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Abstract

Objective: This preliminary study aims to determine whether pressure-less acoustic immittance (PLAI) measurements can be used to diagnose
otosclerosis (0S).

Methods: A total of 77 participants (40 men and 37 women) from the Department of Otorhinolaryngology, with a mean age of 50.5 + 15.3 years,
were included in the study. The patient group comprised 10 patients with unilateral otosclerosis (3 men and 7 women) and a mean age of 47.5 + 9.5
years. The control groups included 56 healthy subjects with bilateral healthy ears (32 men and 24 women), with a mean age of 50.7 + 16.1 years, and
11 patients with unilateral myringosclerosis (5 men and 6 women) with a mean age of 52.4 + 15.9 years.

In all patients, OS was confirmed through stapes surgery.

All participants underwent a comprehensive medical evaluation, including an ear, nose, and throat examination. Additionally, pneumatic
otoscopy was performed on all patients with presumed otosclerosis to exclude fixation of the malleus.

All participants underwent pure tone audiometry, pressure-less measurement of acoustic immittance using MedWave® (Neuranix, Italy), and
conventional single-frequency tympanometry.

Results: For all 10 ears with otosclerosis, an average resonance frequency of admittance (RF) of 502.2 Hz + 25.1 Hz (ranging from 452.2 to 527.6
Hz) and an average peak of admittance of 2.28%¥10* mmho (ranging from 2.06 to 2.61*10 mmho) were determined. Overall, 40% of patients with
otosclerosis received a PLAI diagnosis of “normal,” while 60% were diagnosed with “OME/rigid”. For PLAI measures of RF and peak of admittance,
significantly higher values were found in patients with otosclerosis compared with healthy subjects (all p’s < 0.001). Correlational analyses revealed
a significant correlation between resonance frequency measurements and the air-bone gap (r,, = 0.73, p = 0.017). The greater the preoperative
conductive hearing loss, the higher the RF values measured.

Conclusion: PLAI provides reliable information for diagnosing advanced OS. RF and peak of admittance values are higher than those in healthy
controls and in patients with isolated myringosclerosis. However, a significant limitation of this preliminary study is the small number of OS cases
included. Further studies should incorporate all stages of OS as well as pre- and post-operative measurements to assess the PLAI measurements in
0S.
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Introduction

Pressure-less acoustic immittance (PLAI) measurements refer
to a method that determines the immittance of the outer ear canal
and the tympanic membrane [1]. This method is based on micro-
electro-mechanical system (MEMS) microphone technology,
which simultaneously measures the acoustic pressure wave and
the corresponding acoustic velocity wave using a probe with two

microphones.

A calibrated impedance probe with a known air volume is
coupled with the outer ear canal through one end of the probe [1].
The probe sends a broadband exiting sound signal to the auditory
canal. The two microphones directly determine the acoustic
impedance based on the sound pressure (p) and the speed of the
air molecules (V).

From the acoustic impedance or the admittance, all classical
tympanometric parameters can be calculated, such as tympanic
rigidity and the volume of the outer ear canal. These parameters are
derived from the resonance curve obtained through the admittance
measured in the outer ear canal. The separation of the air volume
inside the outer ear canal from that inside the probe and the
energy absorption by the tympanic membrane are obtained from
the analysis of the shapes of the resonance curve of the acoustic

admittance. Among many parameters, the resonance frequency of
the admittance (RF) and the peak of the admittance are provided
by PLAI measurements. Currently, the algorithm with the related
dashboard does not include the OS data.

In preliminary studies, we demonstrated normative values
for both parameters, RF and peak of the admittance, in healthy
adult subjects [2, 3]. Some pathologies, such as atrophic tympanic
membrane and mesotympanic retraction, revealed a lower RF com-
pared with that of healthy ears. This can be explained by a loss of
rigidity of the tympanic membrane. In contrast, calcification of
the tympanic membrane and fixation of the ossicular chain led to
higher values of RF and peak of admittance, indicating an increase
in the rigidity of the tympanic membrane and middle ear.

However, in most patients, various pathologies were found,
such as tympanic membrane perforation, calcified and/or
atrophic changes of the remnants of the tympanic membrane, and
disconnection of the ossicular chain combined with fixation of the
stapes [1, 2]. The presented values of RF and peak of admittance
seem to be the results of many pathologies. Figure 1 demonstrates
a complex case with ventilation disorder, otitis media with effusion,
tympanosclerosis, and scars resulting in a fixation of the ossicular
chain. Therefore, the values and diagnoses provided by the PLAI
measuring device need to be interpreted cautiously.

