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Abstract

test was 0° to 3° according to previous study.

Background: The bucket test is a simple and practical instrument to evaluate vestibular diseases; additionally, it
could be a useful tool in the evaluation of the vertigo patient. Unfortunately, the bucket test still lacks
standardization. The objective of this study was to evaluate and to interpret the subjective visual vertical (SVV) using
the bucket test in benign paroxysmal positional vertigo (BPPV) and Méniere’s disease patients. We performed a
cross-sectional study in a secondary care center. All patients with diagnosis of unilateral posterior canal BPPV or
Méniere's disease underwent complete neuro-otological physical examination and the bucket test. Normal bucket

Results: We included seventy-eight subjects. Benign paroxysmal positional vertigo cases (n = 51) showed a mean
2.62° of SW prior to the Epley maneuver and 1.7° of SVV after the maneuver (p = < 0.001), 57% of patients with
BPPV were categorized as abnormal. Inactive Méniére’s disease patients (n = 22) had mean SWV of 2.74° and
Méniere's disease with active crisis (n = 5) had 5.06° of SW (p = 0.002).

Conclusion: The bucket test is a simple and useful test for the evaluation of SW, and it has a role in the evaluation
of patients with active vestibular diseases such as Méniere's disease and BPPV.

Keywords: Bucket test, Vestibular diseases, Otolith, Méniere’s disease, Benign paroxysmal positional vertigo

Background

An impairment of the subjective visual vertical (SVV) is
one of the most sensitive signs of acute vestibular imbal-
ance, due to central or peripheral disorders. Bucket test
is a very simple and economical method to detect and
evaluate the SVV, especially in patients with some ves-
tibular disability [1].

The bucket test is easy and quick to perform; a previ-
ous study has defined a normal range of 0° to 3.0° in the
healthy population [2]. In that study, normal values of
SVV deviation were 1.4° + 1.9° with a range of — 0.5° to
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3.3° (with 2 standard deviations (SD)). Also, the mean
measurements without including negative values were
1.61° + 1.44° with a range of 0.2° to 3.1° (with two stand-
ard deviations) [2]. The deletion of the negative values
provided a more straightforward interpretation of the
bucket test. Our current study is based on this normal
values.

Few studies have evaluated the SVV in patients with
vestibular disorders, therefore the results and the scales
remain inconclusive [3]. The SVV depends on visual,
vestibular and somatosensory signals. An acute lesion in
the peripheral vestibular system may cause distortion of
the subjective visual vertical toward the affected side.
Thus, a person with vestibular diseases finds it difficult
to perceive a vertical line and refers it to be deviated;
this deviation can be measured in degrees [4].
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There are other methods to evaluate the SVV, such as
the hemispheric dome or the luminous bar in dark
room, which are expensive, need a specific room, and
need trained personnel. The above are disadvantages
that might be overcome with the bucket test [5].

The pathophysiology in relation to the SVV and the
affected side is not fully understood. Probably, in benign
paroxysmal postural vertigo (BPPV) the reduction of the
SVV values after the particle replacement maneuvers is
due to the return of the debris to the utricle [6].

In the literature, there is controversy not only on the
performance of the bucket test but also on the interpret-
ation. There are also no clear results since the bucket in
itself is made differently across studies as well as the
protocol of application is diverse [2]. There is a lack of
studies that compare the bucket test with the different
vestibular pathologies. Furthermore, even fewer studies
interpret their results based on their normal volunteer
studies [2].

Our main objective is to evaluate and interpret the
SVV measurements using the bucket test on multiple
vestibular disorders (unilateral posterior canal BPPV and
Meéniere’s disease) and to compare them to normal
values, previously established on normal volunteer SVV
results [2].

Methods
A cross-sectional study was performed in a secondary
care center from January 2017 to March 2019.

Subjects

For the inclusion criteria, we included all subjects that
were > 18 years with a diagnosis of unilateral canal
BPPV or Méniére’s disease. Exclusion criteria were pa-
tients with vertigo of central origin, other diagnosis of
peripheral vertigo, patients with blindness, and patients
who did not give their informed consent to participate
in this research.

