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Abstract

A 58-year-old man, in whom the cochlear implant (CI) had been inserted into the left ear, had right middle-ear cancer. The CI was removed
immediately before receiving subtotal removal of right temporal bone. Four months later, the CI was again inserted in his left cochlea.
Because of obliterated scala tympani, the 22 active electrodes of the CI were placed into the scala vestibuli. After the surgery, the patient
complained that he experienced rotary vertigo and “jumbling of vertical direction” of objects on walking. Using rotation test, we evaluated
vestibular function of remaining left ear. Numerous horizontal nystagmus beats were induced during earth-vertical axis rotation, whereas
vertical downbeat nystagmus was scarcely induced during off-vertical axis rotation. The horizontal vestibulo-ocular reflex (VOR) was almost
normally induced by sinusoidal stimulation at 0.8 Hz. These data suggest that the scala vestibuli insertion of CI would be not so invasive

against the lateral semicircular canal.
© 2011 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Sensorineural hearing loss resulting from otosclerosis,
meningitis, chronic otitis media or trauma can be associated
with partial or total obstruction of the scala tympani [1,2].
Although cochlear implants are usually inserted into the
scala tympani, the scala vestibuli might be chosen as an
alternative implantation site in a case of obliterated scala
tympani [3-5].

Although several investigators have reported the effec-
tiveness of the implantation of a cochlear device into the
scala vestibuli for recovering hearing function [3-5], few
data are available regarding the effect of cochlear
implantation on vestibular function. Although a few
investigators have reported that no vestibular symptoms
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occurred after the insertion of Cls into the scala vestibuli,
they did not demonstrate any neuro-otological tests such as
the caloric response and rotational stimulation tests [3,5]. In
the present study, we evaluated the we evaluated the residual
vestibular function by studying eye movements induced by
earth-vertical axis rotation (EVAR) and off-vertical axis
rotation (OVAR), and the vestibule-ocular reflex (VOR) in a
patient in whom a cochlear device had been inserted into the
scala vestibule after receiving subtotal removal of opposite
temporal bone.

2. Case report

A 58-year-old man had profound sensorineural hearing
loss because of chronic otitis media. Because of the stenosis
of the scala tympani owing to fibrosis, only 10 active
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Fig. I. MRI image at 4 months after right lateral cranial base surgery. The
image shows a faint fluid intensity in the left cochlear basal turn. Long
arrow: rectus abdominis musculocutaneous flap, short arrows: left cochlear
basal rn.

electrodes of Nucleus 24 CI (CI) were inserted into the scala
tympani of the left ear in early March 2001. After the
surgery, he had neither dizziness nor vertigo. In late
November 2007, subtotal removal of right temporal bone
was planned of squamous cell carcinoma, which had
infiltrated the external auditory canal from the middle ear.
Because a radio-knife needs to be used during lateral cranial
base surgery, the CI had to be removed. First, the CI was
removed, and a polyethylene tube of the same size as the
electrode was inserted instead of the electrode of the CI, and
then, subtotal removal of right temporal bone was
performed. The patient complained of rotary vertigo for
10 days after the surgery. Four months later, an MRI image
showed no local recurrence of cancer and a faint fluid
intensity in the left cochlear basal turn (Fig. 1). In late
March 2008, the CI was reinserted into the left ear. After a
skin incision was made, the mastoid cavity was exposed.
While looking for the polyethylene tube, we found that it had
naturally separated from the scala tympani. The small hole
made on the lateral wall of the scala tympani was completely
obliterated. Because of the obliteration of the scala tympani
owing to fibrosis and the proliferation of scar tissue, we
dissected the inferior and ascending segments of the basal
turn to identify a lumen suitable for cochlear implantation,
but were unable to find any. The scala vestibuli was then
opened by drilling superior to the spiral ligament in the
ascending segments. No evidence of fibrosis, scar tissue, or
ossification was found in the scala vestibuli (Fig. 2(a) and
(b)). All 22 active electrodes of the Nucleus 24 CI were
successfully placed in the scala vestibuli around the
modiolus. Spontaneous horizontal nystagmus to the left
side was observed using Frenzel’s glasses for 7 days after
cochlear implantation. After a month of sound stimulation,
his single syllable recognition score was 54% without visual
cues and 70% with visual cues. For 3 months after the last

