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Since saccular projection is sound sensitive, the objective is to investigate the possibility that the saccular projections may contribute
to auditory brainstem response to 500 HZ tone burst (ABR500 HZ ). During the case-control research, twenty healthy controls
compared to forty selected case groups as having chronic and resistant BPPV were evaluated in the audiology department of
Hamadan University of Medical Sciences (Hamadan, Iran). Assessment is comprised of audiologic examinations, cervical vestibular
evoked myogenic potentials (cVEMPs), and ABR500 HZ . We found that forty affected ears of BPPV patients with decreased vestibular
excitability as detected by abnormal cVEMPs had abnormal results in ABR500 HZ , whereas unaffected ears presented normal findings.
Multiple comparisons of mean p13, n23 latencies, and peak-to-peak amplitudes between three groups (affected, unaffected, and
healthy ears) were significant. In conclusion, the saccular nerves can be projective to auditory bundles and interact with auditory
brainstem response to low frequencies. Combine the cVEMPs and ABR500 HZ in battery approach tests of vestibular assessment and
produce valuable data for judgment on the site of lesion. Regarding vestibular cooperation for making of wave V, it is reasonable
that the term of ABR500 HZ is not adequate and the new term or vestibular-auditory brainstem response to 500 HZ tone burst is more
suitable.

1. Introduction
The evolutionary adaptations in the mammalian and the
human inner ear allow selective activation of auditory or
vestibular hair cells. The pars superior of the labyrinth
(utricle and semicircular canals) has remained fairly constant
throughout evolution, whereas the pars inferior (saccule
and other otolith, macular, and auditory end organs) has
seen considerable change as many adaptations were made
for the development of auditory function [1]. The saccular
projections are involved with the transduction of acoustic
stimuli [2]. These fibres travel caudally through the descending vestibular nucleus, next are entered into the cochlear
nucleus, and terminate at cells situated between the dorsal
and posteroventral cochlear nucleus [3]. Some of them send
projections from cochlear nucleus to various auditory fields
[4]. The main portion of auditory brain (temporal gyrus)
can activate from the vestibular sensitivity to sound [5],

which is activated in response to stimuli that may be used
clinically to evoke cVEMPs [5–7]. It provides a means of
assessing saccular function and is elicited by the sound of low
frequency and loud intensity within the range (100–1000 HZ)
of human hearing [8].
On the other hand, ABR500 HZ provides an estimate of
low frequency sensitivity, which is called slow-wave negative
(SN10) response [9, 10]. The sharp peak (wave V) of ABR500 HZ
is generated by the lateral lemniscus as it terminates into the
inferior colliculus and the activity of the inferior colliculus is
responsible for the generation of the relatively slow and large
negativity following the peak of the wave V (Figure 1) [11, 12].
For some individuals, the amplitude of the ABR500 HZ can
achieve several times of the faster (click) ABR component.
Several recent studies have demonstrated strong relationships
between ABR500 HZ thresholds and pure-tone500 HZ behavioral thresholds, with correlations of 0.9 and higher in
subjects with normal and impaired hearing [13]. However,

2

ISRN Otolaryngology

Auditory cortex
Thalamus

(V) Inferior colliculus

(IV) Lateral lemniscus
(II) Cochlear nuclei
Sound

(I) Auditory nerve

(III) Superior olive

Figure 1: The neural generators of auditory brainstem response in
afferent auditory pathway.

neurons at the brainstem and primary auditory cortex are
responsive to the low frequency [11]. It is known that low
frequency components are important contributors in the
neural phenomena and may serve as the basis for hierarchical
synchronization function through which the central nervous
system processes and integrates sensory information [14].
Thus, the objective is to investigate the possibility that the
saccular projections may contribute to ABR500 HZ .

2. Materials and Methods
The type of study is case control, which involved twenty
volunteer healthy persons (11 females and 9 males; mean age:
31 years and range: 18–43 years = 40 ears) and forty selected
case groups (24 females and 16 males; mean age: 30 years and
range: 26–35 years = 80 ears) as having chronic and resistant
benign paroxysmal positional vertigo (BPPV). The diagnosis
of patients with BPPV found results of typical nystagmus
(torsional upbeating nystagmus with latency and fatigue
lasting less than 1 min and subjective vertigo in the DixHallpike). They were not treated with canalith repositioning
maneuver (CRM) on the side determined by Dix-Hallpike
test (the repetition of CRM was five with intervals of 5 days)
[15] and presented to Audiology Department of Hamadan
University of Medical Sciences from April to June 2013.
The inclusion criteria involved BPPV disorder with normal function ofhearing, middle ear pressure, ipsilateral and
contralateral acoustic reflexes, auditory brainstem responses,
and abnormal cVEMPs.
Assessment. The calibration of our instruments (full set
of LABAT evoked potential recorder, MADSEN diagnostic audiometer, HOMOTH impedancemetre) had been
kept under control. Testing was performed bilaterally and
consisted of pure tone audiometry, immittance measures,

