Chapter 14
Similarities Between Tinnitus and Pain
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10.

. Both pain and tinnitus have many different forms.
. Tinnitus and central neuropathic pain are phantom

sensations similar to the phantom limb symptoms
that occur without any physical stimulation of sen-
sory receptors.

. Tinnitus and neuropathic pain are typical exam-

ples of “plasticity disorders” where the symptoms
are caused by plastic changes that are not benefi-
cial to an individual person.

. Central neuropathic pain and tinnitus have no

physical signs.

. The severity of pain and tinnitus are difficult to

assess quantitatively even under laboratory cir-
cumstances. Only the patients” own perception is a
true measure of the severity of central pain and
subjective tinnitus.

. The perception of pain and tinnitus is affected by

many factors such as actual circumstances, expec-
tation, stress, and a person’s emotional state.

. Many forms of pain are best described as suffering;

the same is the case for severe subjective tinnitus.

. Pain and tinnitus can have strong emotional com-

ponents, it often prevents or disturbs sleep, and it
can interfere with or prevent intellectual work.

. It is difficult to get reliable data on epidemiology

of tinnitus and central neuropathic pain because of
their subjective nature and large variability.
Activation of neural plasticity is involved in caus-
ing and maintaining central neuropathic pain and
many forms of subjective tinnitus.
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The nervous system is the site of the anomalies
that cause central neuropathic pain and many
forms of tinnitus. Both tinnitus and pain involve a
cascade of neural structures.

The pathology of the nervous system in some
forms of central neuropathic pain is stable in the
pathologic state. It may be similar for some forms
of tinnitus.

Pain that is perceived as escapable uses a different
part of the periaquaductal gray than pain that is
perceived as inescapable. It is not known if tinnitus
also has such distinctions.

Severe tinnitus is often accompanied by hyperacusis
(lowered tolerance to sounds); pain may be accom-
panied by allodynia (pain from normally innocuous
touch of the skin) hyperpathia (exaggerated reac-
tion to acute pain), and hypersensitivity (lowered
threshold for painful stimulation).

Some forms of tinnitus and pain can be modulated
by electrical stimulation of the skin.

Electrical stimulation of several cortical structures
can modulate both pain and tinnitus.

The sympathetic nervous system can modulate
pain and some forms of tinnitus.

Keywords Tinnitus ¢ Pain ¢ Central neuropathic pain
* Hyperacusis ¢ Allodynia

Abbreviations

DCN  Dorsal cochlear nucleus

NST Nucleus of the tractus solitaries

PAG  Periaquaductal gray

TENS Transderm electrical nerve stimulation
VCN  Ventral cochlear nucleus

WDR  Wide dynamic range neurons
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Introduction

It was Jiirgen Tonndorf [1] who first drew attention to
the similarities between tinnitus and pain. Other investi-
gators have later elaborated on the many similarities
between tinnitus and severe chronic pain (central
neuropathic pain) [2-5]. Activation of neural plasticity
is involved and both are examples of “plasticity diseases”
[6]. Pain gets far more attention than tinnitus. The fifth
edition of the Wall and Melzack’s Textbook of Pain
has over 1,200 pages; Weiner’s Pain Management has
over 1,500 pages. Textbooks devoted to tinnitus are
essentially non-existent (this book is the first textbook
on tinnitus). The research literature on pain is far
greater than that on tinnitus; a search in PubMed came
up with approximately 400,000 articles about pain vs.
approximately 6,000 for tinnitus. Literature about
hyperacusis and phonophobia is sparse.

Many forms of tinnitus have similarities with cen-
tral neuropathic pain, in that activation of neural plas-
ticity is involved in creating the symptoms. Central
neuropathic pain is a particular condition where the
symptoms are caused by abnormal activity in popula-
tions of neurons in the spinal cord and brain that occurs
without signals from receptors in the body.

Subjective tinnitus and central neuropathic pain are
phantom sensations where the sensations are not elic-
ited by activation of receptors. Central neuropathic
pain and some forms of tinnitus are symptoms with
very few, if any, objective signs. Despite that, both cen-
tral neuropathic pain [7] and severe tinnitus [8] can
affect a person’s entire life, the entire family, as well as
social and working relationships. Both these disorders
may prevent or disturb sleep and interfere with intel-
lectual work. There are examples of people who like
their work but retire because of tinnitus.

