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BACKGROUND: We aimed to explore the role of comprehensive vestibular rehabilitation based on virtual reality (VR) technology in residual
symptoms after canalith repositioning procedure.

METHODS: A total of 124 patients, who were diagnosed with benign paroxysmal positional vertigo from September 2020 to July 2023 and had
residual symptoms 24 hours after the canalith repositioning procedure, were selected as the subjects. They were randomly divided into a normal
control (NC) group, a Cawthorne-Cooksey exercise group (n=41), a Brandt-Daroff exercise group (n=41), and a VR group (n=42). The NC group
received no intervention, the Cawthorne-Cooksey exercise group underwent Cawthorne-Cooksey exercise, the Brandt-Daroff exercise group
was subjected to Brandt-Daroff exercise, and the VR group was given comprehensive vestibular rehabilitation based on VR technology.

RESULTS: After treatment, the Dizziness Handicap Inventory (DHI) and vestibular symptom index (VSI) scores of the virtual reality (VR),
Cawthorne-Cooksey exercise, and Brandt-Daroff exercise groups were significantly lower than those of the NC group (P < .05). The scores of
the VR group were lower than those of the Cawthorne-Cooksey exercise and Brandt-Daroff exercise groups (P < .05). The abnormality rates of
ocular vestibular evoked myogenic potentials (0VEMP) and cervical vestibular evoked myogenic potentials (c(VEMP) in VR, Cawthorne-Cooksey
exercise, and Brandt-Daroff exercise groups were lower than those of the NC group (P < .05). The rates of the VR group were lower than those of
the Cawthorne-Cooksey exercise and Brandt-Daroff exercise groups (P < .05).

CONCLUSION: Comprehensive vestibular rehabilitation based on VR technology can cure the residual symptoms after the canalith repositioning
procedure, reduce the abnormality rates of oVEMP and cVEMP, and reconstruct the balance ability.
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INTRODUCTION

Otolith disease, also known as benign paroxysmal positional vertigo (BPPV), is a mechanical problem of the peripheral vestibular
system caused by the translocation of the otolith to the semicircular canal, becoming a common vestibular disease.” Primary otolith
disease has a high incidence rate, for which the canalith repositioning procedure is the most effective therapeutic method to
significantly relieve vertigo symptoms in patients.? However, some patients still have residual symptoms after a successful canalith
repositioning procedure, typically including giddy feeling, floating feeling, instability during walking, and even nausea and
vomiting.3* If these residual symptoms persist for a long time, they will increase the risk of adverse events such as mental disorders
and falling injuries, thereby affecting patients’ quality of life.> Therefore, efficacious therapeutic intervention with vestibular
rehabilitation is of important significance for alleviating the residual symptoms after the canalith repositioning procedure and
improving the survival function of patients. Cawthorne-Cooksey exercise and Brandt-Daroff exercise are both common vestibular
rehabilitation methods at present.® Specifically, Cawthorne-Cooksey exercise mainly takes advantage of neural plasticity to
compensate for vestibular function while restoring vestibulo-ocular reflex and mitigating the symptoms of dizziness, vertigo, and
balance disturbance using adaptation, acclimatization, and substitution mechanisms.” Brandt-Daroff exercise can alleviate the
symptoms of dizziness and vertigo by cracking and expelling particles in the semicircular canal.2 However, conventional vestibular
rehabilitation therapy is not only uninteresting, monotonous, and repetitive, but also extremely prone to inducing adverse
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psychological emotions.® Therefore, conventional vestibular
rehabilitation therapy often fails to achieve ideal effects. Currently,
with the constant advancement of contemporary medical science
and technology, virtual reality (VR) technology has been gradually
applied to assist in various clinical rehabilitation therapies.’® This
technology has multiple functions, such as real-time simulation,
interaction, and gaming during application, which can better help
patients accomplish vestibular rehabilitation exercises on the basis of
routine vestibular rehabilitation exercises."

In this study, VR technology was used for the instruction of vestibu-
lar rehabilitation. The application effect of comprehensive vestibu-
lar rehabilitation based on VR technology on the residual symptoms
after the canalith repositioning procedure was investigated, aiming
to provide a reference for clinical treatment.

MATERIAL AND METHODS

Subjects

A total of 124 patients, who were diagnosed with BPPV in Beijing
Haidian Hospital from September 2020 to July 2023 and had resid-
ual symptoms at 24 hours after the canalith repositioning proce-
dure, were selected as the subjects and then divided into 4 groups
using a random number table: the normal control (NC) group, the
Cawthorne-Cooksey exercise group, the Brandt-Daroff exercise
group, and the VR group (n=31). The patients and their families were
informed of the study and signed the informed consent form, and
the study was approved by the Ethics Committee of Beijing Haidian
Hospital (Approval No: BHH202009008, Date: September 4, 2020),
and written informed consent was obtained from all patients.

