have been implemented to ease the
transfer of information from one person to another. From the widespread adop-
tion of electronic medical records to advances in bio-medical engineering and
technology, modern healthcare and its delivery methods are continually chang-
ing. Due to the continually expanding body of knowledge in health care, practi-
tioners who rely on their memory and personal experience are obsolete [1].
Electronic medical records have increased the efficiency of clinical practice, re-
duced human errors, and increased the quality of care. The increased connectiv-
ity of the internet has given rise to telecommunication. Patients now have access
to speak to any a medical professional through the simple press of a button.
Practitioners are also able to create virtual conferences with other professionals
across the globe. The age of information has continued to evolve into the tech-
nological revolution of the 21st century. Not only has technology allowed an
improved way to share information, but it has brought forth inventions of im-
proved diagnostic tools within health care. Some of these tools include radio-
graphic images, angiograms, ultrasound, nerve conduction, electrocardiograms,
and electroencephalograms, just to name a few. Technology is continuously
growing and useful in everyday life. New technology has been integrated into
healthcare and has created better access to medical records, exchange of data,
visualization of the human body, and assistance with the evaluation and treat-
ment of patients. A newer, revolutionary technology, virtual reality, has contin-
ued to show promise as a rehabilitative tool.

Virtual reality (VR) is defined as an artificial environment which is expe-
rienced through sensory stimuli provided by a computer and in which one’s ac-
tions partially determine what happens in the environment [2]. Previously, VR
technology had a patient placed onto a screen in which the patient would see
themselves as an avatar within a virtual world. Today, we are able to immerse
people into a virtual world where their movements are tracked within a 3 di-
mensional plane where they are able to manipulate and maneuver within the
virtual environment. Continuing advances in VR technology and system cost
reductions have allowed this technology to be accessible to the masses. Most VR
systems primarily deliver visual and auditory feedback [3]. Information is dis-
played by head-mounted displays, projections systems, or a flat screen of varying
sizes. Special applications and accessories may be necessary to run with these
display systems [3] [4]. VR allows for control, customization and freedom within
a given environment.

The first health care applications of VR started in the early 90s by the need of
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medical staff to visualize complex medical data, particularly during surgery and
for surgery planning. At this time, the surgery-related applications of VR fell
under these categories: surgery training, surgery planning and augmented reality
for surgery sessions in open surgery, endoscopy, and radiosurgery [5]. In the
following years, VR applications were developed and broadened to include neu-
ropsychological assessment and rehabilitation. Even with the ability of variance
and customization of VR, the gap between the virtual experience and the com-
plexity of real life was far too much.

With our advances in technology, VR has become the forefront and is consi-
dered one of the most innovative technologies and promises to have a consider-
able impact on rehabilitation [3]. New VR systems and applications have the
ability to uniquely target a broad range of physical, psychological, and cognitive
rehabilitation concerns [4]. Each application requires special software develop-
ment tools to design an interactive simulated environment that can help achieve
patient-therapist centered goals. With open-source applications readily available
online, enormous quantities of information can be shared and utilized with the
needs of various rehab professionals. Bermudez i Badia et al. are developing the
Open Rehab Initiative that gives rehabilitation professionals a quick and easy
way to access virtual programs for rehabilitation. It is an independent online
portal that aims to help clinicians, scientists, engineers, game developers and
end-users to interact with and share virtual rehabilitation tools. Along with the
open-access of newly developed software, newer and more cost-effective VR
headsets are being released. Integration of mobile devices along with some
headsets have allowed for a cheaper alternative to the VR experience.

Some VR applications are being used to assist with assessment and treatment
as a tool in rehabilitation [3] [4] [6]. To date, most VR systems primarily deliver
visual and auditory feedback. Applications that are available allow individuals to
experience a multitude of virtual environments and access to virtual avatars.
These environments may simulate life situations that may include a virtual
kitchen, a shopping isle, street crossing, tightrope walking, and virtual theme
parks. Newer programs are being created that allow a person to manipulate vir-
tual objects within a virtual world. Clinical psychologists and rehabilitation spe-
cialists use VR to provide new human-computer interactions [4]. This allows
participants to engage in active participation within a computer-generated
three-dimensional world rather than passive observers. Early research agrees
that VR can assist with the facilitation of therapeutic change [3] [4]. This case
report will follow closely with the integration of VR along with rehabilitation
therapy in an outpatient vestibular physical therapy setting.

