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This paper summarizes, in a modern fashion and with a number of molecular, functional and
magnetic resonance imaging details, the main morphological data about the trigeminal complex
(i.e., trigeminal nerve, ganglion and nucleus). Indeed, this information is the basis to understand
pathophysiology and semiotics of diseases involving these anatomical structures.
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1. Introduction
Previous our study are regarding the somatotopy of the spinal nerve [1]
and oculomotor complex [2], thus we study the somatotopy of trigeminal
complex. The trigeminal nerve, V cranial nerve, has three branches:
ophthalmic nerve, maxillary nerve and mandibular nerve; it is a mixed
nerve containing both sensory and motor fibers. All the general somatic
afferent fibers conveying both exteroceptive and proprioceptive impulses
have their cell bodies in the trigeminal ganglion or Gasser’ ganglion and
only the proprioceptive afferent fibers from the neuromuscular spindles of
the masticatory muscles have their cell bodies in the trigeminal
mesencephalic nucleus. The trigeminal motor fibers innervating the
masticatory muscles, tensor tympani and tensor veli palatini muscles have
their cell bodies in the trigeminal motor nucleus in the rostral part of the
pontine tegmentum. We studied the somatotopic organization of the
trigeminal complex because of its importance in the diagnose and treat
patients suffering for orofacial pain and tempomandibular joint disorders
[3].

2. Trigeminal nerves
Ophthalmic nerve leaves the trigeminal ganglion (TG), enters the sinus
cavernous, passes its wall of the dura mater upon the trochlear and
oculomotor nerves, hence exits the cranium through the superior orbital
fissure, entering the orbit innervates the forehead, upper eyelid, cornea,
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conjunctiva, dorsum of the nose, mucous membranes of the nasal
vestibule and frontal sinus. The ophtalmic nerve is purely sensory or
afferent in function. It supplies sensory branches to: the ciliary body, the
cornea and the iris; the lacrimal gland and conjunctiva; portions of the
mucous membrane of the nasal cavity, sphenoidal sinus and frontal sinus;
the skin of the eyebrow, eyelids, forehead, and nose; the tentorium
cerebelli, dura mater and the posterior area of the falx cerebri [4].
Maxillary nerve exits the cranium through the foramen rotondum supplies
the upper lip, lateral and posterior portions of the nose, upper cheek,
anterior portion of the temple, and the mucous membranes of the nose,
upper jaw, upper teeth, and roof of the mouth to the palatopharingeal arch,
midfacial region including the skin of the midfacial regions, the lower
eyelid, side of nose, and upper lip; the mucous membrane of the
nasopharynx, maxillary sinus, soft palate, palatine tonsil, roof of the
mouth, the maxillary gingivae, and maxillary teeth. This vast
and complex division of the trigeminal nerve is intimately associated with
many sources of orofacial pain, often mimicking maxillary sinus and/or
temporomandibular joint involvement [5].
Mandibular nerve is the largest of the three divisions, exits the cranium
through the foramen ovale, with sensory fibers innervates the lower lip,
the posterior portion of the cheek and the temple, external ear, the mucous
membranes of lower jaw, lower teeth, cheek, anterior two-third of the
tongue and floor of the mouth. The mandibular nerve is a mixed nerve
which, like the ophthalmic and maxillary divisions, conveys afferent
fibers, but unlike the former two divisions, also contains motor or efferent
fibers to the masticatory muscles, the mylohyoid and anterior digastric
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muscles, and the tensor veli palatini and tensor tympani muscles. So
intimately associated with dentistry, the mandibular nerve has also been
termed the dental nerve by anatomists in the past [6].
The motor division of the nerve supplies the masticatory muscles:
masseter, temporal, pterygoid, mylohyoid, and digastric muscles which
also produce elevation, depression, protrusion, retraction, and the side-toside movements of the mandible. The motor division also supplies the
tensor tympani and tensor palati muscles. The mandible upon opening
deviates toward the paralyzed side when there is unilateral paralysis of the
masticatory muscles; this direction of the mandible is due to the action of
normal pterygoids on the opposite side [7].
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placodal and neural crest cells [22].
ANP (atrial natriuretic peptide) was found in the rat spiral ganglion in
both neurons and glial satellite cells [23] and ANF-like immunoreactivity
was found to be present in nerve fibers in laminae I/II of the spinal cord
and in neurons of spinal and trigeminal ganglia [24].
The ANP immunoreactivity in rat fetal TG evidence a diffuse ANPimmunopositivity in rat developing at 16th days of the fetal life; while in
rat trigeminal ganglion at 18th days of fetal life the ANP immunopositivity
is closed to peripheral layer (Figure 1).

