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Introduction

In a recent review Curthoys et al. (1) reviewed animal studies examining the

responsivity of the vestibular system to sounds and stated that, beyond doubt, the cVEMP

is a specific indicator of saccular function. However, in our opinion, the debate about

the origin of the cVEMP is not closed. In our review (2), published 9 months earlier,

we paid special attention to the issue that a normal cVEMP does NOT exclude loss of

saccular function, especially that of the clinically most relevant sustained saccular system

(detecting head tilt and linear accelerations). Furthermore, we draw a more conservative

conclusion that substantial contributions of non-saccular vestibular end-organs to the

cVEMP response cannot be ruled out (2). As this may leave researchers and clinicians in

confusion, we want to share the key differences in the interpretation of the cited animal

studies and the clinical relevance of cVEMP.

Discussion

Clinical relevance of cVEMP: is cVEMP really a test of
saccular function?

One highly clinically relevant issue is not addressed in the review by Curthoys et al.

(1) In contrast to what is suggested in the title of their review, it is a simplification to state

that the cVEMP is a specific indicator of saccular function. Curthoys et al. (1) state that

cVEMPs result predominantly from direct stimulation of striolar hair cells and irregular

afferents, i.e., the transient otolith system, which is only a small part of the otolith system

with a thin otolith membrane and small otoconia. Based on the transfer function of the

otolith systems, high-frequency cVEMP stimuli hardly move the thick otolith membrane

with larger otoconia (high membrane mass and stiffness) on top of the extrastriolar hair

cells; in line with that, regular extrastriolar afferents have a low sensitivity to the high-

frequency transient/vibratory stimuli used in VEMP testing (3–5). Therefore, cVEMP

testing hardly—if at all—probes the function of the clinically very important sustained

otolithic system, which is responsible for detecting head tilt and linear acceleration.

Clinically, this distinction is crucial: cVEMP’s results cannot be equated with preserved
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saccular function as suggested by Curthoys et al. (1), just as normal

bone conduction does not ensure functional hearing in daily life.

Hence, the presence of cVEMP is NOT a specific indicator of

saccular function in toto; it might only reflect normal function of

striolar hair cells and irregular afferents. This directly limits the

clinical relevance of the cVEMP.

Specificity of cVEMP: is the cVEMP
predominantly reflecting the function of
saccular hair cells? Are other hair cells in
the labyrinth involved too?

Regarding the other discussion addressed in the review by

Curthoys et al. (1) about the actual origin of the cVEMP: Is this

response really only related to direct stimulation of saccular hair

cells, or may other hair cells in the labyrinth contribute? We

agree with Curthoys et al. that the later animal studies by the

Bordeaux group [Didier, Cazal et al.] convincingly demonstrate

the sound sensitivity of fibres coming from the saccule in the

guinea pig model (1). The question is, however, to what extent

the saccule may selectively be activated by sound. Curthoys et al.

(1) specifically highlight a finding of Cazals et al. (6) where

they, after semi-selective damaging the ampullae and the utricular

maculae, were still able to elicit a non-cochlear electrophysiological

response. The number of hair cells in the utricular macula and

the ampullae was reduced by approximately half of that of the

controls. The saccular hair cell count was reduced by one fourth

(6). So, these experiments supported the relevance of saccular hair

cell contributions, but do not exclude ampullar of utricular hair cell

contributions. Furthermore, the responses were measured from the

round window niche [(6), p. 612, 614], and not from the saccular

nerve, in contrast to what Curthoys et al. state [(1), p. 3]. Therefore,

the responses seen could still be composed of contributions from

all still intact hair cells in sacculus, utriculus, and ampullae, and

does not selectively show saccular responses. In conclusion, the

experiments by Cazals et al. (6) are unable to rule out a substantial

contribution by ampullar and utricular hair cells to the cVEMP

response, which Curthoys et al. suggests (1). To our knowledge,

there are no studies at hand that show that ablation of the sacculus

invariably abolishes the cVEMP, which would be the real proof that

the cVEMP is a crucial indicator of saccular hair cell activation. We

are still awaiting such evidence to that stated by Welgampola and

Carey (7).