-

Fig. 1C

Stapedial reflex measurement: no reflexes between 0.5 and 4 kHz.

Fig. 1E

Figure 1A: Otoscopy of otitis media with effusion and a mesotympanic retraction. Pneumatic otoscopy revealed an adhesive process.
Figure 1B: Preoperative findings: pure tone audiometry revealed a Carhart notch at 2 kHz and an air-bone gap of 42.5.

PLAI measures: RF 516.8 Hz, peak 1.87*102 mmho, Diagnosis “OME, rigid”.

Tympanometry: type -; Sc - mL, TPP - daPa, ECV 1.1 mL, TW — daPa.

Figure 1C: Intraoperative situs: adhesion between the long process of the incus and the tympanic membrane.
Figure 1D: Intraoperative situs of the oval window niche: sclerosis of the stapes footplate.
Figure 1E: Intraoperative situs of the antrum. Sclerotic plaques at the short process of the incus and on the malleus head (not shown).

Fig. 1D
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Currently, the question of whether an isolated fixation of the
ossicular chain can be detected with PLAI arose. Otosclerosis
leads to calcification of the otic capsule [4], primarily affecting
the stapes footplate, resulting in conductive or combined, and
rarely sensorineural, hearing loss. The tympanic membrane,
outer ear canal, and aeration of the middle ear are not affected
by this disease. The hypothesis is that PLAI detects otosclerosis
via changes in RF and peak of the admittance. If so, PLAI could be
used for middle ear diagnosis in patients without a history of ear
inflammation and with a normal outer ear canal, an apparently
normal tympanic membrane, tympanogram type A, and conductive
or combined hearing loss. This preliminary study included 10
patients with an initially presumed diagnosis of otosclerosis and
performed audiometric, tympanometric, and PLAI measurements
before stapes surgery. The data were compared with those on two
age-matched control groups: healthy ears and myringosclerosis.

Material and Methods
Ethical considerations

The study design was approved by the Ethics Committee of the
General Medical Council of Mecklenburg-West Pomerania (A2024-
0183). This prospective study was conducted in strict adherence to
the revised version of the Helsinki Declaration and is registered at
the German Register of Clinical Studies (DRKS 00035288).

Participants

Inclusion criteria for participation were healthy subjects and
patients with otosclerosis or myringosclerosis aged 18-90 years.
Patients who were younger than 18, had cochlea or middle ear
implants, glomus tumors or cognitive disorders, or underwent
previous ear surgeries were excluded.

A total of 77 participants (40 men and 37 women) from the
Department of Otorhinolaryngology, with a mean age of 50.5 + 15.3
years, were included. The patient group included 10 individuals
with unilateral otosclerosis (3 men and 7 women) and a mean age
of 47.5 = 9.5 years, and the control group comprised 11 patients
with unilateral myringosclerosis (5 men and 6 women) and a mean
age of 52.4 + 15.9 years.

Subjects with no history of inflammation or disease affecting
the tympanic membrane or middle ear, recent hearing disabilities,
aural symptoms and with normal tympanic membranes (without
atrophy, scarring, retraction, or perforation) were defined as
normal. The healthy control group consisted of 56 healthy subjects
with bilateral healthy ears (32 men and 24 women), with a mean
age of 50.7 + 16.1 years.

A total of 133 ears from 56 healthy subjects (112 healthy ears),
10 ears with unilateral otosclerosis, and 11 ears with unilateral
myringosclerosis were considered for further analysis.

All subjects were informed about the aims of the study and
provided their written consent.

Procedure

Participants, including both patients with otosclerosis or
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myringosclerosis and healthy subjects, underwent a comprehensive
medical evaluation, including an ear, nose, and throat examination.
Video otoscopy was performed on all participants, and images
and videos were stored. Additionally, pneumatic otoscopy was
performed on all patients with presumed otosclerosis to exclude
fixation of the malleus.

All participants underwent pure tone audiometry, pressure-less
measurement of acoustic immittance using MedWave® (Neuranix,
Italy), and conventional single-frequency tympanometry.

PLAI (Pressure-Less Acoustic Immittance)

The end of a MedWave® probe was inserted into the lateral
portion of the external ear canal. This test system applied a signal
ranging from 100 to 3000 Hz. Evaluating the responses resulted
in the calculation of the complex acoustic admittance. MedWave®
provides objective numerical values: the frequency at which the
maximum value of the admittance curve is reached (Fr [Hz]) and
peak admittance value (P [*10 mmho]).

