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Abstract

Sharing the standpoint that physician otoneurologist should combine
detailed knowledge about the anatomy, physiology and pathological
physiology of central vestibular and oculomotor systems as well
as about the peripheral part of vestibular and acoustic systems, the
authors emphasize the necessity of knowledge about the complex
anatomical links and functional relationships of these systems with
the somatosensory and somatomotor systems of human organism.
Otoneurologists’ attention is focused on the ‘trigemino-vascular
system’ as an anatomical and physiological substrate of migraine
and accompanying headache, on comorbidity between balance disor-

toneurology is one of young clinical inter-

disciplinary specialties emerged as a result

from the recent fundamental discoveries
in the fields of anatomy and physiology and from
their transfer into ontological and neurological
practice. Numerous contemporary advancements
in studying the vestibular system that is considered
one of the first sensory systems originating during
the process of evolution but that is discovered last
have contributed to the development of otoneurol-
ogy (Wiest, 2015, Marinov, 2015). The causal rela-
tions between ear diseases and vertigo symptoms
remained unknown until the middle of the 19
century as the basic principles of semicircular canal
function were discovered hardly several years later
on. Breen & Vrabec (2015) indicate that neurootol-
ogy as an independent medical surgical specialty is
even younger. The fundamentals of modern treat-
ment of the temporal bone and of the tumours of
the ‘cerebello-pontine’ angle are the result of pio-
neering works in this field since the middle of 20"
century onwards (Breen & Vrabec, 2015).

ders, anxiety disorders and migraine and on the ‘trigemino-cervical
system’ as an anatomical and physiological substrate not only of the
patients in whom the pathological alterations of upper cervical ver-
tebrae and their connections cause painful sensations in completely
intact areas such as paranasal sinuses and teeth provided with sensory
innervation by the trigeminal nerve but also on the so-called ‘startle
reflex’ as a component of reflex defense of man and animal against
sudden stroke on head or sudden fall.
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According to Baloh (1997), neurological symptoms
are typical of migraine; however, little is known
about the pathological physiology of single symp-
toms yet. The fact was emphasized that most symp-
toms occur in some patients only and the extent of
manifestation of a given symptom can differ among
single patients. In certain cases, only one symptom
can be evident. Baloh (1997) illustrates this state-
ment that vertigo occurs in approximately one
fourth of the patients remaining even the only one
sign in some cases (the so-called ‘migraine equiva-
lent’) while phonophobia being the most common
hearing-related symptom fluctuates, and an acute
permanent hearing loss occurs in a small percent-
age of the patients.

Balaban et al. (2011) pay a special attention to the
comorbidity between balance disorders, anxiety
disorders and migraine. According to these authors,
it seems that balance-anxiety relation causes the
integrated activity of at least six morphological
components:
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1. Processing of the interoreceptive afferent infor-
mation.

2. Network of vestibular-parabrachial nuclei.

3. Processing of the vestibular and interoreceptive
information from the cerebral cortex.

4. Nuclei raphe-vestibular network.
5. Nucleus coeruleus-vestibular network.
6. Raphe-locus coeruleus loop.
The aforementioned statement confirms Strupp’s
concept (2010) that specialists in otoneurology
should combine detailed knowledge of physicians
neurologists about the anatomy, physiology and
pathological physiology of the central nervous sys-
tem — central vestibular and oculomotor systems
with that of specialists in otorhinolaryngology
about the anatomy, physiology and pathological
physiology of the peripheral part of vestibular and
acoustic systems. In order to implement this objec-
tive, it is necessary to periodically update the exist-
ing curricula dealing with:

1. Otoneurology curriculum for students of medi-
cine and dental medicine (Scherokman et al.
1994).

2. Postgraduate otoneurology curriculum for phy-
sicians:

a) neurologists and neurosurgeons
b) otorhinolaryngologists
c¢) general practitioners

3. Research and projects in the field of otoneurol-
ogy.

Both contents and volume of knowledge in anat-
omy, physiology and pathological physiology of
vestibular and acoustic systems in these curricula
should timely be updated in agreement with rapidly
growing new knowledge in these areas (Marinov,
2015). In our opinion, a special attention in these
curricula should be paid to the ‘trigemino-vascular
system’ and the ‘trigemino-cervical system’, the
anatomical and physiological substrate of comor-
bidity between balance disorders, anxiety disorders
and migraine as well as to the so-called ‘startle
reflex’.

