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SUMMARY

Introduction: Old age is associated with changes in the characteristics of the middle ear transmission system and in external
ear resonance, and these carry implications for the hearing aid (HA) verification process for which targets and measures of
the real ear insertion gain (REIG) are used.

Aim: To compare the real ear unaided gain (REUG) and the equivalent volumes of the external ear (VeqEE) and the middle
ear (VegME) between elderly and adult patients.

Methods: This is a retrospective study in which the medical records of 28 elderly patients (aged between 61 and 102 years,
average hearing thresholds between 38.75 and 85 dB HL) and 23 adult patients (aged 20-59, mean hearing thresholds between
31.25 and 116.25 dB HL) with bilateral sensorineural hearing loss and no history of middle ear abnormalities were analyzed.
Immittance measurements (VeqEE, VeqME, and pressure of the peak of maximum compliance) and the REUG (frequency and
amplitude of the primary peak) were recovered for a total of 40 ears. These data were compared between elderly and adults
as well as between men and women, using Student’s t test. Correlations (Pearson) between immittance and REUG data were
also verified.

Results: No statistically significant differences (p < 0.01) were found for immittance and REUG data between elderly and adults,
or between men and women. A negative and weak but significant correlation was observed between the REUG primary peak
and VeqEE.

Conclusion: Hearing aid verification can be performed with target and measures of the REIG in the elderly population.
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INTRODUCTION

The external ear is formed by the pinna and the
external auditory canal (EAC), and hasan important role
in the processing of acoustic signals from the free field to
the tympanic membrane. The transfer function between
the free field and the tympanic membrane, or simply,
“the external earresonance,” derives from the contribution
of different structures, as described in a classic study in
1974 (D).

e Frequencies below 1000 Hz mainly suffer effects from
the torso, neck, and head, with a magnitude of up to
5dB.

e Frequencies between 1000 and 3000 Hz are the
predominant contribution of the EAC. The EAC is
essentially a tube that has one open end (area of the
shell) and another end closed by the tympanic
membrane. The EAC behaves as a resonator of the
quarter wave type, and the resonance frequency (F)

7}

is given by the formula F = v/4L, where “v” is the
speed of sound and “L” is the length of the EAC (2).
In adults, EAC resonance occurs in the region from
2700 to 3000 Hz, with amplitudes between 10 and 20
dB (3-5).

e Frequencies between 3000 and 7000 Hz are the
predominant contribution of the shell (the region
between 5000 and 6000 Hz, with a magnitude of
approximately 10 dB) and the pinna (the 4000 Hz
region, with a magnitude of approximately 3 dB).

The resonance response of the external ear (REUR
—real earunaided respoiise) can be measured objectively.
In essence, a probe microphone positioned at a specific
point in the EAC, not occluded, measures the absolute
sound pressure level, generated againsta particular input
signal presented in the free field. By subtracting the level
of the incoming signal input REUR, it is possible to obtain
anatural amplification or gain of the external ear (REUG —
real earunaided gain) (6).
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The typical REUG of an adult presents little or no
amplification in the frequency region below 1500 Hz.
The presence of a primary peak of amplification provided
by the resonance of the EAC, approximately 2600-3000
Hz,and a secondary peak between 4000 and 5000 Hz are
given by the properties of the shell (3).

The measurement of resonance, or the gain of the
external ear, serves as a basis for obtaining the insertion
gain (REIG — real ear insertion gain), which expresses
the actual amount of amplification provided by hearing
aids in the ear canal of the user. The REIG is given by the
difference between the response or gain obtained with
the prosthesis “on” and positioned inside the ear (REAR
— real ear aided respoise or REAG — real ear aided gaii)
and the response or resonance gain of the external ear
(REUR/REUG). In other words, REIG = REAR — REUR or
REIG = REAG - REUG.

The REIG values are compared with the
predetermined prescription targets, generated by
mathematical formulas to determine whether the
requirements for a particular individual’s electroacoustic
hearing impairmentare being contemplated (7). If the user
has one atypical REUR or REUG, this factor will be
incorporatedinto the calculation of the REIG, and this is not
necessarily desirable. In such cases, it is preferable that
verification is based on the measurements of the REAR (8).