Those suffering from vestibular deficits commonly have complaints in the
form of “dizziness”. Some forms of dizziness include light-headedness or faint-
ness, nausea, unsteadiness of one’s feet, or vertigo. These symptoms can be
caused by lesions anywhere in the vestibular pathway. Most cases are caused by
peripheral disorders involving the inner ear, with central disorders of the

brainstem or cerebellum being less common [7]. Those receiving treatment for
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these symptoms perform vestibular rehabilitation. Vestibular rehabilitation is an
exercise-based treatment program designed to promote vestibular adaptation
and substitution. Key exercises for vestibular rehabilitation are head-eye move-
ments, maintaining balance with various orientations of head and trunk, repeat-
ing movements that provoke vertigo-like symptoms, and gradually exposing pa-
tients to various sensory and motor environments. The main goals for vestibular
rehabilitation are to enhance gaze stability, enhance postural stability, improve
vertigo, and to improve activities of daily living [8].

Increasing availability of VR technology and the creation of more interactive
VR applications have helped integrate VR into today’s society. VR technology
provides a level of customization, control, and adaptability to virtual environ-
ments. VR offers the ability to create systematic human testing, training, and
treatment environments. The variability of VR allows for sophisticated interac-
tions, behavioral tracking, and performance recording. Similarly to vestibular
rehabilitation, VR applications have the potential mimic movements and posi-
tions seen within the key exercises of vestibular rehabilitation.

A study by Kim et al explores the link between smooth eye pursuits without
head movement and its disruption to static balance [9]. Results of the study
show a positive correlation with eye movements and disturbance of static equili-
brium. This study implies the importance of gaze stability and oculomotor con-
trol in those suffering from balance deficits. In physical therapy, patients with
central nervous system injuries may present with impairments with eye move-
ments. Virtual environments can be used as a tool to assist in oculomotor exer-
cises [9]. To objectively measure the amount of adaptation and habituation, the
Dizziness Handicap Inventory (DHI), with minimal detectable change (MCD) of
18, was used to quantify the patient’s self-perception [10]. DHI has is valid and
has high test-retest reliability for total score (r= 0.97, df = 12, p < 0.0001), for
sub-scale scores (r=0.92 - 0.97, p< 0.001) [11].

A study by McConville and Milosevic, suggests that active video games could
be used to improve postural balance by challenging the vestibular system with
various head movements [12] [13]. Some applications available include active
video games that place a person into head positions that are seen in a vestibular
rehabilitation program. Another study by Meldrum et al tests the effectiveness
of VR-based vestibular rehab compared to conventional rehab [14]. The results
show that VR is a portable tool patients can take home and that therapists can
use to record adherence and compliance to the program. To measure objective
changes in balance, the Sensory Organization Test (SOT) was used. This out-
come measure has an MDC of 8 points [15]. The SOT has adequate composite
score reliability (ICC = 0.67) and has moderately high sensitivity (85%) and spe-
cificity (77%) in identifying vestibulopathies [15].

A randomized controlled trial by Kalron et al, examined the efficacy of a 6-
week VR balance training program for those with multiple sclerosis using the
computer assisted rehabilitation environment (CAREN) system [16]. Results

imply that the balance training based on the CAREN device is an effective me-
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thod of balance training for those with imbalance. The CAREN system shows
that VR is capable of improving a patient’s balance [16]. To measure improve-
ments within functional balance, the Functional Gait Assessment (FGA) was
performed. This measure has a MDC of 8 points [17]. The FGA has excellent
test-retest reliability when administered by a student (ICC = 0.80; 95% CI = 0.58
- 0.91), excellent interrater reliability (ICC = 0.84), and excellent internal consis-
tency (a=0.79) [18].

A study by Maron et al explores the physiological and behavioral indicators
of anxiety during exposure in a VR environment [19]. In the study, participants
who had acrophobia were immersed into a virtual cityscape at varying heights.
Baseline measurements were recorded without VR, in VR at ground level, and in
VR at height. The results showed that patients demonstrated the physiological
and behavioral indicators when immersed in a virtual environment. A case study
by Whitney et al. explores VR exposure therapy together with physical therapy
to assist in the improvement of Acrophobia and pathological height vertigo [20].
These studies show a positive correlation between VR exposure therapy and de-
creased anxiety levels due to acrophobia. The virtual environment is so complex
that it can trick the brain into perceiving a virtual object as real, triggering a
physiological response. To get an objective measurement of this, the Activi-
ties-Specific Balance and Confidence Scale (ABCs) was used. This measure has a
MDC of 12 [21]. The ABC has excellent test-retest reliability (= 9.2, p < 0.001),
excellent internal consistency (a = 0.96) [22] [23].

