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Background: Otoacoustic emissions (OAEs) are influenced in otosclerosis. The aim of the current study was to investigate
the profile of transient evoked (TEOAEs) and distortion product otoacoustic emissions (DPOAEs) in association
with multifrequency tympanometry measures in otosclerotic patients undergoing 2 types of stapes surgery:
small fenestra and microtraumatic stapedotomy.

Material/Methods: A retrospective analysis of prospectively collected data was conducted evaluating 51 otosclerotic patients and
50 normal hearing subjects. Small fenestra and microtraumatic stapedotomy were performed in 27 and 24 pa-
tients, respectively. Pure tone audiometry (PTA) was always measured. Detection of TEOAEs and DPOAEs at 5
frequency steps (1, 1.4, 2, 2.8, and 4 kHz) preoperatively and at 2 and 5 months postoperatively, stratified by
the type of surgery, represented the main goal of the study. Resonant frequency derived by multifrequency
tympanometry was also evaluated.

Results: All patients demonstrated improvement in hearing level postoperatively, with significant closure of air-bone
gap on PTA. Resonant frequency values returned to normal after microtraumatic stapedotomy but were ex-
ceedingly decreased following the small fenestra technique. The detection of both TEOAEs and DPOAEs was
improved, but when the detection was stratified by the tested frequencies, significant increase in the number
of patients with detectable OAEs was observed, mainly during testing at 1 and 1.4 kHz.

Conclusions: Otosclerotic patients exhibited improvement in the detection of OAEs, particularly at low frequencies, after
both procedures. Resonant frequency was normalized following the microtraumatic stapedotomy, whereas it
is over-decreased after the small fenestra technique.
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Background

Otoacoustic emissions (OAEs) represent an audiofrequency sig-
naling into the ear canal produced in the cochlea and trans-
mitted through the ossicular chain and tympanum. They are
believed to originate from vibrations generated by healthy
outer hair cells [1]. According to Kemp’s proposal, a biome-
chanical amplifier within the organ of Corti seems to under-
lie OAEs’ properties [2]. Aside from spontaneously occurring
otoacoustic emissions, OAEs can also be evoked by acoustic
stimulation. Transient evoked (TEOAE) and distortion product
(DPOAE) otoacoustic emissions are the 2 types of OAEs that
are commonly measured clinically, mainly for hearing evalua-
tion in newborns, children, and adults [3].

TEOAEs are elicited with very brief, transient sounds, such as
clicks or tone bursts, presented to the ear at an intensity lev-
el of 80 dB SPL. TEOAEs are generally recorded over the fre-
quency range of 500 to about 4000 Hz. They are detectable
essentially when hearing threshold is better than 30dB and
they are frequently used for hearing screening in newborns,
noise-exposed workers, and patients taking ototoxic drugs [4,5].

DPOAEs are elicited with sets of 2 pure tone frequencies (ab-
breviated as f2 and 1), which are closely spaced and presented
simultaneously at moderate intensity levels — mainly at 55 and
65 dB SPL, respectively. The highest amplitude at the frequency
2f1-f2 is used principally for routine audiological evaluations [6].

Although otoacoustic emissions preferentially reflect the func-
tional status of the cochlea [7], they may undergo changes due
to disorders of the external and middle ear structures, because
their interpretation depends on the acoustic stimulus trans-
mission, both towards the inner ear and retrograde. Certain
diseases of the middle ear may decrease the amplitude of oto-
acoustic emissions or even obliterate responses. Otosclerosis is
a primary localized disease of the bony otic capsule, which has
a predilection for the oval window and leads to fixation of the
stapedial footplate within the oval window niche [8]. The pro-
file of OAEs could therefore be altered in otosclerotic patients.

