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Abstract

Objective: This two-center study aims to determine whether pressure-less acoustic immittance (PLAI) measurements can be used to diagnose
otitis media with effusion (OME) in children.

Methods: A total of 112 children (224 ears), aged three months to 17 years, were recruited from two Departments of Otorhinolaryngology in
Kyrgyzstan and Germany. The mean age of the participants was 8.29 + 0.45 years (65 boys and 47 girls). The middle ear pathology group included 63
patients: 22 with unilateral and 41 with bilateral conditions. Healthy children with normal bilateral ears (N = 49) were also included. Three different
age groups were considered: 0-2 years (Nears = 26), > 2-6 years (Nears = 64), and > 6-18 years (Nears = 134).

Ear, nose, and throat examinations were performed by experienced ENT surgeons in both departments. Only children with a non-inflamed
eardrum showing clear signs of effusion were categorized as having “OME.” All children underwent video otoscopy, PLAI measurements using
MedWave® (Neuranix, Italy), and conventional single-frequency tympanometry.

Results: Among the 120 normal-appearing ears assessed via otoscopy, the average resonance frequency (RF) of the admittance was 503.3 Hz
+ 140.6 Hz (ranging from 285.3 to 1119 Hz), and the average peak admittance was 1.50*102 mmho (ranging from 0.49 to 3.75*102 mmbho). In the
58 ears with OME, the average RF was 631.1 Hz + 115.5 Hz (ranging from 247.6 to 958.2 Hz), and the average peak admittance was 1.68*102 + 0.70
mmbho (ranging from 0.53 to 4.0*102 mmho). Across all age groups, significantly higher RF values were found in OME cases compared to healthy
subjects (all p-values < 0.01). The sensitivity and specificity of PLAI for diagnosing middle ear effusion in children (58 ears) were 60% and 90%,
respectively, with positive and negative predictive values of 74% and 82%, respectively.

Conclusion: PLAI provides reliable data for healthy children of all ages and for children with OME. The average RF and peak admittance values
in children with OME were higher than those observed in healthy controls. Compared to traditional tympanometry, PLAI demonstrated higher
specificity, and a positive predictive value was achieved for diagnosing OME. Clinicians can use PLAI alongside tympanometry for children with
suspected OME when the diagnosis remains uncertain after performing or attempting otoscopy and pneumatic otoscopy.
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Introduction

Otitis media with effusion (OME) is a prevalent diagnosis in
early childhood. Approximately 90% of children experience OME
before school age, with an average of four episodes per ear [1].
Terms such as ear fluid, serous, secretory, or nonsuppurative otitis
media are synonymous with OME [2].

In children with OME, fluid in the middle ear typically presents
without signs and symptoms of acute middle ear infection [3]. OME
often leads to hearing loss in children [4], which can be associated
with cognitive development delays [5]. However, many children
remain asymptomatic, and many episodes go undetected, including
those affecting hearing or school performance [6]. While most
episodes of OME resolve spontaneously within three months, 30-
40% of children experience recurrent OME episodes. In 5-10%
of children with OME, episodes last = 1 year [1, 7]. Recurrent or
persistent fluid in the middle ear due to OME leads to decreased
mobility of the tympanic membrane, creating a barrier to sound
conduction. (8) About 25% of OME persists = 3 months [9]. Besides
hearing loss, OME may be associated with vestibular disorders,
behavioral problems, poor academic performance, recurrent acute
otitis media, or reduced quality of life [10].

Causes of OME are upper respiratory infections, eustachian
tube dysfunction, or inflammatory responses following acute
otitis media, primarily between the ages of six months and four
years [11]. More than 50% of children experience OME, with the
percentage increasing to over 60% by age two [12]. Screening tests
in children aged five to six in primary schools in Western Sicily
revealed that approximately one in eight had fluid in the middle ear
in one or both ears [13].

