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Abstract. Atypical variants of benign paroxysmal positional vertigo (BPPV) are often encountered and frequently confusing.
The authors present a hypothetical framework that accounts for all classical patterns of BPPV and several unusual variants such
as BPPV without nystagmus, BPPV with downbeat nystagmus and BPPV with paradoxically direction-changing nystagmus. The
authors introduce new concepts, such as “ipsicanal switch” and “horizontal short arm canalolithiasis” and suggest that their use
may improve diagnosis and treatment in everyday clinical practice. The possible consequences of saccular otoconia detachment
are reviewed according to the literature.

Keywords: Type 2 BPPV, canalolithiasis, cupulolithiasis, ipsicanal switch

1. Introduction

Benign paroxysmal positional vertigo (BPPV) is the
most frequent single cause of isolated vertigo. Ac-
cording to the accepted theory, it is elicited when the
mass load of the inner ear linear accelerometer (utric-
ular otoconial debris) escapes and becomes mixed
up with the mass load of the angular accelerometer
(endolymph and cupulae of the semicircular canals),
thereby sensitizing them to linear acceleration (grav-
ity) and generating false information on angular ac-
celeration. Currently, the diagnostic criteria of be-
nign paroxysmal positional vertigo (BPPV) consist of
vertical-torsional positional nystagmus evoked by the
Dix-Hallpike maneuver (vertical canals involved) or
a predominantly horizontal positional nystagmus af-
ter rolling the head sideways from the supine posi-
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tion (horizontal canals involved) (see Table 1) [4,15].
According to generally accepted theories, the periph-
eral vertical-torsional nystagmus in Dix-Hallpike po-
sition occurs typically due to canalo- or cupulolithia-
sis of the posterior canal, and in rare cases, of the an-
terior semicircular canal. Horizontal positional nystag-
mus, if peripheral, in lateral supine position may be
elicited by the canalo- or cupulolithiasis of the horizon-
tal canal. However, in the last decades, several atypical
peripheral nystagmus patterns were described. These
included no nystagmus at all in provoking positions
and paradoxical, strong transient nystagmus patterns in
different provoking positions. While peripheral BPPV
without nystagmus has been a mysterious entity un-
til recently, other patterns with changing nystagmus
direction have been attributed to “canal switch”, also
called “canal conversion”, when during head position-
ing, debris falls out of a canal and enters another one.
During construction of explanations of different BPPV
nystagmus patterns, all symptoms and signs (nystag-
mus) should be explained by possible movements of
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Table 1
Current criteria of diagnostic nystagmus in variants of BPPV (As provoked by positioning the patient to the Dix-Hallpike position from sitting
(vertical canals affected) or in lateral supine position after rolling the head sideways when the patient is lying horizontally (horizontal canal
affected))

Cupulolithiasis Canalolithiasis
Horizontal canal Apogeotropic horizontal (beating laterally up in both lat-

eral supine positions) stronger on the contralateral side,
when the involved ear is uppermost; more prolonged, less
intense than in canalolithiasis)

Geotropic horizontal (beating laterally down in both lat-
eral supine positions) stronger on the ipsilateral side, when
the involved ear is lowermost

Posterior canal Vertical torsional upbeat (geotropic), less intense, more
prolonged in respect to canalolithiasis

Vertical-torsional upbeat (geotropic) nystagmus with a
short latency, provoked when the affected ear is lowermost
in the Dix-Hallpike position

Anterior canal ? Provoked by both Dix-Hallpike and straight head hang-
ing positions, vertical-torsional, downbeat (apogeotropic),
should reverse its direction when sitting up

moving utricular otoconial debris in the three dimen-
sional structure of the vestibular labyrinth. One should
keep in mind that, when dislodged from the utricular
macula, freely moving otoconia may move into any
canal or be attached to any cupula of the ampullae,
thereby causing canalolithiasis and/or cupulolithiasis
of the individual canal (for a review see Parnes et al.,
2003) [26]. Also, when theorizing about evoked nys-
tagmus in BPPV variants it is first necessary to con-
sider the position of the debris in the starting position,
before examination, which is sitting (in case of verti-
cal canal BPPV elicited by Dix-Hallpike position) or
supine position before turning the head sideways (in
case of horizontal canal BPPV). Then the movements
of the debris and the cupulae should be reconstructed
in the respective provocative positions. In our frame-
work, debris should always be in the most inferior part
of the compartment in the starting position; then, in
the provocative position it sinks into the most inferior
part of the compartment. Therefore, debris may be in
the vestibulum, short arm, long arm of the canal and be
attached to the cupulae.

