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Fig 1. Schematic drawing of capillary basement mem-
- brane anionic sites. Anionic sites (-) are mainly located
along lamina rara interna (LRI) and lamina rara externa

(LRE) in capillary basement membrane. LD — lamina
'densa' EN — endothelial cell; CL — capillary lumen.

ers, the changes in the PEI dlStI‘lbUthIl needed to be
evaluated in all of these layers

To analyze the changes in the PEI distribution in
each area as accurately as possible, we evaluated
both the number and size of the PEI particles locat-
ed in the 3 layers. A tissue block was randomly se-
lected, and the capillary BM in the stria vascularis
was examined. Several photographs (x12,000) were
taken of each ear, and 2 films were randomly se-
lected for determining the number and size of PEI
‘particles on a 1-um BM segment. Each electron mi-
crograph (x48,000) was enlarged 4 times for each
film (x12,000). The number and size of the PEI par-
- ticles were measured on the micrograph by use of a
- magnifying glass with a ruler. Small particles (di-
ameter greater than 0.4 mm) that were located along
the BM were counted as PEI particles on the micro-
graphs To obtain a measure reﬂectmg the number
- and size of the PEI particles in a given area of the
" BM, we used the formula 3 [(PEI particle radius)2sw
x number of PEI particles]/1 pm BM = PEI area.

SigmaStat software (SPSS, Chicago, Illinois)

- was used for statistical analysis. One-way analysis |

of variance was used to compare the ABR threshold

shifts at each frequency and the changes in the area
of the PEI particles between the control and experi-

mental groups. When the analysis of variance results
showed significant differences, multiple pairwise
comparisons were performed by Dunnett’s method.
A p value of less than 0.05 was considered statisti-
cally significant.

RESULTS

After operation, all of the expenmental animals
demonstrated a temporary head tilt toward the side
of the surgery, with paretic nystagmus. Further, each
animal walked in a counterclockwise direction. In
all experimental animals, neither head tilt nor paret-
ic nystagmus was obsérved the day after surgery.

The ABR threshold shifts that were observed at 4,
8,and 20 kHz in the animals decap1tated immediate-
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Fig 2. Auditory brain stem response (ABR) threshold
shifts, according to time after application of Burow’s so-
lution, at 4, 8, and 20 kHz in experimental and control
animals. At 4, 8, and 20 kHz, ABR threshold shifts were
significantly greater in experimental group 1 than in con-
trol group. ABR threshold shifts at 4 and 8 kHz, but not
at 20 kHz, had recovered by 2 days after surgery. Asterisk
— p <0.05, Dunnett’s method.

ly after surgery. (group 1) were significantly greater
than those observed in the control animals (Fig 2).

‘No significant differences in the ABR threshold
shifts at 4 and 8 kHz were observed between the ani-
mals decapitated 2 days after surgery (group 2) and
the control animals. The ABR threshold shifts at.20
kHz in group 2 were significantly greater than those
in the control group (Fig 2). No marked degenera-
tion was observed in the stria vascularis of the bas-
al or third turns in either the control or experimen-
tal animals. In the control animals, the PEI particles

* were evenly distributed in the lamina rara externa

and the lamina rara interna of the capillary BM (Fig

3). No difference was observed in the PEI distribu-

tion between the basal and third turns. The number
and size of the PEI particles in group 1 were lower
than those in the control group (Fig 3). The PEI dis-
tribution in group 2 was similar to that in the con-
trol group (Fig 3). In both groups 1 and 2, no differ-
ence was observed in the PEI distribution between
the basal and third turns of the cochlea. The area
containing PEI particles in the basal and third turns
of the cochlea was s1gn1flcantly smaller in group 1
than in the control group (Fig 4). However, in group
2, this area did not significantly differ in size from
that in the control group (Fig 4).

