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Objective:  To  establish  optimum  stimulus  frequency  and  location  of  bone  conducted  vibration  provoking
a skull  vibration  induced  nystagmus  (SVIN)  in  superior  semi-circular  canal  dehiscences.
Methods:  SVIN  3D  components  in 40 patients  with  semi-circular  canal  dehiscence  (27  unilateral  and  13
bilateral)  were  compared  with  a  group  of 18  patients  with  severe  unilateral  vestibular  loss  and  a  control
group  of  11 volunteers.
Results: In unilateral  semi-circular  canal  dehiscences,  SVIN  torsional  and  horizontal  components  observed
on vertex  location  in 88% beat  toward  the  lesion  side  in 95%,  and can  be obtained  up to  800  Hz (around
500  Hz  being  optimal).  SVIN  slow-phase-velocity  was significantly  higher  on  vertex  stimulation  at  100
and 300  Hz  (P = 0.04)  than  on  mastoids.  SVIN  vertical  component  is  more  often  upbeating  than  down-
beating.  A  SVIN  was  significantly  more  often  observed  in unilateral  than  bilateral  semi-circular-canal
dehiscences  (P  =  0.009)  and  with  a higher  slow  phase  velocity  (P =  0.008).  In  severe  unilateral  vestibular
lesions  the  optimal  frequency  was  100  Hz  and SVIN  beat  toward  the  intact  side.  The  mastoid  stimulation
was  significantly  more  efficient  than  vertex  stimulation  at 60 and  100  Hz  (P <  0.01).

Conclusion:  SVIN  reveals  instantaneously  in  unilateral  semi-circular  canal  dehiscences  a characteristic
nystagmus  beating,  for the  torsional  and  horizontal  components,  toward  the  lesion  side  and  with a  greater
sensitivity  toward  high  frequencies  on  vertex  stimulation.  SVIN  three  components  analysis  suggests  a
stimulation  of  both  superior  semi-circular  canal  and  utricle.  SVIN  acts  as  a vestibular  Weber  test,  assessing
a vestibular  asymmetrical  function  and  is a useful  indicator  for unilateral  semi-circular  canal  dehiscence.

©  2019  Elsevier  Masson  SAS.  All  rights  reserved.
Abbreviations: BCV, Bone Conducted Vibrations; SCC, semi-circular canal;
CD, Superior canal dehiscence; uSCD, Unilateral superior canal dehiscence; bSCD,
ilateral superior canal dehiscence; UVL, Unilateral vestibular loss; SUVL, Severe
nilateral vestibular loss; SVIN, Skull Vibration Induced Nystagmus; SVINT, Skull
ibration Induced Nystagmus Test; SPV, Slow Phase Velocity of the Nystagmus;
VEMP, cervical Evoked Myogenic Potentials; CaT, Caloric Test; VHIT, VideoHead
mpulse Test; HST, Head Shaking Test.
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1. Introduction

Bone conducted vibrations (BCV) applied to the cranium, a
new modality of stimulation of vestibular receptors are now more
clearly documented [1]. They can provoke otolith stimulations at
frequencies around 200-500 Hz [ocular vestibular evoked myo-
genic potentials (oVEMP) or cervical vestibular evoked myogenic
potentials (cVEMP)] [2] and induce at 100 Hz a Nystagmus named
the Skull Vibration Induced Nystagmus (SVIN). This new global
vestibular test meets the need to find its place (frequency range
analysis) among other first line vestibular tests in the vestibulo-

ocular reflex (VOR) exploration for guidance, orientation to further
explorations or targeted imaging and to show its utility in the
screening of common unilateral vestibular loss (UVL) or less com-
mon vestibular pathologies as a rapid not invasive test with an
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ccurate cost-efficiency rate [3–9]. SVIN evaluates the upper part
f vestibular frequency spectrum for the vestibule-ocular reflex
VOR) exploration (Caloric test occupies the lower part of VOR fre-
uency spectrum at 0.003 Hz; otolith structures are explored at
igher frequencies (200–700 Hz) with EMG  analysis as described
bove). SVIN at 100 Hz acts as a vestibular Weber test and shows
sually a nystagmus with a primarily horizontal component beat-

ng toward the intact side in different common peripheral UVL as
n indicator of asymmetrical vestibular function [7,10]. SVIN may
how various pattern of responses (horizontal, vertical, torsional
omponents) at different locations and frequencies of stimulations
ollowing the pathologies and we hypothesize that SVIN addresses
ifferent structures, i.e. semicircular canals or otolith end organs

nvolved in these pathologies. To our knowledge, this hypothe-
is has not been investigated in clinic for very high frequencies.
n animals (with intact labyrinth), neural evidence shows that the
one conducted vibration stimulates both canal and otolith affer-
nts at 100 Hz but only otoliths at 500 Hz [1,10–14]. In common
estibular explorations a nystagmus is classically observed when
he VOR is stimulated by canal tests (calorics or rotatory test), but

 nystagmus may  also be observed when stimulating otoliths dur-
ng the Off-Vertical Axis Rotation (OVAR) test. In clinical practice
he stimulus frequency for Skull Vibration Induced Nystagmus test
SVINT) is commonly between 60 to 120 Hz [4]. One hundred Hz
s the most commonly used frequency [3,6,15] and is accepted as
he most efficient stimulation. A previous study of frequency tun-
ng in UVL patients [4] used frequencies ranging from 20 to 150 Hz
t constant amplitude of 0.2 mm vibration and optimal frequencies
ere observed between 60 to 120 Hz.

