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Chapter 1

General introduction

This chapter introduces the main topics that will be encountered in this
thesis. First, the ear’s anatomy and functioning will be treated shortly.
Second, the topic of otoacoustic emissions will be brought forward, and,
third, the history of Menière’s disease will be considered briefly. In the final
section, the outline of the body of this thesis will be discussed.

1.1 The ear

Since this thesis deals with research of the ear, the various parts of the
human ear will be introduced, with a short historical notion, for the most
part taken from Wever and Lawrence (1954), to which the reader is referred
for the precise historical references.

In the beginning of the sixteenth century, two of the three middle ear
ossicles, the malleus and the incus, were discovered; they were given their
present names by Vesalius in 1543 (see Fig. 1.1). The third ossicle, the
stapes, as well as the two windows of the cochlea, were discovered shortly
later by Ingrassa (1546). In 1561, Fallopius described the three ossicles and
their articulations and distinguished the two principal parts of the inner ear:
the cochlea and the labyrinth. Also, Eustachius (1564) described the tube
connecting the tympanic cavity with the pharynx. After that, in 1566, the
first systematic account of the transmission of sound by the ear was presented
by Coiter. In the next century, DuVerney (1683) published a book with a
careful description of the anatomy and function of the various parts of the
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12 CHAPTER 1. GENERAL INTRODUCTION

Figure 1.1: The external, middle and inner ear in man. Sounds entering the
ear canal are conducted to the cochlea by the eardrum and the three ossicles.
In the cochlea, the vibrations are transformed into electrical signals, which
are transmitted to the brain by the cochlear nerve. Drawing by Max Brödel.

ear. In the eighteenth century, the basilar membrane (Fig. 1.2) was accepted
as the true receptor organ (Valsalva, 1707). Furthermore, it was discovered
that the cochlear spaces are filled with fluid and not with air (Cotugno,
1760). When, in about 1830, the compound microscope became available
as a practical instrument, the inner ear structures were revealed further.
In 1851, Reissner discovered a new membrane which divides the cochlear
space on the vestibular side in two parts: the scala vestibuli and the scala
media (or cochlear duct). Most important was the discovery of Corti (1851)
of the sensory structure lying on the basilar membrane, now named after
him. By the work of Retzius and Held, at the end of the nineteenth century,
the hair cells were finally identified as the receptor elements of the auditory
apparatus.
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Figure 1.2: A cross-section of one turn of the cochlea. Reissner’s membrane
and the basilar membrane divide the cochlear duct in the scala vestibuli, the
scala media and the scala tympani. The organ of Corti is located on the
basilar membrane and contains the hair cells, which are the receptor cells.
Picture by D. W. Fawcett.

1.2 Otoacoustic emissions

After the 13th International Congress of Audiology in 1976, in Firenze, Italy,
the view on the functioning of the inner ear would fundamentally change.
Here, for the first time, the later so-called otoacoustic emissions (OAEs) were
recognized by David Kemp. Subsequently, in 1978, an article was published
in which he showed that in response to a click presented to the ear, a weak
acoustic signal could be detected in the ear canal (Kemp 1978). It was
demonstrated that this signal was not an ordinary echo, but energy was
actually emitted from the cochlea (e.g., the time span between stimulus and
response is too long for an echo, given the ear’s dimensions; also, the level
of the response does not grow linearly with the stimulus level, as it would
in the case of an echo). Thus, it became clear that the ear could not only
receive, but also emit sound.

Thereafter, measurements of these so-called click-evoked OAEs were con-
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Figure 1.3: A spectrum of the acoustical signal in the ear canal, while no
stimulus was applied. Each peak in the spectrum represents one continuous
tone, a so-called spontaneous otoacoustic emission.

firmed by Wit and Ritsma (1979) and many others. Little later, also spon-
taneous otoacoustic emissions were discovered (Kemp 1979a; Wilson 1980).
These emissions appear as one or more steady tones with a distinct frequency,
which can be measured with a microphone in a person’s ear canal, without
any stimulation at all (see Fig. 1.3). These emissions were found to be
approximately constant over time, regarding frequency as well as loudness;
they constitute more or less a fingerprint of the ear. Later, Bialek and Wit
(1984) showed that spontaneous emissions could not be generated by some
noise source, but by a self-sustaining oscillator. This result was in agreement
with the hypothesis already formulated by Gold (1948). He predicted the
existence of otoacoustic emissions, being a product of the amplifiers in the
inner ear, which may become unstable — and start oscillating — due to the
feedback loop that would be present in these amplifiers.

In the past 20 years, several additional ways to elicit otoacoustic emis-
sions were found. These emissions are now known by names like distortion
product OAEs (Kemp 1979a), stimulus frequency OAEs (Kemp and Chum
1980), and noise-evoked OAEs (Maat et al. 2000). A detailed overview of
the various OAE types was written by Probst et al. (1991).