We will now address three key aspects regarding the studies

dealing with the origin of the cVEMP.

Co-activation of the utricle and its
projections to the SCM

Curthoys et al. (1) state that “if semicircular canal neurons are

activated at clinical test frequencies and intensities, it detracts from

the specificity of the cVEMP as a test of saccular function”. We

agree, and that also holds for utricular coactivation, which was

previously documented by both Curthoys et al. and Zhu et al.,

among others (8–12).

Curthoys et al. state that there is overwhelming evidence

documenting that the utricle and saccule afferents have differential

projections. To support this statement, they refer to the literature

documenting differential projections from the saccule and utricle

to the extraocularmuscles (13). However, no evidence is provided

that the saccular projection to the neck muscles is stronger than

the utricular one. Instead, Curthoys et al. (1) state that the saccule

has a strong projection to the neck muscles, while omitting that the

equal may be stated for the utricle. This gives a false impression

of the saccule having a stronger projection to the SCM than that

of the utricle. This impression is not consistent with the available

evidence, as documented by two studies by Kushiro et al. (14, 15)

which investigated the projections from the otolithic organs to

the neck muscles, including the SCM. In fact, in one of these

studies, there is even some evidence suggesting that the utricular

projection to the neck muscles could possibly be stronger than

the saccular projection (2, 14). In the other study, Kushiro et al.

uncovered that the afferents from both the saccule and utricle

often terminate at the same second-order neurons, which then

project to cervical motor units. From this, Kushiro et al. [(15),

p.413] themselves conclude that the saccule and utricle may form

structural neuronal common pathways to the neck muscles, hence

the ipsilateral sternocleidomastoid muscle. Therefore, we have the

opinion that both the saccule and utricle seem to utilize the

same second-order neurons to drive the ipsilateral SCM response.

Thereby, the saccular predominance theory (16) is still under

debate, as it is unlikely that saccular input is a strict necessity for the

elicitation of the ipsilateral SCM response to sound, because of the

utricular projection. Welgampola, Carey, and Colebatch previously

discussed the projections from the otolithic organs to the SCM in

the context of cVEMP when the ‘saccular predominance theory’

was first published, and contested its soundness (7, 17).

The definition of activated a�erents

There is evidence that all end-organs are activated by sound

at intensities within limits of safe exposure (8, 10–12). However,

this evidence has been put into question, in the review at hand,

based on the use of phase-locked or probability firing as a measure

of sensitivity (1). There are experimentally at least two different

ways used in the relevant literature to determine responsiveness

with quite different outcomes (8–12, 18). Curthoys et al. (9)

have previously defended the choice of using rate-change as the

definition of activation over phase-locking or probability of firing.

Rate-change sensitivities may only be studied using sustained tones

(9, 10), or long tone-bursts (18). These types of stimuli are not

used for human cVEMP testing, where clicks or short tone-bursts

are the standard. So, the extrapolation of rate-change sensitivities

to the cVEMPs in humans can be questioned. Furthermore, using

rate-change will not take into account activation of afferents firing

highly synchronized to the stimulus (19), if their total rate of firing

is not exceeded [(18), p.6064, Figure 7]. Indeed, Young et al. (10),

using sustained tones, found that phase-locking thresholds were

10–30 dB lower than those of rate-change thresholds. Equally,

McCue and Guinan showed that phase-locking to click stimuli

results in considerably lower thresholds than using rate-change to
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long tone-burst stimuli (18). All these aspects result in a complex

and different interpretation of the contribution of non-saccular

afferents to cVEMP (8, 10–12). So, for us, it is not at all clear what

the relative contribution of non-saccular afferents is to cVEMP in

humans, and thereby how specific the saccular contribution can be

said to be.

