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The current theory in physiopathology of benign paroxysmal positional vertigo is the mechanical theory, namely the cupulolithiasis—canalolithia-
sis theory. Repositioning maneuvers based on this theory has now taken place in therapy. However, mechanical theory is insufficient to explain
some clinical situations and cannot fully enlighten the physiopathology. Mechanical theory is based on very few histological studies. Currently,
these few articles are still used for reference. Anatomically, there are uncertainties that need to be explained in this theory. In this literature review,
the histological and anatomical evidence is reviewed and the value of mechanical theory in benign paroxysmal positional vertigo physiopathol-
ogy has been questioned. Studies suggest that the debris in the semicircular canals is caused by degeneration due to aging and may not be
responsible for the symptoms in benign paroxysmal positional vertigo. Some patients with debris in semicircular canals do not have benign par-
oxysmal positional vertigo symptomatology, while some patients without debris may have benign paroxysmal positional vertigo symptomatol-
ogy. Experimental and histological findings suggest that vestibulopathy due to inflammation caused by neurotropic viruses may lead to benign
paroxysmal positional vertigo picture. For all these reasons, in benign paroxysmal positional vertigo physiopathology, there must be other factors
besides particle debris in semicircular canals.
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INTRODUCTION

Benign paroxysmal positional vertigo (BPPV) is the most common peripheral vestibular end-organ disease. It is characterized by a
sudden, transient sensation of vertigo. Symptoms are caused by changes in position, such as turning in bed, lying on the bed, lying
at the dentist or hairdresser, leaning, or any sudden change in the head's position. Complaints can range from mild to severe dizzi-
ness, and nausea and vomiting. Symptoms can last for days, weeks, months, and may recur even after years. Spontaneous remission
occurs within days to weeks, and recurrence occurs in approximately 50% of patients.

The rate of BPPV is reported between 17% and 42% in vertiginous patients. It is the most common cause of vertigo in adults.
Lifetime prevalence is 3.2% in women, 1.6% in men, and 2.4% overall. Its incidence has been reported as 10.7-64 per 100 000. It
can be seen at any age, but it is most common in the fifth and sixth decades of life. The female to male ratio is 2-3: 1, but there is no
gender difference in young patients and traumatic cases. It is the most common cause of dizziness after head trauma. It can also
be seen during vestibular neuritis and prolonged bed rest. Since delay in diagnosis and treatment of BPPV is common, it impairs
patients’ quality of life. However, its diagnosis is easy and can be treated in-office.!

Dix and Hallpike? used the term “benign paroxysmal positional vertigo” for the first time and gave their name to the provocative
positional test. The diagnostic criteria published by Barany Society for BPPV included: recurrent positional vertigo or dizziness
attacks triggered by lying down or returning to the other side while in the supine position, Dix-Hallpike maneuver or lateral reclin-
ing maneuver (Semont’s diagnostic maneuver) triggering positional nystagmus after a short latency, nystagmus in the form of a
combination of torsional and vertical nystagmus toward the underlying ear, and typically less than 1-minute persistence; these
findings could not be linked to any other disease.?

Since Adler’s first definition in 1897 and Barany in 1921, different inner ear areas have been considered as the source of the disease,
such as utricle, saccule, semicircular canals (SCCs), superior vestibular artery, and vestibular nerve. For these, medical and surgical
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treatments with different success rates were applied. Previously, BPPV
was thought to be utricular origin. In 1952, Dix and Hallpike? thought
that the disease was caused by utricle, due to the absence of oto-
lithic membrane, disorganization of the sensory epithelium, spe-
cific tissue changes in the connective tissue under the epithelium,
and normal-appearing SCCs in histopathological examination. They
thought that the recovery of intractable BPPV and related nystag-
mus in a patient undergoing labyrinthectomy also supports utricular
pathology.? Cawthorne and Hallpike* observed the abnormal utricu-
lus in the autopsy of a patient with recurrent BPPV and supported the
utricular pathology. Citron and Hallpike® treated BPPV in 1962 with
vestibular neurectomy and supported utricular pathology.

When Gacek® studied the temporal bone (TB) of 5 patients with BPPV,
he found that the significant pathological changes were loss in 50%
of ganglion cells and neurons and abnormal saccular ganglion cells in
the superior and inferior vestibular areas. He thought that his obser-
vations supported the concept that BPPV was caused by the loss
of the otolith organs’ inhibitory effect on the canal sensory organs.
Lindsay and Hemenway,” in 1956, detected completely degenerated
superior vestibular ganglion, well-preserved otolith organs, and infe-
rior vestibular ganglion in a TB examination of a patient with BPPV, so
they thought that BPPV was caused by the occlusion of the superior
vestibular artery supplying these structures.

Later, Schuknecht®® pointed to the semicircular canal system. He
thought that the relatively more massive debris, consisting of degen-
erated otoconia separated from the utricular macula, adhered to the
posterior SCC cupula (cupulolithiasis). He stated that the most crucial
factor in etiology is the spontaneous degeneration of the utricular
otolithic membrane.

Since the ampulla of the posterior SCC is in the most inferior position
of the labyrinth, sediment from the superior part of the labyrinth was
collected here because of the gravity. However, the cupulolithiasis
theory did not explain the short duration of nystagmus, the reverse
nystagmus when the patient became seated, the end of the attack
even after the continuation of the provocative head position, fatigue
in repeated tests, and prolonged remission periods in some patients.

Then, freely floating intracanalicular debris was blamed in the canal
endolymph (canalolithiasis).'

In the following years, various factors such as latent neurotropic viral
infections, low serum vitamin D level, bone metabolism diseases, and
local ischemia as a result of vasospasm in the labyrinthine arteries
associated with migraine were accused.”

In the last 50 years, cupulolithiasis—canalolithiasis (the mechanical
theory) has become the accepted theory, and medical-surgical treat-
ments based on this theory have been successfully applied.

