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Objective: The objectives are to determine and com-
pare the degrees of hearing loss upon occlusion of the
cartilaginous and the bony portion of the external ear

canal (EAC).

Methods: There were 20 healthy participants with
normal ears, and all gave an informed consent. After
an otoscopy, a baseline pure tone audiogram (PTA)
was conducted. If the PTA of the participant was nor-
mal, aqueous cream was applied with a syringe via an
18 G cannula, from the tympanic membrane up to
the isthmus which corresponds to the bony ear ca-
nal. A second PTA was conducted, and subsequently
the cream was removed via suction under microscope
guidance. The procedure was then repeated with the
cream applied from the isthmus to the aperture of the
external ear canal using the same cannula followed by
a PTA and removal of cream under microscope.

Introduction

Human beings can hear sounds in the dynam-
ic amplitude sensitivity range of almost 0 to 120
dB and in the frequency sensitivity bandwidth of
approximately 0.02 kHz to 20 kHz (1). The adult
external auditory canal (EAC) is divided into an
outer one-third cartilaginous portion and an in-
ner two-thirds bony portion. The overall length
is approximately 2.5 cm (2). The isthmus is a
bony-cartilaginous junction and corresponds to
the narrowest point of the external auditory ca-
nal, which is situated at the junction of the outer
one-third of the inner two-thirds of the canal (2).
Besides sound transmission, the external ear ca-
nal performs a critical modification. Due to its
shape and dimension, sounds in the 3000 Hz re-
gion resonate and are amplified (3). The overall

Results: The mean threshold difference of occlusion
at both portions of the ear canal were compared and
analyzed. The mean threshold difference of hearing
loss upon occlusion at the cartilaginous EAC was
37.5 to 48 dB. The mean threshold difference of hear-
ing loss upon occlusion at the bony EAC was less,
with a range of 21 to 24.95dB. There was a statistical
difference (p<0.05) in the hearing loss between the
blockage of the cartilaginous canal versus the block-
age of the bony canal with a maximum difference at

2kHz.

Conclusion: Cartilaginous block of the external ear
canal causes more hearing loss than block of the bony
ear canal. This correlates with the concept and proper-
ties of sound waves, resonance and impedance.

Keywords: External ear canal, conductive hearing
loss, pure tone audiometry, comparison

modification effect of the outer ear is a 10-15 dB
amplification of sound in the 2 kHz to 4 kIHz
range (3).

The objective of this study was to determine and
compare the degrees of hearing loss upon an oc-
clusion of the bony and the cartilaginous portions
of the ear canal. The null hypothesis is that there
is no difference in the degree of hearing loss upon
occlusion of the bony or the cartilaginous portions.
This study was done as an additional basic science
knowledge of the application of physics of sounds
in relation to the ear canal. The implications from
this study may be related to conditions like kerato-
sis obturans and canal cholesteatoma which cause
milder hearing loss compared to the occlusion of
the cartilaginous portion with ear wax.


http://orcid.org/0000-0001-5237-4977
http://orcid.org/0000-0003-4882-9398
http://orcid.org/0000-0001-6928-7095

Turk Arch Otorhinolaryngol 2019; 57(3): 122-6

Method

'The study included 20 participants, and all participants signed a
written informed consent. All participants were female. Approval
for the study was obtained from the Ethics Committee for Clin-
ical Research of University Hospital (Approval date: 4.1.17, Ap-
proval number: MECID No 2016103-4317). The inclusion cri-
teria were adults aged between 18-40 years with normal hearing.
'The exclusion criteria were any external or middle ear pathologies,
pre-existing sensorineural hearing loss, vertigo, psychiatric condi-
tion and presence of known allergy to aqueous cream.

