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INTRODUCTION

The Department of Anatomy of Iowa State University,
in view of the necesslity for a better gross morphological
knowledge of the peripheral nervous system in our do-
mestic animals, has reopened investigations on this
important sector of the animal body.

The demand for such studies 1s probably éréater'in
swine specles because: (a) the interest in the pig as
an experimental animal has been steadily increasing,
along with the importance of the swine industry and
(b) only scattered and rather incomplete accounts were
availlable in the literature. Veterinary anatomical
textbooks, as a rule, have covered the subject, in the
Plg, 1n a comparative manner in which only slight ré-
marks about the actual anatomical disposition are made
(Chauveau and Arloing, 1891; Chauveau and Arloing, 1905;
lMontané and Eourdelle, 1920; lMartin, 1923; Ellenberger
and Baum, 1943; Bruni and Zimmerl, 1951; Sisson and
Grossman, 1953; and Koch, 1965).

New information, however, has been obtained, thanks
to the effort of Bosa (1965), Gandhi (1966), Ghoshal
(1966) and Magilton (1966) whose work, with the exception
of the cranlal nerves, has covered and re-evaluated the

entire peripheral nervous system of the pig.



The present work deals primarily with the gross
anatomical aspects of the cranial nerves in the plg and
was designed to glve an account of the most frequent
pattern of thelr course and distribution. For this,
gross dissections on the commonly embalmed or decalcl-
fied specimens were performed along with the study of
frozen frontal sections of the head.

The olfactory nerve and the posterior cervical, thor-
acic and abdominal portions of the vagus nerve were not
included in the investigation because they are currently
being studied in the same department.

With respect to the nomenclature, the author fol-
lowed, as closely as possible, that approved by the 6th
meeting of the World Association of Veterinary Anatomlsts
held in Glessen and Wiesbaden, Germany during the period
of August 7 to 10, 1965.
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REVIEW OF LITERATURE

H. opticus

The optic nerve, also designated as the optic fasclicle
or optic filber tract, since for embryological reasons it
may be compared with the fiber tracts of the brain, is a
structure constituted by the reunion of axons of the gang-
lion cells of the retina. It connects the eyeball with the
brain.

In the pig, 1t resembles that of the horse (Martin,
1923) and that of the ruminant (Ellenberger and Baun,
1524).

The optic nerve emerges at the nasal side of the pos-
terior pole of the eyeball. 1In the orbital cavity it is
fairly cylindrical, measuring, with its sheaths, about 2.8
mm (Nicolas, 1924).

The total number of optical fibers has been evaluated
at 681,000 by Bruesch and Arey (1941).

After entering the cranium through the optic foramen
they unite with each other to form the optic chiasma, in
which an almost complete decussation of their fibers take
place. A few flbers remain uncrossed at the optic chiasnm

(Nicolas, 1924).




The N. opticus, according to Prince et al. (1960),
does not take a stralght course within the orbit but
first turns slightly medially and then turns quite sharply
in a dorsolateral direction. Finally, it turns ventrally
for a few millineters to enter obliquely the globe, medial

to the posterlior pole.

N. oculomotorius

The oculonotor nerve consists of several radicles
which arise from the ventral surface of the cereliresl
peduncle just lateral to the interpeduncular fossa.

It leaves the cranlial cavity and joins the trochlear,
ophthalmic and maxillary divisions of the trigeminal and
abducent nerves (Montané and Bourdelle, 1920; Kartin,
1923; Bruni and Zimmerl, 1951; and Sisson and Grossman, i
1953). il

Martin (1923) describes 1t as similar to the horse,
whereas Ellenberger and Baum (1943) indicate its simi-
larity to the ruminants.