Conventional tympanometry

Tympanometry was performed using the Madsen® Zodiac (type
1096; Otometrics) at 226 Hz from -400 to +200 daPa. The following
measures were used for calculation: tympanometric peak pressure
(TPP), tympanic width (TW), equivalent ear canal volume (ECV),
and static peak compliance (SC).

Pure tone audiometry

All audiological assessments were conducted in an audiometric
sound-attenuated room, using calibrated signals and equipment
according to accepted ISO standards. For assignment of the
participants (OS or healthy subject), a pure tone audiometry was
performed measuring air conduction (AC) and bone conduction
(BC) thresholds. The PTA4 was measured across the frequencies of
0.5, 1, 2, and 4 kHz, and the air-bone gap was calculated.

Statistical Analyses

Statistical tests (Kolmogorov test and Shapiro-Wilk test)
indicated non-normal distribution for all with
all p’s < 0.05. Nonparametric tests were performed for group
comparisons whenever appropriate. Pearson statistics were used
for correlational analyses.

parameters,

The alpha level was set to 0.05. SPSS version 30.0 (SPSS Inc.
Chicago, IL, USA) was used for statistical analyses.

Results

Overall, 112 ears (of 56 healthy subjects with bilateral normal
ears) were classified as normal based on otoscopy and pure tone
audiometry.

Of these, 83 ears had a type A tympanogram (74%), 6 ears
(5%) had a type B tympanogram, and 6 ears (5%) had a type
C tympanogram, while 10 (8.9%) and 7 (6%) ears exhibited
tympanogram types As and Ad, respectively (Table 1).
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Table 1. PLAI diagnosis in participants with a normal tympanic membrane with otoscopy and normal pure tone audiometry (N, = 112) depending on
the tympanogram type.
PLAI diagnosis Tympanogram type
A B C As Ad Total/Percentage (%)
No results 0 0 0 0 0 0/0
Perforation/Soft 8 0 0 0 3 11/9.8

Normal 67 3 6 6 3 85/75.9

OME*/Rigid 8 3 0 4 1 16/14.3

Total 83 6 6 10 7 112/100

OME = otitis media with effusion.

Using the PLAI measurements for all 112 normal-appearing +0.39*10 mmho ranging from 0.52 to 2.52*10- mmho were deter-
ears assessed with otoscopy, an average RF 0f 403 + 53.2 Hz (ranging  mined (Figures 2A and 2B).
from 258.4 to 516.8 Hz) and an average peak of admittance of 1.67

e N
800 PLAI measurement (N = 133)
]
z
fry
5 400
g
-
o
£ 300
=
=3
H]
[
200
100
healthy ears. olosclerosis myringosclerosis
Diagnosis

Figure 2A: RF (pressure-less measurement of acoustic immittance) of healthy subjects (N = 56, 112 ears) and patients with otosclerosis (N
=10) or myringosclerosis (N = 11). Boxes represent the 25-75th per-centiles; the horizontal line within the boxes signifies the 50" percentile.

PLAI measurement (N =133)
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Figure 2B: Peak admittance value (pressure-less measurement of acoustic immittance) of healthy subjects (N = 56, 112 ears) and patients
with otosclerosis (N = 10) or myringosclerosis (N = 11). Boxes represent the 25-75" percentiles; the horizontal line within the boxes signifies
the 50" percentile.
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The demographic and audiometric data of patients with
otosclerosis are presented in Table 2. Using the PLAI measurements
for all 10 ears presenting otosclerosis, an average RF of 502.2 Hz
* 25.1 Hz (ranging from 452.2 to 527.6 Hz) and an average peak

of admittance of 2.28*102 mmho (ranging from 2.06 to 2.61*102
mmho) were determined. Overall, 40% of patients with otosclerosis
received a PLAI diagnosis of “normal”, while 60% were diagnosed
with “OME/rigid” (Table 3).

