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provides superior diagnostics of
benign paroxysmal positional
vertigo
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Background: Benign paroxysmal positional vertigo (BPPV) is the most common

vestibular disease. Both therapeutic and diagnostic benefits with mechanical rotation

chairs (MRCs) for management of BPPV have been reported. No previous studies have

compared diagnostics in MRCs to traditional diagnostics on an examination bed.

Objective: To investigate the agreement between BPPV diagnostics performed with

an MRC and traditional diagnostics on an examination bed. Secondary objectives

were to (1) examine if the two test modalities di�er in diagnostic properties

when diagnosing largely untreated patients referred from general practitioners

(uncomplicated BPPV) compared to patients referred from private ENTs (complicated

BPPV) and (2) examine whether impaired participant cooperation during Manual

Diagnostics (MDs) alters agreement, sensitivity and specificity.

Method: Prospective randomized clinical trial in which patients with a case history of

BPPV were recruited by referrals from general practitioners, otorhinolaryngologists

and other hospital departments in the Northern Region of Denmark. Participants

underwent diagnostic examinations twice: once by traditional MDs on an examination

bed and once with an MRC. Initial examiner and order of test modality were

randomized. Examiners were blinded to each other’s findings.

Results: When testing the ability to diagnose BPPV, agreement between the two

test modalities, was 0.83, Cohen’s kappa 0.66. When comparing MD diagnostics to

MRC diagnostics (set as gold standard diagnostics following test result interpretation),

values for MDs were: sensitivity 71%, specificity 98%, Negative Predictive Value 73%,

and Positive Predictive Value 97%. Agreement regarding BPPV subtype classification

was found to be 0.71, and Cohen’s kappa 0.58. Agreement when isolating the

diagnosis to posterior canalolithiasis (p-CAN) was 0.89, Cohen’s kappa 0.78.

Conclusion: Diagnostics, aided by anMRC, aremore sensitive than traditional manual

BPPV diagnostics. The overall agreement level between test modalities was found to

be weak to moderate. When isolating diagnostics to p-CAN, the level of agreement

increased to “moderate-strong.” Results also showed higher agreement between

test modalities and a significantly higher negative predictive value for MDs when

examining patients referred directly from General Practitioners following no- or a

single treatment attempt. The diagnostic properties of MDs improved in patients with

a higher degree of cooperation.
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1. Introduction

Benign paroxysmal positional vertigo (BPPV) is the most

common vestibular disease, accounting for 17–42% of patients with

vertiginous symptoms (1). The disease is caused by the dislodgement

of otoconia from the utricular macula into one or several of the

semicircular canals (SCCs) within the inner ear.

BPPV is classified according to (1) the anatomical location of

otoliths dislodged from the utricle and (2) the manner in which

otoliths disturb endolymphatic flow (2). An accurate classification

therefore includes the following additional information regarding

location, laterality, and subtype, respectively: posterior, lateral, and/or

anterior SCC(s), left and/or right SCC(s), and canalolithiasis (CAN)

and/or cupulolithiasis (CUP) (3, 4).

Despite the fact that highly effective treatment options exist,

and spontaneous resolution rates range from 27 to 50%, BPPV

may still significantly impair general health and quality-of-life (5).

Approximately 86% of patients with BPPV experience interruptions

in daily activities and lost days at work due to BPPV. Elderly patients

with BPPV are at greater risk of falls, depression, and impaired daily

function (6). The adverse quality-of-life impacts reported amongst

BPPV patients are aggravated by long delays in placing the correct

diagnostics and initiation of the appropriate treatment. The time

from the onset of symptoms until the correct diagnostic tests are

carried out, has been reported to be in the order of months, due

to a combination of patient- and doctor delays (7, 8). Additionally,

with a lifetime prevalence estimated to be 2.4%, BPPV constitutes

a substantial healthcare burden (9). The American Academy of

Otolaryngology—Head and Neck Surgery Foundation (AAO-HNS)

estimates the costs associated with a diagnosis of BPPV alone to

approach two billion dollars annually (4). BPPV-associated costs

and delays in diagnostics are both exacerbated by the frequent use

of unnecessary diagnostic tests, as reports show that MRIs, CT-

scans, various pharmaceutical treatments, and electrocardiograms

are frequently prescribed prior to placing a correct diagnosis of

BPPV (10). Therefore, improvements in BPPV diagnostics and

subsequent targeted treatment of BPPV-patients may significantly

increase quality-of-life measures amongst BPPV patients and reduce

individual as well as societal costs.

Traditionally, BPPV is diagnosed by a clinician following

standardized diagnostic tests where the patient is placed in a number

of specified head positions to provoke both an objective characteristic

positional nystagmus and a subjective concomitant feeling of vertigo

(4). The Committee for Classification of Vestibular Disorders of the

Bárány Society and the AAO-HNS have both formulated diagnostic

criteria for BPPV that rely on (1) A characteristic case history and

(2) specific positional nystagmus patterns during diagnostic testing.

While the AAO-HNS criteria also list concomitant subjective vertigo

in association with the objective positional nystagmus as a diagnostic

criterion, The Barany criteria rely on patient history and objective

findings alone (3).

The diagnostic accuracy of these tests is subject to both examiner-

and patient-dependent variables that may affect both intra- and inter-

examiner reliability, e.g., the speed of head movements and the

specific angle of the head position during testing (11). One study

estimated the positive predictive value (PPV) of the manual Dix-

Hallpike (DH) test to be 83% and the negative predictive value (NPV)

to be 52% (12). Another study estimated the sensitivity and specificity

of the DH test to be 79 and 75%, respectively (13), suggesting

that efforts to improve diagnostic testing may be beneficial in cases

where symptomatology is highly suggestive of BPPV, but traditional

examinations fail to place the correct diagnosis.

Several devices that may aid BPPV diagnostics have been

developed: (1) optical Frenzel goggles that provides magnification

of the eyes of the patient and reduce visual fixation, (2)

videonystagmography (VNG) that yields similar benefits as optical

Frenzel goggles, but further improve nystagmus assessments as the

eyes of the patient are enlarged on a TV-screen for a more detailed

view and replayed for further investigation or second opinion (4).

VNG goggles also enable quantification and characterization of

nystagmus with analysis of parameters such as direction (horizontal,

vertical, rotational), beats perminute, and average slow phase velocity

measurements, (3)mechanical rotation chairs ensure standardization

of diagnostic test procedures, potentially providing increased intra-

and inter-examiner reliability, the utilization of MRCs reduces

patient-dependent factors that may affect the quality of diagnostic

tests (e.g., neck stiffness and reduced mobility, reduced patient

cooperation etc.) to a minimum. Lastly, MRCs facilitate treatment

options not possible with traditional repositioningmaneuvers carried

out on an examination bed, (4) the combination of MRCs and VNG

goggles adds and utilizes the benefits of both approaches.