However, we are still unable to clarify the physiopathology of BPPV
fully. None of these theories, including mechanical theory, is suffi-
cient to explain all the features of BPPV listed below:

1. latency, limited time, and fatigue of rotatory nystagmus despite
constant provocation,
2. longrecovery periods between BPPV attacks (sometimes years),
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3. the absence of nystagmus despite subjective symptoms with
provocation in some patients, and

4. the absence of basophilic deposits in the cupula and membra-
nous posterior canal in the TB histological examination of many
patients with a BPPV history.

The mechanical theory is based on very few histological studies;
even today, these few studies are referenced. However, these studies’
findings are insufficient to hold only the mechanical theory respon-
sible for BPPV's entire clinical appearance. All the patients in these
studies are elderly patients. Moreover, all patients with BPPV do not
have debris, and the debris is observed in asymptomatic healthy
people.

Therefore, basophilic deposits must be an associated morphological
finding with aging or degenerated labyrinth, and it is doubtful for the
debris to be responsible for BPPV physiopathology alone.

This study aims to review the anatomical, histological, and clinical
evidence on BPPV and questions the importance of mechanical
theory in the physiopathology of BPPV. For this purpose, a litera-
ture review was performed, and studies examining the debride-
ment microscopically or macroscopically in patients with BPPV
were separated and reevaluated. It was discussed whether debris
is caused by otoliths and whether it is the only reason for positional
nystagmus.

An electronic search was performed using the most important sci-
entific databases, such as PubMed, EMBASE, and Cochrane Library,
for published histological examinations on BPPV. The articles were
identified using a search of the database using the keyword “Benign
Paroxysmal Positional Vertigo,” and a total number of 2200 trials
were included. The search included articles published from 1963 to
2021. The date of the most recent search was December 2020. No
language or time limitation was applied. Fourteen articles demon-
strating debris microscopically or macroscopically in patients with
BPPV have been studied.

In the literature, 14 studies have been identified demonstrating
debris either microscopically or macroscopically or studying the TB
to exhibit the BPPV physiopathology. Six of them are case report,
5 of them are TB histological study, 1 of them is case report+TB his-
tological study, 2 of them are macroscopic study. The features and
comments of the studies are shown in Table 1 and discussed in the
“Discussion” section.

Clinical and Research Consequences

In cupulolithiasis, the particles are adhered to the cupula, while in
canalolithiasis, the separated particles from the utricular macula
enter the SCC from the non-ampullar part, freely float in the canal,
and create an endolymph flow during a position change. The obser-
vation of particles in the posterior SCC supported these theories.
However, in the literature, the number of articles demonstrating the
particles in SCCs is extremely low. Even today, in articles published
about BPPV, these few articles and the old ones are referenced.
When these articles were analyzed, it is noteworthy that there was
little evidence to support the mechanical theory. Histological arti-
cles in the literature on which mechanical theory is based on are
shown in Table 1.
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Table 1. Publications Examining the Presence of Debris in the Labyrinth Microscopically or Macroscopically in the Literature (Contined)

Comment of Authors

Symptomatology

BPPV

Findings (Microscopic or Macroscopic)

Age of
Patient

Number of
Patients

Year  Study Design

Author

BPPV occurs with the loss of

History of BPPV

There is no deposit in 4 TBs,

5 cases

Temporal bone-

2003

Gacek

inhibitory effect of otolith organs

on SCCs.

50% loss of ganglion cells in the superior vestibular part in all,

histologic study

loss of neurons in the inferior vestibular part; 50% in 3 TB and 30%

in2TB

Basophilic material due to

ototoxicity

No history of BPPV

All received aminoglycoside treatment within 6 months prior to

death, 34.8% basophilic material available in SCCs.

23 Temporal

bones

Temporal bone-

2005

Kusunoki

histologic study

Particles are intact and

Severe BPPV

Posterior SCC occlusion was applied, particle detected.

2017  Casereport- 2 cases 59-70

Kao

degenerated otoliths separated
from the otolithic membrane.

macroscopic
examination

BPPV, benign paroxysmal positional vertigo; SCC, semicircular canal; TB, temporal bone.
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Schuknecht® published histological findings of the postmortem TBs
of 2 cases with paroxysmal positional vertigo in his article in which he
used the term “cupulolithiasis” for the first time. In both cases, baso-
philic stained deposits were detected by adhering to the posterior
SCC cupula and in the membranous wall in the most inferior part of
the posterior SCC. Utricular and saccular otolithic membranes and
the posterior canal cupula of the other ear seemed intact. Since the
cupula of the posterior canal of the affected ear and of the other ear
were the same, Schuknecht thought that the deposits' source was
not the cupula. According to Schuknecht, if the basophilic deposits
were produced from the crista-cupular system, the cupula contain-
ing the basophilic deposit should have been morphologically differ-
ent from the cupula that did not contain it. However, since there was
no morphological difference between the 2, the source cannot be
the crista-cupular system. Schuknecht stated that the sensory epi-
thelium of the utricular and saccular maculae was normal in both
ears, the otolithic membranes were intact, the vestibular nerve was
normal, and the sensory epithelium of all cristae was intact.

So, where do degenerate otoliths come from?

Schuknecht thought that deposits had calcium carbonate particles
from otoconia, but he also reported that other degenerated struc-
tures might have caused it. Nevertheless, these patients were 77 and
68 years old when they died and when the histological study was
done. As in other articles showing deposits with histological study,
the fact that patients are elderly in this study suggests that depos-
its may result from age-related degeneration. Schuknecht thought
that similar deposits detected in 12.3% of the TBs in a study of Ruby
might be due to the postmortem degeneration of the utricular oto-
lithic membrane. In the same article, Schuknecht cited 3 studies that
published postmortem TB histological studies of patients with par-
oxysmal positional vertigo. These are studies of Dix and Hallpike in
1952, Lindsay and Hemenway in 1956, and Cawthorne and Hallpike
in 1957.

Dix-Hallpike published the TB findings of a 40-year-old woman with
severe right sensorineural hearing loss (SNHL) and positional vertigo
for 20 years. Attacks appeared when the head took a position with
the right ear down. A histological examination found that left laby-
rinth and right SCCs were normal, but there were severe degenera-
tive changes in utricle, saccule, and cochlea.?