Fig. 2. The scala vestibuli is exposed, with no evidence of fibrosis, presence
of scar tissue, or ossification. Short arrow: scala vestibule, long arrow:
Nucleus 24 CI placed in the scala vestibuli.

surgery, he has been complained of “jumbling of vertical
direction” of objects in his visual field when in motion.
Caloric response and VEMP were not performed because
of the obliteration of the external auditory canal. Bone-
conducted VEMP was not performed because the patient
did not give consent. Head thrust test could not be
performed because the neck was stiff due to neck
dissection.

We performed the unidirectional damped-rotation test as
follows. The patient’s head was inclined forward by 30°, and
his horizontal and vertical eye movements induced by either
EVAR or OVAR on a rotary axis tilted at 15° were recorded
using electronystagmography (ENG), for which the time
constant was set at 0.003 s. The maximal angular velocity
increased up to 160°/s, and then it reduced at a rate of —4°/
s%. ENG revealed numerous horizontal nystagmus beats
toward the left side during EVAR in the left direction and
toward the right side during EVAR in the right direction. The
number of horizontal nystagmus beats during EVAR in the
left direction was similar to that during EVAR in the right
direction (Fig. 3a). Numerous horizontal nystagmus beats
was induced during OVAR in both directions, whereas
vertical nystagmus was scarcely induced during OVAR in
either direction (Fig. 3b).

The horizontal VOR was also recorded using ENG. The
chair in which the subject was seated was first rotated to the
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Fig. 3. (a) Horizontal eye movements (arrows) induced by either direction of EVAR. The number of horizontal nystagmus beats is similar during EVAR in either
direction. (b) Horizontal and vertical eye movements induced by rt~-OVAR. Numerous horizontal nystagmus is induced during OVAR. Vertical nystagmus is
scarcely induced during OVAR. Arrows: vertical nystagmus. (c) r-EVAR and rt-OVAR recorded in control subject.

right and left by 30° at 0.2, 0.6 and 0.8 Hz, while the subject
was looking at a target placed 1 m ahead. Subsequently, the
chair was rotated to the right and left by 30° at 0.2, 0.6 and
0.8 Hz while the subject recalled the position of the target in
the dark. In the dark, horizontal VOR was not induced by
horizontal sinusoidal stimulation at 0.2 Hz. VOR was
induced by sinusoidal stimulation at 0.6 Hz; however,
horizontal nystagmus to the right side was superimposed on

the sinusoidal shape. During VOR induced by sinusoidal
stimulation at 0.8 Hz, the eye movements showed a nearly
normal shape (VOR gain = 0.8) (Fig. 4).

Twenty months later, his single syllable recognition
score improved up to 70% without visual cues and up to
80% with visual cues. However, the horizontal and the
vertical nystagmus beats during EVAR or OVAR did not
change. ’
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Fig. 4. VOR recorded using ENG with a vertical or horizontal inducement electrode. The horizontal VOR induced by sinusoidal stimulation at 0.8 Hz shows a

nearly normal shape.

3. Discussion

In this study, we evaluated the vestibular function in a
patient in whom a cochlear device had been inserted into the
scala vestibuli of the left ear after subtotal removal of
temporal bone had been performed in the opposite ear. Only
vestibular functions in left ear were evaluated using eye
movements induced by EVAR or OVAR, and using VOR
induced by sinusoidal rotational movement. Thus, we
identified that vestibular function was still preserved after a
CI had been inserted into the scala vestibuli.