SVIN Test (SVINT) shows usually at 100 Hz in severe unilat-
ral vestibular lesions (SUVL) with labyrinths normally encased in
one, a SVIN beating toward the intact side [10]. In superior canal
ehiscence (SCD), the nystagmus induced by pressure or sound
Hennebert sign, Tullio phenomenon) is ipsilateral torsional and
own beating corresponding to the stimulation of the dehiscent
uperior semi-circular canal (SCC) [16,17]. Similar observation with
ranial vibrations have been reported describing a nystagmus with
ertical and torsional components [18–20]. However, in SCD a hori-
ontal significant component can be observed [21,22] and suggests

 concomitant stimulation of other vestibular structures than the
ole Superior SCC following Flourens and Ewald laws and according
o canal nerves [23] or utricle nerve stimulations [24]. It has been
ypothesized a possible contribution of the utricle in animals by
ullio [25], and in humans [26]. Vestibule bony hyper sensitivity
o high frequencies has been described in animals with artificially
reated SCD [13] but to our knowledge no systematic clinical trials
n SCD patients has so far been reported with SVIN.

The first aim of this study was to design a practical midline stim-
lation reference (front, vertex, occipital) in order to standardize
he results. The second objective was to analyze SVIN responses
Slow phase velocity of the horizontal, vertical and torsional com-
onents of the nystagmus) at higher frequencies (up to 800 Hz)
o establish the optimal frequency stimulation in SCD patients. The
ast aim was to establish SVIN sensitivity when using other vestibu-
ar tests such as cVEMP, caloric test (CaT), Head Shaking Test (HST)
nd video head impulse test (VHIT).

. Participants and methods

.1. Participants
Participants had no history of psychiatric or neurological
isorders and neither patients nor control subjects had taken
edications during at least one month before recordings. All the

articipants gave written informed consent before data collection,
gy, Head and Neck diseases 136 (2019) 263–272

in accordance with the current ethical laws in France and the dec-
laration of Helsinki. The different procedures stimulations were
performed with our CE-marked Skull vibration material, which is
approved by our local ethical committee.

Fourty patients with a SCD without previous surgery were
enrolled between 2001 and 2016 (mean age 54 ± 16 years min-
max: 32–82; 26 women and 14 men). Among them twenty seven
had a unilateral SCD (uSCD) (the mean age was  59 ± 17 years, min-
max: 39–82, with 16 women and 11 men) (they were used in
experiment 3–4) A Sub class of 14 patients (mean age 53 ± 16 years,
min-max: 32–82; 8 women, 6 men) with uSCD were studied in 3D
and was  used in exp 2.

Thirteen had a bilateral SCD (bSCD) (mean age was 54 ± 16 years,
min-max: 32–79, with 10 women  and 3 men; experiment 3 & 4).

Eighteen SUVL patients and 11 subjects for the control group
were enrolled and studied in 3D.

SCD patients were defined by conductive hearing loss on low
frequencies (under 1000 Hz) with a preserved stapedial reflex and
the audiological Weber lateralized toward the lesion. All patients
had a temporal bone CT scan reformatted in the Pöschl plane of the
superior SCC confirming a dehiscence wider than 3 mm (19 had
a Cone Beam and 21 a HRCT). The symptoms included hyperacu-
sis, autophony, pulsatile tinnitus and sound or pressure-induced
vertigo at different degrees or positional vertigo. The presence
of increased amplitude and lower threshold for cVEMP was a
favourable argument but not mandatory. Similarly, the observation
of a Hennebert sign or a Tullio phenomenon (observed in 3 and 5 of
our patients respectively) was  characteristic but seldom observed
and not mandatory. These inclusion criteria are in accordance with
those enacted by Ward et al. [27].

SUVL were defined with a severe unilateral vestibular loss (UVL):
caloric hypofunction higher than 80% (Jongkees formula) and a
vestibular lesion dating more than 6 months. (mean age 60 ± 11
years, min-max: 42–80, 10 women  and 8 men). Eleven were treated
by intratympanic gentamicin, 3 had a vestibular neuritis and 4 a
total UVL (trans labyrinthine surgery or vestibular neurectomy).
Eleven among them were used in experiment No. 1, and the totality
of them in experiment 2.

The subjects (control population) were selected among normal
volunteers (mean age 55 ± 15 years, min-max: 24–70, 7 women
and 4 men). The volunteers were collaborators working at the hos-
pital without any medical history of vertigo, with normal hearing,
normal caloric test and normal VHIT.

2.2. Stimulation and vestibular explorations: vestibular
evaluation

The characteristics of SVIN stimulation were similar in the
different experiments exepted for the topography (exp. 1) and fre-
quency (exp. 2) and yielded differences adapted to the procedure
of each experiment.

The other vestibular tests were used for the systematic inclusion
of patients.

2.2.1. SVIN
The vibratory stimulation was  applied in experiment No. 1 in

different locations on the midline (front, bregma, vertex, occipi-
tal, sub-occipital) to determine optimal midline location for the
following experiments. In experiments 2–4 all participants were
stimulated to the vertex and successively on the left and right mas-
toid during 10 s for each location (each stimulation being separated
by 3 seconds) using the handheld vibrator Minishaker 4810 (Bruel

and Kjaer, Naerum Denmark) with the dominant hand. Participants
were in an upright sitting position. On vertex and bregma, the force
is given by the weight of the vibrator (1 kg) with no additional
pressure; the vibrator being simply maintained in place (Force is
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 kg × 9.81 = 9.81 N). For the mastoid location the static force of
pplication evaluated with force sensors in a previous work was
pproximately 10 N when applied laterally on a manikin simulating
astoid location [28]; on the patients mastoids the stimulation was

etro-auricular level to the external auditory meatus on the left and
hen right side; the recordings were performed under 2D and/or 3D
NG, [i.e. eyes open (direct medial gaze) behind a videoscopic hel-
et, to identify the possible SVIN occurrence and its slow-phase

ye velocity (SPV, in◦/s)].
The nystagmus axis can be horizontal, vertical or torsional and

ts direction can be right or left, upward or downward, rotatory
lockwise or counter-clockwise. This procedure has already been
escribed in detail previously [5,10].

In experiments 1, 3 and 4 frequency was 100 Hz and for experi-
ent 2 frequency varied from 10 to 800 Hz.