Lindsay and Hemenway’ examined the TBs of a patient who had
severe vertigo, vomiting, and dizziness when he turned right at the
bed, starting at 65 years old, and continued positional vertigo until
his death after 13 years. In the histological study, they observed
degeneration only in the area of superior vestibular nerve in the right
ear, and they attributed the symptoms of this patient to the occlu-
sion of the vascular supply of the vestibular labyrinth. It is notewor-
thy that histological examination of this patient was performed at
the age of 78.

Cawthorne-Hallpike* presented histological findings of a 59-year-old
patient who was suffering from a vertigo attack for 2 years on lying on
the right side. On examining this patient who had an attack when the
positional test was performed making him lie in the supine position
with the right ear below, they observed degeneration in the utricular
macula and lateral SCC crista. Other inner ear parts were normal. The
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authors’ comment was that there was an atheromatous occlusion in
the artery supplying the right utricle and lateral SCC crista.

In these 3 studies, the utricular macula, cristae of lateral and supe-
rior SCC, and superior vestibular nerve degeneration was observed,
and the posterior SCC crista and nerve were found to be intact.
Schuknecht reported that he had the same opinion as the authors.
But while these 3 studies reported degeneration in the utricular mac-
ula, Schuknecht reported that utricles and maculae were normal in
the 2TBs he studied. Therefore, with these studies, it is not possible to
clearly say that positional vertigo is caused by degeneration of which
part of the inner ear.

Schuknecht and Ruby? added the third case to the 2 cases in the pre-
vious article. In this case, they detected intense basophilic deposits
in the posterior SCC cupula, but this patient was 87 years old, mean-
ing that the deposits were probably due to age-related degenera-
tion, and there were no vertiginous symptoms in the history of this
patient. In the same article, they studied 391 TBs of 245 people
without gross pathology, classified the deposits seen in these TBs as
small, medium, and large, and observed 125 small, 20 medium, and
4 large deposits, according to the size of deposits seen in the previ-
ous 3 patients (149/245, 38.11%). But there was no information on
whether patients with deposits had positional vertigo.

Parnes and McClure'™ showed canalolithiasis in vivo for the first
time in 1992. They performed posterior canal occlusion in 21 ears
of 20 patients with resistant BPPV and observed free-floating par-
ticles in posterior SCC in only 2 patients, but these patients were
81 and 84 years old. They observed that postoperative BPPV symp-
toms improved in all patients with and without particles in the 3-to-
39-month follow-up period. They commented that particles might
be due to degenerative changes in the inner ear.

Kao detected free-floating particles in the posterior SCC in 2 patients
who had posterior canal occlusion due to BPPV and studied the
particles with a scanning electron microscope (SEM).’® He said they
were intact and degenerated otoconia separated from the utricular
otolithic membrane to which the particles were attached. However,
these patients were aged between 59 and 70 years. He also found
that the otoconia obtained from the patient with vestibular neuri-
tis were more degenerated than the patient with primary BPPV. He
thought that this might have been due to the difference in the speci-
men’s fixation and preparation process. This suggested that the par-
ticles may have formed depending on the age and the preparation
and fixation process of the TB specimen.

In all these studies, the deposits observed in the histological exami-
nation must have been due to senile degeneration in the labyrinth.
Otoconia have been shown to undergo degenerative changes with
age.’ It has been suggested that the particles may also be related
to the postmortem TB preparation process. However, while the rate
of having deposit in the cupula given by Naganuma'” in adults was
62.2%, Bachor’s'® rate in the pediatric group between the ages of
10 and the newborn was 12.7%. Bachor thought that if the deposits
observed in histological studies were due to postmortem autolysis,
the rates given in adult and pediatric age groups should be close
because the same fixation methods were used in both groups.
Therefore, he thought that the deposits could not be formed due

to fixation methods and that the deposits exist in the premortem
period.

Particles detected in SCCs are pointed out as the cause of the dis-
ease, but there are studies in the literature that exhibit patients who
do not have positional vertigo, even though the particle is detected.
Moriarty examined 1031 semicircular canals belonging to 566 TBs and
detected 22% of the bones with a cupular basophilic deposit. None
of these patients had a previous BPPV history. According to Moriarty,
if these deposits were really degenerated otoconia originated from
utricle or saccule, there would be expected a similar accumulation in
maculae of utricle and saccule, but this was not observed in this study.
Moreover, the deposits originating from otoconia should have been
more on the utricular side of the lateral canal cupula, but there were
no statistically significant differences in this series (27% on the utricu-
lopedal side and 22% on the utriculofugal side). So, Moriarty' said
there should be another explanation for these cupular deposits. He
thought that small hemorrhages due to microfractures detected in
the otic capsule in the TBs might lead to debris.

Kveton et al® performed posterior canal fenestration in 10 patients
who underwent acoustic neurinoma excision with a translabyrin-
thine approach. They detected free-floating particles in membra-
nous canals in 9 patients. When this debris was studied with electron
microscope (EM) in 2 patients, these particles were found to have
mixed proteineous and mineral content and thought they degen-
erated otoconia. Although 9 patients had debris in the membra-
nous labyrinth, only 1 of them had preoperative positional vertigo.
Naganuma et al'” examined 87 TBs of 45 people, found basophilic
deposits in 1 or more SCC in 55 bones (62.22%), and detected the
deposit in all 3 SCCs which was found to be 26% in superior canals,
41% in lateral canals, and 37% in posterior canals.'” They observed
increased rates of deposits with age. According to canalolithiasis or
cupulolithiasis theories, the presence of otolith in only 1 canal is suf-
ficient to create BPPV symptoms. However, 55% of these patients had
no vertiginous symptoms. Kusunoki*' found 34.8% basophilic mate-
rial in the SCC of the TBs of patients who received aminoglycoside
therapy within 6 months before death, but there was no history of
BPPV in these patients.

These studies support the opinion that the presence of particles in
SCCs will not be sufficient to create positional vertigo. There are also
studies where the opposite is observed. In other words, in the litera-
ture, patients are present with BPPV symptomatology, although they
do not show any deposit in histological examination.

