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Background and objectives: Patients with benign paroxysmal positional vertigo

of the posterior canal (pc-BPPV) exhibit BPPV fatigue, where the positional

nystagmus diminishes with the repeated performance of the Dix–Hallpike test

(DHt). BPPV fatigue is thought to be caused by the disintegration of lumps of

otoconial debris into smaller parts and can eliminate positional nystagmus within

a few minutes [similar to the immediate e�ect of the Epley maneuver (EM)]. In this

study, we aimed to show the non-inferiority of the repeated DHt to the EM for

eliminating positional nystagmus after 1 week.

Methods: This multicenter, randomized controlled clinical trial was designed

based on the CONSORT 2010 guidelines. Patients who had pc-BPPV were

recruited and randomly allocated to Group A or Group B. Patients in Group A were

treated using the EM, and patients in Group Bwere treated using repeated DHt. For

both groups, head movements were repeated until the positional nystagmus had

been eliminated (a maximum of three repetitions). After 1 week, the patients were

examined to determine whether the positional nystagmus was still present. The

groups were compared in terms of the percentage of patients whose positional

nystagmus had been eliminated, with the non-inferiority margin set at 15%.

Results: Data for a total of 180 patients were analyzed (90 patients per group).

Positional nystagmus had been eliminated in 50.0% of the patients in Group A

compared with 47.8% in Group B. The upper limit of the 95% confidence interval

for the di�erence was 14.5%, which was lower than the non-inferiority margin.

Discussion: This study showed the non-inferiority of repeated DHt to the EM

for eliminating positional nystagmus after 1 week in patients with pc-BPPV and

that even the disintegration of otoconial debris alone has a therapeutic e�ect for
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pc-BPPV. Disintegrated otoconial debris disappears from the posterior canal

because it can be dissolved in the endolymph or returned to the vestibule via

activities of daily living.

Classification of evidence: This study provides Class II evidence of the

non-inferiority of repeated DHt to the EM for eliminating positional nystagmus

after 1 week.

Registration number: UMIN000016421.
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Introduction

Benign paroxysmal positional vertigo (BPPV) is the most

common cause of vertigo and is characterized by positional

nystagmus (1). BPPV can be treated using the canalith

repositioning procedure (CRP) (2), which is more effective

than a sham maneuver (3), medication alone (4), or no treatment

(4). The Epley maneuver (EM) is a type of CRP effective for

treating benign paroxysmal positional vertigo of the posterior

canal (pc-BPPV) (5). However, the efficacy of the EM is comparable

to that of other CRPs, such as the Semont and Gans maneuvers (6).

The treatment of BPPV using the EM, Semont maneuver, or Gans

maneuver has immediate effects. For instance, following the EM,

the characteristic positional nystagmus can no longer be observed,

as assessed using the Dix–Hallpike (DH) test (1, 7). By contrast,

sham maneuvers, medication alone, and no treatment do not show

such effects, thus demonstrating the superiority of CRP maneuvers

for treating BPPV.

The repeated performance of the DH test for assessing

positional nystagmus in patients with pc-BPPV gives rise to BPPV

fatigue, where the positional nystagmus and dizziness/vertigo

decrease with each repetition (8). BPPV fatigue is thought to

be caused by the disintegration of lumps of otoconial debris

into smaller parts (9, 10). Otoconial debris must be of sufficient

size to stimulate the semicircular canal during movement in the

canal; small otoconial debris cannot stimulate the canal and thus

does not give rise to positional nystagmus and dizziness/vertigo.

This is the putative pathophysiology of BPPV fatigue. The

repeated performance of the DH test can eliminate positional

nystagmus, similar to the effect seen immediately after the

EM. Therefore, the repeated performance of the DH test may

have the same therapeutic effect as the Epley, Semont, and

Gans maneuvers.

In this study, we hypothesized that repeated application of

the DH test and EM will have the same efficacy in terms of

eliminating positional nystagmus. We tested this by comparing

the cure rates of patients with pc-BPPV after repeated application

of the DH test or EM in a multicenter randomized trial. In this

investigation, “cure” was defined as the elimination of positional

nystagmus after 1 week. We aimed to demonstrate that repeating

the DH test is equally effective as the EM for treating pc-

BPPV. This would be beneficial for both clinicians and patients

with pc-BPPV because DH test repetitions would be quicker

and less painful than the EM because it involves fewer head

movement steps.

Materials and methods

Standard protocol approval, registration,
and patient consent

The study was conducted in accordance with the Declaration

of Helsinki. Approval for the study was obtained from the

ethics committee of Osaka University Hospital (No. 14128), and

the study was registered in the University Hospital Medical

Information Network (UMIN000016421). The study protocol is

available online (11). Written informed consent was obtained from

all study participants.