.2.2. Caloric test (CaT)
This test was performed using VNG according to the bithermal

30◦ and 44 ◦C) caloric test protocol, with water infusion of the ear
anal for 30 s. A hypofunction > 20% was considered significant.

.2.3. Head-shaking test (HST)
The examiner shook the patient’s head in the horizontal plane

or 20 s at a frequency of 2 Hz, and rotation amplitude of 45 on both
ides and VNG measured the response. The test was  positive when
t least one eye flick or nystagmus was observed.

.2.4. Video Head impulse test (VHIT)
This test was performed on a sitting upright subject with the

HIT Ulmer device [Synapsys Inc., France] at 100 Hz image sam-
ling. This device records eye position and shows possible covert
accades. It also analyses the vestibulo-ocular reflex (VOR) gain. The
xaminer exerted head impulses (10–20 of amplitude) at veloci-
ies higher than 200◦/s in the horizontal, anterior, and posterior
CC planes. The results were considered abnormal for the horizon-
al canal when the ocular VOR response gain was < 80% and for the
ertical canals when the gain was < 70% [29].

.2.5. Cervical Vestibular Evoked Myogenic Potentials (cVEMP)
Patients were positioned supine on a stretcher and were asked

o turn their head contralaterally to the stimulated ear. The pro-
ocol has previously been described in detail in a previous work
21]. The stimuli delivered with a headphone (TDH 39) were short-
one bursts at a frequency of 500 Hz (from 105 dB to 70 dB nHL,
ise/fall time 1 ms,  plateau time 2 ms). cVEMPs were recorded with

 Racia Centor (Racia Biomedical Inc., France). One hundred to 200
timulations were averaged on each side. The percentage of cVEMP
symmetry in patients with unilateral lesions was  measured by
alculating the evoked potential ratio (EPR) as follows EPR = AL-
S/AL + AS × 100, where AS is the smaller P13-N23 peak-to-peak
mplitude and AL is the larger P13-N23 peak-to-peak amplitude.
n unilateral cases, the test was considered positive in our clinic

hen the difference in amplitude between both sides was  greater
han 50%. In bilateral cases, the test was considered positive when
he cVEMP thresholds were lower than 80 dB nHL.

The four experiments were performed by the same examiner
GD) and were conducted in the following order:

.3. Experiment 1: midline location stimulus optimization at
00 Hz
.3.1. Participants
Eleven severe unilateral vestibular lesion (SUVL) out of 18

atients were included: 7 had been treated by intratympanic gen-
amicin, 3 had a vestibular neuritis, one underwent vestibular
gy, Head and Neck diseases 136 (2019) 263–272 265

neurectomy. The mean age was  62 ± 16 years, min-max: 43-80,
with 6 women and 5 men.

2.3.2. Procedure
To identify the optimum site for midline stimulation, experi-

ment No. 1 was  conducted at 100 Hz in SUVL: stimulation during
10 seconds was applied without additional pressure else that the
vibrator own  weight on the cranium midline at frontal (Fz), Bregma
(Br), vertex (Vx), and with the usual hand held pressure for occipital
(Occ) and sub occipital (SOcc) regions. SVIN SPV was  recorded on a
3D video nystagmograph (VNG) (Synapsys, Marseille, Inc, France).

This experiment was  performed before the following experi-
ments to give optimal midline location stimulation.

2.4. Experiment 2: comparison between uSCD, SUVL patients and
normal subjects stimulated at different frequencies and locations.

In this experiment a 3D analysis was  used to verify the influence
of stimulation frequency and location on horizontal torsional or
vertical components.

2.4.1. Participants
Twenty seven had a unilateral SCD (uSCD): 14 cases (mean age

53 ± 1.6 years, min-max: 32–82; 8 women, 6 men) were studied in
3D recording (Table 1) at different frequencies (10–800 Hz).

They were compared to eighteen SUVL patients and to eleven
normal volunteers analyzed in 3D recording.

2.4.2. Procedure
The 18 SUVL patients, 14 uSCD patients and 11 controls (volun-

teers) were stimulated with 10–800 Hz vibration (Minishaker 4810,
Bruel & Kjaer; Naerum; Denmark) on each mastoid process succes-
sively and on the cranium midline vertex. SVIN Horizontal, Vertical
and Torsional components were recorded with a 3D VNG (Synapsys
Inc., France) and SVIN-SPV was analyzed.

2.5. Experiment 3: SVIN Sensitivity in unilateral SCD (uSCD) vs.
bilateral SCD (bSCD)

2.5.1. Participants
Twenty seven uSCD and 13 bSCD patients were included.

2.5.2. Procedure
The stimulation was performed at 100 Hz on the vertex and each

mastoid. SVIN was recorded on 2D VNG and the SVIN SPV was
analysed (left and right side averaged value). The SVIN horizontal
response for both populations was compared. Among the 27 uSCD,
14 were studied in experiment No. 2. Results were expressed in
mean ± SD.

2.6. Experiment 4: SVIN sensitivity in uSCD and bSCD vs other
vestibular tests

SVINT, CaT, HST, VHIT and cVEMP were performed in uSCD
(n = 27) and bSCD (n = 13). The percentages of positive results
(abnormal results) for those vestibular tests were compared in both
groups of patients.

Statistical analysis

Statistical analysis was performed using a ANOVA (Experiment
1–3) and Cochrane Q test (Experiment 4) with GraphPad Prism soft-

ware (GraphPad, Inc., La Jolla, CA, USA). In experiment 2, Anova test
followed by running post-hoc Tukey’s test was performed to assess
optimal frequency and location in the 3 populations. The results are
presented as the mean ± s.e.m.
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Table 1
SVIN in SUVL and uSCD at 100 Hz (Experiment 2).