Diagnostic Criteria

Otolith disease had residual symptoms after the canalith reposition-
ing procedure and was diagnosed based on the following criteria:'?
1) paroxysmal and recurrent vertigo or dizziness after changing the
head position relative to the gravity direction; 2) vertigo as well as
characteristic and positional nystagmus during positioning test; 3)
vertigo caused by vestibular neuritis or vestibular migraine excluded;
and 4) disappearance of vertigo after successful repositioning, but
giddy feeling, floating feeling, instability during walking, and even
nausea and vomiting.

Inclusion and Exclusion Criteria

The inclusion criteria included: (1) patients who met the diagnos-
tic criteria of otolith disease and had residual symptoms after the
canalith repositioning procedure and had undergone successful
treatment with the canalith repositioning procedure; (2) those with
normal comprehension and communication ability, and who were
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. Comprehensive vestibular rehabilitation based on VR technol-
ogy can cure the residual symptoms after canalith repositioning
procedure.

. It can reduce the abnormality rates of oVEMP and cVEMP.

. It can also reconstruct the balance ability.
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able to cooperate in all examinations; and (3) those who voluntarily
participated in the study.

The exclusion criteria were set as follows: (1) patients with severe
infectious diseases; (2) those complicated with central nervous sys-
tem diseases; (3) those with mental anomalies or visual or auditory
abnormalities; (4) those receiving intervention with vestibular sup-
pressants within the past 3 days; (5) those with recurrent or multiple
otolith diseases; (6) pregnant or lactating women; (7) those with a
history of head trauma or head surgery; or (8) those with a history of
positional vestibular vertigo.

Treatment Methods

The NC group received no intervention, the Cawthorne-Cooksey
exercise group underwent Cawthorne-Cooksey vestibular rehabili-
tation training, the Brandt-Daroff exercise group was subjected to
Brandt-Daroff exercises, and the VR group was provided with com-
prehensive vestibular rehabilitation based on VR technology.

As for Cawthorne-Cooksey exercise, (1) the patients were trained
for eye movement and head movement in the sitting position or by
lying on the bed. i) Eye movement: the patients moved their eyes
slowly first and then rapidly, upward and downward, as well as to the
left and right. Finally, they fixed both eyes on the finger in front, and
the finger was moved from 60 cm to 30 cm in front. ii) Head move-
ment: eye opening, eye closing, anteflexion, retroextension, left head
turning, and right head turning were performed slowly first and then
quickly. (2) Sitting exercise was conducted in an open space, where
the patients circled their shoulder joints forward and backward and
then bent to pick up objects on the ground. (3) Standing exercises in
an open space included: i) raising exercise (transition from the sitting
position to the standing position; followed by eye opening and eye
closing); i) ball throwing with 1 hand and ball catching with the other
hand (the ball passed above the eyes and then below the knees); and
iii) transition from the sitting position to the standing position and
rotation for 360° in place (360° from the left side and 360° from the
right side between 2 chairs or 2 tables in the open space for 4 con-
secutive weeks, 10 min/time, twice a day). The patients could rest in
the case of severe dizziness symptoms during exercise.

In the Brandt-Daroff exercise, the patient sat on the edge of the sofa
or bed, lay down in the left lateral position with the head turned 45°
to the right side, looked 45° upward for more than 30 seconds, and
sat up for 30 seconds. After that, the patient laid down on the right
side in the same way. The whole movement was practiced 5 times for
4 consecutive weeks.

Comprehensive vestibular rehabilitation based on VR technology
was performed as follows: A VR vestibular rehabilitation training
system was employed, where the patients were assisted to wear a
head-mounted display, instructed in the usage of the handle and sys-
tem software, and able to understand and independently complete
the instructions of each scene. The rehabilitation training included
15 built-in scenes at the entry and adaptation level and 21 built-in
scenes at the consolidation and improvement level. With Cawthorne-
Cooksey exercise and Brandt-Daroff exercise as the basis of rehabili-
tation training, the 15 built-in scenes at the entry and adaptation
level were performed in the sitting position in week 1 and week 2,
and the 21 built-in scenes at the consolidation and improvement
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level were accomplished in the standing position in week 3 and week
4. The rehabilitation training was executed for 4 consecutive weeks,
15-20 minutes per time, twice a day.

Evaluation of Severity of Vertigo and Residual Symptoms

The severity of vertigo and residual symptoms was evaluated using the
Dizziness Handicap Inventory (DHI) Scale™ and Vestibular Symptom
Index (VSI),"* respectively, before treatment and at 4 weeks after
treatment. The DHI scale was composed of physical, emotional, and
functional sub-dimensions containing 25 items in total, with a total
score of 100 points, and higher scores indicated more severe vertigo
in patients. VSl involved such symptoms as balance, vertigo, dizziness,
nausea, visual sensitivity, and headache. Each item was scored 0-10
points, and higher scores suggested more serious residual symptoms
in patients.

