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Progressive hearing loss in intracochlear schwannoma

Tadashi Nishimurz - Hiroshi Hosotl

sb\“m:bn e S

noma diagnosed with

etry (PTA) showed

mean threshold of 33.3 dB.
«:MRH revealed an abnormal |
PTA showed profound deafness

of the
ol
al.

agnetic resonance imaging
fagnetic resonance imaging

s

esion in the cochlea. Finally,
ess and MRI revealed invasion
ACh\&’:‘;ﬂnQ“ﬂ into the fundus of the internal auditory

S
Considering the progress and the resulis of audiomet-

ri¢ examinations., hearing disturbance by intracochlear
schwannoma 18 investigated in this report.
Keywords Intracochlear schwannoma - Magnetic

Auditory bmwswn response

within the internal aad;{oz} canal ,»,C C’, rebeé%e} on-
tine angle. Intralabyrinthine schwanngmas are uncommon

Tis‘zimuya (i??"\ - H. Hosoi

§

aline: 12 October 2007

Case report

A& d8-year-old woman with idiopathic thrombocytopenic
purpura (ITP) noticed the sudden onset of right hearing loss
and tinnitus. Ten days after the onset, she visited a hospital
to have her hearing assessed. Pure tone aundiometry (PTA)
showed a notch at 500 Hz in the right ear (Fig. ). She
received a 2-week short tapered course of high-dose steroid

therapy from the hospital. One week after the therapy, her
hearing loss became worse,

department.

and she was referred (o our

requency, with a mean threshold of 33.3 dB (the average
of 500, 1,000 and 2,000 Hz) (Fig. 1). Speech discri i
scores in the right and left ears were 90% at

100% at 40 dB. respectively. Although ﬁxed-frequency
Bekesy audiomeiry showed Ty*e I, alternate b

oy
[
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1.
levels at 1 kHz were in the region af uncertainty in the right
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in their

case may be 3
hlear. 01‘ ihe 0{‘3& hand. in our case, ABR w

retrocochl-
When ?TA showed
the right ear, TEQAE, DPOAE
This is pmbabh because both
ar lesions caused 100 severe deaf-

ness for any seccsdmgﬁ to be possible. Thus. when
schwannoma localizes in the cochle ‘,the ABR test proba-

eimmch%eﬁf type in the ABR rest is the finding to
cate the possibility of the invasion into IAL,

h*tmf‘.exhie' - schwannoma may be diﬁiczﬁt to diagnose
ever, in our
ueteued in the

with gadelinium-enhanced MRI [7]. How
hancing

case, a gadolinium-en lesion was
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ssessment of ability to discriminate frequency of bone-conducted ultrasound

by mismatch fields

Akinori Yamas

Hiroshi Hosoi®

d *ym{o!eg}f_ Mora Medical t

guchi?,

ABSTRACT

RKeywords:

Ulrrasoun
Magnetoencephalography
Bone conducticn
Mismatch fields
Frequency modulation

According to previous studies, ultrasound can be perceived through bone conduction and uitrasound
amplitude modulated by differen
as well as the normal-hearing. These findings suggest the usefulness of development of a bone-conducted
ultrasonic hearing aid {(BCUHA) for profoundly deaf subjects. in this study, with a view 10 developing a
frequency modulation system in a BCUHA, the capability to discriminate the frequency of sinusoidal
bone-conducted ultrasound (BCU) was evaluated by measuring mismaich fields {MMF). We compared
MMFs between BCU {standard stimuli were 30kHz, and deviant stimuli were 27 and 33 kHz) and air-
conducted audible sound (ACAS; standard stimuli were 1 kHz, and deviant stimuii were 900 and 1100 Hz).
MMFs were observed in all subjecis
the mean peak amplitudes of MMF for BCU were significantly less than those for ACAS. These findings

1 speech sounds can be discrimninated by some profoundly deaf subjects

ts for ACAS, however, not observed in a few subiects for BCU. Further,

indicate that the discrimination capability of frequency of sinusoidal BCU is inferior to that of ACAS. It
was aisc demonstrated that normal hearing could to some extent discriminate differences in frequency in
sinusoidal BCU. The resulfs indicate 2 possibility of transmission system for language information making
use of frequency discrimination.