Other similarities include the lack of effective treat-
ment, diverse etiology, and sparse knowledge about
the anatomical and physiologic bases for these disor-
ders. The treatments a patient with either one of these
disorders may receive depend on the specialty of the
physician they choose to consult, and the specific inter-
est of the physician or surgeon. In only a few forms of
central neuropathic pain and tinnitus can any underly-
ing disease be found.

There are many forms of tinnitus and many forms of
pain. Some common forms of pain such as headache
and back pain can be managed by simple analgesics. No
such general treatment is known for tinnitus. Peripheral

neuropathic pain, migraine, and fibromyalgia are
complex pain conditions that have less satisfactory
treatments. Central neuropathic pain can often be man-
aged by medication. Brain and spinal cord injuries can
cause both pain and tinnitus that are difficult to treat.

A separate chapter (Chap. 15) describes the basic
anatomy and physiology of pain. Here, we will discuss
the similarities between some forms of subjective tin-
nitus and central neuropathic pain, both being phan-
tom sensations, with activation of neural plasticity
playing a central role in their cause. The similarities
between treatment of pain and tinnitus are discussed in
chapter 94.

Common Features of Subjective
Tinnitus and Central Pain

Both central neuropathic pain [9, 10] and subjective
tinnitus [11] have many different forms (see Chap.2).
Different forms of disorders with the same name cause
difficulties in studying their pathologies and treat-
ments. It would be more appropriate to consider both
central and subjective tinnitus as groups of different
disorders rather than a single disorder.

Most forms of subjective tinnitus and central neuro-
pathic pain are phantom sensations, which mean that
the symptoms are not caused by physical stimulation,
but are similar to symptoms that occur after amputa-
tions. This is known as phantom limb syndrome, where
pain and other sensations are felt as if coming from the
limb that no longer exists [12]. The symptoms of many
forms of tinnitus and central neuropathic pain are felt
as coming from a different anatomical location than
the actual pathology and physiological anomaly that
cause the symptoms. The anatomical locations of the
pathologies of most forms of central pain and most
forms of tinnitus are in the brain, although the pain is
often referred to a specific part of the body. This is well
known from studies of central pain and it is also evident
from some observations regarding tinnitus. Tinnitus is
often referred to the ear, although tinnitus may occur in
deaf people and after severance of the auditory nerve,
thus similar to the pain that is felt as coming from an
amputated leg. Neural plasticity activated by the
absence of input from receptors in an amputated limb
is the main cause of the phantom limb syndrome.
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Some forms of tinnitus are caused by deprivation of
auditory inputs as evidenced from the fact that tinnitus
can be caused by middle ear disorders (see Chap.34) and
disappears when sound conduction to the ear is restored,
either by treating the conductive pathology such as oto-
sclerosis or by a hearing aid (see Chaps.56 and 76) or
cochlear implants (see Chap.77). Many people get
tinnitus when placed in a silent environment [ 13].

Neural plasticity plays an important role in creating
central tinnitus and central pain, and activation of neu-
ral plasticity also plays a role in tinnitus that is caused
by pathology in the ear and in acute pain caused by
stimulation of nociceptors.

Both tinnitus and central neuropathic pain are examples
of harmful effects of plastic changes, thus forms of
“plasticity disorders” [6] caused by neural plasticity
going awry. Activation of such maladaptive neural plas-
ticity causes abnormal neural activity and re-routing of
information. Activation of neural plasticity is involved
in many forms of subjective tinnitus and central neuro-
pathic pain as has been discussed in other parts of this
book (see Chaps 10 and 15). The way plasticity is turned
on is often unknown and probably more complex than
what it is for creating phantom limb symptoms.

Both pain and tinnitus can cause suffering; that may
be a different condition than tinnitus and pain that does
not cause suffering. Tinnitus that causes suffering, or is
“bothersome” [14], may activate other neural circuits
than tinnitus that does not have these qualities. It has
been shown that pain that is “escapable” and pain that
is perceived as being “inescapable” activate different
parts of a neural structure, the periaquaductal gray
(PAG) [15], and different parts of the hypothalamus
and midbrain [16].