A number of biaxial MRCs have been developed, including the

Epley Omniax Rotator R© (Vesticon©, Portland, USA), the TRV R©

MRC (Interacoustics©, Middelfart, Denmark) and the Rotundum

positioning chair (Balcare, Küsnacht, Switzerland). These companies

all supplement their respective MRCs with VNG usage. With the

biaxial MRC used in this study, the angles of the yaw axis are

fixed in predefined positions and the examiner controls the speed

of head-movements, thus facilitating diagnostic and therapeutic

procedures in patients who would otherwise be unable to cooperate.

The examiner-dependent speed of head movements during the

positional testing does probably account for some degree of inter-

and intra-examiner variability, as the speed of head movements

may vary between examiners as well as between tests carried out

by the same examiner. The MRC, which is used in this study,

allows 360-degree rotations in the roll axis and 360-degree rotations

with 45-degree predetermined intervals in the yaw axis, minimizing

patient-dependent diagnostic factors such as headmovement velocity

and head position angles, and allows more standardized test and

treatment protocols. The concomitant use of infrared video goggles

enables usage of software features such as pupil auto tracking and

slow-phase velocity measurements that may assist the examiner in

interpreting the positional nystagmus observed (14). It has recently

been hypothesized that the predefined and highly reproducible

movements with MRCs, combined with VNG goggles, provide

superior diagnostics of BPPV (15).

Though a number of studies have reported therapeutic and

diagnostic benefits of using MRCs for management of BPPV (14, 16–

18), no studies have directly compared the agreement of diagnostic

procedures done with an MRC in combination with infrared video

goggles to the diagnostic procedures done with manual diagnostic

(MD) tests as carried out in a primary care setting.

Therefore, the primary objective of this study was to investigate

the agreement between BPPV diagnostics performed with an MRC

and MDs on an examination bed. Secondary objectives of this study

were to (1) examine if the test modalities differ in sensitivity and
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FIGURE 1

Trial profile. Please note that participants could be excluded at one

visit but included at a separate follow-up visit if the reason for

exclusion was reversible.

specificity when diagnosing uncomplicated BPPV cases [referred

from general practitioners (GPs)] compared to complicated BPPV

cases [referred to tertiary care from private otorhinolaryngologists

(ENTs)] and (2) examine if impaired patient cooperation duringMDs

alters agreement, sensitivity and specificity.

2. Methods and materials

2.1. Participants

Between September 1st, 2021, and November 30th, 2021, adult

patients were referred to the tertiary Balance and Dizziness Center

at the Department of Otolaryngology, Head and Neck Surgery and

Audiology, Aalborg University Hospital, Aalborg, Denmark. Patients

were referred fromGPs, private ENTs and other hospital departments

in The North Denmark Region (total population size of∼600.000).

All participants included in the study had a case history of

paroxysmal positional vertigo and/or a clinical presumption of BPPV

at the time of referral. 224 participants were referred, 21 visits were

excluded (see Figure 1), and therefore a total of 210 participants were

included. All participants included in the study, who were diagnosed

with BPPV, were invited to an in-house follow-up 2–3 weeks after

initial diagnostics and treatment. At follow-up visits, prior to follow-

up history taking and prior to re-examinations, participants were

allowed to be included in the study again, if a new consent form was

obtained. There were no additional requirements for re-inclusion in

the study as these patients still fulfilled the initial inclusion criteria

of a typical case history of BPPV. Furthermore, at follow-up, the

examiners did not know if previous treatment(s) had been successful

or unsuccessful, and therefore they did not know if the patient did or

did not have any positional nystagmus. This approach resulted in a

total of 281 inclusions with 210 unique patients.

Participants referred from private ENTs were characterized by

long lasting and persistent symptoms despite several (or at least

more than one) manual BPPV treatments on an examination bed

prior to referral and were thereby categorized as complicated cases of

BPPV. Conversely, participants referred from GPs or other hospital

departments were characterized by a shorter symptomatic period and

no more than one traditional manual treatment attempt. Patients

FIGURE 2

Diagnostics as performed on an examination bed: (A) optical Frenzel

goggles were used for manual diagnostics. (B, C) Left and right

Dix-Hallpike tests: the participant’s head is turned 45◦ to each

corresponding side and the participant’s neck is extended 20◦. (D)

Supine position: the participant’s head is lightly flexed. (E, F) Left and

right Supine Roll test: from the supine position, the participant’s head

is turned 90◦ to each corresponding side.

were referred directly from GPs and were included as uncomplicated

cases, if they had undergone up to one treatment session. GPs were

instructed not to go forward with CRPs, as patients would be assessed

and subsequently treated within a few days of referral throughout the

duration of this study. Therefore, almost all patients referred directly

fromGPs had no previous BPPV treatment prior to referral. Similarly,

patients with suspected BPPV would be referred directly from other

hospital departments without previous treatment attempts.

2.2. Materials

All patients underwent screening tests for spontaneous- and

gaze-evoked nystagmus as well as a rotation test including VOR

suppression. Patients with abnormal findings on screening tests

were excluded from the study and submitted to subsequent exams

post-study if relevant. Since all patients included presented with a

typical BPPV case history and had to display nystagmus patterns

compatible with BPPV in order to receive the BPPV diagnosis,

extensive neurological examinations were not routinely performed.

Manual diagnostic tests were performed with the aid of optical

Frenzel goggles specifically designed to magnify the eyes of the

participant and to reduce possible fixation. The diagnostic tests were

meticulously conducted in the following order for every patient

regardless of findings: Left DH test, right DH test, supine position,

left Supine Roll Test (SRT) and right SRT, see Figure 2. Bilateral

DH tests were done in order to diagnose ipsilateral posterior and/or

contralateral anterior BPPV, while SRTs were used to diagnose lateral

BPPV. Individual sequential positions during DH tests and SRTs were

maintained for 60 s.
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FIGURE 3

Degrees of freedom in the TRV mechanical rotation chair: (A–H) 360◦ rotations with 45◦ predetermined intervals in the yaw axis. (I–L) 360◦ rotations in

the roll axis.
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FIGURE 4

Diagnostics as performed in the mechanical rotation chair: (A) Videonystamography goggles were used for diagnostics in the mechanical rotation chair.