Otologic and neurological symptoms were collected,
and neuro-otological examination was performed in all
patients. Neurotologic examination included otoscopy,
Snellen card, head impulse test, tuning fork tests, and
cranial nerve examination. Also, complete neurologic
examination was performed, with the evaluation of eye
movements, cerebellar tests, gait, and Romberg. Dix hall-
pike was performed on all subjects.

Meniere’s patients underwent audiometry, with bone
and air conduction thresholds performed with an Intera-
coustic model, AD629 in a soundproof cabin. MRI was
indicated in those cases with asymmetric hearing loss, in
whom a retrocochlear lesion was discarded.

The diagnosis of peripheral vestibular disorder was
established by the senior author.
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Diagnostic criteria of vestibular pathologies

BPPV was diagnosed through the Dix Hallpike maneu-
ver, based on the Clinical practice guideline: benign par-
oxysmal positional vertigo [7]. Positive unilateral
rotatory nystagmus with a vertical component on the
Dix Hallpike maneuver was a strict criteria for inclusion.
Only unilateral posterior semicircular canal BPPV was
included in this study.

All Méniere’s disease patients underwent audiometry,
finding sensorineural hearing loss of the affected side;
only definitive Méniére’s disease patients were included.
The Equilibrium Committee amendment to the 1995
AAO-HNS guidelines were used for the definition of de-
finitive Méniére’s disease [8], and in these patients, ves-
tibular migraine was discarded [9]. Active Méniere’s
disease was defined as vertigo occurring within 1 week
of clinical examination.

Bucket test technique

The SVV was evaluated binocularly using the bucket
test. An opaque plastic bucket was used, with a 25-cm
and 23-cm diameter. Inscribed on the inside bottom of
the bucket was a straight line. Inscribed on the outside
was the same straight line, with a protractor and
weighted plumb line to indicate degrees of rotation of
the inscribed line from true vertical, which extended
from - 40° to + 40°. The internal vertical line corre-
sponded perfectly to the line indicating 0° on the angle
protractor, the procedure has been previously published
[2].

The subject sitting in a straight position, placed his
face inside the bucket. Patients attempted to align a ver-
tical line inscribed at the inside bottom of a bucket to
the true vertical in the absence of external visual cues.
The subject could not see beyond the rim of the bucket,
providing no cues to visual orientation. To measure the
SVV, the bucket was randomly rotated by the examiner,
in the clockwise or counterclockwise directions. Each
time, the patient received the bucket from the examiner
and the patient rotated the bucket until the line reached
the vertical position. Ten repetitions of the procedure
were performed, five consecutive attempts in the clock-
wise and five consecutive attempts in the anticlockwise
direction. The angular inclinations of the vertical pos-
ition were measured in degrees. The evaluator recorded
the degrees of deviation for each of the attempts made
[2]. Only positive values were considered during statis-
tical analysis.

Normal was defined as 0° to 3° according to previous
value findings [2], since these are the normal values of
our population.

All subjects signed informed consent. This study was
approved by our institutional review board (number
290).
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Time of performance of the bucket test
Meéniere’s disease patients had one measurement at the
time of their clinical appointment.

Unilateral posterior canal BPPV patients had two mea-
surements in the same visit, one before the implementa-
tion of the Epley maneuver and the other immediately
posterior to the particle repositioning maneuver (PRM).

Both SVV measurements performed on BPPV patients
underwent the same procedure technique described
previously.

Outcome measurements

e Mean and 2 standard deviations of the bucket test
were measured, without considering negative values.

e Ipsilateral vs contralateral deviations of the bucket
test, according to the side of the vestibular lesion

e Number and percentage of abnormality on the
bucket test by pathology

In this manner, we explained all the possible outcomes
with the use of the bucket test in vestibular disease
patients.

