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A B S T R A C T

Hypothesis: Lack of otoconia or otoconial loss may be the major reason for increasing imbalance with age,
posttraumatic dizziness and residual dizziness as well as other so far unexplained imbalance affecting probably
millions of people.
Background: It is written in every textbook that we need sensation of gravity for stable gait and stance, especially
on two legs. Lack of otoconia is known to cause lifelong balance problems in animals. Loss of otoconia is
happening in aging humans, like shown by increasing incidence of benign paroxysmal positional vertigo (BPPV)
and in histological sections. While hundreds of papers have been published on BPPV, increasing imbalance with
age and increasing falls, none has ever described the loss of otoconia as a major reason for this imbalance. Maybe
this is due to the problems to proof this hypothesis in an individual patient.

We will explain why otoconial loss may cause dizziness, postural and locomotor instability in patients with no
other identifiable cause or in addition to other causes. Several reasons can cause otoconial loss and lead to the
described symptoms. We will describe the symptoms and the tests which could in combination support the
diagnosis.
Conclusion: Our hypothesis argues for the new diagnosis in many patients with so far undiagnosed or incorrectly
or incompletely diagnosed dizziness or imbalance.

Introduction/background

Otoconial loss and BPPV

Loss of otoconia from the utricle often leads to BPPV. We know, that
the prevalence of BPPV increases continuously from a 1-year pre-
valence of 0.5% in the 18–39 year age group up to 3.4% in those aged
60 and older, reaching a cumulative lifetime incidence of 10% by the
age of 80 [1].

The most common form of vertigo is idiopathic BPPV
BPPV can also be caused by head trauma [2]. Patients often ex-

perience lightheadedness, dizziness, or short-lasting unsteadiness fol-
lowing successful repositioning maneuvers for BPPV, which is called
residual dizziness (RD) [3]. RD occurs with an incidence of 31–61% and
more often with increasing age above 65 years [4]. Several reasons for
RD are debated, such as anxiety or loss of utricular function. The latter

means, in general, a loss of utricular haircell function, rather than
isolated otoconial degeneration, although von Brevern et al [5] sug-
gested macular degeneration as consequence of a utricular lesion. One
possible, so far overlooked, reason for RD may be isolated otoconial loss
in the absence of haircell loss or damage, particularly for long lasting
RD. The duration of RD is often estimated in weeks, but much longer
imbalance is also reported [6,7]. The short lasting RD directly after
successful repositioning maneuvers could also be explained by otoconia
falling back on the utricle thus changing the sensation of gravity, i.e.
our sensation of gravity could change with the changing weight of the
otoconial membrane. Whether increasing or decreasing macular
weights have different effects is still unknown.

Other causes of imbalance

Causes of postural and locomotor instability or dizziness other than
RD are commonly thought to be nonspecific and multi-factorial; among
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these are cerebrovascular diseases, cervical spondylosis, whipla-
sh injury, depressive state, poor vision, orthostatic hypotension, or low
cerebrospinal fluid syndrome. They all may play a role in the devel-
opment of dizziness [8]. Loss of haircells was found significantly less
(about 25%) in the macula organs compared to the semicircular canal
cristae (about 40%)[9]. One important factor which seems to have been
missed so far is otoconial loss. It’s consequences, other than BPPV, have
not yet been considered in humans. However, animal studies show that
missing otoconia with intact haircells cause lifelong balance problems
[10,11]. In humans, only haircell-loss is generally considered a patho-
genic factor for imbalance, despite the suggestion of Jones et al. [12]
that gravity receptor neural function in lethal milk (lm) mouse mutants
might be correlated with the severity of otoconial loss. These lm mu-
tants lack utricular otoconia and have variable loss of otoconia in the
saccule [13].

Assumed congenital lack of otoconia in a human has also been de-
scribed in an oral presentation [14], imaging and a genetic mutation
support the hypothesis and a manuscript is in preparation.

