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Purpose: This review article provides the readers with an in-depth insight in understanding and interpreting
various research literatures on the masseter vestibular evoked myogenic potentials (mVEMP). The article also
reviews the contemporary researches involving the clinical applications of the mVEMP.

Conclusions: Masseter VEMP is an evolving yet clinically promising neuro-otology test tool that has recently
gained more research interest and is considered an additional tool to diagnose various vestibular disorders.
Masseter VEMP assesses the functional integrity of the acoustic-masseteric and vestibulo-masseteric reflex
pathways. The mVEMP could be used as a complementary test to evaluate the same peripheral generator as the
cervical VEMP but a different central pathway i.e., vestibulo-trigeminal pathway. Various research studies that
have experimented on parameters such as the effect of different electrode montages (zygomatic vs mandibular
configurations), stimulation rates, filter settings and stimuli used to evoke mVEMP have been discussed in this
article that could assist in the optimization of a comprehensive clinical protocol. The latency and the amplitude
of mVEMP waveforms serve as significant parameters in differentiating normals from those of the clinical
populations. Along with the cVEMPs and oVEMPs, mVEMP might help diagnose brainstem lesions in REM Sleep
behaviour disorders, Multiple Sclerosis and Parkinson’s disease. However, further studies are required to probe

in this area of research.

1. Introduction

Vestibular evoked myogenic potential (VEMP) is clinically a prom-
ising neurophysiological test tool that assesses the functional integrity of
the saculocollic and otolith ocular reflex pathways. VEMPs are obtained
preferentially from the otoliths and not from the semicircular canals,
making it an efficient clinical tool to assess the otoliths and their
respective pathways. VEMP is a short latency electromyogram (EMG)
potential that can be evoked by loud air conduction sounds (Colebatch
et al., 1994), bone conduction vibrations applied to the skull (Todd
et al., 2007), and/or galvanic stimulations (Watson et al., 1998) pro-
vided to the vestibular end organs. Clinically, air conduction clicks/tone
burst stimuli are used to record the VEMP.

The vestibular system is typically insensitive to the acoustic stimulus.
However, a high-intensity acoustic stimulus can stimulate the vestibular
system. It has been found that individuals with profound hearing loss
have the presence of VEMPs, whereas it is absent for individuals with
both cochlear and vestibular loss (Bickford et al., 1964; Colebatch and

Halmagyi, 1992). Bickford and colleagues discovered a response recor-
ded at inion to loud clicks, which were present solely during the
contraction of the sternocleidomastoid muscle of the neck (Cody et al.,
1964, 1969). This suggests that the responses are myogenic in origin.
Researchers have obtained the VEMP responses from various muscles
such as neck extensor muscles, masseter muscle, soleus muscle,
gastrocnemius muscle, triceps muscle and the inferior oblique muscle
(Wu et al., 1999; Deriu et al., 2007; Todd et al., 2007; Ruddisil & Hain,
2008; Cherchi et al., 2009; Cunha et al., 2014).

Originally, VEMP was recorded from the sternocleidomastoid (SCM)
muscle, which is known as the cervical vestibular evoked myogenic
potentials(cVEMP) (Colebatch and Halmagyi, 1992; Colebatch et al.,
1994). Later, another test method was adopted where the myogenic
response potentials were recorded by placing the electrodes at the
inferior oblique muscle. This is known as ocular vestibular evoked
myogenic potentials(oVEMP) (Rosengren et al., 2005). Since then, the
cVEMP and the oVEMP have been the widely practised vestibular tests
employed to evaluate the integrity of the sacculo-collic and the
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utriculo-ocular pathways, respectively. Recently, a new electro-
myogenic test known as masseter VEMP (mVEMP) has gained more
research and clinical interest. mVEMP assesses the integrity of the
vestibulo-trigeminal pathway (Deriu et al., 2005). During the mVEMP
recording, the surface electrodes are applied to the tonically contracted
masseter muscles to record the myogenic responses obtained bilaterally.

2. Masseter VEMP (mVEMP)

Research studies have demonstrated that tonically activated
masseter muscles in healthy individuals manifest a short-latency
inhibitory EMG response bilaterally in response to galvanic/acoustic
stimulations (Meier-Ewert et al., 1974; Deriu et al., 2003, 2005). These
short-latency electromyogram potentials are recorded from the masseter
muscles and are thus denoted as masseter vestibular-evoked myogenic
potentials (Masseter VEMP or mVEMP). The electrode is positioned on
the lower third of the superficial layer of the masseter muscle (Meier--
Ewert et al., 1974; Deriu et al., 2003, 2005, 2007). The typical electrode
placement for recording mVEMP is provided in fig. 4.