DISCUSSION

'Our current findings revealed changes in the ABR
threshold shifts and in the anionic sites on the capil-
lary BM in the stria vascularis in relation to the short
time course that Burow’s solution was retained on
the RWM. In our previous study, we found that a
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Fig 3. Polyethylenimine (PEI) distribution (arrows) on capillary basement membrane in stria vascularis in basal
turn. Bars — 0.2 pm."A) Control group. B) Experimental group 1. C) Experimental group 2. In control group and
experimental group 2, PEI particles were evenly distributed in lamina rara externa and lamina rara interna of capil-
lary basement membrane. Compared to control group, experimental group 1 had markedly decreased number and

size of PEI particles.

significant amount of outer hair cell loss occurs in
the basal turn of the cochlea after Burow’s solution
has been applied to the RWM for 2 hours.3 There-
fore, in the current study, we used the time window
of 2 hours for applying Burow’s solution onto the
RWM. - ‘ -

In the current study, all experimental animals tem-
porarily demonstrated a head tilt toward the side of
the surgery, with paretic nystagmus, and walked in
a counterclockwise direction — similar to behavior
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Fig 4. PEI area on capillary basement membrane in stria
vascularis in basal and third turns. In both turns, number
and size of PEI particles in group 1 differed significantly
from those in control group. Number and size of PEI par-
ticles in group 2 was similar to those in control group.
Asterisk — p < 0.05, Dunnett’s method.

observed in a previous report.3 This result suggests
that Burow’s solution penetrated to all parts of the
inner ear, including the vestibular labyrinth passin
through the scala tympani: ‘

In the current study, the ABR threshold shifts that

- were observed at 4, 8, and 20 kHz in the experimen-

tal animals that were decapitated immediately after
surgery were significantly greater than those ob-
served in the control animals. These findings sug-
gest that hearing rapidly deteriorates after Burow’s
solution is applied and retained on the RWM for
2 hours. In addition, the area containing PEI par-
ticles in the basal and third turns of the cochlea de-
creased significantly immediately after surgery. It
has been demonstrated that the distribution of PEI
particles present at the anionic sites undergoes a de-
crease on the capillary BM in the stria vascularis un-
der the condition of acidosis.> Therefore, a decrease
in the area containing PEI particles in the BM sug-
gests that the pH of the tissue in the stria vascular-
is, especially the intermediate cell layer, became
acidic after the application of Burow’s solution. It
has been reported that the application of acetic acid
to the RWM rapidly suppresses sodium-potassi-
um adenosine triphosphatase activity and decreas-
es the pH of the perilymph and endolymph, with
a subsequent persistent decline in the endocochle-
ar potentials.# In addition, it has been reported that
adenosine triphosphatase is particularly sensitive to
aluminum acetate.3 One hypothesis is that the ap-
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plication of Burow’s solution to the RWM decreases
the pH of the tissue in the stria vascularis, especially
the intermediate cell Iayer and rapidly suppresses
sodium-potassium adenosine triphosphatase activity,
thereby inducing hearing impairment. In this Study,
all of the experimental animals demonstrated a tem-
porary head tilt toward the side of the surgery, with
paretic nystagmus, immediately after application of
Burow’s solution. Therefore, another hypothesis is
~ that the cochlear hair cells are directly influenced
by the low pH of Burow’s solution. In this study,

the ABR thresholds at 4, 8, and 20 kHz significant-

ly increased immediately after surgery; the thresh-
~ olds at 4 and 8 kHz, but not at 20 kHz, recovered 2
days after surgery. Tanaka et al® recorded no signifi-
cant ABR threshold shifts at 1,2, 4, 8, or 16 kHz 3
days after acidic phosphate—buffered saline solution
was placed on the round window membrane. These

data suggest that the direct effect of low pH on the
~ cochlear hair cells is not permanent. Therefore, the
ABR threshold shift at 20 kHz in the current study
cannot be attributed to the low pH.

In the experimental animals decapitated 2 days
after surgery, the ABR threshold shifts at 4 and 8
kHz were the same as those in the control animals.
In addition, the area containing PEI particles in
the basal and third turns in these animals was not
significantly different from that in the control ani-
mals. These findings suggest that the ABR threshold
shifts at 4 and 8 kHz caused by the application of
~ Burow’s solution to the RWM were temporary and
that the changes in the BM anionic sites induced by
a decrease of pH were completely reversed within 2
days after surgery. In the cochlea, the BM consists
of 4 components:. laminin, entactin/nidogen, type
IV collagen, and heparan sulfate proteoglycans. In
glomeruli, it has been demonstrated that the turn-
over of proteoglycans — the principal component of
BM anionic sites — is fairly rapid.!!12 Yoshimura et
al!3 reported that the anionic sites of the glomerular
BM generally begin to recover 3 hours after their
disappearance following treatment with cationic
probe molecules. However, the BM anionic sites in
the stria vascularis may not recover when the co-
chlea undergoes severe degeneration after exposure

to an ototoxic drug.!* The recovery of the BM an--

“ionic sites noted in the current study suggests that
the cochlear damage subsequent to the pH change
was not severe enough to prevent regeneration, and
that normal proteoglycan turnover continued.