SUVL Population Vestibular Tests SVIN

n = 18 Age Gender Pathology Side CaTHypo % HST VHIT Mastoid Vertex Vertical

Ipsilat Contralat Ipsilat Contralat

H T H T H T H T Mastoid Vertex

1 58 F ItG R 100 L . . .. - - + + - - - - Dw 0
2  64 F VN L 80 - . . .. - - + + - - + + Up  Up
3  43 M ItG L 82 R LH - - + + - - + + Up  Up
4  63 M ItG L 81 - LH,LP - - + - - - + - 0 0
5  62 M VN R 81 - . . .. - - + - - - + - 0 0
6  74 F ItG R 100 L . . .. - - + + - - + - Up  Up
7  54 F ItG L 82 R LH,LP - - + + - - - - Up  Dw
8  60 F ItG R 99 L . . .. - - + + - - + + 0 0
9  42 M ItG L 80 R . . .. - - + + - - + - Up  0
10  64 F ItG R 84 L . . .. - - + + - - + - 0 0
11  55 M VNect R 98 L RH,RA,RP - - + + - - + + Up  Up
12  45 F ItG R 83 - RH,RA - - + - - - - - 0 0
13  56 F ItG R 100 L RH,RA,RP - - + + - - + - Up  0
14  62 M VN R 80 - . . .. - - + - - - + - 0 0
15  77 F ItG R 98 L RH,RP - - + + - - + + 0 Dw
16  55 M VNect R 100 L RH,RP - - + + - - + - 0 0
17  80 M TLA R 100 L RH,RA,RP - - + + - - + + Up  0
18  62 F TLA L 100 R RH,RA,RP - - + + - - + + 0 0

uSCD  Population Vestibular Tests SVIN

n = 14 Age Gender Estimate size in mm Side CaTHypo % HST VHIT Mastoid Vertex Vertical

Ipsilat Contralat Ipsilat Contralat

H T H T H T H T Mastoid Vertex

1 57 M 5 L . . .. - N + + - - ++ ++ - - Up Up
2  39 F 3 L 67 R LH - - + + - - - - Dw Dw
3  80 M 7 L . . ..  . . .. . . .. - - - - + + - - 0 Up
4  82 F 4 R N - RA + - - - ++ + - - Up Dw
5  66 M 3 L . . ..  - N - - - - + + - - Up Up
6  46 M 5 L N - N + + - - ++ ++ - - Dw Up
7  61 F 5 L N - N + + - - + + - - 0 Up
8  43 F 8 L N L N + + - - + ++ - - 0 0
9  52 F 4 L 80 - N + - - - + - - - Up Up
10  33 F 4 R N - N - + - - + + - - Dw Dw
11  72 M 4 L 30 - N - - + + + + - - Dw 0
12  57 F 4 L N - N - + + - ++ + - - Up Up
13  68 M 3 R N - . . .. - - + - ++ ++ - - Up Up
14  40 F 6 R N - N - - - - + - - - Dw Dw

Population and SVIN 3D results at 100 Hz stimulation for different SVIN components [H: horizontal component; V: vertical; T: torsional] and directions (Up: up beating; Dw: down beating). SUVL: severe unilateral vestibular
lesion;  uSCD: unilateral superior semicircular canal dehiscence. ItG: intratympanic gentamicin; VN: vestibular neuritis; VNrct: vestibular neurectomy. R: right side; L: left side; .  . .: no data. CaT: Caloric Test; HST: Head Shaking
Test  (L: HSN beating toward the left; R: HSN toward the right); VHIT: Video Head Impulse Test (RA: Right anterior canal dysfunction; RH: right Horizontal canal dysfunction; RP = right posterior canal dysfunction; LA, LH,  LP: same
signification for the left side). The estimated dimension of the dehiscence is given in mm.  SVIN [horizontal and torsional components] always beats toward the intact side in SUVL and most often toward the lesion side in uSCD.
An  up beating VIN is commonly observed in uSCD. The SVIN results on mastoid and vertex marked+ or ++ correspond to a semi-quantitative evaluation of the nystagmus intensity.
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Fig. 1. SVIN horizontal, vertical and torsional components Slow phase velocity (SPV) at different frequencies and locations (Exp. 2). The stimulator delivered frequencies from
10  to 800 Hz with the Mini Shaker 4810 [Bruel &Kjaer; Naerum; Denmark]. SUVL: Severe Unilateral Vestibular Lesions (n = 18); uSCD: unilateral superior canal dehiscence
(n  = 14); Controls (n = 11). A, D, G. Horizontal component for the left mastoid [LM], right mastoid [RM] and vertex [VX] in the 3 populations: Controls (A); SUVL (D); uSCD (G).
In  SUVL (patients with lesion associated with an encased labyrinth), the optimal frequency was  100 Hz [P < 0.001]. No responses were observed beyond 300 Hz. Mean values
were:  LM [13.75 ± 2.28◦/s] and RM [12,33 ± 1.81◦/s]. Significantly lower responses are observed on vertex [4.5 ± 1.06◦/s] (P < 0.01). No responses were observed at 10 Hz and
500  Hz. In uSCD higher responses were observed at 500 Hz without significance (tendency) and there was a much wider range of sensitivity spread from 60 Hz  up to 800 Hz.
The  average mean value at 500 Hz for the LM was 4.10 ± 2.51◦/s. Significantly higher responses are obtained on vertex than on mastoids at 300 Hz (P < 0.05). In controls, no
or  few significant responses [VIN inconsistent direction] with a mean value lower than 1 or 2◦/s at 100 or 200 Hz were observed. B, E, H. Vertical component observed on LM,
RM  and VX in the 3 populations. In SUVL, the SVIN-SPV at 200 Hz was small on LM [1.81 ± 0.65◦/s]. In uSCD higher values were observed at 400 Hz on RM [4.46 ± 2.12◦/s]. C,
F V at10
w ectiv
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,  I. Torsional component on LM,  RM,  and Vx in the 3 populations. In SUVL SVIN-SP
as  6.64 ± 3.27◦/s. *; **; *** indicates significance at P < 0.05, < 0.01, and < 0.001 resp

 0.001 respectively, when comparing RM/Vx. ‡;  ‡‡; ‡‡‡  indicates significance at P < 0

Statistically significant differences were accepted for a proba-
ility level of P < 0.05.