Loss of balance after head trauma or whiplash injuries is often ex-
plained by neck problems, which do occur quite often and thus seem to
be correlated. Mallinson and Longridge [15] believed that abnormal-
ities in computerized dynamic posturography are the result of disrup-
tion of tonic neck input into the linear vestibulo-ocular reflexes and are
not caused by vestibular system damage. So, loss of otoconia was not
suspected. A case of otoconial loss shown by bilateral BPPV and con-
stant imbalance even after successful repositioning maneuvers has also
been presented orally [16] a manuscript was recently rejected but will
soon be submitted elsewhere.

According to Rieke [17], about 10% of patients involved in rear-end
motor vehicle collisions suffer from whiplash, 18% to 40% have chronic
pain in the upper cervical spine region, and 25% to 50% complain of
vertigo and dizziness. This suggests there could be 10 to 32% with
vertigo or dizziness but without neck pain.

But what is with the patients who resolve their neck problems and
stay dizzy? Loss of otoconia is a possible explanation for such otherwise
unexplained dizziness.

Otoconial degeneration increases above the age of 50 or 60 [18,19].
This degeneration was used to explain increasing prevalence of BPPV
with age [1], but not yet the also increasing imbalance. In mammals,
otoconia achieve full size within weeks of birth, and there is little
evidence for further development [20]. Igarashi et al [21] found a de-
crease in otoconial volume of 41% in the utricle and 70% in the saccule
comparing infants to older adults (58–87 years). To date, we couldn’t
find a paper correlating between otoconial loss and balance problems in
the elderly separated from a loss of haircells, which also occurs but
most likely much less than otoconial loss. At least Walther and Wes-
thofen [22] have mentioned the combined loss of otcononia and hair-
cells with age but didn’t discern between both.

Increasing imbalance with age is a very common symptom.
According to Baloh et al. [23] there is only a weak correlation of ves-
tibular, visual, auditory, somatosensory dysfunction as well as white
matter lesions with age related changes in gait and balance. Un-
fortunately, in their study only functions of the angular vestibuloocular
reflex (VOR) were tested. Knowing that cVEMP and oVEMP are often
absent with increasing age [24], a similar longitudinal study using
macula function tests is warranted. We suggest otoconial loss to be the
major reason for decreasing imbalance with age. The slowly progressive
loss correlates well with a slowly increasing imbalance, which is very
common in the elderly.

Otolith afferents are classified as regular or irregular firing.
Irregular afferents have phase-tonic response dynamics [25], whereas
regular afferents have tonic responses [26]. The irregular afferents are
sensitive to acceleration and jerk (the derivative of acceleration),
whereas regular afferents give sustained responses to static stimulation,
so these have been termed ‘transient’ and ‘sustained’ pathways [27].
Notably, VEMPs selectively stimulate the transient system, whereas

tests with lower frequency stimulation such as the static tilt, which
presumably selectively activate the sustained pathway, should be ab-
normal with otoconial loss. Thus, a patient with isolated otoconial loss
could appear to have highly selective damage to the sustained pathway.

How can otoconial loss be tested?

Saccular function can only be measured with cervical vestibular
evoked myogenic potentials (cVEMP) [28]. Theoretically, vertical
translational VOR is also a possible measurement [29] but it is rarely
performed in humans. Function of the transient utricular pathway can
be measured by ocular vestibular evoked myogenic potentials (oVEMP)
[30] and the sustained pathway by testing the subjective visual vertical
or horizontal (SVV or SVH) in straight head position as well as in head-
or whole-body-roll-tilt-positions or during eccentric rotation. Also
fundus-photography is used to measure binocular cyclotorsion, which
also belongs to the sustained pathway. Horizontal linear translation is
also rarely done in patients, but a theoretical option.