Among other interferences, the anatomical and
physiological conditions of the outer and middle earaffect
the REUR/REUG. With aging occur certain modifications
inthe external ear, suchas loss of elasticity, decreased fat
layer, increased fragility of the skin, collapse of the EAC
with a reduction in its volume, increased production of
cerumen, increased hair growth in the canal, and an
increase in the size of the pinna (5,9). In the middle ear,
it is possible to observe a reduction in the elasticity of
muscle tissue, tympanic membrane retraction, arthritic
changes in the joints between the ossicles, atrophy and
degeneration of the muscle fibers and ligaments of the
ossicles, and the decline of the muscle function that
controls the opening of the Eustachian tube (4,9,10). In

Table |. Demographic and audiometric data of participants.

addition, some changes related to hearing sensitivity
among the elderly can be attributed to changes in the
mechanical characteristics of the external and middle ear.
The acoustic impedance and the equivalent volumes of
the external and middle ear can be verified by means of
immittance audiometry (11).

Because older adults experience changes in the
external and middle ear that affect the REUG, the aim of
this study is to investigate the relation between the
natural resonance of the ear and the volumes of the
external and the middle ear in the elderly.

METHOD

This isa retrospective study approved by the Ethics
Committee of the Bauru School of Dentistry-University of
Sao Paulo (FOB/USP) (protocol 33/2007). The medical
records of patients enrolled in the Speech and Audiology
Clinic of FOB/USP, treated between February and July of
2009, were analyzed.

The inclusion criteria were as follows: ages between
18 and 59 years (for adults) or more than 60 years old (for
the elderly); with sensorineural hearing loss; presenting no
changesin the external or middle ear on ENT examination;
presenting immittance data; and presenting full details of
REUG measurements, accomplished with the Madsen
Aurical equipment by audiologists experienced in the
procedure.

Data from 51 subjects who met these selection
criteria were collected from medical records and segregated
into two groups (adultand elderly) (Table 1). The analysis
was performed for the ears and included only those who
had no changes when compared with the ENT examination
(normal otoscopy).

The AZ7 (Interacoustics), SD30 (Siemens), GSI
(TympStar), and Zodiac (Madsen) systems were used to
measure immittance. Inall cases, we used a tone probe of
226 Hz with an intensity of 85 dB SPL. The pressure was

Age (years) Sex Earsincludedin Average thresholds 500, 1000,
Female Male the analyses 2000, and 4000 Hz (dB NA)
Elderly (n = 28) 61-102 19 9 40 38.75-73.75
(mean = 77.55D=7) (mean = 50.5,SD = 9.1)
Adults (n = 23) 20-59 8 15 40 31.25-116.25

(mean = 46.9 SD = 10)

(mean = 56.6,SD = 23.4)

Legend: SD, standard deviation.
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varied from positive to negative (+200 to -200 daPa), to
obtain the route of the tympanometric curve.

The equivalent volume of the external ear (VeqEE)
was obtained by inserting the probe into the EAC with a
pressure of +200 daPa. At this pressure, the impedance of
the middle ear and the tympanic membrane is extremely
highand the acousticadmittance is virtually zero. Thus, the
immittance is measured only by the column of air in the
EAC, from the tip of the probe/olive and the tympanic
membrane, if the latter is in fact intact (12).

The equivalent volume of the middle ear (VeqME)
is defined as the value of the acoustic admittance of the
side surface of the tympanic membrane, in reference to the
pressure of the tympanogram peak (12). The VeqME was
obtained by subtracting the volume registered in the
VeqEE, at the point of maximum compliance. The pressure
value at which the maximum compliance occurred was
also recorded when the measurements were performed
using the AZ7 (Interacoustics) equipment.

REUG measurements were performed with the
Aurical (Madsen) equipment, in an acoustic treatment
room. Per the protocol of the audiological clinic, the probe
tube was placed in the EAC by using the geometric
method, which is based on the length of the ear mold. Thus,
the tip of the probe was positioned 3 mm beyond the end
of the mold and up to 5 mm from the tympanic membrane,
to avoid standing waves and to ensure that all high-
frequency components were measured accurately (13).

All measurements were carried out with a speaker
positioned at 0 azimuth and approximately ata distance of
50 cm from the individual. The stimulus was speech noise,
presented atan intensity of 65 dB SPL. The equalization of
the sound field was performed concomitantly, with the
reference measurement microphone placed at the ear
level of the individual while controlling the output of the
speaker, in order to keep the sound pressure level as stable
as possible and not influenced by small changes in the

position of the head and torso during the measurement
procedures.