The sound intensity used in the rat studies

Zhu et al. (8, 11) used high stimulus intensities in the rat studies,

which, according to Curthoys et al. (1) do not allow extrapolation to

the standard stimulation intensities used in humans. However, Zhu

et al. (8, 11), when observing considerable activation of afferents

from all five vestibular end-organs used an intensity up to 130 dB

peak SPL, and not 130 dB SPL as incorrectly stated by Curthoys

et al. (1). This is an important distinction (20). The ABR threshold

to click in the rats used by Zhu et al. is 50 dB peak SPL (21), which,

after adding the 80 dB sensational level, equals 130 dB peak SPL,

just like Zhu et al. state (8, 11). Rosengren et al. (22), examining

cVEMP responses in humans using 0.1ms clicks of 138.7 dB peak

SPL, report a crest factor of up to 33.4 dB between peak SPL and the

A-weighted, 1 s integrated SPL. In fact, 130 dB peak SPL, depending

on the integration time used, may be equivalent to or<100 dB SPL.

The first cVEMP studies in healthy people reported usage of 0.1ms

clicks delivered at 145 dB SPL (23, 24), which might have been 145

dB peak SPL, which in any case is much higher than the intensities

used by the Zhu-group in rats. In standard clinical cVEMP practice,

themaximum intensity used is 135–140 peak SPL (25). Thereby, the

intensities used by the Zhu-group are similar to or even below the

values used clinically, and extrapolation to humans is therefore not

hindered, as Curthoys et al. suggest (1). The focus on this core issue

is shifted away in the review of Curthoys et al. (1) by the description

of behavioural threshold differences between the rat, guinea pig,

and humans, and related flawed speculations of the physical sound

intensity used by Zhu et al. (8, 11).

Summary

In its current form, the review advocates for the continued

use of cVEMP as a specific measure of saccular function. Yet

this endorsement rests on a misrepresentation of the studies and

findings by Cazals et al. (6), Uchino et al. (13–15), and Zhu et al.

(8, 11), as demonstrated herein. Moreover, the appropriateness of

using rate-change as a criterion for irregular afferent activation has

been questioned, given that it necessitates a stimulus paradigm that

is not applicable to cVEMP testing.

Finally, and most clinically relevant, is the recognition that an

intact VEMPdoes not imply normalmacular function. Clinicians

should be particularly aware of this limitation when managing

patients with vestibular disorders.

Author contributions

JK: Conceptualization, Data curation, Formal analysis,

Investigation, Methodology, Writing – original draft, Writing –

review & editing. HK: Conceptualization, Data curation, Formal

analysis, Investigation, Methodology, Supervision, Writing –

original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for

the research, authorship, and/or publication of this article. JK is

currently in a PhD-fellowship partly sponsored by a grant from

Willam Demant Foundation.

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.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no impact

on the peer review process and the final decision.

Generative AI statement

The author(s) declare that Gen AI was used in the creation

of this manuscript. Microsoft Copilot (GPT-5) was used during

the preparation of this opinion piece to review the argumentation

and to support clear and balanced descriptions of the rhetorical

devices used in the review paper under discussion. It was

also used for minor punctuation checks. It was otherwise

not used to draft, edit, or revise any substantive written

content.

Any alternative text (alt text) provided alongside figures in

this article has been generated by Frontiers with the support of

artificial intelligence and reasonable efforts have been made to

ensure accuracy, including review by the authors wherever possible.

