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OBJECTIVES: The aim of the study was to investigate changes in middle ear

dynamic characteristics caused by both otosclerosis and stapes surgery
(platinotomy, prosthesis positioning, ossicular chain maneuver) and to evalu-
ate distortion product otoacoustic emissions (DPOAEs) before and following
surgery.

PATIENTS AND METHODS: The study included 15 patients (12 women, 3 men;

mean age 51 years; range 32 to 69 years) with advanced otosclerosis. All the
patients were evaluated with the use of pure tone audiograms (preoperative-
ly, 5 and 30 days after surgery), stapedial reflexes (preoperatively), and
DPOAE recordings (preoperatively, at the end of surgery, and 5 and 30 days
after surgery). Changes in the hearing thresholds and in the DPOAE ampli-
tudes were compared.

RESULTS: Preoperative tests showed conductive hearing loss, with a mean air-

bone gap of 36.6 dB HL ranging from 0.25 to 1 kHz frequencies, and no
stapedial reflexes were detected. DPOAEs were not measurable preopera-
tively, and they were detected only in two patients at the end of surgery, with
low amplitudes in a narrow frequency range. No significant changes occurred
in DPOAEs five days postoperatively. A month after surgery, improvement in
conductive hearing loss was observed; the mean air-bone gap from 0.25 to 1
kHz was 12.9 dB HL, whereas the higher frequencies were still affected by the
disease. DPOAEs increased in amplitude in four patients, but this was not sig-
nificant.

CONCLUSION: It remains unclear why DPOAEs are not detected despite a sub-

jective hearing improvement and a sufficiently closed air-bone gap at least in
middle and low frequencies. The results of our study show that DPOAEs can-
not replace behavioral threshold tests, they may only be included in a battery
of tests for a complete clinical follow-up for efficiency monitoring after stapes
surgery.
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Otoacoustic emissions (OAEs) are produced specifi-
cally by the cochlea and, most probably, by the
cochlear outer hair cells as they expand and contract.

The primary purpose of OAE tests is to determine
cochlear status, specifically hair cell function. This
information can be used to (i) screen hearing (particu-
larly in neonates), (ii) partially estimate hearing sensi-
tivity within a limited range, (iii) differentiate between
the sensory and neural components of sensorineural
hearing loss, and (iv) test functional hearing loss."

Distortion product otoacoustic emissions
(DPOAES) occur because of the nonlinear nature of
outer hair cells. They are produced when two tones
of different, but related, frequencies (F1 and F2) are
presented to the cochlea simultaneously; in response
to these two tones, a normal cochlea will generate
tones related to F1 and F2.

Otoacoustic emissions are usually used to evalu-
ate, analyze and check several diseases that may
involve the cochlea, including otosclerosis.”

Otosclerosis is a primary localized disease of the
bony otic capsule. It has a predilection for the oval
window and is localized to the stapedial footplate,
but it may involve all the otic capsule, with a con-
ductive or sensorineural hearing loss. Usually stapes
surgery, and among them, stapedotomy, is the first
choice treatment.

The aim of the study was to investigate changes in
dynamic characteristics of the middle ear caused by
both the disease and stapes surgery (platinotomy,
prosthesis positioning, ossicular chain maneuver)
and to evaluate their influence on DPOAE responses
in patients with otosclerosis.

PATIENTS AND METHODS

The study included 15 patients (12 women, 3 men;
mean age 51 years; range 32 to 69 years) with
advanced otosclerosis. The patients were admitted to
the ENT Clinic and were candidates for stapedotomy.
Preoperatively, pure tone audiograms, stapedial
reflexes, and DPOAEs were recorded.

Stapes surgery

Ear surgery was performed in all the patients under
local anesthesia, using a transcanal approach to the
middle ear. After tympanomeatal flap elevation, the
scutum was partially removed by a curette to allow
complete visualization of the oval window region.
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Once fixation of the stapedial footplate was confirmed
with a Rosen’s needle, the platinotomy was performed
using a manual perforator. The crural arch was
removed after separating the incudostapedial joint and
cutting the stapedius tendon. A piston Teflon platinum
wire 0.5 mm in diameter was placed in 11 patients and
0.4 mm in diameter in four patients. The prosthesis
loop was secured around the long process of the incus.
The tympanomeatal flap was repositioned and the
external canal was packed with Gelfoam and Merocel
for five days. None of the patients had any complica-
tions during or after surgery.