3. Trigeminal fetal ganglion
Phylogenesis.
The Trigeminal complex develops from two separate ganglia, the
ophthalmic and maxillomandibular[8].In anamniotes, the ophthalmic and
maxillomandibular lobes of the trigeminal complex are referred as the
profundal and trigeminal placodes, respectively in most organisms the two
ganglia fuse during embryogenesis into a single unit, while in Xenopus,
the profundal and the trigeminal ganglia are separated distally but fused at
their proximal end as they condense around stage 24 [9].In fish [10], frogs
[9], birds [11,12] and mice the profundal/trigeminal or
ophthalmic/maxillomandibular placodes contribute cutaneous sensory
neurons to their respective ganglia in a similar manner [13].Theses
neurons extended peripheral axons underneath the skin of the head to
detect mechanical, chemical, and thermal stimuli, and central axons into
the hindbrain, to communicate these inputs to the central nervous system.
In mammals, the ophthalmic division of the trigeminal ganglion complex
innervates the skin of the head region, the eyeball and eye muscles, and
the nose; the maxillary division innervates the upper jaw, while the
mandibular division innervates the lower jaw and tongue[8].
The TG somatotopy and nerve organization is only partially conserved
through amniote evolution, possibly in relation to the modification of
facial somatosensory structures and morphologies[14].
Ontogeny.
The TG has a mixed origin and contains neurons from both the neural
crest and from placodes. The profundal/trigeminal placodes or
ophthalmic/maxillomandibular are positioned halfway between the
prospective eye and ear, adjacent to the future midbrain-hindbrain
boundary and factors secreted by the dorsal neural tube are implicated in
trigeminal placode induction [15,16].
The cranial neural crest originates the glial cells and all supporting cells
entirely as the transplantation experiments in chick embryos have shown
[11,17]. The neurogenic placodes, in contrast, generate exclusively
sensory neurons for the trigeminal ganglion and other cranial ganglia.
Studies using more recently available molecular markers for placodes,
such as the transcription factors Sox3 [18,19] and Ngn1 [13]and Ngn2
[20] have confirmed these early findings: these markers are expressed in
presumptive placodal domains well before neural crest migration has
begun [21].
It was shown that Wise, a Wnt modulator expressed in the surface
ectoderm overlying the TG plays a role in promoting the assembly of

Figure 1 - Foetal rat trigeminal ganglion. ANP immunopositive
neurons are peripherally.

Since in the spinal ganglia a diffuse ANP immunopositivity is evidenced,
thus it is possible think that ANP immunopositivity is in neurons
originated from the neural crests only and thus the location of ANP
immunopositive neurons indicates that these neurons are originated from
neural crest and migrate to the periphery of TG.
During the development the fetal somatotopy of the trigeminal gangliar
cells seems of special interest, because during fetal life it has an impact
upon somatotopic pattern formation in the brainstem. In the developing rat
trigeminal somatosensory system, injury to afferent inputs prevents
somatotopic pattern formation; however, afferent impulse blockade does
not [25].The E-16 rat fetal somatotopy is adult-like, so in foetuses the
neurons which innervated mandibular fields were located posterolaterally
while neurons with ophthalmic or maxillary projections were restricted to
the anteromedial and central parts of the ganglion, respectively [26,27].

4. Trigeminal adult ganglion
The TG is located in the apex of the anterior cerebral surface of the
petrous bone in the middle cranial fossa. The TG consists of
pseudounipolar neurons whose the peripheral processes or the afferent
fibers are associated with touch and nociceptive stimuli; the TG is crossed
by both the afferent fibers originating from the trigeminal mesencephalic
nucleus and are associated with proprioception an stretch receptor and the
efferent fibers originated in the trigeminal motor nucleus.
The sensitive neurons have a peripheral process forming the three
divisions of the trigeminal nerve: the ophthalmic nerve, maxillary nerve
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and mandibular nerve. The ophthalmic and the maxillary divisions are
wholly sensory; the mandibular division is the entire motor root supplying
the masticatory muscles, but also sensory fibers.
Recently, neurons in the TG, containing substance P, calcitonin generelated peptide, and pituitary adenylate cyclase-activating peptide, have
been shown to project to the mammalian pineal gland. Finally, nerve
fibers originating from perikarya located in the brain containing, for
example, GABA, orexin, serotonin, histamine, oxytocin, and vasopressin
innervate the pineal gland directly via the pineal stalk. [28].
Somatotopy of trigeminal ganglion.
TG is somatotopically organized; its somatotopic representation, in
mediolateral direction, is distinguished:
1. opthalmic division is located anteromedially,
2. mandibular division is located posterolaterally,
3. maxillary division in between.
The ophthalmic and maxillary regions of the trigeminal ganglion are well
separated, whereas the maxillary and the mandibular regions overlap in
mammals [29,30]. In cat [31]and monkey [32] the trigeminal gangliar
cells are organized somatotopically along the mediolateral axis and the
dorsoventral axis. Following application of HRP to the inferior alveolar
nerve, infraorbital nerve, and periodontal ligament, labelled cells were
found in the ipsilateral TG and periodontal receptor afferents were found
in the Mes V [33].
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involved in jaw reflexes to ensure a good occlusal relation during
mastication, while the afferent connections of the molars may initiate
complex jaw reflexes during the occlusal phase of mastication.
The TG presents also a functional somatotopy.
The TG contains large cell bodies (Aβ) of mechanoreceptive afferents and
the small cell bodies of nociceptive fibers (Aδ and C); each of the three
divisions of the trigeminal nerve consists of “processes”of neurons with
cell bodies in the TG.
The neuronal bodies for both large (Aβ) and small (C and Aδ) fibers are
arranged segmentally within the TG.[36].
Cell bodies of the mechanoreceptive and nociceptive afferents of:
1. ophthalmic division (V1) are found medially and anteriorly,
2. mandibular division (V3) are caudal and lateral,
3. maxillary (V2) division are present in between the ophthalmic
division and the mandibular division.
Thus, the somatotopic activation patterns observed for both “brush and
thermal pain” correspond to the anatomical organization of the feline TG.
The cell bodies which send axons to the ophthalmic, maxillary and
mandibular nerves were located in the anteromedial, middle and
posterolateral portions of the ipsilateral TG, respectively. Overlap was
found, especially in the maxillary and mandibular areas [30].

