Ozge GEDIK TOKER, PhD; Elif KURU, MSc; Biisra OZBAY, MSc; Ayse Riimeysa AKBIYIK, MSc; Elif llayda KBB-Forum ==\

AKSAKAL, MSc; Niliifer BAL, PhD 2024:232) \Tar "
Age Effect On Tympanometric Evaluation Results www.KBB-Forum.net
CLINICAL STUDY

AGE EFFECT ON TYMPANOMETRIC EVALUATION RESULTS

Ozge GEDIK TOKER', PhD; “*" Elif KURU', MSc; “* Biisra OZBAY? MSc; " Ayse Riimeysa
AKBIYIK®, MSc; % Elif ilayda AKSAKAL®, MSc; “* Niliifer BAL’, PhD

'Bezmialem Valaf Universitesi, Odyoloji, Istanbul, Turkey *Nisantasi Universitesi, Odyometri, Istanbul, Turkey *Bingél
Universitesi, Odyometri, Bingol, Turkey *Istanbul Prof. Dr. Cemil Tascioglu Sehir Hastanesi, Odyoloji, Istanbul, Turkey
’Marmara Universitesi, Odyoloji, Istanbul, Turkey

SUMMARY

Introduction: With increasing age, changes occur in the anatomy and physiology of the outer and middle ear, which are reflected in the
tympanometric results. This study aimed to evaluate the effect of age on tympanometric evaluation results in participants.

Material and Methods: Tympanometric evaluation results were obtained with Titan® wideband tympanometry from 46 individuals
between the ages of 6-18, 52 individuals between the ages of 19-39, and 37 individuals between the ages of 40-60 with normal hearing,
normal otoscopic findings, and type A tympanogram were examined retrospectively. A total of 265 ears were evaluated, and comparison and
regression analysis were performed according to age groups to determine the effect of age on compliance, tympanometric peak pressure,
tympanometric width, equivalent ear canal volume, and resonance frequency.

Results: The statistical evaluation revealed that age affected compliance, tympanometric peak pressure, tympanometric width,
equivalent ear canal volume, and resonance frequency. No significant difference was observed between the tympanometric results of the
right and left ears.

Conclusion: It is known that tympanometric evaluation results vary in terms of age, gender, and ethnic characteristics. This study
revealed the effects of age on tympanometric evaluation results. These differences were thought to be due to differences in body size
between adults and children and changes in middle ear physiology and anatomy with age. Our study is believed to contribute to the literature
by revealing age-related changes in tympanometric results.
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YASIN TIMPANOMETRIK DEGERLENDIRME SONUCLARINA ETKiSi

OZET

Giris: Artan yas ile birlikte dig ve orta kulak anatomi ve fizyolojisinde timpanometrik degerlendirme bulgularina yansiyan degisiklikler
meydana gelmektedir. Bu galisma ile katilimcilarda yagin timpanometrik degerlendirme sonuglarina etkisini degerlendirmek amaglanmagtir.

Yontem ve Geregler: Normal isitmeye, normal otoskopik bulguya ve tip A timpanograma sahip 6-18 yas aras1 46 birey, 19-39 yas aras1
52 birey ve 40-60 yas arasi 37 bireyden Titan® genisbant timpanometre ile elde edilen timpanometrik degerlendirme bulgulari retrospektif
olarak incelenmistir. Toplam 265 kulak degerlendirmeye alinmis ve yasin kompliyans, timpanometrik tepe basinci, timpanometrik genislik,
es deger kulak kanali hacmi ve rezonans frekansina etkisini belirlemek amaciyla yas gruplarina gore karsilastirma ve regresyon analizi
yapilmustir.

Bulgular: Yapilan istatistiksel degerlendirme sonucunda yasin kompliyans, timpanometrik tepe basinci, timpanometrik genislik, es
deger kulak kanali hacmi ve rezonans frekansini etkiledigi ortaya konulmustur. Sag ve sol kulak timpanometrik degerlendirme bulgular
arasinda ise anlamli farklilik gézlenmemistir.