Pneumatic otoscopy is the gold standard method to diagnose
OME, as recommended by clinical practice guidelines [6].
However, this tool has varying degrees of validity and reliability.
Consequently, [6] current clinical guidelines suggest a three-month
follow-up period to avoid unnecessary surgeries. For observation,
otoscopy or tympanotomy is recommended. Tympanometry
measures the amount of sound energy reflected back when a
small probe is placed in the outer ear canal [14]. The results are
displayed through a tympanogram, a graph of energy admitted to
the tympanic membrane and middle ear in response to air pressure
applied to the outer ear canal. Acoustic energy is transmitted to
the ear canal, and an internal microphone measures the reflected
sound during pressure changes. Conventional single-frequency
226-Hz tympanometry is used to evaluate the middle ear sound
conduction system; however, this method fails to detect subtle
changes in the middle ear mechanics [15]. The sensitivity of
tympanometry for detecting OME is similar to that of otoscopy (90-
94%). The specificity ranges from 50% to 75% (80% for otoscopy).
Studies have shown that tympanometry based on a 226-Hz probe
tone is insensitive to OME in infants under six months of age [11,
16, 17]. A comparative study using computed tomography and
auditory brainstem response testing revealed that tympanometry
with a higher frequency, such as 1000 Hz, is more sensitive to OME
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in infants younger than six months [18, 19]. Therefore, a higher-
frequency probe tone (1000 Hz) is recommended for diagnosing
OME in infants [20].

In 2023, a method for pressure-less acoustic immittance
(PLAI™) measurement was introduced [21]. This device was
developed as a non-invasive tool for assessing middle ear function
without pressurization. The technology is based on measuring air
velocity in the outer ear canal when an acoustic stimulus is applied
at different frequencies to the tympanic membrane. Among various
parameters, the admittance curve allows for the calculation of
the maximum value of admittance (peak of admittance) and the
corresponding average resonance frequency (RF) of admittance
[22]. In a preliminary study, PLAI measurements were performed
in healthy subjects and patients with OME [23]. The authors
found a statistically significant relationship between the RF of the
admittance and two tympanometry parameters (equivalent volume
and compliance). In a subsequent study, reference values and age-
specific ranges were provided for healthy subjects, demonstrating
[22] clear age dependence, with a logarithmic fit yielding a robust
model for parameter values as a function of age. Considering the
reference values, PLAI provides results via dashboards that give a
diagnosis of perforation, health, and OME.

Using the PLAI dashboard, we demonstrated normative values
of the RF and the peak value of the admittance in healthy adults and
patients with various middle ear diseases [24-27].and compared the
results with those of conventional single-frequency tympanometry:.
PLAI measurements exhibited an opposite pattern compared to
tympanometric measurements. Significant underpressure induced
by avoiding the opening of the Eustachian tube resulted in a
continuous increase in the RF of the admittance [27].

Therefore, this study aims to determine whether PLAI
measurements can be used to diagnose OME in children.

Materials 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. The study is
registered with the German Register of Clinical Studies (DRKS
00035288).

Participants

Only patients with middle ear diseases in one or both ears, aged
0-18 years were considered for the present study. To constitute
a control group, healthy subjects in the same age group as the
patients were considered.

Overall, 112 children (224 ears), aged three months to 17 years,
from two departments of otorhinolaryngology in Kyrgyzstan and
in Germany, with a mean age of 8.29 + 0.45 years (65 boys and 47
girls) and healthy children with normal bilateral ears (N = 49) were
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included. Three different age groups were considered: 0-2 years
(N =26),>2-6years (N__=64),and > 6-18 years (N_=134).

ears ears ears

Children with no history of inflammation or disease that has
impacted the middle ear, no recent hearing disability or aural
symptoms, and a normal tympanic membrane with no atrophy,
scarring, retraction, or perforation were defined as normal.

Of the 112 children (224 ears), 49 subjects had bilateral normal
ears (98 normal ears), and 63 children had either unilateral (22
patients, 22 ears with pathologies, and 22 normal ears) or bilateral
pathologies (41 patients, 82 ears with disease) included. In
summary, 120 normal ears (0-2 years (N_ = 15),>2-6 years (N_, _
=30), and > 6-18 years (N, = 75) and 104 pathological ears (59
OME: (0-2 years (N, =9),>2-6years (N_ _=28),and > 6-18 years
(N _ _=22) were considered.

ears

All 120 normal ears of 71 subjects and 63 patients out of 112
children with various middle ear diseases were included for further
analyses (58 ears with OME, 17 ears with tube ventilation disorders
[11 ears with mesotympanic retraction, 3 ears with epitympanic
retraction, 2 ears with adhesive processes, and 1 atrophic scar], 9
ears with chronic otitis media (COM) with perforation, 3 ears with
open mastoid cavities, and 17 other ears [2 cholesteatomas, 1 ear
with myringitis, 5 ears with myringosclerosis, 4 ears after cartilage
tympanoplasty, and 5 ears with grommets]).