C- and oVEMP deliver short air or bone conducted sound stimuli and
the reflexes have very short latencies of about 10 and 13ms (P10 and
N13). It has been suggested that fluid pressure waves created by high
frequency sound and vibration in VEMP tests directly stimulate hair
cells connected to irregular striola afferents [31], and so may not de-
pend on the otoconia movement to generate a response. On the other
hand, Iversen et al. recently showed that low intensity ultrasound ac-
tivated vestibular orolith organs in oyster toadfish through acoustic
radiation force directly moving the otolith and that activation of irre-
gular and regular haircells was decreased by about 90% without an
otolith [32]. Nevertheless, they also mentioned in their paper, that
cochlear haircells have not been activated by their stimulus so it is not
yet proven that macula receptor haircells cannot be directly activated
by loud noise without otoconia. Thus, while VEMP assess if the haircells
and neural transient pathways are functional, they may not determine if
the transduction of linear acceleration is normal. If they are reduced by
loss of otoconia like suggested by Iversen et al. [32] this could also
explain the progressively decreasing and often bilaterally missing c- and
oVEMP amplitudes with age. In summary, it is not yet completely
known, whether c- and oVEMP measure only the transient pathway
while SVV/SVH measure the sustained pathway or whether both
pathways can be involved. At least we are confident that tVOR needs
otoconia for natural stimulation of haircells.

Otoconial loss with loss of haircells seems very likely, because in-
flammation or reduced blood supply to the macula organs can induce
both. Therefore, abnormal oVEMP in about 56.7% of patients with
BPPV have recently been described compared to 3.34% in controls
without BPPV [33]. In other words, 43.3% of these BPPV patients had
normal oVEMP i.e. may only suffer from otoconial loss. Whether oto-
conial loss alone causes a reduction of oVEMP and how many otoconia
must be lost for abnormal oVEMP has yet to be determined.

Hypothesis

From the above mentioned knowledge and the two patients pub-
lished so far by oral presentations [14,16], the following hypothesis is
suggested:

Otoconial loss may be an ignored or underestimated reason for long
lasting dizziness or imbalance after head trauma, increasing unsteadi-
ness with aging as well as for RD after successful canalith repositioning
maneuvers in BPPV and also for some forms of congenital imbalance.
Tests of saccular and utricular function may give contrasting results like
described in the following: c- and oVEMP responses maybe normal as
testing the transient pathway, but SVV or SVH may be pathologic. SVV
or SVH are possibly only pathologic during head- or whole-body-tilt
and during eccentric rotation. Translational VOR may also reveal pa-
thological results. Therefore, these tests in comparison with c- and
oVEMP-results could support or deny the suspected diagnosis.
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Thus, a patient with isolated otoconial loss would appear to have
highly selective damage to the sustained pathway (SVV/SVH) and tVOR
but probably normal cVEMP or oVEMP, depending whether otoconial
loss occurred at both or only one of the macula-receptors.

We think it is unlikely that head trauma could be so selective as to
just damage regular afferents, i.e. sparing striolar type I haircells and
irregular afferents. Interestingly, it has been suggested that fluid pres-
sure waves created by high frequency sound and vibration in VEMP
tests directly stimulate irregular striolar hair cells [34]. This hypothesis
is also supported by galvanic vestibular stimulation, which bypass the
macula mechanics, have a latency only slightly shorter than VEMP
[35]. Intact otoconia may then not be necessary for normal VEMP re-
sponses. We suggest that otoconial loss impairs sustained responses that
depend upon the tight coupling of type II hair cells to the gelatinous
layer and otoconia.

Acute unilateral lesions of saccular and utricular haircells e.g.
during peripheral vestibulopathy are generally compensated quickly
but we hypothesise that otoconial loss could cause a clinically persistent
unsteadiness without any signs of neurologic, psychiatric or cervico-
genic causes and without any lesion detectable in cerebral MRI. This
could be seen in increased imbalance in darkness and pathological SVV
in tilted body or head positions and during eccentric rotation.

Otoconia are thought to especially increase our sensation for
gravity, i.e. linear acceleration. This is supported by the knowledge that
knockout mice and guinea pigs without otoconia have lifelong balance
problems and especially cannot swim [10,11]. Also in humans a con-
genital absence or lack of otoconia may exist as has also been shown in
histological findings in two infants without otoconia [36,37] although
symptoms couldn’t been known and vestibular testing couldn’t be
performed in both babies. The first suspected congenital otoconial loss
in an adult human has so far only be published orally [14]. Counting
otoconia in living humans is not yet possible and it is unknown how
many otoconia can be lost without developing symptoms others than
BPPV. Thus, it is difficult to speculate as to how much otoconial loss
needs to occur to cause a change of our sensation of gravity.