5. Trigeminal nucleus
The gangliar ophthalmic division.
In the monkey [34] the labeled cell bodies of protoneurons of the primary
afferent fibers innervating the cornea were observed in the medial region
of the ipsilateral TG. Most of the neurons were concentrated in the
ganglion area that lies caudally directly on the fibers of the ophthalmic
nerve entering but a smaller number of cells lying more laterally near the
region where the ophthalmic and maxillary nerves come together. A very
small number of neurons in one animal innervated the cornea by sending
their fibers into the maxillary nerve.
In the guinea pig [35] a musculosomatically representation was found. In
the ipsilateral ophthalmic part of the TG at a wide range along the
dorsoventral axis expressing an overlap of the representation areas.
The TG has a organization with a representation along dorsoventral axis:
1. Dorsal part: superior rectus muscle-superior oblique muscle
2. Intermediate part: lateral rectus muscle -medial rectus muscle
3. Ventral part: inferior rectus muscle-inferior oblique muscle
This somatotopy can be reported to spatial organization along
cranialcaudal direction of the muscles in the eye; on contrary, no
organization along the mediolateral axis was observed.
The gangliar maxillary and mandibular divisions.
In monkey and baboon [33] it was found that the incisor and canine
representations had a large and predominant Hrp-labelled neurons in the
ipsilateral TG; the molar representation in the TG was sparse and all
labelled neurons supplied ipsilateral teeth.
The maxillaris teeth had middle compartment of the TG,
The mandibular teeth had posterolateral compartment of the TG.
It is suggested that the anterior teeth with greater connections to the Mes
V and the ganglion may impart greater sensory perception and be

The trigeminal nucleus is constituted of masticatory nucleus and sensory
nucleus.
The trigeminal masticatory nucleus (TMN).
It innervates the masticatory muscles and it is involved in the trigeminal
circuits responsible for chewing [37]. The masticatory behavior is a circuit
with a rithmic jaw movements produced during mastication is generated
by a “Central Pattern Generator” (CPG) located in the pons and medulla.
Neurons within the CPG have intrinsic properties that produce a rhythmic
activity, but the output of these neurons is modified by inputs that descend
from the higher centers of the brain, and by feedback from sensory
receptors, in order to constantly adapt the movement to the food
properties.
The TMN of the trigeminal nerve is an ovoid column of the typical
multipolar motor cells that lies medial to the motor root and the principal
sensory nucleus.
Representation of the masticatory muscles was studied, by the horseradish
peroxidase method within the rat TMN which could be divided
cytoarchitecturally in: dorsolateral and a ventromedial division. [38].
Within the dorsolateral division, the temporal muscle was represented
dorsomedially, the masseter muscle dorsolaterally and laterally, and the
lateral and medial pterygoid muscles ventrolaterally. Within the
ventromedial division, the anterior digastric muscle was represented
dorsomedially and the mylohyoid muscle ventrolaterally. Distribution of
antidromic field potentials evoked by stimulation of the mylohyoid and
masseteric nerves coincided with the results from the HRP investigation
(Table 1).
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Table 1 - Motor trigeminal nucleus: dorsolateral and ventromedial
divisions.