All parents and their children, if appropriate, were informed
about the aims of the study and provided their written consent.

Procedure
Medical evaluation

Ear, nose, and throat examinations were performed by
experienced ENT surgeons in both departments. Only children
with a non-inflamed eardrum showing clear signs of effusion
were categorized as having “OME.” All children underwent video
otoscopy, and images and videos were stored. Two ENT surgeons
later analyzed the data and categorized each ear based on the
condition of the outer ear canal and tympanic membrane.

In all healthy children, acute or chronic otitis and other
pathologies were excluded. Any pathology of the tympanic
membrane (mesotympanic and/or epitympanic retraction,
perforation, cholesteatoma, or myringitis) was noted according to
the condition of the tympanic membrane in otoscopic findings.

All children older than six years obtained in both centers
pure tone audiometry, PLAI using MedWave® (Neuranix, Italy),
226-Hz conventional tympanometry, and finally, video otoscopy.
For children younger than six months, 1000-Hz conventional
tympanometry was used.

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®
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provides objective numerical values: the frequency at which the
maximum value of the admittance curve is reached (Fr [Hz]) and
the peak admittance value (P [¥*102 mmho]). Detailed information
is presented elsewhere [23, 28].

Conventional tympanometry

Tympanometry was performed in Giistrow (Germany) using the
Madsen® Zodiac (type 1096; Otometrics) at 226 Hzor 1000 Hz from
-400 to +200 daPa and in Bishkek (Kyrgyz-stan) using an Inventis
middle ear analyzer (Clarinet; Inventis S.R.L.) at 226 Hz or 1000 Hz
from -400 to +200 da Pa (maximum range -600 to +400 daPa). The
following measures were used for calculation: tympanometric peak
pressure (TPP), tympanic width (TW), equivalent ear canal volume
(ECV), static peak compliance (SC), and type of tympanogram
[Jerger types: A (peak within normal limits for both pressure and
height: a normal admittance/compliance reading of 0.3-1.6 mL,
a normal middle ear pressure reading of +50 to -50 daPa, and a
normal ear canal volume reading of 0.5-2.5 mL), Ad (peak between
+100 and -100 daPa, a compliance reading under 0.3 mL, ECV of up
to 1.6 mL), As (peak between +100 and -100 daPa, a compliance
reading over 1.5 mL, ECV of up to 0.4 mL), B (flat with no significant
peak), and C (the height of the peak is or is not within normal limits
and is more negative than normal)].

Statistical Analyses

SPSS Version 30.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analyses. Data were evaluated using descriptive statistical
methods and comparative tests. The numerical tests were expressed
as mean * standard deviation, and the categorical variables were
presented as percentages. Statistical tests (Kolmogorov-test
and Shapiro-Wilk test) indicated a non-normal distribution for
all parameters (all p-values < 0.05). Nonparametric tests were
performed for group comparisons whenever appropriate. Pearson
statistics were used for correlational analyses. P value of < 0.05 was
accepted as statistically significant in all analyses.

Results

Overall, 120 ears (49 healthy children with bilateral normal
ears (N =98) and the contralateral ear of 22 patients with unilateral
ear pathology) were classified as normal using otoscopy and pure-
tone audiometry.

Out of 120 normal ears, 78 had a tympanogram Type A (65%),
27 ears (22.5%) had a tympanogram Type B, while 7 ears (5.8%)
showed a tympanogram Type C or as (Table 1). Tympanogram
Type Ad was found in less than 1% of the normal-appearing ears
assessed via otoscopy.