In the current study, the ABR threshold shifts at 20
kHz continued to increase even 2 days after surgery,
despite the reversal in the acetic pH changes in the
. stria vascularis. Therefore, the ABR threshold shifts
at 20 kHz cannot be attributed to the pH changes

induced by the acetic acid present in Burow’s solu-
tion. Recently, we demonstrated that degeneration
of the outer epithelium and extensive erythrocyte
infiltration appear in the scala tympani, adjacent
to the RWM, immediately after Burow’s solution
is retained on the RWM for 2 hours.? These find-
ings suggest that the inflammatory changes occur
mainly in the lower basal turn. Aluminum sulfate,
the other principal component of Burow’s solution,
is known to have an astringent effect that causes de-
composition of proteins, constriction of blood ves-
sels, tightening of the skin or mucosa, and induction
of inflammation. Therefore, the ABR threshold shift
at 20 kHz may be attributable to the inflammation -

caused by the aluminum sulfate entering the scala

tympani through the RWM.

Recently, Oishi et all3 reported 2 cases of acute
sensorineural hearing loss that occurred after the ad- -
ministration of 8% Burow’s solution into the tym-
panic cavities. Because a previous study reported
that the application of an artificial perilymph of pH
4 titrated with hydrochloric acid induced no signifi-
cant changes in the endocochlear potentials * the low
pH of Burow’s solution would not be a risk factor
for permanent ototoxicity. Possibly, the most effec-
tive method for preventing permanent hearing loss
may be to decrease the concentration of aluminum
sulfate in Burow’s solution. Alternatively, intratym-
panic irrigation with physiological saline solution is
also recommended for removing or diluting the rem-
nants of Burow’s solution, especially the aluminum
sulfate component, in the round window niche.

Thus, our findings demonstrated that although the
changes in pH caused by application of Burow’s so--
lution to the RWM led to ABR shifts at 4 and 8 kHz,
along with a decrease in the PEI distribution area in
the basal and third turns signifying damage to the
BM anionic sites, these changes were temporary and
were reversed by 2 days after the application. This
finding indicated that the hearing loss and ototox-
icity caused by the acetic acid in Burow’s solution
was unlikely to be permanent; however, it inay be
advisable to reduce the aluminum sulfate concentra-
tion administered in order to decrease the 1nc1dence
of ototoxicity.

CONCLUSIONS

The ABR threshold shifts and the area of the an-
ionic sites on the capillary BM in the stria vascularis
were changed in relation to the time that Burow’s

~ solution was retained on the RWM. Although Bu-

row’s solution may cause an acetic low pH in the
stria vascularis and a temporary ABR threshold shift
at 4 and 8 kHz, a permanent ABR threshold shift at
20 kHz cannot be attributed to the acetic low pH.
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Carhart Notch 2-kHz B{on‘eCo’nduction

Threshold Dip

A Nondefinitive Predictor of Stapes Fixation in Conductwe Hearing Loss

With Normal Tympanic Membrane

A‘lzﬁmm Kushio, MD; Ken Ho, MD: Akinobu Kakigi, MD; Shotoro Kavino, MD; Shin-ichi Iwasaki, MD;
Talkashi Sakamoto, MD; Talmya Yasui, MD; Mitsuya Suzulki, MD; Tatsuye Yomasoba, MD

Objedive: Toevaluate the significance of the Carhartnotch
(a2-kHzbone conduction threshold dip [2KBD]) in the di-
agnosis of stapes fixation by comparingits incidence ammong
ears with various ossicular chain abnormalities.

BDesigm: Retrospective study.A
Sefttimg: University hospital.

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

Hain Ovicome Measores: 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 ZKBD depth and
air-bone gap, and 2-kHz hone conduction recovery al-

- 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.