Additionally, it has been reported that resonance in the ex-
ternal and middle ear has an important role in sound trans-
mission. Resonant frequency represents the middle ear’s fre-
quency at which the effects of mass and rigidity cancel each
other. Many studies suggest that otoacoustic emissions are
best detected around this frequency level, as well as in sub-
jects with moderate middle ear mobility [9]. Multifrequency
tympanometry enables the recording of admittance across a
wide range of probe tone frequencies, providing an estimate
of the middle ear resonant frequency, which has potential di-
agnostic value in pathologies that increase middle ear stiff-
ness, like otosclerosis [10].
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Limited data is available in the literature about the effect of
stapes fixation on the profile of otoacoustic emissions and
resonant frequency measures derived by multifrequency tym-
panometry. Furthermore, no data exists about the compara-
tive auditory outcome after small fenestra stapedotomy and
a microtraumatic modification [11] of the procedure. For all of
these reasons, we attempted to evaluate the impact of oto-
sclerosis and the 2 types of surgical intervention in the profile
of transient evoked and distortion product otoacoustic emis-
sions, as well as in the values of resonant frequency, derived
by multifrequency tympanometry.

Material and Methods

Fifty-one patients (17 men, 34 women) with mean age of
48.1+11.1 years old, suffering from otosclerosis were includ-
ed in the study during a 4-year period (2007-2010), after in-
stitutional review board approval. Fifty normal-hearing sub-
jects with mean age of 39.2+11.7 years were compensated for
their participation and formed the control group. No patient
had history of metabolic disease, exposure to noise, or use of
ototoxic drugs. All patients underwent stapes surgery in the
form of stapedotomy. Small fenestra stapedotomy was per-
formed in 27 cases (13 left and 14 right ears) and a microtrau-
matic modification of the procedure [11] was performed in 24
patients (15 left and 9 right ears). The results were evaluated
at routine follow-up intervals 2 and 5 months after surgery.

Pure tone audiometry (PTA), transient evoked otoacoustic
emissions (TEOAEs), distortion product otoacoustic emissions
(DPOAEs), and multifrequency tympanometry (MFT) were per-
formed in all patients. The same tests were performed in the
control subjects, who also fulfilled the same exclusion crite-
ria. All normal-hearing subjects had auditory thresholds equal
to or better than 25 dB, a type A tympanogram, and normal-
ly elicited ipsilateral acoustic reflexes.

The external acoustic meatus and tympanic membrane were
first inspected with an otomicroscopic examination and were
found normal in all cases. All audiological tests were per-
formed in sound booth.

Pure tone audiometry (PTA) was performed at 250, 500,
1000, 2000, 4000, and 8000 Hz using a diagnostic AD226
Interacoustics® audiometer. Additionally, admittance tympa-
nometry (Ymt) at a probe frequency of 226 Hz and ipsilat-
eral acoustic reflexes using stimuli at 500 Hz, 1000 Hz, and
2000 Hz were tested using an Interacoustics® AT235h mid-
dle ear analyzer.

Assessment of the middle ear resonant frequency was achieved
using samples for multifrequency tympanometry testing, taken
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with an external ear microphone probe using a Welch Allyn
- GSI 33 (version 2) middle ear analyzer. This device uses 3
tone frequencies (226, 678, and 1000Hz) in the immittance
probe. Tympanometric measures are automatically performed
at 50 daPa/s and the probe frequency can vary automatical-
ly from 250 to 2000 Hz at 50 Hz intervals in the initial pres-
sure. A printer incorporated into this system recorded the re-
sults. Measures of immittance components and phases were
stored in the device memory. The probe tube was inserted at
27 mm from the tragus and 8 mm from the tympanic mem-
brane. First, a tympanogram in acoustic admittance (Ya) mode
at a probe frequency of 226 Hz was recorded and peak data
were noted. A second scan at the tympanometric peak (Ya)
pressure at 226 Hz was presented, and phase and component
measures were again stored. The differences in component
(AY, AB, and AG) and phase values (A8) among the first and
second frequency scans were then calculated and presented
on the monitor screen according to frequency variations (from
250 Hz to 2000 Hz). The middle ear resonant frequency was
automatically shown by the cursor on the screen; a new tym-
panogram was always performed at the resonant frequency
to check the type of the curve.