Table 2. The demographic and audiological data in patients with otosclerosis (N = 10).
Peak RF
No | Side Gender Age (years) Tymp type ABG HRCT PLAI diagnosis
mmho Hz
1 w 43 As 35.00 - 2.56 527.56 OME*/rigid
2 w 65 Ad 42.50 - 2.07 511.41 OME*/rigid
3 R w 41 As 4375 | Lucencyanteriorto 2.56 527.56 OME*/rigid
the oval window
4 L w 42 As 32.50 - 2.35 492.70 normal
5 L w 43 32.50 - 2.61 523.40 OME*/rigid
6 R w 41 27.75 - 2.35 452.20 normal
7 R w 63 Ad 42.50 Thickened footplate 2.11 512.00 OME*/rigid
8 R M 42 A 32.50 Hypodense focus 2.06 487.60 normal
within the otic capsule
9 M 41 25.00 - 2.09 473.60 normal
10 R M 54 40.75 Thickened footplate 2.11 513.75 OME*/rigid

L = left ear; R = right ear; Tymp type = type of tympanogram; ABG = air-bone gap at 0.5, 1, 2, and 4 kHz;

Peak = peak of admittance; RF = resonance frequency of admittance; HRCT = high-resolution computed tomography.

Table 3. PLAI diagnosis in participants with a normal tympanic membrane with otoscopy and otosclerosis (N = 10) depending on the tympanogram.
PLAI diagnosis Tympanogram type
A B C As Ad Total/Percentage (%)
No results 0 0 0 0 0 0/0
Perforation/Soft 0 0 0 0 0 0/0
Normal 3 0 0 1 0 4/40
OME*/Rigid 2 0 0 2 2 6/60
Total 5 0 0 3 2 10/100

OME = otitis media with effusion.

For PLAI measures of RF and peak of admittance, significantly
higher values were found between values of patients with
otosclerosis compared with healthy subjects (all p’s < 0.001).
Correlational analyses revealed a significant correlation between
RF measurements and the air-bone gap (r,, = 0.73, p = 0.017). The
greater the preoperative conductive hearing loss, the higher the RF
values measured.

Figure 3A presents the CT scan of a 41-year-old woman with
right-sided otosclerosis. The clinical correlate was a sclerotic stapes
footplate with fixation of the stapes (Figure 3B). The preoperative
RF and peak admittance were 527.6 Hz and 2.56*10 mmbho (Figure
3C), respectively.

Two months after right-sided partial stapedectomy and
insertion of a 0.4 x 4.5 mm titanium stapes prosthesis, a nearly
complete closure of the air-bone gap was found. The RF and peak
admittance decreased to 479.1 Hz and 0.96*102 mmbho, respectively
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(Figure 3D). The contralateral ear demonstrated the beginning of
otosclerosis, showing a Carhart notch and an air-bone gap of 12.5.
The RF values ranged from 452 to 479 Hz (normal diagnosis).

For all 10 ears presenting myringosclerosis the PLAI
measurements result in an average RF of 461.7 Hz + 45.8 Hz
(ranging from 393.0 to 534.7 Hz) and an average peak of admittance
of 1.68*102 mmho (ranging from 1.10 to 2.07*102 mmho). Overall,
36% of patients with myringosclerosis received a PLAI diagnosis of
“normal”, 54% were diagnosed with “OME/rigid”, and 9% received

a diagnosis of “perforation/soft” (Table 4).

For PLAI measures of RF and peak of admittance, significantly
higher values were found between values of patients with
myringosclerosis compared with healthy subjects (p < 0.05) and
for the parameter peak between patients with otosclerosis and
myringosclerosis (p < 0.001).
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Figure 3A: Axial CT scan of a 41-year-old woman with right-sided otosclerosis. There is a lucency anterior to the oval window (arrow)
consistent with otosclerosis.

Figure 3B: Intraoperative finding: sclerotic stapes footplate (arrow), I-long process of the incus, CTN - chorda tympani nerve.
Figure 3C: Preoperative findings: pure tone audiometry revealed a Carhart notch at 2 kHz and an air-bone gap of 47.5.
PLAI measures: RF 527.6 Hz, peak 2.56*102 mmho, Diagnosis “OME, rigid”.

Tympanometry: type As; Sc 0.2 mL, TPP -24 daPa, ECV 0.9 mL, TW 73 daPa

Stapedial reflex measurement: no reflexes between 0.5 and 4 kHz.

Freiburger speech test: Speech level with 50% understanding of numbers: 71 dB and speech discrimination test-speech intelligibility for
monosyllabic words at 65 dB and 80 dB SPL: each 0%.