(B, C) Left and right Dix-Hallpike tests: the participant is turned 45◦ in the yaw axis to one side and 120◦ backwards in the roll axis with the a�ected ear

pointed downwards. (D) Supine position: the participant is turned 90◦ backwards in the roll axis. (E, F) Left and right Supine Roll test: from the supine

position, the participant is turned 90◦ in the yaw axis to each side.

Participants were diagnosed using corresponding tests with the

TRV R© MRC (Interacoustics©, Middelfart, Denmark). Participants

were fitted with VNG goggles (VF405 R©, Interacoustics©, Middelfart,

Denmark), see Figure 3. The accompanying software (OtoAccess

version 3.0.0.1) enabled quantification and characterization of

nystagmus with analysis of parameters such as direction (horizontal,

vertical, and rotational) and average slow phase velocities. Diagnostic

tests with the MRC were conducted in the same order and with equal

duration of time as with the MDs, see Figure 4.

BPPV was diagnosed and subcategorized according to the Bárány

criteria (3), see Table 1. The term non-posterior BPPV was used in

this study to group all BPPV subtypes and -locations other than

posterior CAN (the by far most common subtype and location), into

one single group. This allows comparisons between the diagnosis

of the most prevalent BPPV subtype and -location and the rather

heterogenous group of less common BPPV subtype and/or -locations.

Based upon etiology, patients diagnosed with BPPV were

classified as primary or secondary BPPV. Secondary BPPV included

patients with a recent head trauma (time wise correlation with the

onset of vertiginous symptoms) or patients with concurrent inner ear

disease(s) that predisposes to the development of BPPV. Patients with

no evident etiology were classified as primary or idiopathic BPPV.

2.3. Design

Prospective Randomized Clinical Trial. Participants underwent

diagnostic testing twice: once by means of MDs on an examination

bed and once by means of an MRC. All tests were performed by the

same two examiners. Initial examiner and type of initial diagnostic

examination was randomized. Block randomizations were used with

blocks of 12. Examiners were blinded to each other’s diagnostic

test results. The two diagnostic tests were separated by a minimum

of 15min (start of initial examination until the initiation of the

following examination) and always performed by the same two

examiners sequentially and independently. All participants diagnosed

with BPPV were allowed to be included more than once, if they were

scheduled for a follow-up examination. Therefore, if participants re-

consented at follow-up examinations, the additional set of diagnostics

for that participant was included in the study. As a direct result of

this, a higher number of total inclusions than individual participants

are seen. Subsequently, all patients diagnosed with BPPVwere offered

targeted CRP treatment with an MRC (not part of the study).

People included in the study were also asked to rate the severity

of their symptoms from zero to three with the following descriptions

in mind: none: 0, mild: 1, moderate: 2, severe: 3. Immediately

following diagnostic tests, study participants were instructed to rate

their symptoms during diagnostic testing with the MRC and the

MD separately.

Patient cooperation during MDs was rated and divided into the

following three groups: (1) adequate cooperation, (2) impaired, yet

acceptable cooperation, and (3) unacceptable cooperation. Adequate

cooperation was defined as: (a) bilateral DH tests in which the

patient’s head was rotated 45 degrees to the corresponding side

and moved from a sitting to a lying position with 20-degrees head

extension in one continuous fluent motion in <2 s, with a total

examination time of 60 s in both DH positions, and (b) bilateral

SRTs in which the patient’s head was rotated 90-degrees to the

corresponding side from the supine position in one continuous fluent

motion lasting <2 s, and with a total examination time of 60 s in

both SRT positions. Impaired, yet acceptable cooperation was defined

as: (a) DH tests in which the patient’s head was rotated at least 30

degrees to the corresponding side and moved from a sitting to a

lying position with at least 10-degrees head extension, and (b) SRTs

in which the patient’s head was rotated at least 2/3 of the targeted

90 degrees to the corresponding side from the supine position with

an examination time for all positional tests of 60 s. Examinations,
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TABLE 1 BPPV subclassification according to nystagmus characteristics

observed with the Dix-Hallpike and the supine roll tests.

Semicircular
canal

Canalolithiasis Cupulolithiasis

Posterior SCC Ipsilateral Dix-Hallpike:

upbeat nystagmus with a

torsional component. Short

latency.

Crescendo-decrescendo

pattern. Duration < 1min

Like canalolithiasis. Without

latency. Nystagmus

persistent > 1 min

Lateral SCC Supine roll test: geotropic

nystagmus. Nystagmus and

vertigo more intense on

affected side. Short latency.

May present with

crescendo-decrescendo

pattern. Duration < 1min

Supine roll test: apogeotropic

nystagmus. Nystagmus and

vertigo more intense on

nonaffected side. No latency.

Nystagmus persistent > 1

min

Anterior SCC Contralateral Dix-Hallpike:

Downbeat nystagmus with

or without a torsional

component. Duration

< 1min

Like canalolithiasis.

Nystagmus persistent

> 1min.

SCC, semicircular canal.

that failed to fulfill the listed group 1 and 2 criteria, were classified as

“unable to cooperate,” and were excluded from this study and instead

offered diagnostics in an MRC. Reasons for reduced cooperation

(groups 2 and 3) included: neck stiffness, neck pain, obesity, anxiety,

and severe dizziness.

2.4. Statistical analysis

Baseline characteristics were described by descriptive statistics.

The agreement between the two test modalities was analyzed by

percentages agreement and Cohen’s kappa. For Cohens kappa, the

two test modalities were considered the raters. In this study, as

proposed by Warrens (19), Cohen’s kappa is used and interpretated

as the proportion of agreement when corrected for chance. McHugh

suggested the Kappa result be interpreted as follows: values 0–0.20

as indicating no agreement and 0.21–0.40 as minimal, 0.41–0.60

as weak, 0.61–0.80 as moderate, 0.81–0.90 as strong, and 0.9–1.00

as almost perfect agreement (20). Results are presented with 95%

confidence intervals.

The agreement between the two test modalities was analyzed

with regards to the ability of the individual test modality to facilitate

a diagnosis of BPPV overall (termed “BPPV and no BPPV”) as

well as the agreement between test modalities regarding BPPV

characteristics in terms of (1) laterality (left/right), (2) location

[SCC(s) being affected], and (3) subtype (CAN and/or CUP)—

altogether termed “agreement on laterality, location and subtype.

Sensitivity, specificity, NPVs and PPVs were calculated to

compare the two test modalities. The most sensitive test modality

overall was chosen as “gold standard” in subsequent calculations.

The test modality, that provoked the largest amount of BPPV-

characteristic positional nystagmus, cf. the Bárány criteria for BPPV,

was defined as the most sensitive test modality.