Since otoconial volume is reduced with age in the saccule (70%)
more than in the utricule (40%) [18] this could induce lower gains for
vertical tVOR, like described in one oral presentation [16]. With two
patients showing the behavior fitting to our hypothesis and their ves-
tibular testings also nicely supporting our hypothesis of a congenital or
traumatic loss of otoconia, we can only speculate that there are many
more patients suffering from otoconial loss. But with known otoconial
degeneration with aging and many patients with ”unexplained” dizzi-
ness after head trauma and whiplash injuries, we think that the pre-
sented hypothesis is logical and explained well. We hope that many
cases according to our hypothesis will be published soon.

Because of otoconia progessively degenerating with age [18,19] we
suspect a possible connection between degenerating otoconia and the
slowly increasing imbalance with age. Of course there are multifactorial
reasons for decreasing imbalance with age like decreasing vision,
hearing, sensibility (polyneuropathy), muscle strength as well as in-
creasing cervicogenic problems, but we propose that loss of otoconia is
one additional and important factor. This factor is up to now being
forgotten or ignored.

We want to keep in mind that c- and oVEMP are not the only macula
tests available and that SVV with the head upright, in different tilt
positions and during eccentric rotation are also important tests. We
recommend to perform these tests for the sustained pathway in addition
to c- and oVEMP and, if possible, also tVOR. Unfortunately, there is yet
no test available to objectively prove this new diagnosis.

Conclusion

In conclusion we suggest to think of otoconial loss as a separate
factor beside haircell function. It’s effect on gait and balance has been
orally described in the example of two patients, one with a congenital

lack of otoconia and the other with a traumatic loss of otoconia. We
suspect that many patients with similar symptoms also suffer from
otoconial loss or lack of otoconia. We suggest the following classifica-
tion of symptoms for which otoconial loss should be included in the
differential diagnosis or as a partial component of the symptoms:

– Traumatic otoconial loss
o Persistent dizziness or postural and locomotor instability after
▪ whiplash injury,
▪ head trauma
▪ traumatic brain injury (TBI)

– Degenerative otoconial loss
o Imbalance with aging
o Residual dizziness after BPPV
o postural and locomotor instability with no other identifiable cause

– Congenital lack of otoconia

We hope that this new diagnosis will lead to major scientific in-
vestigations on the metabolism and possible medical support for oto-
conial regeneration.

Declaration of Competing Interest

I have no conflict of interest.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.mehy.2019.05.002.

References

[1] Von Brevern M, Radtke A, Lezius F, Feldmann M, Ziese T, Lempert T, et al.
Epidemiology of benign paroxysmal positional vertigo: a population based study. J
Neurol Neurosurg Psychiatry 2007;78:710–5. https://doi.org/10.1136/jnnp.2006.
100420.

[2] Fife TD, Giza C. Posttraumatic vertigo and dizziness. Semin Neurol 2013;33:238–43.
[3] Seok JI, Lee HM, Yoo JH, Lee DK. Residual dizziness after successful repositioning

treatment in patients with BPPV. J Clin Neurol 2008;4(3):107–10.
[4] Teggi R, Leone G, Bondi S, et al. Residual dizziness after successful repositioning

maneuvers for idiopathic benign paroxysmal positional vertigo in the elderly. Eur
Arch Otorhinolaryngol 2011;268:507–11.

[5] Von Brevern M, Schmidt T, Schönfeld U, Lempert T, Clarke AH. Utricular dys-
function in patients with benign paroxysmal positional vertigo. Otol Neurotol 2006
Jan;27(1):92–6.

[6] Davies RA, Luxon LM. Dizziness following head injury: a neuro-otological study. J
Neurol 1995;242(4):222–30.

[7] Richard-Vitton T, Viirre E. Unsteadiness and drunkenness sensations as a new sub-
type of BPPV. Rev Laryngol Otol Rhinol (Bord) 2011;132(2):75–80.

[8] Naritomi H. Chronic dizziness in elderly people: its clinical characteristics and
magneto-encephalographic findings. Rhinsho Shinkeigaku 2008;48(6):393–400.