videonystagmography (VNG), click-evoked ABR, ABR500 HZ ,
and cVEMPs. All of the tests were performed on the same
day.
Hearing thresholds in the normal range (−10 to 15 dBHL )
were obtained from each person over the frequency range of
250–8000 Hz [16]. Impedance measures consisted of normal
tympanometry (between ±50 dapa) [17] and acoustic values
(85 to 100 dBSpl ) [18]. VNG was used to eliminate the
possibility of any additional vestibular pathology (saccade,
tracking, optokinetic, Dix-Hallpike, and caloric tests) [15].
Click-evoked auditory brainstem response provides an estimation of high frequency (2000–4000 HZ) sensitivity [19].
The response was abnormal, when peaks III and/or V were
absent or when the peak-to-peak I-V exceeded the normal
limits of our laboratory (4.40 ms for females, 4.58 ms for
males).
Auditory brainstem response to 500 HZ tone burst
(ABR500 HZ ): the patients were placed in the supine position
on a gurney within a sound-treated room. Noninverting
electrode was placed at the high forehead and inverting
electrode on ipsilateral mastoid and ground electrode on
contra lateral. Electrode impedances were roughly equivalent
and were < 5 kilohms at the start of the test. Responses to
2000 stimuli were averaged (rate of 37/s, filtered from 30 to
3000 HZ, 2-0-2, 500 HZ tone burst, 120 dBSPL ; contralateral
noise = 90 dBSPL , window of 25 ms) [11, 12]. The ABR500 HZ
concluded to be abnormal, when wave V was absent or when
it exceeded the normal limits of our laboratory.
Cervical vestibular evoked myogenic potentials
(cVEMPs): during cVEMPs (air-conducted) recording
patients were instructed to turn and hold their heads as far
as possible toward the side contralateral to the stimulated
ear. At that point, the overall electromyogenic activity
of the sternocleidomastoid muscle (SCM) was set as the
reference level of the tonic contraction. Patients were asked
to maintain contraction at this level throughout the test
session (approximately 50 s) [4]. The active electrode was
placed over the middle portion of the ipsilateral SCM body.
The reference and the ground electrodes were placed over
the upper sternum and on the midline forehead, respectively.
Auditory stimuli consisted of tone burst (500 HZ, 120 dBSPL ,
rise/fall time = 1 ms, plateau = 2 ms, grand-average = 200,
and filtered = 20–20000 HZ) which presented to the ear
ipsilateral to the contracted SCM [7]. The cVEMPs results for
the healthy ears are used as normative data, and latencies and
any cVEMPs asymmetry ratio (100 [(An − Ad)/(An + Ad)],
An = p13 − n23 (the peak-to-peak amplitude in the normal
ear), and Ad = p13 − n23 (the peak-to-peak amplitude in
the affected ear) [4]) above the calculated upper limit are
interpreted as abnormal.
Data Analysis. All analysis was done by means of the statistics
software SPSS17 . Data were expressed as mean ± standard
deviation. Kolmogorov-Smirnov test was used for evaluation
of normal test distribution. One-way ANOVA was used to
compare findings among the three groups (case group =
affected and unaffected ears, control group = healthy ears).
Tukey’s least significant difference (Tukey’s HSD) test was
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Table 1: The mean of the right and left latencies and amplitudes
of cervical vestibular evoked myogenic potentials (cVEMPs) in the
healthy ears and the affected ears of the dizzy patients.
Variable
p13 (ms)
n23 (ms)
Peak-to-peak
amplitude (𝜇v)

Affected ears

Unaffected ears

Healthy ears

19.5 ± 1.4
26.45 ± 1.5

12.85 ± 2.1
20.48 ± 1.8

13.37 ± 1.9
19.56 ± 2.5

37.08 ± 11.7

48.21 ± 32.3

45.57 ± 38.6

Table 2: The mean of the right and left latencies and amplitudes of
auditory brainstem response to 500 HZ tone burst (ABR500 HZ ) in the
healthy ears and the affected ears of the dizzy patients.
Variable
Peak-to-peak
amplitude (𝜇v)
Latency (ms)

Affected ears

Unaffected ears

Healthy ears

0.6 ± 0.3

0.97 ± 0.48

1.09 ± 0.62

6.64 ± 0.67

5.84 ± 0.36

5.95 ± 0.57

chosen as the post hoc test. Also, 𝑃 value of < 0.05 was
considered to indicate statistical significance.