As current technologies continue to advance as well as continued research on
VR, we will be one step closer to fully integrating virtual worlds into our every-
day experiences. Current research has shown promise in the use of virtual envi-
ronments and their effectiveness in the health care industry. As more low-cost
hardware becomes readily available, it will be easier for VR to assimilate with so-
ciety [3] [4]. Physical therapists can look forward to seeing VR as an assistive
tool that will help provide a more efficient way to provide our patients the best
treatment. The purpose of this case is to view the effectiveness of VR combined
with traditional vestibular rehabilitation with a patient who poor postural con-

trol and a diagnosis of vestibular hypofunction.

2. Case Description

AR is a 50-year-old male who presents to the clinic with a referral from his phy-
sician stating imbalance and dizziness following a motor vehicle accident (MVA)
6 weeks ago. The patient complained of blurry vision, ringing in the ears, and
difficulty remembering things. He reports that symptoms increase with quick
head movements and eases with rest. The patient has a history of asthma that is
controlled. The patient has an endomorph body type and has not been very ac-
tive outside of work. The patient works for a construction company which re-
quires him to travel on-site and perform duties in high, elevated areas. He has a
supportive family and likes to go out and spend time with his significant other

and his daughter. The patient completed and signed an informed consent and
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information release form to be used as a subject in a case study.

An examination was performed that includes the patient history, a systems re-
view, and test and measures to gather patient data as described in The Guide to
Physical Therapy Practice [24]. The patient completed objective measures the
Dizziness Handicap Scale (DHI) Activities-Specific Balance Confidence Scale
(ABCs), Functional Gait Assessment (FGA), Sensory Organization Test (SOT),
and Motor Control Test (MCT). The DHI and ABCs are surveys that were de-
signed to objectively measure the patient’s subjective history of their ongoing
impairments. The patient scored a 74 on the DHI which places him in the cate-
gory of severe vestibular dysfunction [25]. With the ABCs, he scored a 75%
which places him within normative values at his age range [22]. Upon gathering
history, the patient described his dizziness as a swaying sensation as if he was
“riding a boat.” He stated a feeling of disequilibrium and dizziness lasting be-
tween 10 seconds to 30 seconds. Ease of symptoms occurred with rest and with
his eyes closed. The patient reported not taking any medications. During the
physical examination, the patient presented with a presence of saccadic eye
movements during smooth-purist movements and complained of an increase in
dizziness symptoms. The patient demonstrated a loss of vergence of the left (L)
eye at 15 cm. A Head Impulse Test (HIT) was performed and the patient dem-
onstrated a positive HIT on his L side. The patient performed full cervical range
of motion (ROM) without pain. His lower extremity strength was within normal
limits. Functional tests, FGA, SOT, and MCT, were used to give the physical
therapist a better understanding how the patient moves within certain condi-
tions. The patient scored a 21/30 with the FGA which places him bellow the
normative values at his age [26]. A NeuroCom SMART Balance Master® device
was available to assist in performing the SOT and MCT. SOT revealed a vestibu-
lar dysfunction and gave a composite score of 67 which placed him below the
normative values at his age [27]. For MCT, the patient received a composite
score of 142 which places him within normal values at his age [27]. Reflexes and

sensation were normal and intact. No radiographic images were provided.

3. Patient Evaluation

The patient presents with a composite impairment of decreased balance. Indirect
impairments include increased dizziness, blurry vision, and tinnitus. Secondary
impairments include disequilibrium and gait disturbances. With the given in-
formation, it is suspected that the patient has a diagnosis of unilateral L sided
vestibular hypofunction. Since the patient explained an increase of symptoms
with quick head movements, a differential diagnosis of benign paroxysmal posi-
tional vertigo (BPPV) was explored. The patient demonstrated a pain-free cer-
vical range of motion (ROM). The patient’s description of symptoms is not con-
sistent with symptom presentation of BPPV and did not present with nystagmus
during the Dix Hallpike. A positive HIT suggests the presence of a unilateral pe-
ripheral vestibular weakness on the L side [28]. The DHI also supports this hy-

pothesis and places the patient in the category of severe vestibular dysfunction
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[25]. Scores from SOT further support of a vestibular deficit. The ABCs and
MCT reveal that the patient is a decreased risk of sustaining a fall. Values of
FGA, broken up in Table 1, suggest that the patient with a mild balance im-
pairment. The patient demonstrated noted difficulties with gait with horizontal
head turns, gait with a narrow base of support, gait with eyes closed and back-
ward ambulation.