Cochlear ossification is not rare occurrence in patients
who have undergone cochlear implantation. Histopathologic
studies have revealed that the most common region of
cochlear ossification, regardless of the etiology, is the basal
turn of the scala tympani [6]. Although scala vestibuli
ossification is rare occurence, it might be caused by chronic
otitis media [6]. In the current case, since preoperative MRI
images showed faint fluid intensity in the left cochlear basal
turn, we suspected that the scala tympani and/or vestibuli of
the basal turn had either been obliterated or had undergone
stenosis. During surgery, we found that the scala tympani
had indeed been obliterated; however, the scala vestibuli was
found to be open without granulation tissue or fibrosis. In
addition, the patent experienced rotary vertigo and
spontanecus horizontal nystagmus for 7 days after the
cochlear implant had been inserted into the scala vestibuli.
These episodes suggest that the scala vestibuli in the basal
turn is connected to the perilymphatic space in the vestibular
labyrinth, and that the remaining vestibular function was
irritated by the insertion of the CI into the scala vestibuli.

EVAR and OVAR are well-known rotational tests that
simultaneously stimulate the vestibular labyrinth in both ears.

In the current case, EVAR or OVAR were used to stimulate the
vestibular labyrinth of which the CI had been inserted to the
scala vestibule, because the contralateral labyrinth had been
extirpated by subtotal removal of temporal bone. The number
of horizontal nystagmus beats during EVAR or OVAR in the
left direction was similar to that during EVAR or OVAR in the
left direction, respectively. Takahashi et al. [7] reported that
eye speed in the slow phase and the number of nystagmus
beats induced by ampullopetal stimulation are both greater
than those induced by ampullofugal stimulation in the lateral
semicircular canal in monkeys. Several investigators have
demonstrated that the number of nystagmus beats induced by
EVAR may be asymmetrical in a patient with severe vestibular
loss in both ears [7,8]. In the current case, numerous
horizontal nystagmus beats during EVAR was induced by not
only ampullopetal stimulation but also ampullofugal stimula-
tion of the lateral semicircular canal. One possible explana-
tion is that the function of the lateral semicircular canals may
not be severely disturbed by the insertion of a Cl into the scala
vestibuli. Appropriate visual stimuli can adjust VOR gain in
chickens treated with streptomycin [9]. Fetter et al. [10] have
reported that visual experience plays an important role in the
recovery of VOR after labyrinthectomy. Alternatively,
vestibular compensation may lead to the recovery of VOR
after subtotal removal of the right temporal bone and diminish
the asymmetry of EVAR.

Hess et al. reported that VOR gain increased with
increasing frequency in normal subjects and in patients with
bilateral vestibular loss [11]. In the current case, horizontal
VOR was not induced by horizontal sinusoidal stimulation at
0.2 Hz, whereas VOR was induced by sinusoidal stimulation
at 0.6 Hz; however, the eye movement patterns during
horizontal nystagmus to the right side were superimposed on
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the sinusoidal shape. This finding suggests the presence of
directional preponderance to the right side. In addition, the
eye movements during VOR induced by stimulation at
0.8 Hz showed a nearly normal shape without the presence
of superimposed nystagmus. These findings suggest that an
increase in the VOR gain induced by high-frequency
sinusoidal stimulation may suppress the occurrence of
nystagmus superimposed on the VOR recording.