A preliminary study showed that the acoustic jaw reflex was present
only in those with normal hearing and intact auditory nerves (Meier--
Ewert et al., 1974). Hearing-impaired patients with intact vestibular
systems did not manifest any sort of jaw reflex to intense acoustic
stimulations around 90-100 dB. Thus, the authors presumed that the
acoustic-jaw reflex originates from the cochlear receptors, not the
vestibular end organs. They also stated that it could be a sign of local
protection or the startle reflex towards loud sounds (Meier-Ewert et al.,
1974).

In contrast, a study by Deriu et al. (2003) reported the presence of an
inhibitory reflex recorded from the masseter muscle on unilateral and
bilateral galvanic vestibular stimulations. They found a biphasic po-
tential at p11/n15 latencies. They demonstrated An interesting method
where the inhibitory responses were recorded by tilting the subjects on
both sides to 30°. During the head tilt procedure, it was found that the
p11/n15 responses were asymmetrically modulated. This proved that
the responses are vestibular and not from the auditory system. Fig. 1
shows the typical mVEMP recorded from a young, healthy subject.

Fig. 1 can be inserted here.

Deriu et al. (2005) showed that the p11 peak was present when loud
clicks were provided whereas, p16 was observed when the sound was
given at lower stimulus level. The intensity levels for elicitation of p16
peak is around 98-113 dBSPL and the intensity levels for elicitation of
pl1 peak ia around 128-138 dBSPL(De Natale et al., 2018). It was re-
ported that the p11 responses were asymmetrically modulated when the
subjects were asked to tilt their heads on both sides. Interestingly, this
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asymmetrical modulation was not observed with the p16 peak, showing
that this response is of pure cochlear origin. The authors concluded that,
on providing loud acoustic stimuli such as 100dbnHL clicks, we can
observe two partially overlapping reflexes originating from both the
hearing and the vestibular end organs. The predominantly visible peaks
during such loud stimulation are p11 and n21 which is basically the
overlap of pl11/n15 (vestibular origin) and p16/n21 (cochlear origin)
responses. At the threshold level of the stimulus, only p16,/n21 is present
which is predominantly cochlear in origin (Deriu et al., 2005).

The pl1/nl5 responses recorded from the masseter muscle are
similar to the p13/n23 responses obtained in ¢cVEMP from the SCM
muscle (Colebatch et al., 1994). Some of the observed similarities
include (a) both are elicited at higher threshold levels (90-100dBnHL);
(b) both are inhibitory reflex responses (Colebatch and Rothwell 1993);
(c) Elicitation of both reflexes requires tonic contraction of the corre-
sponding muscles; (d) In both the cases, we can observe a positive cor-
relation between the background level of tonic EMG activity and the
amplitude of the responses (Deriu et al., 2005); (e) Both pl1l/nl5
response of mVEMP and p13/n23 responses of cVEMP were observed to
be absent in subjects with vestibular pathologies (Colebatch et al., 1994;
Deriu et al., 2007).

Although the peripheral generators of mVEMP and cVEMP are same,
there are a few noticeable differences between the two potentials. (a)
Responses obtained from the masseter muscle are always bilateral;
conversely, those obtained from the SCM muscle are ipsilateral (Cole-
batch et al., 1994; Deriu et al., 2003, 2005). This could be due to the
nature of the function of those respective muscles. The masseter muscles
work together, assisting in the appropriate positioning of the mandible.
Thus, it is possible to contract both the masseters simultaneously, and
the inhibitory responses can be recorded bilaterally. Vinayagar and
Sinha (2023) reported that the amplitude of the mVEMP to bilateral
sound stimulations is larger compared to the ipsilateral and contralat-
eral sound stimulations.Wang and Young (2003) reported that the
cVEMP amplitude to a binaural stimulus is not different compared to a
monoaural stimulus indicating that the pathway of cVEMP is unilateral.
Also, the corrected amplitude of cVEMP (p13) is approximately 30%
larger than the mVEMP’s amplitude (Deriu et al., 2005). The larger
amplitude for cVEMP could be due to stronger vestibular projections to
the sternocleidomastoid muscle than the masseter muscles(Deriu et al.,
2005). The amplitude of cVEMP could also be due to more muscle
thickness of the sternocliode mastoid muscle compared to the masseter
muscle. Larger cVEMP amplitude compress to oVEMP has also been
reported due to muscle thickness(Bansal et al., 2013).The neck muscles
play a major role in the postural control compared to the masseter
musckle; hence, the vestibular projections to the neck muscles could be

AS5T—T— T VT 71—
0 10 20 30

L e e e e e e M

40 50 60 70

Latency(msec)