Trial design

This study was a multicenter, non-blinded, randomized

controlled clinical trial designed based on the 2010 Consolidated

Standards of Reporting Trials guidelines (CONSORT 2010). The

study was initially designed to run for 5 years, but this was extended

to 8 years because of the lack of patients. No other changes were

made to the study methods or design.

Participants

The study was carried out in the otorhinolaryngology

departments of several hospitals: Osaka University Hospital

(Osaka, Japan), Tokushima University Hospital (Tokushima,

Japan), Osaka Rosai Hospital (Osaka, Japan), Otemae Hospital

(Osaka, Japan), and Suita Municipal Hospital (Osaka, Japan).

We included patients diagnosed with pc-BPPV (12) based on

positional nystagmus in a DH test. The pathophysiology of pc-

BPPV involves canalolithiasis (13), but in certain patients, there

may be cupulolithiasis (14). To limit the study to patients with

canalolithiasis, patients were only included if they had positional

nystagmus that lasted <1min (14, 15). This time limit was

restricted to the first phase of positional nystagmus because the

direction of the nystagmus can reverse within 1min, thereby
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creating a second phase and lengthening the total duration of the

positional nystagmus to >1min (16). Patients with this second

phase were included if the duration of the first phase was <1 min.

Patients were excluded if they did not consent to participate

or had a confirmed or possible pregnancy, severe heart disease,

medical history, or the possibility of cervical/lumbar disc disease.

The patients were randomly assigned to Group A or Group

B. Block randomization was carried out by our data management

center. A block size of six was chosen, but this was only known to

the data management center; the team members carrying out the

clinical intervention were unaware of the block size to ensure that

the group allocations remained unknown.

Interventions

The authors who carried out the interventions were certified

to treat patients with dizziness/vertigo (certified by the Japan

Society for Equilibrium Research). Participants in Group A were

treated using the EM on the affected side (13, 17) (Figure 1A).

Participants in Group B were treated using repetitions of the

DH test (Figure 1B). During the interventions, the patients wore

Frenzel glasses with an infrared charge-coupled device (CCD)

camera (IEM-2, Nagashima Medical Instruments Co. Ltd, Tokyo,

Japan) so that the positional nystagmus could be observed.

Group A: For the EM, the patient’s head was moved from

one position to the next when there was no longer any positional

nystagmus. However, if the positional nystagmus lasted >1min,

the patient’s head was moved to the next position. Similarly, for

the first head position (Figure 1A ⊚, ✩, ⋆), if the direction of the

positional nystagmus reversed (the second phase of nystagmus),

the patient’s head was moved to the next position. If positional

nystagmus was not observed in a given head position, the patient’s

head was moved after ∼30 s. Following the EM, the DH test was

performed on the affected side after ∼1min (Figure 1A ✩, ⋆).

If positional nystagmus was not observed or lasted <2 s, the EM

treatment ended (END; see white arrows in Figure 1A); if there was

positional nystagmus that lasted >2 s, the EM was repeated for a

maximum of three times (second EM and third EM; see gray arrows

in Figure 1A).

Group B: For the first DH test, when positional nystagmus

was no longer observed, and at the start of the second phase of

nystagmus, patients were returned to the sitting position. After

about 30 s, a second DH test was performed (Figure 1B ✩✩).

If positional nystagmus was not observed or lasted <2 s, the

DH test treatment ended (END; see white arrows in Figure 1B);