The participants underwent an otoscopy examination. A base-
line pure tone audiogram (PTA) ranging from 0.25 kHz up to
4 kHz was conducted using the Madsen ITERA (Otometrics
Natus, Denmark) clinical audiometer. If the PTA of the par-
ticipant was normal, then an examination under microscope
(EUM) was done. After EUM, aqueous cream was applied with
a syringe via an 18 G cannula with the needle removed. The
cream was applied from the tympanic membrane up to the isth-
mus which corresponds to the bony ear canal and confirmed by
pulling the pinna with the guidance of a microscope. The isth-
mus was used as a landmark to demarcate the boundary between
the bony and the cartilaginous ear canals. Upon application of
the cream, a second PTA was conducted and subsequently the
cream was removed via suction under microscope guidance. The
procedure was then repeated with the cream applied from the
isthmus to the aperture of the external ear canal using the same
cannula followed by a PTA and removal of cream under a mi-
croscope. In both cases PTA was done immediately after the
cream was applied and the cream stayed in situ throughout the
audiological assessment. The bony ear canal was not affected by
the application of the cream at the cartilaginous portion since
the isthmus was used as a clinical landmark and applied under
microscopic guidance.

Aqueous cream was chosen to be applied at the external ear ca-
nal. Aqueous cream is a light, hydrocarbon-based emulsion. It is
used as a topical, external medicine and emollient moisturizer.
Aqueous cream contains emulsifying wax of 8% w/w, white soft
paraffin 12% w/w and liquid paraffin 8% w/w with preserva-
tives comprising methylparaben 0.32% w/w and propylparaben
0.048% w/w. The cream was manufactured by UPHA Pharma-
ceutical company which is a Malaysian based company. None
of the participants developed any allergic reaction following the
application of the aqueous cream. Aqueous cream was the choice
for this research because it is easily available and cost effective.

Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences version 24 (IBM Corp.; Armonk, NY,
USA). Mean threshold difference, standard deviation and paired
T test were performed.

Results

A total of 20 subjects took part in this study. Majority of the
subjects were in their mid-twenties; their mean age was 24+2.72
and all were female.
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Table 1 provides the mean thresholds over different frequencies
upon occlusion of the cartilaginous EAC. In general, the mean
threshold differences across frequencies varied by as much as 48
dB to as little as 37.5 dB. The highest level of hearing loss was
recorded at 2kHz with a mean of 48 dB+7.5.

Table 2 illustrates the mean thresholds over different frequen-
cies upon occlusion of the bony EAC. The overall mean thresh-
old differences increased as the frequency was increased, with
the exception at 4 kHz, which showed similar results to the
occlusion of the cartilaginous EAC. The highest level of hear-
ing loss was recorded at 2 kHz with a mean of 24.95 dB+6.77.
'The standard error is a small value with a narrow margin which
shows that the variability of the sample is small.

Figure 1 shows a comparison of the mean hearing losses (dB

HL) of occlusion at the bone and the cartilaginous EAC. As

Table 1. Mean hearing losses at different frequencies for occlusion of
cartilaginous EAC

Frequency (kHz) Mean (dB) SD SE
0.25 37.50 8.19 1.83
0.50 40.25 5.25 1.17
1 46.00 6.61 1.48
2 48.00 7.50 1.68
4 42.25 7.69 1.72

SD: standard deviation; SE: standard error

Table 2. Mean hearing losses at different frequencies for occlusion of

bony EAC

Frequency (Hz) Mean (dB) SD SE
0.25 21.75 5.20 1.16
0.50 23.25 3.35 0.75
1 24.75 4.13 0.92
2 24.95 6.77 1.51
4 21.50 10.00 2.24

SD: standard deviation; SE: standard error
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Figure 1. Mean hearing loss of occlusion of bony and cartilaginous EAC
EAG; external auditory canal
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Table 3. Differences in the degree of hearing loss upon occlusion of the bony (B) and the cartilaginous (C) portion of the external canal at

different frequencies

Pairwise comparison Mean difference SD SE
C0.25-B0.25 15.75 8.315 1.86
C0.5-B0.5 17.00 4.413 0.99
C1-C1 21.25 8.867 1.98
C2-B2 23.05 9.854 2.20
C4-B4 20.75 11.15 2.49