Detection of Vestibular Evoked Myogenic Potentials

Vestibular evoked myogenic potentials (VEMPs), including ocular
VEMP (oVEMP) and cervical anterior VEMP (cVEMP), in patients were
detected before treatment and at 4 weeks after treatment using the
Eclipse Evoked Response Detector (Interacoustics, Denmark), and
the failure to elicit reproducible waveforms during 3 consecutive
sessions of monitoring under acoustic stimulation at 95 dBnHL or an
asymmetry ratio of bilateral amplitude >21% was set as the criterion
for oVEMP and cVEMP abnormalities. Electromyographic activity was
continuously monitored at an intensity interval of 50-200 pV.

Evaluation of Balance Ability and Psychological Emotions

Before treatment and at 4 weeks after treatment, the balance abil-
ity, psychological anxiety, and depression were assessed through the
Berg Balance Scale (BBS),"” the Self-rating Anxiety Scale (SAS), and
the Self-rating Depression Scale (SDS),' respectively. Specifically, BBS
consisted of 14 items scored 0-4 points for each, with a total score of
0-56 points, and the higher the BBS score was, the better the balance
function of the patients would be. Both SAS and SDS were composed
of 20 items, with 1-4 points for each item. The SAS score of >50 points
and the SDS score of >53 points signified the presence of anxiety and
depression in patients.

Statistical Analysis

Statistical Package for Social Science Statistics software, version 25.0
(IBM SPSS Corp.; Armonk, NY, USA), was used for statistical analy-
sis. The count data (e.g., number of reductions) were described by
the case number, and the »? test was performed for comparisons
between the residual group and the normal group. The measure-
ment data (e.g., homocysteine, 25(0H)D,, and course of disease) were

Table 1. General Data on Patients

described by (—x + s), and the t-test was performed for comparisons
between 2 groups. Seven factors, such as diabetes mellitus, number
of reductions, gender, and type of onset, were incorporated in mul-
tivariate logistic regression analysis, and risk factors including age,
diabetes mellitus, number of reductions, anxiety state, hypertension,
and course of disease were introduced into R software to construct
a nomogram prediction model for residual symptoms. The efficacy
of the model for predicting the postcure residual symptoms in BPPV
patients was evaluated using calibration curves, receiver operating
characteristic curves, and the Hosmer-Lemeshow test, respectively. P
< .05 was considered statistically significant.

RESULTS

General Data on Patients

The NC group included 16 males and 15 females aged 35-65 years
old, with a course of disease of 1-14 days. The Cawthorne-Cooksey
exercise group consisted of 18 males and 13 females aged 32-66
years old, with a course of disease of 1-15 days. There were 17 males
and 14 females aged 35-67 years old in the Brandt-Daroff exercise
group, with a course of disease of 1-16 days. The VR group included
15 males and 16 females, with an age range of 35-64 years old and a
course of disease of 1-15 days. The differences in gender, age, course
of disease, and affected semicircular canals were not statistically sig-
nificant among the 4 groups of patients (P > .05) (Table 1).

Dizziness Handicap Inventory and Vestibular Symptom Index
Scores

There were no statistically significant differences in DHI and VSI
scores among the 4 groups before treatment (P > .05). After treat-
ment, the DHI and VSl scores of the VR, Cawthorne-Cooksey exercise
and Brandt-Daroff exercise groups were significantly lower than
those of the NC group (P < .05). The scores of the VR group were
lower than those of the Cawthorne-Cooksey exercise and Brandt-
Daroff exercise groups (P < .05). Moreover, no statistically signifi-
cant differences in DHI and VSI scores were observed between the
Cawthorne-Cooksey exercise group and the Brandt-Daroff exercise
group after treatment (P > .05) (Table 2).

Vestibular Evoked Myogenic Potential Results

The abnormality rates of oVEMP and cVEMP were not significantly dif-
ferent among the 4 groups of patients before treatment (P > .05). The
abnormality rates of oVEMP and cVEMP of VR, Cawthorne-Cooksey
exercise, and Brandt-Daroff exercise groups were lower than those
of the NC group (P < .05). The rates of the VR group were lower than
those of the Cawthorne-Cooksey exercise and Brandt-Daroff exercise

Group n Gender Average Age MearT Duration of Affected S.emicirc.ular Canal
(Male/Female) (Year) Disease (d) (Posterior/Horizontal)

NC 31 16/15 54.62 + 3.89 8.12+0.52 22/9
Cawthorne-Cooksey exercise 31 18/13 54.87 +3.24 8.34 +0.45 24/7
Brandt-Daroff exercise 31 17/14 55.11+4.26 7.89 £ 043 23/8

VR 31 15/16 54.55 + 3.67 7.93 +0.46 21/10

XF 0.691 0.110 2.286 0.811

P 875 628 .089 847

NC, normal control; VR, virtual reality.
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Table 2. Dizziness Handicap Inventory and Vestibular Symptom Index Scores [(x + s), point]