Parnes’™ performed posterior canal occlusion in 21 ears with
severe BPPV that did not respond to particle repositioning maneu-
vers (PRM) but observed particles in the posterior canal in only
2 patients. Welling? observed particles in posterior SCC in only 8 of
26 patients with BPPV who underwent posterior canal occlusion.
Welling? thought that the gelatinous layer of the otolithic mem-
brane decreased with age and spontaneous separation of the oto-
conia from the utricle and saccule would be easier. Gacek? reported
that basophilic deposits were not detected in the posterior SCC or
cupula in TBs of his patients with BPPV. Luryi et al* performed pos-
terior semicircular canal occlusion surgery in 26 patients with BPPV
and observed 96.2% improvement in the Dix-Hallpike test. However,
in the postoperative period, 42.3% BPPV was repeated: 11.5% in the



operated ear and 30.8% in the other ear. Luryi** interpreted the high
recurrence rate and the emergence of BPPV in the opposite ear due
to another pathophysiological factor in patients with BPPV.

The presence of otoconia in SCCs is tried to be explained by 2 theo-
ries. First, due to trauma or age-related degeneration, the intercon-
necting fibrils between the otoconia are weakened, and the otoconia
is separated from the otolithic membrane and displaced toward the
SCCs (dislodged otoconia). Otoconia can be separated from the gelat-
inous matrix after age-related changes or demineralization. Second,
due to de novo formation of proteinaceous deposits inside the canal.
The pathogenesis of age-related otoconial degeneration is not fully
understood. Calcium metabolism disorders, such as osteopenia or
osteoporosis, may be responsible for decreasing endolymphatic
calcium support. Otoconia can be damaged by trauma, medication,
inflammation, and, most importantly, age-related decalcification.
With advancing age, progressive demineralization causes disruption
and disintegration in otoconia.**? Some drugs, such as aminoglyco-
sides, have been shown to disrupt otoconial morphology.?”

In their study on rats of Jang et al.?® they observed that degeneration
in otoconia increased as the age of the rats increased. They found
weakness and fracture in the connection filaments, thickening in the
otoconial layer, and a significant increase in the length and width of
the otoconia.

Johnsson? studied TB in 24 patients over 60 years of age and detected
severe to total loss in saccular otoconia and degeneration in utricular
otoconia. Ross et al** documented the degeneration of human oto-
conia with age in autopsy specimens with SEM. They observed sac-
cular otoconial degeneration in all patients over 50 years of age and
stated that the degree of degeneration increases with increasing age.

In an animal study, Andrade et al?® observed that the fibrils binding
the otoconia together had weakened or disappeared as a result of
demineralization with age in mouses. In these parts, fibrils cannot
hold on to other otoconia. This leads to otoconia separating from oth-
ers and releasing in the endolymphatic cavity. Walther et al*' studied
otoconial morphology in 5 patients operated for vestibular schwan-
noma. They found that otoconial degeneration increased with age:
fissures in otoconia, surface roughening, enlargement in pores, dis-
ruption in the typical external bulbous pattern, and eventually loss
of characteristic appearance. As a result, fragmentation and degen-
eration occur in the otolithic membrane with age and parts of the
otolithic membrane are mobilized with the associated otoconia. Due
to gravity, they migrate to the lowest parts of the SCCs and become
free-floating debris. Otoliths found in SCCs may be due to advancing
age or because of trauma or demineralization.

The absence of positional vertigo in some people with free or
bounded particles and the absence of free or bounded particles in
some patients with positional vertigo undermine the theory link-
ing all clinical findings to otoliths BPPV. In addition to all these data
showing that deposits in SCCs are insufficient to explain the BPPV
symptomatology, the anatomical examination also suspects us.
According to Anson-Donaldson,*? the posterior SSC ampulla opens
to the inferior part of the utricle. Grays Anatomy?? also described the
macula of the utricle to be located on the roof and medial wall of the
vestibule and described that the posterior canal also opens into the
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lower part of the vestibule. Buckingham?3* obtained the same ana-
tomical results in 130 TBs examined with 2 mm sections. Therefore,
the utricular macula is located in the superior part of the vestibule
and the ampulla of the posterior SSC opens to the hollow part of the
utricle from the inferior. Particle repositioning maneuvers allow free-
floating otoliths in the semicircular canal to be repositioned in the
utricle by giving different head and neck positions. These maneuvers
do not eliminate otoliths, only reposition them in the labyrinth. There
are no studies in the literature reporting on how otoliths take posi-
tion after maneuvers. With the PRM, loose otoliths will pass through
the common crus and fall into both the utricular macula and ampulla
of the posterior SSC, that is, to the most inferior part.3*

The anatomical study of Buckingham has shown that maneuvers
direct the otoliths toward the utricular macula, but when the patient
is in an erect position, some of the otoliths should fall into the utricu-
lopedal part of the posterior SCC. Here, otoliths are expected to con-
tinue to make the posterior SSC susceptible to gravity and continue
with complaints by provocative head movements, but studies show
that most patients recover with PRM."** Also, according to Anson
Donaldson,* the lateral SCC is the closest structure to the utricular
macula. When the supine patient turns his head, the otoliths should
escape and stimulate to the closer lateral SCC, not the posterior
SCC. However, the rate of lateral canal BPPV given in the literature is
between 15% and 20%. Therefore, the explanation of BPPV emerg-
ing due to the debris in SCCs is insufficient in explaining the clinical
picture from anatomical aspect. The necessity of lateral canal pathol-
ogy to be at the forefront has been supported by clinical studies as
well as anatomical studies. Baloh®” detected vestibular paresis in 39%
for caloric tests in 240 patients with BPPV, mostly on the diseased
side. Katsarkas®® found the caloric test to be normal in the inactive
phase of the disease, while abnormal results were more common in
the active phase. Korres* applied a caloric test to 122 BPPV patients
and observed 27% vestibular paresis, 17% direction superiority, 8%
channel paresis, and direction superiority together. Despite the pos-
terior canal involvement being much higher in this disease, why do
we observe signs of abnormal lateral canal function?

