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To facilitate more reliable recordings of the ocular vestibular evoked myogenic potentials

(oVEMP) induced by bone-conducted sound using the B81 bone conduction transducer,

we preliminarily studied the effects of external auditory meatus occlusion using an earplug

on such oVEMP. Eight healthy volunteers (four males and four females, 26–48 years of

age, mean age: 34. 5 years) and 14 patients with vestibular disease (2 males and 12

females, 18–59 years of age, mean age: 41.5 years) were enrolled. oVEMP testing was

performed using a B81 placed on the temple. Tone bursts (500Hz, rise/fall time: 2ms,

plateau time: 2ms, and 70 dB nHL) were presented at a rate of 5.1Hz. N1-P1 amplitudes

were measured and analyzed. Occlusion resulted in significantly larger N1-P1 amplitudes

[mean ± SE (SD): 12.3 ± 1.67 (6.71) µV vs. 9.55 ± 1.55 (6.21) µV; p = 0.020, paired

t-test]. While four patients did not exhibit any response on either side in the absence

of occlusion, all of them showed unilateral or bilateral responses when occlusion was

employed. In any patient occlusion did not result in loss of oVEMP responses. External

auditory meatus occlusion using an earplug could allow more reliable recordings of bone

conduction transducer-induced oVEMP.

Keywords: bone conduction, oVEMP, external auditory meatus, occlusion effect, B81

INTRODUCTION

At present, two types of vestibular evoked myogenic potentials (VEMP) are examined in the
clinical setting. The first is cervical VEMP (cVEMP), which are recorded in the sternocleidomastoid
muscle in order to test saccular function. The other is ocular VEMP (oVEMP), which are recorded
beneath the lower eyelid in order to test utricular function (1). Although cVEMP can be easily
recorded using air-conducted sound (ACS), such as 500-Hz tone bursts (2, 3), recording oVEMP
using ACS is harder. For this reason, bone-conducted vibrations (BCV) have been used to record
oVEMP (4). A mini-shaker (BK4810) is widely utilized to induce BCV. However, it is heavy and
hard to calibrate accurately. The B71 conventional bone conduction transducer (RadioEar) was
tried as an alternative. However, the output of the B71 is not always sufficient to for measuring
oVEMP responses (5). A new bone conduction transducer, the B81 (RadioEar), has recently become
available. The B81 has a higher output than the B71 (6). Although the B81 evokes better responses
than the B71, the associated oVEMP responses are still unstable. Therefore, some ingenuity is
required to obtain stable oVEMP responses using the B81.
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It is known that occluding the external auditory meatus
lowers the hearing threshold for bone-conducted sound. This
is known as the occlusion effect (7, 8). The occlusion of the
external auditory meatus improves hearing thresholds by 10–20
dB at frequencies of 250 and 500Hz (7, 9). Therefore, occluding
the external auditory meatus might improve VEMP responses.
Handzel and Himmelfarb (10) reported that cVEMP responses
could be augmented by occlusion. We applied this method to
oVEMP recording in order to obtain stable oVEMP responses
using the B81.

Herein, we preliminarily report the effects of occlusion of the
eternal auditory meatus on the bone-conducted (BC) oVEMP
responses of healthy subjects and patients with vestibular disease,
and discuss the significance of the occlusion method for BC
oVEMP recording in the clinical setting.

SUBJECTS AND METHODS

Subjects
Eight healthy volunteers (four males and four females, 26–48
years of age, mean age: 34.5 years) and 14 patients with vestibular
disease (2 males and 12 females, 18–59 years of age, mean age:
41.5 years) were enrolled. The diagnoses of the 14 patients with
vestibular disease included Meniere’s disease in seven cases (two
definite and five probable) (11), delayed endolymphatic hydrops
(ipsilateral type) in two cases (12), vestibular migraine in two
cases (one definite, one probable) (13), and vestibular neuritis in
three cases (14). None of the patients had conduction problems
in the external or middle ear. The healthy volunteers did not have
a medical history of vertigo or hearing loss.