Peripheral processes can contribute to the initiation
of chronic neuropathic pain as well as many forms of
tinnitus. Peripheral and central sensitization have been
shown to play an important role in the creation of hyper-
activity that is the cause of central neuropathic pain [9,
10]. The same is probably the case for tinnitus, although
it has not been studied to the same extent as pain [17].
The fact that different mechanisms can initiate
processes that result in changes in the central nervous
system that cause many forms of tinnitus may explain
some of the differences in the symptoms that patients
experience [9, 18]. The same is the case for central pain.

Another similarity between tinnitus and pain is that
the severity of these disorders cannot be substantiated
by objective tests. Even health care professionals may

sometimes misjudge the severity of these diseases.
Individuals with tinnitus as well as individuals with
pain have no attributes of illness and therefore do not
attract much attention and sympathy. Relatives and
friends may doubt the seriousness of their diseases.
In the absence of objective test results, health profession-
als may even sometimes think that their patients may
be malingering. This makes both tinnitus and central
pain disorders some of the most challenging disorders
for clinicians.

Prevalence of Central Pain and Tinnitus

One of the problems in getting reliable epidemiologic
data is similar for pain and tinnitus, namely that the
definition of the severity varies among individuals
with these conditions. These problems are greater for
central neuropathic pain than other neuropathic pain
conditions, and it is greater for tinnitus than for other
hearing disorders, such as hearing loss from exposure
to noise (see Chap.37), which have been studied
extensively as has age-related hearing loss (presbycu-
sis) (see Chap.36). No reliable information about the
epidemiology of central neuropathic pain is available,
nor is the prevalence of other chronic pain conditions
such as peripheral neuropathic pain that commonly
occurs in individuals with diabetes neuropathy com-
pletely known [18, 19].

The prevalence of chronic neuropathic pain may
be greater than commonly assumed and its prevalence
is likely to increase in the future. This is very similar
to tinnitus, where the prevalence seems to increase.
The prevalence of both central pain and tinnitus
increases after middle age, which means that age-
related changes add to the factors that cause tinnitus
and pain (see Chap. 36).

Tinnitus is estimated to effect 13—20% of the overall
population of the United States [20]. These complaints,
often associated with hearing loss, increase with age to
27-34% of the population older than 70 years reporting
significant tinnitus [21]. Twenty percent to 45% of tin-
nitus sufferers also have hyperacusis; a few individuals
only have hyperacusis [22] (see also Chap.5).

One reason for the increased incidence of tinnitus is
the increased occurrence of head injuries (see Chap. 67),
which also is associated with pain conditions. From 10
to 30% of people with spinal cord injuries have central
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pain. Individuals with head injuries often have central
pain and tinnitus [23, 24] (see Chap. 67). After strokes,
1-8% have central pain [19, 25].

The prevalence of post-surgical neuropathic pain
has been estimated to be 2-3% of the population in the
developed world [18]. This problem is poorly recog-
nized. Equally poorly recognized is postoperative tin-
nitus. It occurs often after surgical removal of vestibular
schwannoma where the concerns are about preserving
facial function and hearing, which has improved after
introduction of intraoperative neurophysiologic moni-
toring [26]. However, little is known about how to
reduce the risk of tinnitus.

Neuroanatomical Similarities Between
Tinnitus and Pain

The neuroanatomy of hearing and pain has many
similarities. The neural pathways for acute pain have
similarities with the classical and non-classical ascending
auditory pathways. The medial tract of the spinothalamic
system may be regarded as the non-classical pathways of
the somatosensory system (see Chap. 15). The fibers of
the lateral spinothalamic tract terminate in neurons in the
ventral thalamus corresponding to the classical pathway,
whereas the medial spinothalamic tract terminates in the
dorsal and medial thalamus and thus resembles the non-
classical pathways of other sensory systems. The lateral
spinothalamic tract provides information about the loca-
tion of the pain and the medial tract provides information
about the nature of the pain (see Chap. 15).

The medial and dorsal thalamus have subcortical
connections to several regions of the brain, such as the
limbic system, and the neurons in the cortical projec-
tions of the dorsal thalamus bypass the primary soma-
tosensory cortex. These neurons terminate directly on
neurons in the secondary and association cortices while
the classical pathways project to primary cortices.

