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The  skull  vibration-induced  nystagmus  test  (SVINT)  is  a global  vestibular  test  stimulating  otoliths  and
semicircular  canals  at a frequency  of  100  Hz,  not  modified  by vestibular  compensation,  which  may  reveal
vibration-induced  nystagmus  (VIN).  Bone-conducted  vibration  applied  to  the  mastoid  processes  and  the
vertex instantaneously  induces  predominantly  low-velocity  (∼10◦/s)  horizontal  nystagmus,  with  rapid
phases  beating  away  from  the  affected  side  in patients  with  unilateral  vestibular  loss  (UVL).  VIN  starts  and
stops  immediately  with  stimulation,  is  continuous,  reproducible,  beats  in  the  same  direction  irrespective
of  which  mastoid  process  is stimulated,  with  no or little  habituation.  The  SVINT  acts  like a  vestibular
Weber  test.  In  peripheral  UVL,  the  SVINT  is a good  marker  of  vestibular  asymmetry  and  demonstrates
pathological  nystagmus  beating  towards  the  healthy  side  in 90%  of cases  of  vestibular  neuritis,  71%  of
cases  of  Menière’s  diseases  and  44  to 78%  of  vestibular  schwannomas.  In superior  semicircular  canal
dehiscence,  VIN  usually  beats  towards  the  affected  side  due  to facilitation  of bone  conduction  related  to

the presence  of  a  third  window.  Stimulation  of  the vertex  is  more  effective  than  in UVL  patients,  with
sensitivity  extending  to  higher  frequencies,  up  to 700  Hz. Observation  of  vibration-induced  nystagmus
then  reveals  equally  represented  vertical,  torsional,  and  horizontal  components  beating  towards  the
affected  ear, suggesting  dominant,  but not  exclusive,  stimulation  of  the  dehiscent  superior  semicircular
canal.

©  2020  Elsevier  Masson  SAS.  All  rights  reserved.
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1. Introduction

Clinicians managing patients with vertigo need to complete
their clinical examination by first-line examinations in order to
refine the otoneurological diagnosis towards a central or peripheral
lesion, identify the affected side and guide subsequent vestibular
explorations, or imaging. The skull vibration-induced nystagmus

test (SVINT), described incidentally and anecdotally by Lücke in
1973 [1], has been used in clinical practice since 1999 and has
been developed by the Grenoble group [2–4] as a robust, rapid,

Abbreviations: SCC, semicircular canal; SSCD, superior semicircular canal dehis-
cence; HST, Head Shaking Test; UVL, unilateral vestibular loss; PUVL, partial
unilateral vestibular loss; TUVL, total unilateral vestibular loss; VIN, vibration-
induced nystagmus; VOR, vestibulo-ocular reflex; SVINT, skull vibration-induced
nystagmus test; SPV, slow-phase velocity.
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on-invasive test, that can be performed as a bedside examina-
ion. This test explores the vestibulo-ocular reflex (VOR) at high
requencies (100 Hz) not studied by the usual vestibular tests [4].
ibration-induced nystagmus (VIN) is not modified by vestibular
ompensation at these high frequencies. The physiological basis of
his test has been recently clarified by the work of Curthoys et al.
5] in a healthy animal model with no labyrinthine bone lesion,
emonstrating that 100 Hz stimulation of otoliths and semicircular
anals (SCC) was  effective, while only otoliths were stimulated at
00 Hz.

This work completes a previous review published in 2016 [6]
y specifying the positivity criteria, the origin of vibration-induced
ystagmus, its optimal frequency, and the possible use of this test

n paediatric ENT.

. Technique
The SVINT is performed on a sitting patient and the induced
ystagmus is observed with Frenzel goggles or under videonys-
agmoscopy/videonystagmography. The subject must maintain a
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Fig. 1. Stimulation protocol. The examiner stands in front of or behind the subject in orde
the  EAC (Vibrator 3F Synapsys 30, 60, 100 Hz). Each mastoid process is stimulated succes
The  test is repeated 2 to 3 times to confirm its reproducibility.

Table 1
Vibration amplitudes and accelerations depending on the frequency of the
pacemaker.

Frequency Amplitude (mm)  Acceleration (m/s2)

50 Hz 0.21 10.3
60  Hz 0.16 11.7
100  Hz 0.06 11.5
150  Hz 0.03 14.8
200  Hz 0.02 18.8
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Values given for the most used frequencies in the clinic. Bruel and Kjäer manufac-
turer data (Naerum; Denmark). The Bruel and Kjäer stimulator is likely to provide
stimulations of 10 to 800 Hz.

midline gaze, looking straight ahead, with the eyes wide open and
blinking as little as possible. Any visual fixation is suppressed by
masking the other eye to avoid inhibition of the VOR. This test is
well tolerated in both adults [7] and children [8].