DHI Score VSI Score
Group n
Before Treatment After Treatment Before Treatment After Treatment
NC 31 4532 +5.12 4435 +3.24 3223 +2.12 31.98 +2.13
Cawthorne-Cooksey exercise 31 46.13 +4.35 27.75 +£2.11* 31.89 +2.31 14.42 + 1.42*
Brandt-Daroff exercise 31 4598 + 3.76 26.12 + 1.89*% 31.77 +2.36 13.98 + 1.45*
VR 31 4527 +3.42 12.35 + 1.87*#% 32.25 + 2.15%% 7.56 + 0.35%*

DHI, Dizziness Handicap Inventory; NC, normal control; VR, virtual reality; VSI, vestibular symptom index.
*P < .05 vs. NC group. *P < .05 vs. Cawthorne-Cooksey exercise group. *P < .05 vs. Brandt-Daroff exercise group.

Table 3. Vestibular Evoked Myogenic Potential Results [n (%)]

oVEMP Abnormality Rate

cVEMP Abnormality Rate

Group n

Before Treatment After Treatment Before Treatment After Treatment
NC 31 29 (93.54) 27 (87.10) 20 (64.52) 19(61.29)
Cawthorne-Cooksey exercise 31 26 (83.87) 18 (58.06)* 19(61.29) 9 (29.03)*
Brandt-Daroff exercise 31 27 (87.10) 17 (54.84)* 17 (54.84) 8 (25.81)*
VR 31 28(90.32) 3 (9.68)*#& 18 (58.06) 2 (6.45)*#
cVEMP, Cervical anterior vestibular evoked myogenic potential; NC, normal control; oVEMP, ocular vestibular evoked myogenic potential.
*P <.05 vs. NC group. *P < .05 vs. Cawthorne-Cooksey exercise group. P < .05 vs. Brandt-Daroff exercise group.
groups (P < .05). After treatment, the abnormality rates of OVEMP and  Table 4. Balance ability [(x + s), point]
cVEMP showed no statistically significant differences between the
Cawthorne-Cooksey exercise group and the Brandt-Daroff exercise BBS score
group (P> .05) (Table 3). Group n Before After

treatment treatment

Balance Ability . . NC 31 28924325  29.09+2.12
No statistically significant differences in BBS score were observed Camth Cook - 3 20124914 3596 1 2.23"
among the 4 groups of patients before treatment (P > .05). The BBS awthorne-Cooksey exercise 1exs xS
scores for balance ability of the VR, Cawthorne-Cooksey exercise, ~ Brandt-Daroff exercise 31 2877+333 34.53 +341%
and Brandt-Daroff exercise groups were higher than those of the NC VR 31 28.96 + 2.89 43.54 + 4.26%"

group (P < .05). The score of the VR group was higher than those of
the Cawthorne-Cooksey exercise and Brandt-Daroff exercise groups
(P < .05). The BBS scores showed no statistically significant differ-
ences between the Cawthorne-Cooksey exercise group, and the
Brandt-Daroff exercise group after treatment (P > .05) (Table 4).

Psychological Emotions

No statistically significant differences in SAS or SDS scores were
observed among the 4 groups of patients before treatment (P >
.05). In virtual reality, Cawthorne-Cooksey exercise and Brandt-
Daroff exercise groups had lower SAS and SDS scores for psychologi-
cal emotions than those of the NC group (P < .05). However, there
were no significant differences in these scores between the VR,

Table 5. Psychological Emotions [(x + s), Point]

BBS, Berg Balance Scale; NC, normal control; VR, virtual reality.
*P < .05 vs.NC group. *P < .05 vs. Cawthorne-Cooksey exercise group. *P < .05 vs. Brandt-
Daroff exercise group.

Cawthorne-Cooksey exercise, and Brandt-Daroff exercise groups (P
> .05) (Table 5).

DISCUSSION

Residual symptoms after the canalith repositioning procedure are
generally manifested as persistent dizziness and/or instability with-
out positional nystagmus and vertigo. Although the specific mecha-
nism of the residual symptoms remains unknown, it may be related
to the following aspects: (1) Functional degradation of macula utriculi

SAS Score SDS Score
Group n
Before Treatment After Treatment Before Treatment After Treatment
NC 31 55.46 +4.35 5453 +3.24 50.34 +4.35 49.90 + 3.42
Cawthorne-Cooksey exercise 31 55.12 +3.98 2242 +£2.12% 49.89 + 3.51 24.76 + 2.34%
Brandt-Daroff exercise 31 55.28 +5.34 21.25 + 1.89*% 50.28 + 2.56 2341 +£2.11*
VR 31 55.76 +4.36 20.94 + 1.22* 50.41 +4.56 2231 + 2.45%

NC, normal control; SAS, Self-rating Anxiety Scale; SDS, Self-rating Depression Scale; VR, virtual reality.