Both TEOAE and DPOAE testing took place using a DP Echoport
ILO 292 USB analyzer, which delivered the complete range of
single-probe clinical tests through ILO V6 software. Software
was installed in a desktop computer that used Microsoft
Windows XP® Home Edition. For TEOAEs measurement, click
stimulus with amplitude of 80 dB SPL and duration of 80 ps
was used. TEOAEs were recorded at the frequencies of 1.0,
1.4, 2.0, 2.8, and 4.0 kHz. According to the manufacturer's in-
structions, for the frequency of 1000 Hz, a sound-to-noise ra-
tio (SNR) value (representing the difference between OAE am-
plitude and noise floor), >3 dB SPL was considered as present
TEOAEs. For the rest of the tested frequencies (1400, 2000,
2800, and 4000 Hz), 6dB SPL was considered as the minimum
value indicating presence of TEOAEs. DPOAEs were obtained
with primary tone level of L1 and L2 as 65 and 55 dB SPL, re-
spectively, and frequency ratio f2/f1 as 1.22. DPOAEs ampli-
tudes were recorded and plotted as DP gram at 1.0, 1.4, 2.0,
2.8, and 4.0 kHz. The criteria for their presence were the same
with those for TEOAEs.

Surgical procedures

Informed consent was obtained from all participants. The pa-
tients were operated on under general anesthesia by 2 ex-
perienced surgeons. According to the surgeon’s preference,
small fenestra stapedotomy was performed in 27 cases and
a microtraumatic modification of the procedure [11] was per-
formed in 24 individuals.
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During small fenestra stapedotomy, an endaural incision was
made. The chorda tympani nerve was identified and gently pre-
served and the ossicles’ fixation was confirmed. The incudo-
stapedial joint was separated, the stapes tendon was cut with
microscissors, and the stapes superstructure was removed af-
ter the fracture of the stapes crura. Creation of a small fenes-
tra stapedotomy was succeeded by using a burr slightly larg-
er than the intended prosthesis. A titanium prosthesis of 0.5
mm in diameter and 4.5 mm long was inserted and the oval
window was sealed with small pieces of connective tissue, fill-
ing the oval window niche.

In the variant of microtraumatic stapedotomy [11], after sep-
arating the incudostapedial joint, a fissure was opened in the
center of the union of the middle and posterior third of the
footplate. Following the fracture of the stapes crura, the sta-
pes superstructure with the stapes tendon intact was left ly-
ing or bending on the promontory. A Schuknecht prosthesis
4.5 mm long was inserted and the oval window was sealed
with small pieces of connective tissue, filling the oval window
niche and the area between the stapes crura and covering the
piston’s whole length.

Statistical analysis

Data analysis was performed by means of SPSS software (re-
lease 19.0) (SPSS Inc, Chicago, Illinois). Laboratory data between
the two surgical groups were correlated by using the Mann-
Whitney U test. The postoperative outcomes of the applied pro-
cedures were estimated by using the paired Wilcoxon test. Any
p-value less than 0.05 was considered statistically significant.

Results

Preoperative findings

The outer ear canal and tympanic membrane was found nor-
mal in all patients suffering from otosclerosis. The stapedial
reflex was absent in all cases. Type A tympanogram was re-
corded in 9 cases and type As tympanogram was evident in
the remaining 42 cases.