In the present paper we summarize these theories
and attempt to put forward a comprehensive frame-
work of hypothetical causes for eye movements for
all three semicircular canals (Table 2). These explana-
tions should include universally accepted hypotheses
(classical nystagmus types), BPPV cases without nys-
tagmus and cases where canal-switch should explain
changing and paradox nystagmus patterns.

2. Examination methods

When examining patients with BPPV, the examiner
first should try to elicit typical positional nystagmus
depending of the most predictable canal involved on

the basis of symptomatology. For the vertical canals,
the examination, the so-called Dix-Hallpike position-
ing should start in the sitting position by initially turn-
ing the patient’s head in sitting by 45◦ in the yaw plane
toward the side to be examined and then pitching the
patient backwards by 130◦ from upright, to an ear-
down, head-hanging position, i.e., approx. 40◦ below
the earth-horizontal [2]. Since in the Dix-Hallpike po-
sition the patient’s head is hanging upside down, an
upbeat nystagmus with a fast component toward the
center of the earth also beats towards the top of the
head. To resolve this, it is called an ‘upbeat-geotropic
nystagmus’. Nystagmus beating down, in the direction
of the chin, is called a ‘positional downbeat nystag-
mus’, but in a head-hanging position this is in fact
‘apogeotropic’. The torsional component is named by
the fast movement of the upper pole of the eyes.

For the lateral canals, the examiner should try to
elicit positional nystagmus in the supine position car-
rying out head rolls to both lateral positions. First, the
patient is lying on his/her back face upwards. From this
position the head is slowly and gently turned 90 de-
grees into the lateral position (e.g. to the right) and the
ensuing nystagmus is observed. Then the other side is
examined.

3. Classical nystagmus patterns

3.1. Posterior canal long arm canalolithiasis

According to the universally accepted theory, move-
ments of the debris away from the cupula causes a
geotropic torsional upbeat nystagmus with a short la-
tency, provoked when the affected ear is lowermost
in the Dix-Hallpike position. When the patients sit up
from the head hanging position, there should be a re-
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Table 2
Suggested criteria of diagnostic nystagmus in variants of BPPV (As provoked by positioning the patient to the Dix-Hallpike position from sitting
(vertical canals affected) or in lateral supine position after rolling the head sideways when the patient is lying horizontally (horizontal canal
affected))

Short arm
canalolithiasis

Cupulolithiasis Long arm canalolithiasis

Horizontal canal Apogeotropic horizontal (beating
laterally up in lateral supine posi-
tion when the involved ear is lower-
most and no nystagmus in the con-
tralateral lateral position)

Apogeotropic horizontal (beating
laterally up in both lateral supine
positions; stronger on the contralat-
eral side, when the involved ear is
uppermost).

Geotropic horizontal (beating laterally down
in both lateral supine positions) stronger on the
ipsilateral side, when the involved ear is low-
ermost.
Peri-cupulo canalolithiasis can cause an apo-
geotropic horizontal nystagmus (beating lat-
erally up in both lateral supine positions;
stronger on the contralateral side, when the in-
volved ear is uppermost).

Posterior canal No nystagmus in Dix-Hallpike po-
sition but sitting up vertigo either in
the RALP or LARP plane

Depending on anatomy: either no
nystagmus in Dix-Hallpike posi-
tion, or apogeotropic downbeat

Geotropic-torsional upbeat nystagmus with a
short latency, provoked when the affected ear
is lowermost in the Dix-Hallpike position

Anterior canal Sometimes acutely caused by the
Dix-Hallpike manoeuver:
apogeotropic downbeat

Same as anterior short arm and long
arm canalolithiasis, more persistent
repeatable

Apogeotropic downbeat nystagmus with a
small torsional fast-phase, which beats toward
the affected ear (affected ear uppermost in
Dix-Hallpike position)
(Occurs possibly rarely because the position of
the canal)

versal of the nystagmus, and a downbeat nystagmus en-
sues, because the debris reverse the direction of their
movement [2,4,15].

3.2. Posterior canal cupulolithiasis

Until now, posterior cupulolithiasis has been postu-
lated to cause a nystagmus similar to canalolithiasis,
only more persistent [2,16,26]. As we shall see below,
we provide an alternative hypothesis.