Methods
oVEMP were measured using the Eclipse system (Interacoustics,
Middelfart, Denmark). Active electrodes were placed just beneath

FIGURE 1 | An example of the responses of a healthy subject (a 26-year-old female, left side stimulation). Although oVEMP responses in the recording obtained

without occlusion were not clear, she exhibited reproducible clear oVEMP responses in the recording obtained with occlusion. Recording to the left side stimulation

was performed beneath the right eye.

the lower eyelid while a reference electrode was placed on the
chin. The ground electrode was placed on the nasion. Tone bursts
(500Hz, rise/fall time: 2ms, plateau time: 2ms, and 70 dB nHL)
were presented at a rate of 5.1Hz using a B81 bone conduction
transducer (Radioear, New Eagle, USA). The bone conduction
transducer was fitted with the standard steel spring headband and
placed on the area just anterior to the helix at the level of the eyes.
For the recordings obtained beneath the right (left) eye, the bone-
vibrator was placed on the preauricular area on the opposite side
to the recording site. Placement of the transducer was performed
to be symmetrical as accurately as possible. One hundred
responses were bandpass-filtered (10–1,000Hz) and averaged.
During the recordings, the subjects were asked to maintain a 20-
degree upward gaze. To confirm the reproducibility of the results,
two runs were performed for each ear. The N1-P1 amplitude was
measured, and the mean of two runs was used. In addition to the
recordings obtained without occlusion of the external auditory
meatus, recordings involving occlusion of the external auditory
meatus, which was achieved using an earplug made of urethane
foam, were obtained. Recordings with and without occlusion
were performed in random order. Insertion and removal of an
earplug were performed without touching the transducer. The
placement site was chosen to enable an examiner to insert or
remove an earplug without touching the transducer.

To assess the interaural amplitude difference, the asymmetry
ratio (AR) was calculated as follows:

AR= 100× (Alarge – Asmall)/(Alarge+ Asmall)
Alarge: N1-P1 amplitude on the side on which the N1-P1

amplitude was larger.
Asmall: N1-P1 amplitude on the side on which the N1-P1

amplitude smaller.
Informed consent was obtained from each subject. This study

was approved by the ethics committee of Teikyo University
School of Medicine (TR 20-078).
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RESULTS

Responses of Healthy Subjects
Among the 16 ears of the 8 healthy subjects, 15 showed responses
in the recordings obtained without occlusion, while all 16 ears
exhibited responses in the recordings obtained with occlusion
(Figure 1). The N1-P1 amplitude was significantly larger in the
recordings obtained with occlusion [mean± SE (SD): 12.3± 1.67
(6.71) µV] than in those obtained without occlusion [9.55± 1.55
(6.21) µV] (mean difference: 2.75 µV, p = 0.020, paired t-test;
Figure 2). The mean AR was 21.4 ± 5.52 (15.6) and 32.3 ± 11.6
(32.8) in the presence and absence of occlusion, respectively.

Responses of Patients
The results of the vestibular patients are summarized in Table 1.
Four patients did not exhibit any response on either side in the
absence of occlusion. Of these four patients, two showed bilateral

FIGURE 2 | Comparison of the N1-P1 amplitude values seen with and without

occlusion. The graphs show mean and SE values. The N1-P1 amplitude was

significantly larger in the with occlusion conditions than in the without

occlusion conditions (p = 0.020 paired t-test).

TABLE 1 | Summary of the patients’ results.

Earplug

(+)

Total

Bilaterally

absent

Unilaterally

absent

Bilaterally

present

Bilaterally

absent

0 2 2 4

Earplug (–) Unilaterally

absent

0 4 1 5

Bilaterally

present

0 0 5 5

Total 0 6 8 14

responses and two demonstrated unilateral responses when the
recordings were performed with occlusion (Figure 3).

Five patients only showed unilateral responses in the
recordings obtained without occlusion. Among them, four
patients still only showed unilateral responses in the recordings
obtained with occlusion. All of the patients that exhibited
bilateral responses in the recordings obtained without occlusion
also demonstrated bilateral responses in the recordings obtained
with occlusion.

DISCUSSION

This preliminary study showed that occlusion of the external
auditory meatus produced a significant increase in the N1-P1
amplitudes of BC oVEMP recorded with the B81 in healthy
subjects. The standard error (deviation) of N1-P1 amplitude
obtained with occlusion was smaller than that obtained without
occlusion. These findings mean that performing oVEMP tests
with occlusion results in a narrower normal range than
conducting them without occlusion. Large SE (SD) would be due
to unclear (almost absent) responses. This would probably lead
to an improvement in the sensitivity of such testing.