In the current case, our patient complained of “‘jumbling
of vertical direction” of objects in his visual field when in
motion. ENG recording shows that vertical VOR was
irregularly induced during stepping. In addition, numerous
horizontal nystagmus beats were induced during EVAR,
whereas vertical downbeat nystagmus was scarcely induced
during OVAR. We have some possible explanations for these
findings. One possibility is associated with surgical trauma.
Since the vertical nystagmus during OVAR is considered to
be indicative of saccular function, saccular function in our
patient may have been adversely affected by the insertion of
the Cl into the scala vestibuli. The scala vestibuli is closer to
the saccular macula than the ampulla of the lateral
semicircular canal. Therefore, the scala vestibuli insertion
of CI might be more invasive against the saccular macula
than the ampulla crista in the lateral semicircular canal. The
second possibility is the difference of stimulus intensity to
the sensory cells in OVAR. Although the tilt angle of OVAR
in our study was set at 15° for the patient’s safety, the optimal
tilt angle of OVAR is generally 30°. Therefore, the tilt angle
(15°) in the OVAR may not be sufficient for evaluating the
otolith function. Finally, remaining possibility may be due to
anatomical position among the inner ear windows, sacculus
and semicircular canal. Since EVAR or OVAR were not
performed before pre-reinsertion of electrode, it is unclear
whether severely reduced response during OVAR occurred
before surgery. Since the inner ear windows are closer to the
saccular macula than the ampulla of the lateral semicircular
canal, the sacculus may be easily involved in inflammation
in the middle ear. The remaining possibility is to be caused
by vertical semicircular canal hypofunction. The otolith
receptors stch as saccule and utricle are known to contribute
to the VOR when the head moves linearly. However, the
vertical semicircular canal is considered to contribute to the
VOR in response to the walking-induced vertical head
rotations {12]. Recently, it has been reported that some

patients with severely impaired semicircular canal and
normal succular function complained of the vertical
jumbling of object during walking. These phenomena
suggest saccular VOR alone to be insufficient to maintain a
stationary image of the surroundings during physiologic
vertical head movement. We speculated that the vertical
jumbling phenomenon in our patient may be elicited by
reduced gain of the vertical semicircular canal-ocular reflex.
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Carhart Notch 2-kHz Bone Conduction

Threshold Dip

A Nondefinitive Predictor of Stapes Fixation in Conductwe Hearing Loss

With Normal Tympanic Membrane
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Takashi Sakamote, MD; Takaya Yasui, MD; Mitsuya Suzuki, MD; Taisuya Yamasoba, MD

Objective: To evaluate the significance of the Carhartnotch
(a2-kHzbone conduction threshold dip [2KBD) in the di-
agnosis of stapes fixation by comparing its incidence among
ears with various ossicular chain abnormalities.

Desigm: Retrospective study.'
Setting: University hospital.

Patients: A total of 153 ears among 127 consecutive pa-
tients with a congenital ossicular anomaly or otosclerosis.

Main Ouicome Measures: The 2KBD depth was de-
fined as the threshold at 2 kHz minus the mean of thresh-
olds at 1 and 4 kHz. The presence of 2KBD (depth, =10
dB), 2KBD depth, relationship between 2KBD depth and
air-bone gap, and 2-kHz bone conduction recovery af-
ter operation were evaluated in a stapes fixation group
(which included cases of otosclerosis and congenital sta-
pes fixation), an incudostapedial joint detachment group,
and a malleus or incus fixation group.

Resul#s: A 2KBD was present in 32 of 102 stapes fixa-

" tion ears (31.4%), 5 of 19 incudostapedial joint

detachment ears (26.3%), and 6 of 20 malleus or incus
fixation ears (30.0%) (12 ears had other diagnoses).
The mean (SD) 2KBD depths were 17.3 (5.2) dB in the
stapes fixation group, 18.5 (2.2) dB in the incudosta-
pedial joint detachment group, and 16.3 (2.1) dB in
the malleus or incus fixaton group. No stadstcally
significant differences were noted among these 3
groups. No correlation was noted between 2KBD

depth and air-bone gap extent. Recovery of 2-kHz

boune conduction threshold in the stapes fixation
group was less than that in the other 2 groups.

Condlusion: Incidence of 2KBD was similar among the

. stapes fixation, incudostapedial joint detachment, and

malleus or incus fixation groups, implying that 2KBD is
not a useful predictor of stapes fixation.

