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INTRODUCTION

The diagnosis of bilateral vestibulopathy (BVP) was convention-
ally made based on the complete or near-complete loss of the 
bilateral vestibulo-ocular reflex (VOR) in the bithermal caloric 
test and rotary chair test (RCT) [1]; however, the diagnostic cri-
teria varied across institutions, and there were no universally ac-
cepted criteria for a definitive diagnosis. Moreover, those two 
tests mainly assess vestibular function using a low- to mid-fre-
quency angular acceleration stimulation; hence, the preservation 
of vestibular function in response to high-frequency angular ac-
celeration stimulation can be missed if the diagnosis is made 

solely based upon those two tests [2]. Recently, new diagnostic 
criteria for BVP were suggested by the Barany Society. These 
criteria include not only the results of the caloric test and RCT, 
but also a decrease in gain in the video head impulse test (vHIT), 
which detects the VOR at high-frequency angular acceleration 
above 5 Hz [3,4]. The most important aspect of this new para-
digm is that it involves an assessment of loss of vestibular func-
tion in response to high-frequency stimulation. The inclusion of 
this test for diagnosing BVP is likely to become mandatory be-
cause the range of angular head movement frequencies in daily 
life is between 1 and 3 Hz. 

The prognosis of BVP is poorer than that of unilateral vestib-
ulopathy due to poor vestibular compensation and adaptation 
as a result of near-complete bilateral vestibular loss [1,5]. There-
fore, the effect of vestibular rehabilitation on BVP has been thought 
to be limited. Nevertheless, vestibular rehabilitation therapy is a 
valuable treatment for patients with BVP because it can enhance 
sensory substitution such as use of somatosensory and other cop-
ing strategies of eye movement for stable vision, such as smooth 
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pursuit and saccade. Consequently, vestibular rehabilitation can 
reduce symptoms and prevent falls, and several studies have re-
ported encouraging outcomes [1,5-11].

We hypothesized that there may be differences in the progno-
sis of BVP patients who receive vestibular rehabilitation depend-
ing on whether vestibular function is preserved in high-frequen-
cy ranges due to the importance of those ranges for daily life ac-
tivities. Therefore, we analyzed the results of objective and sub-
jective parameters evaluated by computerized dynamic posturog-
raphy (CDP) and the Dizziness Handicap Inventory (DHI) be-
tween two groups divided according to preserved lateral semi-
circular canal (LSCC) function in the high-frequency range as 
determined by vHIT gain in the LSCC. We believe that these re-
sults will aid in evaluation and treatment-planning strategies for 
patients with BVP.

MATERIALS AND METHODS

The Institutional Review Board of the Severance Hospital approved 
this study (IRB No. 4-2019-0286). The informed consent was 
waived because this study design is retrospective medical record 
analysis.

Patient enrollment
Twenty-four patients who were newly diagnosed with BVP ac-
cording to the diagnostic criteria proposed by the Barany Society 

(Table 1) and who had a minimum follow-up period of more than 
6 months were enrolled [12]. The duration of disease was defined 
as recent if the duration of the symptom was within 6 months 
and as remote if the duration of the symptom was more than  
6 months. There were various causes of BVP: idiopathic (n=14), 
use of ototoxic drugs (n=4), bilateral Meniere’s disease (n=2), 
bilateral vestibular neuritis (n=1), Cogan syndrome (n=1), Me-
niere’s disease with contralateral iatrogenic vestibular loss (n=1), 
and Ramsay Hunt syndrome with contralateral iatrogenic ves-
tibular loss (n=1). Except for hypertension (HTN, n=11) and 
diabetes mellitus (DM, n=6), the patients did not have any oth-
er somatic or neurological disorders that could influence the re-
sults of the vestibular function tests. 

Evaluation of vestibular function
All patients were diagnosed with BVP after the bithermal calor-
ic test (SLVNG; SLMED, Seoul, Korea), RCT (NOTC-S; Neuro 
Kinetics, Pittsburgh, PA, USA), and vHIT (ICS Impulse; Otomet-
rics, Taastrup, Denmark) were performed. Those tests were per-
formed by the protocols used in the previous reports [13,14]. In 
addition to those tests, CDP (SMART EquiTest; Natus Medical 
Inc, Pleasanton, CA, USA) tests were performed to test balance 
maintenance. The composite and vestibular scores in the sensory 
organization test of the CDP were calculated using the weighted 
average of the equilibrium scores. The cervical and ocular vestib-
ular-evoked myogenic potential (cVEMP and oVEMP) responses 
were recorded in the ipsilateral sternocleidomastoid muscle 
(cVEMP) or the contralateral inferior oblique ocular muscle 
(oVEMP; Audera, GSI, Eden Prairie, MN, USA) by 95 dB HL, 
500 Hz tone burst stimulation. We categorized the results of the 
VEMP tests into “presence” and “absence” of the response. All 
the patients were surveyed using the Korean version of the DHI 
at initial diagnosis. 