Kim et al*® found the modified Gufoni maneuver’s treatment efficacy
and the head-shaking maneuver remarkably close in the apogeotro-
pic horizontal canal BPPV. Head shaking separates the debris from
the cupula, but how does it send the particles into the vestibule?
A significant number of patients with BPPV state that the dizziness
complaint occurs when they first lie on the bed, or when they return
from one side to the other, or when they first get out of bed in the
morning. In Kim's series, most patients reported that their complaints
started when they turned to one side in bed. What is the relation of
BPPV with sleep or sleeping position? Involuntary movements dur-
ing sleep have been recorded.* Accordingly, long inactive periods
follow major posture changes. In the first 6 hours of sleep, an aver-
age of 12 posture changes was detected. In these, the trunk rotates
at least 45 degrees or at least 3 limbs were displaced. Most of these
movements are in the lateral canal plan and should provoke the lat-
eral canal vertigo. Therefore, the lateral canal vertigo should be seen
as often as the posterior canal vertigo. Also, as Buckingham® pointed
out, the utricular macula is located close to the ampullae of supe-
rior and lateral canals. In 3D sections taken from the utricular macula
and superior-lateral canals of TB, loose otoliths appear to be easier
to escape to the lateral canal cupula when the patient in the supine
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position rotates from one side to the other side. For these reasons,
the lateral canal should be more prone to cupulolithiasis or canaloli-
thiasis than the posterior canal.

According to this information, lateral canal type vertigo should be
seen more frequently. Nevertheless, this is not the case in the clinical
practice. This can be proved by the type of nystagmus in the Dix-
Hallpike test, the high success rate of PRMs, and the improvement
of symptoms with the section of the posterior ampullar nerve on
the same side. However, the less common occurrence of lateral SCC-
BPPV may be due to the reason that most patients recover spontane-
ously and therefore do not consult a doctor. The short duration of
the natural course of lateral SCC-BPPV also causes a low number of
patients. Shim et al*? reported the time between the onset and the
end of vertigo in patients with lateral SCC-BPPV who were not given
any treatment. They found that this period was 6.7 days in patients
with geotropic type lateral SCC-BPPV, while it was 3.7 days in patients
with apogeotropic type lateral SCC-BPPV. They also consider that the
natural course of lateral SCC-BPPV is shorter than those reported in
previous studies.

In posterior SCC-BPPV, the Epley maneuver has an early effect that
rapidly reduces positional nystagmus. However, the same effect is
seen when Dix-Hallpike tests are repeated. Imai et al** thought that
this early effect was not the therapeutic effect of the Epley maneuver
but the fatigability of BPPV. The authors divided patients with poste-
rior SCC-BPPV into 2 groups: they did not give any interval between
head positions during the Epley maneuver and gave a 3-minute
interval between positions in the second group. Between both
groups, they experienced that, in terms of positional nystagmus, set-
ting interval time was unnecessary for the early effect of maneuver.
Since this early effect decreased after 30 minutes in the Epley maneu-
ver, which did not apply interval time, they thought that the early
effect of reducing positional nystagmus was more related to BPPV
fatigue than the therapeutic effect of the maneuver. Therefore, since
we have replaced the otoliths to the utriculus with reposition maneu-
vers, we think that the positional nystagmus is lost, but this study
supports that the improvement depends not on the maneuver but
on the fatigue of the disease, that is, its natural course.

All these histological, clinical, and anatomical findings suggest that
there should be other mechanisms in BPPV physiopathology and the
emergence of vertigo and nystagmus.

Bojrab et al** attribute the imbalance in patients with BPPV to dys-
function in the tonic resting firing rate of hairy cells in otolithic
organs. Damage in the otolithic organs can be caused by factors such
as vascular ischemia inflammation trauma, and secondary elevation
occurs in the neuroepithelial layer. Depending on whether the eleva-
tion turns to complete separation, the BPPV clinic develops or does
not develop in patients. In BPPV, the main pathological change may
be the degeneration in vestibular ganglia and vestibular neurons but
not change in receptor sensitivity (i.e., sensitivity caused by otoliths).
The cause of this degeneration may be the inflammation caused by
the reactivation of latent neurotropic viral infection or inflammation
caused by stress hormones.

Gacek? examined the TBs of patients with BPPV and did not find
deposits in the posterior SCC or cupula but detected degeneration

and perineural inflammatory changes in the vestibular ganglion
and vestibular nerve. This degeneration is similar to the sensory
ganglion cell degeneration seen in neurotropic virus inflamma-
tion."* Members of the alpha herpes virus group (herpes simplex
1 and 2 and herpes zoster) are the most likely viral agents because
they are both found in the sensory ganglia and have a high affinity
for sensory ganglia.’ Viral herpes simplex virus DNA fragments have
also been detected in other cranial neuropathies. In the ears with
BPPV, frequent occurrence of Meniere, vestibular neuritis, idiopathic
facial paralysis, and other cranial neuropathies also clinically support
the viral cause in BPPV. The inflammation and degeneration pattern
observed in neurotropic viral involvement has also been demon-
strated histologically in the TBs of patients with Meniere, vestibular
neuritis, BPPV, and idiopathic facial paralysis."" Neural degeneration
resulting from virus reactivation may impair vestibular function.
Citron-Hallpike® and Brandt* also mentioned that a neural compo-
nent might be responsible for BPPV and explained the properties
that cannot be explained by the mechanical concept. Studies have
shown that HSV-1 DNA is found in the vestibular ganglia and in the
vestibular nuclei.” Arbusow et al*® studied HSV-1 DNA in 21 randomly
selected TBs by polymerase chain reaction technique and observed
48% in labyrinths, 62% in vestibular ganglia, and 57% in geniculate
ganglia. According to Arbusow, these findings indicate that inflam-
mation in the vestibular neuritis can also affect the labyrinth, causing
unilateral acute vestibular insufficiency, and BPPV may be a sequel of
viral labyrinthitis since BPPV is common in patients with vestibular
neuritis. Hanci et al* found that HSV-1, HSV-2, and herpes zoster viral
serology values were higher in patients with BPPV than patients in
the control group and thought that viral infections triggered BPPV
attacks by causing vestibulopathy. Gacek®® argues that vestibulopa-
thy is caused by the reactivation of latent neurotropic viruses in the
vestibular ganglia. Also, he reported an improvement of 90% in ves-
tibular neuritis and Meniere and 66% in BPPV with 3 weeks of anti-
viral medication treatment. He thought that observing an excellent
clinical response with antiviral therapy is the clinical proof of viral
neuropathy. After vestibular neuritis, 10-15% BPPV is seen in the
same ear and is more resistant to treatment.>"*?