Sonug: Timpanometrik degerlendirme bulgularinin yas, cinsiyet ve etnik 6zellikler agisindan degisiklik gosterdigi bilinmektedir. Bu
¢alisma katilimcilarda yasin timpanometrik degerlendirme bulgularina etkilerini ortaya koymaktadir. Bu farkliliklarin, yetiskinler ve ¢ocuklar
arasindaki viicut biyiikligi farkliliklar1 ve yasla birlikte orta kulak fizyolojisi ve anatomisindeki degisikliklerden kaynaklandig:
diistiniilmistir. Caliymamizin, timpanometrik bulgularda yasa bagli degisimi ortaya koymas: yoniinden literatiire katki saglayacagi
distiniilmektedir.

Anahtar Sozciikler: Timpanometri, Yaglanma, Orta kulak
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@ with aging have been documented in the

literature”. These include a collapse of the
cartilaginous external ear canal, increased
stiffness in the tympanic membrane and ossicular
chain, decrease in epithelial cell production,
aging of extracellular substances (elastic tissue,
cartilage, and bone), and extracellular
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accumulation of various substances””. It has also
been stated that aging may lead to degeneration
of the outer and middle ear with structural
changes in the tissue epithelium, ceruminal gland
atrophy, degeneration of the incudomalleal and
incudostapedial joints, and tensor tympani and
stapedius muscle atrophy. These changes can
reduce the efficiency of sound transmission to
the middle ear, thus causing decreased hearing
sensitivity’.

Tympanometry is defined as a sensitive,
specific, non-invasive, simple technique that
measures acoustic impedance or admittance as a
function of pressure in the ear canal to analyze
the acoustic properties of the middle ear
system®™’. With multifrequency tympanometry,
in addition to the parameters evaluated with
conventional tympanometry [compliance (Y,),

equivalent ear canal volume (ECV),
tympanometric peak pressure (TPP), and
tympanometric ~ width  (TW)],  resonance

frequency (RF) measurement can also be
performed. RF, which reflects the frequency
value where mass and stiffness effects are equal
in magnitude, is the frequency value where the
sum of mass and stiffness effects is "0". The
middle ear transmits a sound at a frequency
equal to the RF more easily than other
frequencies’. The RF shifts towards lower
frequencies as the mass in the middle ear
increases and towards higher frequencies as the
stiffness increases”.

Studies have shown that tympanometric
measurements in healthy individuals may differ
depending on age, gender, and ethnic
characteristics. In addition, it is important to
determine normative data and their standards to
distinguish normal and pathological conditions
correctly’ When the literature was reviewed,
although normative values of tympanometric
results were found in different age groups, there
were not enough  studies  comparing
tympanometric results of different age groups.
Our study aims to evaluate the possible effects of
age on tympanometric results.

MATERIAL and METHODS

This retrospective study was conducted
using the tympanometric results of patients with
different age groups who applied to Bezmialem
Vakif University Audiology Clinic between
01.01.2018 and 01.01.2023 and whose otological
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examination was normal. The study was
approved by the Bezmialem Vakif University
Non-Interventional Research Ethics Committee
with decision number 2023/240 on 26.07.2023,
and it was conducted in accordance with the
ethical principles specified in the Declaration of
Helsinki. Individuals with normal pure tone
average and normal middle ear function were
included in the study.

In the retrospective  audiometric
evaluation, air conduction thresholds at octave
frequencies between 250-8000 Hz and bone
conduction thresholds at frequencies between
250-4000 Hz were examined in pure tone
audiometry.  Tympanometric  results  of
participants whose air-bone gap between 250-
4000 Hz was <10 dB HL and air conduction
threshold between 250-8000 Hz was 15 dB HL
or better were examined.

The conventional tympanometry and RF
were evaluated with the Titan® tympanometry
(Interacoustics, Denmark) featuring wideband
tympanometry and analyzed retrospectively. RF
measurements were made using a narrow band
click stimulus with a frequency range of 226 Hz
- 8000 Hz, a duration of 2 msec, a rate of
21.5/sec, and an intensity level of 100 dB peSPL
(=65 dB nHL). 226 Hz probe tone at 85 dB SPL
was used for conventional tympanometry, and
the pressure ranged from (+200) to (-400) to
measure compliance at tympanometric peak
pressure. After the probe was appropriately
placed in the patient's external ear canal,
measurements were recorded via Titan Suite
software (Interacoustics, Denmark).