Vestibular rehabilitation and follow-up
None of the enrolled patients had undergone any prior vestibu-
lar rehabilitation. The rehabilitation therapy was started within a 

	� High frequency preserved bilateral vestibulopathy patients 
have reduced symptoms. 

	� High frequency preserved bilateral vestibulopathy patients 
have a better prognosis. 

	� Stricter criteria of high frequency preserved bilateral vestibu-
lopathy may be needed.

H LI IG GH H T S

Table 1. Diagnostic criteria for bilateral vestibulopathy proposed by the Barany Society 

Diagnostic criteria 

A. Chronic vestibular syndrome with the following symptoms
   1. Unsteadiness when walking or standing 
   2. Movement-induced blurred vision or oscillopsia during walking or quick head/body movements 
   3. Worsening of unsteadiness in darkness and/or on uneven ground
B. No symptoms while sitting or lying down under static conditions
C. Bilateral reduced or absent angular VOR function documented by
   1. Bilaterally pathological horizontal angular VOR gain <0.6, measured by the video-head impulse test or scleral-coil technique 
   2. Reduced caloric response (sum of bilateral max; peak slow phase velocity on each side <6°/sec)
   3. �Reduced horizontal angular VOR gain <0.1 upon sinusoidal stimulation on a rotary chair (0.1 Hz, Vmax=50°/sec) and a phase lead >68° (time  

 constant <5 sec)
D. Not better accounted for by another disease

VOR, vestibulo-ocular reflex.
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week after the initial diagnosis. They were instructed to perform 
exercises to improve their oculomotor function, such as saccade 
and smooth pursuit, by gazing at the horizontally and vertically 
moving targets at the speed to which they could adjust. Visual ad-
aptation exercises were recommended in addition to the above 
exercise if patients could tolerate them; the patients were instruct-
ed to rotate and move their head up and down while trying to 
maintain their visual fixation on a target for 1–2 minutes, three 
times per day. They were also given instructions regarding exer-
cises to improve their posture and gait. The patients were asked 
to maintain an upright posture with a narrow foot base. If they 
could tolerate that, they were instructed to remain in an upright 
position while closing their eyes. After maintaining this posture, 
they were directed to attempt to march in place. If this exercise 
could be performed without an issue, the patient was instructed 
to walk and then to attempt a tandem gait. Horizontal and ver-
tical head movements were then added during the gait exercise. 
Although the general rehabilitation protocol was as described 
above, it was modified according to each patient’s individual 
symptoms. After providing the instructions, we sent the patients 
home with directions to repeat the exercises at least three times 
per day for 1–2 months. The patients visited an outpatient clinic 
1–2 months later, when their exercise diaries were checked, and 
they were evaluated regarding whether they correctly and con-
sistently performed the exercises by asking the patients to per-
form the exercises they had learned. Subsequently, the patients 
were re-educated about the exercises if their performance was 
insufficient or were given additional instructions if they had ad-
equately performed them. Additional vestibular function tests 
were selectively conducted depending upon the patients’ symp-
toms and discomfort during the follow-up. The CDP and DHI 
survey was performed 6 months after the baseline test to identi-
fy improvements in balance maintenance and subjective symp-
toms.

Statistical analysis
Because the number of patients was small (n=24), nonparamet-
ric statistical tests were used. The Mann-Whitney U-test was used 
to compare two independent groups. The Wilcoxon signed-rank 
test was used to evaluate the outcomes after follow up. Fisher’s 
exact test was used to evaluate proportional significance. The 
values in the tables and text are presented as the mean±standard 
deviation. A P-value <0.05 was considered to indicate statistical 
significance. The statistical analyses were conducted using IBM 
SPSS ver. 23 (IBM Corp., Armonk, NY, USA).