According to the International Classification of Functioning, Disability, and
Health (ICF) [29], the patient activity limitations include ambulation and read-
ing for longer than 30 minutes. Participation limitations include the inability to
perform job requirements, driving long distances, enjoying theme parks with his
family. Based on these limitations, the patient received a physical therapy diag-
nosis of R26.81 Unsteadiness on feet and R42 Dizziness and Giddiness.

4. Plan of Care

Following the physical therapy examination and evaluation, a plan of care was
discussed with the patient and short- and long-term goals were established. The
patient agreed to being seen two to three times a week for eight weeks with
40-minute sessions at an outpatient vestibular setting [30] [31]. Short-term goals
were to be accomplished in the four weeks which included: decreasing DHI
score to 50 on DHI and increasing ABCs score to 82%. The primary focus within
the first four weeks was to improve his acute unilateral vestibular hypofunction
and to prepare him for more complex challenges with VR [31]. Clinical practice
guidelines recommend that patients with acute unilateral vestibular hypofunc-
tion should have supervised therapy for two to three weeks [31]. Research has
shown that patients suffering from vestibular deficits may require up to 8 weeks
of vestibular therapy before seeing significant improvement [30]. Long-term
goals expected to be accomplished by discharge, included: an increase in ABCs
scores to >92%, improvement of FGA score > 26, improved SOT composite
score > 75, and a negative HIT.

Table 1. FGA scores.

T1 T3

Gait on Level Surface 2 3
Change in Gait Speed 2

Gait with Horizontal Head Turns 2 3

Gait with Vertical Head Turns 2 3

Gait and Pivot Turn 3 3

Step over Obstacle 3 3

Gait with Narrow Base of Support 2 3

Gait with Eyes Closed 1 3
Ambulating Backwards 1

Steps 3 3

Total Score 21 29

T1—Initial evaluation, T3—Discharge.
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The patient’s prognosis was good to achieve both short and long-term goals as
he demonstrated high levels of motivation, a supportive family, and a minimally
active lifestyle. Early treatment strategies included vestibular exercises, balance
training, and gait training [9] [31] [32]. At follow-up, the patient was introduced
to a VR environment. VR has shown promise with the psychological as well as
physical aspects of rehabilitation [4] [14] [19]. The purpose for VR was to chal-
lenge his balance systems further and incorporate new strategies to enable him

return to full-time work status.

5. Implementation of Interventions/Re-Assessment

Interventions utilized during the patient’s therapy focused on improving vesti-
bular function to improve overall balance [9] [32]. The patient was cleared of
any cervical restrictions that may impede vestibular exercises. The patient had
no complaints of neck pain, focal neck tenderness or spasms, or any neurological
deficits. The patient was educated on the importance of maintaining a consistent
exercises program and that he would see significant changes in his overall bal-
ance for approximately 8 weeks [30]. With exercises and activities, the patient
was placed into a harness which was attached to a ceiling track to prevent a fall.
A supervised student physical therapist was present to assist the patient if he
were to experience a loss of balance.

During the first four weeks, the patient engaged in vestibular rehabilitation
therapy [8] [31]. Exercises performed were to improve gaze stability, enhance
eye movements, increase postural stability, decrease vertigo, and improve activi-
ties of well-being [8]. To enhance gaze stability and to improve vestibule-ocular
reflex, the patient performed x1 viewing [8]. Progressions to each exercise are
described in Table 2 and were progressed as needed. These progressions in-
volved changing the eyes, head movement, speed, movement amplitude, target
location, target distance, foot position, base hardness, base width, and gait [8].
Other adaptation exercises included quick movements between two targets and
smooth pursuits. Progressions were done in a similar fashion with the other ex-
ercises mentioned above. The patient was educated to delete on the principles of
vestibular adaptation and habituation. The patient was instructed to perform
gaze stability exercises four to five times daily for a total of 20 - 40 minutes a day
and at least 20 minutes of posture and gait stability exercises [8]. The goals of
postural stability exercises were to help the patient learn to use stable visual ref-
erences and surface somatosensory information from their primary postural
sensory system, use the remaining vestibular function, identify efficient and ef-
fective alternative postural movement strategies, and recover normal postural
strategies [8]. The patient also received a home exercise program (HEP) to sup-
plement the exercises performed within the clinic. He was instructed to perform
his adaptation exercises two to three times a day for a total of 20 minutes a day
and to perform at least 20 minutes of posture stability HEP exercises [8] [31]. At
the beginning of each consequent therapy session, the patient was asked if he
performed his exercises and was asked to demonstrate the activities to ensure

compliance with the program.
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Table 2. Exercises [8] [30].