Arch Otolaryngol Head Neck Surg. 2011;137(3):236-240

N 1950, CARHART' REPORTED BONE

shown that the notch exis(s with stapes fixa-

Author Affiliations:
Department of Otolaryngology,
Faculty of Medicine, University
of Tokyo (Drs Kashio, Kakigi,
Karino, Iwasaki, Sakamoto,
Yasui, and Yamasoba), and
Department of Otolaryngology,
Teikyo University School of
Medicine (Dr 10}, Tokyo, and
Department of
Otolaryngology-Head aud Neck

Surgery, Sakura Medical Center,

University of Toho, Chiba
(Dr Suzuki), Japan.

conducton threshold elevation of
approximately 2 kHz among pa-
tients with otosclerotic lesion~
s induced stapes ankylosis that dis-
appwed after stapes surgery. Since then,
this deceptive 2-kHz bone conduction
threshold dip (2KBD) without inrer ear

damage has become a well-known indica-

tor of stapes fixadon (Carhart notch). How-
ever, results of studies™® have suggested that
elevation in bone conduction thresholds be-
tween 1 and 4 kHz can be caused by vari-
ous factors that affect the conductive mecha-
nism of the middle ear. In fact, it is not
uncommon to encounter cases of Carhart
notch in which hearingloss is caused by de-
tachinent of the incudostapedial joint. For
Carhart notch to be used as a preoperative
predictor of stapes fixation, it should be

tion but not with othet ossicular chain dis-
orders, sach as disconnection; however, few
clinical investigations have assessed this is-
sue. In the present study, we evaluated the
significance of 2KBD depth, defined as the
threshold at 2 kHz minus the mean of
thresholds at 1 and 4 kHz, in diagnosing
various ossicular chain abnormalities in the
setting of a normal tympanic membrane.

We studied 153 earsamong 127 consecutive pa-
tientswho hada congenital ossicularanomaly or
otosclerosis that was confirmed during surgery
berween January 1997 and Decernber 2007 at the
University of Tokyo Hospital, Tokyo, Japan. On
the basis of the diagnosis made during surgery,
weassigned these ears to the following 3 groups:
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Figure 2. Depth of 2-kHz bone conduction threshold dip (2KBD) among
various pathologic conditions, Error bars indicate standard error,
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Figure 1. incidence of 2-kHz bone conduction threshold dip (2KBD) among
various pathologic conditions.

2 stapes fixation group (which included cases ol otosclerosis and
congenital stapes fixation), an incudostapedial joint detachment
group, and a malleus orincus [ixation group. The medical records
of these patients were retrospectively reviewed. Stapes fixation was
observed in 102 ears (including 15 ears with congenital fixation),
incudostapedial joint detachment without stapesfixationin 19 ears
and malleus or incus fixation without stapes fixation in 20 ears.
Theother 12 ears (including a combination of incudostapedial joint
detachment and malleus orincus fixation or obstruction of the oval
window) could not be classified into the aforelisted groupsand were
excluded from the analysis. The patients ranged in age from 6 to
72 years {mean [SD] age, 40 [20] years). Postoperative diagnoses
and the ean age and mean preoperative aivand bowne conduction
thresholds (at 0.5, 1, and 2 kHz) are given in Table 1. Patientsin
the stapes fixation group were significantly older than those inthe
other 2 groups. No significant differences were noted among the
3 groups in preoperative air or bone conduction thresholds.
For audiometric evaluation, we measured air conduction
thresholds at 0.125, 0.25, 0.5, 1, 2, 4, and 8 kHz. Bone con-
duction thresholds were measured at 0.5, 1, 2, and 4 kHz. Pure-
tone audiometry was performed more than once on various days
before surgery. The 2KBD was considered present when the bone
conduction threshold at 2 kHz exceeded the mean of thresh-
‘olds at 1 and 4 kHz by at least 10 dB. The 2KBD depth was cal-
culated by subtracting the mean of thresholds at 1 and 4 kHz
from the bone conduction threshold at 2 kHz.
Values were recorded as the mean {(SD) unless indicated oth-
erwise. Statistical analyses nsed x* test, Wilcoxon signed rank
“test, and 1-way amnalysis of variance with Bonferroni post hoc
test.