. Results

.1. Experiment 1: Optimal location on the midline (SUVL, n = 11)

Horizontal slow phase velocities of the SVIN were normally
istributed. No significant difference was observed whatever the
idline locations at 100 Hz (Repeated measures ANOVA: F = 0.52,

 = 0.87). Vertical slow phase velocities of the SVIN were abnormally
istributed and log-transformation of the data was not possible
several 0 values). No significant difference was observed whatever
he midline locations at 100 Hz (Friedman test: �2 = 3.54, P = 0.47).
imilar results were observed for the torsional component, which
howed low SPV responses.

Therefore, for midline stimulation, the vertex location, which is
n clinical practice the most often used midline location, was arbi-
rary chosen as the midline stimulation reference for experiments
o. 2–4.

.2. Experiment 2
.2.1. Optimal frequency SUVL/uSCD/Controls

.2.1.1. In SUVL (n = 18). The quick phases of SVIN always beat away
rom the affected ear (Fig. 1, Table 1).
0 Hz on LM was very low [2.44 ± 0.72◦/s]. In uSCD, the SVIN-SPV on RM at 500 Hz
ely, when comparing LM/Vx. †;  ††; †††  indicates significance at P < 0.05, < 0.01, and

 0.01, and < 0.001 respectively, when comparing LM/RM.

For the “horizontal component”, different frequencies caused
different SPV values (P < 0.0001), n = 18 (Anova). Comparisons
showed that 100 Hz was the optimal frequency to reveal the
greatest slow-phase velocity of the horizontal SVIN component:
for the right mastoid location, the SVIN SPV was higher at
100 Hz (12.33 ± 1.81◦/s) than all the other frequencies (P < 0.001).
SVIN-SPV 60Hz = 6.52 ± 1.05◦/s (60 Hz vs 100 Hz P < 0.01); 200 Hz
SVIN-SPV = 3.43 ± 0.83◦/s (200 Hz vs 100 Hz P < 0.0001); 500 Hz
SVIN SPV = 0.28 ± 0.05◦/s (500 Hz vs 100 Hz P < 0.0001). Sim-
ilar results were obtained for the left mastoid at 100 Hz
(13.76 ± 2.28◦/s), 30 Hz (6.65 ± 1.84◦/s), 200 Hz (3.87 ± 0.86◦/s),
500 Hz (0.39 ± 0.06◦/s) and with less velocity for the vertex location
(4.5 ± 1.06◦/s) at 100 Hz (Fig. 1).

For the “vertical component”, the different frequencies caused
differences in vertical SVIN SPV (P = 0.0001). There was a tendency
to show higher responses (as for the horizontal component) at
100 Hz than at lower (60 Hz) or higher frequencies (200–400 Hz)
(Fig. 1), however, the comparisons (ANOVA test) did not show sig-
nificant differences (SVIN SPV values in this condition were small
and the population was  small). At 100 Hz for the right mastoid
SVIN–SPV was 1.25 ± 0.63◦/s. Similar values were observed for LM
(0.94 ± 0.37◦/s) and smaller for VX (0.72 ± 0.27◦/s).

At 60 Hz,for the right mastoid, SVIN-SPV values were

0.34 ± 0.06◦/s, at 200 Hz 0.69 ± 0.23◦/s, at 500 Hz 0.12 ± 0.01◦/s.

For the “torsional component”, at 100 Hz on the left mas-
toid, SVIN-SPV was  2.44 ± 0.72◦/s. It was 1.44 ± 0.24◦/s at 60 Hz;
2.06 ± 0.42◦/s at 200 Hz and 0.25 ± 0.07◦/s at 500 Hz.
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Fig. 2. SVIN in a right uSCD. A. CT scan reformatted in Pöschl plane. B. Stimula-
tion ranging from 100 to 700 Hz. 3D recording; direct tract. Strong responses are
observed at 300 and 400 Hz with an equivalent representation of horizontal, tor-
sional and vertical components. The nystagmus axis can be horizontal, vertical or
torsional and its direction can be right or left, upward or downward, rotatory clock-
wise or counter-clockwise. By definition, a torsional nystagmus is clockwise when
it  is beating toward the right of the patient [the upper part of the eye is beating
toward the patient’s right]. It is counter-clockwise when the upper part of the eye
beats toward the patient’s left. The device conventionally displays the clockwise
fast phase of the eye movement as a down beating nystagmus. In this example
68 G. Dumas et al. / European Annals of Otorhinolary

The SVIN-SPV at 100HZ was significantly greater for the hori-
ontal component than for the vertical and torsional components,
hich are small (13.76 ± 2.28◦/s; 0.94 ± 0.37◦/s; 2.44 ± 0.72◦/s

espectively, P < 0.01).
SUVL patients signal usually, when stimulated, a sensation of

atero-pulsion toward the safe side (16 patients among 18).

.2.1.2. In uSCD (n = 14). The SVIN direction beats toward the lesion
ide in 92% of cases (Table 1 and Fig. 1).

A wider and higher range of frequency responses up to 700 Hz
r 800 Hz was observed without a clear cut significant optimal fre-
uency for the horizontal and vertical components of SVIN SPV
Anova was not significant) (Fig. 1).

For the “horizontal component”, a tendency to higher SVIN SPV
as observed at 400 and 500 Hz but was not significantly differ-

nt from responses to other frequencies. The average mean value
t 500 Hz for the LM was 4.09 ± 2.51◦/s. The average value for RM
t 400 Hz was 4.52 ± 1.78◦/s. The average mean value at 100 Hz
or the LM was 2.46 ± 0.67◦/s and for RM was 2.96 ± 0.87◦/s. For
ertex stimulations, greater responses were observed at 300 Hz
8.09 ± 4.46◦/s].

