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Introduction  Presbycusis, or age-related hearing loss being a cumulative effect of 
aging on hearing, is a progressive and irreversible bilateral symmetrical sensorineu-
ral loss. In older individuals, one of the most important structures which undergo 
changes due to aging is the middle ear. There is a dearth of studies in Indian popula-
tion regarding the tympanometric characteristics in older individuals. Thus, this study 
was taken up with an objective to report the different tympanometric characteristics 
in elderly individuals (aged above 50 years) who reported with ear- or hearing-related 
complaints to the Department of Audiology, All India Institute of Speech and Hearing, 
Mysore, Karnataka, India.
Materials and Methods  A register-based analysis was conducted where immittance 
tests were performed.
Results  There was no effect of age on static admittance, ear canal volume, and tym-
panometric peak pressure values. Also, there was no gender effect on tympanometric 
findings.
Conclusion  The result of the present study helps in understanding the different mid-
dle ear mechanisms in older adults.
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Introduction
There are about 285 million individuals in India aged above 
50 years as per the 2001 census.1 Older individuals consti-
tute one of the most rapidly growing segments in our popu-
lation. Aging is usually associated with an overall decline in 
cognitive processes, like memory and thinking, and sensory 
abilities like speech perception. The speech understanding 
difficulties expressed by older adults are likely to arise from 
numerous changes that take place due to aging. With advance 
in age, it is understood that numerous structural and func-
tional changes take place from the external ear to the brain.2

In older individuals, one of the most important structures 
which undergo changes due to aging is the middle ear. In the 
middle ear the changes which occur due to aging are changes 
in thickness, vascularity, elastin, collagen, and cellularity of 
tympanic membrane.3,4 It has also been reported that tym-
panic membrane in the older population with no history of 
middle ear pathology is denser and less transparent with the 
decomposition of calcium molecules degrading the elastic 
nature of the membrane.5 There are also reports of reduc-
tion in elastic tissue of the ossicular joints—incudomalleal 
and incudostapedial joints,6,7 the ossicles ossification, and 
atrophic changes in the middle ear ligaments and muscle 
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fibres,3,4 with increase in age. Considering these anatomical 
changes in the older population, one would expect changes 
in various tympanometric findings in older subjects.

There are equivocal findings in literature with regard to 
various tympanometric results in older subjects. For exam-
ple, few authors have reported reduced acoustic admittance 
with increase in age,8-11 whereas, few others have reported 
no significant change in acoustic admittance with increase 
in age.12-15 Also the ear canal volume results in older subjects 
show conflicting results across the various studies. Several 
investigators have reported reduced ear canal function in 
older subjects.16-18 Others have reported no significant changes 
in ear canal volume in older participants.11,19 Similarly, there 
are equivocal findings with regard to tympanometric peak 
pressure in older participants.16-20

All these studies report tympanometric findings and mid-
dle ear characteristics in the western population. To our best 
of knowledge, there are no published reports concerned with 
tympanometric findings in the older Indian population. It is 
necessary to study the tympanometric findings in different 
population as it has been reported that the tympanomet-
ric findings may vary according to different races. Shahnaz 
et al,21 reported that Chinese population have significantly 
lower static admittance, wider tympanometric width, more 
positive tympanometric peak pressure, and lower ear canal 
volume compared to Caucasian counterparts. Moreover, 
Beers et al22 reported that Chinese children were having 
lower energy reflectance values over the mid-frequency 
range compared to Caucasian counterparts. Another study by 
Wan and Wong,23 reported that there was significantly lower 
tympanometric peak pressure, wider tympanometric width, 
and more positive tympanometric peak pressure values in 
southern Chinese subjects compared to the other population. 
Thus, this study was taken up with an objective to report the 
different tympanometric characteristics (tympanometric 
peak pressure, static admittance, and ear canal volume) in 
the elderly individuals (aged above 50 years) who reported 
with the ear or hearing-related complaints to Department of 
Audiology, All India Institute of Speech and Hearing, Mysore 
between July 2013 and February 2014.

Materials and Methods
Participants
During this period of study, the tympanometric findings 
of 593 individuals with the age range 50 to 98 years were 
reviewed. Out of 593 individuals, 342 were females and 
252 were male subjects. Further, the group was classified 
into five subgroups: Subgroup 1 consisted of 9 male subjects 
and 15 female subjects in the age range of 50 to 60 years; 
Subgroup 2 consisted of 139 male subjects and 206 female 
subjects in the age range of 61 to 70 years; Subgroup 
3 consisted of 74 male subjects and 92 female subjects in the 
age range of 71 to 80 years; Subgroup 4 had 29 male subjects 
and 28 female subjects in the age range of 81 to 90 years; and 
Subgroup 5 had 1  male subject and 1 female subject in the 
age range of more than 90 years.

Procedure
A register-based, retrospective study was employed 

reviewing the clinical reports of cases who visited the 
Department of Audiology, All India Institute of Speech and 
Hearing (AIISH), Mysore, India in between July 2013 and 
February 2014, reporting the complaints related to ear and/or 
hearing loss. Various parameters relating to immittance such 
as type of tympanogram, tympanometric peak pressure, 
static admittance, ear canal volume were noted from the 
files. The audiological testing at the Department of Audiology 
was done by qualified audiologists.