in this case, one repetition of the DH test was considered

to have been performed because the second DH test served

to confirm the elimination of positional nystagmus and would

not have contributed to BPPV fatigue. If positional nystagmus

was observed for >2 s during the second DH test, patients

were returned to the sitting position, and a third DH test

was performed after about 30 s (Figure 1B ⋆⋆). If positional

nystagmus was not observed or lasted <2 s in this third test,

the number of repetitions in the DH test treatment was taken

as two because the test served to confirm the elimination of

positional nystagmus and would not have contributed to BPPV

fatigue; however, if positional nystagmus was observed for >2 s,

FIGURE 1

Illustration of the study interventions. The interventions shown are

for patients with right-sided benign paroxysmal positional vertigo

(BPPV). In the case of left-sided BPPV, lateralized movements are

performed on the opposite side. (A) Group A: The Epley maneuver

(EM) was repeated a maximum of three times. After the first and

second EM repetitions, the positional nystagmus was assessed using

a Dix–Hallpike (DH) test (shown by ✩ and ⋆). If positional

nystagmus was absent on the a�ected side, the intervention ended

(shown by the white arrows pointing to the word END). If positional

nystagmus was still present, a further EM repetition was performed

(shown by the gray arrows). (B) Group B: The repeated DH test was

performed with up to three repetitions. If the positional nystagmus

on the a�ected side was found to be absent at the second DH test

(shown by ✩✩), the intervention ended (shown by the white arrows

pointing to the word END); in this case, the number of repetitions

was recorded as one, i.e., the movement shown by ✩✩ was not

counted. If positional nystagmus was still present, a further DH test

was performed (shown by the gray arrows). For the third DH test

(shown by ⋆⋆), if positional nystagmus was absent, the number of

repetitions was recorded as two, i.e., the movement shown by ⋆⋆

was not counted; if positional nystagmus was present, the number

of repetitions was recorded as three.

the number of repetitions in the DH test treatment was taken

as three.

Exactly 1 week after the intervention, the patients returned

to the hospital. The DH test was carried out, followed by the

supine roll test (1). For these tests, patients wore the Frenzel glasses

with an infrared CCD camera so that the positional nystagmus

could be observed. A patient was considered to be cured if

positional nystagmus was not observed in the DH test on the

affected side. If positional nystagmus characteristic of lateral canal

BPPV (lc-BPPV) (15), but not of pc-BPPV, was observed, then the

participants were still considered to be cured even though the cure

was restricted to pc-BPPV; this situation may occur when otoconial

debris in the posterior semicircular canal moves to the lateral canal

(the “canal switch”) (18). When positional nystagmus was observed

in the DH test on the contralateral side but not on the affected

side, the patient was also considered to be cured even though

the cure was restricted to the side that was originally affected.

For convenience, we also refer to this situation as a canal switch.

However, patients were not considered to be cured when positional

nystagmus was observed in the DH test on the affected side, which

is characteristic of pc-BPPV even when the nystagmus was only

mild. To summarize, a curative effect was only considered when

the positional nystagmus characteristic of pc-BPPV was eliminated

on the affected side.

Following this session, no further interventions were

performed, and the patients received normal medical care.
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Outcomes

Primary outcome
The primary outcome was the pc-BPPV cure rate.

Secondary outcomes
One secondary outcome was the number of treatment

repetitions using the EM (Group A) or DH test (Group B). Another

secondary outcome was the distribution of BPPV subtypes in

Groups A and B after 1 week. The ipsilateral pc-BPPV subtype

indicated that a patient was not cured; other subtypes (contralateral

pc-BPPV, lc-BPPV with geotropic positional nystagmus, and lc-

BPPV with apogeotropic positional nystagmus) were taken to

indicate that a patient’s pc-BPPV was cured.

Blinding

Patients were not told whether they were allocated to Group

A or Group B. However, when informed consent was obtained,

the head movements for the EM and DH tests were explained,

and thus, some patients may have been aware of their group

assignment. After the final session assessing positional nystagmus,

1 week after the intervention, patients were told whether they had

been allocated to Group A or B. The physicians who assessed

the positional nystagmus at the final session also enrolled the

patients; it is, therefore, possible that they remembered the patients’

group allocations. However, this would appear to be unlikely as

this information was not recorded in the medical records and a

considerable number of patients are seen within a week.

Sample size

The sample size was determined based on the assumption that

(the cure rate for the EM) - (the cure rate for the repeated DH test)

would be <15% if they have equivalent efficacy. In other words,

the non-inferiority margin was set at 15%. This margin was chosen

based on our previous study, which showed a cure rate for the

EM of ∼80% (19) compared to 50% when there was no CRP.

The difference between these cure rates was 30% (50–80), and the

non-inferiority margin was set to half of this value, i.e., 15%.

The sample size was determined based on the

following conditions:

Primary outcome: cure rate (the number of patients whose

positional nystagmus due to pc-BPPV was cured on the affected

side after 1 week)/(the number of patients in each group).

Analysis method: a non-inferiority trial using cure rates

Difference between the groups: 80% – 80%= 0%

Non-inferiority margin: 15%

Type I error, α: 5% (one-tailed test)

Power, 1 – β: 80%

n =

{

1.645
√

0.875(1− 0.875)+ (0.875− 0.15) (1− 0.875+ 0.15)+ 0.842
√
2 · 0.8(1− 0.8)

}2

0.152
= 85.9

Finally, we rounded this value up to give a sample size of 90

patients per group.