Statistical analysis
The Statistical Program for Social Sciences (SPSS Inc.
version 21, IBM, Chicago, IL, USA) was used for statis-
tical analysis. A descriptive analysis was made using
mean, median, standard deviation (SD and 2SD), and
maximum and minimum values of clockwise and coun-
terclockwise directions and the total attempts.
Categorical variables were described with frequencies
and proportions. Continuous variables were compared
with a ¢ test. Paired ¢ tests were used to compare clock-
wise and counterclockwise measurements of the same
subjects. Independent sample ¢ test was obtained for in-
active vs active Méniére’s disease comparison. The range
of SVV deviation mean + 2 standard deviations were cal-
culated. P < 0.05 was considered significant.

Results
Seventy-eight volunteers with vestibular disorders were
included, 54 were women (69.23%), 24 were men
(30.76%) with a mean age of 53 years (range 22—-81). See
Table 1.

We included n = 51 BPPV patients; bucket test mea-
surements were performed before and after the PRM in
all 51 patients. There were n = 27 Méniére’s disease pa-
tients, #n = 22 with inactive Méniére’s disease and n = 5
with active Ménieére’s disease.

Abnormal values were obtained in 54% of the total
population—Meéniere’s and BPPV patients (Fig. 1).

Additionally, impaired values were obtained in 57% of
the unilateral posterior canal BPPV subjects (Fig. 1).
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Table 1 Baseline demographic data
Patients (n = 78)

Characteristic Frequency (%)

Age (years) Mean 53
Range 22-81
Sex Women 54 69.23
Men 24 30.76
Affected vestibular side Right 46 5897
Left 32 41.02
Pathologies BPPV 51 65.38
Méniére’s disease 27 34.61

n sample size, BPPV benign paroxysmal positional vertigo

Results in BPPV patients were 2.62° + 3.64° 2SD, (-
1.02° to 6.26°) before the Epley maneuver and 1.7° +
2.92° 28D, (- 1.22° to 4.62°) after the Epley maneuver (p
= < 0.001). For more detailed results on BPPV patients,
see Table 2.

In patients with Méniére’s disease (n = 27), the results
were 2.74° + 3.9° 2SD (- 1.16° to 6.64°). Inactive
Méniére’s disease patients (n = 22) had mean SVV of
2.74° and Méniére’s disease with active crisis (# = 5) had
5.06° of SVV (p = 0.002). See Table 3. Eighty percent of
active Méniére’s disease patients had abnormal values.
See Fig. 1.

The deviation corresponded to the affected side in
80% (n = 4) of active Méniere’s disease (Fig. 2).

Clockwise and counterclockwise rotations of the
bucket showed no statistical difference, both in BPPV
and Méniére’s disease (p = 0.9, p = 0.62, respectively).

Discussion

Our SVV results in vestibular disease patients provide a
better understanding of the bucket test in different ves-
tibular pathologies.

The utricule and saccule provide the sense of vertical-
ity and therefore supply the information for the SVV [4].
Also, the SVV in vestibular disease patients generally de-
viates towards the affected side, making the bucket test a
practical tool to measure subjective verticality [1].

Furthermore, the bucket test represents the opportun-
ity to follow the function of the utricule and the otolith
organs and thus, provide a useful follow-up on the re-
covery of the patient. It has been found that the recovery
of SVV in a labyrinthectomy patient can be demon-
strated weeks after surgery [4].

According to our demographic data, in this study, we
observed more female patients in the sixth decade of life.
The age of our patients was similar to that previously
described by Cohen et al., Hong et al., and Von Brevern
et al. [3, 10, 11]. Additionally, former literature has re-
ported a predominance of female patients except for one
study [12].
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Fig. 1 Percentage of patients with abnormal values

In the present study, we analyzed patients with BPPV
and Ménieére’s disease. Interestingly, vestibular neuritis
patients were more common in other studies, probably
due to the participation of emergency department pa-
tients [4, 12-14]. In contrast, our study was mainly
undertaken in an outpatient clinic.

To fully describe the use of the bucket test in patients
with vestibular disorders (BPPV and Méniére’s disease),
there were two additional descriptions included: the side
of the bucket deviation and its classification as normal
or abnormal. See Figs. 1 and 2. In this manner, outcome
measurements were mean, median, standard deviation,
side of deviation, and percentage of abnormality.