For all 120 normal-appearing ears assessed via otoscopy, the
average RF of the admittance was 503.3 Hz + 140.6 Hz (ranging
from 285.3 to 1119 Hz), and the average peak admittance
was 1.50%¥102 mmho (ranging from 0.49 to 3.75%102 mmbho).
Considering age, there was a trend of higher RF of the admittance in
younger children compared to those aged >6-18 years (all p-values
< 0.05). Figure 1 shows the RFs of the admittance for children under
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the age of two years, ranging from 453 Hz to 1119 Hz (677.8 Hz +  significantly higher RF values were found in OME compared to
218.1 Hz); children > 2-6 years, ranging from 333.8 Hz to 759.1 Hz  healthy subjects (all p-values < 0.01).

(522.5 Hz + 108.8 Hz); and children older than 6-18 years, ranging

from 285.3 Hz to 1104 Hz (460.7 Hz + 100.1 Hz). For all age groups,

( )

PLAI measurements

1000 Age groups
[o-2 years
l>2-6 years
[>6-18 years

g &00 —|— 8
< -
Q
c
@
3
g 5 a
600
: I l
£
® o
c
o
w
n“:’ 400 1
[s]
(=]
200
normal OME

Diagnosis

Figure 1: Resonance frequency of the admittance (pressure-less measurement of acoustic immittance) of healthy children and those with
OME depending on age. Boxes represent the 25"-75" percentiles; the horizontal line within the boxes represents the 50" percentile; “o” indi-
cates extreme values.
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Figure 2: Peak admittance values (pressure-less measurement of acoustic immittance) of healthy children and those with OME depending on
age. Boxes represent the 25"-75" percentiles; the horizontal line within the boxes represents the 50" percentile; “0” indicates extreme values;
data points labeled * are outside the 15t and 99" percentiles.
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Figure 2 shows the peak admittance values for children
under the age of two years, ranging from 0.58%¥102 mmho to
3.67*102 mmho (1.45 *102 mmho + 0.81*102 mmho); children
aged > 2-6 years, ranging from 0.52*10 mmho to 2.78*10%
mmho (1.41*10% mmho * 0.47*10 mmho); and children older
than 6-18 years, ranging from 0.49*102 mmho to 3.75*102 mmho
(1.55*10 mmho * 0.51*10% mmho). No significant differences

in peak admittance values were found between the different age
groups of the healthy group (all p-values > 0.05). For all age groups,
no significant differences were found between the peak measures
of OME and healthy subjects (all p-values > 0.05).

Table 1 shows PLAI measurements depending on the
tympanogram type (see also Figures 3 and 4).

Tympanogram Type A 78
RF [Hz] 441.2 496.3 468.8 122.2
Peak [102 mmbho] 1.36 1.55 1.45 0.43
Tympanogram Type B 27
RF [Hz] 550.4 677.8 614.1 160.9
Peak [102 mmbho] 1.31 1.87 1.59 0.71
Tympanogram Type C 7
RF [Hz] 414.9 591.0 502.9 95.2
Peak [102 mmho] 0.89 2.64 1.76 0.95
Tympanogram Type As 7
RF [Hz] 388.5 542.0 465.3 82.9
Peak [102 mmbho] 0.98 1.71 1.35 0.39
Tympanogram type Ad has been omitted (N = 1).
4 N\
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Figure 3: Resonance frequency of the admittance (pressure-less measurement of acoustic immittance) of healthy children depending on the
tympanogram type. Boxes represent the 25"-75" percentiles; the horizontal line within the boxes represents the 50" per-centile; “o” indicates
extreme values; data points labeled * are outside the 1t and 99" percentiles. Tympanogram Type Ad has been omitted (N = 1).
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Figure 4: Peak admittance value (pressure-less measurement of acoustic immittance) of healthy children depending on the tympanogram

type. Boxes represent the 25""-75" percentiles; the horizontal line within the boxes represents the 50" percentile; “0” indicates extreme values;
data points labeled * are outside the 1%t and 99" percentiles. Tympanogram Type Ad has been omitted (N = 1).
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Overall, 90% of all normal-appearing ears received a PLAI Considering tympanometry, 78 out of 120 ears with a normal-
diagnosis of “normal” (Table 2), while less than 10% were diagnosed = appearing tympanic membrane had a tympanogram Type A and a
as “soft/perforation” or “rigid/OME.” PLAI diagnosis of “normal” (65%) (Table 3).