Fig. 1. Masseter VEMP waveform consisting of P1 and N1 peak.
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comparatively larger(Deriu et al., 2005).
3. Physiology of the vestibulomassetric reflex

The masseter muscles help in the mastication process by elevating
the mandible and assisting in the occlusion of the teeth, thus main-
taining the jaw against gravity. These muscles support speaking,
chewing, and jaw positioning in static and dynamic situations. (Lund
and Olsson, 1983; Manns et al., 1987). Both auditory and vestibular
stimulations are said to provoke responses from the masseters (Meier--
Ewert et al., 1974; Deriu et al., 2003, 2005). Studies have also provided
quantitative shreds of evidence suggesting that there is an effect on the
tonic masseter muscles during both angular dynamics and tilting of the
head (Hickenbottom et al., 1985; Deriu et al., 2000). Deriu et al. (2000)
reported that the head tilt was found to modulate the masseter muscle
activity, which was macular in origin.

The principal characteristic function of the vestibulo-masseteric re-
flex is to respond to an unanticipated sudden head tilt (Deriu et al.,
2005). For example, the masseter muscles are inhibited when the head is
suddenly dropped down whereas excitation occurs when there is a
sudden pitch up of the head. During such sudden movements of the
head, the vestibular system provides fine-tuned input to the masseters to
maintain the head’s orientation in space. The macular inputs from the
vestibular system are asymmetrical with respect to the orientation of the
jaw during head tilts and this provides evidence that the
vestibulo-masseteric polysynaptic pathway assists in keeping the jaw in
equilibrium with respect to the movement of the head in space (Tolu and
Pugliatti, 1993). Studies also report that the vestibular system modu-
lates rhythmic jaw motions (opening and closing phases alternatively)
required during the mastication process (Hattori et al., 2010).

4. Vestibulo-masseteric and acoustic-masseteric reflex pathways
4.1. Vestibulo-masseteric reflex pathway
Fig. 2 can be inserted here.

The vestibular-masseteric reflex pathway originates from the saccule
located in the inner ear. mVEMP and cervical VEMP have been reported
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to share a common origin: the saccule and inferior vestibular nerve
(Deriu et al., 2005, 2007). When the sensory hair cells of the saccular
macula get stimulated, the information is passed on to the Scarpa’s
ganglion which is then carried along the inferior vestibular branch of the
vestibulocochlear nerve to the brainstem. From the vestibular nerve, the
information is carried out to the ipsilateral medial vestibular nucleus.
From there, the nerve takes a decussation path and ends at the ipsilateral
and contralateral trigeminal motor nuclei via the vestibulo-trigeminal
monosynaptic pathway (VIMP). The decussated VTMP fibers are the
majority in number than the ipsilateral ones (Tolu and Pugliatti, 1993;
Giaconi et al., 2006). From the trigeminal nucleus, the signals are car-
ried to the masseter muscles via the mandibular branch of the trigeminal
motor nerve. The lower third of the masseter muscle is said to receive
comparatively heavy innervation, and thus, electrodes placed on that
specific site yield responses of larger magnitude (Giaconi et al., 2006).
Fig. 2 represents the block diagram of the vestibular-masseteric reflex
pathway. The vestibulomassetric reflex pathways have been confirmed
in animal studies (Tolu and Pugliatti, 1993; Giaconi et al., 2006; Cuc-
curazzu et al., 2007).

4.2. Acoustic-masseteric reflex pathway

Fig. 3 can be inserted here.

Research studies report that stimulation of the auditory pathway can
also bring about changes in the masseter muscles’ potentials, which can
be recorded as inhibitory reflex responses (Meier-Ewert et al., 1974;
Deriu et al., 2005). When the sound stimulates the cochlea, the auditory
nerve fibres carry the auditory information to the ipsilateral dorsal
cochlear nucleus (DCN). From this site, the ipsilateral and contralateral
pathway carries the information to the trigeminal motor nucleus bilat-
erally. Stimulation of one cochlea is carried to both the ipsi- and
contralateral trigeminal nucleus, from which the information is carried
on to the masseter muscles via the mandibular branch of the trigeminal
nerve. Thus, the responses can be recorded bilaterally even on stimu-
lating a single ear. The acoustic-jaw reflex could be a sign of local pro-
tective or the startle reflex towards loud sounds (Meier-Ewert et al.,
1974).