*P < .05 vs. NC group.
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and otolithic membranes occurs, during which asymmetric function
of bilateral macula utriculi due to massive otolith shedding leads to
dizziness symptoms.'” (2) Bilateral vestibular tone is altered after the
onset of otolith disease, which induces a new self-adaptive process of
the central nervous system, and such a self-adaptive process is stably
established along with the prolonged existence of otolith masses in
the endolymphatic fluid. However, the previously formed self-adap-
tive process of the central nervous system starts again in patients
following the canalith repositioning procedure, which is extremely
prone to trigger residual dizziness symptoms.'® (3) During reposition-
ing, the remaining tiny otolith fragments in the semicircular canal
or ampulla of the semicircular canal cannot be restored, resulting in
residual symptoms in the majority of patients after changing their
postures.’ (4) The otoliths falling into the vestibular cistern can alter
the utriculus sensitivity or lead to neuronal degeneration, thus easily
inducing residual symptoms such as dizziness.” (5) Mental factors,
including stress and anxiety, also increase the risk of residual symp-
toms.?" A previous study indicated that about 30% of patients with
otolith disease have residual symptoms after the canalith reposition-
ing procedure,?> which may persist for a long time and subsequently
cause psychological stress, panic, insomnia, etc., and the patients
have a poor quality of life under the influence of residual symptoms.
In this study, patients with residual symptoms after canalith reposi-
tioning procedures were selected as subjects to analyze the effects of
different rehabilitation methods on them so as to promote the elimi-
nation of residual symptoms.

As a receptor for gravity and accelerated head movement, the ves-
tibule is also a posture-related neurological tool controlling the
perception of self-movement state, vertical orientation, stabiliza-
tion of head position, and control of the center of gravity, which
has currently been applied in treatments for ameliorating residual
symptoms after the canalith repositioning procedure, including
drug therapy, psychological treatment, and vestibular rehabilitation
training.® Among them, vestibular rehabilitation training covers
traditional vestibular rehabilitation exercises such as Cawthorne-
Cooksey exercise and the Brandt-Daroff exercise. To be specific,
Cawthorne-Cooksey exercise relies on the plasticity and compen-
sation of the vestibular system and central nervous system to train
the human visual sense through eye-tracking exercise, vestibular
sense via vestibulo-ocular reflex, and proprioceptive sense by head
or neck exercise, thereby enhancing the compensation of the cen-
tral nervous system and relieving or eliminating the residual symp-
toms.?*? In terms of the mechanism of Brandt-Daroff exercise in
treating the residual symptoms after the canalith repositioning
procedure, the mechanical force generated during postural change
facilitates the dissolution of otolith fragments and enhances the
compensation of the central vestibular system, thus mitigating the
residual symptoms.?”?® Currently, Cawthorne-Cooksey exercise,
Brandt-Daroff exercise, and other vestibular rehabilitation train-
ing have been widely utilized in clinical intervention therapies for
residual symptoms after canalith repositioning procedure, proven
to be effective in improving the residual symptoms. However, it
has been found through clinical practice that vestibular rehabilita-
tion training alone tends to be boring, during which the patients
often have attenuated compliance, and the residual symptoms can
only be thoroughly eliminated through long-term training due to
the limitations of accessibility and time investment, which is time-
consuming. Recently described as a favorable tool for vestibular

rehabilitation, VR technology can avoid the defects of conventional
vestibular rehabilitation training.” In the process of rehabilitation
training based on VR technology, VR technology is integrated with
Cawthorne-Cooksey exercise, Brandt-Daroff exercise, and other
vestibular rehabilitation training. The patients are exposed to a
dynamic VR environment by changing different scenes, as well as the
auditory sense and stereoscopic vision formed by sound and light
feedback, and more ideal results can be obtained by immersive VR
technology.*® During comprehensive vestibular rehabilitation train-
ing based on VR technology, patients are instructed to accomplish
coordination exercises of the eyes, head, and waist according to the
prompts of the head-mounted display, thereby strengthening the
adaptability of the vestibular and balance systems of patients with
vestibular dysfunction and improving posture stability. Meanwhile,
the training is intensified step by step to increase the efficacy of
vestibular rehabilitation training.3! The results of this study revealed
that different vestibular rehabilitation training methods were all
able to reduce the severity of vertigo, ameliorate the residual symp-
toms, and reconstruct the balance ability of patients compared to
the NC group. Additionally, comprehensive vestibular rehabilitation
based on VR technology presented a more significant improvement
effect than conventional Cawthorne-Cooksey exercise and Brandt-
Daroff exercise, demonstrating the feasibility of VR technology in
vestibular rehabilitation.