3. Results
In this study, we evaluated twenty healthy controls compared
to forty selected case groups as having chronic and resistant
BPPV. The latency and amplitude values of the cVEMPs were
detectable in all healthy persons (Table 1). The case group had
unilateral vestibulopathic ears (𝑛 = 40). Vestibulopathic ears
had both decreased amplitudes and delayed latencies of the
cVEMPs (affected) in thirty-five and absent responses in five.
Unvestibulopathic ears (𝑛 = 40) presented normal cVEMPs
findings (unaffected).
ABR500 HZ was recordable from all healthy persons and
unaffected ears (Figure 2). But it only had lower amplitudes
and longer latencies values in affected ears (Table 2). Multiple
comparisons of mean p13, n23 latencies and peak-to-peak
amplitudes between three groups (affected, unaffected, and
healthy ears) were significant (𝑃 = 0.000 for all, oneway ANOVA test). Comparisons of mean p13, n23 latencies
and peak-to-peak amplitudes in affected ears versus healthy
group were significant (𝑃 = 0.000, Tukey’s HSD). Since
affected and unaffected ears belong to the same individuals
(matched ears), so there would be no differences between
these two regarding sex or age. Affected ears had both
abnormal cVEMPs and ABR500 HZ results, but unaffected ears
presented normal findings.

4. Discussion
Forty affected ears of the case group with decreased vestibular excitability as detected by abnormal cVEMPs had distorted ABR500 HZ , whereas both unaffected and control ears
presented normal results. Since the ABR500 HZ and the
cVEMPs are evoked by low frequency sound [4, 11], the
saccular nerves may enter into afferent auditory pathway
and the acoustic sensitivity of the saccule can improve
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Figure 2: The auditory brainstem response to 500 HZ tone burst
(ABR500 HZ ) in a healthy ear.

the ABR500 HZ response and may be effective in making
the shorter latency, higher amplitude, and sharp shape of
the waveform, while lower amplitude, rounded shape, and
longer latency of auditory brainstem activity may occur in
abnormal function of the saccule, which cannot transmit
low frequency neural response from vestibular endings to
cochlear nucleus. Then, the present study is a description
of the vestibular-auditory interaction for auditory brainstem
response.
Similarly, Burian and Gstoettner reported that the afferent saccular fibres (guinea pig) are involved with the transduction of acoustic stimuli. They found the superior branch
of the vestibular nerve and the saccular projections run into
the cochlear nucleus. These axons travel caudally through the
descending vestibular nucleus, enter the cochlear nucleus at
a level caudal to subgroup 𝑦, and terminate at cells situated
between the dorsal and posteroventral cochlear nucleus [2].
Most of the saccular afferents however showed irregular
spontaneous firing. The vestibular nucleus neurons in the
lateral vestibular nucleus and in the rostral portion of the
inferior vestibular nucleus are sound sensitive [4], and there
is anatomical evidence of the projection from the vestibular
nerves (mainly saccule) to the cochlear nucleus [7]. Some
of the vestibular afferent nerves send projections to various
auditory fields on the cortex, [5] and the areas of the humans
auditory brain activate by vestibular sensitivity to sound [5,
6].
The people with normal saccular function have intact
projections to cochlear nucleus, lateral lemniscus, and inferior colliculus [20]. These projections can increase the peaks
of the ABR500 HZ and increase neural response velocity.
Consequently, lower amplitude, rounded shape, and longer
latency of ABR500 HZ are the signs of the absence of transmitted neural signals by saccular projections into auditory
brainstem pathway.
On the other hand, the amplitude of an ABR component
depends on the amount of neural conduction time, and the
auditory fibers’ responses have the best conduction time in
the low frequencies [10]. The auditory fibers in the brainstem
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pathway are temporally precise, with better neural conduction time to F0 (fundamental frequency or lowest component of the sound). Indeed, the temporal pattern of fibers’
responses in the auditory nerve and the cochlear nucleus to
medial geniculate body are near-periodic, and the frequency
of their repetition is synchronized with F0 [21]. The range
of saccular sensitivity happens to coincide with the range
of our voice pitch (F0 = ∼100 up to 400 Hz) [8]. Pitch perception is crucial for music-speech perception and auditory
object recognition in a complex acoustic environment, which
conveys the phonetic information and prosodic cues such
as intonation, stress (in European languages), and semantic
information in tonal languages (Chinese, Vietnamese, and
Thai) [20].
In addition, our recent study shows that percussive daf
musical sound (daf is a Persian percussive instrument, which
had important usage specially in celebrations) seems to be
related to both saccular and cochlear dysfunction. The associated degeneration in the cochlear and saccular afferents is
associated with the exposure to low frequency, high intensity
percussive daf music. It may reflect their common sound
sensitive function [22].
Recent studies show that the saccule is the site of
phonetic self-regulating mechanism with positive feedback
[6]. Low frequency cues of the sound spectrum have very
important roles in auditory function, which can stimulate
the saccular afferents [23]. Also, the sensation of the sound
at low frequencies may be present in patients with total
deafness and normal vestibular function (predominantly
saccule). This improvement disappears when saccular function is lost [24]. In the case of healthy hearing human
and in presence of severe competing noise, saccule has a
facilitating role in cochlea and can improve detection of
loud low frequencies [25]. Consequently, it may be valuable
for speech processing and perception-production system
[8].
However, the auditory brainstem is sensitive to the
azimuth and elevation of sound source locations [14], and the
brainstem’s response to speech is the representation of the F0
[21]. Recent studies have shown in normal hearing that the
saccular stimulation can activate cortical multisensory areas
especially in the temporoinsular and temporoparietal cortex
in both hemispheres [26].
After all, the acoustic sensitivity of the saccule to low
frequency component is effective in neural activities; it can
improve and contribute to auditory brainstem response. The
ABR500 HZ has a prediction role in saccular function and
the observation of any abnormality in waveform pattern in
presence of normal hearing can be a sign of damage to
saccular hearing. So there is a vestibular-auditory interaction
not only for hearing but also for auditory brainstem response
to low frequencies. In battery approach test of vestibular
assessment, the use of the cVEMPs and ABR500 HZ can
produce valuable data for judgment on the site of lesion.
Regarding vestibular cooperation for making of wave V, it is
reasonable that the term of ABR500 HZ is not adequate and
the new term or vestibular-auditory brainstem response to
500 HZ tone burst is more suitable.