Participants

Ears that met the inclusion criteria and
had normal otoscopic findings and type A
tympanogram were evaluated. Participants were
divided into different age groups between 6-18
years, 19-39 years, and 40-60 years, and
tympanometric evaluation results were compared
according to age. Data obtained from 46
individuals (90 ears) between the ages of 6-18,
52 individuals (102 ears) between the ages of 19-
39, and 37 individuals (73 ears) between the ages
of 40-60 were included in the study. The average
age (mean = SD) in the 6-18, 19-39, and 40-60
age groups are 10.5 +£2.96; 24.58 +£ 5.03; 47.81 +
6.42 respectively.
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The resonance frequency, equivalent ear
canal volume, tympanometric peak pressure,
compliance, and tympanometric width were
analyzed and compared according to age. The
data of individuals who were evaluated using the
Interacoustics Titan device between 01.01.2018
and 01.01.2023 and met the inclusion criteria
were withdrawn from the software.

Statistical analysis

All statistical analyses were analyzed and
reported in the IBM SPSS Statistics 22.0
program and at a 95% confidence level.
Considering previous studies, the sample size
was determined to be at least 100 to obtain 80%
power at a 95% confidence level. Results were
analyzed and reported at the a =0.05 significance
level. The distribution of the data was examined
using the Shapiro-Wilk test. Independent
Samples t-test was used in groups showing
normal distribution compared to right and left
ears; Mann Whitney U test was used in groups
that did not show normal distribution. In
comparing data between different age groups,
the One-Way Anova test and posthoc Tamhane
test were used in groups with normal
distribution, while the Kruskal Wallis test and
posthoc Bonferroni correction test were used in
groups with non-normal distribution. Descriptive
statistics of the data are given as mean + S.
Deviation and min-max. Also, regression
analysis was performed to determine the effect
of age on tympanometric values.

RESULTS

In this study, tympanometric evaluation
results of 46 individuals (90 ears) aged 6-18
years (mean + SD; 10.5 £ 2.96), 52 individuals
(102 ears) aged 19-39 years (mean + SD; 24.58 +
5.03), and 37 individuals (73 ears) aged 40-60
years (mean = SD; 47.81 + 6.42) were included.
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Ear-specific comparisons, age group
comparisons, and regression analysis of
tympanometric findings were analyzed.

As a result of pairwise comparison of the
right and left ears, no ear-specific differences
were observed in tympanometric evaluation
results (Table 1). Since the ear effect was not
significant, the age effect was not evaluated on
ear based.

Kruskal Wallis Test and post hoc
Bonferroni correction for pairwise comparisons
were performed for statistical evaluation of Ya,
TPP, TW, and ECV findings. Significant
differences between different age groups were
observed in all tympanometric findings, as
shown in Table 2.

As a result of the statistical evaluation, Ya
was significantly lower in the 19-39 age group
than in the 40-60 and 6-18 age groups. TPP is
significantly lower in the 6-18 age group than in
the 19-39 age group. TW was significantly lower
in the 40-60 age group than in the 6-18 and 19-
39 age groups. The ECV is significantly greater
in the 40-60 age group than in the 6-18 and 19-
39 age groups and is significantly greater in the
19-39 age group than in the 6-18 age group.

ANOVA and post hoc Tamhane test
results showed that the resonance frequency was
significantly lower in the 40-60 age group
compared to the 6-18 and 19-39 age groups
(Figure 1).

The regression analysis determined that
Ya, ECV, and TPP values increased statistically
significantly with age (Figure 2), while RF
values decreased significantly with increasing
age (Figure 3). No significant change was
observed in TW according to age. The regression
analysis results are detailed in Table 3.
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Table 1. Comparison of tympanometric results in right and left ears in different age groups

Age 6-18 Age 19-39 Age 40-60
Right Ear Left Ear Right Ear Left Ear Right Ear Left Ear
(n=45) (n=45) (n=50) (n=52) (n=37) (n=36)
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Y, (mmbho) 0.71 0.35 0.67 0.25 0.59 0.33 0.60 0.27 0.8 0.3 0.77 0.31
p value 0.955 0.763 0.556
TPP (daPa)  -1802 2997 -1836 2633 -804 1431  -6.69 1799 941 209 -5.33 13.42
p value 0.462 0.36 0.374
Tw (daPa) 9524 2128 9364 1813 9226 2861  96.83 26.13  86.81  31.19 90 33.73
p value 0.72 0214 0.558
ECYV (ml) 1.02 0.27 0.96 0.41 1.19 0.28 1.17 0.27 1.3 0.3 1.32 0.29
p value 0.534 0.776 0.817
RF (Hz) 880.56 239 952 191.01 976.40 267.18 929.5 28231  779.14 18246  774.56  182.88
p value 0.239 0.391 0.821