DPOAE measurements

Stimulus presentation, data recording, and spectrum
analysis for DPOAEs were carried out using a Labat
Otoacoustic Emission Test Instrument, Model Eclipse.
The F1 and F2 levels were both 75 dB SPL, they were
constant at all frequencies tested and DPOAEs were
plotted for different frequencies (DP-gram). DP-grams
were collected in 1 octave steps from 500 to 1 kHz and
in 1/3 octave steps from 1 to 8 kHz.

DPOAEs were recorded at the end of the surgical
time, after insertion of the piston prosthesis and tym-
panomeatal flap repositioning. Five days later, after
removing the packing of the outer ear canal, DPOAE
measurements were repeated.

The patients were asked to visit the outpatient clin-
ic 30 days after surgery, where they underwent a pure
tone audiogram and DPOAE measurements. Changes
in the hearing thresholds and in the DPOAE ampli-
tudes were statistically assessed with the t-test, and a p
value of less than 0.05 was regarded as significant.

RESULTS

Preoperative tests showed conductive hearing loss,
with a mean air-bone gap of 36.6 dB HL ranging
from 0.25 to 1 kHz frequencies, and no stapedial
reflexes were detected.

DPOAEs were not measurable preoperatively, and
they were detected only in two patients at the end of
surgery, with low amplitudes in a narrow frequency
range. No significant changes occurred in DPOAEs
five days postoperatively.

A month after surgery, improvement in conductive
hearing loss was observed; the mean air-bone gap
from 0.25 to 1 kHz was 12.9 dB HL, whereas the high-
er frequencies were still affected by the disease.
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Fig. 1. The mean tonal audiograms of 15 patients the day before and 30 days after stapedotomy.

DPOAE:s increased in amplitude in four patients, but
this was not significant. The results of audiograms and
DP-grams are shown in Fig. 1 and 2, respectively.

DISCUSSION

Stapes surgery is the treatment of choice in otoscle-
rosis for hearing improvement. The effect of stapes
surgery on OAEs is not sufficiently known.
Transient OAEs were detected in only a small num-
ber of patients after stapes surgery,” while DPOAEs
were more frequently reported after successful
stapedectomy.” In the present study, we were not
able to detect DPOAESs preoperatively, which is in
accordance with the fact that a reverse propagation
of OAEs towards the outer ear canal is compro-
mised by fixation of the stapedial footplate. The
lack of DPOAESs continued in most of the patients
postoperatively. These findings were in accordance
with those reported in a previous study in which 31

patients underwent stapedectomy, and three patients
underwent stapedotomy.™

The reasons remain somewhat unclear why
DPOAE:S cannot be recorded in most cases, despite a
subjective hearing improvement and a sufficiently
closed air-bone gap at least in middle and low fre-
quencies. It can be speculated that, although the elas-
tic properties of the annular ligament which are abol-
ished by the fixation of the footplate are bypassed by
the insertion of the piston prosthesis, the mobility of
the reconstructed ossicular chain might have been
slightly reduced by scar formation around the piston
and/or by clamping the prosthesis loop around the
long process of the incus. This could explain why
DPOAEs were evident only in a few patients on
intraoperative recordings, albeit at low amplitudes in
the 1-2 kHz range, but then were found to be absent
after five days postoperatively. Another possibility
for the absence of DPOAEs could be insufficient
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Fig. 2. The mean DP-grams recorded just before surgery, intraoperatively, five days and 30 days

after stapedotomy.
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sealing that may result in an incomplete coupling of
the piston with the perilymph.

OAE measurements are much more sensitive to
changes in inner and middle ear dynamics when com-
pared to audiometric tests, e.g. air-bone threshold, with
an intra-subject variability of about 10 dB. For this
reasons, our opinion is that OAEs cannot replace
behavioral threshold tests; they may only be included
in a battery of tests for a complete clinical follow-up for
efficiency monitoring after stapes surgery.
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