Results
The mean and standard deviation for tympanometric peak 
pressure, static admittance, and ear canal volume for both 
genders were calculated and thus the summary data and 
statistics by age group, gender, and ear are represented in 
►Table 1 as well as ►Figs. 1 and 2).

The data was subjected to the normality check. 
A Kolmogorov–Smirnov test was administered to check 
the normal distribution of data. Kolmogorov–Smirnov test 
revealed a non-normal distribution of the data (p < 0.05). 
Hence, a nonparametric test was done to analyze the data. 
To understand the significant differences in various tympa-
nometric findings, Kruskal–Wallis test was done for findings 
within the male group. Within male group, Kruskal–Wallis 
test did not reveal a significant difference for tympanome-
try peak pressure, static admittance value, and ear canal 
volume for both ears (p > 0.05). Also, within female group, 
Kruskal–Wallis test was administered to determine a signifi-
cant difference in immittance findings across the age groups. 
No significant difference for tympanometric peak pressure, 
static admittance value, and ear canal volume for both ears 
(p > 0.05) was found.

Fig. 1  Mean and standard deviation of static admittance and ear 
canal volume for right and left ear across gender for all age groups. 
ECVL, ear canal volume for left ear; ECVR, ear canal volume for right 
ear; SAL, static admittance for left ear; SAR, static admittance for 
right ear.
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Nonparametric Mann-Whitney test was done to compare 

the immittance findings across the two genders and results 
revealed that in the age group of 61 to 70 years, there was sig-
nificant difference for ear canal volume for right ear (Z = 4.07, 
p < 0.05) and for the left ear (Z = 3.67, p < 0.05). In the age 
group of 71 to 80 years, immittance findings revealed signifi-
cant differences of ear canal volume of the right ear (Z = 4.41, 
p < 0.05), of the left ear (Z = 3.51, p < 0.05), tympanometric 
peak pressure of the right ear (Z = 2.23, p < 0.05), and static 
admittance of the right ear (Z = 3.18, p < 0.05) and of the left 
ear (Z = 2.82, p < 0.05). In the age group of 81 to 90 years, 
immittance findings revealed no significant difference for 
both ears (p > 0.05).

Discussion
In our present study, to understand the effect of age on 
middle ear characteristics, the tympanometric results have 
been analyzed in Indian older adults. In the present study, 
no significant difference in tympanometric peak pressure 
with age was found within the male or female group. The 
results of the present study are consistent with the previous 
studies.16,19,24,25 The middle ear pressure at 226 Hz probe tone 
correlates with tympanometric peak pressure because of a 
normal eustachian tube functioning.26 Hence, the variation in 
tympanometric peak pressure due to aging will also depend 
upon the functioning of the eustachian tube. There are stud-
ies to suggest that aging does not have a significant effect on 
eustachian tube functioning.19,24 Hence, the effect of aging 
was not observed for tympanometric peak pressure in the 
present study.

In the present study, we did not observe any age effect on 
the admittance values in both the male and female group. 
Previous studies have reported an equivocal finding regarding Ta
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Fig. 2  Mean and standard deviation of tympanometric pressure for 
right and left ear across gender in all age groups. TPPL, tympanomet-
ric peak pressure for left ear; TPPR, tympanometric peak pressure for 
right ear.
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the effect of age on static admittance value, wherein few 
studies have reported a change in admittance values with 
an increase in age9-11, whereas, other few have reported 
no change in static admittance values with an increase in 
age.15,19,25,27 The equivocal findings across the studies could be 
because of the different sample sizes taken for the studies. 
For example, Wiley et al16 studied tympanometric findings 
in 1,240 participants, Golding et al28 in 1,565 participants, 
and Uchida et al25 in 933 participants. In the present study, 
we had only 593 participants which were lesser compared 
to the previous studies; however, the results of the present 
study are consistent with some of the previous studies that 
there is no change in admittance value with age.

The statistical analysis has revealed no change in ear canal 
volume in the male and female group in our study. Similar 
results were obtained by Stenklev et al,19 wherein they also 
reported no changes in ear canal volume with respect to age 
in older adults. Although few studies indicate change in ear 
canal volume with increase in age, Wiley et al16 reported that 
there is a decrease in ear canal volume with advancing age, 
and the possible causes might be atrophic alterations of the 
walls of the canal, collapsed ear canal, and increased hair 
growth.17,18

The results of the present study revealed significant differ-
ence for ear canal volume from 61 to 80 years for both ears, 
whereas significant difference for tympanometric peak pres-
sure and static admittance was found only for subjects in the 
age range of 71 to 80 years. Results for the other age groups 
were not significant. Thus, the results do not reveal any spe-
cific trend for gender difference. Previous studies have shown 
an equivocal effect of gender on various tympanometric find-
ings.9,10,19,28,29 The results of the present study support some of 
the previous literature that there is no gender difference in 
various tympanometric findings.

Conclusion
In summary, results of the present study indicated no signifi-
cant age effect on tympanometric peak pressure, static admit-
tance, and ear canal volume in older adults. One of the initial 
research questions was concerned with the potential sensi-
tivity of various tympanometric measures in demonstrating 
any stiffening or change in mass dominance of the middle ear 
transmission system with age. In this regard, findings of the 
present study revealed no unique middle ear aging effects 
on tympanometric peak pressure, static admittance, and ear 
canal volume. Also, there was no gender effect on abovemen-
tioned tympanometric findings. To conclude, there are no 
major changes in the tympanometric findings in older adults.
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