According to Winclkler (1936) the oculomotor nerve
divides into dorsal and ventral branches in the orbital
cavity. The former innervates the rectus dorsalis and

the levator palpebrae superioris muscles. It reaches the

levator palpebrae superloris muscle after perforating the




rectus dorsalis. Both the ventral and dorsal surfaces
of the rectus medlalis muscle recelve fiberg from the dor-
sal branch of the oculomotor nerve. The frontal nerve also
sends some branches to these muscle. These branches come
from the same branch which pass to the obliquus dorsalils
and reach the dorsal surface of the muscle. Some fibers
enastomose before reaching the muscle with branches of the
oculomotor nerve, meanwhile other fibers reach the muscle
alone. The ventral branch 1s larger and longer than the
dorsal one and suppllies the rectus medialls, rectus ven-
tralis, and obliquus ventralls muscles. It also gives
notor fibers to the clliary ganglion.

The ventral branch of the oculomotor nerve also
innervates the ventral oblique muscle. The nerve runs
on the lateral margin of the rectus ventrallis muscle
before entering the ventral oblique. Winckler (1936)
dissected the orbital cavitles of an adult pig and some
foetl without finding remarkable variations. He concludes
that the double (motor and sensory) innervation of the
extrinsic muscle of the eye can be easlly examined in the
plz. The proprioceptive fibers reach these muscles through
trigeminal tranches. The motor nerves reach, with few
exceptions, the orbital muscles on thelr dorsal surface

and the sensory nerves on their ventral surface. He also




describes a connection in Sug scrofa between the trochlear
and opnthalmic nerves.

Kovdcs and Fehér (1958) assert that the N. oculo-
motorius does not contribute to the innervation of the M.
retractor bulbi.

Prince et al. (1960) report that the oculomotor nerve
lies a little below and lateral to the ophthalmic nerve
within the orbitorotundum foramen where 1t bifurcates.

Its dorsal division further divides to innervate the
superior rectus and levator palpebrae superioris muscles.
The larger inferior division drops to the infralateral
aspect of the optic nerve to innervate the medial rectus
muscle. Another drops to the inferlor rectus nmuscle

below. The largest branch passes forward and shortly

the motor root passes from it to the cilliary ganglion.
These motor nerves to the clliary ganglion gain access

to the globe via the short ciliary nerves. The oculomotor
branch now turns to the lateral edge of the inferior rectus
nuscle and then continues forward to innervate the inferior

oblique muscle.
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Ganglion ciliare

Szdkall (1902) describes the Ganglium ciliare as
located 1 cn. from the division of the N. oculomotorius.
Four to five nerve fibers which arise from the long branch
of the N. oculomotorius constitute the motor root. These
fibers may be confused with the sensory root because the
sensory fibers are not only located cranially butlalsd‘
ventrally to the ganglion. The location of the ganglion
1s only confusing in this aspect because the N. oculo-
motorius is covered by the sinus venosus orbitalis.

Mobilio (1912) states that there are two ophthalmic
genglia. One 1s small but well distinct and recelves the
sensory root from a branch of the superior maxillary nerve
and the motor root from the small pathetic nerve (Ramus ven-
tralis of the N. oculomotorius). The other ganglion is less
,‘ developed and 1s united with the first one by a small twig.
It 1s placed at the level of the second curvature of the
optic nerve. It also recelves the motor root from the small
pathetic while the sensory root is furnished by the nasopal-
pebral nerve. The presence of three ophthalmic ganglia were
observed in one specimen. The first was attached to the
small pathetic and recelived the sensory root from the

superlor maxlllary nerve whereas others received the sensory




root from the nasopalpebral nerve. The motor root for the

second and third originated from the small pathetic.

Nervus trochlearis

The trochlear nerve arises from the anterior medullary
velum Just behind the anterior cerebellar peduncle, curves
outward and forward and plerces the tentorium cerebelli.

According to Ellenberger and Baum (1943) it resembles
that of the ruminants.

It leaves the cranial cavity along the ovhthalmie,
end maxillary divisions of the trigeminal, abducent, and
oculomotor nerves through the foramen orbitorotundum
(lontané and Bourdelle, 1920).

Bruni and Zimmerl (1951) describe the trochlear nerve
as coursing in assoclation with the ophthalmic branch of
the trigeminal and the oculomotor nerves. DBefore entering
the dura mater the nerve sends off branches to the ten-
torium cerebelll.

