
 III. Learning Unit: Audiology
Audiology is the study of hearing and hearing disorders.

The profession of audiology involves the detection, evaluation,
management, habilitation, or rehabilitation of individuals with hearing
impairments.

III./1.: Acoustics
Sound is a change in pressure (particle displacement) within
an elastic medium.

The intensity of a sound refers to its strength; the
psychoacoustic equivalent of intensity is loudness.

The unit used to measure the intensity of sound is called the
decibel (dB) and it was named after Alexander Graham Bell.
It is one tenth of a Bell.

Frequency refers to the number of cycles (complete
oscillations) of a vibrating body per unit of time; the
psychoacoustic equivalent of frequency is pitch.

In acoustics, the unit used to measure frequency is hertz (Hz,
formerly called cycles per second or cps). The human ear is
capable of hearing from approximately 20 to 20,000 Hz.

A pure tone is a single-frequency sound; pure tones rarely
occur in nature.

A complex sound has more than one frequency.

Noise is an aperiodic complex sound. In audiology, white
noise (containing all frequencies in the sprectum),
narrow-band noise (white noise with frequencies above and
below a center frequency filtered out), and speech noise
(white noise with frequencies above 3000 and below 300 Hz
filtered out) are often used.

Resonant frequency is the frequency at which a mass vibrates
with the least amount of external force. It is determined by the
elasticity, mass, and frictional characteristics of the object.
The natural resonance of the external auditory canal is
3000Hz; 800 Hz of the middle ear, the tympanic membrane is
between 800 and 1600 Hz; and the ossicular chain, between
500 and 2000Hz.

III./2.: The Decibel
The decibel scale has the following characteristics:

1. It is logarithmic and incorporates a ratio

2. It is nonlinear (ie, an increase from 1 to 3 dB is not equal to
an increase from 5 to 7 dB)

3. It is a relative measure (ie, 0 dB does not indicate the
absence of sound)
O dB was originally set by the minimum sound level average
of 20 normal hearing 20 years old observes.



4. It is expressed with different reference levels

The decibel is the logarithm of a ratio of two numbers or sounds. The
decibel may have various reference levels, such as intensity, sound
pressure, hearing, and sensation levels.

Intensity Level

When the reference is intensity level (IL):

The term IL indicates that the reference is intensity.

The unit of measurement is watts per meter square.

Sound Pressure Level

The referent of sound pressure level (SPL) is more commonly used
than IL because it is a basic measure for all acoustic measurements.

Hearing Level

When the reference is hearing level (HL)

0 dB HL at any frequency is the least intensity needed for a
normal ear to perceive a sound 50 % of the time.

This scale (dB HL) was developed because the ear is not
equally sensitive to all frequencies. The human ear, for
example, cannot perceive 0 dB SPL at 250 Hz; rather, a 250
Hz sound must be raised to 25.5 dB SPL before it is heard.
This level is assigned the value 0 dB HL. The referent is to a
normal ear.

This scale takes into account differences at different
frequencies: normal hearing is 0 dB HL across the frequency
range rather than 45 dB SPL at 125 Hz, 25.5 dB SPL at 250
Hz, 11.5 dB SPL at 500 Hz, 7.0 dB SPL at 1000 Hz, and so
on.

HL is the reference used on most audiometers.

III./3.: The Auditory Mechanism
Outer Ear

The pinna is funnel shaped and collects sound waves. The ear canal
directs the sound waves, to the eardrum causing it to vibrate.

Middle Ear

Sound waves from the tympanic membrane travel through the
ossicular chain, which consists of three bones (the malleus, incus, and
stapes), to the oval window. The displacement of the ossicular chain
varies as a function of the frequency and intensity of the sound.

The middle ear transforms acoustic energy from the medium of air to
the medium of fluid. It is an impedance-matching system that ensures
that energy is not lost. This impedance matching is accomplished by:

The area effect of the tympanic membrane.

Lever action of the ossicular chain.

The natural resonance and efficiency of the outer and middle



ears.

The phase difference between the oval window and the round
window.

Inner Ear

Once the sound signal impinges on the oval window, the cochlea
transforms the signal from mechanical energy into electrical energy.
The fluids within the cochlea are incompressible. Therefore, pressure
anywhere along the cochlea is instantly transferred to other points. As
the footplate of the stapes moves in and out of the oval window, a
traveling wave is created in the cochlea. As the wave travels through
the cochlea, it causes movement of the basilar membrane, which
results in a „shearing” motion of the inner and outer hair cells. This
motion, in turn, sets off afferent electrical nerve impulses. The precise
mechanism by which this takes place is still being investigated.

Central Pathway

Once the nerve impulses are transmitted, the signals continue along
the auditory pathway from the spiral ganglion cells within the cochlea
to the modiolus, where the fibers form the cochlear branch of the VIII
nerve.