3.3. Horizontal canal canalolithiasis

The nystagmus is geotropic horizontal (beating lat-
erally down in both lateral supine positions) stronger
on the ipsilateral side, when the involved ear is low-
ermost [22]. Despite, this is the leading hypothesis,
in our opinion; canalolithiasis of the horizontal canal
could also provoke an apogeotropic nystagmus due to
a different initial position of the particles in the canal,
much closer to the ampulla (peri-cupula form). Oto-
conia move in the opposite direction with respect to
the geotropic form. In this variant, the nystagmus is
apogeotropic horizontal (beating laterally up in both
lateral supine positions) stronger on the contralateral
side, when the involved ear is uppermost. This idea
is corroborated by the fact that it is possible to trans-
form apogeotropic into geotropic nystagmus by us-
ing slow, gentle maneuvers such as turning the head

sideways, which would not be effective if the otoco-
nia were attached to the cupula. It is even possible
to change the apogeotropic into the geotropic nystag-
mus simply by maintaining the patient in a prolonged
lateral position on the affected side. In the event that
the affected side has been incorrectly identified, the
forced prolonged position causes the geotropic nystag-
mus to become apogeotropic, and this is again incom-
patible with the cupulolithiasis theory. So if otoconial
debris are located in the anterior part of the horizontal
canal, rotation of the head to the affected side causes
the fall of debris away from the ampulla, causing an
inhibitory nystagmus that beats toward the healthy, up-
permost ear. Rolling onto the opposite side causes de-
bris to return toward the ampulla, triggering a more in-
tense nystagmus, again apogeotropic, beating toward
the affected, uppermost ear [20]. It can be speculated
if this variant could arise from detached otoconia from
cupulolithiasis.

3.4. Horizontal canal cupulolithiasis

The nystagmus is apogeotropic horizontal (beating
laterally up in both lateral supine positions) stronger on
the contralateral side, when the involved ear is upper-
most [14,25]. Apogeotropic positional nystagmus due
to cupulolithiasis of the horizontal canal should be less
intense and more prolonged [13].
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A CB

Fig. 1. Posterior canal involvement in sitting (left) and Dix-Hallpike position (right). Left panel panel: A = debris in the short arm; B =
cupulolithiasis, C = debris in the long arm; Right panel: arrows show hypothetical movements of debris or in the case of cupulothiasis the
direction of the gravity vector.

3.5. Anterior canal canalolithiasis and
cupulolithiasis

This may occur rarely (see the Chapter written by
Nuti and Zee in [8]), still, it is possible that during the
night, debris in the common crus moves toward the
ampulla in the long arm during a turn during sleep in
supine position. Hypothetically, there is another pos-
sibility of generation mechanism: when acutely dis-
located, the debris falls onto the cupula immediately
during (and because of) the Dix-Hallpike positioning,
the short arm/opening of the anterior ampulla being
immediately below the utricular macula in the Dix-
Hallpike position [6]. In anterior cupulolithiasis, in
Dix-Hallpike position an apogeotropic downbeat nys-
tagmus is elicited, with a small torsional fast-phase,
which beats toward the affected ear (affected ear up-
permost in Dix-Hallpike position) [2]. As Bertholon et
al. [3] and Aw et al. [2] stated, anterior SCC BPN could
be provoked by the Dix-Hallpike test to either side, be-
cause the anterior SCC ampulla is above the posterior
SCC ampulla. According to these authors, as in an-
terior SCC involvement the small torsional fast-phase
may beat towards the involved ear with the affected
ear uppermost or lowermost in the Dix-Hallpike posi-
tion, observation of the direction of the torsional com-
ponent, rather than the side of the Dix-Hallpike test,
lateralizes the affected side: the torsional fast-phase
of the BPN will beat toward the affected ear [2]. If
there is a cupulolithiasis, then the debris attaches to
the cupula and the nystagmus may be more repeat-

able, but the elicited nystagmus should be identical
with the downbeat-torsional nystagmus caused by an-
terior canalolithiasis (Fig. 2). Theoretically, one sin-
gle Dix-Hallpike maneuver should solve the anterior
canalolithiasis, because the debris should travel in the
long arm and fall out through the common crus into the
utricle.