The acoustic-jaw inhibitory reflex pathway could be hypothesized to
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Fig. 2. Schematic diagram of vestibular-masseteric reflex pathway Darker arrows indicate stronger pathway

VTMP- Vestibulo-trigeminal monosynaptic pathway.
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Fig. 3. Schematic diagram of acoustic-masseteric reflex pathway
ATMP- Auditory-trigeminal monosynaptic pathway.
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Fig. 4. Electrode montages used to record mVEMP. (A) Zygomatic electrode montage (B) Mandibular Electrode montage.

be similar to the pathway to the tensor tympani muscle which is also
supplied by the trigeminal motor nerve. The similarity between the two
pathways (The acoustic-masseteric reflex pathway and the tensor
tympani reflex pathway) is both get stimulated as a startle reflex when
there is a loud sound. The tensor tympani reflex pathway also gets
stimulated to non-auditory stimuli and self-generated sounds such as
chewing and swallowing (Mukerji et al., 2010; Edmonson et al., 2022).
Fig. 3 represents the acoustic-masseteric reflex pathway.

5. Electrode montage to record mVEMP

Two distinct belly tendon montages can be employed to record the
mVEMP. The first montage method involves the inverting electrode

placed on the mandibular angle, termed as mandibular reference. In the
second method, the inverting electrode is positioned on the medial point
of the zygomatic arch and is referred as the zygomatic reference (Deriu
et al., 2005). The active or the non-inverting electrode is placed on the
lower third of the masseter muscle and the ground electrode is placed on
the lower forehead. The majority of the researchers have used the
zygomatic reference to record the mVEMP (de Natale et al.,, 2019;
Vignesh et al., 2021; Romero et al., 2022).

When compared between both belly tendon montage methods, the
corrected amplitude, reliability, and the response rate have been re-
ported to be higher for the zygomatic electrode placement than for the
mandibular electrode placement method (de Natale et al., 2019; Loi
et al., 2020). The test-retest reliability of the zygomatic reference
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montage has been reported to be superior compared to that of the
mandibular reference method (Loi et al., 2020). This could be due to the
reduction in the "reference contamination" when the zygomatic config-
uration montage method is employed (Loi et al., 2020; Piker et al.,
2018). However, Thirusangu and Sinha (2022) reported no significant
differences in the latency and amplitude of mVEMP between the two
electrode montage configurations using tone burst stimulus. Also, de
Natale et al. (2019), reported the presence of p11 peak in only one of the
two reference configuration methods. Loi et al. (2020) have suggested
employing both montage configurations to obtain the highest detection
rates in mVEMP (Loi et al., 2020). Fig. 4 shows the two electrode
montages used for recording mVEMP.
Fig. 4 can be inserted here.

6. Test-retest reliability of masseter VEMP

Loi et al. (2020) studied the reliability measure across zygomatic and
mandibular montage configurations using click stimuli and reported
that the zygomatic montage has excellent test-retest reliability
compared to the mandibular montage method. The test-retest reliability
of mVEMP recorded using 500 Hz tone-burst stimuli in young healthy
individuals has been reported to be excellent (Vignesh et al., 2021).
However, there are some variability in latency and amplitude parame-
ters of mVEMP for a few individuals only. The latency is slightly pro-
longed or earlier and the amplitude of mVEMP is either reduced or
enlarged in the second session of test-retest reliability measures
(Vignesh et al., 2021). This could be due to disparity in the placement of
electrodes between the sessions and could be due to minuscule varia-
tions in the extent of masseter muscle contraction (Vignesh et al., 2021).

7. Stimulus parameters
7.1. Types of stimuli

mVEMP can be recorded using both electrical and sound stimulations
(Deriu et al., 2003, 2005). Electrical vestibular stimulations evoke
masseter responses on both sides (Deriu et al., 2003). Current pulses of 5
mA and a frequency of 3Hz are employed to obtain the reflex responses.
The amplitude and the latency of the pl1 wave are indistinguishable
with both electrical and acoustic stimuli; whereas nl5 are barely
noticeable on sound stimulation but it was clear when electrical stimuli
were provided(Deriu et al., 2005). This could be due to a better neural
synchrony with electrical stimulations than acoustic stimulations.

Clicks, Chirp and tone-burst stimuli have been primarily used to
record mVEMP (Deriu et al., 2005, 2007; Ginatempo et al., 2013;
Vignesh et al., 2021; Romero et al., 2022; Sangu Srinivasan et al., 2022;
Thirusangu and Sinha, 2022; Neupane et al., 2023; Vinayagar and Sinha,
2023). Vignesh et al. (2021) compared the mVEMP responses obtained
using tone bursts with that of those obtained with clicks in a study by de
Natale et al. (2015b). It was outlined that the tone burst stimuli pro-
duced more robust p11/n21 peaks than click stimuli; the latencies of the
peaks were more prolonged, and the amplitude was larger when tone
burst was used to elicit mVEMP. The peak-to-peak amplitude of mVEMP
recorded with tone-burst is higher compared to click stimulus(Vinaya-
gar and Sinha, 2023). The mVEMP has been also recorded with ipsi-
lateral, contralateral and binaural stimulations using the 500 Hz tone
burst stimuli(Vinayagar and Sinha, 2023). The only similarity reported
in the mVEMP responses obtained using clicks and tone bursts was that
the corrected amplitude asymmetry ratio of the ipsi- and contralateral
responses were indistinguishable (Vignesh et al., 2021).