Functional Similarities Between Pain
and Tinnitus

Tinnitus has similarities with several characteristics of
central neuropathic pain. Repeating painful stimulations

causes increasing intensity of pain, known as the “wind
up” phenomenon [27]. When a noxious stimulation is
repeated at a short interval, the pain from the second
presentation feels stronger. This is thus a form of
abnormal temporal integration of painful stimulation.
In other studies, it has been shown that temporal
integration of pain signals is different in individuals
with signs of neuropathic pain and individuals without
central neuropathic pain [28].

A few similar studies have been done regarding
temporal integration of sound in individuals with
tinnitus [29], but animal experiments indicate that
strong sound stimulation changes the temporal integra-
tion in the inferior colliculus as assessed using evoked
potential techniques [30].

Sensitization and Modulation of Pain
and Tinnitus

It is well known that peripheral and central sensitization
can play important roles in creation of pain. Together
with re-organization of neural circuits, this is regarded as
the cause of central neuropathic pain. Evidence is accu-
mulating that similar processes affecting the auditory sys-
tem may play important roles in some forms of tinnitus.

Peripheral Sensitization

There are several ways in which peripheral sensitiza-
tion of receptors in the body and the ear can contribute
to pain and tinnitus. One way is through activation of
the sympathetic nervous system, which can cause sym-
pathetic nerve fibers that terminate near receptors to
secrete norepinephrine, which increases the sensitivity
of the receptors. Epinephrine secreting nerve fibers
have been identified near receptors in the skin and
close to the receptors (hair cells) in the cochlea [31].
Thus, the fact that sympathectomy is an effective treat-
ment for tinnitus when it is a symptom of Méniere’s
disease [32] indicates that the sympathetic nervous
system is involved in at least the kind of tinnitus that
occurs in Méniere’s disease.

The sympathetic nervous system may even activate
the receptors without external stimulation, so they send
information to the nervous system similar to when
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normal stimulation of the receptors occurs with physical
stimuli. The most extreme of such sympathetically
induced pain is reflex sympathetic dystrophy (RSD), now
known as complex regional pain syndrome type I [33].

Central Sensitization

Certain kinds of neurons in the dorsal horn of the spinal
cord (and the trigeminal nucleus), known as the wide
dynamic range (WDR) neurons, are believed to have
important roles in central sensitization of pain circuits
([9, 34, 35], see also [36]). Activation of neural plasticity
that can change synaptic efficacy also plays an important
factor in creating the abnormal states of the neural
circuits in the dorsal horn associated with central pain
[37] (see Chap. 15).

Activation of neural plasticity in the neural circuits
of the dorsal horn is important because it can change
the excitability of neurons (central sensitization) and
re-route information by making dormant synapses
become active [38]. Also, it can make synapses that
are normally active become dormant.

It has been hypothesized that reorganization of the
neural circuits in the spinal cord plays an important
role for creation and maintaining central neuropathic
pain. Doubell has proposed that the pain circuits in the
dorsal horn of the spinal cord (and the trigeminal
nucleus) can operate in four main different states [34]
(see Chap. 15).

Similar hypotheses may apply to some forms of
tinnitus, but hypotheses about the pathology of tinnitus
are less uniform and less detailed. Studies in animals in
which tinnitus conditions were induced by deprivation
of input to the auditory system [39] or by overstimula-
tion [40] have shown evidence that some neurons in the
inferior colliculus have the ability to change their function
in a similar way as the WDR neurons.

Interaction Between Sensory Systems

The old concept that certain functions of the brain are
done in specific parts of the brain has gradually been
eroded. It has become more and more evident that con-
siderable interaction between many systems in the brain
and the spinal cord occurs normally, as well as in dis-
eases where certain interactions have adverse and harmful

effects. It was earlier regarded as an axiom that the
information from the different sense organs was pro-
cessed in specific and separate parts of the brain.

Anatomical Aspects

We have discussed in Chap. 10 how somatosensory sig-
nals can interfere with hearing when the non-classical
auditory pathways are active such as it is in children
[41] and in some individuals with tinnitus [42]. This
can occur in two different ways. One way is through
connections that neurons in the dorsal column nuclei
and the trigeminal nucleus make with neurons in the
dorsal cochlear nucleus (DCN) [43-45] (see Chap.9).
The other way is through activation of the non-classical
ascending auditory pathways, which receive input from
other senses through connections to the inferior collicu-
lus [46] (see Chap. 8).