Statistical methods

The statistical analyses were performed using BellCurve

for Excel (Social Survey Research Information Co., Ltd.,

Tokyo, Japan) and EZR software (20). One-tailed Z-tests were

used to analyze group differences in the cure rate (primary

outcome), sex ratio, and laterality ratio of the BPPV; a

one-tailed t-test was used to analyze differences in patient

age. The secondary outcomes were analyzed using Fisher’s

exact test. Statistical significance was defined as a p-value

of <0.05.

Data availability

The data supporting the findings of this study are available from

the corresponding author upon reasonable request.

The study protocol and statistical analysis plan are available

in eSAP1.

Results

Patients with pc-BPPV were recruited in the study

between 8 January 2015 and 9 December 2021. Data

acquisition was completed for a total of 180 patients (90

per group) by 16 December 2021. A flowchart detailing

patient enrollment, allocation, and follow-up is shown in

Figure 2. Only one patient in Group A presented with

nausea (Figure 2), but this resolved spontaneously within

30 min.

Demographic variables

No significant differences were found between Groups A

and B in patient sex, age, or the laterality of the pc-BPPV

(Table 1).

Primary outcome

The cure rate was 50.0% (45/90) in Group A and 47.8%

(43/90) in Group B. The difference between the groups was

not statistically significant (p = 0.3828; Figure 3). The graph on

the right of Figure 3 shows the probability distribution of the

difference in cure rate between the two groups. The gray area

represents 5% of the total area of the graph and shows the

upper limit of the 95% confidence interval at 14.5%. The non-

inferiority margin had been set at 15% a priori. These results,
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FIGURE 2

Flow diagram of patient inclusion, allocation, and follow-up. A total of 180 patients completed the study, including the final assessment that

determined whether positional nystagmus was still present.

TABLE 1 Patient characteristics.

Variable Randomized group P-value

Group A Group B

Sex Male 24 26 0.3696

Female 66 64

Affected side Left 42 36 0.1834

Right 48 54

Age (years) Mean 70.7 71.1 0.3959

Median 72 72

Minimum 34 46

Maximum 90 88

therefore, demonstrate the non-inferiority of the repeated DH test

to the EM for eliminating positional nystagmus in pc-BPPV after

1 week.

Secondary outcomes

The secondary outcome results are shown in Table 2. There

were no statistically significant group differences in the number

of treatment repetitions or distribution of BPPV subtypes after

1 week.

FIGURE 3

Cure rate for positional nystagmus in patients with pc-BPPV 1 week

after treatment. The bar chart shows that there was no significant

di�erence in cure rate between Groups A and B. The probability

distribution of the di�erence is shown in the graph on the right. The

gray area represents 5% of the total area and indicates that the

upper limit of the 95% confidence interval is 14.5%.

Classification of evidence

This study was designed to test the hypothesis of non-inferiority

of the repeated DH test to the EM for treating patients with

pc-BPPV as indicated by the presence or absence of positional

nystagmus after 1 week. The study provides class II evidence for
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TABLE 2 Secondary outcomes.

Secondary outcome Randomized group P-value

Group A Group B

Number of

treatment

repetitions

1 72 80 0.1305

2 16 10

3 2 0

BPPV

subtype after

1 week

ipsi pc 45 47 0.5405

cont pc 1 1

lc (geo) 11 5

lc (apo) 1 1

The secondary outcome frequencies are shown for each group.

ipsi pc, BPPV of the posterior canal affecting the ipsilateral side; cont pc, BPPV of the

posterior canal affecting the contralateral side; lc (geo), BPPV of the lateral canal with

geotropic positional nystagmus; lc (apo), BPPV of the lateral canal with apogeotropic

positional nystagmus.

the non-inferiority of the repeated DH test; it does not provide

class I evidence because the same physician enrolled the patients

and performed the follow-up assessments and thus may have

remembered the group allocations (although this appears unlikely).

Discussion

Primary outcome

This study aimed to show the non-inferiority of the repeated

DH test to the EM for treating patients with pc-BPPV. To

investigate this, we determined the cure rates for groups of patients

who were treated using the repeated DH test or the EM, where

“cure” was defined as the absence of positional nystagmus after

1 week. Although a cure for pc-BPPV would involve eliminating

otoconial debris from the posterior semicircular canal, this cannot

be assessed directly. Therefore, the absence of positional nystagmus

was interpreted as showing that the otoconial debris in the posterior

semicircular canal had been eliminated (2) and the pc-BPPV

was cured. According to the EM theory, pc-BPPV can be cured

immediately following the maneuver (7). In this study, we assessed

the therapeutic effects of the treatments by examining the positional

nystagmus after 1 week; it was considered extremely unlikely that

a therapeutic effect would only become apparent after a longer

delay. In line with this, previous studies have shown that the EM

is effective in eliminating positional nystagmus both up to and after

1 week (6, 21).