Successively [39], contrary to the classically accepted scheme, the
topographical representation of the masticatory muscles of the rat by
studying retrograde transport of horseradish peroxidase from individual
muscles was showed that the temporalis and masseter muscles are
separately represented dorsolaterally, the pterygoids dorsomedially and
the jaw-opening mylohyoid and anterior belly of digastric ventrally within
the motor nucleus, corresponding to the arrangement of the muscles on the
head (Table 2).
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Most masticatory motor neurons send axons running ventrolaterally in
between the motor and the chief sensory nuclei of the trigeminal nerve;
however, those of the mylohyoid and anterior belly of the digastric
muscles ascend dorsally to the dorsal aspect of the caudal nucleus and
then turn ventrolaterally to join the motor root of the trigeminal nerve.
Furthermore, the dendrites of the motor neurons of jaw closing muscles
(JCM) converge dorsocaudally to the supratrigeminal region. The
diameters of neurons of each JCM display a bimodal distribution.
However, an unimodal distribution is present in the motor neurons from
each JCM. It is suggested that the motor nucleus innervating the JCM is
comprised of alpha- and gamma-motor neurons; thus, itis a neural basis
for the regulation of the muscle tone and biting force.
In the young and adult cat [41] TMN was found a clear dorsoventral
somatotopic distribution; the superior muscles have their motoneurons
located dorsally in the nucleus and the inferior muscle ventrally; that the
two main jaw closers, temporalis and masseter, are represented in the
dorsal and central parts of the nucleus; located more ventrally are the
motoneurons for the pterygoideus medialis and lateralis, the jaw closers
and abductor muscles; finally motoneurons for the jaw openers, and the
anterior belly of the digastricus and mylohyoideus, occupy the
ventromedial part of the nucleus. All muscles have been found to be
represented along the entire length of the nucleus, with the same
dorsoventral layering (Table 4).

Table 2 - Motor trigeminal nucleus: dorsolateral and ventromedial
divisions.

In young adult albino Wistar rats [40] it was found that in the TMN the
neurons innervating each masticatory muscle show following somatotopic
arrangement:
1. Neurons innervating the temporalis muscle are located in the medial
and dorsomedial parts;
2. Neurons innervating the masseter muscle are located in the intermediate
and lateral;
3. Neurons innervating the medial and lateral pterygoid muscles are
located in the lateral, ventrolateral and ventromedial parts, respectively;
4. Neurons innervating the mylohyoid and the anterior belly of the
digastric muscles are located in the most ventromedial part of the caudal
one-third of the nucleus (Table 3).

Table 3 - Motor trigeminal nucleus.

Table 4 - Somatotopy of the masticatory muscle motoneurons in the
young and adult cat.

In rabbit TMN [42] by labeled retrogradely with horseradish peroxidase
was show the localisation within the TMN of the motoneurons supplying
different regions of the rabbit masseter muscle. The motoneurons for the
masseter muscle are confined to the dorsal and lateral sections of the
motornucleus, along its full rostrocaudal extent. Within this subnucleus,
the motoneurons for the superficial masseter occupy the dorsolateral
portion, the motoneurons for the deep masseter the dorsomedial portion;
furthermore the anatomical and functional subdivision of the deep
masseter into an anterior and posterior portion appeared to be matched by
a separation of the motoneurons for these portions in the rostrocaudal
direction along the nucleus. The separation of the motoneurons for the
anterior and posterior deep masseter is not complete, indeed the territories
in the motornucleus overlap each other for about 50%.
The well-established differentiation in motor tasks between the masseter
portions during feeding is thus clearly reflected in a separation of
motoneurons, making possible differentiation of descending or afferent
input to the separate regions in the nucleus (Table 5).
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Table 5 - Somatotopy in the rabbit TMN of the motoneurons
supplying different regions of the rabbit masseter muscle.
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demonstrate any consistent variation of the receptive field size throughout
its rostrocaudal extent [4].
The regions [46] in the caudal pars (nucleus)are disposed in rostrocaudal
direction: the perioral region, (nose, mouth) intermediate (eye, mentum,
cheeks) and region posterior (submentum, preauricular area and cranial
vault), each part of them receive fibers from three trigeminal branches
which are disposed in mediolateral: mandibular, maxillary and ophthalmic
(Figure 2; A and B).

However [43] the differential identification of αMNs and γMNs was
studied in the in dorsolateral TMN (dlTMN)based on the size of cell
bodies that were retrogradely stained with HRP. And it was found that the
dl-TMN is composed of 65% αMNs and 35% γMNs; the size distribution
of αMNs was bimodal, while that of γMNs was almost the same as that of
the population of small αMNs, suggesting the presence of αMNs as small
as γMNs. Consistent with the size concept of motor units, the presence of
smaller jaw-closing αMNs was coherent with the inclusion of jaw-closing
muscle fibers with smaller diameters compared to limb muscle fibers.
Sensory trigeminal nucleus
The trigeminal sensory nucleus lies lateral to the entering trigeminal root
fibers in the upper pons.
1. fibers of the ophthalmic division terminate ventrally,
2. fibers of the maxillary division are intermediate,
3. fibers of the mandibular division are most dorsal.
Thus, it is dorsoventral axis: mandibular, maxillary, ophthalmic fibers.
The cell have large receptive fields and respond to a wide range of
pressure stimuli with little adaptation.
The trigeminal nucleus extends through the whole of the midbrain, pons
and medulla. The nucleus is divided in three parts, from rostral to caudal:
mesencepfalic nucleus, pontine nucleus (or “primary nucleus” or “main
sensory nucleus" or "principal nucleus"), spinal trigeminal nucleus.
Spinal trigeminal nucleus.
The spinal trigeminal nucleus is divided cytoarchitecturaly in three parts
[44].
1.Pars oralis, extending caudally to the rostral third of the inferior olivary
nucleus, caudally to the level of the rostral pole of the hypoglossal
nucleus.
2.Pars interpolaris extending from the pars oralis to decussation of the
pyramidis, caudally to the level of the obex.
3.Pars caudalis which begins at level of the obex extending caudally as
far as second cervical spinal segment.
Physiological studies [45] in the cat reveal that a somatotopic map of the
face exists at all level within the spinal trigeminal nucleus. Throughout the
nucleus the face is represented in upside down fashion with the jaw dorsal
and the forehead ventral.
The pars oralis receives impulses from the head, mouth, nose and eyes,
cells have small receptive fields and the dominant representation is of
internal structures.
The pars interpolaris has small receptive fields and is related mainly to
cutaneous facial regions. The pars caudalis has large receptive fields and
responds to light pressure over proximal parts of the face (forehead,
cheeks and region of the jaw angle). Although neuronal receptive field
size generally is related to peripheral innervation density, an extensive
study of the trigeminal nuclear complex in the monkey failed to