Table 2. PLAI diagnosis in children with a normal tympanic membrane with otoscopy and normal pure tone audiometry (N, = 120).
Normal tympanic membrane
Ears Total /Percentage (%)

0 0/0.0
1 1/0.8
108 108/90

11/9.2

*OME: otitis media with effusion

Table 3. PLAI diagnosis in children with a normal tympanic membrane with otoscopy and normal pure tone audiometry (N
the tympanogram type.

=120), depending on

ears

Tympanogram type
A B C As Ad Total /Percentage (%)
1 0 0 0 0 1/0.8
108/90

*OME otitis media with effusion
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Table 4. PLAI diagnosis in children with OME (N_ = 58) depends on the tympanogram type.

*OME otitis media with effusion

Regarding the relationship between the RF of the admittance
and peak admittance values with PLAI, Figure 5 shows only a weak

Tympanogram type
B C As Ad Total/Percentage (%)
0 0 0 0/0.0
0 0 0 0/0.0
1 0 1 23/39.6
0 2 0 35/60.3

correlation between both parameters in healthy subjects (r,, =

120

0.26,p < 0.01).

1200

® Observed

=

= Linear

g

g

Resonance frequency (Hz)

8

200
. 2.00

= 120).

Peak Admittance value (*10-2 mmho)

Figure 5: Regression curve of the resonance frequency of admittance and peak of admittance using the PLAI system in healthy subjects (N

3.00 4.00

ears

For all 58 ears with OME, the average RF of the admittance
was 631.1 Hz + 115.5 Hz (ranging from 247.6 to 958.2 Hz), and
the average peak admittance was 1.68%¥10% + 0.70 mmbho (ranging
from 0.53 to 4.0*102 mmho). Table 4 shows PLAI measurements
depending on all pathologies (see also Figures 3 and 4).

As shown in Table 4, PLAI diagnoses the tympanogram type for

14 children with bilateral OME and seven children with unilateral
OME.

Regarding the relationship between the RF of the admittance
and peak admittance values with PLAI, Figure 6 shows only a weak,
non-significant correlation between both parameters in patients
with OME (r., =-0.18, p > 0.05).

Citation: Munar Beishenova, Shirin Zhumabaeva, Blanda Kamin, Moayad Anbari, Dorte Fischer, Shayirbek Sulaimanov and Tino
Just*. Pressure-less Acoustic Immittance Measurements in Children with Otitis Media with Effusion. On ] Otolaryngol & Rhinol. 7(5):

2025. OJOR.MS.ID.000672. DOI: 10.33552/0JOR.2025.07.000672.

Page 7 of 10



http://dx.doi.org/10.33552/OJOR.2025.07.000672

Online Journal of Otolaryngology and Rhinology Volume 7-Issue 5

e )
@ Observed
1000 =~ Linear
@
N ° e
L 800
>
1)
c
o
=]
g
° 600
Q
c
©
c
[]
3
& 400
o
200
.00 1.00 2.00 3.00 4.00
Peak Admittance value (*10-2 mmho)
Figure 6: Regression curve of the resonance frequency of admittance and peak of admittance using the PLAI system in OME patients (N_,
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The sensitivity and specificity of PLAI for diagnosing middle ear
effusion in children (58 ears) were 60% and 90%, respectively. The
positive and negative predictive values (PPV and NPV) were 74%
and 82%, respectively. In comparison, tympanometry revealed a
sensitivity of 95%, a specificity of 65%, and PPV and NPV of 57%
and 96%, respectively.