4. Atypical nystagmus arising in the vertical
canals

4.1. BPPV without nystagmus and positional
downbeat nystagmus from the posterior canal

The above, widely accepted diagnostic criteria are
valid for the overt BPPV, which is going with nystag-
mus and fairly intensive acute vertigo for 20–30 sec-
onds immediately after positioning. However, appar-
ently there is another, more latent, more chronic vari-
ant, when patients have typical BPPV symptoms (short
vertigo when bending forward, lying down, sitting up
or turning over in bed) but no nystagmus is evoked
by Dix-Hallpike and supine roll maneuvers. Until now,
this was called “subjective BPPV” and it has not been
characterized. In an attempt to explain this, Büki et al.
coined the term “type 2 BPPV” [9]. After “short arm”
canalolithiasis had been already suggested by Oas back
in 2001 [24], this variant was also hypothetically con-
tributed to freely moving debris in the short arm of
posterior canal. As a diagnostic criterion, the unilat-
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eral sitting-up vertigo/body sway was suggested. This
is felt/shown by the patients during sitting up from the
Dix-Hallpike position, on one side, but not from the
other.

Another atypical variant was suggested by Cambi et
al. [11], who described peripheral positional downbeat
nystagmus, possibly of posterior canal origin. This was
a new theory, since until recently, peripheral positional
downbeat nystagmus was traditionally linked to the an-
terior canals. Vannucchi et al. [31], who also noted
atypical downbeat nystagmus suggested that downbeat
nystagmus could arise from the posterior canal. Their
hypothesis involved debris being in the highest part of
the posterior canal at the beginning and starting back-
ward in the long arm during the Dix-Hallpike posi-
tion [31]. This theory could not explain the missing
reversal of the downbeat nystagmus, which is a quite
common feature of this downbeat nystagmus of poste-
rior canal origin.

Büki (Otol Neurotol in press) tried to synthetize the
above new findings. According to this, it is hypotheti-
cally possible that otoconia become dislocated but do
not fall into the common crus of the vertical canals
or into the horizontal canal; in these cases they may
gravitate toward the most posterior part of the utricu-
lus, the ampulla of the posterior canal. Then, depend-
ing on their behavior (freely moving or sticking to the
cupula) and the precise position of the posterior am-
pulla (which varies [6]), either no nystagmus or a slow
downbeat nystagmus should ensue when the patient is
positioned from sitting to a Dix-Hallpike position. Ac-
cording to the author, such scenarios could hypotheti-
cally explain commonly seen clinical entities such as
“subjective BPPV” and/or cases with a peripheral po-
sitional downbeat nystagmus. Should these theories be
accepted (to prove or disprove them will be difficult),
it would be possible to add the following two varieties
to the existing classical ones:

4.2. Posterior canal cupulolithiasis

Debris attached to the cupula deflects it. Depending
on anatomy: either no nystagmus in Dix-Hallpike po-
sition, or apogeotropic downbeat nystagmus arises in
Dix-Hallpike position, to be elicited by bilateral Dix-
Hallpike maneuver (may be stronger when affected ear
lowermost). Torsional component, if any, beats toward
the contralateral ear.

4.3. Posterior canal short arm canalolithiasis

Because debris is moving out from the short arm, no
nystagmus is elicited in Dix-Hallpike position but sit-
ting up vertigo/body sway either in the diagonal ver-
tical planes corresponding right anterior- left posterior
or left anterior right posterior semicircular canals. Both
in posterior canal cupulolithiasis and posterior short
arm canalolithiasis a strong vegetative reaction (nau-
sea, sweating) has been noted after repeated position-
ing which is out of proportion considering the missing
nystagmus [9].

5. Atypical nystagmus arising in the horizontal
canals

5.1. Horizontal canal short arm canalolithiasis

Hypothetically, when debris falls into the short arm
of the horizontal canal, it falls directly onto the cupula,
causing an apogeotropic horizontal nystagmus (beat-
ing laterally up in lateral supine position when the in-
volved ear is lowermost). During supine roll in the con-
tralateral direction it may fall out, therefore no nys-
tagmus is to be anticipated in the contralateral supine
position. Although we frequently encounter this ver-
sion after Epley/Semont maneuvers, we are not aware
of any previous paper suggesting this mechanism in-
volving the short arm. Other authors also described this
nystagmus pattern but explained it by an atypical start-
ing position of the debris in the long arm of the hori-
zontal canal [10] as originally suggested by Vannucchi
and Pecci [30].