[9] Rauch SD, Velazquez-Villaseñor L, Dimitri PS, Merchant SD. Decreasing haircell
counts in aging humans. Ann N Y Acad Sci 2001;942:220–7.

[10] Erway L, Hurley LS, Fraser AS. Congenital ataxia and otolith defects due to man-
ganese deficiency in mice. J Nutr 1970;100(6):643–54.

[11] Paffenholz R, Bergstrom RA, Pasutto F, Wabnitz P, Munroe RJ, Jagla W, et al.
Vestibular defects in head tilt mice result from mutations in Nox3, encoding an
NADPH oxidase. Genes Dev 2004;18(5):486–91.

[12] Jones SM, Erway LC, Subramanian G, Johnson KR, Jones TA. Vestibular function in
shaker1 and lethal milk mouse mutants. Assoc Res Otolaryngol Abst 2001;24:140.

[13] Jones SM, Erway LC, Johnson KR, Yu H, Jones TA. Hear Res 191; 2004: 34–40.
Erratum in: Hear Res 194; 2004: 143.

[14] Hegemann SCA, Ernst A, Basta D, Bockisch CJ. Otoconial loss a new important
diagnosis – explanation for residual dizziness and chronic imbalance Oral pre-
sentation 16–4, 30th Barany Society Meeting. J Vestib Res 2018;28:55–6.

[15] Mallinson AI, Longridge NS. Dizziness from Whiplash and head injury - Differences
between whiplash and head injury. Am J OtoI 1998 Nov;19(6):814–8.

[16] Hegemann SCA, Tarnutzer AN, Bockisch CJ. Missing sense of gravity without a
pathogenetic explanation. Oral presentation O79, 27th Barany Society Meeting,
Uppsala, Sweden; 2012. https://www.vestibulaire.com/attachment/358208/.

[17] Rieke CC. Symptoms of imbalance associated with cervical spine pathology.
Independent Studies and Capstones. Paper 293, doctoral thesis. Program in
Audiology and Communication Sciences, Washington University School of
Medicine; 2008. http://digitalcommons.wustl.edu/pacs_capstones/293.

[18] Ross MD, Peacor D, Johnsson LG, Allard LF. Observations on normal and degen-
erating human otoconia. Ann Otol Rhinol Laryngol 1976;85(3 pt 1):310–26.

S.C.A. Hegemann and C.J. Bockisch Medical Hypotheses 128 (2019) 17–20

19

https://doi.org/10.1016/j.mehy.2019.05.002
https://doi.org/10.1016/j.mehy.2019.05.002
https://doi.org/10.1136/jnnp.2006.100420
https://doi.org/10.1136/jnnp.2006.100420
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0010
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0015
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0015
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0020
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0020
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0020
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0025
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0025
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0025
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0030
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0030
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0035
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0035
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0040
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0040
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0045
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0045
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0050
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0050
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0055
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0055
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0055
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0060
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0060
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0070
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0070
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0070
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0075
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0075
https://www.vestibulaire.com/attachment/358208/
http://digitalcommons.wustl.edu/pacs_capstones/293
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0090
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0090


[19] Johnsson L-G. Degenerative anomalies of the vestibular system in man.
Laryngoscope 1971;81(10):1682–94.

[20] Hughes H, Thalmann I, Thalmann R, Ornitz DM. Mixing model systems: using
zebrafish and mouse inner ear mutants and other organ systems to unravel the
mystery of otoconial development. Brain Res 2006;1091(1):58–74.

[21] Igarashi M, Saito R, Mizukoshi K, Alford BR. Otoconia in young and elderly persons:
a temporal bone study. Acta Otolaryngol Suppl 1993;504:26–9.

[22] Walther LE, Westhofen M. Presbyvertigo – aging of otoconia and vestibular sensory
cells. J Vestib Res 2007;17:89–92.

[23] Baloh RW, Ying SH, Jacopson KM. A longitudinal study of gait and balance dys-
function in normal older people. Arch Neurol 2003;60:835–9.