Discussion

Since OME cannot be diagnosed accurately without
myringotomy, reliable findings are essential to guide clinicians
in the diagnosis and follow-up of OME [6, 29, 30]. Otoscopy is
crucial for the diagnosis of middle ear effusion; however, children
sometimes resist this examination. Although otoscopy has good
sensitivity, its specificity for diagnosing OME is low [31, 32]. Recent
papers and guidelines have recommended pneumatic otoscopy
as the primary diagnostic tool for OME [6, 32, 33]. For various
reasons, many clinicians rely on information from otoscopy and
overlook pneumatic otoscopy [34]. Although pneumatic otoscopy
provides high sensitivity and specificity for diagnosing OME, its use
in daily practice remains controversial. Both tympanometry and
pneumatic otoscopy fail to reliably detect effusion [35]. Wideband
acoustic immittance (WAI) measurements encompass a variety of
parameters (power reflectance, power absorbance, impedance, and
others) derived from outer ear canal recordings in response to the
stimulus [36]. WAI evaluates the acoustic response properties of the
middle ear across a wide frequency range (226-8000 Hz) and can be
obtained at ambient ear canal pressure or during dynamic pressure
sweeps [37]. WAI testing performed in the presence of pressure
sweeps is referred to as wideband tympanometry (WBT). WAI
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data displayed as absorbance as a function of frequency are termed
wideband absorbance (WBA). Often, WBA data are extracted from
a WBT test at ambient ear canal pressure (or at 0 daPa) and at TPP.
WBT is described as a powerful and sensitive indicator for detecting
middle ear effusion volume in children with OME [35]. Studies have
examined the relationship between tympanic membrane changes
determined by otoscopy and pneumatic otoscopy over time and
WBA. While 226 Hz tympanometry could not determine otoscopic
changes between the initial and first-month control, WBA at 2520
Hz and 3175 Hz was moderately correlated with otoscopic findings.
Ellison et al. found that 1500-3000 Hz at ambient pressure was
the most sensitive frequency range for differentiating between
OME and the control group [29]. The density of fluid within the
middle ear does not seem to affect WBA measurements at ambient
pressure. Aithal et al. found no differences between low and high
fluid density [38]. At peak pressure, they reported differences
between the two groups.

Several studies have shown that higher reflectance and lower
absorbance are found in OME-affected ears [38-40]. Similar results
with more sensitive absorbance measurements at peak pressure
have been demonstrated. As a result of these studies, absorbance
measurements at peak pressure are recommended [17, 41, 42].

In our study, we measured the RF of the admittance and the
peak of admittance in children. The PLAI results were compared
with tympanometric measures. Otoscopy was used to categorize
the disease. In all children diagnosed with OME, honey-colored
fluid behind the intact, gray-appearing tympanic membrane was
observed. However, it cannot be completely excluded that some
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ears categorized as healthy may have undetected middle ear fluid.
In all children with a normal-appearing tympanic membrane, there
was no indication of myringotomy. In only 65% of the normally
categorized ears, a tympanogram Type A was noted. In 22.5%,
a tympanogram Type B was found, and in 5.8%, tympanogram
Types C and as were observed. These tympanometric findings
in 42 ears cannot be explained by middle ear fluid behind the
tympanic membrane. This finding highlights the limitations of
tympanometry in subjects with varying middle ear and mastoid
volumes. Previous studies demonstrated an RF of about 400 Hz and
a peak of admittance of about 1.65*102 mmbho in healthy adults
[24, 25]. Healthy children exhibited higher RF values and lower
peak admittance values than adults. With increasing age, children
present decreasing RF values, averaging 460 Hz in the age group
older than 6-18 years. RF values were significantly higher in all age
groups with OME compared to the healthy control group. These
findings can be attributed to increased stiffness caused by middle
ear effusion. Similar results were found in patients with severe
retraction pockets with effusion in adults, in adhesive processes, and
in otosclerosis [24-26]. However, an increased RF of the admittance
also indicates heightened stiffness of the tympanic membrane
and middle ear and is not solely related to OME. Therefore, the
sensitivity and specificity values for diagnosing OME should be
interpreted cautiously. A slight to moderate conductive hearing
loss in children with a normal-appearing tympanic membrane
may also be caused by juvenile otosclerosis or congenital stapes
fixation [43, 44]. PLAI measurements improved specificity and the
PPV compared to tympanometry. However, sensitivity and NPV
were lower compared to tympanometry. Medical reports noting a
progression of hearing loss, family history, and otoscopy remain
indispensable prerequisites for obtaining an accurate diagnosis in
children.

Conclusion

PLAI provides reliable data for healthy children of all ages
and for children with OME. RF of the admittance and peak
admittance were higher than those in healthy controls. Compared
to tympanometry, PLAI achieved higher sensitivity and positive
predictive values for diagnosing OME. Clinicians can use PLAI
in combination with tympanometry for children with suspected
OME when the diagnosis remains uncertain after performing or
attempting otoscopy and pneumatic otoscopy.
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