From the very first publication, it was noted that the existence of otoa-
coustic emissions was related to hearing (Kemp 1978). He noted that OAEs
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were not present in ears with cochlear deafness. Numerous reports have
since shown that OAEs are highly affected by cochlear pathology, although
some disagreement exists on the amount of hearing loss at which OAEs are
absent. The observations are frequency dependent; that is, OAEs are not
found in frequency regions where hearing is below approximately 30 dB HL,
while OAE components may be present in adjacent frequency regions, in
the same ear, where hearing is relatively normal (e.g., Tognola et al. 1999).
Nowadays, OAEs are widely used as an objective screening tool for cochlear
hearing loss.

Moreover, the frequency of spontaneous otoacoustic emission peaks was
found to coincide with local sensitivity peaks in the audiogram (Kemp 1979b;
Wilson 1980). Quasi-periodic behavior, as it was known to exist in the audio-
gram (Elliot 1958), was later also observed in various OAE types (Zwicker
and Peisl 1990). In addition to its appearance in the audiogram, this so-
called fine structure was identified in all otoacoustic emission types, and is
used in mathematical modeling of otoacoustic emissions (e.g., Zweig and
Shera 1995; Van Hengel et al. 1996; Talmadge et al. 2000).

1.3 Menière’s disease

In 1861, Prosper Menière described a syndrome made up of continuous or
intermittent perception of noises, accompanied by hearing loss and inter-
mittent attacks of vertigo, giddiness, unsteady gait, nausea, vomiting, and
syncope (Menière 1861). Although these symptoms had been described be-
fore, he was the first to hypothesize the ear as the anatomic location of this
disorder. Until then, the central nervous system had been held responsi-
ble for this syndrome associated with auditory and vestibular symptoms.
Based on the experiments of Flourens (1830) on pigeons, he supposed the
site of lesion to be at the semicircular canals. Duplay (1872) was then the
first to refer to this condition as “maladie de Ménière”. In the subsequent
decades, additional clinical details like aural fullness and fluctuating hearing
thresholds were described.

Years later, Yamakawa (1938) and Hallpike and Cairns (1938) indepen-
dently reported the observation of endolymphatic hydrops (i.e., an increase
of the endolymphatic space) in temporal bones from patients who had suf-
fered from Menière’s disease. Since this time, endolymphatic hydrops was
believed to be the underlying mechanism causing the symptoms. However,
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this idea has not yet been conclusively confirmed. That is, there are reports
of cases diagnosed as “Menière’s disease” during life that have no demonstra-
ble endolymphatic hydrops at death, and, vice versa, endolymphatic hydrops
was found in temporal bones of people who were not known to have exhib-
ited the clinical symptoms. Therefore, it is argued about whether the term
syndrome or disease would be more appropriate (Kiang 1989).

1.4 Outline of the thesis

The following part of this thesis starts with three chapters about experiments
in which the posture of persons was altered. During and after these posture
changes, measurements related to hearing were performed. For these experi-
ments, we designed and constructed a special kind of tilting table (see Fig. 3.1
on page 42). Using this equipment, we were able to alter the body position
of our subjects in a controlled manner. By altering a person’s posture from
upright to supine, the intracranial pressure is known to increase, probably
mainly due to gravity (Chapman et al. 1990). In addition, the intracra-
nial and intracochlear fluid pressures are closely related, since both spaces
are connected via the cochlear aqueduct (Carlborg et al. 1982). Thus, by
altering posture, we induced changes in the ear, which were evaluated by
different measurements in the ear canal.

Chapter 2 describes the behavior of spontaneous otoacoustic emissions in
normal-hearing humans during and after postural changes. Emission differ-
ences between upright and supine body position are analyzed. Furthermore,
we study the transitional process of the emissions after a posture change.

The experiments described in chapter 3 are similar to those of chapter 2.
However, in this case, click-evoked and stimulus frequency otoacoustic emis-
sions are studied. Here, also stationary as well as dynamical aspects of
the emission changes are investigated. Furthermore, the results of the ex-
periments described in these two chapters are compared with findings from
similar experiments and with calculations from a mathematical model.

Chapter 4 also describes experiments in which posture is changed. In
this case, however, patients suffering from Menière’s disease are tilted. In
view of the fact that these patients by definition have certain hearing loss
and therefore in general have reduced otoacoustic emissions (OAEs), mea-
surements of the middle-ear impedance are performed, which do not require
the presence of OAEs. Since this measurement is equivalent to an stimulus
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frequency OAE measurement with fixed frequency, a comparison is made
between ears of Menière’s patients and ears of people with normal hearing
(from chapter 3).

In chapter 5, measurements are described of click-evoked, as well as dis-
tortion product otoacoustic emissions in affected and unaffected ears of pa-
tients with Menière’s disease. It is investigated whether emissions from these
patients are different from emissions of other people (with or without hearing
loss).

Finally, in chapter 6, the results obtained in this thesis are summarized
and discussed.
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