* X1 viewing: Gaze fixed on a stationary target with

Gaze stability head moving in pitch and yaw plane.

Eye Open > Closed
Head movement Horizontal - Verticle
Speed Slow -> Fast
Amplitude Small - Large
Progression Target location Fixed - Moving = Imaginary - Full field
Target distance Far 2 Near
Base hardness Hard - Soft = Cushion
Base width Wide - Narrow
Gait Static 2> Walking

* Active eye movements between two targets: While keeping the
head still and only moving the eyes. Two targets are placed 2 ft
Eye Movements apart from each other. The patient will look at one target and
quickly looks at the other target without moving his head.
This exercise is repeated several times.

Eye Open > Closed
Head movement Horizontal - Verticle
Speed Slow - Fast
Amplitude Small - Large
Progression Target location Fixed - Moving = Imaginary - Full field
Target distance Far > Near
Base hardness Hard - Soft > Cushion
Base width Wide > Narrow
Gait Static > Walking

* Smooth Pursuit: While keeping the head still and only
moving the eyes. The patient extends one arm while holding a
card (target) up. The patient is instructed to move their arm
horizontally and vertically approximately 30° to the
right and left and repeated again up and down.

Eye Open > Closed
Head movement Horizontal > Verticle
Speed Slow - Fast
Amplitude Small > Large
Progression Target location Fixed = Moving = Imaginary - Full field
Target distance Far - Near
Base hardness Hard - Soft > Cushion
Base width Wide = Narrow
Gait Static > Walking
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Continued
Postural Stability * Balance: Held for 30 second intervals.
Eye Open > Closed
Speed Slow - Fast
Amplitude Small - Large
Foot position Shoulder width - Together - Tandum -> Single leg
Progression
Arm position Outstretched - Close to body = Across chest
Base hardness Hard - Soft - Cushion
Base width Wide > Narrow
Gait Static 2> Walking

At the 10th visit, the patient was reassessed. There were mild improvements in
his FGA (FGA = 23) and ABCs (ABC = 80), although this score was not signifi-
cant enough to claim a minimal detectable change. This further supports the ar-
ticle by Lee HJ [30], indicating that objective vestibular function and vestibular
compensation will improve with eight weeks of continuous vestibular rehabilita-
tion. There was a significant change in the patient’s DHI (DHI = 50) score at the
10th visit. The patient reported of having decreased dizziness intensity, frequen-
cy, and duration. At this point in time, the patient was participating in part-time
stats at work. He also felt comfortable reading for 30 minutes and was excited to
continue his improvement.

Following his follow-up, the patient was introduced to a virtual reality (VR)
environment [3] [4] [14]. The goal for VR was continued challenges to his ocu-
lomotor and vestibular system with the intent to return to full-time work. The
patient performed VR activities for 20 - 30 minutes and was instructed to inform
the SPT if there were any changes in symptoms [14] [31]. The VR applications
that were used included: Vanguard V, InMind VR, InCell VR, VR TunnelRace,
Roller Coaster, and The Walk VR. Some of these applications were used with the
idea that they were able to mimic movements and activities used in a VRT [12].
Vanguard V, InMind VR, InCell VR, and VR Tunnel Race were games that had
the patient maintain static balance while dynamically moving his head into var-
ious head positions (pitch, yaw, and roll). These games mimic many of the
movements that the patient performs during therapy. Each game has a mixture
of optokinetic exercises with vestibular exercises because the game encourages
head movement with a busy field of view [4]. VR also gave the SPT an opportu-
nity to provide variety to the patient’s program. Another objective of the VR en-
vironment was decreasing the patient’s anxiety with heights that may simulate
experiences in his line of work [13]. The Roller Coaster and The Walk VR apps
were utilized to decrease the patient’s anxiety with heights following similarities
of exposure therapy [19]. The Roller Coaster app is an application where a per-
son is placed in a first-person view of a roller coaster ride. The quick movements
and changing directions of simulator were used to help improve the patient’s

visual systems. The Walk VR is a simulation of a person walking a tightrope be-
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tween the Twin Towers in New York. The patient began these activities on a
firm surface and was progressed to varying surfaces and different stance posi-
tions. Due to the restrictions of the applications and concerns of safety, the pa-

tient remained static throughout all VR simulations.