6. Atypical nystagmus with a canal switch

6.1. Posterior-horizontal canal switch

Canal switch due Epley/Semont maneuvers is a
well-known phenomenon. In these cases debris from
one canal moves into another, thereby successively
producing the typical nystagmus first of the canal-of-
origin, then of the secondary canal. The most usual
pattern is the posterior canalolithiasis-to-horizontal
canalolithiasis. The debris in these cases seems to be
big enough not to be dissolved during the travel along
one canal, out of it, and into the other. We remind here,
that labyrinthine otoconia maintenance and calcium
deposition is a tightly regulated process [21], which
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Fig. 2. Anterior canal involvement in sitting (left) and Dix-Hallpike position (right). Left panel: A = debris on the utricular macula; B =
cupulolithiasis, C = debris in the long arm; Right panel: arrows show hypothetical movements of debris or in the case of cupulothiasis the
direction of the gravity vector.

A CB

Fig. 3. Horizontal canal involvement in supine (left) and in the right lateral position (right). Left panel panel: A = debris in the short arm; B =
debris in the long arm; C = cupulolithiasis. Arrow shows the hypothetical movements of the debris during ipsicanal switch; Right panel: arrows
show hypothetical movements of debris or in the case of cupulothiasis the direction of the gravity vector.

requires active mechanisms, because the utricular cal-
cium concentration is low (200 µmol/L). Also, freely
moving otoconia should be dissolved after a time [34].
In some cases, however, a persistent otolithic debris
can be observed for a longer time [33]. As a result
of age-related degeneration, otoconia may escape the
macula, and subsequently dissolve [3], except possibly,
when they are confined to a small space with patholog-
ically high calcium concentration.

6.2. Horizontal ipsicanal switch

Short arm canalolithiasis in the horizontal canal
could hypothetically switch into a horizontal long arm

canalolithiasis, if the debris falls out of the short arm
during a supine roll in the contralateral direction and
it moves through the vestibulum, into the ipsilateral
long arm (Fig. 3) (or, in other cases, reverse, from the
long arm into the short). This causes a reversal of the
nystagmus direction when the patient turns his or her
head into repeated lateral supine position with the af-
fected ear lowermost. Earlier Nuti et al. suggested an-
other theory for this atypical nystagmus [23], involving
debris, which is initially positioned in an atypical loca-
tion. Earlier authors explained this by a conversion of
canalolithiasis into cupulolithiasis [17,29]. Again, the
horizontal ipsicanal switch is being suggested for the
first time in the present paper.
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6.3. Atypical nystagmus during atypical positioning

For the sake of completeness we list here two fre-
quent manifestations, which may give diagnostic clues.
First, the lying-down nystagmus, which arises when
patients are sitting bending forward and, for the sake
of investigation, elevate their head or lie down into
supine position. In this case, debris in the horizontal
canal, which is initially in an anterior position close to
the ampulla (or attached to the cupula of the horizon-
tal canal), sink down causing a horizontal nystagmus,
which may be confused with a spontaneous nystagmus.

Second, if lying patients with acute posterior canalo-
lithiasis are made to sit up, this may elicit a transient
(sometimes rather long lasting) positional downbeat
nystagmus (the opposite of the geotropic-upbeat nys-
tagmus in the Dix-Hallpike position), which may also
cause some confusion.

7. Frequency of variants

First of all, it has been suggested, that the right la-
byrinth is preferentially affected [32] with canalolithi-
asis. It has not been specified if this observation should
only be valid for canalolithiasis or for cupulolithia-
sis as well. Of course, this preferential affection re-
mains to be verified in a new epidemiological study in
which the new criteria (no nystagmus provoked in Dix-
Hallpike position in hypothetical posterior cupulolithi-
asis etc.) are applied, should they be accepted by the
scientific community. But then, this is true concerning
all kinds of epidemiologic studies: should the new hy-
pothetical mechanisms be generalized, new epidemio-
logical studies should be carried out. A good example
for this is for instance vestibular migraine or phobic
vertigo, which may overlap with BPPV without nys-
tagmus.