2.1. Stimulation

The examiner performs the test by standing either in front of or
behind the patient, firmly holding the vibrator, preferably with his
dominant hand to ensure greater reproducibility (Fig. 1) [9].

Several vibrators are available on the market and have been used
by our group:

• VVIB 3F (30–60–100 Hz), VVIB 100 Hz Synapsys, France;
• ISV 1 or IP 500 Amplifon, France;
• VVSED 500 Euroclinic, Italy;
• NC 70209, North Coast Medical Inc., USA.

Vibrators should preferably have a cylindrical contact surface,
2 cm in diameter, covered with a layer of felt or thin rubber, to
ensure sufficient comfort and efficiency. To be effective, the vibrator
must have a vibration amplitude > 0.02 mm and a sufficient mass
(Table 1) [7]. The vibrator must be applied perpendicular to the
mastoid process or at the vertex. The examination requires a total
of 3 stimulation sequences, each lasting 5 to 10 seconds: the two
mastoid processes and the vertex are stimulated successively. At
the mastoid process, the vibrator is applied behind the auricle, at

the level of the external auditory canal (Fig. 1). The examiner must
avoid stimulating the tip of the mastoid process, which can trigger
proprioceptive stimulation of the trapezius and sternocleidomas-
toid muscles. A force of about 10 N or 1 kg is exerted. The examiner

T
v
p
w

2

r to use his dominant hand. Mastoid stimulation is applied behind the auricle, over
sively, followed by the vertex. The duration of stimulation is 5 to 10s on each site.

ses his free hand to keep the patient’s head in the correct posi-
ion. For very high-frequency stimulation, a Bruel and Kjäer type
718 amplifier (Naerum, Denmark) drives a hand-held Mini-Shaker
ype 4810 (Bruel and Kjäer, Naerum Denmark) weighing about 1 kg.
ibration amplitudes and accelerations depend on the frequency:
ibration amplitudes range from 0.02 to 0.2 mm and accelerations
ange from 10 to 20 m/s2 (Table 1). These values are presented only
s a guide to the choice of equipment.

.2. Positivity criteria

Three strict criteria are required [2–4,7]:

VIN starts and stops with stimulation, does not present any sec-
ondary reversal, is constant on both mastoid processes, and beats
in the same direction. For example, VIN beating towards the right
on the right mastoid process and towards the left on the left
mastoid process is not significant: The test is negative;
the slow-phase velocity (SPV) of the VIN must be > 2.5◦/s;
it is reproducible and must be identical or similar on two  succes-
sive tests.

.3. Doubtful cases

When only 2 of the 3 criteria are met, the test is considered to
e doubtful:

criterion 1 is not met: For example, VIN is obtained on only one
mastoid process or only at the vertex, while criteria 2 and 3 are
positive;
criterion 2 is not met: Slow-phase velocity (SPV) ≤ 2.5◦/s, while
criteria 2 and 3 are positive;
criterion 3 is not met: This situation is highly unlikely when crite-
ria 1 and 2 are met, and tends to suggest that the test was  not
performed correctly.

VIN can be recorded by 2D or 3D videonystagmography (VNG).
s with any VNG recording, complete absence of make-up facil-

tates pupil detection. The main results of the test according
o the partial or total nature of the deficit are summarized in

able 2. Total unilateral vestibular loss (TUVL) occurs in a context of
estibular neurotomy, operated cerebellopontine angle tumours or
etrous temporal bone fractures with rupture of the bony labyrinth
all; partial unilateral vestibular loss (PUVL) occurs in a context
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Table  2
Results of the vestibular bone vibration test based on pathology.

Disease Optimal
stimulus
frequency

Lateralisation VIN direction VIN features SPV Structures
predominantly
stimulated

TUVL 100 Hz 98% cases + Healthy side
100%

Predominantly horizontal component 10.83◦/s (SD 6.81) Lateral SCC

PUVL 100 Hz 75% cases + Healthy side
91%

Predominantly horizontal component 7.5◦/s (SD 7.49) Canals and
utricle

SSCD  60 to 800 Hz
Optimal at
400 Hz

88% cases+ Pathological
side
95%

Torsional and especially vertical component 2.5 to 6◦/s Superior SCC

TUVL: total unilateral vestibular loss; PUVL: partial unilateral vestibular loss; SSCD: superior semicircular canal dehiscence; SPV: slow-phase velocity.
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Fig. 2. Interpretation of the results. The SVINT acts as a vestibular Weber test. Unilat
type  of VIN is induced, beating towards the healthy side. Irritative syndrome or facil
dehiscence: the VIN beats towards the affected side.

of vestibular neuritis, acute peripheral vestibular nerve deficits,
chemical labyrinthectomy (intratympanic gentamicin injections),
and vestibular schwannomas managed by simple observation. Fig. 2
shows the basic elements that help to guide interpretation of the
observed VIN. When posturographic analysis is decided to deter-
mine the absence of a possible influence of vestibular compensation
on the SVINT in relation to posture, a portable vibrator attached
to the patient’s skull by means of an elastic band should be pre-
ferred to a vibrator held in the examiner’s hand in order to avoid
pressure forces that can alter lateralisation (parameter X) of the
posturographic recording. The vibrator designed by Magnusson
[10] delivering an 85 Hz stimulation frequency or the Vibrasens
80 Hz system (Techno Concept, France) is recommended in this
situation.