Y,: compliance, TPP: tympanometric peak pressure, TW: tympanometric width, ECV: equivalent ear canal volume, RF:

resonance frequency

Table 2. Tympanometric results of different age groups

Age 6-18 (n=90) Age 19-39 (n=102) Age 40-60 (n=73)

P value

Mean SD Mean SD Mean SD
Ya (mmho) 0.69 0.30 0.59 0.30 0.78 0.30 <0.001*
TPP (daPa) -18.19 28.05 -7.35 16.22 -7.40 17.61 0.023*
Tw (daPa) 94.44 19.67 94.59 27.33 88.38 32.28 0.005*
ECV (ml) 0.99 0.35 1.18 0.27 1.31 0.29 <0.001*
RF (Hz) 916.43 218.51 952.49 274.65 776.88 181.41 <0.001*

*p<0.05

Y,: compliance, TPP: tympanometric peak pressure, TW: tympanometric width, ECV: equivalent ear canal volume, RF:

resonance frequency

Table 3. Regression analysis of the aging effect on tympanometric results

Unstandardized

Dependent Standardized Coefficients
Coefficients
Variables
Adjusted R Square B Std. Error Beta
Ya (mmho) 0.013* 0.003 0.001 0.130* 2.119
TPP (daPa) 0.033** 0.271 0.086 0.190** 3.143
Tw (daPa) 0.002 -0.130 0.107 -0.075 -1.223
ECV (ml) 0.170* 0.009 0.001 0.417* 7.431
RF (Hz) 0.052** -3.735 0.949 -0.236** -3.935

*p<0.05; **p<0.01; Independent Variable: Age
Y.: compliance, TPP: tympanometric peak pressure, TW: tympanometric width, ECV: equivalent ear canal volume, RF:

resonance frequency
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Figure 1: Resonance frequency comparison by age (*p<0.05)
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Figure 3: Regression analysis of resonance frequency

DISCUSSION

Tympanometry is a technique that
measures acoustic impedance or admittance as a
function of pressure in the ear canal to analyze
the acoustic properties of the middle ear system’.
Tympanometry, a routine part of
audiological/otological evaluation, is a safe and
rapid gold standard method to evaluate middle
ear function®'’. In addition to Ya, TPP, ECV,
and TW are measured in traditional
tympanometry, and RF can also be measured in
multifrequency tympanometry and wideband
tympanometry. Studies have shown that body
size, age, and ethnicity can affect resonance
frequency and other tympanometric findings''.
Our study aimed to show the age-related effects
of Ya, TPP, ECV, TW, and RF in participants of
different age groups.

When the literature was reviewed, no
study observed differences in tympanometric
findings between the right and left ears'®'*". In
our study, no significant difference was found
between the right and left ears of the
participants, supporting the literature (p>0.05).
This finding is consistent with the absence of a
significant  anatomical and physiological
difference in the right and left middle ear.

44

Since studies have shown that ethnicity
affects tympanometric results, comparing the age
effect in groups of the same ethnicity will
provide more accurate results'®'?. In this regard,
when studies evaluating tympanometric findings
in Turkish participants were examined, there
were not enough studies that evaluated age-
related effects on tympanometric findings in
participants with normal middle ear function in
similar age groups. Changes observed in the
middle and outer ear structures depending on age
and ethnicity point to a deficiency in the
literature on this subject.

Looking at the anatomical changes that
occur with aging, arthritis in the ossicular joints
or a stiffer tympanic membrane causes increased
stiffness. In comparison, a thicker tympanic
membrane and accumulation of calcium
molecules cause an increase in mass. These
degenerative changes affect individuals to
varying degrees'”. Studies agree that age affects
tympanometric results'®'®.  With age, the
tympanic membrane becomes stiffened, thinner,
and less vascular; calcification in the malleus,
incus, and stapes joints, ossification and
calcification in the eustachian tube, and atrophy
and degeneration in the middle ear muscles can
be observed”. Although our study had
significant differences in ECV, Ya, TW, TPP,
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and RF with age and these findings support the
literature.