In our previous study, we showed that the cure rate for patients

with pc-BPPV was 30% higher following the EM than when there

was no CRP treatment (19). Based on this, we reasoned that the

repeated DH test could be regarded as therapeutic if the cure rate

difference with the EM is less than half of 30%, i.e., 15%. We,

therefore, set the inferiority margin to be 15% a priori, as recorded

in the study protocol (11). As shown in Figure 2, our results

revealed that the cure rate difference between the EM and repeated

DH tests was 2.2%, with a 95% confidence interval upper limit of

14.5%, i.e., <15%. This, therefore, supports the non-inferiority of

the repeated DH test to the EM for treating pc-BPPV.

Secondary outcomes

The head movements in the EM were designed to move

otoconial debris from the posterior semicircular canal to the

vestibule. We could, therefore, reason that the number of

repetitions needed to eliminate the positional nystagmus should be

smaller than for the repeated DH test, where the head movements

were not designed to move the otoconial debris in this way. As

shown in Table 2, there was no significant difference in the number

of treatment repetitions for Groups A and B. This indicates that

the lumps of otoconial debris readily disintegrate into smaller parts

without the need for many repetitions of the DH test.

We examined the subtypes of BPPV found following the

two treatments. Specifically, for the EM, otoconial debris in the

posterior semicircular canal could conceivably move to another

semicircular canal instead of the vestibule in what is known as a

canal switch (18). In this case, another subtype of BPPV would

be seen, such as anterior canal BPPV, lc-BPPV with geotropic

nystagmus, or lc-BPPV with apogeotropic nystagmus; this would

constitute evidence that the otoconial debris moved during the

EM. By contrast, a canal switch should not occur during the DH

test as the head movements should not move the otoconial debris

from between the ampulla of the posterior semicircular canal and

the common crus. Therefore, other BPPV subtypes would not be

expected to occur following treatment with the DH test. In other

words, a canal switch would be expected to occur for Group A (EM)

but not Group B (repeated DH test). However, as shown in Table 2,

our results did not support this, and there was no significant group

difference in the distribution of BPPV subtypes after 1 week. This

indicates that the canal switch occurred in bothGroupA andGroup

B. In Group A, otoconial debris moved between semicircular canals

in the middle of the Epley maneuver, whereas in Group B, the small

pieces of otoconial debris possibly moved between canals through

the activities of daily living after the repeated DH test but not

in the middle of the repeated DH test because the smaller pieces

of otoconial debris are more easily moved. Therefore, in Group

B patients, whose positional nystagmus disappeared after 1 week,

small pieces of otoconial debris might have been returned to the

vestibule through the activities of daily living a few days after the

repeated DH test.

Interpretation

Our results demonstrated the non-inferiority of the repeated

DH test to the EM for eliminating positional nystagmus in pc-

BPPV after 1 week. In a previous study, we showed that the repeated

DH test is also non-inferior to the EM for weakening the positional

nystagmus after 30min (22). Therefore, the repeated DH test can be

considered to be as effective as the EM for reducing the positional

nystagmus after both 30min and 1 week. The EM was performed

to move otoconial debris from the posterior semicircular canal to

the vestibule (2). The DH test was repeated to break down the

lumps of otoconial debris into smaller parts (this is only the putative

pathophysiology) (9, 10). Our results suggest that the disintegration

of otoconial debris via repeated DH tests has the same therapeutic

effect as the transfer of otoconial debris from the posterior canal
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to the vestibule induced by the EM. The small pieces of otoconial

debris may dissolve in endolymph easier than large pieces (23) or

potentially return to the vestibule through the activities of daily

living, which could account for the equivalent therapeutic effects

of the two treatments.

Generalizability

The patients in this multicenter trial were recruited from

various types of hospitals, including municipal hospitals, university

hospitals, and critical care medical centers. The patient population

in this study is, therefore, likely to be relatively representative of

the general population. Of note, patients were not recruited from

primary medical care institutions. However, patients with pc-BPPV

who present to these centers and remain uncured are generally

referred to hospitals, such as those included in our study. Therefore,

our study is likely to have included patients who first went to a

primary medical care institution. However, if patients had been

recruited at primary medical care institutions, the cure rate would

likely have been higher because those who are cured within 1 week

would have been included in the study. Nevertheless, this should

not have affected our main finding that the treatment of pc-BPPV

with the repeated DH test is non-inferior to the EM.