3. Discussion

The skull vibration-induced nystagmus test is a recently devel-
oped (1999), robust, simple and non-invasive, screening test used

in routine clinical practice that acts as a vestibular Weber test. The
tolerability of the SVINT has been studied in 18,500 patients [9].
This rapid, non-invasive, first-line examination instantly reveals
any vestibular asymmetry, even in patients with very longstanding

c
t
i
h

3

stibular loss (TUVL and PUVL) associated with impaired caloric function: a lesional
 of bone conduction toward the pathological side, as in superior semicircular canal

nd compensated unilateral vestibular loss. It is not modified by
estibular compensation, which makes it a useful test in occupa-
ional and forensic medicine. The simple test technique must be
igorously applied and vibration-induced nystagmus positivity and
cceptability criteria must satisfy strict characteristics of repro-
ucibility, consistency on the 2 mastoid processes and a minimum
PV (> 2.5◦/s). This test is very useful in the presence of a per-
orated eardrum, which contraindicates the water caloric test or
n the presence of external auditory canal agenesis or malfor-

ation. In older subjects with atherosclerosis or osteoarthritis
f the neck, it is less invasive than the head shaking test (HST)
r the video head impulse test (VHIT). The SVINT is well tol-
rated in children and easier to perform than caloric testing or
HIT [8]. The test is useful for monitoring the course of a disease,
bjectively and simply confirming the efficacy of treatment, for
xample: chemical labyrinthectomy by intratympanic gentamicin
n debilitating Meniere’s disease. It is a reliable marker of vestibular
eafferentation, not modified by vestibular compensation. Recent
xtension of the applications of this test includes its use in the pre-

ochlear implantation vestibular assessment. It is also used to guide
he choice of implantation side in the case of unilateral cochlear
mplantation, especially in children [8]. In cases of conductive
earing loss with a normal eardrum, observation of torsional and
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horizontal components of VIN beating towards the affected side,
with extended sensitivity to very high frequencies (500–700 Hz) is
highly suggestive of superior semicircular canal dehiscence (SSCD)
[11,12]. In this condition, the presence of VIN ipsilateral to the
lesion can be explained by facilitation of bone conduction and
decreased labyrinthine impedance on the side of the dehiscent
canal related to the presence of a third window. The dehiscent canal
is therefore more intensely stimulated and 3D recordings show
a high proportion of torsional and vertical components mainly
corresponding to stimulation of the superior semicircular canal
concerned. In most other forms of unilateral vestibular loss (UVL),
VIN usually beats towards the healthy side due to preferential
stimulation of the intact side [13] (Fig. 2). The SVINT is comple-
mentary to other vestibular tests in multi-frequency analysis of the
vestibule. It is a global test because vibrations stimulate the SCCs
and the otolith organ at 100 Hz, but with a predominant semicircu-
lar canal contribution. In UVL, the SCC and otoliths (mainly utricle)
on the intact side are stimulated to equivalent degrees at a stimula-
tion frequency of 100 Hz. However, as the horizontal semicircular
canal, due to its structure, responds primarily to unidirectional
stimulation, this canal will demonstrate this asymmetry by pre-
dominantly contributing to vibration-induced nystagmus, whereas
the only remaining utricular otolith is able to respond to bidirec-
tional stimulation, due to the different orientation of the kinocilia
on either side of the striola (line of polarity reversal) and their dis-
tribution for a 180◦ response azimuth, thus revealing less marked
asymmetry [13]. Consequently, a predominantly horizontal VIN is
observed at 100 Hz, but is absent at 500 Hz, which corresponds to
the characteristics of the frequency spectrum of semicircular canal
responses. This test does not provide any accurate information
about the site of the lesion in the vestibulo-ocular reflex arc, but
is more sensitive to demonstrate a peripheral rather than a central
lesion [7].

The skull vibration-induced nystagmus test is a good marker

of a high-frequency vestibular asymmetry, and the nystagmus
observed is more relevant from a canal than an otolith contribution.
This easy-to-perform and clinically useful test should be performed
in all patients undergoing vestibulometry assessment.
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