ISRN Otolaryngology

Abbreviations
(cVEMPs): Cervical vestibular evoked myogenic p
(ABR500 HZ ): Auditory brainstem response to 500 HZ
tone burst.

Conflict of Interests
The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments
The research project was fully sponsored by Hamadan University of Medical Sciences. The authors would like to thank
all the volunteers for their contribution to this research. All
financial and material support for this research and work are
sponsored by Hamadan University of Medical Sciences and
Health Services.

References
[1] J. Carey and N. Amin, “Evolutionary changes in the cochlea
and labyrinth: Solving the problem of sound transmission to
the balance organs of the inner ear,” Anatomical Record A:
Discoveries in Molecular, Cellular, and Evolutionary Biology, vol.
288, no. 4, pp. 482–489, 2006.
[2] M. Burian and W. Gstoettner, “Projection of primary vestibular
afferent fibers to the cochlear nucleus in the guinea pig,”
Neuroscience Letters, vol. 84, no. 1, pp. 13–17, 1987.
[3] C. A. McCormick, “Central connections of anamniote auditory
otolith endorgans,” Journal of the Acoustical Society of America,
vol. 119, no. 5, p. 3432, 2006.
[4] T. Murofushi and K. Kaga, “Sound sensitivity of the vestibular end-organs and sound-evoked vestibulocollic reflexes in
mammals,” in Issues in Vestibular Evoked Myogenic Potential, T.
Murofushi and K. Kaga, Eds., pp. 20–25, Springer, Tokyo, Japan,
2009.
[5] K. M. McNerney, A. H. Lockwood, M. L. Coad, D. S. Wack, and
R. F. Burkard, “Use of 64-channel electroencephalography to
study neural otolith-evoked responses,” Journal of the American
Academy of Audiology, vol. 22, no. 3, pp. 143–155, 2011.
[6] N. P. M. Todd, A. C. Paillard, K. Kluk, E. Whittle, and J.
Colebatch, “Vestibular receptors contribute to cortical auditory
evoked potentials,” Hearing Research, vol. 309, no. 3, pp. 63–74,
2014.
[7] K. Sheykholeslami and K. Kaga, “The otolithic organ as a
receptor of vestibular hearing revealed by vestibular-evoked
myogenic potentials in patients with inner ear anomalies,”
Hearing Research, vol. 165, no. 1-2, pp. 62–67, 2002.
[8] S. F. Emami, A. Pourbakht, K. Sheykholeslami, M. Kammali,
F. Behnoud, and A. Daneshi, “Vestibular hearing and speech
processing,” ISRN Otolaryngology, vol. 1, pp. 1–7, 2010, Persian.
[9] B. Chandrasekaran and N. Kraus, “The scalp-recorded brainstem response to speech: neural origins and plasticity,” Psychophysiology, vol. 47, no. 2, pp. 236–246, 2010.
[10] M. Don and B. Kwong, “Auditory brainstem response: differential diagnosis,” in Issues in Hand Book of Clinical Audiology, J.
Katz, Ed., vol. 13, pp. 265–292, Lippincott Williams & Wilkins,
Philadelphia, Pa, USA, 6th edition, 2010.