© 2008 Flsevier freland Lid. All rights reserved.

Cenerally S{;eakésg, human listeners perceive sound :éf{naic
: h air conducticn f;om 20 to 20,000Hz. Sound with
quency over 20kHz is termed “ultrasound”. Until half a century
g0, it was thought that uitr sound could not be perceived. How-
yTeau rcpmzeé in 1948 that E’EU‘QSF‘Hﬁd was audibie when
m}sucmcnﬁx.,ev&mz esearchers subsequently
¢ perceptual characteristics of bone-conducted
whzm dmer markedly from those of audible
tive pitch of B CU is independent
s perceived as if it were from air-
f 8- }?KHz [2.3,10]. In additicon, BCU can mask
<o ducted audible sound (ACAS) of 10-14 kHz and
s independent of ultrasonic frequency. The

G
perception vfa i

this masking of ACAS is
dynamic range of BCU is narrower than that of ACAS [9]. Interest-
ingly, some pm;eapéﬂ y deaf paueﬁ‘is can %ear BCU eni‘z S‘t et ak

subjects by | 7]. Furthermore, Hosoi et al. found using magnetoen-
cephalography that BCU mmLi% activate the auditory cortex, and
rhat ulirascund amplitude modulated by differsnt speech sounds
can be discriminated in the auditory cortex in some profoundly deaf
subjects [6]. These findings suggest the possibility of devel Opﬁ‘éﬁ{
of 2 bone-conducted ultrasonic hearing aid (BCUHAS, which could
be used by elderly hearing-impaired and profoundly deaf \ubg cts

85
For development of such a hear
determine the most effective meth e:E f {Tansmiss
?nfef*?atian Corso founded that BCU perception is characteri
by poor frequency discrimination, although auditory perception i
ACAS is characterized by excellent frequency discrimination [1
This has been concluded from the finding ‘ /e pitc
hcxzes by BCU s mdstma is maepe'&dem of it
¢ that for the highest ACAS. Lenhardt,

o
[}

nig aid, it is necessary
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custical method, reported that just rcz:e:ac%e pitct sin
the ultrasonic range were on the order of 10% of the stémums fre-
que though that in the auditory range were between 0.4 and
1.0% [7]. These studies have found that ability to discri e the
frequency of BCU is inferior to that of ACAS. How iy has
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ianf an ffi Lsn@a;%ss:n stimuli. The intensities @f QCU and ACAS
£ 15 and 60 4B 5L, respectively. The duration was setf at
50 ms, including 5 ms rise/fall times, and ¢ ae interstimulus interval
Wwas varied fafm mely between 0.9 and 1.1 ms. Duﬁ‘)» E e experi-
, the subject was watching a self- f_izefe movie without sound

was instructed to pay no atiention o the audnar\z Ct*a uli,
Recording of the brain activation evoked by BCU and ACAS was
performed in a magnetically shielded room using a 12.. channel
-xédﬂ neurcmagnetometer (Neuromag-122; Neuromag Lid.,
i‘,iaﬁd All the sounds were generated bydanu Congen-
F1946; NF Electronic instruments Co., Yokohama, Japan ).
E‘Uasmmd signal was increased through a high-speed power
arnplifier {HSA4011; NF Elecironic Instruments Ca Yokohama,
Japan). Sound intensity was controlled | w;g}feura !
i P%—&?g er-Davis Technolo
ivered with a custom- alcée ceramic vi
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ebs:; ;ec& with aii stim
tude and latency were measured, A
the respective values obtained at ¢ Fpezkamp
in each subject. Differences i peak C‘L md peak latency
between BCU and ACAS responsss were tesieé for significance by
two-ways ANOVA.