Another example is the paper of Jeong et al. [18],
who recruited 100 consecutive patients with a diagno-
sis of idiopathic BPPV for a study and excluded eighty-
four patients who reported a typical history sugges-
tive of BPPV without positional nystagmus. Did these
patients with “subjective” BPPV, in fact, have BPPV
or not? If yes, the percentage of “subjective BPPV”
caused perhaps posterior short arm canalolithiasis or
posterior cupulolithiasis was 40% (!) in this study.

Concerning an unilateral end organ there is also a
preferential involvement: the upper part of the vestibu-
lum, the anterior canal and ampulla seem to be in-
volved practically not at all or at least less frequently

than the lower parts, the posterior canal or ampulla,
where debris may be trapped or is deposited, respec-
tively. The classical BPPV, when the debris has to hit
the orifices of the long arms may be in the reality not as
frequent, as vestibulolithiasis, when debris does’t have
to find the openings, just sink into the most posterior
parts (which is posterior short arm) and move there to
and fro. What may make the classical variety more fre-
quent is, that in upright position the utricular macula is
almost horizontal and disattachment is not favoured but
when it comes to disattachment (because the uticular
surface becomes vertically positioned or upside down,
in supine position), the orifices are below the utricular
macula.

8. Differential symptomatology

Posterior canalolithiasis should occur mainly in
supine position, when the common crus is positioned
below the utricular macula. Then, during the night de-
bris may move into the vertical canals and the first
symptoms arise when sitting up in the morning or turn-
ing over in bed. During sitting up, the debris may fall
out of the anterior canal spontaneously and be trapped
in the posterior one for a longer time. Then the Ep-
ley/Semont maneuvers should help.

In contrast, vertigo/dizziness due to horizontal cana-
lolithiasis or posterior short arm canalolithiasis may
start also during the day, in upright position, after slight
horizontal/rolling head movements. Such a history of
complaints may be confused with seemingly sponta-
neous attacks.

9. Differential diagnosis

It is important to stress, that positional downbeat
nystagmus may be caused by a number of central
etiologies, including posterior fossa tumor, cerebel-
lar or spinocerebellar degeneration, multiple sclero-
sis, Arnold-Chiari malformation, lithium toxicity, or
paraneoplastic diseases. It can only be considered ‘pe-
ripheral’ when all these pathologies have been reli-
ably excluded [2]. This is markedly true in BPPV
without nystagmus. Only perhaps in the case of typi-
cal symptoms and transient geotropic nystagmus upon
Dix-Hallpike provocation that then cannot be elicited
after an Epley/Semont maneuver (such as with pos-
terior canalolithiasis), the examiner may be confident
about a peripheral cause. Apart from central patholo-
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gies, differential diagnosis of BPPV should include
migraine [1], phobic postural vertigo [7], and chronic
subjective dizziness [28], the latter 2 groups being
anxiety-related.

10. Saccular otoconia degeneration: No vertigo
but possibly hearing loss

Current models of BPPV incorporate only utricular
otoconia, because the utriculus and the SCC ampullae
share the same fluid compartment, in contrast to the
sacculus, which is only connected to the utricle by a
thin channel, the utriculo-saccular duct. However, us-
ing scanning electron microscopy, it has been shown
that surface pitting, hollowing out, fragmentation, and
dislodgement of saccular otoconia starts earlier that
utricular otoconia degeneration [27]. The saccule is
connected to the cochlear endolymphatic duct through
the ductus reuniens and calcium concentration in the
cochlear endolymph is very low (20 µM [5]). Patholog-
ical elevation of calcium concentration should inhibit
mechanoelectrical transduction in the cochlear hair cell
stereocilia. This is why the pathogenetic role of dis-
lodged saccular otoconia in acute or chronic hearing
loss has been suggested. Otoconial debris, with tissue
reaction, was demonstrated within the ductus reuniens
and cochlear duct, as far distal as the middle of the as-
cending basal limb [12] and the blockage of ductus re-
uniens has been hypothetically implicated in the gen-
eration of cochlear hydrops [20]. Back in 1971 Johns-
son [19] suggested that saccule degeneration should
be considered an integral part of the presbyacusis syn-
drome. Although the syndrome “cochleosaccular de-
generation” had been a familiar term in the nineteen-
sixties and seventies, it has been largely forgotten by
now. Perhaps by reconsidering this hypothetical frame-
work and examining it with modern methods, it will
be possible to explain several features of acute/chronic
hearing loss and tinnitus.