Unfortunately, there is no current consensus on the
use of the bucket test since there are diverse techniques
previously described. For example, studies varied on the
vestibular disorders included, the protocols performed,
or the interpretations of results. Furthermore, there is
conflicting data on the normal deviation range. Previous
studies have attempted to standardize the bucket test

implementation [1-3]. In our study, we have performed
a literature review on the use of the bucket test in ves-
tibular disorders, similarities, and controversies are out-
lined [2]. See Table 4 [1-4, 6, 15—19].

In the study by Zwergal et al. the examiner manipu-
lated the bucket test. Healthy subjects were evaluated
finding a mean of 2.0° as normal range. Unfortunately,
they did not specify the affected vestibular side. The au-
thors performed the measurement on both monocular
and binocular vision. On this study, Bucket test showed
higher values, probably because more patients with acute
and severe vertigo crisis were included, some examples
were vestibular neuritis, cerebral stem infarctions and
neurectomies. The mean described was 8.3° + 5.0° (3.3°
to 11.3°) for binocular vision, and 8.7° + 5.0° (3.7° to
11.7°) for monocular vision [1].

Cohen et al. conducted a study with the bucket test, in
order to assess the SVV in vestibular disorders. They
performed 3 measurements clockwise and 3 counter-
clockwise in patients with BPPV and with unilateral

Table 2 Mean measurements in clockwise and counterclockwise directions in BPPV, based on 1SD and 2SD

Clockwise direction Counterclockwise direction Total Total p
Mean, SD (range) Mean, SD (range) Mean, SD (range) median

BPPV: before PRM?  2.61° + 1.84° SD, (0.77° to 4.45°) 263° + 2.04° SD, (0.59° to 4.67°) 262° + 1.82° SD, (0.8° to 4.44°) 24°

(n=51)

1SD

2SD 261°+368° 25D, (— 1.07° t0 6.29°)  2.63° + 4.08° 2SD, (— 145°t0 6.71°)  2.62° + 3.64° 25D, (— 1.02° to 6.26°)

BPPV: after PRM? 1.7° £ 143° SD, (0.27° to 3.13°) 1.7° £ 1.64° SD, (0.06° to 3.34°) 1.7° £ 1.46° SD, (0.24° to 3.16°) 1.1° <0.001

(n=51)

1SD

2SD 1.7°4+286°2SD, (— 1.16° to 456°)  1.7° £ 3.28° 2SD, (— 1.58° to 4.98°) 1.7°4292°2SD, (- 1.22° to 4.62°)

SD standard deviation, ° geometric degree, BPPV benign paroxysmal positional vertigo

2PRM particle repositioning maneuvers
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Table 3 Mean measurements in clockwise and counterclockwise directions in Méniére's disease, based on 15D and 2SD
Clockwise direction Counterclockwise direction  Total Total p
Mean, SD (range) Mean, SD (range) Mean, SD (range) median
Total Méniére's disease (n = 27) 2.82° + 2.04° SD, (0.78° to 267°+217°SD, (0.5°to 4.84°)  2.74° + 1.95° SD, (0.76° to 24°
1SD 4.86°) 469°)
2SD 2.82°+408°2SD, (- 126°to  2.67° +434°2SD, (- 1.67° to 2.74° £ 39°2SD, (- 1.16° to
6.9°) 7.01°) 6.64°)
Méniere's disease with active crisis 5.44° + 5.36° 2SD, (0.08° to 468° + 2.82° 2SD, (1.86° to 7.5° 5.06° + 4° 2SD, (- 1.06° to 4.2° 0.002
(n=75) 10.8°) 9.06°)
Méniere's disease inactive crisis 222°+268°2SD, (- 046°to  221°+4.2° 2SD (- 1.99° to 2.22° + 155° 2SD, (0.67° to 1.5°
(n=22) 4.9° 6.41°) 3.77°)

SD standard deviation, ° geometric degree

vestibular paresis. In this last study, the examiner manip-
ulated the instrument. Unfortunately, they concluded
the bucket test could not be used as a screening test for
vestibular impaired individuals [3] due to poor perform-
ance of the ROC (receiver operating characteristic)
curve.