The occurrence of residual symptoms after the canalith repositioning
procedure is closely associated with vestibular dysfunction. In par-
ticular, the functional impairment of otolith-favored macula utriculi
is affected by otolith shedding, which triggers such residual symp-
toms as dizziness.>* VEMPs are crucial means commonly employed
to evaluate the function of macula utriculi and sacculi, and oVEMP
and cVEMP can reflect the functional status of otolith and vestibu-
lar nerves3* In the present study, the abnormality rates of oVEMP
and cVEMP in patients were compared before and after treatment
to analyze the functional status of macula utriculi and sacculi in
patients before and after rehabilitation therapy. It was found that the
patients had various degrees of abnormal functional status of mac-
ula utriculi and sacculi before treatment, while the abnormality rates
of oVEMP and cVEMP were remarkably lowered after treatment, and
the improvement in patients receiving intervention with compre-
hensive vestibular rehabilitation based on VR technology was more
significant. Therefore, it was speculated that the application of VR
technology is more conducive to eliminating the residual symptoms
and that its combination with vestibular rehabilitation may perform
the function by repairing the functional impairment of the macula
utriculi.

Furthermore, the effects of diverse vestibular rehabilitation meth-
ods on the psychological emotions of patients were analyzed in this
study, and the results showed that the 3 methods all prominently
ameliorated the negative psychological emotions compared with
those of the NC group. These results imply that comprehensive ves-
tibular rehabilitation based on VR technology can also alleviate the
negative psychological emotions of patients. Possibly, a progressive
scheme can be formulated according to the disease conditions of
patients during rehabilitation without causing psychological frustra-
tion to the patients, and such a rehabilitation training system can be
operated privately, avoiding the uncomfortable and uneasy emo-
tions due to the influence and the presence of other people.



In conclusion, comprehensive vestibular rehabilitation based on VR
technology can cure the residual symptoms after the canalith repo-
sitioning procedure, reduce the abnormality rates of oVEMP and
cVEMP, and reconstruct the balance ability. Nevertheless, this study
is limited; the sample size is small, and the follow-up time is short.
Further studies with larger sample sizes and longer follow-up times
are needed to verify the findings.

Ethics Committee Approval: This study was approved by the Ethics Commit-
tee of Beijing Haidian Hospital (Approval No: BHH202009008, Date: Septem-
ber 4,2020).

Informed Consent: Informed consent was obtained from the patients who
agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept -S.Y.,; Design - S.Y., PG,; Supervision - WW.,;
Resources -W.W.; Materials -S.Y.; Data Collection and/or Processing -S.Y., P.G.;
Analysis and/or Interpretation -S.Y,; Literature Search -S.Y., PG.; Writing -S.Y.;
Critical Review -S.Y., P.G.

Declaration of Interests: The authors have no conflicts of interest to declare.

Funding: This study was financially supported by the Beijing Haidian Hospital
2020 Hospital-Level Research Fund Project (No. KYQ2020028).

REFERENCES

1. Chen J, Zhang S, Cui K, Liu C. Risk factors for benign paroxysmal posi-
tional vertigo recurrence: a systematic review and meta-analysis. J Neu-
rol. 2021;268(11):4117-4127. [CrossRef]

2. WuP Cao W, HuY, Li H. Effects of vestibular rehabilitation, with or with-
out Betahistine, on managing residual dizziness after successful reposi-
tioning manoeuvres in patients with benign paroxysmal positional
vertigo: a protocol for a randomised controlled trial. BMJ Open.
2019;9(6):e026711. [CrossRef]

3. Cetin YS, Gagag A, Dizenli U, Bozan N, Elasan S. Residual dizziness in
elderly patients after benign paroxysmal positional vertigo. ORL J Otorhi-
nolaryngol Relat Spec. 2022;84(2):122-129. [CrossRef]

4. Jiang CY, Wu J, Shu L, et al. Clinical and cVEMP evaluation predict short-
term residual dizziness after successful repositioning in benign paroxys-
mal positional vertigo. Front Med (Lausanne). 2022;9:881307. [CrossRef]

5. WuP YangJ,Huang X, Ma Z, Zhang T, Li H. Predictors of residual dizziness
in patients with benign paroxysmal positional vertigo after successful
repositioning: A multi-center prospective cohort study. J Vestib Res.
2021;31(2):119-129. [CrossRef]

6. Ramanathan K, Veena KS, Padmanabhan K, Sudhakar S, Kumar SS. Effect
of a combined exercise intervention in the management of benign par-
oxysmal positional vertigo-a single blinded randomized controlled trial.
Res J Pharm Technol. 2019;12(4):1735-1739. [CrossRef]

7. Tacalan E, Inal HS, Sentiirk MN, Mengi E, Alemdaroglu-Giirbiiz I. Effec-
tiveness of the Epley maneuver versus Cawthorne-Cooksey vestibular
exercises in the treatment of posterior semicircular canal benign parox-
ysmal positional vertigo (BPPV): A randomized controlled trial. J Bodyw
Mov Ther. 2021;28:397-405. [CrossRef]

8.  Choi SY, Cho JW, Choi JH, Oh EH, Choi KD. Effect of the Epley maneuver
and Brandt-Daroff exercise on benign paroxysmal positional vertigo
involving the posterior semicircular canal cupulolithiasis: A randomized
clinical trial. Front Neurol. 2020;11:603541. [CrossRef]

9. Zhao C, Yang Q, Song J. Dynamic changes of otolith organ function
before and after repositioning in patients with benign paroxysmal posi-
tional vertigo detected by virtual reality auxiliary technology: A cohort
study. Front Neurol. 2022;13:1007992. [CrossRef]

20.