11. Conclusions

BPPV is a frequent entity. In the light of the argu-
ments presented above it may be even more frequent
then we might think today. The above-presented hy-
potheses are not directly provable but then this has
been the case in the past with the various varieties of
BPPV. Should these theories some time in the future
be accepted, BPPV cases without nystagmus or with

atypical nystagmus patterns would cease to be puz-
zling clinicians in the everyday practice. With this pa-
per, the authors would like to stimulate discussion and
perhaps further studies concerning this entity, which
may cause so much distress for the patients and which
can be cured so easily, if diagnosed.

Acknowledgments

The authors thank Prof. David Zee for critically re-
vising the manuscript and writing the abstract. We also
thank two anonymous reviewers for their dedicated
work and useful suggestions.

Conflict of interest

The authors report no conflict of interest.

References

[1] K. Agarwal, A.M. Bronstein, M.E. Faldon, M. Mandala, K.
Murray and Y. Silove, Visual dependence and BPPV, J Neurol
259 (2012), 1117–1124.

[2] S.T. Aw, M.J. Todd, G.E. Aw, L.A. McGarvie and G.M. Hal-
magyi, Benign positional nystagmus: A study of its three-
dimensional spatio-temporal characteristics, Neurology 64
(2005), 1897–1905.

[3] P. Bertholon, A.M. Bronstein, R.A. Davies, P. Rudge and K.V.
Thilo, Positional down beating nystagmus in 50 patients: cere-
bellar disorders and possible anterior semicircular canalithia-
sis, J Neurol Neurosurg Psychiatry 72 (2002), 366–372.

[4] N. Bhattacharyya, R.F. Baugh, L. Orvidas, D. Barrs, L.J.
Bronston, S. Cass, A.A. Chalian, A.L. Desmond, J.M. Earll,
T.D. Fife, D.C. Fuller, J.O. Judge, N.R. Mann, R.M. Rosen-
feld, L.T. Schuring, R.W. Steiner, S.L. Whitney, J. Haidari,
O.-H. American Academy of and F. Neck Surgery, Clinical
practice guideline: benign paroxysmal positional vertigo, Oto-
laryngol Head Neck Surg 139 (2008), S47–81.

[5] S.K. Bosher and R.L. Warren, Very low calcium content
of cochlear endolymph, an extracellular fluid, Nature 273
(1978), 377–378.

[6] A.P. Bradshaw, I.S. Curthoys, M.J. Todd, J.S. Magnussen,
D.S. Taubman, S.T. Aw and G.M. Halmagyi, A mathematical
model of human semicircular canal geometry: A new basis for
interpreting vestibular physiology, J Assoc Res Otolaryngol
11 (2010), 145–159.

[7] T. Brandt, D. Huppert and M. Dieterich, Phobic postural ver-
tigo: A first follow-up, J Neurol 241 (1994), 191–195.

[8] A.M. Bronstein, Oxford textbook of vertigo and imbalance,
Oxford University Press, Oxford, U.K., 2013.

[9] B. Buki, L. Simon, S. Garab, Y.W. Lundberg, H. Junger and
D. Straumann, Sitting-up vertigo and trunk retropulsion in pa-
tients with benign positional vertigo but without positional
nystagmus, J Neurol Neurosurg Psychiatry 82 (2011), 98–
104.



B. Büki et al. / Typical and atypical benign paroxysmal positional vertigo 423

[10] L. Califano, A. Vassallo, M.G. Melillo, S. Mazzone and F.
Salafia, Direction-fixed paroxysmal nystagmus lateral canal
benign paroxysmal positioning vertigo (BPPV): Another
form of lateral canalolithiasis, Acta Otorhinolaryngol Ital 33
(2013), 254–260.

[11] J. Cambi, S. Astore, M. Mandala, F. Trabalzini and D. Nuti,
Natural course of positional down-beating nystagmus of pe-
ripheral origin, J Neurol 260 (2013), 1489–1496.

[12] R. Gussen, Saccule otoconia displacement into cochlea in
cochleosaccular degeneration, Arch Otolaryngol 106 (1980),
161–166.

[13] T.C. Hain, T.M. Squires and H.A. Stone, Clinical implications
of a mathematical model of benign paroxysmal positional ver-
tigo, Ann N Y Acad Sci 1039 (2005), 384–394.

[14] S.F. Hall, R.R. Ruby and J.A. McClure, The mechanics of
benign paroxysmal vertigo, J Otolaryngol 8 (1979), 151–158.