The equipment automatically performsa subtraction
of the absolute SPL in the EAC (REUR) and the input level
supplied (in this case, 65 dB SPL), generating the REUG at
each frequency. Allmeasurementsare stored in the database
of the equipment used. For the purpose of this study,
measurements were retrieved from the database and only
the frequency and amplitude of the primary peak response
were analyzed.

Statistical analyses were performed using the
PACOTICO v.5.0 software. The Pearson correlation
coefficient (r) was calculated between the primary peak
frequency and the amplitude of the REUG, with the
equivalent volume of the external and middle earand the
age of the participants. Student’s t-test for independent
samples was used to compare the differences between the
tympanometric data and the amplitude and frequency of
the primary peak of the REUG between adults and elderly,
and between men and women. In all cases tested, we
adopted a significance level of 0.01.

RESULTS

In 5 elderly and 3 adult patients, it was not possible
to recover the data for the VeqEE.

DiscussioN

Although the VeqEE of the elderly was 0.2 ml
greater than that of adults, there were no statistical
differences between the 2 groups (Table 2). Furthermore,
the correlation between the VeqEE and patient age was
weak and notsignificant (Table 4). Researchers have found
average values of the VeqEE equal to 1.4 ml, and observed
no significant changes in this volume with age (14).
Anotherstudy also found no significantstatistical differences

Table 2. Mean and standard deviation of the data of impedance and gain of the external ear (REUG) in elderly and adults.

Elderty Adults t-Test
Mean =+ SD n Mean = SD n  pValue
I[mmittance Equivalentvolume of externalear(ml) 131 =052 35 [T =041 37 002
Equivalentvolume of middle ear (ml) 0.61 =03 40 063025 40 074
Maximumadmittance pressure (daPa) -19.64 =37.07 40 375+ 164 40  0.03
REUG Amplitude of primary peak (dB) 16.59 = 3.49 40 1757 =£3.81 40 040
Frequency of primary peak (Hz) 261893 = 328.13 40 282475 £ 61673 40 099

Legend: p < 0.01, statistically significant.
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in the VeqEE between adults and the elderly (15). One
study has found VeqEE values to be 0.2 ml greater in the
elderly than in adults. The authors attributed this result to
the lower EAC diameter in the elderly (mean 9.25 mm)
than that found in the adults tested (mean 10.67 mm) (16).

The mean VeqME obtained in this study (Table 2)
isinagreement with the literature data reportinga VeqME
of 0.3 to 1.6 ml foradults with normal function of the middle
ear (17). Researchers have found that the volumes of the
middle ear for adults and seniors were 0.62 and 0.601,
respectively (16). No difference was observed in the
VegME between the adults and the elderly, and the
correlation between the participants’ age was weak and
notsignificant (Table 4). These findings appear to conflict
with reports of anage-related increase in the stiffness of the
transmission system of the middle ear (9, 10). However,
otherstudies also found no differences in the VeqME when
comparing data from adults and the elderly (15, 18, 19).

The mean peak pressure was —19.64 daPa for the
elderly and 3.75 daPa for the adults (Table 2), which is in
agreement with the literature data reporting a pressure of
—100 to + 50 daPa in adults with normal function of the
middle ear (11). In surveys in 2004 and 2007, the authors

found no age-related changes in peak pressure, when
comparing data from adults and seniors (15, 20). They
postulated that the degeneration of the anatomical structures
of the middle ear or Eustachian tube, resulting from
advancing age, did not influence the ventilatory capacity
of the middle ear (15, 20).

The VeqEE of men was higher than that of women,

but this difference was not significant (Table 3). The
literature reports significant differences in the VeqEE

Real Ear Gain

Real Ear Gain

Elderly

-30
125 250

Figure 1. Example of a typical REUG curve in an adult patient

(peak at 2500 Hz and gain of 17.9 dB) and an atypical curve

in an elderly patient (peak at 3070 Hz and gain of 9.5 dB).

Table 3. Mean and standard deviation of the data of impedance and gain of the external ear (REUG) in men and women.