Figure 2 A - 1. Ophtalmic area; 2. Maxillary area; 3. Mandibular
area; a) Border of the perioral zone; b) Intermediate maxillary zone,
c) Mandibular zone; d) Zones innervated from the glossopharingeal
and vagal nerves.

Figure 2 B - Map distribution in craniocaudal and mediolateral
direction of the corrisponding superficial zones in the caudal
trigeminal nucleus: 1. Ophthalmic branch. 2. Br. Maxillary branch.
3.Mandibular branch. 4. Intermediate, glossopharyngeus, vagus
nerves. A, B, C zones correspond to: a, b, c, concentric zones of Fig
2A. TN: Tract solitary nucleus, CN: Cuneate nucleus, GN: Gracile
nucleus.
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In Macaca fascicularis [34] the corneal afferent neurons terminate to the
transitional zone between caudal pars interpolaris and rostral pars
caudalis(i.e., the "periobex" region of the TBNC) and moderately to the
trigeminal main sensory nucleus, pars oralis, and caudal pars caudalis at
the level of the pyramidal decussation.
Principal sensory nucleus.
This nucleus lies lateral to the entering trigeminal root fibers in the upper
pons.
1. fibers of the ophthalmic division terminate ventrally,
2. fibers of the maxillary division are intermediate,
3. fibers of the mandibular division are most dorsal.
Thus is axis dorso-ventral, dorso-ventral sense: mandibular, maxillary,
ophthalmic fibers. The cell have large receptive fields and respond to a
wide range of pressure stimuli with little adaptation.[19].
The trigeminal pontine nucleus
Trigeminal nerve divisions containing primary afferent fibers to the dorsal
division of the principal sensory trigeminal nucleus(Vp) and the results of
cat studies by the transganglionic horseradish peroxidase method indicate
that pterygopalatine, superior alveolar, infraorbital, buccal, lingual,
inferior alveolar and mental nerves contain primary afferent fibers
terminating in the dorsal division of the Vp probably conveying sensory
information chiefly from the intraoral structures [47].
The trigeminal mesencephalic nucleus.
This nucleus forms a slender cell column near the lateral margin of the
central gray of the upper part of the IV ventricle and cerebral aqueduct.
The mesencephalic nucleus constitutes of large primary neurons inside the
brainstem; their processes are slender and form the mesencephalic tract of
the trigeminal nerve that descends to the level of the trigeminal motor
nucleus provides collaterals to motor cells and appears to emerge as part
of the motor root. The mesencephalic nucleus receives the afferents fibers
conveying proprioceptive impulses (pressure, kinestesis) from theet,
periodontium, hard palate muscles of mastication and jont capsule.
The mesencephalic nucleus contains the cell bodies of primary afferent
neurons that innervate muscle spindles in masticatory muscles and
mechanoreceptors in the periodontal ligaments [48].Numerous labeled
neurons were found in ipsilateral MesV following masticatory muscle
injections. The scattered distribution of labeled cells, and their presence
among clusters of unlabeled cells, suggests the muscle representations
overlap. Just a few MesV neurons were labeled after extraocular muscle
injections; this correlates with the small number of muscle spindles
present in macaque extraocular muscles, suggesting MesV cells supplying
extraocular muscle spindles may contribute a minor component to
oculomotor proprioception.
In monkey and baboon [33] the periodontal afferent neurons of all incisor,
canine, molar teeth were well represented in the Mes V, although the
incisors had a significantly higher number of labelled neurons than the
canines or molars. The primary cell bodies of the periodontal afferents
were located mainly in the caudal part of the ipsilateral Mes V from the
level of the inferior colliculus to the floor of the fourth ventricle in the
pons. The caudal periodontal Mes V neurons may be favourably located to
make collateral connections with the trigeminal motor nucleus for jaw
reflexes.
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Central connections between the Mes V and spinal V [48] were studied by
injection of biotinylated dextran amine (BDA) into the spinal trigeminal
nucleus (Vs). The presence of retrogradely labeled MesV cells indicated a
projection to Vs from MesV. These injections also anterogradely labeled
terminals that lay in close association with MesV cells, suggesting an
ascending projection from Vs to MesV. Finally, a small number of MesV
neurons were labeled following WGA-HRP injections into the upper
cervical spinal cord.
This pattern of central connections indicates a combined MesV and Vs
information to guide the mastication.