Study data were collected and managed using REDCap electronic

data capture tools hosted at a secure server with log function

at The North Denmark Region (21, 22). REDCap R© (Research

Electronic Data Capture) is a secure, web-based software platform

designed to support data capture for research studies. Stata/MP 17.0

software was selected for the processing and analysis of data, and

the processing and analyses were completed with support from a

certified biostatistician.

4. Results

In this study, a total of 281 inclusions were made. Baseline

characteristics are based upon the 281 inclusions and not exclusively

the 210 individual participants. Baseline characteristics are shown in

Table 2. Females accounted for 63.7% of inclusions and the mean age

was 62.2 years, ranging from 22 to 96 years of age. Participants were

referred from private ENTs (34.5%), GPs (61.9%), and other hospital

departments (3.6%). Primary BPPV (89.7%) was more common than

secondary BPPV (10.3%).

In 121 (43.1%) inclusions, the two test modalities both rejected

the BPPV diagnosis. In 111 (39.5%) of inclusions, we were able

to place a diagnosis of BPPV with both test modalities. With the

remaining 49 (17.4%) of cases, diagnostics with the MRC allowed a

diagnosis of BPPV in 46 out of 49 (93.9%) cases with BPPV while

MD allowed a diagnosis of BPPV in three out of 49 (6.1%) cases, see

Table 3. Therefore, the MRC was assumed to be the most sensitive

test modality and was categorized as “gold standard” in subsequent

sensitivity and specificity calculations.

Agreement between the two modalities, when testing the ability

to detect BPPV, was found to be 0.83 (95% CI [0.78; 0.87]),

Cohen’s kappa: 0.66 (95% CI [0.58; 0.74]). When comparing MDs to

diagnostics done with the MRC (gold standard), sensitivity was 71%,

specificity was 98%, NPV was 73%, and PPV was 97% (see Table 4).

When consensus on laterality, location and subtype, e.g., right-sided

horizontal CAN, was a requirement for agreement, the agreement

percentage was found to be 0.71 (95% CI [0.66; 0.77]), Cohen’s kappa:

0.58 (95% CI [0.51; 0.65]).

Diagnostics isolated to single SCC affection with posterior CAN

are described in Table 5. Agreement was calculated to be 0.89 (95%

CI [0.85; 0.92]), Cohen’s kappa: 0.78 (95% CI [0.71; 0.85]). Non-

posterior BPPV was diagnosed in 56 (19.9%) inclusions. Agreement

on laterality, location and subtype between the two test modalities

in the 56 inclusions was found to be 0.23 (95% CI [0.12; 0.35]),

Cohen’s kappa: 0.17 (95% CI [0.06; 0.28]). When analyzing the ability

to diagnose non-posterior BPPV, the agreement was 0.39 (95% CI

[0.26; 0.52]), Cohen’s kappa:−0.07 (95% CI [−0.17; 0.03]).

The 56 inclusions were asked to rate the severity of their

symptoms (none: 0, mild: 1, moderate: 2, severe: 3). The means for

the MRC and the MDs were found to be 0.91 and 0.52, respectively,

reflecting that ratings for the severity of symptoms significantly

increased when using the MRC (P < 0.05).

Inclusions were divided into subgroups according to: (1) the

referring physician, (2) the degree of participant cooperation

during MDs, and (3) initial diagnostic test modality (following

randomization), refer to Table 6. Agreement, in percentage, between

test modalities in patients who underwent MDs first, was 0.83 (95%

CI [0.77; 0.89]), Cohen’s kappa 0.66 (95% CI [0.54; 0.78]), sensitivity

72%, specificity 96%, NPV 74%, and PPV 95%. The percentage

agreement, between test modalities patients who underwent MRC

diagnostics first, was 0.82 (95% CI [0.76; 0.89]), Cohen’s kappa 0.66

(95%CI [0.54; 0.78]), sensitivity 69%, specificity 100%, NPV 71%, and

PPV 100%.
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TABLE 2 Baseline characteristics.

Characteristics Total

Age (years), mean (±SD) [range] 62.2 (15.9) [22–96]

Sex, n (%)

Male inclusions 102 (36.3)

Female inclusions 179 (63.7)

Duration (min) between test

modalities, mean (±SD) [range]

23.8 (7.2) [15–52]

Participants, n 210

Included one time 154

Included two times 44

Included three times 10

Included four times 1

Included five times 1

Inclusions, n (%) 281

– With BPPV, n (%) 160 (56.9)

Private otorhinolaryngologists 97 (34.5)

– With BPPV 76 (78.4)

– With p-CAN 49 (64.5)

– With non-p-CAN 27 (35.5)

– With primary BPPV 66 (86.8)

– With secondary BPPV 10 (13.2)

General practitioners 174 (61.9)

– With BPPV 79 (45.4)

– With p-CAN 52 (65.8)

– With non-p-CAN 27 (34.2)

– With primary BPPV 72 (91.1)

– With secondary BPPV 7 (8.9)

Primary BPPV in total, n (%) 142 (50.5)

Secondary BPPV in total, n (%) 18 (11.2)

– Head trauma 14 (77.8)

– Vestibular neuritis 3 (16.7)

– Morbus Menière 1 (5.6)

BPPV characteristics MD MRC

– BPPV laterality, n

Left 38 58

Right 46 52

Bilateral 30 47

– BPPV SCC Location, n

Posterior SCC 78 81

Lateral SCC 13 30

Anterior SCC 7 10

Multi-canal 16 36

(Continued)

TABLE 2 (Continued)

BPPV characteristics MD MRC

– BPPV Subtype, n

Canalolithiasis 89 93

Cupulolithiasis 16 44

Both 9 20

p-CAN, posterior canalolithiasis. BPPV characteristics between inclusions referred from private

otorhinolaryngologists and general practitioners. MD, manual diagnostics; MRC, mechanical

rotation chair.

TABLE 3 Diagnostics of BPPV.

Mechanical rotation chair MDs Total

BPPV No

BPPV

BPPV 111 46 157

No BPPV 3 121 124

Total 114 167 281

MRC diagnostics enabled the examiners to place a BPPV diagnosis in 46 out of 49 participants

where the two test modalities disagreed in BPPV diagnostics.

5. Discussion

This study is one of few studies who have attempted to quantify

the accuracy of positional tests in BPPV diagnostics and, to our

knowledge, is the first study to compare MDs on an examination bed

to diagnostics aided by an MRC combined with VNG goggles.

In accordance with the first Bárány criteria, all participants

included in this study presented with a typical case history of BPPV

(3). Additionally, a diagnosis of BPPV was only placed if clearly

defined objective criteria (specific positional nystagmus patterns)

were met. By applying strict and well-defined diagnostic criteria, the

most sensitive test modality may be determined and classified as the

superior diagnostic tool.