Neupane et al. (2023) reported that the latencies of p11-n21 are
shorter when elicited using clicks and 500Hz NB CE-Chirps than
compared to those obtained with 500Hz tonebursts. 500Hz NB
CE-Chirps tend to have earlier stimulus onset time compared to tone-
bursts and this could be the reason for the presence of early latencies
when chirps were procured (Coban et al., 2021; Karacayl et al., 2020;
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Mat et al., 2021). The duration of 500 Hz tone burst stimulus is relatively
longer than that of clicks and chirps stimuli; saccule and the vestibular
nerves are hypothesized to respond effectively when stimulated using a
long-duration stimulus (Cheng et al., 2003; Wu et al., 2007; Singh and
Apeksha, 2014). Research studies generally use a 500 Hz tone burst with
a duration of 10 msec, whereas click is generally 0.1 msec(Singh and
Apeksha, 2014).

8. Repetition rate of the stimuli

Earlier studies have employed repetition rate of 3Hz to elicit m\VEMP
(Deriu et al., 2005, 2007), whereas recent researchers have studied
mVEMP responses using 5Hz stimulation rates irrespective of the stimuli
used i.e. clicks, chirps or tonebursts (Kilinc et al., 2023; Neupane et al.,
2023; Vinayagar and Sinha, 2023; Xie et al., 2022). 5Hz repetition rates
have been reported to produce comparatively better morphology and
replicability of the waveforms in cervical VEMPs since there is a
noticeable intersubject difference in the responses to using higher
repetition rates (Wu et al., 1999).

9. Number of stimuli averages

Deriu et al. (2005) recorded mVEMP using both electrical and
acoustical stimuli. They used 300 to 500 stimuli to average for acous-
tically evoked mVEMP and 800 averages for electrically evoked
mVEMP. Further, all the studies using auditory stimuli such as tone-
bursts and clicks adopted 300 to 500 numbers averages (de Natale et al.,
2015a, 2019; Magnano et al., 2014; Deriu et al., 2007; Vignesh et al.,
2021). Although Deriu et al. (2007) reported the requirement of a higher
number of stimulus averages to record mVEMP, none of the studies has
compared the impact of various stimulus averages on mVEMP amplitude
and latency.

10. Intensity

Deriu et al. (2005) used the different levels of intensity ranging from
80 to 100 dB nHL click stimulus to record mVEMP and reported the
mVEMP threshold to be 80 dBnHL. The amplitude of the mVEMP varies
at different intensities. The response of mVEMP at 90 dBnHL is 40 %
lesser than 100 dB of click stimuli(Deriu et al., 2005). de Natale et al.
(2019) reported that the pll and n21 components of the vestibulo
masseteric reflex can be detected at 128-138 dB SPL.Vignesh et al.
(2021) reported clear, consistent, and replicable pl1 and n21 wave-
forms in all the forty-four subjects at 125 dB pe SPL.

11. Amplifier gain

Amplification of masseter VEMP by 5000 times reveals a clear,
replicable p11 and n21 peaks (de Natale et al., 2015b, 2019; Magnano
et al., 2014; Deriu et al., 2005; Loi et al., 2020; Vignesh et al., 2021). de
Natale et al. (2018) used amplification of the recorded response by 3000
times for all three VEMPs. No significant reason was mentioned for the
amplification. To date, none of the studies have compared the effect of
different amounts of gain/amplification on recorded mVEMP.

12. Band pass filter

Earlier studies conducted on mVEMP using clicks were carried out
with bandpass filters ranging from 0.3 to 2000 Hz (Deriu et al., 2005,
2007), whereas the subsequent studies used 5-5000 Hz (de Natale et al.,
2015a, 2018, 2019; Magnano et al., 2014; Loi et al., 2020). Studies that
have used click stimuli employed the filter setting of 5-5000 Hz (Mag-
nano et al., 2014, 2016; de Natale et al., 2015a, 2015b, 2018, 2019;
Puligheddu et al., 2019; Loi et al., 2020). For the waveforms obtained
using toneburst stimuli, studies have used filter settings ranging from 0.3
to 2000Hz (Vignesh et al., 2021; Sangu Srinivasan et al., 2022); 5 to
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1500 (Romero et al., 2022); 0.1 to 3000 (Thirusangu and Sinha, 2022;
Vinayagar and Sinha, 2023); 10-1000 Hz (Kilinc et al., 2023). There is
no uniformity in the filter settings used across studies mainly for the
toneburst stimuli which needs to be looked on in the upcoming research
studies. Table 1shows the summary of stimulus and acquisition param-
eters of mVEMP.