Figure 3D: Postoperative findings: pure tone audiometry revealed a Carhart notch at 2 kHz and an air-bone gap of 7.5.
PLAI measures: RF 479.11 Hz, peak 0.96*102 mmho, Diagnosis “OME, rigid”.
Tympanometry: type As; Sc 0.2 mL, TPP -19 daPa, ECV 0.9 mL, TW 83 daPa

Freiburger speech test: Speech level with 50% understanding of numbers: 24 dB and speech discrimination test-speech intelligibility for
monosyllabic words at 65 dB and 80 dB SPL: 65% and 100%.
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Figure 4: Bilateral myringosclerosis (4A right ear, 4B left ear) with a 10-15 dB low-frequency conductive hearing loss.
4C right ear: PLAI measures: RF 425,28 Hz, peak 2.1*102 mmho, Diagnosis “OME, rigid”.
Tympanometry: type A; Sc 0.6 mL, TPP -1 daPa, ECV 0.9 mL, TW 49 daPa.
4D left ear: PLAI measures: RF 398,36 Hz, peak 1.55*102 mmho, Diagnosis “OME, rigid”.
Tympanometry: type A; Sc 0.9 mL, TPP -13 daPa, ECV 0.9 mL, TW 37 daPa.
& J

Table 4. PLAI diagnosis in participants with myringosclerosis with otoscopy (N = 11) depending on the tympanogram type.

PLAI diagnosis Tympanogram type
A B C As Ad Total/Percentage (%)
No results 0 0 0 0 0 0/0
Perforation/Soft 1 0 0 0 0 1/9.1
Normal 3 1 0 0 0 4/36.4
OME*/Rigid 4 1 0 1 0 6/54.5
Total 8 2 0 1 0 11/100

OME = otitis media with effusion.

Discussion

This preliminary study focuses on whether PLAl measurements,
particularly the RF and peak of admittance, can detect an isolated
fixation of the stapes footplate in advanced OS. Otosclerosis
was first described in 1741 in an autopsy by Valsalva [5] and
primarily leads to a bony fixation of the anterior part of the stapes
footplate, resulting in decreased stapes mobility. This condition
leads to progressive conductive or mixed hearing loss and rarely
sensorineural hearing loss. In OS, the tympanic membrane
morphology remains unchanged. The presence of sclerotic plaques
on the tympanic membrane could indicate tympanosclerosis,
another cause of fixation of the ossicular chain. In very rare cases,
a reddish blush is visible on the promontory, caused by abnormal
vascular shunts between the otosclerotic focus and the vessels

on the promontory, known as Schwartze’s sign [6, 7]. Another
morphological change was described by Yamasoba etal.in 2025 [8],
who noted a white spot with a clear boundary on the bone surface
of the fissula ante fenestrum in about 41% of 27 OS cases. While
Schwartze’s sign can rarely be detected via otoscopy, this white spot
was identified during endoscopic stapes surgery. However, in most
otosclerotic cases, the mucosa of the promontory appears normal.

The diagnosis of OS is based on medical history, physical
examination with otoscopy and pneumatic otoscopy,
audiometric testing and is supported by imaging, primarily high-
resolution computed tomography. With simple pneumatic otoscopy,
first described in 1978 [9], the presence of malleus fixation can be
excluded before stapes surgery. Besides the tuning fork tests (Weber,
Rinne, Bing, Schwabach, ABC - Absolute Bone Conduction, and

and
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Gellé), pure tone and speech audiometry, impedance audiometry
with tympanometry and stapedial reflex measurements, otoacoustic
emissions, and vestibular tests are needed. The Carhart’s notch
is considered typical of OS [10], characterized by an increase of
bone conduction threshold of about 5-15 dB between 500 Hz and
4 kHz. This mechanical artifact can also be found in stapes fixation
due to other diseases, such as tympanosclerosis. In otosclerosis,
increased or absent acoustic stapedial reflex thresholds and a lack
of otoacoustic emissions are typically found [11]. Reflectance tests,
parameterized by absorbance and group delay at ambient pressure,
have been recommended to differentiate between otosclerotic and
normal ears [11]. Besides the available test batteries for diagnosing
0S, the definitive diagnosis of OS is only provided by stapes surgery.