Limitations

To confirm the therapeutic efficacy of the repeated DH test, a

better therapeutic effect should be obtained using the repeated DH

test compared with a control group of patients with pc-BPPV who

do not perform the DH test. However, it is impossible to create such

a control group because all patients with pc-BPPV perform the DH

test at the time of diagnosis.

A cure rate of 50% was found for Group A in this study.

This is lower than that found in other studies that used the EM

(24) or Semont maneuver (25), although it is higher than the rate

found with no CRP treatment (26). As most of the physicians

involved in this study were certified specialists for examining

and treating patients with dizziness/vertigo (certified by the Japan

Society for Equilibrium Research), this result cannot be attributed

to the suboptimal performance of the EM. Instead, the result may

relate to the inclusion of patients with pc-BPPV who had been

referred from other hospitals and who had already been treated

using the EM and yet remained uncured. These patients may be

resistant to the EM treatment and thus they may have lowered

the cure rate. It is possible that this study included many such

patients who are resistant to the EM treatment. However, another

possibility for the low cure rate relates to the evaluation criteria used

for assessing the elimination of positional nystagmus, which may

have been more stringent than in other studies. In this study, we

determined that positional nystagmus was present even when it was

observed to be very small, and the patient no longer complained

of dizziness/vertigo. If this is, indeed, the reason for the low cure

rate, this cannot be considered a limitation. After 1 week, the rate

of improvement of dizziness/vertigo was 83.3% (75/90) in Group

A and 80.0% (72/90) in Group B, which is almost the same as the

rates of effectiveness of the EM reported in previous studies (27, 28).

Furthermore, the rate of elimination of positional nystagmus on

the same day as the EM or the repeated DH test was almost 100%

(97.8% (88/90) in Group A and 100% (90/90) in Group B) (Table 2).

Conclusion

This study demonstrated the non-inferiority of the repeated

DH test to the EM for eliminating positional nystagmus in pc-

BPPV after 1 week. The elimination of positional nystagmus was

considered curative. We propose a putative pathophysiology of the

therapeutic effect of the repeated DH test. The disintegration of the

lumps of otoconial debris into smaller parts by the repeated DH test

has the same therapeutic effect as the transfer of otoconial debris

from the posterior canal to the vestibule induced by the EM. Upon

disintegration, the smaller pieces of otoconial debris possibly are

more easily dissolved in the endolymph and potentially eliminated

from the posterior canal, or they might be more easily moved and

returned to the vestibule through the activities of daily living.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and

approved by the Ethics Committee of Osaka University Hospital

(No. 14128). The patients/participants provided their written

informed consent to participate in this study.

Author contributions

TIm contributed substantially to the conception of the study

and drafting of the article. TIm, AU, AY, YT, GS, and KM

contributed substantially to the data acquisition. TIm and YU

contributed substantially to the data analysis. TIm, SN, KK, TK,

KS-H, SM, NK, TN, and AT contributed substantially to the data

interpretation. TIg, YO, and TS were substantially involved in the

data management center. TIm and AU contributed substantially to

the responses to the reviewers’ comments. HI and NT contributed

substantially to overseeing the study. All authors contributed to the

article and approved the submitted version.

Funding

This study was supported by a JSPS KAKENHI grant (grant

numbers 20K09691 and 21K09560). The organization that funded

this study was not involved in the study design, data collection, data

analysis, or writing of the manuscript. The corresponding author

had full access to the data and final responsibility for the decision

to submit this manuscript for publication.

Frontiers inNeurology 07 frontiersin.org

https://doi.org/10.3389/fneur.2023.1095041
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Imai et al. 10.3389/fneur.2023.1095041

Acknowledgments

We thank Jessica Foxton, Ph.D. and Michael Irvine, Ph.D.,

from Edanz (https://jp.edanz.com/ac) for editing a draft of

this manuscript.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. Bhattacharyya N, Gubbels S, Schwartz S, Edlow J, El-Kashlan H, Fife T, et al.
Clinical practice guideline: benign paroxysmal positional vertigo (update). Otolaryngol
Head Neck Surg. (2017) 156:S1–47. doi: 10.1177/0194599816689667

2. Epley J. The canalith repositioning procedure: for treatment of benign
paroxysmal positional vertigo. Otolaryngol Head Neck Surg. (1992) 107:399–
404. doi: 10.1177/019459989210700310

3. Froehling D, Bowen J, Mohr D, Brey RH, Beatty CW, Wollan PC, et al.
The canalith repositioning procedure for the treatment of benign paroxysmal
positional vertigo: a randomized controlled trial. Mayo Clin Proc. (2000) 75:695–
700. doi: 10.1016/S0025-6196(11)64615-6