6. Functional magnetic resonance imaging data
The recent data by functional magnetic resonance imaging (fMRI) reveal
that orofacial cutaneous and muscle nociceptive information and
innocuous cutaneous stimulation are differentially represented within the
trigeminal nuclear complex [49]. So, during cutaneous pain the signal
intensity increased within the entire rostrocaudal extent of the spinal
trigeminal nucleus (SpV), encompassing the ipsilateral oralis (SpVo),
interpolaris (SpVi) and caudalis (SpVc) subdivisions. in contrast, in
contrast, muscle pain did not activate SpVi, but instead activated a
discrete region of the ipsilateral SpVo and SpVc.
The muscle noxious stimulation activated a region of the ipsilateral lateral
pons in the region of the trigeminal principal sensory nucleus (Vp).
Innocuous orofacial stimulation (lip brushing) also evoked a significant
increase in signal intensity in the ipsilateral Vp; however, non-noxious
muscle stimulation showed no increase in signal in this area.
The first proprioceptive information [50] relays in the trigeminal
mesencephalic nucleus which contain neuron subpopulations: under
normal circumstances subpopulation contains only Glu that is a strong
candidate for a major neurotransmitter; certain small MTN neurons, most
likely interneurons are GABAergic.
Furthermore, NOS immunoreactivity can be detected in the caudal as well
as the mesencephalic-pontine junction parts of the MTN and this suggests
a mediatory role for NO in some aspects of synaptic transmission in the
MTN.
Remarkably, no immunoreactivity to any of the neuropeptides examined
is observed in the cell bodies of MTN neurons and only fibers and their
terminals show peptide-immunolabeling. Most of the labeled peptidergic
fibers have immunopositive varicosities that form pericellular basket-like
arborizations around unlabeled MTN perikarya. It is predicted that under
normal conditions the pericellular arborizations can function as an
intranuclear key communication medium between immunopositive
projections and immunonegative MTN neurons in the proprioceptive
information processing. A.A. conclude that the divergent neurochemical
content of the cells in the nucleus, should it exist, is likely to be linked
with different neuronal functions.
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7. Final remarks
The somatotopy in the fetal and adult life is similar. In the TG the afferent
fibres of ophthalmic maxillary and mandibular division are located in the
anteromedially, the mandibular are posterolaterally and maxillary in
between, thus gangliar neurons are organized along obliquous the
mediolateral axis (ophthalmic, maxillary mandibular neurons) and
dorsoventral axis (mandibular, maxyllary, ophthalmic neurons).
Furthermore the ophthalmic subnucleus has a representation along
dorsoventral axis: dorsal neurons to rectus and superior oblique muscles,
intermediate part to medial and lateral rectus muscle, ventral part to
inferior rectum andinferior oblique muscles. The MTN in rat with any
exception,the data are according that the temporal muscle is dorsally, the
masseter muscle is dorsolaterally, the pterygoids and mylohyoid muscles
are ventrally. The STN is divided in three parts: spinal, pontine,
mesencephalic nucleus. The spinal nucleus is subdivided in parts: oralis,
interpolaris, and caudal, receive fibers of three divisions with a
somatotopic map with the face is represented in upside down fashion with
jaw dorsal and forehead ventral. The caudal part receives fibers from the
divisons disposed in rostrocaudal direction with perioral region,
intermediate, posterior region and each pars receives fibers from the
division with a mediolaterally architecture; mandibular, maxilllary,
ophthalmic region. The pontine nucleus presents a dorsoventral axis:
mandibular, maxillary, opthalmic division. The mesencephalic nucleus
contains cell bodies of primary afferent neurons suppling the muscle
spindles in the masticatory muscles and extraocular muscles. The
mesencephalic nucleus and spinal nucleus are thus connected between.