According to liobilio (1910) as referred to by lMobilio
(1912) and Bruni and Zimmerl (1951) the trochlear nerve
gives off, in the intrameningeal portion, another branch,
the recurrent accessory of the tentorium cerebelll.

Winckler (1936) writes that the trochlear nerve enters
the obligquus dorsalis muscle on the dorsal surface of 1ts

posterior third.
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On the other hand, Law (1956) relates that the
trochlear nerve enters the orbital surface of the dorsal
4 oblique muscle at approximately the Jjunction of the pos-

terior and middle thirds and divides into three branches.

From these, a short trunk supplies the posterlior third
and tendon of origin, while the remaining two pass an-
teriorly.

The trochlear nerve reaching the cranial border of
the dorsal oblique muscle is described by Baptista (1944)
whereas, Prince et al. (1960) describe it as coursing
outside of the extraocular muscle cone to enter the

superior oblique muscle at i1ts supralateral edge.

N. trigeminus

The trigeminal nerve emerges from the lateral aspect
of the pons and consists of two roots = the sensory and
motor. It bears the large Ganglion trigeminale and
divides into three nerves.

The ophthalmic nerve is the smallest of the three
branches and glves off the lacrimal, frontal and naso-
ciliary nerves.

The second division of the trigeminal nerve, the
maxillary nerve, 1s much larger than the ophthalmic. It

extends forward in the pterygopalatine fossa and continues
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in the infraorbltal canal as the infraorbital nerve.

The mandibular nerve arises from the trigeminal
ganglion and also receives the motor root of the tri-
geminal nerve. It gives off the following nerves: mnas-
seteric, buccinator, pterygolds, auriculotemporal, man-
dibular alveolar and lingual.

Ellenberger and Baum (1943) and Sisson and Grossman .
(1953) state that the lacrimal nerve resembles that of
the horse. In the horse, according to the latter authors,
it runs forward on the rectus dorsallis and the levator
palpebrae superioris muscles and ramifies chiefly in the
lacrimal gland and the upper eyelid. A branch, R.
zygomaticotemporalis, exchanges twigs with the zygomatic
branch of the maxillary nerve, perforates the perlorbita
and emerges from the orbital fossa behind the supra=-
orbital process. It forms a plexus with branches of the
auriculopalpebral and frontal nerves, and ramifies in the
skin of the temporal region.

Prince et al. (1960) mention that the lacrimal nerve
quickly divides into two branches and they both travel
supralaterally between the orbltal venous sheath and the
reriorbita to enter the lacrimal gland and some branches

pass into the upper eyelid.
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The dorsal oblique muscle recelves a branch from the
frontal nerve (Winckler, 1936 and Bruni and Zimmerl, 1951)
whose fibers come from an anastomosis with the oculomotor
nerve (Bruni and Zimmerl, 1951).

The frontal nerve also sends off branches to the
dorsal rectus and levator palpebrae superioris muscles
(Winckler, 1936). - T

The frontal nerve resembles that of the ox, emerging
from the orbit below the supraorbital process (llartin,
1923; Ellenberger and Baum, 1943 and Sisson and Grossman,
1953).

According to Chauveau and Arloing (1891) the palpe-
bronasal branch anastomoses with a motor nerve of the eye
on the deep face of the lateral rectus muscle.

Chauveau and Arloingz (1905) relate that the palpe-
bronasal ramus of the ophthalmic nerve gives off several
twlgs to the eye muscle and anastomoses with a motor nerve
on the deep surface of the external rectus muscle.

The nasociliary nerve is relatively large (llartin,
1923 and Ellenberger and Baum, 1943) and sends off numerous
filaments to the ocular muscle (liontané and Bourdelle, 1920
and Sisson and Grossman, 1953).