The RF of the middle ear is known to increase in otosclerosis.
The purpose is to determine whether the RF is also increased in OS
and where PLAI can be used to diagnose otosclerosis. For the control
group, patients with healthy ears or with isolated myringosclerosis
were selected. It was assumed that in myringosclerosis and OS,
the stiffness of the ossicular chain or the tympanic membrane
increases, which is detected by PLAIL

Previous studies have shown that both PLAI parameters, RF
and peak of admittance, change in various middle ear pathologies
compared with healthy ears [2, 3]. While myringosclerosis and
tympanosclerosis induce fixation of the ossicular chain, increasing
the stiffness of the tympanic membrane and ossicular chain, tube
ventilation disorders with atrophy of the tympanic membrane
resultin retraction or hyperectasis, leading to a hypermobility of the
tympanic membrane. The latter finding leads to the PLAI diagnosis
of “perforation/soft”. In many ears, various changes could be found,
such as myringosclerosis, atrophic parts of the tympanic membrane,
and fixation of the ossicular chain. Figure 1 demonstrated various
pathological findings in one ear, and parameters are the result of
measuring various pathologies. Therefore, in these cases, it seems
challenging to interpret the PLAI diagnosis of “perforation/soft” or
“OME/rigid”. Additionally, even in normal ears, artificially induced
underpressure of the middle ear temporarily changes the RF [12].

In recent years, wideband absorbance measurements with
commercially available software have been used for impedance and
wideband tympanometry to diagnose OS [13, 14]. The measured
frequency range was 0.226-8 kHz, with ear canal pressure varying
from +200 to -300/-600 daPa. The stimulus was approximately
65 dB HL. Wideband absorbance and RF were calculated and
compared between otosclerotic and normal ears. Sliwa et al. found
significant differences in absorbance, especially at low and middle
frequencies [13]. Besides energy reflectance measurements of WA],
Wang et al. analyzed the RF in otosclerotic patients and normal
individuals, finding a slight but not significant increase in RF values
in otosclerotic patients [14]. Similar findings were reported by
Shahnaz and Polka [15], who concluded that energy reflectance
measurements can distinguish otosclerotic ears from normal ears
as well as from ears with other sources of conductive hearing loss.
However, they also concluded that these measurements should be
interpreted in conjunction with other audiometric tests. Wang et al.
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noted that due to the overlap between RF in OS and normal subjects,
RF cannot serve as an effective and independent tool for diagnosing
0S [14]. Other authors found lower values of RF in otosclerotic
patients compared with controls [16]. The discrepancies in air-bone
gap in OS could be attributed to the different stages of otosclerosis,
resulting in variable changes in stapes footplate mobility [17].

Experimental determined absorbance and similar measures
have demonstrated high variability in both healthy [18] and
pathological ears [11]. It is assumed that natural inter-subject
variability of acoustic properties [19] and random measurement
errors of diverse origin [20-22] may explain this variability. The
range of absorbance values results in an overlap of measures from
normal and pathological ears, making differentiation between OS
and normal ears challenging. Many immittance measure tests have
been used to assess the effectiveness of diagnosing 0S[11, 13-15, 23,
24]. Among these, ambient pressure or peak pressure absorbance
averages in selected bands [11], RF or RF at m/2 phase shift of the
middle ear admittance, and the group delay of energy reflectance
[11] should be mentioned. For all tests, a reduced effectiveness has
been noted in reliably diagnosing otosclerosis.

In our preliminary study, we demonstrated that the peak of
admittance and RF increase in otosclerosis compared with control
values. The greater the fixation rate of the stapes footplate, resulting
in a higher air-bone gap, the higher the RF values measured. In
all 10 patients with OS and an air-bone gap over 20, a fixation
of the malleus head could be excluded. Therefore, the increases
in RF values in these patients are solely based on fixation of the
footplate. However, all selected cases in this study had advanced
0S. The demonstrated OS case (contralateral ear with presumed
otosclerosis; Figure 3) and unpublished data revealed that in cases
of presumed OS without or with a slight Carhart’s notch and an
air-bone gap under 20, the RF is not or only slightly increased. To
validate these findings, further studies with a larger sample size are
needed, especially with air-bone gaps lower than 20. It would be
interesting to determine at which air-bone gap the RF is increased,
i.e.,, RF values being 450-470 Hz and higher.

Interestingly, in the selected case, the preoperative increased
RF value decreased after stapes surgery. This implies that PLAI
could be helpful in monitoring the success of the stapes surgery.
Therefore, pre- and post-operative measurements must be
incorporated in further studies.

Conclusion

PLAI provides reliable information for diagnosing advanced OS.
RF and peak of admittance values are higher in OS than in healthy
controls and in patients with isolated myringosclerosis. However, a
significant limitation of this preliminary study is the small number
of OS cases included. Further studies should incorporate all stages
of OS as well as pre- and post-operative measurements to assess the
PLAI measurements in OS.
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