A study by Chetana et al. evaluated patients with
BPPV, Méniere’s disease and vestibular neuritis. They
performed baseline and 2-week and 1-month follow-up
measurements. The normal range used was 0° + 2.0%
they also reported if the deviated side was ipsilateral or
contralateral to the vestibular disease. The abnormal
values described were 100% of patients with labyrinthitis,
81% of patients with vestibular neuritis, 52% with
Méniére’s, and 71% of patients with BPPV (similar to
our study). They also showed that SVV values could
normalize with time. Unfortunately, mean values per dis-
ease were not described. The affected vestibular side cor-
responded to the deviated side in most patients [4].

In a study conducted by Sapountzi et al.,, forty patients
with a diagnosis of BPPV were enrolled. The average
SVV value was 5.75° (1.11° SD) with a range of 4.46° to
6.68° before particle replacement maneuvers. After 1
week, values progressed to near-normal ranges (0° + 2°)
[6]. Accordingly, our current study shows a reduction on
mean SVV values after the Epley maneuver (p = <
0.001); this is depicted in Table 2.

It is important to emphasize that previous studies in nor-
mal subjects have used preset values 0 + 2 [15, 16]; none-
theless, our study follows the finding published by Celis-
Aguilar et al. [2] (- 1 to + 3). Additionally, in our study, we
did not find statistically significant differences when com-
paring clockwise and counterclockwise measurements.

Furthermore, Ferreira et al. compared the results of
the SVV before and after the otolithic replacement ma-
neuvers in 20 patients with BPPV. The mean SVV was
2.8° + 1.1° SD with a range of (1.7° to 3.9°). Nine patients
had abnormal values before the replacement maneuvers,
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Fig. 2 Percentage of patients that corresponded to the deviation side of the bucket test and the vestibular pathology
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Table 4 Review of previous studies with the use of the “bucket test” in patients with vestibular pathologies and in healthy

volunteers

Normal subjects

Vestibular compromised subjects

Study n  Normal Condition n  Deviation Condition Interpretation of values
range range
Zwergal 30 Binocular:  Normal 30 Binocular: 83° Peripheral or central ~ The examiner rotates the bucket.
etal. 0°+23° subjects + 50° (3.3°to  vestibular lesion They used mean + 2 SD.
(2009) [1] 11.39 Does not specify which side is positive or negative.
Monocular: Monocular:
0%+ 25° 8.7°+£50°
(3.7°t0 11.79)
Cohen 50 1.2°(0.75° Normal 25 21°(15°to BPPV (posterior) The examiner moved the bucket.
et al. to 3.2°) ° subjects 6.0° ° Degrees were read off on the outside scale by the
(2012) [3] examiner.
They used mean but do not use SD.
25 21°(.7°to Unilateral vestibular Does not specify which side is positive or negative.
759 ° weakness Compare the values of the normal side against the
abnormal side of the subject.
Sunetal. 51 0°£20°* Normal 0o - The examiner rotated the bucket.
(2014) [15] older A clockwise rotation of the vertical from the perspective of
adults the subject was designated as a positive deviation.
Chetana 0 0°+£20°* Normal 100 Range: 2.0°to Vestibular neuritis, The subject holds the bucket.
etal subjects 7.0° ** BPPV, Méniere's The examiner rotated the bucket.
(2015) [4] disease, Labyrinthitis ~ Compare the values of the normal side against the
abnormal side of the subject.
Do not specify mean values of each pathology
(Do not use negative values).
Ferreira M 200°+ Normal The bucket was rotated by the examiner
et al. = 080° subjects The angular inclinations were measured in degrees and
(2015) [16] 50 (1.2°to defined as positive deviations in the clockwise and
2.8 negative in the anti-clockwise direction, in relation to the
W65+ volunteer.
= 063°
50 (1.02°to
2.28°%
Celisetal. 50 14°£19° Normal Degrees were read off on the outside scale by the
(2017) [2] (-0.5° to subjects examiner.
339 To the right of the examiner is positive (Left of subject).
Olivaetal. 43 157°+ Normal 32 348°+1.73°  Peripheral vestibular  Patients with abnormality in caloric tests.
(2017) [17] 1.17° subjects (1.75° to 5.23°) pathology Conventional bucket test was performed and compared
(04° to with computer interface.
2.74°)
Ferreira 20 28°+1.0° BPPV The bucket was rotated by the examiner.
et al. (1.7° t0 3.99) The bucket test was performed after the Epley maneuver
(2017) 18] and the mean value was: 1.6°.
Sapountzi 0 0°+20°*  Control 40 557°+1.11°  BPPV It does not specify who manipulates the bucket test.
et al. group (4.46° to 6.68°) They do not consider negative numbers (affected side).
(2017) [6]
Michelson 15 —0.86° + Normal The bucket was rotated by the examiner.
et al. 397° subjects Negative numbers refer to the patient’s right.
(2018) [19] (—4.83°to The same patients underwent a virtual test resulting in —