Trigemino-vascular system

Recent research demonstrates that the activation
of the so-called ‘trigemino-vascular system’ rep-
resents the anatomic substrate of migraine and
accompanying headache (Goadsby et al., 2009;
Espinosa-Sanchez & Lopez-Escamez, 2015). This
system incorporates nociceptive (pain-related) neu-
rons located in the ganglion trigeminale of nervus
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trigeminus. Peripheral processes of these neu-
rons are incorporated in two sensory branches of
nervus trigeminus such as nervus ophthalmicus
and nervus maxillaris as well as in the sensory
component of the mixed nervus mandibularis.
Through the branches of these neurons, sensory
fibers realize the sensory innervations of the skin
on anterior head half, of the mucosa of the nasal
and oral cavities and of the four paranasal sinuses.
The circumstance that each of these three branches
of nervus trigeminus immediately prior to leaving
the cranial cavity liberates a small sensory branch
that innervates the adjacent parts of dura mater and
pia mater and reaches the blood vessels (7 tentorii
of n. ophthalmicus, r. meningeus of n. maxillaris
and » meningeus of n. mandibularis) (Fig. 1). That
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is why the cerebral membranes are pain-sensitive
(BankoB & Oguapos, 2002).; Goadsby et al., 2009;
Topalov et al., 2013; Espinosa-Sanchez & Lopez-
Escamez, 2015). These primary neurons conduct
sensitivity for pain and temperature from the skin
covering the anterior half of the calvaria (scalp),
from the facial skin, from the mucosa of the nasal
and oral cavities and of the four paranasal sinuses
as well as from the cerebral membranes up to
nucleus spinalis (inferior) nervi trigemini located
in the pons and medulla oblongata and reaching
down to the second, according some authors to the
second/third cervical segment of the spinal cord.
There is evidence that fibers of the upper cervical
spinal neurons as well as of the nervus facialis and
nervus glossopharhyngeus are also involved in the
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innervations of the cerebral membranes (BankoB &
Oguapos, 2002).

Trigemino-cervical system

Exteroceptive sensitivity for pain from the posteri-
or occipital and anterior occipital parts of the scalp
is conducted mainly through the branches of nervus
occipitalis major (ramus dorsalis nervus spinalis
cervicalis 11) to the sensory neurons in laminae 1,
Il and V and in laminae 1 and V of the gray mat-
ter of the second cervical segment of the spinal
cord, respectively (Topalov et al., 2013). Experi-
mental and clinical data indicate that there exists
a ‘functional continuum’ between nucleus spinalis
(inferior) nervi trigemini and the gray matter of the
posterior horns of the initial two cervical segments
of the spinal cord. These nuclei and their ‘func-
tional continuum’ perceive the sensitivity for pain
from the skull as well as from scalp soft tissues.
Nowadays they are termed a ‘trigemino-cervical
complex’ or ‘trigemino-cervical system’ (Piovesan
et al., 2001; Piovesan et al., 2003) (Fig. 2).
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Clinically, trigeminal activation causes pain sensa-
tion in the territories innervated not only by nervus
trigeminus but also by nervus occipitalis major
while occipital activation develops pain sensation
in the cervical and trigeminal territories as well
(Topalov et al., 2013; Marinov, 2015). This mutual
relationship of these two neurons is known as a
convergence mechanism. In recent years, a lot of
data accumulates that based on this physiological
phenomenon, in some patients presenting with
painful symptoms typical of the diseases of the
paranasal sinuses, of dental diseases, and probably,

in some patients with ‘migraine’ pains, it deals, in
fact, with pathological alterations of the upper cer-
vical vertebrae and their connections, the painful
irritations from which cause painful sensations in
completely intact head areas innervated sensory by
trigeminal nerve through the so-called convergence
mechanism.

Cuadrado et al. (2016) show that blockades of ner-
vus occipitalis major by using of venous anaesthe-
sia reduces the number of the days with moderate
to severe headache or with headache during the
whole week, followed by elevation of the threshold
for pressure-pain in the area innervated by nervus
trigeminus which presupposes a central effect on
the sensitivity of the inferior nucleus of this neu-
ron.