6. Outcomes

At discharge, the patient reported feeling overall improvement since his initial
evaluation. Improvements were seen in DHI, ABC, FGA, and SOT scores when
compared to his initial evaluation. See Table 1 and Table 3 for more details.
There were noticeable improvements during the performance of the FGA. The
patient no longer demonstrated difficulties with walking with head movements,
walking with a narrow base of support, and walking with eyes closed. Although
there were improvements in backward ambulation, the patient revealed some
difficulty. He was able to achieve all short and long term goals estimated during
the plan of care. The patient expressed enthusiasm as to the improvement he
achieved through his time in therapy. He described a significant decrease in the
intensity, duration, and frequency of his dizziness symptoms since his evalua-
tion.

The patient also had improvements in ICF model of activity and participation
levels. For activity, the patient was able to read a book and his phone over an
hour without reproduction of symptoms. He was able to demonstrate a normal
gait pattern without a loss of balance or any deviations. His participation im-
proved as he was able to return to work with full confidence. The patient also
explained that he was able to drive for over 2 hours without any reproduction of
symptoms. He described that he was able to participate in more family functions
without any worries of losing his balance or an increase in dizziness episodes. He
mentioned that the last time he had an episode of dizziness was two weeks ago
when he was driving through a mountain pass. He explained that he was able to
implement the activities he learned from therapy to quickly resolve any episodes
of dizziness. It was recommended that the patient continue performing his ves-
tibular exercises of x1 viewing and smooth pursuits 3 times a day for a total of
20 - 40 minutes to help maintain optimal function [31].

7. Discussion

The purpose of this paper is to explore the use of VR as a viable tool for a bal-
ance program for a patient who is experiencing visual and vestibular impair-

ments. The patient had improved ABCs scores from 75% to 95% at the time of

Table 3. DHI, ABC, SOT scores.

T1 T2 T3
DHI 74 50 4
ABC 75% 80% 95%
SOT 67 - 80

T1—Initial evaluation, T2—10" visit follow up, T3—Discharge.
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discharge. The ABCs is an outcome measure where the patient rates their bal-
ance confidence in performing activities. The patient was able to change with an
increase of 20 points to his initial evaluation. This demonstrates that the patient
has more confidence in his balance with the help of VR and VRT. Research has
shown that psychological factors such as anxiety from fear of falling are linked
with decreased confidence with balance [19] [20] [33]. It can be inferred that the
patient’s confidence in performing activities increased as the patient’s anxiety
decreased while performing within VR.

Other studies have shown the benefits of a vestibular rehabilitation program
in patients with balance deficits due to visual, somatosensory, and vestibular
deficits [8] [30]. We have explored research regarding the use of VR technology
to compliment exercises and activities within a vestibular rehabilitation pro-
gram. These include gaze stability and smooth-pursuit eye movements as well as
head positions achieved through various applications that are available [9] [12]
[13]. The patient showed steady improvement when measured from baseline to
his follow-up visit with DHI scores improving from 74 to 50. Following the ap-
plication of VR into his rehabilitation program, his DHI scores continued to
improve from 50 to 4 at discharge. DHI scores placed the patient from a severe
vestibular dysfunction to a mild vestibular dysfunction. This supports research
of active head movements within vestibular rehabilitation as well as within the
VR environment [12] [13] [14]. Activity improvements were seen through his
ability to drive longer than two hours without increased dizziness symptoms,
being able to read for over one hour without a subjective increase in symptoms,
and demonstrated the ability to walk down a hallway without walking into an
object. The ABCs and DHI are a subjective assessment done by the patient.

Improvements in these psychological areas are transferred functionally and
were assessed using the SOT and FGA. Initially, the patient received a composite
score of 67 with deficits seen within the visual and vestibular systems. At dis-
charge, the patient received a composite score of 80 with all of his balance sys-
tems falling within the normative values of those at his age. With FGA testing,
the patient initially received a score of 21 which placed the patient below norma-
tive values indicating that he was a falls risk. At time of discharge, the patient
scored a 29/30. This shows that the patient had a significant change in scores
from initial evaluation to discharge. These increases in scores support research
regarding the use of VR as a supportive tool for vestibular rehabilitation [14].
With these improvements, the patient was able to return to full-time status with
his work and was able to participate in more family activities.