Tahla 2 Age-HeIated 2-kHz Bone cgnducu on Threshnld Dlp
(ZKBD)—Pnsmve Rates
Age Postoperative : 2KBD
Group, y - Diagnesis . No. Pasitive
0-29 ' Stapes fixation = 8 1
Incudostapadial joint detachment 2 2
Malleus or incus fixatien 15 5
o Total, No. (%) ‘ 35 8 (22.9)
30-59 Stapes.fixation 70 20
-+ Incudostapedial joint detachment 6 2
- Malleus or incus fixation ooz
, i Tofal, No. (%) 18 22 {28.2)
=60 Stapes fixation - R R
Incudostapedial joint detachment 1 1
Malleus or incus fixation- ~ .~~~ '3 . 1 .
Total, Ne, (%) 28 13 (46.4)

The 2KBD was detected in 32 of 102 ears (31.4%) in the
stapes fixation group, 5 of 19 ears (26.3%) in the incu-
dostapedial joiut detachment group, and 6 of 20 ears
(30.0%) in the malleus or incus fixation group (Figure 1).
The mean 2KBD depths were 17.3 (5.2) dB in the stapes
fbeation group, 18.5 (2.2) dB in the incudostapedial joint
detachment group, and 16.3 (2.1) dB in the malleus ot in-
cus fixation group (Figure 2). No statistically significant
differenices were noted in 2KBD incidence or 2KBD depth
among the 3 groups.

Table 2 gives age-related dip-positive rates. There
were no significant differences in percentages of dip-
positive cases among the different age groups.

Figure 3 shows the relationship between 2KBD depth
and air-hone gap, indicating no correlation between the 2
variables. No apparent differences were observed among
the 3 groups.

Table 3 gives 2-kHz bone conduction thresholds
before and after surgery, as well as improvements
obtained by surgery. Of 102 ears in the stapes fixation
group, 3 ears were excluded in which ossicular recon-
struction could not be performed. Of 19 ears in the
incudostapedial joint detachment group, 1 was
excluded because the patient dropped out during the
postoperative follow-up period. Improvement in 2-kHz

(REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/VOL 137 (NO. 3), MAR 2011

237

WWW_ARCHOTO.COM

Downloaded from www.archoto.com at UNIVERSITY OF TOKYO on March 12, 2012
©2011 American Medical Association. All rights reserved.



¢ Sumpes fixation
40+ O Incudostapedial joint detachment
» Malleus or incus fixation
4 ¢
22
= .
= *
= a ¢
= 8 L3 ol
[ ¢ SOé¢  O¢ +o101 ¢
2 e e e o %
Y ¢ 6% R4
B <+
g < 40 60
Rir-Bone Bzp

Figure 3. Relationship between 2-kHz bone conduction threshold dip {2KBD)
depth and air-bone gap {r=0.34).

‘ ‘Tab!e 3. Preaparatwe and Pustoperatwe 2-kHz Bune :
;(;snduchan Threshulds anﬂ-Becmfery L
Z—RHz Bane (;nnductmn Thresha!d
0 . Mean(sD), 8
Pastoperative No. uf - :
- Diagnosis - Ears Preuperame Pasiupelatwe Recnvery ]
; Stapesﬁxatmn F v
Total 99' 353(13), 312(14) 345(10)
2KBD pesmve 300 4i3{z8) . 37.0(28) ~43{1 9)'
Incodostapedial S '
3cmtdutachment~ I SO e
Yot A8 222023 16807 5-6(293'
o oKBDpositive . 4 356(5.3)  200(62)  15.0{47)
,Ma}feusar ' T e
mcust:xatmn el R IT e 3 :
Total - 20 265(39) 20136 63(39)
'2KBD posmve ;5? HI(. 8) ‘“225 7 '192(4 6) :

Abbreviation: 2KBD, Z-kHz bone conduction threshold dip.

bone conduction thresholds among the stapes fixation
group was less than that among the other 2 groups; the
differenice between the 2KBD-positve stapes fixation
group and the ZKBD-positive malleus or incus fixation
group was statistically significant (P<<.05, Bonferroni
post hoc test) (Figure 4).