Table 1 can be inserted here.

13. Masseter VEMP in a normal population
13.1. Latency and amplitude

Deriu et al. (2005) reported the presence of two short latency re-
sponses evoked by click stimuli at 100 dB that varied in terms of latency,
amplitude, and threshold. At 100 dB, the pl1 wave was noticed at an
average latency of 7.0-9.2ms; often, the n15 wave was detected as just a
minute deflection from the pl11/n21 biphasic waveform. Both the la-
tency and amplitude of the waveform were reported to be equal on ipsi-
and contralateral stimulations. The amplitude of p11-n21 peak complex
of mVEMP to a binaural acoustic stimulation is comparatively larger
than the ipsi- and the contralateral (Deriu et al., 2005, 2007; Vinayagar
and Sinha, 2023). On varying the EMG magnitude level, as EMG levels
increased, amplitude increased while latency remained unchanged
(Deriu et al., 2005; Romero et al., 2022). The latency and amplitude
values obtained in different studies are summarized below in Table 2.

Insert Table 2here.

There is no significant difference in latency or amplitude between
zygomatic and mandibular configurations (de Natale et al., 2019). The
test-retest reliability of mVEMP for both the mandibular and zygomatic
electrode montages are excellent (Loi et al., 2020). Vignesh et al. (2021)
also reported no significant effect of ear and gender on latency and
amplitude of mVEMP. The authors reported a very good test-retest
reliability of the mVEMP in healthy subjects. However, Kilinc et al.
(2023) reported shorter latencies of p11 and n21 for females compared
to males, which could be due to shorter reflex pathways in females
compared to the males. The pl11-n21 amplitude is larger for the
contralateral than the ipsilateral acoustic stimulation (Vinayagar and
Sinha, 2023). This could be due to the difference in the ipsi- and
contralateral vestibulo-masseteric reflex pathways. The larger

Table-1
Stimulus and acquisition parameters used across studies on Masseter VEMP.
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amplitude on stimulation to the contralateral side could be due to the
presence of stronger contralateral vestibulo-trigeminal motor pathways
than the ipsilateral ones (Deriu et al., 1999). However, Vignesh et al.
(2021) reported no significant differences in amplitude parameters be-
tween ipsilateral and contralateral recording in healthy individuals.

14. Masseter VEMP in the clinical population
14.1. Parkinson’s disease

Parkinson’s disease involves degeneration of the brainstem nuclei
(Grinberg et al., 2010). One of the symptoms of this condition is man-
ifested as the mismodulation of neurophysiological responses such as
VEMP. mVEMP, cVEMP, and the oVEMP are reported to be abnormal in
patients with Parkinson’s disease (de Natale et al., 2015a). The ampli-
tude of mVEMP is significantly smaller in patients with Parkinson’s
disease than in the healthy group. There was no significant deviation in
the latency parameters in these populations. The authors concluded that
further studies are required to test the usefulness of VEMPs in different
stages of Parkinson’s disease (de Natale et al., 2015a). The study also
reported that the rate of abnormality was higher in mVEMP (66.7%)
than cVEMP (41.7%) and oVEMP (45.8%), thus proving the efficiency
and sensitivity of masseteric VEMP in identifying brainstem patholog-
ical conditions such as PD. The abnormality of mVEMP increases with
the severity of Parkinson’s disease(de Natale et al., 2015b). The ab-
normality rate is higher for mVEMP than the cVEMP and oVEMP in both
the early and advanced stages of Parkinso’s disease(de Natale et al.,
2015b).

14.1.1. Multiple sclerosis

Magnano et al. (2014) studied mVEMP in sixty patients with multiple
sclerosis. The authors also correlated the results of the mVEMP with the
MRI data in individuals with multiple sclerosis. In mVEMP the peak
latency of p11 and N21 peak are significantly prolonged in individuals
with multiple sclerosis compared to the normal individuals. The authors
reported that the mVEMP was abnormal in 62% of the individuals with
multiple sclerosis, whereas the MRI was abnormal in 70% of the patients
with multiple sclerosis. The MRI results suggested monolateral/or
bilateral supratemporal/cerebellar lesions and in the brainstem in