It is unclear how vestibular neuritis causes otoconial loss, so there
must be a different situation than just neuritis. These clinical obser-
vations suggest that a neurotropic virus reacting because of stress
later in life may cause a clinical picture. This stress factor can be psy-
chological or physiological stress. To change with the factors such as
virus type, virus load, the resistance of the host, and the inflamed part
of the vestibule, the emerging clinical picture as well changes, and it
appears as BPPV, vestibular neuritis, or other vestibulopathy. The con-
dition leading to vestibulopathy is inflammation, not the virus itself.
Inflammation may also explain our ability to have an effective clini-
cal response to steroids, a potent anti-inflammatory agent. Steroid
treatment has been successful in BPPV cases resistant to maneuver
therapy.*®

It is our clinical observation that patients with BPPV have more
attacks during periods of psychological stress. A neuroanatomic con-
nection has been demonstrated between the vestibular system and
the monoaminergic and noradrenergic systems that regulate anxiety
and mood.** Therefore, the unilateral vestibular deficit in peripheral
vestibulopathy may cause susceptibility to psychiatric comorbidity
and vice versa. Patients with dizziness often complain of anxiety and



depression, and patients with psychiatric problems also suffer from
dizziness or vertigo. Therefore, there should be a connection between
the vestibular system and the systems processing the emotional state.
Lahmann et al** found psychiatric comorbidity in approximately half
of the patients with vertigo/dizziness complaints. Psychiatric comor-
bidity is high in these patients, especially in patients with vestibular
migraine. Best®® thought that specific vestibular syndromes, such
as vestibular migraine or Meniere, played a trigger-pulling role for
the secondary somatoform disease. Ried® thought that vestibular
nuclei were hypoactive in patients with depression and may have an
asymmetry at the level of the brain stem or neural centers. Similarly,
in patients with mood disorders, BPPV incidence was significantly
higher compared to the control group.’® These data suggest that the
reason that triggered the attack in BPPV may be psychological.

CONCLUSION

The debris we observe in SCCs is the result of degeneration in the
labyrinth. This degeneration increases with age. The observation of
debris in TB studies in patients with BPPV symptomatology does not
indicate a direct relationship between BPPV and debris. Debris is a
part of the already aging labyrinth. Almost all patients are elderly in
TB studies with BPPV, so debris should be expected in these patients
already.

The absence of positional vertigo in some patients with debris
observed within the SCCs clinically or histologically and the absence
of debris in some patients with the BPPV symptomatology make the
accusation of debris from all clinical findings meaningless. In BPPV,
just the presence of debris, whether freely floating or adhered to the
cupula, may not be responsible for positional nystagmus.

Otoliths must have a role in BPPV, as there is a complaint of dizziness
with a change in position, and we may treat the symptoms with the
maneuvers. But in physiopathology of BPPV, SCCs, utricle, and sac-
cule might all get affected together and become a vestibulopathy.

Peer-review: Externally peer-reviewed.
Conflict of Interest: The author has no conflict of interest to declare.

Financial Disclosure: The author declared that this study has received no
financial support.

REFERENCES

1. You P, Instrum R, Parnes L. Benign paroxysmal positional vertigo. Laryn-
goscope Investig Otolaryngol. 2019;4(1):116-123. [CrossRef]

2. Dix MR, Hallpike CS. The pathology symptomatology and diagnosis of
certain common disorders of the vestibular system. Ann Otol Rhinol Lar-
yngol. 1952;61(4):987-1016. [CrossRef]

3. von Brevern M, Bertholon P, Brandt T, et al. Benign paroxysmal positional
vertigo: diagnostic criteria. J Vestib Res. 2015;25(3-4):105-117.[CrossRef]

4. Cawthorne TE, Hallpike CS. A study of the clinical features and pathologi-
cal changes within the temporal bones, brain stem and cerebellum of
an early case of positional nystagmus of the so-called benign paroxys-
mal type. Acta Otolaryngol. 1957;48(1-2):89-103. [CrossRef]

5. Citron L, Hallpike CS. A case of positional nystagmus of the so-called
benign paroxysmal type and the effects of treatment by intracranial divi-
sion of the Vllith nerve. J Laryngol Otol. 1962;76:28-33. [CrossRef]

6. Gacek RR. Pathology of benign paroxysmal positional vertigo revisited.
Ann Otol Rhinol Laryngol. 2003;112(7):574-582. [CrossRef]

20.

21.

22.

23.

24,

25.

26.

27.

28.

Kog. BPPV: an otolith disease?

Lindsay JR, Hemenway WG. Postural vertigo due to unilateral sudden
partial loss of vestibular function. Ann Otol Rhinol Laryngol.
1956,65:695-708.

Schuknecht HF. Cupulolithiasis. Arch Otolaryngol. 1969;90(6):765-778.
[CrossRef]

Schuknecht HF, Ruby RRF. Cupulolithiasis. Adv Oto-Rhino-Laryngol.
1973;20:434-443. [CrossRef]

Hall SF, Ruby RRF, McClure JA. The mechanics of benign paroxysmal ver-
tigo. J Otolaryngol. 1979;8(2):151-158.