PREDICTIVE ABILITY OF CARHART NOTICH
AND ITS UNDERLYING MECHANISMS

Acute or chronic otitis media associated with perfora-
tion of the tympanic membrane and otitis media with ef-
fusion can be diagnosed easily; however, in patients with
normal tympanic membrane, sufficient information is
needed to diagnose the cause of hearing loss. An audio-
logical feature of 2KBD, Carhart notch, is widely kmown
and is tradidounally believed (o suggest stapes {ixation'?;
however, few investigations have verified its usefulness.
In the present study, we evaluated the significance of
Carhart notch in predicting stapes {ixation and found that
2KBD was ineffective as a predictive tool. Incidence of
Carhart notch was ahmost identical amnong the stapes fixa-

Al ears |
3 Ears with 2KBD

T 1

10

Improvamant in 2-kHz Bone
Conduction Threshold. dB

Incudostapedial Malleus or
Joint Detachment Incus Fixation
Group

Figtire 4. Postoperative resovery of 2-kHz bone conduction thresholds, Error
hars indicate standard emer, and the asterisk indicates a significant
difference {P<.05, Bonferrani post hoc test), 2KBD indicates 2-kHz bone
conduction threshold dip.

tion, incudostapedial joint detachment, and malleus or
incus fixation groups. Otologic surgeons should be aware
of this fact and should be ready to adapt their proce-
dures according to pathologic findings during surgery.

Supporting our present findings that Carhart notch
is notspecific to stapes fixation, bone conduction thresh-
old elevaton between 1 and 4 kHz has also been re-
ported in various pathologic conditions that affect the con-
ductive mechanism of the middle ear. This phenomenon
Ias been described in fluctuations of otitis media with
effusion, ™ chronic otitis media,>** experimental cre-
ation of artificial conductive impairment by loading the
tympanic membrane, % occlusion of the round win-
dow or oval window,®® and disarticulation of the incu-
dostapedial joint.**® Bone conduction threshold eleva-
tion has been reported principally between 1 and 4 kHz,
with the largest being at 2 kHz. 272

Bone conduction thresholds do not always represent
a pure estimate of cochlear reserve, as many compo-
nents are involved in bone conduction. The most im-
portant physical phenomena are believed to be (1) sound
vadiation into the ear canal, (2) inertial motion of the
middle ear ossicles, and (3) compression and expansion
of the bone encapsulating the cochlea. % Ossicular chain
deficiencies are closely related to these components. A
change in the ossicular chain may result in less inertial
motion energy transmitted into the inner ear and can cause
impedance mismatch between the inner ear and the os-
sicular system, modifying (decreasing or increasing) the
Toss of bone-conducted sound pressure from the vesti-
bule to the footplate. Itis reported that the middle ear
does not contribute to perception of bone conduction
sound at frequencies lower than 1 kHz.%2* At higher
frequencies, the middle ear can affect bone conduction.
Using human cadaver heads, Stenfelt® reported that mo-
tion of the stapes with bone conduction sounds was de-
creased by 5 to 10 dB between 1.2 and 2.7 kHz after the
incudostapedial joint was severed. Using cats, Kirikae®
reported a decrease in response at frequencies between
1 and 3 kHz after fixation of the stapes. With an intact
ossicular chain, resonance frequency of the ossicular vi-
bration with bone conduction stimulaton is close to 1.5
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kHz,* which explains 2-kHz bone conduction thresh-
old elevation in ossicular deficiency. Therefore, al-
though the underlying mechanisms may differ, 2-kHz
bone conduction threshold elevation may well occur in
various impairments of the ossicular chain, including sta-
pes fixation, incudostapedial joint detachment, and mal-
leus or incus fixation. The reason for this phenomenon
seems complex, but oversimplification is inappropriate;
further fundamental studies are needed to clarify its
mechanism.