The site of the stimulator is very important for recording
of oVEMP. Therefore, we tried to place it on the same place
as accurately as possible. The site of the B81 bone conduction
transducer is different from the usual site. This place was chosen
to do all recording without touching the transducer. The site of
the reference electrode is also unusual. It is due to the limitation
of the device. However, these factors will not affect the results
of this study, the superiority of BC oVEMP with occlusion to
without occlusion.

As for the patients with vestibular disease, 4 of the 14 patients
showed no oVEMP responses on either side in the recordings
obtained without occlusion. Among them, two patients showed
unilateral responses and two patients demonstrated bilateral
responses in the recordings obtained with occlusion. In other
words, the bilateral absence of oVEMP responses in tests
performed without occlusion seems to be a false positive. These
results suggest that occluding the external ear canal improves
the reliability of oVEMP testing performed using the B81 bone
conduction transducer.

The fact that occluding the external auditory meatus lowers
the hearing threshold for BC sound has been known as the
occlusion effect since the 19th century (7). The occlusion of the
external auditory meatus improves hearing thresholds by 10–
20 dB at frequencies of 250 and 500Hz (7, 9). As 500-Hz tone
bursts are usually used for recording VEMP, occlusion of the
external ear canal seems to be beneficial for inducing VEMP
responses although it depends on the mechanism underlying the
occlusion effect.

Rotem Betito et al. (9) and Handzel and Himmelfarb
(10) reported that external auditory meatus occlusion
improved the BC cVEMP responses of healthy subjects.
Rotem Betito et al. also found that the effect of occlusion
on BC cVEMP was not observed in ears filled with water,
but was seen in ears that had been occluded using earplugs.
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FIGURE 3 | An example of the responses of a vestibular patient (a 36-year-old female, right probable Meniere’s disease). Although oVEMP responses without

occlusion were not clear enough, the recording obtained with occlusion showed clear reproducible responses on the left side stimulation. No response was obtained

on the right side stimulation even with occlusion. Recording to the right (left) side stimulation was performed beneath the left (right) eye.

This suggests that earplugs may prevent bone vibrator-
induced sound pressure in the external auditory meatus from
escaping and reinforce the sound pressure transmitted to the
inner ear.

We assumed that occlusion of the external auditory meatus
using an earplug could also facilitate the recording of BC
oVEMP induced using bone conduction transducers, such as the
B71 and B81. Although the outputs produced by the B81 are
stronger than those produced by the B71 (6), they are not always
sufficient to produce stable oVEMP responses. The preliminary
results of the current study support our assumption. It might
be beneficial to add occlusion of the external auditory meatus
to the protocol for BC oVEMP recordings performed using
the B81.

There are some limitations in this study. This is a small-
sized pilot study. The significance of the external auditory
meatus should be confirmed in a larger study. Then, the
relationship between the site of BC stimulation and the
extent of occlusion effect should be also investigated because
the stie of BC stimulation has large effects for amplitudes
(15, 16). Then, the occlusion effect in midline stimulation
will be investigated. Asymmetry of occlusion might have
some effects. This point should be also studied in the
future study.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of Teikyo University School of
Medicine (TR 20-078). The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

TM wrote the manuscript. MO and MT reviewed and edited
the manuscript. All of the authors contributed extensively to the
work presented in this paper. All of the authors contributed to
the data collection.

FUNDING

This study was partially supported by a Grant-in-Aid for
Scientific Research (C) from the Japan Society for the Promotion
of Science (19K09856).

Frontiers in Neurology | www.frontiersin.org 4 April 2021 | Volume 12 | Article 659820

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Murofushi et al. oVEMP With EAM Occlusion

