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Middle ear function in
otologically normal hearing
adult using tympanometer of
different probe frequencies

Abstract

Background: Tympanometry was first developed in the 1950's by measuring
the middle ear pressure. Over the years, its contribution to clinical diagnosis
has become well accepted and it is now a routine part of the audiological test
battery (Harris et al. 2005). A tympanometer consists of an air pump, a probe
with a loud speaker, a microphone and a manometer. The probe tip must
provide a good sealing in the ear canal to form a hermetic seal to be formed,
which is required to obtain the proper pressure in the ear. The air pump
introduces air pressure changes in the ear canal and a probe tone is also sent
into the ear canal. The probe mechanism contains a microphone and speaker,
which emits a pure tone. The acoustic immittance of the ear is analyzed by
continuously monitoring sound pressure levels in the ear canal with a probe
microphone. The immittance at the Tympanic membrane (TM) is directly
proportional to the sound pressure level of the probe tone in the ear canal. The
most commonly used probe tone has been 226Hz. This probe tone has some
definitive advantages when testing the adult ear. That's because the adult middle
ear system is stiffness-dominated (compliance) at this frequency and the effects
of mass and friction are minor. Interpretation and presentation of the results in
most instruments display only the compliance of the middle ear. Additionally,
the compliance value is directly proportional to the closed air volume, and the

external ear canal volume (ECV) is obtained

Objectives: The present study was undertaken to assess and compare the
results of multicomponent tympanometry for 226 Hz, 678 Hz, 800Hz and 1000
Hz probe tone in detecting middle ear pathology.

Methodology: 80 ears of 40subjects who are ontologically normal, pure tone
audiometry within normal, no middle ear problem, no exposure to noise were
included in the present study for the investigation of differences among
different probe tone frequencies .one ear is chosen for the measurements.

The status of the ears of each subject were assessed using otoscopic
examination, which is to insure evaluation of the ear tympanic membrane,
followed by measuring the hearing threshold levels to ensure that each ear is
within Normal, after that tympanometry measurements were performed using
a diagnostic Madsen zodiac tympanometer of multi probe frequencies.
Results: a cross-sectional study of 80 ears of 40 subjects was conducted. This
study was conduct at the ALahyyia university . This study suggests that

assessments of middle

ear status are not consistent when frequencies of 226 compared with 678 Hz,

800 Hz and 1000 Hz are used.

Conclusion: It can be concluded from the present study that there is significant
discrepancy between the probe frequency 226 Hz and the other three probe

frequencies.

The tympanometry probe frequency of 226 Hz is the best probe for assessment

of the middle ear function.
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Introduction

Tympanometry was first developed in the 1950's by
measuring the middle ear pressure. Over the years, its
contribution to clinical diagnosis has become well
accepted and it is now a routine part of the
audiological test battery (Harris et al. 2005). A
tympanometer consists of an air pump, a probe with
a loud speaker, a microphone and a manometer. The
probe tip must provide a good sealing in the ear canal
to form a hermetic seal to be formed, which is
required to obtain the proper pressure in the ear. The
air pump introduces air pressure changes in the ear
canal and a probe tone is also sent into the ear canal.
The probe mechanism contains a microphone and
speaker, which emits a pure tone. The acoustic
immittance of the ear is analyzed by continuously
monitoring sound pressure levels in the ear canal
with a probe microphone. The immittance at the
Tympanic membrane (TM) is directly proportional to
the sound pressure level of the probe tone in the ear
canal.

The most commonly used probe tone has been
226Hz. This probe tone has some definitive
advantages when testing the adult ear. That is
because the adult middle ear system is stiffness-
dominated (compliance) at this frequency and the
effects of mass and friction are minor. Interpretation
and presentation of the results in most instruments
display only the compliance of the middle ear.
Additionally, the compliance value is directly
proportional to the closed air volume and the external
ear canal volume (ECV) is obtained. Multifrequency
tympanometry is based on the analysis of
tympanograms at a wide range of frequencies
between 226 and 2,000 Hz. The acoustic immittance
is a term that encompasses impedance, admittance,
and their components. The RF is described as the
frequency at which each stiffness is equal.
Tympanograms are used to identify middle ear
pathologies. Most commercial tympanometers offer
a 226 Hz probe tone. Though it has been shown that
other probe frequencies can obtain different results
(Shurin et al. 1976, 1977).