SD: standard deviation; SE: standard error; CI: confidence interval

for the occlusion of bony EAC, there is a mild hearing loss at all
frequencies as compared to cartilaginous EAC occlusion which
reveals a mild to moderate hearing loss. The highest difference
average was seen at 2000 Hz which was 23.05, and the least dif-
ference at 250 Hz which was 15.75.The mean differences at 500,
1000 and 4000 were 17 dB,21.25 dB and 20.75 dB, respectively.

Table 3 shows the differences in the degree of hearing loss when
compared to occlusion at the bony and the cartilaginous exter-
nal auditory canals at different frequencies. Statistical analy-
sis revealed that the occlusion data for both the bony and the
cartilaginous EAC were normally distributed. The lowest fre-
quency which was 0.25 kHz showed a mean difference of 15.75
with a standard deviation of 8.315. The standardized difference
was t=8, and the two-tailed p-value of the test was less than
0.001. The frequencies in between, i.c., 0.5 kHz, 1 kHz and 2
kHz showed a mean difference of 17, 21.25 and 23.05 with a
standard deviation of 4.413, 8.867 and 9.854, respectively. The
two-tailed p-values were less than 0.05. The highest frequency
tested, which was 4 kHz, also revealed similar results. Thus, this
concludes that there was a significant difference in the degree
of hearing loss upon occlusion at the bony and the cartilaginous
external auditory canals.

Discussion

There are several studies that were conducted in relation to the
occlusion of the ear canal and the degree of hearing loss. Chan-
dler (4) conducted the earliest study documenting ear canal oc-
clusion and subsequent hearing loss. He substituted impression
material for cerumen and tried to duplicate the occlusion caused
by impacted cerumen. His subjects consisted of two patients
only and he showed that when the ear canal is occluded from
80-100%, threshold sensitivity at 2 kHz and above is systemat-
ically reduced by an average of 13-20 dB (4).

Roeser and Ballachanda (5) did a study with five individuals in
which they ascertained the degree of hearing loss using a com-
bination of impression material and commercial lubricant. The
authors grouped occlusion as complete occlusion, 60-80% oc-
clusion and 40-60% occlusion. In general, mean threshold dif-
ferences across frequencies varied by as much as 55 dB to as
little as 3 dB. The most significant impact of occlusion was on
frequencies from 2 kHz through 8 kIHz regardless of the indi-

vidual’s condition (5).

95% CI
Lower Upper T p
11.86 19.64 8.47 <0.001
14.94 19.07 17.23 <0.001
17.10 25.40 10.72 <0.001
18.44 27.66 10.46 <0.001
15.53 25.97 8.32 <0.001

Subha and Raman (6) conducted another study at the same in-
stitute in which 80 patients of different ethnicities with impact-
ed cerumen underwent a PTA and the level of hearing loss was
assessed. They computed a mean hearing loss of 21.1 dB due to
impacted cerumen.

'This study correlates the degree of hearing loss upon occluding
the cartilaginous and the bony ear canals separately in one setting.
'The study that we have done demonstrated that the mean thresh-
old of hearing loss upon occlusion of the cartilaginous portion is
37 to 48 dB with the highest loss at 2 kHz. The mean threshold
of hearing loss of occlusion of the bony portion was 21.55 dB to
24.95 dB. These findings may correlate to the concept and the

properties of sound waves, resonance and impedance.