4. Salvinelli F, Trivelli M, CasaleM, Firrisi L, Di Peco V, D’Ascanio L, et al. Treatment
of benign positional vertigo in the elderly: a randomized trial. Laryngoscope. (2004)
114:827–31. doi: 10.1097/00005537-200405000-00007

5. Hilton M, Pinder D. The Epley (canalith repositioning) manoeuvre for
benign paroxysmal positional vertigo. Cochrane Database Syst Rev. (2014)
12:CD003162. doi: 10.1002/14651858.CD003162.pub3

6. Dispenza F, Kulamarva G, De Stefano A. Comparison of repositioning
maneuvers for benign paroxysmal positional vertigo of posterior semicircular
canal: advantages of hybrid maneuver. Am J Otolaryngol. (2012) 33:528–
32. doi: 10.1016/j.amjoto.2011.12.002

7. Oliveira AK, Suzuki FA, Boari L. Is it important to repeat the positioning
maneuver after the treatment for benign paroxysmal positional vertigo? Braz J
Otorhinolaryngol. (2015) 81:197–201. doi: 10.1016/j.bjorl.2014.06.002

8. Boselli F, Kleiser L, Bockisch C, Hegemann S, Obrist D. Quantitative analysis of
benign paroxysmal positional vertigo fatigue under canalithiasis conditions. J Biomech.
(2014) 47:1853–60. doi: 10.1016/j.jbiomech.2014.03.019

9. Parnes LS, Price-Jones RG. Particle repositioning maneuver for
benign paroxysmal positional vertigo. Ann Otol Rhinol Laryngol. (1993)
102:325–31. doi: 10.1177/000348949310200501

10. Parnes L, Agrawal S, Atlas J. Diagnosis and management of benign paroxysmal
positional vertigo (BPPV). CMAJ. (2003) 169:681–93.

11. https://www.med.osaka-u.ac.jp/pub/ent/speciality/files/cr_deafness141218.pdf

12. Bhattacharyya N, Baugh RF, Orvidas L, Barrs D, Bronston LJ, Cass S, et al.
Clinical practice guideline: benign paroxysmal positional vertigo. Otolaryngol Head
Neck Surg. (2008) 139(5 Suppl. 4):S47–81. doi: 10.1016/j.otohns.2008.08.022

13. Imai T, Takeda N, Ikezono T, Shigeno K, AsaiM,Watanabe Y, et al. Classification,
diagnostic criteria and management of benign paroxysmal positional vertigo. Auris
Nasus Larynx. (2017) 44:1–6. doi: 10.1016/j.anl.2016.03.013

14. Imai T, Takeda N, Ito M, Sekine K, Sato G, Midoh Y, et al. 3D analysis of
benign positional nystagmus due to cupulolithiasis in posterior semicircular canal.Acta
Otolaryngol. (2009) 129:1044–9. doi: 10.1080/00016480802566303

15. von Brevern M, Bertholon P, Brandt T, Fife T, Imai T, Nuti D, et al. Benign
paroxysmal positional vertigo: diagnostic criteria. J Vestib Res. (2015) 25:105–
17. doi: 10.3233/VES-150553

16. Wen C, Chen T, Chen F, Liu Q, Li S, Cheng Y, et al. Investigation of the
reverse phase nystagmus in positioning test for benign paroxysmal positional vertigo.
Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi. (2014) 49:384–9.

17. Brandt T. Benign paroxysmal positioning vertigo. In: Brandt T, editor.
Vertigo: its Multisensory . 2nd ed. London: Springer-Verlag Press (1999). p. 251–
83. doi: 10.1007/978-1-4471-0527-5_16

18. Lee G, Lee SG, Park HS, Kim BJ, Choi SJ, Choi JW. Clinical characteristics and
associated factors of canal switch in benign paroxysmal positional vertigo. J Vestib Res.
(2019) 29:253–60. doi: 10.3233/VES-190667

19. Sekine K, Imai T, Morita M, Nakamae K, Miura K, Fujioka H, et al. Vertical canal
function in normal subjects and patients with benign paroxysmal positional vertigo.
Acta Otolaryngol. (2004) 124:1046–52. doi: 10.1080/00016480410018061

20. Xavier V, Baby B, George JM, Ittyachen AM. Covid-19 and leptospirosis,
pulmonary involvement and response to steroids: a comparative observational study
from a rural Tertiary care center in Kerala. J Family Med Prim Care. (2022) 11:294–
8. doi: 10.4103/jfmpc.jfmpc_1414_21