If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Frontiers inNeurology 03 frontiersin.org

https://doi.org/10.3389/fneur.2025.1705995
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Kjærsgaard and Kingma 10.3389/fneur.2025.1705995

References

1. Curthoys IS, Fröhlich L, McGarvie L, Manzari L, Iwasaki S, Dlugaiczyk
J, et al. The neural basis of vestibular evoked myogenic potentials. The
cVEMP is a specific indicator of saccular function. Front Neurol. (2025)
16:1644120. doi: 10.3389/fneur.2025.1644120

2. Kjærsgaard JB, Hougaard DD, Kingma H. Thirty years with
cervical vestibular myogenic potentials: a critical review on its
origin. Front Neurol. (2024) 15:1502093. doi: 10.3389/fneur.2024.15
02093

3. Kingma H, van de Berg R. Chapter 1—Biophysics of the vestibular
system. In: Bronstein AM, editors. Oxford Textbook of Vertigo and Imbalance.
Oxford: Oxford University Press. (2025). doi: 10.1093/med/9780198834380.003.
0001

4. WilsonVJ, Jones GM.MammalianVestibular Physiology—Chapter 3, 1st edn. New
York, NY: Springer (1979).

5. Curthoys IS, MacDougall HG, Vidal PP, de Waele C. Sustained and transient
vestibular systems: a physiological basis for interpreting vestibular function. Front
Neurol. (2017) 8:117. doi: 10.3389/fneur.2017.00117

6. Cazals Y, Aran JM, Erre JP, Guilhaume A, Aurousseau C. Vestibular acoustic
reception in the Guinea pig: a saccular function? Acta Otolaryngol. (1983) 95:211–
7. doi: 10.3109/00016488309130937

7. WelgampolaMS, Carey JP.Waiting for the evidence: VEMP testing and the ability
to differentiate utricular versus saccular function. Otolaryngology Head Neck Surg.
(2010) 143:281–3. doi: 10.1016/j.otohns.2010.05.024

8. Zhu H, Tang X, Wei W, Mustain W, Xu Y, Zhou W. Click-
evoked responses in vestibular afferents in rats. J Neurophysiol. (2011)
106:754–63. doi: 10.1152/jn.00003.2011

9. Curthoys IS, Vulovic V, Burgess AM, Sokolic L, Goonetilleke SC. The response
of guinea pig primary utricular and saccular irregular neurons to bone-conducted
vibration (BCV) and air-conducted sound (ACS). Hear Res. (2016) 331:131–
43. doi: 10.1016/j.heares.2015.10.019

10. Young ED, Fernández C, Goldberg JM. Responses of squirrel monkey vestibular
neurons to audio-frequency sound and head vibration. Acta Otolaryngol. (1977)
84:352–60. doi: 10.3109/00016487709123977

11. Zhu H, Tang X, Wei W, Maklad A, Mustain W, Rabbitt R, et al.
Input-output functions of vestibular afferent responses to air-conducted clicks
in rats. J Assoc Res Otolaryngol. (2014) 15:73–86. doi: 10.1007/s10162-013-
0428-6

12. Huang J, Tang X, Xu Y, Zhang C, Chen T, Yu Y, et al. Differential activation of
canal and otolith afferents by acoustic tone bursts in rats. J Assoc Res Otolaryngol. (2022)
23:435–53. doi: 10.1007/s10162-022-00839-1

13. Uchino Y, Kushiro K. Differences between otolith- and semicircular canal-
activated neural circuitry in the vestibular system. Neurosci Res. (2011) 71:315–
27. doi: 10.1016/j.neures.2011.09.001

14. Kushiro K, Zakir M, Ogawa Y, Sato H, Uchino Y. Saccular and utricular
inputs to sternocleidomastoid motoneurons of decerebrate cats. Exp Brain Res. (1999)
126:410–6. doi: 10.1007/s002210050747

15. Kushiro K, Zakir M, Sato H, Ono S, Ogawa Y, Meng H, et al. Saccular and
utricular inputs to single vestibular neurons in cats. Exp Brain Res. (2000) 131:406–
15. doi: 10.1007/s002219900312

16. Curthoys IS. A critical review of the neurophysiological evidence underlying
clinical vestibular testing using sound, vibration and galvanic stimuli. Clin
Neurophysiol. (2010) 121:132–44. doi: 10.1016/j.clinph.2009.09.027