The maxlllary nerve leaves the cranial cavity through
the great sphenoidal slit (Chauveau and Arloing, 1891).
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Prince et al. (1960) state that the ophthalmic nerve,
which 1s the superior and the smallest of the three main

branches of the trigeminal nerve, takes a superior position

in the orbitorotundum foramen and, before emerging from it,
glves off the frontal nerve dorsally. Initially the frontal
nerve lies along side the lacrimal nerves which pass above
the venous sheath next to the periorbita. For most of 1its
intraorbital course the frontal nerve lies above the superior
rectus muscle until it divides. It divides before arriving

below the superior orbital rim. It contributes to the

innervation of the upper 1lid and then passes on to the
fdrehead where 1ts several branches disperse. The pig
does not have a nerve passing through the frontal foramen
but the distribution of the frontal nerve obviously com-

pensates for the lack of a supraorblital nerve. The

latter name might have been retained for what we have

called the frontal nerve but, as in the cow, in view of

its course, the term "frontal'" seemed more adequate.
Before leaving the orbitorotundum foramen the ophthalmic
nerve gives rise to two long clliary nerves. The first |
of these passes into the retractor bulbi muscle from '
which it recelves small sensory branches. It then leaves “

the muscle to lie in contact with the dorsomedial surface

of the optic nerve and finally it enters the globe close i
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to the entrance of the optic nerve. The second long
cllliary nerve also enters the retractor bulbi muscle

for a brief part of 1ts course, but more anteriorly it
lies on the lateral surfece of the optlc nerve, retalning
this position as it entérs the globe. The next branch of
the ophthalmic (now nasociliary) nerve, which slso

leaves it within the foramen, is the sensory root. This
travels forward and drops slightly to join the ciliary
ganglion which lies close to the optic nerve at its infra-
lateral aspect. Several small short ciliary nerves leave
the ganglion end travel anteriorly upon the surface of the
optic nerve until they enter the globe.

The nasociliary nerve now advances within the orbit
beneath the superior rectus and superior obligue muscles.
While beneath the latter it divides into the ethmoidal
and infratrochlear nerves. The former emerges from be-
neath the superior obligue muscle and then passes through
the ethmoidal foramen close by. The infratrochlear nerve
travels anteriorly at the inframedial edge of the superior
oblique nuscle and soon divides into two or three branches.
They pass into the upper eyelld and also contribute to the
innervation of the forehead.

According to Chauveau and Arloing (1905) the superior

mexillary nerve penetrates, almost lmmedlately after its
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exlt from the cranial cavity the superior dental canal.

=T

The staphylin branch (sphenopalatine nerve of Sisson and

AT A

Grossman, 1953) courses ventrally to the maxillary tuber-

LT

osity where it divides into several branches: one passes

i =

into the staphylin sulcus and constitutes the posterior

palatine nerve, others constitute the middle palatine

nerve and one branch penetrates the palatine canal as the o
anterior pvalatine nerve. The infraorbital branches are
relatively large and terminate in the superior 1lip and

snout.

Mobilio (1912) reports that, from the superior
maxillary nerve, behind the origin of its orbital branch,
originates a branch that courses on the lateral rectus
muscle. Although it divides into several twigs the
majority of them unite with the small pathetic and to-
gether reach the small pathetic muscle and first
ophthalmic ganglion. The branch of the superior maxil-
lary nerve to the small pathetic and ophthalmic ganglion
sends off in some cases a slender twig which courses on
the lateral rectus and after a long course ends in the
small pathetic nerve and small oblique muscle.

Montand and Bourdelle (1920) affirm that the maxil-
lary nerve gives off an orbital branch and the nasal nerve
from its dorsal surface. From 1ts ventral surface the

nerve gives off the staphyline and palatine branches. The
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sphenopalatine branch of the maxillary nerve passes at
once below the maxillary tuberosity, where it divides
into several rami: one, entering the palatine flssure,
forms the posterior palatine nerve; the other passes
into the palatine arch at various distances, to consti-
tute the middle palatine nerves; some of them even enter
the palatine canal with the anterior palatine or palato=
labial nerve.