21.

22.

23.

24,

25.

26.

27.

28.

Yan etal. Vestibular Rehabilitation Based on Virtual Reality

Miziara OC, de Oliveira VR, Gasparini ALP, et al. Virtual reality in vestibular
rehabilitation: a pilot study. IntJ Ther Rehabil.2019;26(7):1-13.[CrossRef]
Xie M, Zhou K, Patro N, et al. Virtual reality for vestibular rehabilitation:
a systematic review. Otol Neurotol. 2021;42(7):967-977. [CrossRef]

von Brevern M, Bertholon P, Brandt T, et al. Benign paroxysmal positional
vertigo: diagnostic criteria Consensus document of the Committee for
the Classification of Vestibular Disorders of the Barany Society. Acta Otor-
rinolaringol Esp (Engl Ed). 2017;68(6):349-360. [CrossRef]
Zamyslowska-Szmytke E, Politanski P, Jozefowicz-Korczynska M. Dizzi-
ness handicap inventory in clinical evaluation of dizzy patients. Int J
Environ Res Public Health. 2021;18(5):2210. [CrossRef]

Wang J, Gong J, Sui X, Wang L, Zhu L, Sun D. An effect analysis of vestibu-
lar rehabilitation training in vertigo treatment. Am J Transl Res.
2021;13(4):3494-3500.

Tramontano M, Russo V, Spitoni GF, et al. Efficacy of vestibular rehabilita-
tion in patients with neurologic disorders: a systematic review. Arch Phys
Med Rehabil. 2021;102(7):1379-1389. [CrossRef]

Zhai F, Wang J, Zhang Y, Dai CF. Quantitative analysis of psychiatric dis-
orders in intractable peripheral vertiginous patients: A prospective
study. Otol Neurotol. 2016;37(5):539-544. [CrossRef]

Hong X, Christ-Franco M, Moher D, et al. Vitamin D supplementation for
benign paroxysmal positional vertigo: A systematic review. Otol Neuro-
tol. 2022;43(7):e704-e711. [CrossRef]

Heydari M, Ahadi M, Jalaei B, Maarefvand M, Talebi H. The additional
effect of vestibular rehabilitation therapy on residual dizziness after suc-
cessful modified Epley procedure for posterior canal benign paroxysmal
positional vertigo. Am J Audiol. 2021;30(3):535-543. [CrossRef]
Soylemez E, Bolat KB, Karakoc K, et al. The effect of repositioning maneu-
ver applied with the TRV chair on residual dizziness after benign parox-
ysmal positional vertigo. Otol Neurotol. 2023;44(8):e596-e601.
[CrossRef]

Ke Y, Ma X, Jing Y, Diao T, Yu L. Risk factors for residual dizziness in
patients with benign paroxysmal positional vertigo after successful
repositioning: a systematic review and meta-analysis. Eur Arch Otorhi-
nolaryngol. 2022;279(7):3237-3256. [CrossRef]

Li X, Chen G, Zeng W, et al. The research progress of residual dizziness
after reduction of benign paroxysmal positional vertigo. Lin Chuang Er
Bi Yan Hou Tou Jing Wai Ke Za Zhi (Chinese Pinyin). 2022;36(3):228-232.
[CrossRef]

Fu W, He F, Bai Y, et al. Risk factors of residual dizziness after successful
treatment for benign paroxysmal positional vertigo in middle-aged and
older adults. Front Neurol. 2022;13(1):850088. [CrossRef]

Celis-Aguilar E, Mayoral-Flores HO, Torrontegui-Zazueta LA, Medina-
Cabrera CA, Ledn-Leyva IC, Dehesa-Lopez E. Effectiveness of Brandt
Daroff, Semont and Epley maneuvers in the treatment of Benign Parox-
ysmal Positional Vertigo: A Randomized Controlled Clinical Trial. Indian
J Otolaryngol Head Neck Surg. 2022;74(3):314-321. [CrossRef]
Afrasiabifar A, Karami F, Najafi Doulatabad S. Comparing the effect of
Cawthorne-Cooksey and Frenkel exercises on balance in patients with
multiple sclerosis: a randomized controlled trial. Clin Rehabil.
2018;32(1):57-65. [CrossRef]