Clear N1mresponses v
stimuli. Nimresponses o
tude during 80 to 116 m
a subject for 33kHz BCU &
N1m and MMF responses were

All subiects replied to der:u he 1
requency of ACAS and BCU. ¢
aii Sbb ec {Q for ‘CAS EOE 01
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:fui.ies wem normalized to
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Although MMFs were observed in all subjects for ACAS, however,
inonlySand? 27-and 33-kiHz BCUs, respectively. Even
im as e MMF were 3 served for BCU, MMF peak amplitude in BCU

o
reached about three-fourths of th f r ACAS. The peak amplitudes
fo BCu were significantly less than those for ACAS.ThLS, capability
to discriminate the frequency of BCJ was inferior to that of ACAS,
in agreement with previous reports.

Although most subjects detected pitch change with change in
frequency of BCU, the amount of pitch change exhibited marked
variation among our subjects. Previous studies reported similar
findings; the subjective pitch elicited by ultrasonic stimulation
was independent of its frequency, and it is perceived as if it were

from air-conducted stimuli of 8-16 kHz. These characteristics of

ultrasonic perception indicate that the pitch of BCU fluctuates and
that pitch change is unstable. That is, the amount of pitch change
exhibits large indivi 'Lzai variation with a given change in stimulus
frequency. In ﬂ*e rang f uizrasgn-c frequency, increase in fre

cuency does not y ead to subjective increase in pitch. These
characteristic cha 'ﬁg s in pz tch in the ultrasonic range may have
been respe ble for the variation in MMF we cbserved.
If BCU is to be used as 2 means of communication, language
fn

%i,{ufﬁ&il@g H s t be modulated to within the ulfrasenic range
i i modulation, frequency modulation, or 0. For
ul rasonic hearing aids, it will be necessary t
of modulation is more effecme Fujimoto et

al. e {; orted Jﬂcd ca ¢b;iz‘§y of frequency discrimination of BCU by

amplitude modulation. The difference limens for frequency for pure
modulated onto ultrasonic ©
CDFCLCLQQ pure tones at 0.25-

arriers was as small as that for
4 kHz [4]. On the other hand, no

sinfrequency insinus
prove frequency discr
ement of sound pr@ae s
ther investigation is needed fo determine tbe most appropriate
rransmission system for language information using ultrasound.

The present findings provide important clues to the develop-
ment of the BCUHA. However, the characteristics of BCU hearing
and the mechanisms of perception of BCU are still unclear. Further
study is needed for development of the BCUHA in elderly hearing-
impaired and profoundly deaf subjects.
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in cancellous bone, longitudinal waves often separate into fast and siow waves depending on the align-
ment of bone trabeculae in the propagation path. This interesting phenomenon becomes
for the diagnosis of ostecporoesis because wave propagation behavior depends
Since the fast wave mainly propagates in trabecuiae, this wave is considered to reflect the structure of

an effective tool
on the bone structure.

trabeculae. For a new diagnosis method using the informartion of this fast wave, therefore, it is necessary
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to understand the generation mechanism and propagation behavior precisely. In this study, the genera-
tion process of fast wave was examined by numerical simulations using elastic finite-difference time-
domain (FDTD} method and experimental measuremenis. As simulation meodels, three-dimensional
X-ray computer tomography (CT) data of actual bone samples were used. Simulation and experimental
resulis showed that the attenuation of fast wave was always higher in the early state of propagation,

and they gradually decreased as the wave propagated in bone. This phenomenon is supposed (o come
from the complicated propagating paths of fast waves in cancellous bone.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

More reliable and less onerous diagnosis of ostecporosis is now
expected in this aging society, Ultrasonic diagnosis system is con-
sidered as a strong tool, because ultrasonic wave reflects the ia
ticity. The current in vive ultrasenic diagnesis technique called
speed of sound/broadband ultrascund atfenuation (SOS/BUA)
method [1] is 2 simple indicator to describe bone properties. Tﬁe
SOS/BUA method gives the averaged ulirasonic wave speed an
atfenuation in a whole area including soft tissue, cortical bone,
and canceilous bone, which seems difficult to show the compii-
cated bone structure and the amount of mineral materials of each
part. Therefore, a new index that can reflect detailed structure of
bone is now required: e.g. Padilla et al. and Jenson et al. proposed
2 new indicaror using backscattered wave from bone sample [2-4].