The maxillary nerve, as described by Winckler (1936),
sends off, by way of its orbltal branch, twlgs to the
lateral surface of the lateral rectus, ventral rectus
and ventral oblique muscles while the lateral nerve also
gives off branches which pilerce the surface of the lateral
rectus muscle. The retractor bulbli muscle receilves branches
coming from the nasal and lacrimal nerves. They reach the
nuscles on the dorsal and lateral surface, respectively.

The nasal nerve, then bifurcates into internal nasal
and external nasal nerves and sends off three or four
twlgs which penetrate the medial surface of the medial
rectus muscle.

Winckler (1936) states that the ventral rectus muscle
receives motor innervation on its dorsal surface and the
superior maxillary nerve sends off fibers which enter its

ventral surface. One of the superior maxillary nerve
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branches reaches the posterior third of the muscle. A
second branch reaches the middle third and a third branch
reaches the posterior third of the muscle. Finally
several slender branches reach the cranial third.

According to Ashton and Oxmard (1958) the maxillary
and ophthalmic divisions of the trigeminal nerve leave
the cranial cavity, each being within its own sheath of
connective tlssue, with the maxillary division lying
lateral to the ophthalmic. The maxillary then passes
forward on the orbital floor. The zygomatic nerve arises
from the maxillary trunk and passes laterally through
the periorbital fascia to supply the area of skin near
the outer canthus. A fine filament connects the zygo-
matic and lacrimal nerves. In one of the dissected pigs
the zygomatic nerve separated from the maxillary trunk
in the sphenopalatine fossa, passing subsequently into
the periorbital fascia through a spiral opening. In all
other instances, the zygomatlic branch separated from the
main trunk after it had entered the orbit. In three
specimens the zygomatic nerve was dlvided into two dis-
tinct filaments, while in a further two dissectlions it was
split into three filaments.

Ashton and Oxnard (1958) also report that the infra-

orbital nerve, after entering the orbit, gives off two or

s




W'
17

three posterior superior dental fllaments which pass into
fine canals in the maxillary tuberosity. More anteriorly,
the lablal division glves off a number of fine middle
superlior dental nerves. In all specimens, an anterior
superior dental nerve passed laterally into a bony canal
in the maxilla to supply the anterior teeth. In nine of
the ten dissections of the plg, the middle and anterior-
superior dental nerves arose from the lateral slde of the
undivided infraorbltal nerve as it traversed the infra-
orbital canal. In the tenth specimen, these branches
arose from the labial division. The infraorbital nerve
splits into nasal and labial divisions while passing
through the exceptionally long infraorbital canal. The
nasal division is much bigger than the lablal. In nine
of the ten specimens of plg there was no primary sub-
division of the infraorbital nerve, the entire trunk
apparently corresponding to the nasal division. In the
tenth specimen, a lablal division, much smaller than the
nasal, separated from the lateral side of the infraorbital
nerve as thls traversed the infraorbital canal.

Ashton and Oxnard (1958) further report that the
nasal division of the infraorbital nerve splits into a
small superior and bigger inferior nasal branch. The

former ramifies on the dorsum of the snout, some of its
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twlgs reaching the extreme anterior end. The inferior
nasal branch divides into superficlal and deep bundles.
The superficlal bundle glves twlgs to the anterlior region
of the upper 1lip. The deep bundle is distributed to the
nasal vestibule. After emerging onto the face, the lablal
division splits into two small branches which supply an
area of skin on the posterior part of the upper lip near
the angle of the mouth. They receive one or two fine fila-
ments from the faclal nerve. The most anterior twigs of
the superior nasal branch supplied both the rim and the
upper part of the anterior surface of the disc-like ending
of the snout, the remainder ramifying on the surface of
the snout. In the nine specimens lacking in a labial
division, a few filaments of the superficlal bundle of
the inferior nasal branch passed posteriorly to supply
the skin behind the angle of the mouth. In all ten
dissections, the deep bundle of the inferior nasal branch
divided into three: one group of fibers supplied the
inferior part of the surface of the dlsc, another 1its
internarial part, while a third was distributed to the
area of the snout lateral to the nares, some of its flbers
reaching the vestibule of the nose.