Results: 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 [ixation group. No statistically -
significant differences were noted among thesé 3
groups. No correlation was noted between 2KBD

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

bone 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 ﬁxauon

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

N 1950, CARHART' REPORTED BONE
conduction threshold elevation of
approximately 2 kHz among pa-
tients with otosclerotic lesion~

shown that the notch exists with stapes fixa-
tion but not with other ossicular chain dis-
orders, such as disconnection; however, few
clinical investigations have assessed this is-
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induced stapes ankylosis that dis-
appaand after stapes surgery. Since then,
this deceptive 2-kHz bone conduction
threshold dip (2KBD) without inner ear

damage has become a well-known indica--

tor of stapes fixation (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 atfect the conductive mecha-
nism of the middle ear. In fact, it is not
uncommon to encounter cases of Carhart

notch in which hearing loss is caused by de-

tachment of the mcudostaped(al joint. For
Carhart notch to be used as a preoperative
predictor of stapes fixation, it should be

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 ears among 127 consecutive pa-
tentswho had a congenital ossicular anomaly or
otosclerosis that was confirmed during surgery
berween January 1997 and December 2007 at the
Univessity of Tokyo Hospital, Tokyo, Japan. On
the basis of the diagnosis made during surgery,
weassigned these ears to the following 3 groups:

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

236

WWW.ARCHOTO.COM

Downloaded from www.archoto.com at UNIVERSITY OF TOK YO, on March 12 202
©2011 American Medical Association, All nghts reserved. -



Ta‘bie v1 Postoperative Dlagnosm ‘Age, and Preoperative
_ Air'2and Bona Conduction Thresholds Among Patients’
- With the Various Pathulagm Enndmons

. o Mean (SD)
Pastaperative No. of | i
Diagnasis Ears Panenl Age, y ACT, dB BCT, dB
* Stapes fixation 102 48 @15} 583 (15.1) 26.3(11.0)
Incudostapedial 19. . 26(i7 54.0 (11.9) 15.8 (7.0
joint detachment . '
1 Maﬂeus of. 20 24.(22) 56.8 (13.5) 19.2 (12.4)
- incus fixation o '
Other 12 22(6) 65.1(84) 17.2(125)

Abbreviations: AGT, air conduction thresheld; BGT, hene conduction
threshold.
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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. -

a stapes lixation group (which included cases of otosclerosis and
congenital stapes {ixation), an incudostapedial joint detachment
group, and a malleus or incus fixation group. The medical records
of these patients were retrospectively reviewed. Stapes fixation was
observed in 102 eaxs (including 15 ears with congeniltal [ixation),
incudestapedial joint detachment without stapesfixationin 19 eas,
and malleus or incus fixation withowt stapes fixation in 20 ears.
Theother 12 ears (incduding 2 combination of incudostapedial joint
detachment and malleus orincns fixation or obstruction of the oval
window) could not be classified into the afotelisted groups and 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 mean agé and mean preopevative airand bowe conduction
thresholds (at 0.5, 1, and 2 kHz) are given in Falble 1. Patientsin
the stapes fixation group were significantly older than thoese in the
other 2 groups. No significant differences wete noted among the
* 3 groups in preoperative air or hone 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 mca:;urcd at0.5, 1,2, and 4 kHz. Pure-
tome 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-
‘oldsat 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 a1 2 kHz. |

. Values were recorded as the mean (SD) unless indicated oth-

exwise. Statistical analyses used x? test, Wilcoxon signed rank
‘test, and 1-way analysis of variance with Bonferroni post hoc
test. ‘ i

‘ahle 2. A@B—Helaieﬁ 2-kHz Bone Gonduction Threshold Dip
- (2KED)-Pasitive Rates

Age Postoperative 2KBD
Group, y Diagnosis Na, Pasitive
. 0-29 Stapes fixation 8 1
Incudostapedial joint detachment 12 2
Malleus or incus fixation 15 5
Total, No. (%) ' 35 8 (22.9)
30-59 Stapes fixation 70 20
Incudostapedial joint detachment 6 2
Malleus or incus fixation 2 0 .
Tatal, No. (%) 78 22 (28.2)
=60 Stapes Tixation 24 11
Incudostapedial joint detachment 1 1
Malleus or incus fixation 3 i
Total, No. (%) 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 joint 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
lixation group, 18.5 (2.2) dB in the incudostapedial joint
detachment group, and 16.3 (2.1) dB in the malleus or in-
cus fixation group (Figure 2). No statistically significant
differences 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 hone conduction thresholds
before and after sur gery, 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 becanse the patient dropped out during the
" postoperative follow-up period. Improvement in 2-kHz
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" Figure 3. Raiatinnship hetwaen 2-kiz bane canduction threshold dip {2KBD)
depth and air-bone gap {r=0.34). .