Sound waves need to travel through a medium such as solid,
liquid or air. Sound waves move through each medium by vi-
brating the molecules in the matter. The molecules in solids are
packed very tightly, and as for air, they are very loosely packed.
The spacing of the molecules enables sound to travel much faster
through solid than through air. Nonetheless, when sound travels
through different mediums, there is a reflection as well as im-
pedance. Impedance is the amount of opposition that a medium
presents to sound waves trying to pass through and is affected
by the compressibility and the density of the medium. A sim-
plified equation is Z=dxc (Z-acoustic impedance, d-density, kg/
m’, c-speed of the wave, m/s) (7). Acoustic impedance is the
physical property which describes the resistance of sound when
it passes through a specific medium or tissue. Table 4 shows the
acoustic impedance of various common mediums on ultrasound
examination (8). The table demonstrates that air has the lowest
impedance and bone the highest.

According to the above-given formula, the higher the density of
the material, the higher the acoustic impedance. The principles
and the formula can be applied in this study. The ear canal was
occluded at two areas. One was at the cartilaginous portion of the
external ear canal as depicted in Figure 2. Sound waves must trav-
el through two different interfaces before reaching the tympanic
membrane semi-solid material, represented by the aqueous cream,
and air and these are two different mediums with two distinct
acoustic impedance values. Thus, using the formula above, the
cumulative acoustic impedance values result in a greater loss of
sound energy, and this corresponds to the findings from this study.
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Table 4. Standard acoustic values of materials’ medium impedance
values (in standard unit)

Medium Impedance (in standard unit)
Aira 0.000429

Water 1.50

Blood 1.59

Fat 1.38

Muscle 1.70

Bone 6.50

Pinna
—»  Transmission of sound
Aqueous cream Tympanic membrane
EXTERNAL AUDITORY CANAL

Figure 2. Cartilaginous canal block

Pinna

/

. Transmission of sound

Tympanic membrane
Aqueous cream

EXTERNAL AUDITORY CANAL

Figure 3. Bony ear canal block

As opposed to the cartilaginous canal block, depicted in Figure
3, transmission of sound is from semi-solid component (aqueous
cream) and then directly to the tympanic membrane, accounting
for less degree of hearing loss.

As mentioned, in this study, the mean threshold of hearing loss
upon occlusion of the cartilaginous portion was 37 to 48 dB
with the highest loss at 2 kHz. The external auditory canal be-
haves as a resonator with the resonance frequency represented at
a frequency range of 27 kHz, with an amplitude between 10 and
20 dB (9), and these frequencies are essential for speech recog-
nition (10). This may correspond to the highest mean degree of
hearing loss that was seen at 2 kHz.

'The mean length of the ear canal is 27.7 mm with a medial two-
thirds bony portion and a lateral one-third cartilaginous portion
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(11). The isthmus is an anatomical landmark corresponding to
the bony cartilaginous junction. Acoustic Impedance depends
on speed and density. The speed of sound is faster in solid mate-
rials and slowest in gases. However, sound passes through both
air and semi-solid interface in either case, i.e., the occlusion of
the cartilaginous or the bony EAC. Therefore, there is no defi-
nite relationship between the length of the occlusion and the
degree of the hearing loss. Similarly, Subha and Raman (6)
demonstrated a lack of association between the length of ceru-
men and the degree of hearing loss.

'This study was conducted as an additional basic science knowl-
edge of the application of physics of sounds in relation to the
ear canal. The implications from this study may be related to
conditions like keratosis obturans and canal cholesteatoma with
blocking of the bony canal causing a milder hearing loss com-
pared to occlusion of the cartilaginous portion with ear wax.

The limitation of this study is the unknown density of the
aqueous cream, hence the impedance caused by this substance
could not be assessed. In addition, an adequate seal was attained
between the tympanic membrane and the isthmus via clinical
judgement by examination under microscope. There is no tool
that can be used to confirm a tight seal between the tympanic
membrane and the isthmus.

Conclusion

Many studies have highlighted the degree of sound lost upon
of the occlusion of the cartilaginous external ear canal. In this
pilot study, we have highlighted the degree of hearing loss when
both portions of the external ear canal are occluded. It is possi-
ble to conclude that a cartilaginous block of the external ear ca-
nal causes more hearing loss than a block of the bony ear canal.
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