According to Prince et al. (1960) the maxillary

nerve emerges from the orbitorotundum foramen as the
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infraorbital nerve. Thls 1ls because the sphenopalatine
has already branched from it ventrally. The infraorblital
nerve is extremely thick and lies Just below the orbit,
advancing to the maxillary foramen. By comparison the
sphenopalatine nerve is very small. The latter maintains
a course ventral to the maxlllary nerve, and later turns
slizhtly medially to enter the sphenopalatine foramen. -It
has one branch, the palatine nerve, which passes from it
ventrally and enters the palatine canal to reach the hard
and soft palates. There does not appear to be a minor
palatine nerve present. The sphenopalatine ganglion lies
on the upper surface of the sphenopalatine nerve. There
are usually three zygomatic nerves wlthin the orbit, coursing
close together, and these may arlise from the maxillary
nerve individually, or as a single branch dividing later.
They also course outside of the venous sheath and disperse
in the lower eyelid and the region of the lateral canthus.
A falrly full picture of what appears to be sensory
nerves passing from the extraocular muscles to various
branches of the fifth nerve was observed in the pig. These
small nerve fibers were traced from the superior oblique
muscle to the frontal nerve. The nasoclliary nerve re-
celves fibers from the superior rectus, the medial rectus,

and the retractor bulbl muscles. Two or three more fibers
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from the retractor bulbi join one of the long ciliary
nerves. Finally a nerve branch from the motor nerve that
serves the inferior oblique muscle receives a group of
very flne nerves from the lateral rectus muscle. This
branch then passes out of the orbit to join the maxillary
nerve dorsally Just anterior to the orbitorotundum for-
amen. This therefore appears to be a route for the sen-
sory fibers from the inferior oblique, the lateral
rectus, and probably the inferior rectus muscles, those
from the inferior oblique muscle passing within the motor
nerve initially. |

The mandibular nerve emerges from the cranial cavity
through the foramen ovale according to lMontané and Bourdelle
(1920). vhile Martin (1923), Ellenberger and Baum (1943)
and Sisson and Grossman (1953) state that the nerve
emerges through the foramen lacerus anterius.

Chauveau and Arloing (1905) mention the inferior
maxillary nerve as dividing in the inferior dental canal
in several branches which leave the varlious mentioned
foramina. Relatlive to the innervation of the parotid
gland the authors refer to the report of Moussu (1889).

The superficial temporal nerve sends off, according
to loussu (1889), a branch - the superior parotid nerve -

to the parotid gland which detaches from the former
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dorsocaudally to the mandibular articulation and dorsally
to the faclal nerve and reaches the medlal surface of the
parotid gland. Another branch, the inferior parotid
nerve, comes from the mylohyoid nerve and divides into
two branches. The smallest one runs on the maxillary
groove with the mandibular duct and the largest is a
satellite to the mylohyold artery and crosses laterally °
the inferlor branch of the facial nerve, reaches the
mandibular duct and pierces on the medlial surface of the
parotid gland.

According to lNontané and Bourdelle (1920) the man-
dibular nerve traverses the structure of the pterygold
muscle, enters the inferlor dental canal and terminates
by the mental nerves which pass through several mental
foramina to ramify in the lower lip. The mandibular
nerve glves off the followlng branches: masseteric and
buccal nerves which reach the masseter muscle, buccinator
muscle and the molar glands, respectively; deep temporal
branches to the temporal muscle; lingual nerve which runs
between the pterygold muscle and the pharynx and reaches
the lateral surface of the tongue beneath the mucous
layer and along the inferior border of the suverior lobe
of the sublingual gland. It sends off two branches to

the gland and penetrates laterally into the tongue, between
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the genloglossus and basioglossus muscles. The chorda
tympanl comes off the lingual nerve at the level of the
sublingual gland and then turns back to the submaxillary
gland following the mandibular duct. The mandibular
nerve also gives off the pterygoid nerves to the ptery-
gold muscle. Finally the mandibular nerve gives off the
superficial temporal nerve which turns around the man-
dibular articulation and wlll contribute to the formation
of the subzygomatic plexus. In the mandibular canal the
nerve sends off strong dental branches to the molar,
canine, and incisive teeth.