- Tahle 3. Prenperatwe and Pastoparatwe 2-kHz Bone
Cnnduc!mn Threshulds and Becnwexy
’ 2—kHz HBaone Gonduction Threshald,
: - Nean {SD),d8
Pastoperative . No.of |
Diagnosis - Ears Preuperatwe Pusluperahve Recnuery
Stapes fixation | ;
CoTotal ,99 ©850(13) ,31.2 (4 46(1.0)
2KBDpositive. 30 ' 41.3{26)  37.0(28)  43(19)
. Incedostapedial S i
joint detachment -~ .
Tolal o180 2225 16827 . 56(29)
ZKBD positive. 4 °35.0(53) - 20.0(6.2) 15.0{47)
Malleus or
ingus fixation : ' ’
Total 20 26.5(3.9) 20.1 (3.6) 6.3 (3.9)
2KBD positive 6 41.7(7.8) 225(7.7) 18.2 (4.6)

Abbreviation; 2KBD, 2-kHz bone conduetion threshold dip..

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

- PREDICTIVE ABILITY OF CARHART NOTCH
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 membraune, sufficient information is
needed to diagnose the cause of hearing loss. An audio-
logical {eature of 2KBD, Carhart notch, is widely known
_and is uaditionally believed to suggest stapes {ixation'®;
however, few investigations have verified its usefulness.
In the present study, we evaluated the significance of
Carhart notch in predicting stapes fixation and found that
JKBD was ineffective as a predictive tool. Incidence of
Cazhart notch was almost identical among the stapes fixa-

3 Alf edrs |
LI Ears with 2KBD

T 1

Improvemant in 2-kHz Bone
Condustion Thrsshald. dB

" Incudostapedial Malleus or

Stapes
Fixatian Joint Detachment Incus Fixation
Group

Figere 4. Postoperative recovery of 2-kHz bone conduction thresholds, Errar
Bars indicate standard error, and the asterisk indicates a significant
difference {P<.05, Bonferroni 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 [indings that Carhart notch
is not specific to stapes fixation, bone conduction thresh-
old elevation 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
Iias been described in fluctuations of otitis media with
effusion, > chronic otitis media, 417 experimental cre-
ation of artificial conductive impairment by loading the
tympanic membrane,*'%° occlusion of the round win-
dow or oval Wmdow, and disarticulation of the incu-
dostapedial joint.>*® Bone conduction threshold cleva-
tion has been reported principally between 1 and 4 kHz,
with the Jargest being at 2 kHz 2772

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
radiation.into the ear canal, (2) inertial motion of the
middle ear ossicles, and (3) compression and expansion
ol the bone ericapsulating 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

o impedance mismatch between the inner ear and the os-

sicular system, modifying (decreasing or increasing) the
loss of bone-conducted sound pressure from the vesti-
bule to the footplate. It is reported that the middle ear
does.not contribute to perception of bone conduction
sound at frequencies lower than 1 kHz.%%* 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 flequenmes 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 stimulation 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 impaitmients 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 clarily its
mechanism. '

AGE-RELATED EFFECTS OF 2KBD

Themean 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, patientsin 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 athigh frequencies, and elevation of 4-kHz bone con-
- duction thresholds results in underestimation of poten-
tial 2KBD 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.2***? These studies in-
cluded all cases and not just those classified as dip posi-
tive by certain criteria. 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 imptrovements 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-
firmed the [inding 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.

- alter 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 in the other 2 groups.
Gerard et al*® proposed that there is less postoperative
improvement in bone conduction with increasing age;
this stiggests 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 surgery are more invasive and involve opening of the
inner ear. Cook et al”” reported a weak (r=0.28) but sig-
nificant (P<.05) 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 borie conduction threshold recovery had no sig-
nificant correlation (r=—~0.11, P> .05). These [acts im-
ply that air and boue coriduction threshold elevations are
related somewhat but that the underlying mechanisms -
of these phenomena may not be simple.
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