Clinical findings of this case support the use of VR as a potential tool in the
treatment of patients suffering from balance deficits due to visual and vestibular
deficits. This case has shown the effectiveness of VR in improving a patient’s
confidence, vestibular function, and balance systems. These findings are signifi-
cant, as there is limited research that is specific to vestibular rehabilitation and
the use of virtual environments. As more VR technologies are being developed

and become low-cost, it will be available for anyone to use [3] [4]. More research
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will be needed to see the effectiveness of VR in the assistance in evaluating and
treating patients.

Some limitations of this study include the technology available for this case.
The accessories that were used in the case were a Vigica VR headset and an
iPhone S5. Many of the applications used throughout each therapy session were
free apps that were available on the iTunes App Store. There were limitations of
control the therapist had as the patient performed his exercises in the virtual en-
vironment. Since many applications required a fee to gain access, there were dif-
ficulties in gearing task-specific activities to help the patient achieve their
long-term goals. Another limitation with this particular set-up is the patient’s
ability to interact with his virtual environment. With the current technology be-
ing used, the patient mostly played a passive role within VR. Some of the activi-
ties the patient engaged in placed the patient in a position where the patient can
only look around as a video played. In more interactive video games, the patient
can move their head and stare at an object for a certain time to perform an ac-
tion or move their head to move the virtual avatar within the virtual world. The
headset itself can be considered another limitation. Due to the size and added
weight of the headset, there may be minor imbalances created as the patient was
wearing it. With further development of VR technologies, we will gain access to
more task-specific activities, improved control throughout various virtual envi-
ronments, more cost-effective equipment, and more efficient ways to provide
essential feedback.

An alternative explanation to the patient’s improvements may be due to his
maintained compliance to his vestibular rehabilitation program. A study by Lee
explains how vestibular rehabilitation may take up to 8 weeks before significant
improvements show [30]. Following the 4th week of the patient’s therapy, the
patient was introduced to VR activities on top of performing his usual vestibular
exercises.

Areas for improvement include the patient performing VR activities alone to
see the effectiveness of VR. It would have also been helpful if the patient was able
to buy a VR headset so that he could perform VR exercises at home. If the clinic
had better access to an improved VR experience, it would allow for greater con-
trol of activities the patient has engaged it. It will also enable the therapist to see
what the patient sees which allows the therapist to provide various types of
feedback to improve motor learning [34]. Another weakness was that this case
did not fully follow the clinical practice guidelines. Clinical practice guidelines
explain that patients suffering from an acute unilateral vestibular hypofunction
will see improvements in vestibular function when receiving supervised vestibu-
lar rehabilitation therapy once a week for about 3 weeks along with a HEP [31].
More time was required for treatment since the patient did not feel he has
reached his goals of therapy due to continued imbalance and gait deviations. A
virtual environment was used to continue challenging his vestibular and visual
systems so the patient would be able to return to full-time work status. The vir-

tual world gave the therapist the ability to virtually simulate the patient’s work
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environment and to build the patient’s confidence [19]. Improved VR technolo-
gy would give the therapist the ability to check for adherence of the patient’s
HEP and allows the therapist to give more constructive feedback to their patient
to improve scores [4]. As technology continues to advance, there will be im-
proved control of variables within VR which can create a better immersive expe-
rience for all who participate [4]. Future research will be needed to see how VR
stands to vestibular rehabilitation alone or both combined. A study like this will
allow us to see if VR would work with vestibular rehabilitation as an adjunct ac-
tivity.

In summary, the patient demonstrated significant improvements with vesti-
bular rehabilitation and VR activities as evidenced by improved scores in ABCs,
DHI, SOT, and FGA. Some of these applications allow for task-specific activities
to allow the patient to engage in more meaningful interactions. The patient also
expressed increased confidence in performing gait activities, returning to work,
and engaging in more family activities at home. These improvements can be at-
tributed to the combination of vestibular rehabilitation and VR exercises. This
case report provides valuable information regarding the use of VR as an inter-
vention technique to improve postural balance in individuals suffering from

visual deficits and unilateral vestibular hypofunction impairments.
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