ISRN Otolaryngology
[11] R. F. Burkard and C. Secor, “Overview of auditory evoked
potentials,” in Hand Book of Clinical Audiology, J. Katz, L.
Medwetsky, and R. Burkard, Eds., pp. 233–248, Lippincott
Williams & Wilkins, New York, NY, USA, 5th edition, 2002.
[12] D. R. Stapells and P. Oates, “Estimation of the pore-tone
audiogram by the auditory brainstem response: a review,”
Audiology and Neuro-Otology, vol. 2, no. 5, pp. 257–280, 1997.
[13] M. P. Gorga, T. A. Johnson, J. R. Kaminski, K. L. Beauchaine, C.
A. Garner, and S. T. Neely, “Using a combination of click- and
tone burst-evoked auditory brain stem response measurements
to estimate pure-tone thresholds,” Ear and Hearing, vol. 27, no.
1, pp. 60–74, 2006.
[14] X. Wang, “The harmonic organization of auditory cortex,”
in The Neurophysiological Bases of Auditory Perception, E. A.
Lopez-Poveda, R. Meddis, and A. R. Palmer, Eds., pp. 211–222,
Springer Science, New York, NY, USA, 2010.
[15] Y. H. Cha, Acute Vestibulopathy. The Neurophysiologist, SAGE,
2011.
[16] R. W. Harrell, “Pure tone evaluation,” in Issues in Hand Book of
Clinical Audiology, J. Katz, Ed., pp. 71–88, Lippincott Williams
& Wilkins, USA, 6th edition, 2002.
[17] C. G. Fowllff and E. G. Shanks, “Tmpanometry,” in Issues in
Hand Book of Clinical Audiology, J. Katz, Ed., pp. 175–204,
Lippincott Williams & Wilkins, Philadelphia, Pa, USA, 6th
edition, 2002.
[18] S. A. Gelfand, “The acoustic reflex,” in Issues in Hand Book
of Clinical Audiology, J. Katz, Ed., pp. 205–232, Lippincott
Williams & Wilkins, Philadelphia, Pa, USA, 6th edition, 2002.
[19] J. W. Hall III, “Electrically evoked and myogenic responses,” in
New Handbook of Auditory Evoked Responses, J. W. Hall III, S. D.
Dragin, K. Heimsoth, and J. Sweeney, Eds., pp. 602–613, Pearson
Education, Boston, Mass, USA, 2007.
[20] S. F. Emami and A. Daneshi, “Vestibular hearing and neural
synchronization,” ISRN Otolaryngology, vol. 1, pp. 37–40, 2010,
Persian.
[21] S. K. Scott and D. G. Sinex, “Speech,” in The Oxford Handbook of
Auditory Science the Auditory Brain, A. Rees and A. R. Palmer,
Eds., vol. 2, pp. 193–215, Oxford University Press, New York, NY,
USA, 2010.
[22] S. F. Emami, “Acoustic sensitivity of the saccule and daf music,”
Iranian Journal of Otorhinolaryngology, vol. 26, no. 75, pp. 105–
110, 2014, Persian.
[23] S. F. Emami, “Is all human hearing cochlear?” The Scientific
World Journal, vol. 2013, Article ID 147160, 5 pages, 2013.
[24] S. F. Emami, “Hypersensitivity of vestibular system to sound
and pseudoconductive hearing loss in deaf patients,” ISRN
Otolaryngology, vol. 2014, Article ID 817123, 5 pages, 2014,
Persian.
[25] S. F. Emami, A. Pourbakht, A. Daneshi, K. Sheykholeslami, H.
Emamjome, and M. Kammali, “Sound sensitivity of the saccule
to low frequency in healthy adults,” ISRN Otolaryngology, vol.
2013, Article ID 429680, 6 pages, 2013, Persian.
[26] M. Trivelli, M. Potena, V. Frari, T. Petitti, V. Deidda, and F.
Salvinelli, “Compensatory role of saccule in deaf children and
adults: novel hypotheses,” Medical Hypotheses, vol. 80, no. 1, pp.
43–46, 2013.

5

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Diabetes Research
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Oxidative Medicine and
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