RESULTS

Demographic data and vestibular function of the patients
The patients’ mean age was 60.63±16.26 years. The mean slow 
phase velocity (SPV) sum in the bithermal caloric test was 6.56±

13.95, RCT gain (0.12 Hz slow harmonic acceleration test) was 
0.19±0.16, and the gain of vHIT in the LSCC (average of both 
canals) was 0.51±0.19. According to the diagnostic criteria of 
the Barany Society [12], seven of the 24 patients satisfied the 
criteria of all three tests (caloric test, RCT, and vHIT), six patients 
satisfied the criteria for two tests (one for the caloric test and 
RCT, and five for the caloric test and vHIT) and 11 patients sat-
isfied the criteria of only a single test (eight for the caloric test 
and three for vHIT). The patients were categorized into two groups: 
group 1 (n=9) denotes the group with preserved high-frequency 
VOR, as shown by a gain of vHIT in the LSCC of 0.6 or higher 
on at least one side, and group 2 (n=15) denotes the group with 
loss of high-frequency VOR, as shown by a gain of vHIT in the 
LSCC of less than 0.6 on both sides. The demographic charac-
teristics and the results of the vestibular function tests of the two 
groups are listed in Table 2. Age, sex, disease duration, comorbid-
ities of HTN and/or DM, and the results of cVEMP and oVEMP 

Table 2. Information on the enrolled patients 

Factor
Group 1 
(n=9)

Group 2 
(n=15)

Total 
(n=24)

P-value

Age (yr) 58.56±15.69 61.87±17.02 60.63±16.26 0.570
Sex 0.678
   Male 3 7 10
   Female 6 8 14
Disease durationa) 1.000
   Recent 4 7 11
   Remote 5 8 13
Hypertension 4 7 11 1.000
Diabetes mellitus 1 5   6 0.351
cVEMP lossb) 5 8 13 1.000
oVEMP lossb) 6 12 18 0.635
Caloric SPVc) 4.17±6.6 8.0±17 6.56±13.95 0.706
RCT SHA gaind) 0.28±0.14 0.14±0.15 0.19±0.16  0.022*
Average vHIT 

gaine)
0.70±0.10 0.39±0.12 0.51±0.19 <0.001*

Values are presented as mean±standard deviation. Group 1 and group 2 
included patients with preservation or loss of high-frequency VOR (LSCC 
gain ≥0.6 at least on one side or LSCC gain <0.6 on both sides on the 
vHIT), respectively. 
cVEMP, cervical vestibular-evoked myogenic potential; oVEMP, ocular 
vestibular-evoked myogenic potential; SPV, slow-phase velocity; RCT, ro-
tary chair test; SHA, slow harmonic acceleration; vHIT, video head impulse 
test; VOR, vestibulo-ocular reflex; LSCC, lateral semicircular canal. 
a)Duration of disease was defined as recent if the duration of the symp-
toms was within 6 months and as remote if the duration of the symptoms 
was more than 6 months. b)cVEMP/oVEMP loss indicated bilateral “no re-
sponse” in cervical or ocular vestibular-evoked myogenic potential. c)Ca-
loric SPV indicated the sum of the SPV of nystagmus evoked by bilateral 
warm and cold-water stimulation. d)RCT SHA gain indicated the gain at 
0.12-Hz slow harmonic acceleration stimulation in the RCT. e)vHIT gain in-
dicated the average gain of the bilateral LSCC. 
The significance of differences in sex, duration, hypertension, diabetes 
mellitus, and cVEMP/oVEMP loss between the two groups was analyzed 
using the Fisher exact test. Other factors were analyzed using the Mann-
Whitney U-test. *P<0.05.
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were not significantly different between the two groups (P>0.05). 
The sum of SPV in the bithermal caloric test of both ears was 
not significantly different (P=0.706); however, the gain of RCT 
showed significant differences between the two groups (P=0.022). 
There were no significant between-group differences in the initial 
composite score or vestibular score (P>0.05) (Fig. 1). However, 
the initial subjective parameters, as denoted by the total and func-
tional DHI scores, showed significant differences between the two 
groups (P=0.007 and P=0.003, respectively) (Fig. 1). This finding 
implies that the preservation of high-frequency vestibular func-
tion can diminish patients’ subjective symptoms.