Gacek RR, Gacek MR. The three faces of vestibular ganglionitis. Ann Otol
Rhinol Laryngol. 2002;111(2):103-114. [CrossRef]

Mandala M, Santoro GP, Awrey J, Nuti D. Vestibular neuritis: recurrence
and incidence of secondary benign paroxysmal positional vertigo. Acta
Otolaryngol. 2010;130(5):565-567. [CrossRef]

Buki B, Ecker M, Jinger H, Lundberg YW. Vitamin D deficiency and
benign paroxysmal positional vertigo. Med Hypo. 2013;80(2):201-204.
[CrossRef]

Ishiyama A, Jacobson KM, Baloh RW. Migraine and benign positional
vertigo. Ann Otol Rhinol Laryngol. 2000;109(4):377-380. [CrossRef]
Parnes LS, McClure JA. Free floating endolymphatic particles: a new
operative finding during posterior semisircular canal occlusion. Laryngo-
scope. 1992;102(9):988-992. [CrossRef]

Kao WT, Parnes LS, Chole RA. Otoconia and otolithic membrane frag-
ments within the posterior semicircular canal in benign paroxysmal
positional vertigo. Laryngoscope. 2017;127(3):709-714. [CrossRef]
Naganuma H, Kohut Rl, Ryu JH, et al. Basophilic deposits on the cupula:
preliminary findings describing the problems involved in studies regard-
ing the incidence of basophilic deposits on the cupula. Acta Otolaryngol
Suppl (stockh). 1996;524(suppl):9-15. [CrossRef]

Bachor E, Wright CG, Karmody CS. The incidence and distribution of
cupular deposits in the pediatric vestibular labyrinth. Laryngoscope.
2002;112(1):147-151. [CrossRef]

Moriarty B, Rutka J, Hawke M. The incidence and distribution of cupu-
lar deposits in the labyrinth. Laryngoscope. 1992;102(1):56-59.
[CrossRef]

Kveton JF, Kashgarian M. Particulate matter within the membranous
labyrinth: pathologic or normal? Am J Otol. 1994;15(2):173-176.
Kusunoki T, Cureoglu S, Schachern PA, Oktay MF, Fukushima H,
Paparella MM. Cupular deposits and aminoglycoside administyration
in human temporal bones. J Laryngol Otol. 2005;119(2):87-91.
[CrossRef]

Welling DB, Parnes LS, O'Brien B, Bakaletz LO, Brackmann DE, Hinojosa R.
Particulate matter in the posterior semicircular canal. Laryngoscope.
1997;107(1):90-94. [CrossRef]

Gacek RR, Gacek MR. Update on the pathology and management of
benign paroxysmal positional vertigo. Otorhinolaryngol Nova.
1998;8(5):235-244. [CrossRef]

Luryi AL, Schutt CA, Bojrab DI, et al. Causes of persistent positional ver-
tigo following posterior semicircular canal occlusion for benign parox-
ysmal positional vertigo. Otol Neurotol. 2018;39(10):e1078-e1083.
[CrossRef]

Thalmann R, Ignatova E, Kachar B, Ornitz DM, Thalmann I. Development
and maintenance of otoconia: biochemical considerations. Ann N'Y Acad
Sci. 2001;942:162-178. [CrossRef]

Andrade LR, Lins U, Farina M, Kachar B, Thalmann R. Immunogold TEM
of otoconin 90 and otolin-relevance to mineralization of otoconia, and
pathogenesis of benign positional vertigo. Hear Res. 2012;292(1-2):14-
25. [CrossRef]

Walther LE, Wenzel A, Buder J, Blédow A, Kniep R. Gentamicin-induced
structural damage of human and artificial (biomimetic) otoconia. Acta
Otolaryngol. 2014;134(2):111-117. [CrossRef]

Jang YS, Hwang CH, Shin JY, Bae WY, Kim LS. Age related changes on the
morphology of the otoconia. Laryngoscope. 2006;116(6):996-1001.
[CrossRef]

69


https://doi.org/10.1002/lio2.230
https://doi.org/10.1177/000348945206100403
https://doi.org/10.3233/VES-150553
https://doi.org/10.3109/00016485709123832
https://doi.org/10.1017/s0022215100058977
https://doi.org/10.1177/000348940311200702
https://doi.org/10.1001/archotol.1969.00770030767020
https://doi.org/10.1159/000393114
https://doi.org/10.1177/000348940211100201
https://doi.org/10.3109/00016480903311278
https://doi.org/10.1016/j.mehy.2012.11.029
https://doi.org/10.1177/000348940010900407
https://doi.org/10.1288/00005537-199209000-00006
https://doi.org/10.1002/lary.26115
https://doi.org/10.3109/00016489609124341
https://doi.org/10.1097/00005537-200201000-00026
https://doi.org/10.1288/00005537-199201000-00011
https://doi.org/10.1258/0022215053420040
https://doi.org/10.1097/00005537-199701000-00018
https://doi.org/10.1159/000027882
https://doi.org/10.1097/MAO.0000000000001990
https://doi.org/10.1111/j.1749-6632.2001.tb03743.x
https://doi.org/10.1016/j.heares.2012.07.003
https://doi.org/10.3109/00016489.2013.849384
https://doi.org/10.1097/01.mlg.0000217238.84401.03

70

J Int Adv Otol 2022; 18(1): 62-70

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Johnsson LG. Degenerative changes and anomalies of the vestibular
system in man. Laryngoscope. 1971;81(10):1682-1694. [CrossRef]

Ross MD, Peacor D, Johnsson LG, Allard LF. Observations on normal and
degenerating human otoconia. Ann Otol Rhinol Laryngol. 1976;85(3 pt
1):310-326. [CrossRef]

Walther LE, Wenzel A, Buder J, Bloching MB, Kniep R, Blodow A. Detec-
tion of human utricular otoconia degeneration in vital specimen and
implicatipons for benign paroxysmal positional vertigo. Eur Arch Otorhi-
nolaryngol. 2014;271(12):3133-3138. [CrossRef]

Anson BJ, Donaldson JA. Surgical Anatomy of the Temporal Bone. Phila-
delphia: Lippincott-Raven; 1992.

Standring S. editor. Gray’s Anatomy: The Anatomical Basis of Clinical Prac-
tice. 40th edition. New York; Churchill-Livingstone, 2008.

Buckingham RA. Anatomical and theoretical observations on otolith
repositioning for benign paroxysmal positional vertigo. Laryngoscope.
1999;109(5):717-722. [CrossRef]

Hilton M, Pinder D. The Epley manoeuvre for benign paroxysmal posi-
tional vertigo. Cochrane Database Syst Rev. 2014;12:1-38.