21. Amor-Dorado JC, Barreira-Fernández MP, Aran-Gonzalez I, Casariego-Vales E,
Llorca J, González-Gay MA. Particle repositioning maneuver versus Brandt-Daroff
exercise for treatment of unilateral idiopathic BPPV of the posterior semicircular
canal: a randomized prospective clinical trial with short- and long-term outcome. Otol
Neurotol. (2012) 33:1401–7. doi: 10.1097/MAO.0b013e318268d50a

22. Imai T, Inohara H. Benign paroxysmal positional vertigo. Auris Nasus Larynx.
(2022) 49:737–47. doi: 10.1016/j.anl.2022.03.012

23. Zucca G, Valli S, Valli P, Perin P, Mira E. Why do benign paroxysmal
positional vertigo episodes recover spontaneously? J Vestib Res. (1998) 8:325–
9. doi: 10.3233/VES-1998-8404

24. von Brevern M, Seelig T, Radtke A, Tiel-Wilck K, Neuhauser H, Lempert T.
Short-term efficacy of Epley’s manoeuvre: a double-blind randomised trial. J Neurol
Neurosurg Psychiatry. (2006) 77:980–2. doi: 10.1136/jnnp.2005.085894

25. Chen Y, Zhuang J, Zhang L, Li Y, Jin Z, Zhao Z, et al. Short-
term efficacy of Semont maneuver for benign paroxysmal positional
vertigo: a double-blind randomized trial. Otol Neurotol. (2012) 33:1127–
30. doi: 10.1097/MAO.0b013e31826352ca

26. Salvinelli F, Casale M, Trivelli M, D’Ascanio L, Firrisi L, Lamanna F, et al.
Benign paroxysmal positional vertigo: a comparative prospective study on the efficacy
of Semont’s maneuver and no treatment strategy. Clin Ter. (2003)154:7–11.

27. Guneri EA, Kustutan O. The effects of betahistine in addition to epley maneuver
in posterior canal benign paroxysmal positional vertigo. Otolaryngol Head Neck Surg.
(2012) 146:104–8. doi: 10.1177/0194599811419093

28. Lee JD, Shim DB, Park HJ, Song CI, Kim MB, Kim CH, et al. A
multicenter randomized double-blind study: comparison of the Epley, Semont,
and sham maneuvers for the treatment of posterior canal benign paroxysmal
positional vertigo. Audiol Neurootol. (2014) 19:336–41. doi: 10.1159/0003
65438

Frontiers inNeurology 08 frontiersin.org

https://doi.org/10.3389/fneur.2023.1095041
https://jp.edanz.com/ac
https://doi.org/10.1177/0194599816689667
https://doi.org/10.1177/019459989210700310
https://doi.org/10.1016/S0025-6196(11)64615-6
https://doi.org/10.1097/00005537-200405000-00007
https://doi.org/10.1002/14651858.CD003162.pub3
https://doi.org/10.1016/j.amjoto.2011.12.002
https://doi.org/10.1016/j.bjorl.2014.06.002
https://doi.org/10.1016/j.jbiomech.2014.03.019
https://doi.org/10.1177/000348949310200501
https://www.med.osaka-u.ac.jp/pub/ent/speciality/files/cr_deafness141218.pdf
https://doi.org/10.1016/j.otohns.2008.08.022
https://doi.org/10.1016/j.anl.2016.03.013
https://doi.org/10.1080/00016480802566303
https://doi.org/10.3233/VES-150553
https://doi.org/10.1007/978-1-4471-0527-5_16
https://doi.org/10.3233/VES-190667
https://doi.org/10.1080/00016480410018061
https://doi.org/10.4103/jfmpc.jfmpc_1414_21
https://doi.org/10.1097/MAO.0b013e318268d50a
https://doi.org/10.1016/j.anl.2022.03.012
https://doi.org/10.3233/VES-1998-8404
https://doi.org/10.1136/jnnp.2005.085894
https://doi.org/10.1097/MAO.0b013e31826352ca
https://doi.org/10.1177/0194599811419093
https://doi.org/10.1159/000365438
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Comparison of the efficacy of the Epley maneuver and repeated Dix–Hallpike tests for eliminating positional nystagmus: A multicenter randomized study
	Introduction
	Materials and methods
	Standard protocol approval, registration, and patient consent
	Trial design
	Participants
	Interventions
	Outcomes
	Primary outcome
	Secondary outcomes

	Blinding
	Sample size
	Statistical methods
	Data availability

	Results
	Demographic variables
	Primary outcome
	Secondary outcomes
	Classification of evidence

	Discussion
	Primary outcome
	Secondary outcomes
	Interpretation
	Generalizability
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