III./4.: Tuning Fork Tests
Tuning fork tests serve as a basic hearing screening. Every otologic
patient is tested with a tuning fork before an audiogram is performed.
if the responses to the tuning fork do not agree with the audiogram,
the difference is resolved with repeated testing and audiometric
studies. Clinically, the most useful fork is the 512 Hz fork.

Weber Test

The Weber test is a test of lateralization.

The tuning fork is set into motion and its stem is placed on
the midline of the patient’s skull. The patient must state where
the tone is louder: in the left ear, right ear, both ears, or the
midline.

Patients with normal hearing or equal amounts of hearing loss
in both ears (conductive, sensorineural, or mixed loss) will
experience a midline sensation.

Patients with a unilateral sensorineural loss will hear the tone
in their better ear.

Patients with a unilateral conductive loss will hear the tone in
their poorer ear.

Rinne Test

The Rinne test compares a patient’s air and bone conduction
hearing.

The tuning fork is struck and its stem placed first on the
mastoid process (as closely as possible to the posterosuperior
edge of the canal without touching it), then approximately 2
inches lateral to the opening of the external ear canal. The
patient reports whether the tone sounds louder with the fork
behind or in front of the ear. (Fig. 6.)



Patients with normal hearing or sensorineural hearing loss
will perceive the tone as louder in front of the ear (positive
Rinne)

Patients with conductive hearing loss will perceive the sound
as louder on the mastoid (negative Rinne).

Schwabach Test

The Schwabach test compares the patient’s bone conduction
hearing to that of a normal listener (usually the examiner).

The tuning fork is set into motion and its stem placed
alternately on the mastoid process of the patient and that of
the examiner. When the patient no longer hears the sound, the
examiner listens to the fork to see whether he or she can still
perceive the sound.

Patients with normal hearing will stop hearing the sound at
about the same time as the tester (normal Schwabach).

Patients with sensorineural hearing loss will stop hearing the
sound before the examiner (diminished Schwabach).

Patients with conductive hearing loss will hear the sound
longer than the examiner (prolonged Schwabach).

III./5.: Audiometric Equipment
Most testing requires an audiometer, an impedance bridge, and,
preferably, a soundproof booth or acoustically isolated room. The
audiometer enables the audiologist or trained technician to perform
pure tone and speech tests, and the impedance bridge enables one to
assess middle ear function.

A test will be valid only if the equipment used is appropriate and
calibrated. Therefore, selection and maintenance of equipment,
including care in use and at least annual calibrations, are vital.

Pure Tone Audiometry

Before audiometric testing the examiner will have to be sure that the
ear canal is clear. No impacted wax is blocking the canal.

Pure tone audiometry is the standard measure of hearing acuity.

During pure tone testing, an individual’s sensitivity to pure tone
stimuli is measured for air and bone conduction hearing. At each
octave frequency (250 to 8000 Hz and 3000 Hz), the individual’s
threshold (the lowest level at which the patient can hear the tone 50 %
of the time) is measured and then recorded on the audiogram.

Air conduction testing through earphones evaluates the patient’s
sensitivity to pure tones via hearing from the auricle to the cochlea.
Bone conduction testing through a bone oscillator placed on the
patient’s mastoid or forehead bypasses the outer and middle ears and
stimulates the cochlea directly. Testing by both air and bone
conduction indicates how much of a hearing loss is due to the
transmission or conduction of sound (outer or middle ear problem)
and how much is due to inner ear or nerve damage.

Pure tone testing yields one of several audiogram types:



1. Normal hearing.

2. Conductive hearing loss.

3. Sensorineural hearing loss.

4. Mixed hearing loss.

Impedance Audiometry

The tests performed on the impedance bridge in a routine test battery
are tympanometry and acoustic (stapedial) reflexes.

Tympanometry is an objective test that measures the mobility
(compliance) of the tympanic membrane as a function of applied air
pressure in the external ear canal. As the pressure (mm H2O) changes,
the point of maximum compliance of the tympanic membrane is
identified as a peak on the tympanogram. The point of maximum
compliance indicates the pressure at which the eardrum is most
mobile and occurs when the pressure in the external ear canal equals
the pressure in the middle ear.

Békéssy Audiometry

A Békéssy audiometer is necessary to perform this test. In Békéssy
audiometry, an individual’s thresholds are determined by use of
automatic audiometry for pulsed and continuous tones.

Short Increment Sensitivity Index

The Short Increment Sensitivity Index (SISI) examines whether or not
an individual is capable of detecting 1 dB increases in intensity at 20
dB SL. The theory behind the test is that those with cochlear hearing
loss (with recruitment) are capable of hearing a 1 dB change in
intensity. A pure tone (20 dB SL) is introduced to the patient’s ear; a 1
dB intensity increase (pip) is superimposed over the tone.