Overall, the mean air hearing threshold of the 51 patients in-
cluded in the study was 55.7+10.6 dB, the mean bone hear-
ing threshold was 32.1+10.2 dB, and the mean air-bone gap,
calculated for the speech frequency range between 500 and
4000 Hz, was 23.8+6.1 dB. The mean resonant frequency val-
ue, derived by multifrequency tympanometry testing, was
1268.63+188.4 Hz. The comparison of patients’ auditory re-
sponses preoperatively revealed no statistically significant dif-
ferences between the 2 surgical groups (Table 1).
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Table 1. Preoperative patients’ auditory data of the otosclerotic ears in accordance to the planned surgical procedure.

Preoperative auditory responses Small fenestra stapedotomy  Microtraumatic stapedotomy p
Air hearing threshold (mean +SD), dB 54.8+11.2 56.6+9.9 0.557
 Bone hearing threshold (mean +5D), &8 20e114 3889 0889
 Airbone gap (mean #5D), &8 29152 u866 0260

Resonant frequency (mean +SD), Hz 1292.6+191.1 1241.7+185.7

Table 2. Preoperative OAEs detection at the tested frequencies, according to the planned surgical intervention. No statistically
significant differences were evident between the two surgical groups at all frequencies.

Microtraumatic

Small fenestra

F .
:qal::‘::s Type of OAEs stapedotomy stapedotomy (No o-lfbt:tlien ts)
(No. of patients) (No. of patients) -otp
TEOAEs 6 2 8 0.621
1 KHZ
DPOAEs 0 1 1 0.933
TEOAEs 0 2 2 0.130
B
DPOAEs 1 0 1 0.933
TEOAEs 0 0 0 =
K] 7 SR NS
DPOAEs 0 0 0 =
TEOAEs 0 0 0 =
28KHZ
DPOAEs 1 0 1 0.933
TEOAEs 0 0 0 =
L
DPOAEs 0 1 1 0.933

The detection of TEOAEs and DPOAEs was tested in 5 frequen-
cy steps: 1, 1.4, 2, 2.8, and 4 kHz. The first 2 steps (1 and 1.4
kHz) were considered as low-level frequencies and the others
(2, 2.8, and 4 kHz) were considered as high-level frequencies.

Preoperatively, totally absent TEOAEs were found in 41 pa-
tients (80.4%). Amplitudes significantly exceeding the back-
ground noise level were detected in 10 patients (19.6%), all
at low frequencies (8 cases at 1 kHz and 2 cases at 1.4 kHz).
There were no patients with present TEOAEs at high frequen-
cies. Concomitantly, 47 patients (92.2%) exhibited total ab-
sence of DPOAEs, preoperatively. Four patients (7.8%) pre-
sented amplitudes significantly exceeding the background
noise level. Two cases involved detection at low frequencies (1
and 1.4 kHz) and 2 cases at high frequencies (2.8 and 4 kHz).

When the preoperative status of the detection of OAEs was
stratified according to the planned surgical intervention, no
statistically significant differences were recorded between
the 2 groups of patients, in both TEOAEs and DPOAEs testing
(p 0.621 and p 0.903, respectively). Furthermore, no statistically
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significant differences in OAEs’ detection between the 2 surgi-
cal groups were noted when the testing was stratified by the
frequencies examined (Table 2).

The mean air and bone hearing thresholds in the control group
were calculated at 7.6+4.3 dB and 5.7+3.9 dB, respectively. The
mean air-bone gap measurement was 1.87+1.8 dB. TEOAEs and
DPOAEs were present in all subjects and in all frequencies ex-
amined. Multifrequency tympanometry testing was also ap-
plied in all normal hearing subjects and resonant frequency
was calculated at 923+125.1 Hz.

Postoperative findings

The mean hospital stay of the patients was 2.1+0.2 days.
No statistically significant differences were recorded among
the 2 surgical groups (p=0.251). There were no perioperative
complications.

Follow-up was eligible for all cases (100%). All patients de-
scribed improved hearing in the operated ear. Independently
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Table 3. Postoperative comparative auditory data of the patients’ operated ears in the two surgical groups.