II. METHODS AND MATERIALS

A. Participants

The study included 80 ears of 40 adults of both sexes
(30 female, and 10 males, aged between 18 and 25
years), both ears of each subjects who are under
graduate students at Alahliyya Amman University,
speech and audiology department were included in
the present study.

B. Procedure

The status of the ears of each subject was assessed
using otoscopic examination to insure evaluation of
the ear tympanic membrane, followed by measuring
the hearing threshold levels to ensure that each ear is
within Normal level, after that tympanometry
measurements were performed using a diagnostic
Madsen zodiac tympanometer. Ear canal pressure
was swept in a positive-to-a negative direction from
+200 daPa to —400 daPa. Examinations were
performed twice at Alahliyya Amman University,
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speech and language department. For the reality and
accuracy measurements was repeated twice.
Tympanograms were recorded using four
measurements frequencies: 226 Hz, 678, 800 and
1000 Hz, for each ear separately. All participants
were informed not to move or do any maneuver
during the test, and the probe frequency changed
from 226 Hz to 1000 Hz without removing the probe
and the results for each ear was recorded.
Parameters performed in this study were TPP (total
peak pressure in (daPa), Era canal volume in ml, and
static compliance (SC) in ml. The procedure
instruction were given to the subjects included in this
study. Our study examined the three parameters,
which are middle ear pressure (TPP), ear canal
volume and static compliance. For 226 Hz this
parameter was assessed using the standard normal
range. The differences among the parameters
compared to 226 Hz probe as follow:

The TTP was measured similarly to Roush et al.,
(1995) measurement where TTP for 226 Hz was0.4
dapa, for 678 Hz was 4.8 dapa, for 800 Hz was
3.4dapa and for 1000 Hz was 5.17dapa, (8) — from
0.2 to 0.7 mmho — while for 1000 Hz we adopted the
criteria proposed by (Kei et al., 2003). An admittance
between 0.39 and 2.12 mmho. Assessment of
tympanogram shapes for 226 Hz was done according
to the Jerger and Liden (1974) classification scheme.
Of the seven types of tympanograms discussed in the
literature, here we distinguished four: A, As, B, and
E. the A-type tympanogram is presumed to come
from ears with a normal sound conduction system,
i.e., in ears without pathology of the middle ear. The
A type 1is characterized by a tympanometry.
Commonly, this type of result is indicating normal
middle ear with no any problems. However, it can
also be obtained in ears with normal middle ear
function, especially in neonates. It is similar to the E-
type tympanogram; whose shape resembles the letter
M (it has two peaks). This result E shape is
characteristic of a discontinuity in the ossicular
chain, but is considered normal in newborns. The
type B tympanogram appears, as a flat
tympanometric curve and was not included in our
study as we are investigating the effect of probe
frequency in normal adults. The effect of type B and
without a peak one cannot determine the middle ear
pressure. This result may indicate inflammation of
the middle ear (OMS).

For the probe, frequency 226 has the normal
tympanograph type A. We used the classification of
jerker et al. (1974). For the 678 Hz we used the
classification by jerker and the results that all
parameters were normal except for total peak
pressure TPP that is higher compared with the results
obtained using probe frequency 226 Hz. The 800 Hz
probe frequency we used the classification of kei et
al., (2003). The results showed no statistically
differences between the probe frequency 678 Hz and
8000Hz the mean of both frequencies as follow for
678 Hz was 4.08, and for 800 Hz was 3.46.

For 1000 Hz we used the classification scheme
proposed by Kei et al., 2003 which identifies just fo
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types of tympanograms — type 1: single-peaked
tympanogram (equivalent to type A of the Jerger
classification), type 2: flat sloping tympanogram
(equivalent to type B of the Jerger classification),

type 3: double-peaked tympanogram (equivalent to
type E of the Jerger classification), and type 4: other
unclassified tympanograms (which could not be
classified into any of the other categories —

equivalent to type As of the Jerger classification). In
the present study, we have found no significant
differences among results obtained when using 678
and 800 and 1000 Hz. the significant was in the
results obtained with probe frequency 226 Hz.