Stimulus parameters

Acquisition parameters

;0 Authors Type of stimuli used Repetition Number of stimuli Stimulus intensity Amplifier Bandpass
rate averages gain filter

1 Deriu et al. (2005) clicks 3Hz 300 70-100 dB nHL 5000 0.3-2000Hz
2 Deriu et al. (2007) clicks 3Hz 300-500 70-100 dB nHL - 0.3-2000Hz
3 Ginatempo et al. (2013) clicks 5Hz - 143-108 dB SPL - -

4 Magnano et al. (2014) clicks 5Hz 300-500 143-108 dB SPL 5000 5-5000Hz

5 de Natale et al. (2015a) clicks 5Hz 300-500 140 dB SPL 5000 5-5000Hz
6 de Natale et al. (2015b) clicks 5Hz 300-500 140dBSPL 5000 5-5000Hz
7 Magnano et al. (2016) clicks 5Hz 300-500 143-108 dB SPL 5000 5-5000Hz
8 de Natale et al. (2018) clicks SHz 300-500 138 dB SPL 3000 5-5000Hz
9 de Natale et al. (2019) clicks 5Hz 300-500 138 dB SPL & 108 dB 5000 5-5000Hz

SPL
10 Puligheddu et al. (2019) clicks SHz 250-400 138 dB SPL 5000 5-5000Hz
11 Loi et al. (2020) clicks 5Hz 300-500 138 dB SPL & 108 dB 5000 5-5000Hz
SPL
12 Vignesh et al. (2021) Tonebursts (500Hz) 5.1Hz 300 125 dB peSPL 5000 0.3-2000Hz
13 Vignesh et al. (2021) Tonebursts (500Hz) 5.1Hz 300 125 dB peSPL 5000 0.3-2000Hz
14 Romero et al. (2022) Tonebursts (500Hz) 5.4Hz 128 (minimum) 125 dB peSPL 2000 5-1500Hz
15 Vinayagar and Sinha Tonebursts (500Hz) 5.1Hz 300 125 dB SPL 5000 0.1-3000Hz
(2023)
16 Xie et al. (2022) Clicks 5Hz 200-300 125 dB SPL - -
17 Vinayagar and Sinha Tonebursts (500Hz) 5.1Hz 300 125dBSPL 5000 0.1-3000Hz
(2023)
18 Neupane et al. (2023) CE-Chirps, Clicks, Tonebursts 5.1Hz 200 95dBnHL 5000 0.3-1500Hz
(500Hz)
19 Kilinc et al. (2023) Tonebursts (500Hz) 5.1Hz 200 75-100dBnHL - 10-1000Hz
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Table 2
Latency and amplitude value of mVEMP across various studies.
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SL Authors Type of stimulus P11 latency(msec) N21 latency(msec) P11-N21 amplitude complex(pv)
Ni
° Mean Standard deviation Mean Standard deviation Mean Standard deviation

1. de Natale et al. (2019) Clicks 11.37 0.91 19.75 1.61 0.68 0.33

2. Loi et al. (2020),* Clicks 12.0 1.0 20.4 1.3 0.45 0.16

3. Loi et al. (2020)** Clicks 12.1 1.1 20.4 1.4 0.66 0.32

4. Vignesh et al. (2021) 500 Hz tone burst 12.85 1.54 21.25 1.36 1.11 0.46

5. Kilinc et al.(2023) 500 Hz tone burst 15.90 1.68 25.86 1.48 0.13 0.07

*Zygomatic electrode montage.
**Mandibular electrode montage.

98.3% and 71.7% of individuals with multiple sclerosis. Within the
brainstem, midbrain was affected in 38.3%, pons was affected in 68.3%
and medulla in 43.3% of the patients. A good correlation was observed
between the MRI and mVEMP results in multiple sclerosis. The authors
suggested that mVEMP can complement the standard MRI tests in the
early detection of Multiple sclerosis.

Magnano et al. (2016) studied forty-five individuals with multiple
sclerosis using masseter mVEMP, ABR, clinical and MRI data. MRI re-
sults suggested affected midbrain in 45%, affected pons in 73.3% and
affected medulla in 48.9% of the patients with multiple sclerosis. The
authors reported a significant delay in latency and a significant reduc-
tion in amplitude of the mVEMP in multiple sclerosis individuals. The
follow-up examination after 15 months for the individuals with mVEMP
showed significant alterations in clinical and mVEMP with no change in
clinical and MRI tests. The proportion of altered vestibulomassetric re-
flex at baseline was 57.8 %, and it was significantly changed to 71.1 %
during the follow-up. The authors concluded that the combined evoked
potentials and brainstem reflex testing help to track the pathophysiology
of brainstem dysfunction.