Post-operative auditory responses

Follow-up intervals

2" month
Air hearing threshold (mean +SD), dB -
5" month
24 month
Bone hearing threshold (mean +SD), dB o ooeoeoee
5" month
24 month
Air-bone gap (mean +SD), dB. s
5" month
24 month
Resonant frequency (mean #SD), Hz =~ oo
5t month

Small fenestra Microtraumatic
stapedotomy stapedotomy
35.32+9.4 33.33+7.8 0.683
33104101 3062:72 0293
25554107 2317+69 0091
 2457¢108  2256:106 0221
"""""" 990+44 1015448 0955
""""""" 754139 80748 0192
 23037#565  79160£12601 0001

of the type of the procedure, the overall mean air and bone
hearing threshold and mean air-bone gap, which were calcu-
lated at 2 and 5 months postoperatively, were improved sig-
nificantly compared to the preoperative values (p<0.001). The
stratification of postoperative data according to the type of
the procedure confirmed the improvement of the auditory re-
sponses in both surgical groups; however, no statistically sig-
nificant differences in the postoperative outcome were evi-
dent (Table 3).

Postoperative resonant frequency data (RF) were derived only
in the 5™ postoperative month in order to avoid any possible
complications associated with the testing in an earlier post-
operative period. Mean measured value was 570.52+152.9 Hz,
exhibiting a statistically significant reduction compared to the
preoperative measurement of 1268.63+188.4 Hz (p<0.0001).
However, the assessment of resonant frequency data in the
2 surgical groups indicated that RF was almost normalized in
the microtraumatic stapedotomy group (791.60+126.01 Hz).
In contrast, the patients who underwent the small fenestra
technique exhibited an enormous decrease in RF value post-
operatively (230.37+56.5 Hz) (p<0.001, Table 2).

OAEs testing at follow-up intervals indicated statistically sig-
nificant improvement in the detection of all OAEs. However,
when the postoperative detection was stratified by the tested
frequencies, statistically significant increase in the number of
patients with present TEOAEs and DPOAEs was seen only at
1 and 1.4 kHz (low frequencies) (p<0.001). Statistically signif-
icant improvement in the detection of OAEs in high frequen-
cies was recorded only during the follow-up on the 5% post-
operative month and involved only the detection of DPOAEs
(p<0.05). The above findings were constant after both small
fenestra and microtraumatic stapedotomy, except for some
minor differences involving the presence of DPOAEs at high
frequencies (Figures 1 and 2). Moreover, correlation analysis
failed to exhibit any significant association between the type
of the procedure and postoperative OAEs responses (p 0.896,

0.714 for TEOAEs testing and p 0.366, 0.320 for DPOAEs test-
ing at 2 and 5 months after surgery, respectively).

Regression analysis was performed to verify whether any given
middle ear resonant frequency in the 5™ postoperative month
could affect the response levels found at certain frequencies in
OAEs testing. Regression modeling failed to verify any associa-
tion between TEOAEs’ and DPOAEs’ best frequency responses
with middle ear’s resonant frequency in both surgical groups.
None of the models presented satisfactory adjustment levels
to confirm the hypothesis that emissions could be affected di-
rectly by middle ear resonance features.

Discussion

The current study examined the effect of 2 types of stapes
surgery in the profile of otoacoustic emissions in patients
with otosclerosis. The results were associated with the mid-
dle ear’s resonant frequency, which was derived by multifre-
quency tympanometry. Our results indicate that the detection
of OAEs is significantly improved after both small fenestra and
microtraumatic stapedotomy and especially during testing at
low frequencies. Nevertheless, only the ears operated on with
the microtraumatic technique presented resonant frequency
values within the normal range, postoperatively. This was re-
flected in better hearing quality and less loud-noise intoler-
ance reported by this group of patients.