Physiologic Signs of Cross-Modal
Interaction

Certain anomalies of sensory systems in individuals
with central pain have similarities with anomalies that
occur in connection with some forms of tinnitus. One
such anomaly is cross-modal sensory interaction,
which means that the perception of one sensory modal-
ity can be affected by stimulation of another sense.

It has been known for a long time that acute pain
sensations elicited by stimulation of pain receptors can
be modulated by stimulation of nerve fibers, which
innervate receptors that mediate innocuous sensory
stimuli (touch, etc.). This is a normal phenomenon
involving AP fibers in the spinal cord, which have
inhibitory influence on cells that receive nocuous input
from pain receptors (Fig. 14.1). This fact is used in
treatment of pain, using electrical stimulation of the
skin. This method is in routine use under the name of
transderm electrical nerve stimulation (TENS) [47],
and it has shown effectiveness for acute pain [48] as
well as central pain [49]. It relies of stimulation of
large sensory fibers, which can have an inhibitory
influence on pain cells in the spinal cord and activate
neural plasticity and thereby is effective in reducing
pain not caused by activation of pain receptors (central
neuropathic pain).



18 A.R.Mgaller
C-fiber The other way that somatic stimulation can affect

Thalamus the auditory system is through the non-classical
A ascending auditory pathways [64]. The non-classical

Inhibition

Anterior
STT

Fig. 14.1 Schematic illustration of the connections through
which innocuous sensory input mediated by large myelinated
(AP) fibers can inhibit pain neurons in lamina I that receive
noxious input from Ad fiber and C fibers via interneurons and
which give rise to axons of the STT. Reproduced from: Mgller
AR (2006) Neural plasticity and disorders of the nervous system.
Cambridge: Cambridge University Press, with permission by
Cambridge University Press [9]

Modulation of tinnitus by activation of the soma-
tosensory system [50, 51] has been demonstrated by
electrical stimulation of the median nerve at the wrist
[42], manipulation of neck muscles [52, 53], from tem-
poromandibular problems [54, 55], and from changing
one’s gaze [50, 56, 57]. Functional imaging studies
indicate that gaze-evoked tinnitus is caused by neural
activity associated with eye movements that enters the
auditory system [58]. These effects seem to be medi-
ated through cross-modal interaction between the
auditory system and the somatosensory system.

The anatomical and physiologic bases for these
interactions are not as well known as the modulation of
pain by somatosensory stimulation. Electrical stimula-
tion of the skin around the ears can modulate tinnitus
in some individuals [59] (see Chap.91), and there are
two different theories to explain this. One hypothesis
states that sensory cells in these areas of the skin acti-
vate axons that become parts of dorsal spinal root C,,
which terminate on cells in the brainstem [60] (DCN
and VCN) (See Chap. 9). Some of the axons from these
cells terminate on cells in the dorsal cochlear nucleus
(DCN) [43, 61]. Other studies have implicated the
DCN in some forms of tinnitus [62, 63] (see Chap. 8).

auditory pathways receive input not only from the ear
but also from other sensory systems such as the soma-
tosensory system [45, 46] (see Chap. 8).

A different kind of interaction on pain [65] and
possibly tinnitus is that from the vagus nerve. Earlier,
little attention was paid to the vagus nerve; the focus
has been on the motor functions of the vagus nerve.
However, approximately 80% of the nerve fibers are
afferent fibers. The discovery that electrical stimula-
tion of the vagus nerve could treat epilepsy renewed
the attention to the vagus nerve. Electrical stimulation
of the vagus nerve is an approved treatment for
epilepsy in the US [66] and is in clinical use for
controlling epileptic seizures. Electrical stimulation
has also been used for treatment of depression.

Electrical stimulation of the left vagus nerve has
been shown to suppress some forms of pain [65] (see
Chap.94), and research is now aimed at other applications
such as treatment of depression and control of severe
tinnitus.

Afferent vagus nerve fibers terminate in the nucleus
of the tractus solitaries (NST), which connect to many
parts of the brain. The vagus nerve supplies cholinergic
input to many structures in ways that have similarities
to that of the basal nucleus of Meynert, which provides
arousal and promote cortical plasticity [67, 68].

Central neuropathic pain is often associated with
allodynia (pain from light touch stimulation). This
may be similar to the rarely reported perception of
sound by rubbing the skin, such as by a towel.
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