Prognostic differences according to high-frequency VOR 
preservation
Objective and subjective improvements of balance function were 
measured by comparing the changes in the vestibular score and 
composite score of CDP, and by comparing changes in DHI scores 
in the patients in each group after 6 months of follow-up (Table 

3). After rehabilitation, the composite score of CDP significantly 
improved in both groups (P=0.016 and P=0.023 for groups 1 
and 2, respectively). The score improvement was somewhat high-
er in group 1 than in group 2, but the difference between the two 
groups was not statistically significant (P=0.064). However, the 
vestibular score significantly improved after rehabilitation only 
in group 1 (P=0.031), and the score improvement was signifi-
cantly higher in group 1 than in group 2 (P=0.002). The total 
DHI score significantly improved after rehabilitation in group 1 
(P=0.047), but not in group 2. Among the subcategories of the 
DHI survey, the physical DHI score showed no significant im-
provement in either group, the emotional DHI score significant-
ly improved only in group 1 (P=0.016), and the functional DHI 
score significantly improved in both groups (group 1, P=0.031; 
group 2, P=0.005). The total and all the subcategories of the fi-
nal DHI scores were significantly lower in group 1 than in group 
2 at follow up (P=0.001, P=0.026, P=0.002, and P<0.001 for 
total, physical, emotional, and functional DHI scores, respective-

Fig. 1. Changes in subjective symptoms and objective parameters of balance function after rehabilitation. A simple boxplot of the computer-
ized dynamic posturography and Dizziness Handicap Inventory (DHI) scores for bilateral vestibulopathy patients at baseline and follow-up. 
G1 (group 1, video head impulse test [vHIT] gain in the lateral semicircular canal [LSCC] ≥0.6 in one or both ears) patients showed a better 
outcome than G2 (group 2, vHIT gain in the LSCC <0.6 in both ears) patients. (A) Composite score, (B) vestibular score, (C) DHI total score, 
(D) DHI physical score, (E) DHI emotional score, and (F) DHI functional score. The line in the middle is the median. The top and bottom box 
lines show the first and third quartiles, respectively. The whiskers show the maximum and minimum values. NS, not significant. *P<0.05. 
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ly) (Fig. 1C-F), however, the score improvement was not signifi-
cant in any DHI subcategory. 

Altogether, BVP patients showed improved postural function 
and subjective symptoms after 6 months of follow-up with ves-
tibular rehabilitation, and the patients with preserved high-fre-

Table 3. Changes in CDP and DHI scores from baseline to follow-up

Variable Group 1 Group 2 Total P-value

PTv
   Change 28.3±28.4 –2.3±10.8 9.2±24.1 0.002*
   P-valuea) 0.031* 0.750 0.066
PTc
   Change 16.3±14.8 5.6±9.1 9.6±12.4 0.064
   P-valuea) 0.016* 0.023* 0.001*
DHI total
   Change –26.3±23.8 –10.4±17.4 –15.7±20.6 0.125
   P-valuea) 0.047* 0.080 0.006*
DHI physical
   Change –2.9±9.6 0.1±5.8 –0.9±7.2 0.202
   P-valuea) 0.406 0.970 0.467
DHI emotional
   Change –12.1±9.2 –3.4±8.9 –6.3±9.7 0.052
   P-valuea) 0.016* 0.235 0.009*
DHI functional
   Change –11.3±8.9 –5.7±6.9 –7.6±7.9 0.133
   P-valuea) 0.031* 0.005* <0.001*

Values are presented as mean±standard deviation. Group 1 and group 2 
included patients with preservation or loss of high-frequency VOR (LSCC 
gain ≥0.6 at least on one side or LSCC gain <0.6 on both sides on the 
vHIT), respectively. 
CDP, computerized dynamic posturography; DHI, Dizziness Handicap In-
ventory; PTv, vestibular score in posturography; PTc, composite score in 
posturography; VOR, vestibulo-ocular reflex; LSCC, lateral semicircular 
canal. 
The Mann-Whitney U-test was used to evaluate differences between 
group 1 and group 2. The Wilcoxon signed-rank test was used to evaluate 
differences between baseline and follow-up. a)P-value calculated by the 
Wilcoxon signed-rank test to evaluate the statistical significance of differ-
ences between initial and final values. *P<0.05. 