According to the literature, in normal middle ear conditions,
TEOAEs and DPOAEs are measurable at all frequencies in in-
dividuals with hearing threshold better than 30 and 55 dB, re-
spectively [6]. This is validated by the auditory results of the
normal-hearing subjects included in our study. In otosclerosis,
the sound transmission towards the inner ear is affected and
subsequently leads to a conductive hearing loss. Since otoscle-
rotic abnormalities also affect the antidromic sound transmis-
sion from the inner through the middle ear into the outer ear
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Figure 1. TEOAEs responses in otosclerotic patients undergoing:
(A) small fenestra and (B) microtraumatic stapedotomy.
In both surgical groups, statistically significant
postoperative increase was recorded in the number of
patients with detectable TEOAEs only at 1 and 1.4 kHz
(low frequencies) (* p<0.05)

canal, these ears present with absent or markedly reduced
OAEs detection [12]. In the current study, hearing thresholds
explain the absence of OAEs in most of the cases, preopera-
tively. However, although postoperative mean hearing thresh-
olds were within range where OAEs were likely detectable, both
TEOAEs and DPOAEs were not steadily detected. The results of
the current study are consistent to the literature data indicat-
ing that OAEs are not always detected in cases of middle ear
dysfunction history, despite the presence of normal audiome-
try measurements [13]. Thus, OAEs probably represent a more
sensitive testing, reflecting the alterations of conduction in the
middle ear compared to traditional audiometry.

Reports on the effect of stapes surgery on evoked OAEs are
limited in the reviewed literature and have shown varying
results. Transient evoked OAEs are usually detected in only
a small number of patients after stapes surgery [14], while
DPOAEs are more frequently reported after successful sta-
pedectomy [15]. After stapes surgery, the mobility of the os-
sicular chain is restored, so TEOAEs and DPOAEs should be
detectable within their measurable range (30 or 55 dB HL,
respectively).

In general, OAEs are absent in most patients with otosclero-
sis [16,17]; however, preoperative TEOAEs and DPOAEs were
present in 19.6% and 7.8% of our patients, respectively. The

Figure 2. DPOAEs responses in otosclerotic patients undergoing:
(A) small fenestra and (B) microtraumatic stapedotomy.
In both surgical groups, statistically significant
postoperative increases were recorded in the number
of patients with detectable DPOAEs at 1 and 1.4 kHz.
At higher frequencies, statistical significance was
achieved only in the 5% postoperative month — at 2.8
kHz in the small fenestra group and at 2.8 and 4 kHz in
the microtraumatic group (* p<0.05).

detection of OAEs was evident mostly at low frequencies (1
and 1.4 kHz) preoperatively, while significant improvement
was noted after surgery, especially at this frequency range. The
improvement of OAEs’ detection was more evident in the pa-
tients who underwent microtraumatic stapedotomy, although
no statistically significant difference was recorded.

The reasons remain somewhat unclear why OAEs are recorded
mostly at low frequencies in most patients after both types of
stapes surgery, although the individual’s air bone gap is suf-
ficiently closed. A hypothetical explanation of this phenom-
enon could be elicited by 3 conditions [15]: 1) an increase in
the mass, 2) an increase in the stiffness, and 3) a clinically un-
apparent perilymph leak. Data supporting any crucial role of
mass increase of the middle ear transmitting structures are
lacking. On the other hand, the increase of stiffness in these
structures appears to be the most important reason for OAEs’
measurement only in a narrow frequency range, postoperative-
ly. This may be attributed to scar formation around the insert-
ed piston in the oval window niche and/or the clamping of the
prosthesis loop around the long process of the incus [18]. The
third factor could be a functionally incomplete coupling of the
piston within the vestibule. However, all the above conditions
can impede the reverse transmission of OAEs.
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Multifrequency tympanometry has gained popularity over the
last 3 decades compared to standard low-frequency technique.
The latter fails to reveal a distinct pattern for many middle ear
diseases, including otosclerosis; this is mainly due to the sta-
tus of the tympanic membrane, which dominates the tympa-
nogram and thus effectively overshadows conditions affect-
ing more medial structures [19].