For the “vertical component”, the SVIN SPV on the RM at 400 Hz
as 4.46 ± 2.12◦/s and on the vertex at 300 Hz was 8.21 ± 3.97◦/s.

t was on the RM at 100 Hz 1.93 ± 0.21◦/s and on the vertex at
00 Hz 1.40 ± 0.27◦/s. In 4 patients, the down beating nystagmus
bserved under videoscopy was enhanced when the gaze was
irected toward the plane of the dehiscent canal and when the
ecord was performed on the eye ipsilateral to the lesion.

For the “torsional component”, a tendency to higher SVIN SPV
as observed at 400 and 500 Hz but was not significantly differ-

nt from responses to other frequencies. The average mean value
t 500 Hz for the LM was 5.64 ± 3.27◦/s. The average value for RM
t 400 Hz was 5.57 ± 3.03◦/s. For vertex stimulations, the average
ean value at 300 Hz was 6.60 ± 2.70◦/s. There was no significant

ifference whether the stimulation or the record were performed
psilaterally or contralaterally.

There was no significant difference between horizontal, vertical,
nd torsional components for SVIN-SPV. Fig. 2 shows a 3D recording
direct tract) in an uSCD patient. In uSCD a tendency of sensitivity
xtension toward higher frequencies than 100 Hz is observed in
5% of cases (9 patients among 14). Frequencies lower than 100 Hz
how a tendency to lower SPV.

Patients with uSCD (16 patients out of 27) signal usually after
epeated stimulations a sensation of dizziness with nausea and
ymptoms commonly attributed to otolith signs.

.2.1.3. In control subjects (n = 11). No significant difference for
VIN SPV was observed when comparing results at different fre-
uency stimulation (Fig. 1). No nystagmus was observed in 62%
f cases. A low-intensity SVIN, seldom observed in 38% of cases,
as not reproducible, changed direction following the side of stim-
lation (inconsistency) or was observed in only one location. Its
PV (only observed for the horizontal and vertical components)
as < 2◦/s in 30% and < 3◦/s in the other 8% of normal subjects.

The criteria of a significant SVIN and a positive test are as follow:

consistency: the SVIN must have the same direction in at least
2 on 3 cranial location (left mastoid, right mastoid, vertex) e.g.
a SVIN beating rightward after right mastoid stimulation, and
leftward after left mastoid stimulation is not valid: negative test;
reproducibility: a SVIN direction changing (rightward and then

leftward on the same location) after 2 trials or the SVIN disap-
pearance at the second trial makes the test negative;
an intensity or SVIN SPV < 2◦/s makes the test result doubtful or
negative.
SVIN is horizontal beating toward the right, torsional clockwise (beating toward the
patient’s right side) and vertical down beating.

3.2.1.4. Comparison of frequency sensitivity in uSCD and SUVL (Fig. 1).
For the horizontal component, the SVIN SPV in uSCD was signifi-
cantly higher than in SUVL at 400 Hz for RM stimulation (P < 0.01)
and at 500 Hz for LM stimulations (P < 0.05). For vertex stimulations
in uSCD, the SVIN horizontal SPV at 300 Hz was significantly higher
than in SUVL (P < 0.001). Similar results showing a higher sensi-
tivity to high frequencies in uSCD were observed for the torsional
component for mastoids stimulations at 400 and 500 Hz (P < 0.05).

Similar results were observed for the vertical component

and greater responses were obtained in uSCD than in SUVL at
high frequencies between 400 to 700 Hz for mastoid and vertex
stimulations (P < 0.05).
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Fig. 3. Comparison of horizontal SVIN in uSCD and bSCD. A. Percentage of positive VIN in patients with uSCD and bSCD after vertex stimulation. B. Horizontal VIN SPV (in◦/s)
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etween uSCD and bSCD collected after vertex or mastoids stimulations. The value
nilateral superior canal dehiscence (n = 27); bSCD, bilateral superior canal dehisce
nd  Whitney test.

Conversely, the SVIN SPV at 30, 60 and 100 Hz was higher in
UVL than in uSCD for both mastoid stimulations for the horizontal
omponent (P < 0.001).

.2.2. Optimal location in uSCD vs. SUVL
In uSCD, vertex stimulation was significantly more efficient than

astoid stimulation for the horizontal, vertical and torsional com-
onents at 300 Hz (P < 0.05) but not for higher frequencies. In SUVL,
astoid stimulation at 30, 60 and 100 Hz was significantly more

fficient for horizontal and torsional components than vertex stim-
lations (P < 0.001) (Fig. 1). The value of mastoids SVIN SPV were
ignificantly higher in SUVL vs. uSCD at 30, 60 and 100 Hz (P < 0.001,
nova).

The values of vertex SVIN SPV were significantly higher in uSCD
s. SUVL for the horizontal component at 300 Hz (P < 0.001), for the
ertical component at 60 Hz (P < 0.01), 300 Hz (P < 0.001) and 400 Hz
P < 0.05) and for the torsional component at 300 Hz (P < 0.001).

In controls, no optimal location could be identified since no clear
cceptable responses could be identified. When a SVIN is identified
he direction changes with the side of stimulation (inconsistency)
nd the Horizontal SVIN–SPV mean value is lower than 2◦/s.

.3. Experiment 3: Comparison of SVIN results in uSCD and bSCD

During vertex stimulation, SVIN was more commonly observed
n uSCD (88%) than in bSCD (50%) (P = 0.009) (Fig. 3 & Table 2). In
SCD, SVIN beat mostly toward the lesion side (95%). The vertical
omponent was mainly up beating (60%). During vertex and mas-
oid process stimulations in uSCD patients a coherent SVIN beating
oward the same direction accordingly to previously enacted crite-
ia (positive test) was observed in 70%.

The SVIN SPV was significantly higher in uSCD than in bSCD
P = 0.0082):

The vertex stimulation showed a main effect of the patholo-
ies, with SPV being higher in uSCD [5.66 ± 8.40◦/s] than bSCD
1.50 ± 3.95◦/s] (F = 7.5; P = 0.0082, Anova).