Sangu Srinivasan et al. (2022) studied cVEMP, oVEMP and mVEMP
on forty-five patients with multiple sclerosis. They reported that mVEMP
had a higher detection rate (82.22%) of the abnormality than the other
two VEMPs. The authors also observed that mVEMP could potentially
identify those with multiple sclerosis even during the absence of any
clinical and radiological brainstem dysfunctions in them.

14.1.2. REM sleep disorders

de Natale et al. (2018) recorded cVEMP, oVEMP, and mVEMP in
twenty participants with idiopathic REM sleep behaviour disorders and
twenty-two healthy participants. The rate of abnormality of cVEMP was
45% for cVEMP, 50% for oVEMP, and 65% for masseter VEMP in par-
ticipants with idiopathic REM sleep behaviour disorder. The amplitude
for all three VEMPS was reduced in these individuals. The authors
concluded that there is a consistent and extensive brainstem abnor-
mality in idiopathic REM sleep behaviour disorder patients. However,
the authors also warranted testing the potential of VEMPs in detecting
the prognosis of idiopathic REM sleep behaviour disorders over time.

Puligheddu et al. (2019) studied cVEMP, oVEMP, and mVEMP in
seventeen patients with idiopathic random eye movement sleep
behaviour disorder and twenty-two normal individuals. The authors
reported intact VEMP response in only 25 % of patients with an idio-
pathic random eye movement disorder. The authors also reported an
abnormal amplitude asymmetry ratio in individuals with idiopathic
random eye movement sleep behaviour disorder. They concluded that
the VEMP battery with other neurological tests could improve the early
detection of idiopathic random eye movement sleep behaviour disorder.

15. Future clinical applications of masseter VEMP

Vestibular evoked myogenic potentials have been used widely in the
vestibular clinical setup to assess the otolithic organs. The cervical
VEMP assesses the sacullocoliic pathways, whereas, the ocular VEMP
assesses the otolith-ocular pathways. The peripheral generators for

52

cVEMP and oVEMP are the saccule and the utricle, respectively. The
literature on mVEMP has started to emerge recently. However, the much
wider clinical applications of mVEMP need to be explored further. The
peripheral generator of the mVEMP is saccule, the same as that of the
cervical VEMP. However, the two potentials have distinctive neural
pathways; hence the cVEMP and mVEMP provide neurophysiological
information regarding the vestibulo-collic and vestibulo-masseteric
pathways, respectively. Thus, the mVEMP could be employed as a sup-
plementary tool to evaluate the same peripheral generator but a
different central pathway.

It is also evident from various studies that mVEMP is superior to
cVEMP and oVEMP in identifying neural lesions in numerous pathol-
ogies. de Natale et al. (2018) reported abnormal cVEMP in 45% of pa-
tients, abnormal oVEMP in 50%, and abnormal mVEMP in 65% of
patients with idiopathic REM sleep behaviour disorder. Sangu Sriniva-
san et al. (2022) reported that mVEMP had a higher detection rate
(82.22%) of brainstem dysfunction in multiple sclerosis patients. The
detection rate of brainstem abnormality in multiple sclerosis was much
higher for mVEMP compared to the cVEMP and oVEMP. Magnano et al.
(2016) also reported that mVEMP can identify brainstem lesions in
multiple sclerosis patients even without any clinical symptoms and with
normal MRI scan results. The lesions of the medulla also result in
abnormal vestibulomassetric reflexes (Magnano et al., 2014). de Natale
et al. (2015a) reported that the rate of abnormality was higher for
mVEMP (66.7%) than cVEMP (41.7%) and oVEMP (45.8%) in patients
with Parkinson’s disease. Even for the advanced stage of Parkinson’s
disease, the detection rate of abnormal neural pathways is much higher
for mVEMP compared to the cVEMP and oVEMP(de Natale et al.,
2015b). No studies have assessed the vestibulomassetric reflex pathway
in various peripheral vestibular pathologies such as labyrinthitis,
vestibular neuritis, Meniere’s disease, etc. Also, the mVEMP assessing
the neural pathways in various central pathologies is sparse. Hence,
further studies are required to understand the vestibulomassetric reflex
pathways and the effect of different peripheral and central vestibular
pathologies.

16. Conclusion

mVEMP is a new tool to assess the vestibulo-massetric reflex
pathway. Few published studies have explored the clinical application of
mVEMP in a few neural disorders. However, the wide clinical applica-
tion of mVEMP needs to be explored thoroughly. The mVEMP can be
employed as a supplementary tool in clinical vestibular practice.
mVEMP is much easier to administer, does not cause any discomfort to
the subjects, and can be recorded with any equipment used to record the
cervical VEMP.
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