The RF is affected by mass and/or
stiffness changes in the mechano-acoustic
system of the middle ear. While RF increases in
pathologies that increase the system's stiffness,
such as otosclerosis and rheumatoid arthritis, RF
decreases in pathologies where middle ear
stiffness decreases, such as ossicular chain
disruption and otitis media with effusion. The
normal range of RF values reported for adults
with normal hearing varies, but most studies
suggest that the RF range for the middle ear is
between 800 and 1200 Hz™'°. Kaya et al,
evaluated resonance frequency in 60 healthy
adults aged 19-45. The findings obtained in their
study are similar to the data for the 19-39 age
group in our study. In their study, regardless of
gender difference, the middle ear resonance
frequency was found to be 900 Hz on average in
Turkish participants, while in our study, the
average resonance frequency in the 19-39 age
group was similarly obtained as 955 Hz'. In the
literature, it has been reported that the average
middle ear resonance frequency is 1003 Hz in
children aged 6-15, while it is 817 Hz for
individuals aged 20-40***'. These differences
can be attributed to the difference in body size
between adults and children. Larger ear sizes in
adults will cause the middle ear volume to be
larger, so middle ear systems will have lower
resonance frequencies”. Similarly, in our study,
the RF was significantly lower in the 40-60 age
group.

ECV varies according to both gender and
age. ECV is smaller in women than men at all
ages, with an average difference of 0.2 cm’ in
adulthood. Given the wide range of normal
values, it has been reported that separate norms
are not required for men and women, but
different norms are needed for children and
adults. ECV has been observed to increase from
an average of 0.6 cm’ in children younger than
seven years to 0.8 cm’ between 6 and 15 years of
age and 1.4 cm’ in adulthood'®'®. In our study,
ECV value increased significantly with age.
Average ECV values were obtained as 0.99 ml,
1.18 ml, and 1.31 ml in the 6-18, 19-39, 40-60
age groups, respectively.
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Ya evaluates the elastic properties of the
tympanic ~ membrane in  tympanometry.
Therefore, tympanometry has been used to
investigate age-related changes in compliance,
but there is no consensus on this issue in the
literature. Beattie and Leamy reported a
significantly increased admittance with age when
they compared the group consisting of
participants with an average age of 65 with
normal audiometric and otoscopic findings and
the group with an average age of 20”*. Creten et
al. found no change in susceptance and
conductance values among eight different groups
of different ages, while Gates et al. reported in
their study on a large population that compliance
decreased significantly with increasing age™~".
In their study investigating the age-related
absorbance change, Sahin and Aksoy did not
find any significant age-related difference in the
absorbance in participants with normal middle
ear function between the ages of 20-29, 30-39,
and 40-49, and they found that the absorbance
did not change between the ages of 20-49. As
stated by Sahin and Aksoy in their study, the
small age difference between the groups may not
have caused a difference in the middle ear
system that would cause a change in
absorbance™. In our study, tympanometry was
evaluated in broader age ranges, and it was
found that Ya decreased significantly in the 19-
39 age group compared to the 6-18 and 40-60
age groups. More studies are needed on this
subject to understand the effect of age on
compliance.

TW measures the sharpness of the
tympanogram. The presence of a middle ear
infection reduces the slope and increases the
width of the tympanogram®. Apart from this,
age can also affect TW, young adults aged 20-30
years have a narrower TW than children®’, and
older adults aged 48-90 years have a narrower
TW than young adults'’. However, in the
literature, some studies find a significant
difference in TW with age”'”*’, and some do not
observe a significant change with age'***. In our
study, a significant decrease in TW was observed
between the ages of 40-60, but no significant
change in TW was observed with age in the
regression analysis.
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CONCLUSION

In our study, the effect of age on
tympanometric findings was shown. These
differences are attributed to differences in body
size between adults and children and changes in
middle ear physiology with age. It is important
to establish norms for a specific measurement
using a specific tool in a specific population and
to determine normal and pathological conditions
accordingly. In this context, it is thought that our
study will contribute to the literature by
presenting the tympanometric evaluation results
for the relevant age groups of Turkish
participants with normal middle ear function and
revealing the effect of age on tympanometric
findings.
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