References
1. Lipari A, Romano M, Lipari L, Farina E:The somatotopy of the spinal
cord: a comprehensive description. EuroMediterranean Biomedical
Journal 2016; 11 (06):40-51.
2. Lipari A, Lipari L, Romano M, MorrealeBubella R, Farina E:
Somatotopic organization of the cranial nerve nuclei involved in eye
movements: III, IV, VI. EuroMediterranean Biomedical Journal 2017; 12
(01):1-4.
3.Shankland WE 2nd:The trigeminal nerve. Part I: An over-view.
Cranio 2000;18(4):238-48).
4.Shankland WE: The trigeminal nerve. Part II: the ophthalmic division.
Cranio 2001;19 (1):8-12.
5. Shankland WE: 2nd. The trigeminal nerve. Part III: The maxillary
division. Cranio 2001;19 (2):78-83.
6. Shankland WE: The trigeminal nerve. Part IV: the mandibular division.
Cranio 2001; 19(3):153-61.
7. Walker HK: Cranial Nerve V: The Trigeminal Nerve. Authors Editors
In: Walker HK, Hall WD, Hurst JW, editors. Source Clinical Methods:
The History, Physical, and Laboratory Examinations. 3rd edition. Boston:
Butterworths; 1990. Chapter 61.
8. Baker and Bronner-Fraser: Vertebrate cranial placodes I. Embryonic
induction. Dev Biol 2001;232(1): 1-61.
9. Schlosser G, Northcutt RG: Development of neurogenic placodes in
Xenopus laevis. J Comp Neurol 2000;418(2):121-46. 8.
10. Schilling TF, Kimmel CB: Segment and cell type lineage restrictions
during pharyngeal arch development in the zebrafish embryo.
Development 1994;120(3):483-94.

176

11. Hamburger V: Experimental analysis of the dual origin of the
trigeminal ganglion in the chick embryo. J ExpZool 1961;148:91-123.
12. D'Amico-Martel A, Noden DM: Contributions of placodal and neural
crest cells to avian cranial peripheral ganglia. Am J
Anat 1983;166(4):445-68.
13. Ma Q, Chen Z, del Barco Barrantes J, de la Pomap JL, Anderson
DJ:Neurogen 1 is essential for the determination of neuroal precurors for
proximal cranial sensory ganglia. Neuron 1998; 20:469-482
14. Rhinn M, Miyoshi K, Watanabe A, Kawaguchi M, Ito F, Kuratani
S, Baker CV, Murakami Y, Rijli FM: Evolutionary divergence
of trigeminal nerve somatotopy in
amniotes.
J
Comp
Neurol 2013;521(6):1378-94. doi: 10.1002/cne.23236).
15. Stark MR, Sechrist J, Bronner-Fraser M, Marcelle C: Neural tubeectoderm interactions are required for trigeminal placode formation.
Development 1997;124: 4287-4295
16. Baker CV, Stark MR, Marcelle C, Bronner-Fraser M: Competence,
specification and induction of Pax-3 in the trigeminal placode.
Development 1999;126(1):147-56.
17. Narayanan CH, Narayanan Y: Determination of the embryonic origin
of the mesencephalic nucleus of the trigeminal nerve in birds. J Embryol
ExpMorphol 1978;43:85-105.
18. Ishii, Y, Abu-Elmagd, M. and Scotting, PJ: Sox3 expression defines a
common primordium for the epibranchial placodes in chick. Dev. Biol
2001;236:344–353.
19. Abu-Elmagd, M, Ishii, Y, Cheung, M, Rex, M, Le Rouedec, D. and
Scotting, PJ: cSox3 expression and neurogenesis in the epibranchial
placodes. Dev. Biol 2001; 237:258–269.
20. Fode C, Gradwohl G, Morin X, Dierich A, LeMeur M, Goridis C. and
Guillemot F: The bHLH protein NEUROGENIN 2 is a determination
factor for epibranchial placode-derived sensory neurons. Neuron
1998;20:483–494.
21. Barlow LA: Cranial Nerve Development: Placodal Neurons Ride the
Crest Current Biology, Vol. 12, R171–R173, March 5, 2002.
22. Shigetani Y, Howard S, Guidato S, Furushima K, Abe T, Itasaki N:
Wise promotes coalescence of cells of neural crest and placode origins in
the trigeminal region
during
head
development.
Dev
Biol 2008;319(2):346-58. doi: 10.1016/j.ydbio.2008.04.033. Epub 2008
May 7.
23. Sun F, Zhou K, Wang SJ, Liang PF, Zhu MZ, Qiu JH: Expression
patterns of atrial natriuretic peptide and its receptors within the cochlear
spiral ganglion of the postnatal rat.Hear Res 2014;309:103-12. doi:
10.1016/j.heares.2013.11.010. Epub 2013 Dec 11.)
24. Nohr D, Weihe E, Zentel HJ, Arendt RM: Atrial natriuretic factor-like
immunoreactivity in spinal cord and in primary sensory neurons of spinal
and trigeminal ganglia of guinea-pig: correlation with tachykinin
immunoreactivity. Cell Tissue Res 1989;258(2):387-92.
25. Henderson TA, Johnson EM Jr, Osborne PA, Jacquin MF:Fetal NGF
augmentation preserves excess trigeminal ganglion cells and interrupts
whisker-related pattern formation. J Neurosci 1994 May; 14(5 Pt 2):3389403.
26. Klein BG, MacDonald GJ, Szczepanik AM, Rhoades RW:
Topographic organization of peripheral trigeminal ganglionic projections
in newborn rats.Brain Res 1986;392(1-2):257-62