AGE-RELATED EFFECTS OF 2KBD

The mean age of patients in the stapes fixation group was
significantly older than that of patients in the incudosta-
pedial joint detachment group and the malleus or incus
fixation group. In our cohort, patients in the latter 2 groups
with normal tympanic membranes were mainly young

“adults or children with congenital malformations of the
ossicular chain. This may explain the younger mean ages
of these groups. Aging raises bone conduction thresh-

- olds at high frequencies, and elevation of 4-kHz bone con-
duction thresholds results in underestimation of poten-
tial ZKBD depths in older patients with stapes [ixation.
However, in our series, no significant differences were
noted in 2KBD incidence among age groups. This sug-
gests that age differences among the 3 study groups did
not affect 2KBD incidence. '

2KBD DEPTH AND 2-KHZ BONE CONDUCTION
THRESHOLD RECOVERY AFTER SURGERY

Several investigations have focused on 2KBD, but its de-
finitive criteria have not yet been established. However,
previously reported mean 2KBD depths in otosclerosis
ranged from 2.4 to 12.5 dB.?****> These studies in-
cluded all cases and not just those classified as dip posi-
tive by certain ctiteria. The overall mean 2KBD depth,
including dip-negative cases, was 8.5 dB in our stapes fixa-
tion group, which is within the range previously re-
ported. For the 2KBD-positive cases, all 3 groups showed
similar depths. These results suggest that an apparent el-
evation in bone conduction thresholds caused by a middle
ear deficiency is similar regardless of the cause. More-
over, no correlation was observed between air-bone gap
and 2KBD depth, suggesting that the depth may not be
influenced by the degree of middle ear deficiency.
Carhart* originally reported postoperative bone con-
duction improvements of 5 dB at 500 Hz, 10 dB at 1 kHz,
15 dB at 2 kHz, and 5 dB at 4 kHz. Ginsberg et al*! con-
(irmed the finding of optimal bone conduction improve-
ment at 2 kHz. Awengen® showed an improvement of 4
to 12 dB for bone conduction at 2 kHz in otosclerosis
after stapedectomy. In our series, the mean recovery of
2-kHz bone conduction was 4.6 to 6.3 dB, and the value
was 4.3 to 19.2 dB when we limited the analysis to only
dip-positive cases. Recovery trends in the stapes fixa-
tion group were worse than those fir the other 2 groups.
Gerard et al”® proposed that there is less postoperative
improvement in bone conduction with increasing age;
this suggests that the aging cochlea is more susceptible
to surgical damage. Because the mean age of patients was

significantly older in the stapes fixation group, this may
have influenced their recovery. When we evaluated 33
younger patients {about one-third of the group; mean age,
33 years) from the stapes fixation group, the overall 2KBD
recovery was 7.9 (1.8) dB, which was comparable to that
of the other 2 groups. Surgical procedures used in sta-
pes surgexy are more invasive and involve opening of the
inner ear. Cook etal”” reported a weak (r=0.28) but sig-
nificant (P<.03) correlation between bone conduction
recovery at 2 kHz and air conduction recovery after sta-
pes surgery. We also investigated this issue and found
that bone conduction recovery at 2 kHz had a weak cor-
relation with the mean air conduction recovery (r=0.38,
P<.05) but observed that preoperative air-bone gap and
2-kHz bone conduction threshold recovery had no sig-
nificant correlation (r=-0.11, P> .05). These facts im-
ply that air and boue conduction threshold elevations are
related somewhat but that the underlying mechanisms
of these phenomena may not be simple.
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