Fig. 2. Distribution of patients according to the final composite score 
after vestibular rehabilitation. The cumulative graph of the final com-
posite score showed a double peak at 45–50 and 70–75.
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Table 4. Comparison of patient groups divided according to progno-
sis

Variable
Favorable 

(n=6)
Unfavorable 

(n=18)
P-value

Age (yr) 62.83±10.17 59.89±18.03 0.871
Sex 0.341
   Male 1  9
   Female 5  9
Duration of diseasea) 1.000 
   Recent 3  8
   Remote 3 10
Hypertension 0.649
   Yes 2 9
   No 4 9
Diabetes mellitus 1.000 
   Yes 1  5
   No 5 13
cVEMP 1.000 
   Lossb) 3 10
   Present 3  8
oVEMP 0.139
   Lossb) 3 15
   Present 3  3
Caloric testc) 1.000 
   Loss 5 16
   Present 1  2
RCTd) 0.066
   Loss 0  8
   Present 6 10
vHITe) 0.015*
   Loss 1 14
   Present 5  4

The favorable group and unfavorable group included patients with a com-
posite score of 70 or more and less than 70, respectively, at 6 months of 
follow-up. 
cVEMP, cervical vestibular-evoked myogenic potential; oVEMP, ocular 
vestibular-evoked myogenic potential; RCT, rotary chair test; vHIT, video 
head impulse test. 
a)Duration of disease was defined as recent if the duration of the symp-
toms was within 6 months and as remote if the duration of the symptoms 
was more than 6 months. b)cVEMP/oVEMP loss indicated bilateral “no re-
sponse” in cervical and ocular vestibular-evoked myogenic potentials.  
c)Loss in the caloric test indicated that the sum of the slow phase velocity 
of nystagmus on each side evoked by cold and warm water stimulation 
was lower than 6°/sec. “Present” in the caloric test indicated that the sum 
of the slow-phase velocity of nystagmus evoked by cold and warm water 
stimulation was 6°/sec or more at least in one ear. d)“Loss” in the RCT indi-
cated that the gain at 0.12 Hz of slow harmonic acceleration stimulation 
was lower than 0.1 in the RCT. “Present” in the RCT indicated that the gain 
at 0.12 Hz of slow harmonic acceleration stimulation was 0.1 or more. 
e)“Loss” in the vHIT indicates that the gain of the lateral semicircular canal 
was lower than 0.6 in both sides of the ear in the vHIT. “Present” in the 
vHIT indicated that the gain of the lateral semicircular canal was 0.6 or 
higher in one or both sides of the ear in the vHIT. 
The significance of the difference in age between the two groups was an-
alyzed using the Mann-Whitney U-test. Other factors were analyzed using 
the Fisher exact test. *P<0.05.
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quency VOR tended to show more favorable outcomes, with sig-
nificantly improved vestibular scores.

Characteristics of patients who showed a favorable prognosis
To confirm the importance of high-frequency VOR in the prog-
nosis of BVP, we investigated which of the initial vestibular func-
tion tests could predict the prognosis. Since the final composite 
scores of BVP patients of this study showed two peaks, at 45–50 
and 70–75 (Fig. 2), a composite score of 70 or higher was con-
sidered to indicate a favorable prognosis [15,16]. We categorized 
the patients with favorable and unfavorable prognoses into con-
tingency tables with the other parameters of demographic fac-
tors, systemic disease condition, and the results of vestibular func-
tion tests (Table 4). Age, sex, disease duration, and presence of 
HTN and/or DM were not significantly different between the 
two groups (P>0.05). In the vestibular function tests, only a pre-
served VOR gain equal to or higher than 0.6 in the vHIT showed 
a significant correlation with a favorable prognosis (P=0.015). 

DISCUSSION

Previous studies have suggested that vestibular rehabilitation 
therapy was effective, but had limited effects on the improvement 
of balance function in patients with BVP [1,5]. The results of 
this study are in accordance with the results of those prior stud-
ies. Although the average composite score tended to increase af-
ter follow-up with vestibular rehabilitation, only seven of the 24 
patients (29%) showed recovery of a CDP composite score of 
65 or more. The most salient difference between the patients with 
a composite score equal to or greater than 65 and the others was 
revealed to be the preservation of vestibular function in the high-
frequency stimulation range, which could be identified by the 
vHIT. In other words, patients with preserved high-frequency 
VOR showed better outcomes after rehabilitation. 

It is well known that the efficiency of the VOR against low-
frequency stimulation is poorer than that against the higher-fre-
quency range [17,18], as proven by a mechanical model and 
physical interpretation [19,20]. Since the results from the vHIT 
represent the VOR at a high-frequency stimulation range (5–7 Hz) 
that is closer to the VOR that occurs in daily life [21,22], it is 
reasonable to infer that the preservation of high-frequency VOR 
in BVP patients is important both for decreasing the severity of 
subjective symptoms and for promoting the recovery of balance 
function in patients with BVP after vestibular rehabilitation. How-
ever, the caloric test, which presents non-physiological low-fre-
quency stimulation (<0.005 Hz), is likely to have less importance 
than the vHIT in anticipating patients’ prognosis after vestibular 
rehabilitation. These assumptions are supported by the results of 
this study. Initially, the group with lost high-frequency VOR (group 
2) showed more severe subjective symptoms according to the 
initial DHI score and did not exhibit any significant differences 