Since the original Margolis and Goycoolea study [20], which
gained remarkable popularity, many recent studies have sug-
gested that the identification of otosclerosis can be substan-
tially improved using measures derived from multifrequen-
cy tympanometry or by combining tympanometric variables
in specific ways [21]. The estimated mean resonant frequen-
cy values in our study in normal subjects and otosclerotic pa-
tients before any surgical intervention are also in accordance
with the available literature data [22]. Stapes surgery resulted
in a significant reduction of the mean resonant frequency val-
ue in our series. However, the resonant frequency was enor-
mously decreased in the patients undergoing small fenestra
stapedotomy, explaining the complaints of fullness and dis-
comfort that these patients described postoperatively. This
may be attributed to the non-physiological condition of super-
flaccidity observed in these operated ears, similar to ossicular
chain discontinuity. In contrast, the ears operated on with the
microtraumatic technique [11] showed a resonant frequency
within the normal range. This was reflected in better hearing
quality and less loud-noise intolerance reported by this group
of patients. This is the main advantage of the microtraumat-
ic technique compared to the small fenestra stapedotomy.

Conflicting results have been reported concerning any possi-
ble association of TEOAEs and DPOAEs testing with middle ear

References:

—

. Brownell WE: Outer hair cell electromotility and otoacoustic emissions. Ear
Hear, 1990; 11: 82-92

. Kemp DT: Otoacoustic emissions, travelling waves and cochlear mechan-
ics. Hear Res, 1986; 22: 95-104

. Lonsbury-Martin BL, Whitehead ML, Martin GK: The clinical application of
otoacoustic emissions. ) Speech Hear Res, 1991; 34: 964-81

N

w

EN

. Hotz MA, Harris FP, Probst R: Otoacoustic emissions: an approach for
monitoring aminoglycoside-induced ototoxicity. Laryngoscope, 1994; 104:
1130-34

. Hotz MA, Probst R, Harris FP, Hauser R: Monitoring the effect of noise ex-
posure using transiently evoked otoacoustic emissions. Acta Otolaryngol,
1993; 113: 478-82

. Probst R, Lonsbury-Martin BL, Martin GK: A review of otoacoustic emis-
sions. J Acoust Soc Am, 1991; 89: 2027-67

. Durante AS, Carvallo RMM, Costa FS, Soares JC: Caracteristicas das emissoes
otoacusticas por transientes em programa de triagem auditiva neonatal.
Pré-Fono, 2005; 17: 133-40 [in Portuguese]

. Shea JJ: Thirty years of stapes surgery. J Laryngol Otol, 1988; 102: 14-19

. Wada H, Ohyama K, Kobayashi T et al: Relationship between evoked oto-
acoustic emissions and middle ear dynamic characteristics. Audiology, 1993;
32: 282-92

S,

[=2)

~

o o

CLINICAL RESEARCH

resonant frequency, which was also a goal of our study. Most
studies report that there is a concentration of higher TEOAEs
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finding was consistent in both types of procedures examined.
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and reverse transmission of stimuli and responses. Certain el-
ements probably contribute by providing important informa-
tion about the effect of otosclerosis and stapes surgery on
OAEs, as well as about auditory system integration. Although
OAEs cannot replace behavioral threshold tests, they should
be considered as a useful and sensitive adjunct to the oth-
er tests available for complete clinical follow-up and efficient
monitoring after stapes surgery [24].

Conclusions

Despite hearing improvement and sufficient air-bone gap clos-
ing, OAEs are not steadily detected following either small fe-
nestra or microtraumatic stapedotomy. Resonant frequency
is significantly improved after the microtraumatic technique,
representing a useful adjunct to conventional pure tone audi-
ometry for the evaluation of the surgical outcome in otoscle-
rotic patients undergoing stapes surgery.
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