[15] J. Hornibrook, Benign Paroxysmal Positional Vertigo
(BPPV): History, Pathophysiology, Office Treatment and Fu-
ture Directions, Int J Otolaryngol 2011 (2011), 835671.

[16] H. Ichijo, Cupulolithiasis of the posterior semicircular canal,
Am J Otolaryngol 34 (2013), 458–463.

[17] T. Imai, N. Takeda, G. Sato, K. Sekine, M. Ito, K. Naka-
mae and T. Kubo, Changes in slow phase eye velocity and
time constant of positional nystagmus at transform from cupu-
lolithiasis to canalolithiasis, Acta Otolaryngol 128 (2008),
22–28.

[18] S.H. Jeong, J.S. Kim, J.W. Shin, S. Kim, H. Lee, A.Y. Lee,
J.M. Kim, H. Jo, J. Song and Y. Ghim, Decreased serum vi-
tamin D in idiopathic benign paroxysmal positional vertigo, J
Neurol 260 (2013), 832–838.

[19] L.G. Johnsson, Degenerative changes and anomalies of the
vestibular system in man, Laryngoscope 81 (1971), 1682–
1694.

[20] R.S. Kimura, H.F. Schuknecht, C.Y. Ota and D.D. Jones,
Obliteration of the ductus reuniens, Acta Otolaryngol 89
(1980), 295–309.

[21] Y.W. Lundberg, X. Zhao and E.N. Yamoah, Assembly of the
otoconia complex to the macular sensory epithelium of the
vestibule, Brain Res 1091 (2006), 47–57.

[22] J.A. McClure, Horizontal canal BPV, J Otolaryngol 14
(1985), 30–35.

[23] D. Nuti, P. Vannucchi and P. Pagnini, Benign paroxysmal po-
sitional vertigo of the horizontal canal: A form of canalolithi-
asis with variable clinical features, J Vestib Res 6 (1996), 173–
184.

[24] J.G. Oas, Benign paroxysmal positional vertigo: A clinician’s
perspective, Ann N Y Acad Sci 942 (2001), 201–209.

[25] P. Pagnini, D. Nuti and P. Vannucchi, Benign paroxysmal ver-
tigo of the horizontal canal, ORL J Otorhinolaryngol Relat
Spec 51 (1989), 161–170.

[26] L.S. Parnes, S.K. Agrawal and J. Atlas, Diagnosis and man-
agement of benign paroxysmal positional vertigo (BPPV),
CMAJ 169 (2003), 681–693.

[27] M.D. Ross, D. Peacor, L.G. Johnsson and L.F. Allard, Ob-
servations on normal and degenerating human otoconia, Ann
Otol Rhinol Laryngol 85 (1976), 310–326.

[28] J.P. Staab, Chronic subjective dizziness, Continuum (Minneap
Minn) 18 (2012), 1118–1141.

[29] S. Steddin, D. Ing and T. Brandt, Horizontal canal be-
nign paroxysmal positioning vertigo (h-BPPV): Transition of
canalolithiasis to cupulolithiasis, Ann Neurol 40 (1996), 918–
922.

[30] P. Vannucchi and R. Pecci, About nystagmus transformation
in a case of apogeotropic lateral semicircular canal benign
paroxysmal positional vertigo, Int J Otolaryngol 2011 (2011),
687921.

[31] P. Vannucchi, R. Pecci and B. Giannoni, Posterior semicir-
cular canal benign paroxysmal positional vertigo presenting
with torsional downbeating nystagmus: An apogeotropic vari-
ant, Int J Otolaryngol 2012 (2012), 413603.

[32] M. von Brevern, T. Seelig, H. Neuhauser and T. Lempert,
Benign paroxysmal positional vertigo predominantly affects
the right labyrinth, J Neurol Neurosurg Psychiatry 75 (2004),
1487–1488.

[33] C.G. Wright, R.C. Rouse, G.H. Zajic, S.D. Schaefer, D.G.
Hubbard and L.A. Barnard, A calcareous concretion in the
posterior semicircular duct of a human labyrinth, Am J Oto-
laryngol 3 (1982), 196–201.

[34] G. Zucca, S. Valli, P. Valli, P. Perin and E. Mira, Why do be-
nign paroxysmal positional vertigo episodes recover sponta-
neously? J Vestib Res 8 (1998), 325–329.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