Women Men t-Test
Mean = SD n Mean = SD n  pValue
I[mmittance Equivalentvolume of externalear(ml) .16 +0.58 37 124 +032 35 053
Equivalentvolume of middle ear (ml) 0.66 +0.28 40 060 026 40 035
Maximumadmittance pressure (daPa) -9.87 £31.93 40 537 £2545 40 032
REUG Amplitude of primary peak (dB) 17.23 = 3.46 40 1722 =370 40 098
Frequency of primary peak (Hz) 3027.25 = 72526 40 2620.5 = 31481 40  0.00*

Legend: p < 0.01, statistically significant. * Significant result

Table 4. Correlations (Pearson) between age, frequency, and amplitude of
the primary peak of the gain of the external ear (REUG) and impedance data

for all participants.

REUG Age

Frequency of Amplitude of

primary peak primary peak
Equivalentvolume of r=-0.28 r=0.04 r=20.25
externalear(n=72) p = 0.009 p=0.72 p=0.03
Equivalentvolume of r=-0.05 r=-0.07 r=-0.04
middle ear (n = 80) p=20.6l p=0.50 p=0.69
Frequency of primary peak — — r=-0.09
(n = 80) p=0.40
Amplitude of primary peak — — r=-0.13
(n = 80) p=0.24

Legend: p < 0.01, statistically significant.
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between men and women in the order of 0.35 ml for adults
(21, and 0.3 ml when considering adults and the elderly
(16). This effect of gender on the VeqEE can be attributed
tothe size of the EAC, which tends to be higherin men than
in women (21).

No statistically significant differences were found in
the VeqEE and the maximum admittance pressure between
menandwomen (Table 3), corroborating with the literature
data (10, 20).

The mean frequency and peak amplitude of the
primary REUG found for the adult and elderly patients
(Table 2) were close to that of a typical adult REUG, i.e.,
the primary peak between the 2600 and 3000 Hz range of
14to 18dB (3). A compilation of studies on the resonance
of the external earindicates an average resonance frequency
of 2700 Hz with an amplitude of 16.8 dB (22).

In this study, there was no difference in the frequency
and primary peak REUG between the adults and the
elderly. Researchers found average peak amplitudes of the
primary REUR of 17.3 and 18.2 dB foradults 40-49 and 50—
59 years of age, respectively. For the elderly, the values
were 18.2 to 19 dB. The authors also observed no age-
related differences in the peak REUR (4).

Nodifferences were found in amplitude; however,
there was a statistically significant difference found between
men and women about the measure of the frequency of
the primary peak REUG (Table 3). This result may have
occurred owing to the lower VeqEE found in women.

We also observed (Table 4) that there is a negative
weak correlation, although significant, between the VeqEE
and the primary peak frequency. That is, the higher the
VeqEE, the lower the resonance frequency of the EAC. This
can be explained by the fact that the EAC behaves as a
resonator of a quarter wave dimension (length) of the EAC
in order to determine the primary peak resonance (2).

However, there is controversy about the use of
tympanometric procedures for estimating the volume of
the EAC. On one hand, the volume of the EAC can be
evaluated whenitis unobstructed and has a volume of up
to 1.4 ml. Above this volume, there is a progressive
decrease in the accuracy of the procedure (23).

On the other hand, one study reports that acoustic
immittance measurements are influenced by the positioning
of the probe and the EAC olive: as the probe is inserted
deeper, the lesser the volume of the external ear and the
greater the pressure generated within the EAC (2). To
estimate the volume of the external ear by measuring the
acoustic immittance, it is necessary to consider certain

factors. For example, a pressure variation of +400 daPa is
not enough to reach the maximum impedance of the
middle ear; thus, a conclusive result cannot be obtained
with only the impedance of the external ear. The use of
probes of 220 and 660 Hz in tympanometric procedures
overestimates the actual physical volume, with errors of
10% and 24%, respectively, and these differences were
attributed to the frequencies of the reactance of the probe
system of the middle ear. Because of the retrospective
design of this study, it was not possible to control the
insertion of the probe and olive in obtaining acoustic
immittance measurements, and this is a study limitation.

The absence of differences in the mean values of
the REUG in the elderly suggests that targets and measures
of insertion gain (REIG) in this population can be used to
verify the amplification provided by hearing aids in the
EAC. However, some data in this study showed the elderly
patients’ REUG as beingatypical (Figure 1). Thus, in cases
where thisatypical response is identified, measurement of
the REAR is recommended as a verification method (8).

CONCLUSION

No differences were found between adults and
elderly, orbetween menand women, in terms of equivalent
volumes of the external and middle earas well as frequency
and amplitude of REUG primary peak, suggesting that the
verification of amplification canbe performed using targets
and measures of insertion gain (REIG) in this population.
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