The results of this study demonstrate that an MRC is a

considerably more sensitive, and thereby a more accurate, diagnostic

tool for placing a diagnosis of BPPV compared to MD testing on an

examination bed. This finding has also been suggested in a recent

study that compared the treatment efficacy of an MRC to traditional

manual repositioning maneuvers (15).

Our results show that the agreement between MRC diagnostics

and MDs regarding the overall detection of BPPV, is moderate when

interpreting Cohen’s kappa as suggested by McHugh (20). In 46 out

of the 49 cases (93.9%), where the two test modalities disagreed on

the diagnostics of BPPV, positional testing with the MRC was able to

place a diagnosis of BPPV.

Our findings reconfirm that MD on an examination bed is a

useful diagnostic tool in cases where BPPV is the suspected diagnosis.

This is supported by the calculated values for sensitivity (71%),

specificity (98%), NPV (73%), and PPV (97%). However, a sensitivity

and NPV of 71 and 73%, respectively, indicate that a negative

test result may require further testing if the case history is highly

suggestive of BPPV. In such cases, patients may benefit from a

subsequent reexamination in an MRC. NPVs should be interpreted
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TABLE 4 Overall agreement, sensitivity, specificity and predictive values with selected BPPV properties.

n, (%) Agreement MDs compared to a mechanical
rotation chair

Percentage
agreement
[CI 95%]

Cohen’s
kappa
[CI 95%]

Sensitivity
(%)

Specificity
(%)

NPV
(%)

PPV
(%)

All inclusions 281 (100%)

BPPV or no BPPV 0.83 [0.78; 0.87] 0.66 [0.58; 0.74] 71 98 73 97

Agreement on laterality, location and subtype 0.71 [0.66; 0.77] 0.58# [0.51; 0.65]

Agreement on SCC affection with p-CAN 0.89 [0.85; 0.92] 0.78# [0.71; 0.85]

Inclusions with BPPV but no p-CAN 56 (19.9%)

BPPV or no BPPV 0.39 [0.26; 0.52] −0.07 [−0.17;

0.03]

41 ∗ ∗ 92

Agreement on laterality, location and subtype 0.23 [0.12; 0.35] 0.17 [0.06; 0.28]

p-CAN, posterior canalolithiasis; SCC, semicircular canal ∗Cannot be estimated. #Please note that Cohen’s kappa in agreement on SCC affection with p-CAN is significantly higher than for overall

agreement on laterality, location and subtype.

TABLE 5 BPPV diagnostics isolated to the BPPV subtype of posterior

canalolithiasis.

MDs Mechanical rotation chair Total

No
p-CAN

Right
p-CAN

Left
p-CAN

Bilat
p-CAN

No p-CAN 177 6 9 1 193

Right p-CAN 1 34 3 5 43

Left p-CAN 2 0 31 4 37

Bilat p-CAN 0 0 1 7 8

Total 180 40 44 17 281

p-CAN, posterior canalolithiasis; Bilat, bilateral.

with caution and solely as values for cohorts which include patients

with a case history compatible with BPPV as well as a concomitant

clinical suspicion of BPPV raised by either a GP or an ENT-specialist,

and therefore not as values applicable to the general population.

A positive test, however, should be considered an unambiguous

indication of BPPV, and manual treatment maneuvers should be

initiated. A study by Schuricht and Hougaard (15) has shown that

treatment of posterior BPPV with the same MRC and traditional

manual repositioning maneuvers were equally sufficient. However,

another study by Tan et al. (18) found that treatment with the

same MRC was superior one and 3 months following initial

treatment. No significant difference was detected 6 months after the

initial treatment.

Themost common subtype and location of BPPV, posterior CAN,

seems more suited for MDs than other BPPV locations and/or -

subtypes. The results of this study show a moderate to strong level

of agreement (20) when testing the ability to diagnose posterior

CAN specifically. When analyzing the 56 cases of non-posterior

BPPV, agreement on BPPV detected is interpreted as none. This

strengthens the recommendation that MRC aided diagnostics should

be considered if a patient is diagnosed with non-posterior BPPV and

exact classification in terms of localization, subtype, and laterality

proves challenging.

Existing literature has shown that patients with complicated

BPPV are diagnosed with non-posterior BPPVmore frequently when

examined in anMRC, suggesting that less common types of BPPV on

occasion may be overlooked by MDs (14, 17). This study found that

when agreement on laterality, location and subtype, e.g., right-sided

horizontal CAN, is a requirement for agreement between modalities,

agreement between test modalities is characterized as weak when

interpreting Cohen’s kappa as suggested by McHugh (20). Since

correct and accurate BPPV diagnostics, including determination of

BPPV laterality, subtype, location, is a prerequisite for adequate

treatment, our findings suggest that patients with complicated BPPV

may benefit from examination and treatment with an MRC—for

diagnostic as well as therapeutic purposes.

A secondary objective of this current study was to investigate

whether agreement between test modalities differs in participants

suffering from complicated BPPV compared to uncomplicated cases

of BPPV. This study subdivided the population into a group of

participants with complicated BPPV and a group of participants

with uncomplicated BPPV. The uncomplicated group consisted of

participants referred from GPs. The complicated group was defined

as participants referred from private ENTs due to complicated BPPV.

Our results show higher agreement and a significantly higher NPV

in the uncomplicated group while a higher sensitivity for BPPV

was calculated in the complicated group. These results suggest that

MDs are best utilized when examining uncomplicated cases of

BPPV. Measurements of sensitivity and NPV in the uncomplicated

group should be interpreted with caution due to a high number of

participants without BPPV (55.9%) in this group.

Our study also aimed to investigate if the degree of participant

cooperation during MDs influenced the agreement between test

modalities. Not surprisingly, results show (4, 11), that agreement,

sensitivity, specificity, NPV and PPV are higher when the examiner

noted “adequate cooperation,” compared to cases with impaired, but

acceptable cooperation. Our findings suggest that an MRC should be

considered in patients where MDs are compromised due to a low

degree of patient cooperation.