The mastoid stimulation showed a main effect of the patholo-
ies, with SPV being higher in uSCD [4.09 ± 6.93◦/s] than bSCD
0.84 ± 2.03◦/s] (F = 6.24; P = 0.0147, Anova).

.4. Experiment 4: Comparison of SVIN results in uSCD with other
estibular tests (Table 2)

In uSCD (n = 27) the SVIN sensitivity was higher than the Caloric,

ead shaking test, and VHIT sensitivity (P < 0.001, Cochrane test),
VIN was positive in 24/27 cases, CaT in 3/23, HST in 5/25 and
HIT in 6/21 but was not different from cVEMP (19/26) (P > 0.5)

Table 2). In bSCD, no difference of sensitivity between the tests
astoid stimulations is the mean value of right and left mastoid stimulation. uSCD,
 = 13). ** P < 0.01. Results are expressed as mean value ± SD. A. Fisher test. B. Mann

SVIN (7 positive cases among 13), CaT (3/12), HST(5/11), VHIT
(3/11, cVEMP (9/12)) was  observed (P = 0.88).

4. Discussion

The skull vibration induced nystagmus test can predict the
vestibular asymmetry in unilaterally vestibular lesioned patients
[5,9,30] and is used as a vestibular Weber Test [10,21]. Neural evi-
dence shows that the bone conducted vibration stimulates both
canal and otolith afferents [13,14]. This test has a potential utility
to orientate further examination, vestibular exploration or targeted
imagery in order to enhance diagnosis accuracy and surgical deci-
sion.

In conductive hearing loss with CT-verified SCD, we  previ-
ously reported that SVIN horizontal and torsional components beat
toward the lesion side (in relation to the bone conducted facilitation
of the inner ear favored by the existence of a third window) [21]
and is associated to a “bony hyperacousis” [16,17]. Unlike severe
unilateral vestibular lesions where the SVIN is of the lesional type
beating toward the intact side [5,10], a SVIN beating toward the
lesion side is strongly suggestive of SCD [21]. However, it can also be
observed in other labyrinthine malformations associated to a third
window (e.g. enlarged vestibular aqueduct) [31]. In SUVL (normally
encased labyrinth), greater responses are observed at 100 Hz for the
horizontal component (there were poor responses for the vertical
and torsional component) and no responses at 500 Hz. In con-
trast, uSCD patients show greater sensitivity to high frequencies;
higher responses were observed at approximately 500 Hz without
clear-cut specific frequency and the SPV values of the vertical and
torsional components were higher than in SUVL. The utility of very
high frequency stimulations in SCD has already been signaled for
oVEMP [32]. Our results suggest that different anatomical struc-
tures may  be stimulated by SVIN in these 2 populations, mainly
horizontal canal and at a less degree utricle at 100 Hz in SUVL,
while both canal (mainly superior canal) and utricular neurons are
activated in uSCD at 500 Hz. In uSCD, the most often observed com-
ponent is torsional and horizontal and the vertical component is
most often up beating suggesting that the superior SCC is proba-
bly not the only stimulated structure. However, we have observed
in 23% of our patients a down beating SVIN when the gaze was
directed toward the lesion side at vertex stimulation and the eye
axis placed in the same plane of the dehiscent canal; this sign was
more often observed in our series than the Hennebert sign which
we seldom noted. The usual torsional ipsilateral and down beat-
ing nystagmus induced by sound (Tullio phenomenon) or pressure

(Hennebert sign) attributed to the dehiscent superior canal activa-
tion [16,17] does not explain the totality of the SVIN components
here observed. The horizontal component may  be explained by the
concomitant utricle stimulation as suggested by Halmagyi [26] and
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Table 2
SVIN in uSCD and bSCD at 100 Hz (Experiment 3 & 4).

No. Side Size (mm)
L R

CaT (Hypofunction %) HST VHIT cVEMP SVIN

Mastoid Vertex Vertical

Ipsilateral to
the lesion

Contralateral to
the lesion

Ipsilateral to
the lesion

Contralateral to
the lesion

H T H T H T H T Mastoid Vertex

1 L 5 . . ..  0 N - + + - - ++ ++ - - Up Up
2  L 3 67 % R LH + - - + + - - + - Dw Dw
3  L 7 . . ..  .... .... + - - - - + + - - 0 Up
4  R 4 N 0 RA — + - - - ++ + - - Up Dw
5  L 3 . . ..  0 N + - - - - + + - - Up Up
6  L 5 N 0 N - + + - - ++ ++ - - Dw Up
7  L 5 N 0 N + + + - - + + - - 0 Up
8  L 8 N L N ++ + + - - + ++ - - 0 0
9  L 4 81 % 0 N - + - - - + - - - Up Up
10  R 4 N 0 N + - + - - + + - - Dw Dw
11  L 4 30 % 0 N .... - - + + + + - - Dw 0
12  L 4 N 0 N + - + + - ++ + Up Up
13  R 3 N 0 .... ++ - - + - ++ ++ - - Up Up
14  R 6 N 0 N + - - - - + - - - Dw Dw
15  L 3 N 0 .... - + - - - + + - - Up 0
16  R 4 N 0 N + - - + - + + - - Up Up
17  R 8 N 0 RA + + + - - + - - - Up Up
18  L 4 N 0 LA LP - - .... - - - — - - 0 0
19  L 5 N 0 N + - .... + .... + — - — Up Up
20  R 4 N 0 .... - + - - - + + - - Up Dw
21  L 4 N L N + - + - - + + - - Up Up
22  L 3 N 0 .... + - .... - - - — - - 0 0
23  R 4 N 0 RA - - .... - - + — - - Up 0
24  L 7 N 0 RA + + .... - - + — - - Up Up
25  L 5 .... .... N - - + - - + + - - Dw 0
26  L 5 N L N - - + - - + + - - Dw Dw
27  L 3 N R .... + - .... - .... .... — ---- ---- 0 —