III. RESULTS Table (1). Shows the mean values of
the probe frequencies of tympanometry parameters
of 80 ears for each measurement frequency.

Mean values of the probe frequencies of tympanogram parameters of 80 ears.

Probe Total peak | Ear canal Static
frequency pressure volume compliance
(Hz) (TTP) (ECV) (ST) ML
226 0.4dapa 1.36 ML 0.82
678 4.8dapa 1.37 ML 2.1
800 4.5dapa 2.00 ML 1.98
1000 5.17dapa 0.23 1.69

Table (1) showed the different probe frequencies and
the results for each probe frequency. The results from
different profrequency 226 Hz and the other 3 probe
frequencies, this deference is statical significant The
mean value of TTP for the probe frequency 226 Hz
was 0.4 dapa, for 800Hz was 4.8 and for 1000 Hz was
5.17. The mean of TPP for 678 Hz was 4.8, and probe
frequency was 4.8 dapa and for 1000Hz probe
frequency. H z statistical analysis showed that the
men (TPP) were similar in three measurements
frequencies with no statistically significant
differences. The 226 Hz probe was wused as a
reference for all measurements.

The effects of probe-tone frequency on admittance:
its components, and the compensated phase angle in
adults and healthy, full-term infants (average
chronological age = 3 weeks) were investigated by
Shahnaz, Miranda, and Polka (2008). In adults, when
compensation was at the positive tail (+250 daPa),
the compensated phase angle was positive at the low-
mid probe-tone frequencies through 630 Hz, which is
consistent with a stiffness-dominated middle ear. It
was about 0° at 710 and 800 Hz, which is consistent
with a middle ear at resonance (i.e., the mass and
stiffness susceptance summing to yield a net
susceptance of 0 mmho). Lastly, it was negative at
frequencies over 800 Hz up to 1000 Hz, which is
consistent with a mass-dominated middle ear.

In contrast, in infants, the compensated phase angle
was positive at 226 Hz (still showing a net
susceptance that is stiffness, but much smaller than in
adults), negative at the higher frequencies through
560 Hz (consistent with a mass-dominated ear),
about 0° at 610 through 800 Hz (consistent with
middle-ear resonance), and then negative again at the
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higher probe-tone frequencies through 1000 Hz
(consistent with a mass-dominated ear). These
findings of a positive compensated phase angle with
a small stiffness susceptance (positive compensation)
at 226 Hz in infants are inconsistent with other
studies that show the infant ear is mass dominated at
low frequencies (Holte et al, 1997 Cavanaugh, &
Margolis, 1991; Meyer et al., 1997). Although many
articles cite Holte et al. (1991) in support of the
conclusion that the infant ear is mass-dominated at
low frequencies; Holte et al. (1991) stated that
"several" (but not the majority) of "ears of
neonates...showed negative admittance phase angles
at all frequencies indicating a mass-controlled
system" (p. 20) and "this suggests a greater
contribution of mass and/or resistive elements for the
youngest infants than in older infants and adults".

TTP values for the frequency probe are similar, and
not statistically significant. TTP for 678 Hz,800 Hz,
and 1000H are the same and there was no statical
difference. Statistical analyses for the Ear canal
volume showed that there were no significant
differences, but it is noted that Canal volume for the
probe frequency 800 Hz and 1000 Hz is higher than
ear canal volume obtained with other probe
frequencies.  For Static compliance values in
tympanograms for 226 Hz compared with 687Hz,
800, and 1000 Hz and the measurements showed that
there werea deference’s in the static compliance for
678, 800Hz and 1000Hz compared with probe
frequency 226 Hz the differences are being between
226 Hz probe from one side and other probe
frequencies 678, 800. And 1000. The research
procedures were approved by the Ethics Committee
of the Institute of audiology department at AL-A
university of Jordan.
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Table (2) showed the differences among different
frequency probe 22, 678, 800 and 1000 Hz.
Probe frequency Ear canal volume (ECV)

(Hz)

226 Hz 1.36ml

678 Hz 1.37ml

800 Hz 2.00ml

1000 Hz 0.23ml

Table 2 showed the mean value of TTP for the 70 ears of 70 subjects. It is noticed that the mean values for probe frequencies
678, 800, and 1000 Hz are not significantly differed. However, when compared the mean frequency of the 226 Hz probe
frequency showed a significant difference the differences being in 5.17dapa compared to 0.4 of 226 Hz.