3119

048° £ 2.51°.

* Preset value in the study as normal range. ** The range implies 85% of all subjects with abnormal SVV
SWV, subjective visual vertical; n, subjects considered for the sample; M, men; W, women

BPPV benign paroxysmal positional vertigo. * Mean (range: from minimum to maximum values)

and after the replacement maneuvers, only 2 patients
remained with abnormal parameters. Therefore, the au-
thors highlighted the reduction of the SVV values were
evidently improved after the particle replacement ma-

neuvers in patients with BPPV [18].

Within the limitations of our study, we lack patients
with other vestibular disorders such as vestibular mi-
graine, vestibular neuritis, labyrinthitis, and central vesti-
bulopathies, among other vestibular pathologies. These

latter pathologies are usually characterized by more
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severe clinical outcomes in contrast to those included in
the present study.

Another possible limitation of this study is the previous
medication of some patients and the fact that some did
not have an active vestibular disease at the time of the
bucket test (inactive Méniére’s disease). In addition, it
would have been interesting to observe the SVV parame-
ters in a follow-up visit. It is highly likely that a significant
reduction in the mean SVV could be a possible scenario.

Also, it would have been useful to compare other
methods of measuring the SVV, such as the light bar test
or the dome test with the results obtained in this study.

One of the strengths of this study was the sample size,
previous studies have included fewer patients. We have
also identified the SVV before and after particle repos-
ition maneuvers in patients with BPPV. Additionally, we
included two vestibular disorders such as BPPV and
Méniére’s disease.

We recommend considering the standard deviations
(SD) to interpret the results, in addition to the mean
SVV, as summoned by Zwergal and other studies [1, 2].
In our study, we preferred to use 2SD to be comparable
with previous studies [1]. Only positive values were con-
sidered in this study for a more straightforward presen-
tation of data.

Also, the diagnosis of vestibular disorders in this study
have followed the international guidelines and standard
committees on the diagnosis of vestibular diseases.

According to our results, the SVV evaluation of
Meéniere’s disease is helpful since 80% of patients with
active Méniere’s disease have abnormal SVV and it cor-
responded to the ipsilateral side.

Mean SVV values of Méniere’s disease reached statis-
tical significance when we compared the active form of
the disease vs the inactive form. Also, BPPV values were
different before and after the Epley maneuver. We need
to remember this test is currently being tested for its ef-
fectivity by the medical community. This study adds on
the information that can help us decide whether to use
the Bucket test or not.

More studies are needed to corroborate our results
and subsequently apply this diagnostic technique to
these and other vestibular pathologies.

The bucket test represents an opportunity to measure
the otolith organs on various vestibular diseases, and to
localize and understand if there is otolith damage in our
patient. Also, it could be a valuable tool in the future to
measure rehabilitation, thus the importance to under-
stand this valuable technique.

Conclusion
The bucket test is a simple and useful test for the evalu-
ation of SVV, and it has a role in the evaluation of
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patients with active vestibular diseases such as Méniere’s
disease and BPPV.
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