The fibers of the second neurons located in the “tri-
gemino-cervical system’ are in ascending direction
within the tractus trigeminothalamicus (quintotha-
lamic tract) and relate with the opposite nucleus
ventralis posterolateralis and nuclei posteriores
(occipitales) thalami which, on their part, are
projected to the primary and secondary somato-
sensory cortex, cortex insulae and the cortex of
anterior cingulum. Besides the ‘trigemino-cervi-
cal system’possesses reciprocal links with the
brainstem centers involved in the processing of
the nociceptive information. These centres include
rostral ventromedial medulla, a group of neu-
rons localized closely to the median line of the
floor of medulla oblongata, especially of nucleus
raphe magnus and ventrolateral periaqueductal
gray matter and hypothalamic areas. It is accepted
that these centres are incorporated in the so-called
‘endogenous analgesia system’. In fact, the modu-
lation of the ‘trigemino-cervical system’ depends
on the descendant pathways from cerebral cortex,
posterior hypothalamus and these brainstem nuclei
(Akerman et al., 2011; Espinosa-Sanchez & Lopez-
Escamez, 2015; Marinov, 2015).

The experimental studies carried out by Bartsch &
Goadsby (2003) demonstrate that stimulation of
afferent C-fibres of dura mater results in sensibili-
zation of second-order neurons obtaining informa-
tion from cervical spinal neurons. This mechanism
can participate in a procedure by which nervus
trigeminus structures ‘approach’ cervical neuronal
ones and could contribute to the clinical manifesta-
tions of cervical area hypersensitivity in migraine
and cluster headache (Ruch, 1965; Arendt Nielsen
et al., 2000; Bartsch & Goadsby, 2003).
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Startle Reflex

According to experimental investigations per-
formed by Yeomans & Frankland (1995), the ‘star-
tle reflex’ protects animals from strokes or attacks
by predatory animals through a rapid contraction
of the muscles of the extremities, body and dorsal
neck part during the short period of time before the
animal which is the object of this attack initiates
defense actions or retreats. In a more recent publi-
cation, Yeomans et al. (2002) report that mechani-
cal stimuli influencing upon the mechanoreceptors
that catch the mechanical irritations to the body
can simultaneously activate the trigeminal, acous-
tic and vestibular systems (Landis et al., 1939).
These stimuli act on mechanoreceptors of different
kind and localization through various mechanisms
(Yeomans et al., 2002). The somatosensory sys-
tem perceives the stimuli acting on the receptors
in the skin or muscles. Head movements result
in endolymph movement in the membranaceous
vestibular labyrinth of the inner ear as well as in
movement of gelatine-like cupula and membrana
statoconiorum where microvilli in the shape of
stereocilia and cinecilia of the sensory hair vestibu-
lar cells penetrate in. The movements of the latter
induce cell irritation. The acoustic stimuli activate
in an air and bone way the sensory hair cells in the
cochlear membranaceous labyrinth of the inner ear.
Topalov et al. (2013) argue that a strong stroke on
the head or upper part of the body in man activates
the acoustic, tactile and vestibular systems almost
simultaneously thus inducing a reflectory change
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of body position, a ‘cephalic apical reflex’. The
reticular formation of pons plays an important role
in these processes (Scott et al., 1999). The experi-
mental studies of ‘startle reflex’ in rats induced by
strong and sudden acoustic, vestibular or trigeminal
stimuli assume that the proximity of tractus vestib-
ulospinalis to reticulospinal pathways in the spinal
cord is, probably, the neuronal basis of the modal
summation of startle stimuli (Li et al., 2001).

In conclusion, we would like to emphasize that
this brief analysis of the complex mutual relations
between the central vestibular and oculomotor
systems and the peripheral part of the vestibular
and acoustic systems allow us not only to confirm
Strupp’s concept (2010) about their significance
for the practice of the physician otoneurologist but
also to supplement to them the knowledge about
the complex anatomical links and functional inter-
actions of these systems with the somatosensory
and somatomotor systems of human organism. We
could add the comorbidity between balance disor-
ders, anxiety disorders and migraine for which the
balance-anxiety relation plays an important role.
According to Balaban et al. (2011), this requires
the integrated activity of at least six morphological
components.

That is why they should be the object of further
research and be included into the curricula of oto-
neurology not only for the students of medicine
and dental medicine but also for the neurologists,
neurosurgeons, otorhinolaryngologists and general
practitioners.
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