Table (3) the mean value for the TTP probe frequency for 70
ears of 7o subjects
Probe frequency (Hz) (Total peak pressure).
(dapa)
226 0.4dapa
678 4.8dapa
800 3.4dapa
1000 5.17dapa

It is apparent that in table 3 there were no any significant differences among all probe frequencies for ear canal volume.

Table (4). Showed the results of statistical
compliance for all Frequencies probe.
Probe Static compliance (SC).
frequency
(Hz)

226Hz 0.82ml

678Hz 2.1ml

800Hz 1.37ml

1000Hz 1.69 ml

It is apparent that table 4 shows no Significant
differences a among the means of different probe
frequencies. the frequency is significant between
probe frequency 678 and probe frequency 226 Hz.
The static compliance for the probe frequency 678 is
higher than for the probe frequency 226 Hz.

Discussion

Impedance audiometry is an important tool for
assessing the middle ear, especially in newborns, in
whom the incidence of middle ear pathology is very
high. This study compares the parameters of
tympanograms for 226 Hz,678, 800 and 1000 Hz.
The TTP for type A tympanograph single -peaked for
4 measurements frequencies showed a significant
difference among 678Hz, 800Hz, and 1000 Hz in
comparison with probe frequency 226 Hz the value
for 226 Hz was 0.4 and for the 1000 Hz was 5.
17ml.no significant among probe frequencies 678
Hz, 800Hz and 1000 Hz. Total peak pressure for type
A tympanograph for type A tympanogram
(singlepeaked) and 226 Hz ranged from 0.4 dap to
5.17 daPa, these values differ from the results
obtained byrushel ea tal. who reported mean middle
ear pressure (MEP) of 1.39 daPa. For 226 Hz, the
total peak pressure value obtained by difference
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probe frequency the TPP value obtained in both
studies were similar. Yerraguntla et al.( 2018)
obtained different results: the mean MEP in boys was
1 daPa in the right ear and 2.70 daPa in the left, and
in girls 0.65 daPa and —7.09 daPa, respectively. Yang
et al. (2020) found MEP values of 11.83 daPa, and
Emadi et al. (2016) values of 23.86 daPa.

Middle ear pressure for type A tympanogram
(singlepeaked) and 226 Hz ranged from —63 daPa to
77 daPa, with a mean value of 19.6 daPa. These
values differ from the results obtained by Resende et
al., (2012) who reported mean middle ear

pressure (MEP) of 1.39 daPa. For 1000 Hz, the MEP
value obtained in both studies was similar.

The ear canal volume (ECV) for type A
tympanogram (single-peaked) for both measurement
frequencies showed no statistically significant
differences. The mean ECV was 0.5 mL for 226 Hz
and 0.4 mL for 1000 Hz. These results were similar
to those reported by other authors Yerraguntlaet al.,
reported mean ECV values for 1000 Hz in boys of
0.83 daPa for the right ear and 0.86 daPa for the left
ear and in girls 0.97 daPa bilaterally. Emadi et al.
(2016) reported similar values. On the other hand, in
a study published by Yang et al., 2020), the mea
ECV for 1000 Hz was 0.71 mL.
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Static susceptibility in our study material showed
similar values for 1000 Hz to those obtained by Yang
et al. (6). However, other authors have recorded
different values with a markedly broader distribution
for 226 Hz. At the same time, our mean static
susceptibility for 226 Hz was noticeably different
from values obtained by other researchers. In our
study material, the most often registered
tympanogram for both testing frequencies was the
single-peaked type A (56.7% for 226 Hz and 59.6%
for 1000 Hz), which is in line with results obtained in
other studies.