5.1. Existing literature

Though no previous studies have directly analyzed the agreement

between MDs and diagnostics aided by an MRC, a few studies

concernedwith the evaluation and improvement of BPPV diagnostics
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TABLE 6 Overall agreement, sensitivity, specificity and predictive values with selected subgroups.

n, (%) Agreement (BPPV or no BPPV) MDs compared to a mechanical
rotation chair

Percentage
agreement
[CI 95%]

Cohen’s
kappa
[CI 95%]

Sensitivity
(%)

Specificity
(%)

NPV
(%)

PPV
(%)

Referred from

Private ENTs 97 (34.5) 0.79 [0.71; 0.88] 0.54 [0.38; 0.71] 75 96 53 98

General practitioners 174 (61.9) 0.83 [0.78; 0.89] 0.65 [0.54; 0.76] 65 98 78 96

Cooperation at MDs

Adequate cooperation 224 (79.7) 0.85 [0.80; 0.89] 0.70 [0.61; 0.79] 73 98 76 98

Impaired, yet acceptable cooperation 53 (18.9) 0.75 [0.64; 0.87] 0.52 [0.32; 0.73] 66 95 58 96

First test modality

Mechanical rotation chair 136 (48.4) 0.82 [0.76; 0.89] 0.66 [0.54; 0.78] 69 100 71 100

MDs 145 (51.6) 0.83 [0.77; 0.89] 0.66 [0.54; 0.78] 72 96 74 95

Inclusions are subdivided into groups according to referrals, degree of cooperation during MDs, and initial test modality. NPV, negative predictive value; PPV, positive predictive value; ENTs,

otorhinolaryngologists; the differences in NPV related to referrals and degree of cooperation during MDs.

have been published. Andera et al. (23) compared the standard

DH test to a modified DH test intended to enhance cupular

displacement during the positional nystagmus testing. They found

that themodifiedDH test appeared to improve test sensitivity, worsen

symptoms during testing and increase the duration of nystagmus. In

accordance with this present study, the findings published by Andera

et al. indicate that even rather subtle adjustments to positional

provocative BPPV tests may significantly improve their sensitivity.

Hanley et al. (12) monitored the use of DH tests performed by

a number of GP’s in Northwest Ireland. They calculated the PPV

of a positive DH test to be 83.3% while the NPV was 52%, thereby

producing estimates for predictive values lower than those calculated

in this study (PPV = 97.4%, NPV = 72.5%). Clear differences in

methodological approaches may account for these differences, as

the validity of the initial BPPV diagnosis was controlled through

telephone contact with the participating doctor 1 month after each

participant’s initial consultation, constituting a feeble basis for a

“gold standard.” Another study, conducted by Cohen (24), monitored

positional nystagmus with electrodes rather than through real-

time nystagmus observations. Cohen found similar results regarding

sensitivity (79.3%) and PPV (95.8%) but a much lower specificity

(75%) and NPV (33.3%). The study compared the DH test against an

unspecified “gold standard,” while this present study compared the

use of the DH test and the SRT against analog tests performed with

an MRC. Lopez-Escámez et al. (25) defined their “gold standard,” as

the selection of the same diagnosis by three independent clinicians

and estimated the sensitivity of the DH test at 82% and the specificity

at 71%.

Apart from the abovementioned studies, very few recent studies

concerned with the accuracy of BPPV tests exist. The basis for

direct comparison between findings in previous publications and the

agreement, sensitivity and specificity data in this current study is,

therefore, rather weak. In existing literature, the DH test is widely

considered the “gold standard,” in the diagnosis of posterior and

anterior canal BPPV while the SRT is the most commonly utilized

tool for diagnosing lateral BPPV. Because of this, investigating

the properties and utility of positional tests for BPPV faces a

significant challenge: Positional tests cannot truly be 100% sensitive

for BPPV due to the intermittent nature of the condition, however,

the diagnosis depends on these tests (13). Though specific BPPV

biomarkers and references for imaging findings have been studied,

none are currently deemed appropriate for clinical use (26, 27). The

absence of an alternative external gold standard to positional BPPV

tests limits the amount of sensitivity and specificity data currently

published (4).

5.2. Methodological considerations

The distribution of BPPV subtypes reported in this study deviates

from previously reported frequency rates. In this study, 104 (65%)

participants were diagnosed with posterior BPPV, while 56 (35%)

participants were diagnosed with non-posterior BPPV. As non-

posterior BPPV has been estimated to account for 10–20% of BPPV

cases (4, 28, 29), the distribution of BPPV subtypes found in this

study shows a remarkably higher proportion of non-posterior BPPV.

A number of studies concerned with the utilization of MRCs in the

treatment of BPPV participants have reported findings similar to this

study. Pedersen et al. (14), Schuricht and Hougaard (15), and West

et al. (17) all reported a tendency toward larger proportions of non-

posterior BPPV when using MRCs for diagnostics. Because of this,

it has been speculated that the frequency of non-posterior BPPV has

been underestimated in studies that do not apply MRCs or VNG for

diagnostics. They estimate that the true proportion of non-posterior

BPPV is closer to 30%, which is closely aligned with the findings

in this study (15). Schuricht and Hougaard (15) and West et al.

(17) hypothesized that at least some of the participants presenting

with non-posterior BPPV would have been diagnosed insufficiently

without the application of MRCs. Findings in this study strongly

support this hypothesis, as the sensitivity of MD tests compared to

diagnostics aided by an MRC was estimated at just 41% for non-

posterior BPPV. Part of the increase in non-posterior BPPV cases

may be explained by the fact that ∼35.5% of the tests conducted in

this study were performed with participants referred from private

ENTs with complicated BPPV, since non-posterior BPPV is known to
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be more treatment (30). However, participants referred directly from

GPs displayed a similar distribution (34.2%) in this study.

A well-established feature associated with CAN BPPV is that

the nystagmus typically fatigues with repeated provocative tests

(31). Since participants included in this study were to be examined

twice on the same visit, the study design was outlined in a

manner intended to account for the fatigability of BPPV-induced

positional nystagmus. This was done by separating the initiation

of the respective examinations by a minimum of 15min and by

randomization of the order in which they were performed. Imai et al.

(32) studied the recovery of positional nystagmus after BPPV fatigue

and found that the effect of BPPV fatigue disappeared within 30min.

In this present study, following an average duration of 23.8min

between the initiation of the two test modalities, values for sensitivity,

specificity, PPV, andNPVwere nearly identical in the group subject to

MDs first (Sen: 72%, Spe: 96%, NPV: 74%, and PPV: 95%) compared

to the group examined with theMRC first (Sen: 69%, Spe: 100%, NPV:

71%, and PPV: 100%). Potential BPPV fatigability, therefore, did not

seem to affect the results of this study. The findings of this study

indicate that the fatiguability of BPPV-related positional nystagmus is

clinically insignificant, when applying a minimum of 15min between

the initiation of two consecutive positional tests.

The present study compares MDs using optical Frenzel goggles

to diagnostics performed in an MRC using VNG goggles. This

design prevents us from estimating the extent to which the

MRC and the inclusion of VNG, respectively, increase sensitivity.