[24] Piker EG, Jacobson GP, McCaslin DL, et al. Assessment of the clinical utility of
cervical and ocular Vestibular Evoked Myogenic Potential testing in elderly pa-
tients. Otol Neurotol 2015;36(7):1238–44.

[25] Fernández C, Goldberg JM. Physiology of peripheral neurons innervating otolith
organs of the squirrel monkey. I. Response to static tilts and to long-duration cen-
trifugal force. J Neurophysiol 1976 Sep;39(5):970–84.

[26] Fernández C, Goldberg JM. Physiology of peripheral neurons innervating otolith
organs of the squirrel monkey. III. Response dynamics. J Neurophysiol
1976;39(5):996–1008.

[27] Curthoys IS, MacDougall HG, Vidal PP, de Waele C. Sustained and transient.
Vestibular systems: a physiological basis for interpreting vestibular function. Front
Neurol 2017;30(8):117.

[28] Colebatch JG, Halmagyi GM. Vestibular evoked potentials in human neck muscles
before and after unilateral vestibular deafferentation. Neurology

1992;42(8):1635–6.
[29] Jamali M, Saeghi SG, Cullen KE, et al. Response of vestibular nerve afferents in-

nervating utricle and saccule during passive and active translations. J Neurophysiol
2009;101(1):141–9.

[30] Rosengren SM, McAngus Todd NP, Colebatch JG. Vestibular-evoked extraocular
potentials produced by stimulation with bone-conducted sound. Clin Neurophysiol
2005;116(8):1938–48.

[31] Curthoys IS, Grant JW. How does high-frequency sound or vibration activate ves-
tibular receptors? Exp Brain Res 2015;233(3):691–9.

[32] Iversen MM, Christensen DA, Parker DL, et al. Low-intensity ultrasound activates
vestibular otolith organs through acoustic radiation force. J Acoust Soc Am 2017
Jun;141(6):4209.

[33] Xu H, Liang FY, Chen L, Song XC, Thong JF, Zhang QQ, et al. Evaluation of the
utricular and saccular function using oVEMPs and cVEMPs in BPPV patients.
Otolaryngol Head Neck Surg 2016;9(45):12.

[34] Curthoys I, Vulovic V, Burgess AM, Cornell ED, Mezey LE, Macdougall HG, et al.
The basis for using bone-conducted vibration or air-conducted sound to test oto-
lithic function. Ann N Y Acad Sci 2011;1233:231–41.

[35] Aw ST, Todd MJ, Halmagyi GM. Latency and initiation of the human vestibuloo-
cular reflex to pulsed galvanic stimulation. J Neurophysiol 2006;96(2):925–30.

[36] Wright CG, Hubbard DG, Graham JW. Absence of otoconia in a human infant. Ann
Otol Rhinol Laryngol. 1979;88(Pt 1):779–83.

[37] Wright CG, Weinberg AG, Hubbard DG, Rouse RC, Johnssson LG. Ear anomalies in
an infant with Potter’s syndrome. Am J Otol. 1981;3(2):134–8.

S.C.A. Hegemann and C.J. Bockisch Medical Hypotheses 128 (2019) 17–20

20

http://refhub.elsevier.com/S0306-9877(19)30252-X/h0095
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0095
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0100
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0100
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0100
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0105
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0105
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0110
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0110
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0115
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0115
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0120
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0120
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0120
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0125
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0125
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0125
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0130
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0130
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0130
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0135
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0135
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0135
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0140
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0140
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0140
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0145
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0145
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0145
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0150
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0150
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0150
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0155
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0155
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0160
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0160
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0160
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0165
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0165
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0165
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0170
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0170
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0170
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0175
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0175
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0180
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0180
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0185
http://refhub.elsevier.com/S0306-9877(19)30252-X/h0185

	Otoconial loss or lack of otoconia – An overlooked or ignored diagnosis of balance deficits
	Introduction/background
	Otoconial loss and BPPV
	The most common form of vertigo is idiopathic BPPV

	Other causes of imbalance
	How can otoconial loss be tested?
	Hypothesis

	Conclusion
	mk:H1_8
	Supplementary data
	References