For 226 Hz, we recorded type E tympanograms
(double-peaked) in 10.6% of ears. Many authors
consider double-peaked tympanograms to be normal
in children younger than 6 months. Li et al Have
registered double-peaked tympanograms at 226 Hz in
more than 47% of 408 ears they tested. We did not
record any double-peaked tympanograms for 1000
Hz in our material, while Swanepoel et al. Reported
that type of tympanogram in 6% of ears they studied.
Kei et al. Reported a very low rate of double-peaked
tympanograms, only 1.2%.

We have analyzed the frequency of occurrence of
each tympanogram type for a 1000 Hz measuring
frequency based on the type of tympanogram
obtained using 226 Hz. The most frequently
appearing tympanogram for 1000 Hz was type A,
regardless of the tympanogram type present at 226
Hz. The largest proportion (62.7%) was paired with
type A tympanogram at 226 Hz, which is confirmed
in the literature. However, in our study, we registered
twice as many single-peaked (type A) tympanograms
for 1000 Hz paired with flat (type B) for 226 Hz as
reported by Carmo et al. (2012). Moreover, we
registered half as many type A tympanogram (single
peaked) for 1000 Hz when the tympanogram for 226
Hz in the same ear was type E (double-peaked).

If we analyze the rate of appearance of a specific type
of tympanogram  simultaneously for two
measurement frequencies, we find that type A
tympanograms (single-peaked) were present for both
frequencies simultaneously only in 35.6% of cases
and type B (flat) in 3.8% of cases. In a study by Liu
et al. of a group of children younger than 6 months
with secretory otitis, type B tympanograms (flat)
were found for both frequencies simultaneously only
in 21% of cases. Moreover, it has been shown that
disease detectability using 1000 Hz is threefold the
rate using 226 Hz. In normally functioning ears, type
A tympanograms were registered in a similar number
of children. Mutlu et al. (2015) has reported that with
a measurement frequency of 1000 Hz, disease
detectability increased twofold compared to 226 Hz.
They also reported that type A tympanograms were
present simultaneously at both frequencies in 30.7%
of cases. For abnormal tympanograms (type Ad, As,
B, or C), the simultaneous occurrence rate was 66%.
Shi et al. (2016) reported similar results. At 226 Hz,
they recorded type A tympanograms in 13.3% of
cases but found only 8.9% of the single-peaked type
at 1000 Hz.

Tympanometry curves for 226 Hz and 1000 Hz are
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different, and in newborns the 1000 Hz test tone
revealed a higher rate of middle ear pathology.
However, further studies are required to verify that
1000 Hz tympanometry is a high-sensitivity
diagnostic method for middle ear problems in
newborns.

Conclusion And Recommendations

It is well known that the total susceptance is algebraic
sum of positive (stiffness) and negative (mass)
susceptance. Middle ear infection increases mass in
the middle ear and reduces the resonant frequency.
The results of the present study reinforce the concept
that the reduced resonant frequency results in more
dramatic changes for 1000 Hz tympanogram than
226 Hz tympanogram. These findings highlight the
usefulness of high probe tone in detecting the
alterations in the middle ear due to increase mass.
This study suggests that assessments of middle ear
status are not consistent when frequencies of 226
compared with 678 Hz, 800 Hz and 1000 Hz are used.
Moreover, in newborns, the rate of abnormal
tympanograms is higher at 1000 Hz. Therefore, 1000
Hz seems to be a better frequency for assessing
middle ear conditions. It is recommended that high
frequency immittance measurements be included in a
battery of test to identify any abnormality of middle
ear. This study suggests that assessments of middle
ear status are not consistent when frequencies of 226,
678, 800 and 1000 Hz are used. Moreover, in adults
the rate of normal tympanograms is higher at 1000
Hz. Therefore, 1000 Hz seems to be a better
frequency for assessing middle ear conditions. For
better probe frequencies is to use 226 Hz the 226
probe frequency for middle ear pathology based on
the result of the present study we recommend to test
infants who are normally otological using probe
frequencies 226, 678, 800 and 1000 Hz.
Recommendation for accurate and reliable
tympanometry is to use the probe frequency 226Hz
for best diagnosis especially for normal adults, and
because width is absent when using 800 Hz, and
1000Hz. More research study is recommended in
case of disorder.
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