In order to improve the accuracy of ultrasonic diagnosis sys-
tems, our group has proposed a new evaluation idea, making use
of the separation of ]oz’;gi'ﬁ.éz 12 Z Waves ihaf pass through the can-
i separaticn of longitudi-
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ﬁai waves into fast and slow waves, especially depending on th
lignment of bone trabeculae in cancellous bone. This mierejs.r
he nomenacn is considered to become a strong tocl for the diagno-
{ osteoporosis because the wave propagation behavior appar-
ent ;, depends on the bone structure. However, the defails of wave
pro agaf'oq in cancellous bone are not fully understood, because
of the structural complexity and inhomogeneity of the bone.
no réer to understand the wave propagation phenomena in the
cancelious bone, there were some thegretical approaches. By Biof's
fﬂ eory [8,8] or stratified model {18}, with the help of several
meters to describe the bone structure, we can predict the gen-
ration of fast and slow waves in cancellous bone. However, the
selection of parameters such as porosity, bulk and shear moduli
of solid part, ﬂud viscosity and permeability in Biot’s theory seems
to be very difficult.
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Onerecentapproach fou Lndﬁrd:aiﬁd 1€ wave propagation is the
dirsct analysis of wave eguation. If the 3-D numerical simulation of
wave propagation is successfully perﬂ:‘srm d, it shall give us the vi-
sual image of complicated wave propagation in the bone. | Luo =t ak
have reported the simulation results of wave propagation in can-
cellous bone using microCT model {11]. They investigated the
ave speed and the sttenuation values, however, they did not dis-
uss the wave separation into fast and slow waves. Hosckawa has
st reported the wave separation by a uL"‘iEI“C i solution o: Sa@* s
sory with fnite-differ enc;_ method {
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srrenuation. We also chp ied the ade*cuaa} of me nmmiates re- f g. 2. The initial waveform
suilts by c&“{ﬁanng them to experimental results using actual bone comes from the D}(pen’}‘tp{ai y cbserved waveform of a single
sample ) sinuspidal sound wave at 1 Mz that passed through the water.
in order {oc avoid the strong instabilities of the simulation, the
Flastic FDTD method waveform was freated with low-pass flter whose cut-off fre-
guency was 10 MHz. The ﬁiteyod waveform is shown in Fig. 3. In
The followings are the governing equations of three-dimen- this model, the bone sample was fully immersed in water,
sional elastic FDTD method for the isctropic medium related o x As the speed of ngztadmalw ve in the solid part of the cancel-
irecti jous bone, the experimentally e‘asewsci values of bovine cer‘iicaé
bone in the MHz range were used [23-28] The speed of the she
i jave was an estimated vdiae aSa{}ﬁU@“ ﬂ‘e Poisson's ratio of 0.3
The parameters used in ¢ i are shown in Table 1. T
(2 FOTD simulation software was originally programmed by our
sroup {27}
i in the first simnulation, the wave propagated from the top to bot-
o ing directi parallel to the bone
ere oy is normal and shear stresse is particle velocity, 2 and 1

Lame's coefficients, p is density :xf the mediam. In this simula-
tion, the elastic anisotropy in the solid part was not considersd.
Using the same equations for y and z diractions, the stress and par-
ticle velocity were calculated alternately both in the spatial and
time-domains, which was called ‘leapfrog methed’ [20] Here, the
abscrption in both media was not introduced, however, it was con-
firmed by our group that the amplitude ratio of fast wave and slow
ve was in good agreement with the experimental results [5-81

3. Simulation model and measurement sysiem plane receiver
2.1, FOTD simulation model ?-zg 2. Simulation model. A plane transmitter faces towards the sample immersed
in water,