Schubert MC, Whitney SL. From Cawthorne-Cooksey to biotechnology:
where we have been and where we are headed in vestibular rehabilita-
tion? J Neurol Phys Ther. 2010;34(2):62-63. [CrossRef]

Tekin Dal B, Bumin G, Aksoy S, Giinaydin RO. Comparison of Activity-
Based Home Program and Cawthorne-Cooksey Exercises in Patients
With Chronic Unilateral Peripheral Vestibular Disorders. Arch Phys Med
Rehabil. 2021;102(7):1300-1307. [CrossRef]

Teixido M, Casserly R, Melley LE. Lateral modified Brandt-Daroff exer-
cises: A novel home treatment technique for horizontal canal BPPV. J Int
Adv Otol. 2021;17(1):52-57. [CrossRef]

Jaffar M, Ghous M, Ayaz M, Khan AA, Akbar A, Haleem F. Effects of Half-
Somersault and Brandt-Daroff exercise on dizziness, fear of fall and qual-
ity of life in patients with posterior canal benign paroxysmal positional

277


https://doi.org/10.1007/s00415-020-10175-0
https://doi.org/10.1136/bmjopen-2018-026711
https://doi.org/10.1159/000516961
https://doi.org/10.3389/fmed.2022.881307
https://doi.org/10.3233/VES-201535
https://doi.org/10.5958/0974-360X.2019.00290.7
https://doi.org/10.1016/j.jbmt.2021.07.030
https://doi.org/10.3389/fneur.2020.603541
https://doi.org/10.3389/fneur.2022.1007992
https://doi.org/10.12968/ijtr.2018.0056
https://doi.org/10.1097/MAO.0000000000003155
https://doi.org/10.1016/j.otorri.2017.02.007
https://doi.org/10.3390/ijerph18052210
https://doi.org/10.1016/j.apmr.2020.11.017
https://doi.org/10.1097/MAO.0000000000001002
https://doi.org/10.1097/MAO.0000000000003586
https://doi.org/10.1044/2021_AJA-20-00171
https://doi.org/10.1097/MAO.0000000000003978
https://doi.org/10.1007/s00405-022-07288-9
https://doi.org/10.13201/j.issn.2096-7993.2022.03.015
https://doi.org/10.3389/fneur.2022.850088
https://doi.org/10.1007/s12070-021-02516-w
https://doi.org/10.1177/0269215517714592
https://doi.org/10.1097/NPT.0b013e3181dde4e0
https://doi.org/10.1016/j.apmr.2020.12.022
https://doi.org/10.5152/iao.2020.9452

278

J Int Adv Otol 2024; 20(3): 272-278

29.

30.

31.

vertigo: A randomised control trial. J Pak Med Assoc. 2023;73(1):139-142.
[CrossRef]

Liu W, Pan CL, Wang XC, Sun S. Clinical effect of vestibular rehabilitation
on benign paroxysmal positional vertigo: A protocol for systematic
review. Medicine. 2021;100(3):€23906. [CrossRef]

Tabanfar R, Chan HHL, Lin V, Le T, Irish JC. Development and face valida-
tion of a Virtual Reality Epley Maneuver System (VREMS) for home Epley
treatment of benign paroxysmal positional vertigo: A randomized, con-
trolled trial. Am J Otolaryngol. 2018;39(2):184-191. [CrossRef]
Mempouo E, Lau K, Green F, Bowes C, Ray J. Customised vestibular reha-
bilitation with the addition of virtual reality based therapy in the man-
agement of persistent postural-perceptual dizziness. J Laryngol Otol.
2021;135(10):887-891. [CrossRef]

32.

33.

34.

Kunelskaya NL, Guseva AL, Manaenkova EA, Chugunova MA, Zaoeva ZO.
Vestibular evoked myogenic potentials in patients with recurrent benign
paroxysmal positional vertigo. Vestn Otorinolaringol. 2023;88(2):4-9.
[CrossRef]

Saruhan G, Gokcay A, Gokcay F, Celebisoy N. Cervical vestibular evoked
myogenic potentials in patients with the first episode of posterior canal
benign paroxysmal positional vertigo before and after repositioning.
Acta Otolaryngol. 2021;141(2):147-151. [CrossRef]

Scarpa A, Gioacchini FM, Cassandro E, et al. Clinical application of
cVEMPs and oVEMPs in patients affected by Méniere’s disease, vestibular
neuritis and benign paroxysmal positional vertigo: a systematic review.
Acta Otorhinolaryngol Ital. 2019;39(5):298-307. [CrossRef]


https://doi.org/10.47391/JPMA.3333
https://doi.org/10.1097/MD.0000000000023906
https://doi.org/10.1016/j.amjoto.2017.11.006
https://doi.org/10.1017/S0022215121002127
https://doi.org/10.17116/otorino2022880214
https://doi.org/10.1080/00016489.2020.1837393
https://doi.org/10.14639/0392-100X-2104