EUROMEDITERRANEAN BIOMEDICAL JOURNAL 2017,12 (37) 170–177

27. Rhoades RW, Chiaia NL, Macdonald GJ: Topographic organization of
the peripheral projections of the trigeminal ganglion in the fetal rat.
Somatosens Mot Res1990; 7(1):67-84.
28. Møller M, Baeres FM: The anatomy and innervation of
the mammalian pineal gland. Cell Tissue Res 2002;309(1):139-50. Epub
2002 May 18.
29. Marfurt CF: The central projections of trigeminal primary afferent
neurons in the cat as determined by the tranganglionic transport of
horseradish peroxidase. J Comp Neurol1981; 203(4):785-98.
30. Oyagi S, Ito J, Honjo I: Topographic study of the feline trigeminal
ganglion via the horseradish peroxidase tracer method. Brain Res1989;
476(2):382-3.
31. Kerr FW and Lysak WR: Somatotopic organization of trigeminalganglion neurons. Arch neurol 1964;11(6): 593-602;
32. Kerr FW, Kruger L, Schwassmann HO, Stern R:Somatotopic
organization of mechanoreceptor units in the trigeminal nuclear complex
of the macaque. J Comp Neurol1968 Oct;134(2):127-44.
33. Hassanali J: Quantitative and somatotopic mapping of neurones in the
trigeminal mesencephalic nucleus and ganglion innervating teeth in
monkey and baboon. Arch Oral Biol 1997; 42(10-11):673-82.
34. Marfurt CF, Echtenkamp SF: Central projections and trigeminal
ganglion location of corneal afferent neurons in the monkey,
Macacafascicularis. J Comp Neurol 1988; 272(3):370-82.
35. Aigner M, Robert Lukas J, Denk M, Ziya-Ghazvini F, Kaider A, Mayr
R:Somatotopic organization of primary afferent perikarya of the guineapig extraocular muscles in the trigeminal ganglion: a post-mortem DiItracing study. Exp Eye Res 2000; 70(4):411-8.
36. Borsook D, Silva AF,PloghausA, Becerra L: Specific and Somatotopic
Functional Magnetic Resonance Imaging Activation in the Trigeminal
Ganglion by Brush and Noxious Heat. The Journal of Neuroscience 2003;
23(21):7897-7903.
37. Westberg KG, Kolta A:The trigeminal circuits responsible for
chewing. Int Rev Neurobiol 2011; 97:77-98. doi: 10.1016/B978-0-12385198-7.00004-7.
38. Sasamoto K: Motor nuclear representation of masticatory muscles in
the rat. Jpn J Physiol1979; 29(6):739-47.
39. Lynch R: A qualitative investigation of the topographical
representation of masticatory muscles within the motor trigeminal nucleus
of the rat: a horseradish peroxidase study. Brain Res.1985; 327(1-2):3548.
40. Chen KN, Wen CY, Shieh JY, Tseng TM: The somatotopy of the
masticatory neurons in the rat trigeminal motor nucleus as revealed by
HRP study. Proc Natl SciCouncRepub China B.1988; 12(3):146-55.
41. Batini C, Buisseret-Delmas C, Corvisier J: Horseradish peroxidase
localization of masticatory muscle motoneurons in cat. J
Physiol 1976;72(3):301-9.
42. Weijs WA: Functional somatotopic organisation of motoneurons
supplying the rabbit masseter muscle. J CompNeurol1996; 364(2):279-89.
43. Morita-Isogai Y, Sato H, Saito M, Kuramoto E, Yin DX, Kaneko
T, Yamashiro T, Takada K, Oh SB, Toyoda H, Kang Y: A
distinctfunctionaldistribution of α and γmotoneurons in the
rat trigeminal motor nucleus. Brain StructFunct 2017 Mar 22. doi:
10.1007/s00429-017-1400-8.
44. Carpenter MB: Human Neuroanatomy seventh edition. The Williams
& Wilkins Company. Baltimore; 1976.

177

45.Wall PD, Taub A:Four aspects of trigeminal nucleus and a paradox. J
Neurophysiol1962; 25:110-26.
46. Martin JH: Neuroanatomia (3th Ed.) trad. italiana a cura di: Francesco
Giannessi, Massimo Gulisano. Ed. McGraw-Hill; 2005.
47. Nomura S, Yasui Y, Takada M, Konishi A, Mizuno N:
Trigeminal nerve branches containing primary afferent fibers to the dorsal
division of the principal sensory trigeminal nucleus: a transganglionic
horseradish peroxidase study in the cat. Neurosci Lett 1986;66(2):221-5.
48. Wang N, May PJ: Peripheral muscle targets and central projections of
the mesencephalic trigeminalnucleus in macaque monkeys. Anat Rec
2008; 291(8):974-87. doi: 10.1002/ar.20712.
49. Nash PG,Macefield,VG,Klineberg Iven J,Murray Greg M, Henderson
LA: Differential Activation of the Human TrigeminalNuclear Complex by
Noxious and Non-Noxious Orofacial Stimulation. Human Brain Mapp
2009;30:3772–3782
50. Lazarov NE. The mesencephalic trigeminal nucleus in the cat.
AdvAnatEmbryol Cell Biol 2000;153:1-103.