Nuti D, Zee DS, Mandala M. Benign paroxysmal positional vertigo: what
we do and do not know. Semin Neurol. 2020;40(1):49-58. [CrossRef]
Baloh RW, Honrubia V, Jacobson K. Benign paroxysmal positional ver-
tigo: clinical and oculographic features in 240 cases. Neurology.
1987,37(3):371-378. [CrossRef]

Katsarkas A. Electronystagmographic (ENG) findings in paroxysmal posi-
tional vertigo (PPV) as a sign of vestibular dysfunction. Acta Otolaryngol.
1991;111(2):193-200. [CrossRef]

Korres S, Balatsouras DG, Kaberos A, Economou C, Kandiloros D, Fer-
ekidis E. Occurrence of semicircular canal involvement in benign paroxs-
mal positional vertigo. Otol Neurotol. 2002;232:926-932.

Kim JS, Oh SY, Lee SH, et al. Randomized clinical trial for apogeotrophic
horizontal canal benign paroxysmal positional vertigo. Neurology.
2012;78(3):159-166. [CrossRef]

Hobson JA, Spagna T, Malenka R. Etiology of sleep studied with time-
lapse photography: postural immobility and sleep-cycle phase in
humans. Science. 1978;201(4362):1251-1253. [CrossRef]

Shim DB, Ko KM, Lee JH, Park HJ, Song MH. Natural history of horizontal
canal benign paroxysmal positional vertigo is truly short. J Neurol.
2015;262(1):74-80. [CrossRef]

Imai T, Okumura T, Sato T, et al. Effects of interval time of the Epley
maneuver on immediate reduction of positional nystagmus: a rand-
omized, controlled, non-blinded clinical trial. Front Neurol. 2019;10:304.
[CrossRef]

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Bojrab D, Schutt C. In reference to otoconia and otolithic membrane
fragments within the posterior semicircular canal in benign paroxysmal
positional vertigo. Laryngoscope. 2018;128(5):E196. [CrossRef]

Cook ML, Stevens JG. Pathogenesis of herpetic neuritis and ganglionitis
in mice: evidence for intra-axonal transport of infection. Infect Immun.
1973;7(2):272-288. [CrossRef]

Brandt T. Vertigo: Its Multisensory Syndromes. Berlin, Germany: Springer-
Verlag; 1991:139-151.

Arbusow V, Strupp M, Wasicky R, Horn AKE, Schulz P, Brandt T. Detection
of herpes simplex virus type 1 in human vestibular nuclei. Neurology.
2000;55(6):880-882. [CrossRef]

Arbusow V, Theil D, Strupp M, Mascolo A, Brandt T. HSV-1 not only in
human vestibular ganglia but also in the vestibular labyrinth. Audiol Neu-
rootol. 2001;6(5):259-262. [CrossRef]

Hanci D, Ulusoy S, Muluk NB, Cingi C. Do viral infections have a role in
benign paroxysmal positional vertigo? B-ENT. 2015;11(3):211-218.
Gacek RR. Evidence for a viral neuropathy in recurrent vertigo. ORL J
Otorhinolaryngol Relat Spec. 2008;70(1):6-14; discussion 14. [CrossRef]
Strupp M, Brandt T. Vestibular neuritis. Semin Neurol. 2009;29(5):509-519.
[CrossRef]

Balatsouras DG, Koukoutsis G, Ganelis P, et al. Benign parxysmal posi-
tional vertigo secondary to vestibular neuritis. Eur Arch Otorhinolaryngol.
2014;271(5):919-924. [CrossRef]

Kelkar A, Johnson I. A novel use of intratympanic dexamethasone for
intractable posterior canal benign paroxysmal positional vertigo: repeat
of two cases. J Laryngol Otol. 2018;132(12):1147-1149. [CrossRef]
Furman JM, Balaban CD, Jacob RG. Interface between vestibular dysfunc-
tion and anxiety: more than just psychogenicity. Otol Neurotol.
2001;22(3):426-427. [CrossRef]

Lahmann C, Henningsen P, Brandt T, et al. Psychiatric comorbidity and
psychosocial impairment among patients with vertigo and dizziness. J
Neurol Neurosurg Psychiatry. 2015;86(3):302-308. [CrossRef]

Best C, Eckhardt-Henn A, Diener G, Bense S, Breuer P, Dieterich M. Inter-
action of somatoform and vestibular disorders. J Neurol Neurosurg Psy-
chiatry. 2006;77(5):658-664. [CrossRef]

Soza Ried AMS, Aviles M. Asymmetries of vestibular dysfunction in major
depression. Neuroscience. 2007;144(1):128-134. [CrossRef]

Kim SK, Hong SM, Park IS, Lee HJ, Park B, Choi HG. Mood disorders are
associated with increased risk of BPPV: a national sample cohort. Laryn-
goscope. 2020;21. [CrossRef]


https://doi.org/10.1288/00005537-197110000-00016
https://doi.org/10.1177/000348947608500302
https://doi.org/10.1007/s00405-013-2784-6
https://doi.org/10.1097/00005537-199905000-00008
https://doi.org/10.1055/s-0039-3402733
https://doi.org/10.1212/wnl.37.3.371
https://doi.org/10.3109/00016489109137374
https://doi.org/10.1212/WNL.0b013e31823fcd26
https://doi.org/10.1126/science.694515
https://doi.org/10.1007/s00415-014-7519-0
https://doi.org/10.3389/fneur.2019.00304
https://doi.org/10.1002/lary.26810
https://doi.org/10.1128/iai.7.2.272-288.1973
https://doi.org/10.1212/wnl.55.6.880
https://doi.org/10.1159/000046131
https://doi.org/10.1159/000111042
https://doi.org/10.1055/s-0029-1241040
https://doi.org/10.1007/s00405-013-2484-2
https://doi.org/10.1017/S0022215118002037
https://doi.org/10.1097/00129492-200105000-00035
https://doi.org/10.1136/jnnp-2014-307601
https://doi.org/10.1136/jnnp.2005.072934
https://doi.org/10.1016/j.neuroscience.2006.09.023
https://doi.org/10.1002/lary.28638