17. Colebatch JG. Sound conclusions? Clin Neurophysiol. (2010) 121:124–
6. doi: 10.1016/j.clinph.2009.09.026

18. McCue MP, Guinan JJ. Acoustically responsive fibers in the vestibular nerve
of the cat. J Neurosci. (1994) 14:6058–70. doi: 10.1523/JNEUROSCI.14-10-060
58.1994

19. Luis L, Zhu H, Costa J, Valls-Solé J, Brandt T, Zhou W, et al. Reply to the
commentary on Luis et al. “spontaneous plugging of the horizontal semicircular
canal with reversible canal dysfunction and recovery of vestibular evoked myogenic
potentials” Otol Neurotol. (2014) 35:379–83. doi: 10.1097/MAO.00000000000
00198

20. Laukli E, Burkard R. Calibration/standardization of short-
duration stimuli. Semin Hear. (2015) 36:3–10. doi: 10.1055/s-0034-13
96923

21. Stewart C, Yu Y, Huang J, Maklad A, Tang X, Allison J, et al. Effects of
high intensity noise on the vestibular system in rats. Hear Res. (2016) 335:118–
27. doi: 10.1016/j.heares.2016.03.002

22. Rosengren SM, Govender S, Colebatch JG. The relative effectiveness of different
stimulus waveforms in evoking VEMPs: significance of stimulus energy and frequency.
J Vestib Res. (2009) 19:33–40. doi: 10.3233/VES-2009-0345

23. Welgampola MS, Colebatch JG. Vestibulocollic reflexes: normal
values and the effect of age. Clin Neurophysiol. (2001) 112:1971–
9. doi: 10.1016/S1388-2457(01)00645-9

24. Colebatch JG, Halmagyi GM, Skuse NF. Myogenic potentials generated by
a click-evoked vestibulocollic reflex. J Neurol Neurosurg Psychiatry. (1994) 57:190–
7. doi: 10.1136/jnnp.57.2.190

25. 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

Frontiers inNeurology 04 frontiersin.org

https://doi.org/10.3389/fneur.2025.1705995
https://doi.org/10.3389/fneur.2025.1644120
https://doi.org/10.3389/fneur.2024.1502093
https://doi.org/10.1093/med/9780198834380.003.0001
https://doi.org/10.3389/fneur.2017.00117
https://doi.org/10.3109/00016488309130937
https://doi.org/10.1016/j.otohns.2010.05.024
https://doi.org/10.1152/jn.00003.2011
https://doi.org/10.1016/j.heares.2015.10.019
https://doi.org/10.3109/00016487709123977
https://doi.org/10.1007/s10162-013-0428-6
https://doi.org/10.1007/s10162-022-00839-1
https://doi.org/10.1016/j.neures.2011.09.001
https://doi.org/10.1007/s002210050747
https://doi.org/10.1007/s002219900312
https://doi.org/10.1016/j.clinph.2009.09.027
https://doi.org/10.1016/j.clinph.2009.09.026
https://doi.org/10.1523/JNEUROSCI.14-10-06058.1994
https://doi.org/10.1097/MAO.0000000000000198
https://doi.org/10.1055/s-0034-1396923
https://doi.org/10.1016/j.heares.2016.03.002
https://doi.org/10.3233/VES-2009-0345
https://doi.org/10.1016/S1388-2457(01)00645-9
https://doi.org/10.1136/jnnp.57.2.190
https://doi.org/10.1016/j.clinph.2013.11.042
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Opinion: the neural basis of vestibular evoked myogenic potentials. The cVEMP is a specific indicator of saccular function
	Introduction
	Discussion
	Clinical relevance of cVEMP: is cVEMP really a test of saccular function?
	Specificity of cVEMP: is the cVEMP predominantly reflecting the function of saccular hair cells? Are other hair cells in the labyrinth involved too?
	Co-activation of the utricle and its projections to the SCM
	The definition of activated afferents
	The sound intensity used in the rat studies

	Summary
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