in the initial composite score and vestibular score in CDP, unlike 
the patients with preserved high-frequency VOR (group 1). In 
addition, the patients with preserved high-frequency VOR (group 
1) showed a certain amount of preserved VOR gain in the RCT 
compared to the patients with lost high-frequency VOR (group 
2). This result implies that subjective symptoms could be more 
severe in patients who lose high-frequency VOR than in those 
with preserved high-frequency VOR. Even though the patients 
had a preserved VOR in the mid- to high-frequency range, their 
static and dynamic balance function, as measured using CDP, 
was very poor due to their bilateral vestibular loss, which result-
ed in a significant physical disability compared to that associated 
with unilateral vestibular function loss. Hence, the scores were 
not different between group 1 and group 2 at baseline. After re-
habilitation, patients with preserved high-frequency VOR showed 
more significant improvement in the vestibular score and tended 
to have favorable final outcomes in other parameters. If bilateral 
vestibular function is completely lost, vestibular compensation 
cannot be achieved; instead, improvements in balance function 
depend on substitution using other sensory information such as 
vision and somatosensory cues [23,24]. However, these substi-
tution strategies do not provide enough balance function main-
tenance during high-frequency head and body movements be-
cause the frequency range covered by sensory substitution is 
lower than that of vestibular reflexes. Therefore, patients with 
partially preserved vestibular function in response to mid- to 
high-frequency ranges of stimulation can accomplish vestibular 
compensation more efficiently. The observation in this study that 
patients who showed a caloric test response above the threshold 
of the diagnostic criteria for BPV, but without a vHIT response, 
showed a poorer final composite score than patients without a 
caloric response, but with a preserved vHIT response, also sup-
ports this hypothesis. Considering the results of VOR preserva-
tion in the RCT in group 1, the results of the RCT seemed to be 
another contributing factor to the prognosis. Therefore, we cate-
gorized the patients into a final high composite score group (“fa-
vorable group”) and low composite score group (“unfavorable 
group”) and tried to identify differences in the various factors. 
In the comparison, the proportion of patients with preserved 
high-frequency VOR was significantly larger in the favorable group 
than in the unfavorable group. Although the proportion of pa-
tients with preserved gain in the RCT was higher in the favor-
able group than in the unfavorable group, the difference was not 
statistically significant. This may have resulted from the relatively 
small number of enrolled patients. The incidence of BVP is very 
low (28 per 100,000), and it was difficult to recruit a large num-
ber of patients at a single institution to reveal the specific rela-
tionship between the results of RCT and prognosis [12]. 

For vestibular rehabilitation in BPV patients, a physician and/
or physical therapist can strongly recommend adaptation exer-
cises for vision stabilization combined with substitution exercis-
es for BVP patients with preserved high-frequency VOR gain. In 
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patients with total BVP, the effect of adaptation exercises is ex-
pected to be minimal; therefore, vision stabilization exercises re-
inforcing saccadic or smooth-pursuit oculomotor function should 
be used instead of the VOR. We recommended an adaptation ex-
ercise to all the enrolled patients, but it is likely that the exercise 
was effective in limited cases. Nonetheless, the exercise seemed 
to be effective in patients with preserved high-frequency VOR, 
as can be seen from the results of this study. Therefore, an adap-
tation exercise may be essential for the rehabilitation of BVP 
patients with preserved high-frequency VOR gain.

The main limitation of this study is the small number of en-
rolled patients due to the low incidence of BVP, as described 
above. Even though we found that the vHIT of the LSCC was 
significantly correlated with the prognosis, it remains possible 
that other related variables were not identified due to the lack 
of statistical power. In addition, we did not perform caloric tests 
during follow-up due to the expense and patients’ discomfort 
associated with regular administration of caloric tests. Therefore, 
we could not fully exclude the possibility of recovery of vestibu-
lar function during the follow-up period, which may be a cause 
of a good prognosis.

In conclusion, we found that preservation of the high-frequen-
cy range in vestibular function seems to be important for achiev-
ing a good prognosis, and the vHIT may be a critical test by which 
to anticipate the prognosis of BVP. Based on the results of the 
present study, the possible need for stricter diagnostic criteria of 
BVP may be discussed in future research.
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