As the objective of this study was to compare contemporary

BPPV diagnostics, as performed in primary care and emergency

departments, to the diagnostics performed at highly specialized

tertiary care units, this was a conscious decision on the authors’

part. Future studies that directly compare the diagnostic properties

of manual tests aided by VNG goggles with manual tests aided

by optical Frenzel goggles are strongly encouraged as well as

additional studies directly comparing BPPV diagnostics aided by

optical Frenzel goggles on both an examination bed and with an

MRC. The latter would clarify if the MRC alone also increases

diagnostic accuracy.

Martens et al. (33) hypothesized that the use of VNG goggles for

the detection of positional nystagmus leads to BPPV overdiagnosis.

They studied positional nystagmus in 78 healthy adults and detected

positional nystagmus in 88% of the subjects. The 95th percentile of

the maximum average slow-phase velocity (aSPV) for each subject

was found to be ∼5◦ and 6.5◦ per second in the lateral and vertical

planes, respectively. We hypothesize that the high prevalence of

positional nystagmus amongst healthy subjects observed by Martens

et al. may lead to overdiagnosis of BPPV in clinics where concomitant

positional vertigo, provoked by positional testing, is not included

in the diagnostic criteria for BPPV. Our study did not apply

specific cut-off limits for the velocities of the observed positional

nystagmus, but all participants were diagnosed by trained medical

personnel with an adequate clinical understanding of BPPV and

all included participants had a classical case history compatible

with BPPV. Application of specific aSPV cut-off values with

positional nystagmus together with the addition of a supplementary

prerequisite of a clear association between the objective positional

nystagmus and the concomitant subjective vertigo during positional

testing would most likely prevent or limit the degree of BPPV

overdiagnosis, if these parameters were to be included as part of the

diagnostic criteria.

6. Conclusion

The results of this study show that diagnostics aided by an

MRC are more accurate than traditional manual BPPV diagnostics.

However, when isolating diagnostics to posterior CAN, the level

of agreement increases. Results also show higher agreement

between test modalities and a significantly higher NPV for MDs

when examining patients referred from GPs mostly without

previous treatment attempts (uncomplicated BPPV patients). The

diagnostic properties of MDs decline in cases with impaired

participant cooperation.

In summary, traditional MDs on an examination bed is a

useful first line diagnostic tool. For diagnostics purposes, an MRC

may be considered under the following circumstances: (1) When

the BPPV diagnosis is not unambiguous; especially in patients

where symptomatology is highly suggestive of BPPV, but traditional

positional tests fail to place the diagnosis, (2) cases with non-

posterior BPPV; particularly if exact localization proves challenging,

(3) Patients with persistent BPPV following more than one treatment

session from an ENT specialist, (4) when MDs are compromised due

to impaired or low degree of patient cooperation.

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 North Denmark Region Committee on Health

Research Ethics, Denmark (approval number N20210038). The

patients/participants provided their written informed consent to

participate in this study. Written informed consent was obtained

from the individual(s) for the publication of any potentially

identifiable images or data included in this article.

Author contributions

Concept and supervision: DH. Design, materials, analysis and/or

interpretation, writing manuscript, and critical review: DH, MB, and

AS. Data collection and/or processing and literature search: MB

and AS. All authors contributed to the article and approved the

submitted version.

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

Frontiers inNeurology 10 frontiersin.org

https://doi.org/10.3389/fneur.2023.1040701
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Bech et al. 10.3389/fneur.2023.1040701

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. You P, Instrum R, Parnes L. Benign paroxysmal positional vertigo. Laryngosc Investig
Otolaryngol. (2019) 4:116–23. doi: 10.1002/lio2.230

2. Parnes LS, Agrawal SK, Atlas J. Diagnosis and management of benign paroxysmal
positional vertigo (BPPV). Can Med Assoc J. (2003) 169:681–93.

3. 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

4. Bhattacharyya N, Gubbels SP, Schwartz SR, Edlow JA, El-Kashlan H, Fife T, et al.
Clinical practice guideline: benign paroxysmal positional vertigo (update). Otolaryngol
Head Neck Surg. (2017) 156:S1–S47. doi: 10.1177/0194599816689667

5. Lopez-Escamez JA, Gamiz MJ, Fernandez-Perez A, Gomez-Fiñana M. Long-term
outcome and health-related quality of life in benign paroxysmal positional vertigo. Eur
Arch Otorhinolaryngol. (2005) 262:507–11. doi: 10.1007/s00405-004-0841-x

6. Oghalai JS, Manolidis S, Barth JL, Stewart MG, Jenkins HA. Unrecognized benign
paroxysmal positional vertigo in elderly patients. Otolaryngol Head Neck Surg. (2000)
122:630–4. doi: 10.1016/S0194-5998(00)70187-2

7. Fife D, Fitzgerald JE. Do patients with benign paroxysmal positional vertigo receive
prompt treatment? Analysis of waiting times and human and financial costs associated
with current practice. Int J Audiol. (2005) 44:50–7. doi: 10.1080/14992020400022629

8. Wang H, Yu D, Song N, Su K, Yin S. Delayed diagnosis and treatment
of benign paroxysmal positional vertigo associated with current practice. Eur Arch
Otorhinolaryngol. (2014) 271:261–4. doi: 10.1007/s00405-012-2333-8

9. von Brevern M, Radtke A, Lezius F, Feldmann M, Ziese T, Lempert T, et al.
Epidemiology of benign paroxysmal positional vertigo: a population based study. J Neurol
Neurosurg Psychiatry. (2007) 78:710–5. doi: 10.1136/jnnp.2006.100420

10. Grill E, Strupp M, Müller M, Jahn K. Health services utilization of patients with
vertigo in primary care: a retrospective cohort study. J Neurol. (2014) 261:1492–8.
doi: 10.1007/s00415-014-7367-y

11. Nunez RA, Cass SP, Furman JM. Short- and long-term outcomes of canalith
repositioning for benign paroxysmal positional vertigo. Otolaryngol Head Neck Surg.
(2000) 122:647–52. doi: 10.1067/mhn.2000.105185

12. Hanley K, O’Dowd T. Symptoms of vertigo in general practice: a prospective study
of diagnosis. Br J Gen Pract. (2002) 52:809.