REFERENCES

1. Murofushi T. Clinical application of vestibular evoked myogenic

potential (VEMP). Auris Nasus Larynx. (1996) 43:367–

76. doi: 10.1016/j.anl.2015.12.006

2. Murofushi T, Matsuzaki M, Wu CH. Short tone burst-evoked myogenic

potentials on the sternocleidomastoid muscle. Arch Otolaryngol Head Neck

Surg. (1999) 125:660–4. doi: 10.1001/archotol.125.6.660

3. Papathanasiou ES, Murofushi T, Akin FW, Colebatch JG. International

guidelines for the clinical application of cervical vestibular evoked myogenic

potentials: an expert consensus report. Clin Neurophysiol. (2014) 125:658–

66. doi: 10.1016/j.clinph.2013.11.042

4. Iwasaki S, Chihara Y, Smulders YE, Burgess AM, Halmagyi GM, Curthoys

IS, et al. The role of the superior vestibular nerve in generating ocular

vestibular-evokedmyogenic potentials to bone conducted vibration at Fz.Clin

Neurophysiol. (2009) 120:588–93. doi: 10.1016/j.clinph.2008.12.036

5. Hakansson B, Felden Jansson K-J, Tangstrand T, Johannsen L, Eeg-Olofsson

M, Rigaro C, et al. VEMP using a new low-frequency bone conduction

transducer.Med Devices. (2018) 11:301–12. doi: 10.2147/MDER.S171369

6. Jansson K-J, Hakansson B, Joannsen L, Tengstrand T. Electro-acoustic

performance of the new bone vibrator Radioear B81: a comparison

with the conventional Radioear B71. Int J Audiol. (2015) 54:334–

40. doi: 10.3109/14992027.2014.980521

7. Huizing EH. Bone conduction-the influence of middle ear. Acta Otolaryngol.

(1960) 155:1–99.

8. Tsai V, Ostroff J, Korman M, Chen JM. Bone-conduction hearing and the

occlusion effect in otosclerosis and normal controls. Otol Neurotol. (2005)

26:1138–42. doi: 10.1097/01.mao.0000179996.82402.e0

9. Rotem Betito H, Himmelfarb M, Handzel O. Effects of occlusion and

conductive hearing loss on bone-conducted cVEMP. Otolaryngol Head Neck

Surg. (2021) 164:407–13. doi: 10.1177/0194599820944903

10. Handzel O, Himmelfarb M. The occlusion effect in bone conducted cVEMP.

J Vestib Res. (2018) 28:305–9. doi: 10.3233/VES-180639

11. Lopez-Escamez JA, Carey J, Chung WH, Goebel JA, Magnusson M, Mandala

M et al. Diagnostic criteria for Meniere’s disease. J Vestib Res. (2015) 25:1–

7. doi: 10.3233/VES-150549

12. Lempert T, Olesen J, Furman J, Waterston J, Seemungal B, Carey J et

al. Vestibular migraine: diagnostic criteria. J Vestib Res. (2012) 22:167–

72. doi: 10.3233/VES-2012-0453

13. Schuknecht HF, Suzuka Y, Zimmermann C. Delayed endolymphatic hydrops

and its relationship to Meniere’s disease. Ann Otol Rhinol Laryngol. (1990)

99:843–53. doi: 10.1177/000348949009901101

14. Murofushi T, Tsubota M, Suizu R, Yoshimura E. Is alteration of tuning

property in cVEMP specific for Meniere’s disease? Front Neurol. (2017)

8:193. doi: 10.3389/fneur.2017.00193

15. Govender S, Colebatch JG. Location and phase effects for ocular

and cervical vestibular-evoked myogenic potentials evoked by bone-

conducted stimuli at midline skull sites. J Neurophysiol. (2018)

119:1045–56. doi: 10.1152/jn.00695.2017

16. Rosengren SM, Govender S, Colebatch JG. Ocular and cervical

vestibular evoked myogenic potentials produced by air- and bone-

conducted stimuli: comparative properties and effects of age.

Clin Neurophysiol. (2011) 122:2282–9. doi: 10.1016/j.clinph.2011.

04.001

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Murofushi, Ohki and Tsubota. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 5 April 2021 | Volume 12 | Article 659820

https://doi.org/10.1016/j.anl.2015.12.006
https://doi.org/10.1001/archotol.125.6.660
https://doi.org/10.1016/j.clinph.2013.11.042
https://doi.org/10.1016/j.clinph.2008.12.036
https://doi.org/10.2147/MDER.S171369
https://doi.org/10.3109/14992027.2014.980521
https://doi.org/10.1097/01.mao.0000179996.82402.e0
https://doi.org/10.1177/0194599820944903
https://doi.org/10.3233/VES-180639
https://doi.org/10.3233/VES-150549
https://doi.org/10.3233/VES-2012-0453
https://doi.org/10.1177/000348949009901101
https://doi.org/10.3389/fneur.2017.00193
https://doi.org/10.1152/jn.00695.2017
https://doi.org/10.1016/j.clinph.2011.04.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Effects of External Auditory Meatus Occlusion on Ocular Vestibular Evoked Myogenic Potentials Induced by Bone Conducted Sound
	Introduction
	Subjects and Methods
	Subjects
	Methods

	Results
	Responses of Healthy Subjects
	Responses of Patients

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