F of FOTD simulation, three parallelepipedic bovine cancellous

amples A, B and C wers used. The size of three sa 'ﬁp%eq used
Wers 3 © 15 % 8-12 mm. Fig. 1z and b are the examples of X-tay
micro focus CT images (SMX-100CT, SHIMADZU, Kyo 0 }apa’z\ The
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samples were thamesz from the femoral head of 38 menths cld 2 g-jfi‘; A
ovin solution of the CT images was 46 um. Here, the £ _; | U
he f'TfméeI of human cance! llcus bone used by Haiat =3 ,:j i
et 2l was 30 um {21} The mean thickness of bovine cancellous < T . -
hones | 5 human | he reﬂom:d mean thickness i . i E i
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rder to evaluate the atienuation of propagating waves in
sample was virtually ground gradually frem the bottom
The samples were shc:;rtef; gradually from § to 1 ms
n inferval of 1 mm. Using the sample of sz
thickness, the simulation was performed again. By compari
TSt peaé«i i)f Zcmai’—é waveforms abi i
1 . ution of the attenuation in the
sample was obtained. The aten Ldtzef value g is caicmateé by
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where V, is the first peak amplitude of fast wave when the thick-
ress of specimen is 1 mm, Ax is thickness difference between the
measurements.
inn the second simulation, the wave propagated from the bottom
surfaces. We aiso obtained the spatial distribution of atten-
uation by filing away the sample from the top surface.

nt system for experimenis

The atrenuation measurements were also performed experi-
mentally. The size of bone samples was 20 < 20 x 15 mm. The
samples were obtained from the same parf in the femoral head
of 38 months old bovine. During measurements, the bone sample
was immersed in degassed water in an acoustical tube at room
temperature, The surface area of the plane PVDF transmitter and
receiver (seif-made, using PVDF films) were 20 < 20 mm. This
comparatively large transducer brings good signal to noise ratic
of the observed waves. The distance between two transducers
was 65 M.

A single sinusoidal wave at 1 MHz, with amplitude of 5V,
{peak to peak voltage) from a function generator (WF1945, NF Cor-
peration, Kanagawa, Japan) was amplified 20 dB by a power ampli-
fier (4055, NF Corperation, Kanagawa, Japan), and applied to the
transmoitter. The waves that passed through the sample from top
to bottom surfaces were investigated by a digital oscilloscope
(TDS 5244, Tekironix Inc., Oregen, United States) with 40 B pre-
;T};Ef r (5307, NF Corporation, Kanagawa, japan). The propagat-
in ection was parallel to the bone axes.
mé?ar to the FOTD studies, the thickness of actual specimens
y from the bottom surface. The measurements were

mipies changing thickness from 15 to & mm.
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4. Results and discussion
4.1, Numerical results

Some examples of simulated waveforms are shown in Fig. 4.
ws the result when the wave passed through reference

mail fluctuarion in the wave tail comes from
x‘ﬁa'a»ori, mainly due to the high-frequency
vaveform. The fluctuaton, however,
ed in the ares of fast wave. Fig. 4b shows the re-
Ie 2 g mm hick and¢ shews the req.it of the

low waves can ‘ae szen. The amp“m{ies of %ie fast waves were al-
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Fig. 4. Mumerically simulated waveforms. (2) Wichout sample. (b) With sample of
S mm thick (¢) With sample of 3 mm thick.

ways much smaller than those of the slow waves, which has also
been reported in the experimental studies [5-7] From the pezk
amplitudes of fast waves, the disiribution of attenuation [dB/
mm} can be evaluated; e.g. using peak amplitudes of 9 mm thick
and & mm thick, we obtained the distribution of attenuation values
between the positions of 8 to 9 mm from the surface.

The distribution of BY/TV (bone volume/toral volume) and fas
wave attenuation of three specimens are shown in Figs. 5 and §
The BY/TYV was obtained from each 1 mm siice of three-dimen-
sional model of bone constructed by T data. The area of solid part
was numerically examined in each slice. Fig. 6a shows the results
when the wave propagated from top surface and b shows the re-
suits from the bottom surface. Here, the values of horizontal po
tion axis mean the observed position from the top surface. The
datz show that the aftenuation of fast wave is always higher in
the early state of propagation. As the wave propagates in
the attenuation gradually decreased and became almost
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