13. Halker RB, Barrs DM,Wellik KE,Wingerchuk DM, Demaerschalk BM. Establishing
a diagnosis of benign paroxysmal positional vertigo through the dix-hallpike and
side-lying maneuvers. Neurologist. (2008) 14:201–4. doi: 10.1097/NRL.0b013e31816
f2820

14. Pedersen MF, Eriksen HH, Kjaersgaard JB, Abrahamsen ER, Hougaard DD.
Treatment of benign paroxysmal positional vertigo with the TRV reposition chair. J Int
Adv Otol. (2020) 16:176–82. doi: 10.5152/iao.2020.6320

15. Schuricht A, Hougaard DD. Is a mechanical rotational chair superior
to manual treatment maneuvers on an examination bed in the treatment
of benign paroxysmal positional vertigo? Otol Neurotol. (2022) 43:e235–42.
doi: 10.1097/MAO.0000000000003380

16. Abdulovski S, Klokker M. Repositioning chairs in the diagnosis and treatment
of benign paroxysmal positional vertigo-a systematic review. J Int Adv Otol. (2021)
17:353–60. doi: 10.5152/iao.2021.9434

17. West N, Hansen S, Møller MN, Bloch SL, Klokker M. Repositioning chairs in
benign paroxysmal positional vertigo: implications and clinical outcome. Eur Arch
Otorhinolaryngol. (2016) 273:573–80. doi: 10.1007/s00405-015-3583-z

18. Tan J, Yu D, Feng Y, Song Q, You J, Shi H, et al. Comparative study of the efficacy
of the canalith repositioning procedure vs. the vertigo treatment and rehabilitation chair.
Acta Otolaryngol. (2014) 134:704–8. doi: 10.3109/00016489.2014.899711

19.WarrensMJ. Five ways to look at Cohens kappa. J Psychol Psychother. (2015) 05:197.
doi: 10.4172/2161-0487.1000197

20. McHughML. Interrater reliability: the kappa statistic. BiochemMed. (2012) 22:276–
82. doi: 10.11613/BM.2012.031

21. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic
data capture (REDCap): a metadata-driven methodology and workflow process for
providing translational research informatics support. J Biomed Inform. (2009) 42:377–81.
doi: 10.1016/j.jbi.2008.08.010

22. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The REDCap
consortium: building an international community of software platform partners. J
Biomedical Inform. (2019) 95:103208. doi: 10.1016/j.jbi.2019.103208

23. Andera L, Azeredo WJ, Greene JS, Sun H, Walter J. Optimizing testing for BPPV:
the loaded dix-hallpike. J Int Adv Otol. (2020) 16:171–5. doi: 10.5152/iao.2020.7444

24. Cohen HS. Side-lying as an alternative to the dix-hallpike test of the posterior canal.
Otol Neurotol. (2004) 25:130–4. doi: 10.1097/00129492-200403000-00008

25. López-Escámez JA, López-Nevot A, Gámiz MJ, Moreno PM, Bracero F, Castillo
JL, et al. Diagnosis of common causes of vertigo using a structured clinical history. Acta
Otorrinolaringol Esp. (2000) 51:25–30.

26. Chen X, Feng H, Liu H, Xu X,Wang J, Jin Z. Carotid imaging changes and serum IL-
1β, sICAM-1, and sVAP-1 levels in benign paroxysmal positional vertigo. Sci Rep. (2020)
10:21494. doi: 10.1038/s41598-020-78516-7

27. Irugu DVK, Singh A, Yadav H, Verma H, Kumar R, Abraham RA, et al. Serum
otolin-1 as a biomarker for benign paroxysmal positional vertigo: a case-control study. J
Laryngol Otol. (2021) 135:589–92. doi: 10.1017/S0022215121001274

28. West N, Hansen S, Bloch SL, Møller MN, Klokker M. Benign paroxysmal positional
vertigo treatment. Ugeskr Laeger. (2017) 179:V11160784.

29. Wang J, Chi F-L, Jia X-H, Tian L, Richard-Vitton T. Does benign paroxysmal
positional vertigo explain age and gender variation in patients with vertigo by mechanical
assistance maneuvers? Neurol Sci. (2014) 35:1731–6. doi: 10.1007/s10072-014-1822-5

30. Babac S, Djeric D, Petrovic-Lazic M, Arsovic N, Mikic A. Why do treatment failure
and recurrences of benign paroxysmal positional vertigo occur? Otol Neurotol. (2014)
35:1105–10. doi: 10.1097/MAO.0000000000000417

31. Dix M, Hallpike C. The pathology symptomatology and diagnosis of certain
common disorders of the vestibular system. Proc R Soc Med. (1952) 45:341–54.

32. Imai T, Okumura T, Nishiike S, Takeda N, Ohta Y, Osaki Y, et al. Recovery
of positional nystagmus after benign paroxysmal positional vertigo fatigue. Eur Arch
Otorhinolaryngol. (2018) 275:2967–73. doi: 10.1007/s00405-018-5165-3

33. Martens C, Goplen FK, Nordfalk KF, Aasen T, Nordahl SHG. Prevalence and
characteristics of positional nystagmus in normal subjects. Otolaryngol Head Neck Surg.
(2016) 154:861–7. doi: 10.1177/0194599816629640

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2023.1040701
https://doi.org/10.1002/lio2.230
https://doi.org/10.3233/VES-150553
https://doi.org/10.1177/0194599816689667
https://doi.org/10.1007/s00405-004-0841-x
https://doi.org/10.1016/S0194-5998(00)70187-2
https://doi.org/10.1080/14992020400022629
https://doi.org/10.1007/s00405-012-2333-8
https://doi.org/10.1136/jnnp.2006.100420
https://doi.org/10.1007/s00415-014-7367-y
https://doi.org/10.1067/mhn.2000.105185
https://doi.org/10.1097/NRL.0b013e31816f2820
https://doi.org/10.5152/iao.2020.6320
https://doi.org/10.1097/MAO.0000000000003380
https://doi.org/10.5152/iao.2021.9434
https://doi.org/10.1007/s00405-015-3583-z
https://doi.org/10.3109/00016489.2014.899711
https://doi.org/10.4172/2161-0487.1000197
https://doi.org/10.11613/BM.2012.031
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.5152/iao.2020.7444
https://doi.org/10.1097/00129492-200403000-00008
https://doi.org/10.1038/s41598-020-78516-7
https://doi.org/10.1017/S0022215121001274
https://doi.org/10.1007/s10072-014-1822-5
https://doi.org/10.1097/MAO.0000000000000417
https://doi.org/10.1007/s00405-018-5165-3
https://doi.org/10.1177/0194599816629640
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	A mechanical rotation chair provides superior diagnostics of benign paroxysmal positional vertigo
	1. Introduction
	2. Methods and materials
	2.1. Participants
	2.2. Materials
	2.3. Design
	2.4. Statistical analysis

	4. Results
	5. Discussion
	5.1. Existing literature
	5.2. Methodological considerations

	6. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References