No.  L R CaT (Hypo %) HST VHIT cVEMP H Left T H Right T H Left T H Right T Vertical Mastoid Vertex

28 Bilat 7 3 N . . ..  LA L + - - - - - - - - 0 0
29  Bilat 2 3 N 0 N R+ - - - - - - - - 0 0
30  Bilat 3 5 R 42 % R N Large bil - .... + .... - .... ++ .... Up Up
31  Bilat 5 4 N 0 N - + .... - - .... .... - - Up ....
32  Bilat 6 6 N 0 N Large bil - .... - .... - .... - .... 0 0
33  Bilat 5 5 N 0 N - - .... - .... - .... - .... 0 0
34  Bilat 5 4 L 79 % R .... - - .... + .... .... .... .... .... Up ....
35  Bilat 8 8 N .... RL Large bil - .... - .... - .... + - Up
36  Bilat 7 5 .... L .... .... - - - - + + - - Up Up
37  Bilat 4 4 N 0 N R+ - - - - - - - - 0 0
38  Bilat 4 6 N R N Large bil - .... + .... - .... ++ .... Up 0
39  Bilat 6 5 R 39 % 0 LA L - - - - + + - - 0 Dw
40  Bilat 5 6 N L N Large bil - - - - - .... - .... 0 0

SVIN results at 100 Hz stimulation for different SVIN components recorderd either in 2D or 3D [H: horizontal component; V: vertical; T: torsional] and directions (Up: up beating; Dw: down beating). uSCD: Unilateral Superior
canal  dehiscences; bSCD: bilateral canal dehiscences. The estimate width of dehiscence is given in mm;  Side of lesion (R: right; L: left). Results of different vestibular tests compared to SVIN are given as follows: CaT caloric test:
N:  no hypofunction; RH: right hypofunction; LH: left hypofunction. HST: 0: no HSN; L: left HSN; R: Right HSN. VHIT: N: normal; LA: hypofunction on the left anterior canal; LP: hypofunction on the left posterior canal; LLat:
hypofunction on the left lateral canal; RL Lat: Dysfunction of both lateral canals on the right and left side. cVEMP:+ result positive ipsilaterally to the lesion; -: normal result (no asymmetry); . . ..:  no data. SVIN H horizontal
component:  R beating toward the right; L beating toward the left. V vertical component: up: up beating; dw: down beating. T torsional component: R: the upper part of the eye is beating toward the patient’s right; L: the upper
part  of the eye is beating toward the patient’s left.
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y physiology [24]. In addition, Tullio in alert animal’s studies with
rtificially created SCD described head movements or muscles con-
ractions. In pigeons ear he observed the membranous wall of the
tricle oscillate and in a few animals (rabbits) eye modifications
quivalent to an ocular tilt reaction response.

These results are consistent with the response of primary semi-
ircular canal afferent neurons in guinea pigs in response to BCV
timulation: in animals with normally encased bony labyrinths,
anal neurons can be activated by BCV only at low frequencies
100–200 Hz) but not at frequencies of 500 Hz [13]. This low fre-
uency tuning of canal neurons is consistent with the low frequency
uning of SVIN in SUVL patients found here. In SUVL patients, the
irection of the quick phases of nystagmus is away from the affected
ide since only neurons on the remaining healthy side are activated.
fter an uSCD, canal neurons can be activated by BCV at low fre-
uencies but now also up to high frequencies, even above 745 Hz
1,13]. This finding is consistent with the upward frequency shift of
VIN reported here in uSCD patients. In uSCD patients, the direction
f the nystagmus is “toward” the affected side since canal neurons
n the affected side will be activated, resulting in nystagmus with
low phases away from the affected side. In this way, we conclude
hat SVIN acts as a vestibular Weber test [10,21].

The observation that SVIN sensitivity is lower in bSCD than
n uSCD may  be related to the fact that SVIN acts as an indica-
or of vestibular asymmetry (vestibular Weber test). In case of
artial bilateral symmetrical or slightly asymmetrical lesion, the
est remains negative or shows a very low SVIN SPV. Therefore, in
SCD with both sides affected, the asymmetry may  be small and so
VEMP seem to be more relevant since it analyzes separately each
ide.

In clinical practice SVIN, a first-line examination test for VOR
xploration, may  help the clinician to discriminate and make a
ecision in ambiguous cases (true dehiscence or thin bone over
he SCC) with disabling vertigo. Radiological results have shown
ossible discrepancies in SCD between CT scanner results and real
natomically verified lesions [27,33,34], as well as similar symp-
oms in near dehiscent superior canals [27]. It has been suggested
hat cVEMP is the best clinical indicator in SCD [35]. Here we
how that SVIN in uSCD yields responses as efficient as cVEMP,
ut more efficient than other common vestibular tests. Govender
t al., 2016 [35] showed that cVEMP were modified significantly
n only 82% of SCD. Zuniga et al. [36] showed in 29 surgically veri-
ed SCD that cVEMP threshold had a sensitivity of 80% (specificity
f 100%) and the study of oVEMP amplitude showed a sensitiv-
ty of 90%. In our study, we observed a SVIN sensitivity of 88%
vertex stimulation) and specificity of 62% (total absence of nys-
agmus).

. Conclusion

In patient with unilateral conductive hearing loss and normal
ar drum, a Skull Vibration Induced Nystagmus observed prefer-
ntially on Vertex location and with a torsional and horizontal
omponent beating toward the lesion side at 100 Hz and higher
requencies up to 700 Hz is strongly suggestive of a Superior canal
ehiscence. Skull Vibration Induced Nystagmus reveals instanta-
eously a characteristic nystagmus and acts as a vestibular Weber
est. It is more sensitive to reveal unilateral than bilateral superior
anal dehiscence. A primarily down beating nystagmus is pref-
rentially observed in patients when the gaze is directed toward

he plane of the superior dehiscent canal. We  propose that Skull
ibration Induced Nystagmus test should be considered as a use-

ul indicator for unilateral superior canal dehiscence diagnosis in
linical practice.
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