Schumacher (1904) states that the M. depressor
mendibulae is constituted by only one belly which is
innervated by the N. mylohyoideus. There is an anasto-
mosis, as in other animals, between the N. mylohyoideus
and the N. faclalls at the level of origin of the branch
to the M. depressor mandibulae. The lateral cutaneous
branch of the N. mylohyoideus anastomoses with the IN.
facialis and terminates in the skin of the region. The
medial cutaneus branch continues as the R. submentalis
and innervates the skin of the nental regilon. In some
casés it may reach the lower lip. The anastomotic branch
of the N. mylohyoldeus to the lN. faclalis may be con=-

sldered as a sensory nerve and 1s similar to the other
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connecting branches of the N. trigeminus with the N.
faclalis.

The mylohyold nerve has also been studied by Sauer
(1956-57). He points out that the nerve detaches from
the alveolar mandibular nerve before the penetration of
the latter in the mandibular foramen. The mylohyold nerve
lies on a sickle-shaped bony groove (sulcus n. mylo- . .*
hyoldeus) which extends from the border of the mandibular
foramen to below the caudal border of the pars aboralis
of the mylohyold muscle. The groove 1s approximately
L em. long. In this groove the nerve runs in an oroventral
direction between the medial pterygoid muscle and the
mandible. Then 1t passes along the pars aboralis of the
mylohyold muscle and the bone and soon gives off a strong
branch which extends between the digastric muscle and
mandible in the direction of the ventral facial branch.
This branch corresponds to the lateral branch of Schumacher
(1904). A similarly strong branch continues on the dorsal
border of the digastric muscle in an oral direction and,
therefore, would possibly correspond to the medial branch
of Schumacher (1904). From this dicotomic branching, two
small branches arise. One branch extends laterally to
the digastric muscle. Before this branch enters the

muscle 1t divides into several fine twigs. Therefore,
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the assumption of Schumacher (1904) that the digastric
muscle would be supplied by the mylohyold nerve 1is
correct. The other branch extends medially to the aboral
portion. The remaining trunk extends further between the
oral portion of the mylohyold muscle and the mandible

to the ventral angle and, according to Schumacher (1904),
also reaches the lower 1lip.

The perlipheral connections between the lingual and
the hypoglossal nerves have merited speclal study by
Fitzgerald and Law (1958). According to them the most
complex form of lateral lingual-hypoglossal connection
was found in the adult pilg. In this animal the issuing
fibers enter the tongue along the whole length of the
styloglossus and inferior longitudinal muscles beyond
the hyoglossus. A medlal lingual hypoglossal connection
was constantly present in the tongue of the pig. This
connection is formed by the union of one or more branches
of the lingual nerve with fibers of the medial division
of the hypoglossal. In the plg, both proximal (among
the lateral fibers of the genioglossus) and distal (near
the tip of the tongue) connections were found.

The course of the inclsive nerve in the plg was
studied by Wedgewood (1962) in four, 7-week old pigs.
Each individual incisive nerve gave off four branches:




—

25

(1) a large, superficial, mucosal branch, piercing the
anterior surface of the mandible, traced as far as the
submucosa (an overlapping of innervation of contralateral
nerves occured in submucosa adjacent to the first two
inclisor teeth); (2) a small branch to the pulp of the
declduous teeth; (3) a small branch to the periodontal
membrane of the deciduous teeth; and (4) a periodontal . *
branch. The nerve passed medially to the root of this
tooth (giving off branches to the follicle) and then
passed through the follicle, agaln entered the bone on
the medial wall of the crypt, and terminated in the peri-
odontal membrane of the deciduous tooth.

According to McClure and Garrett (1966) the nomen=-
clature of the ophthalmic nerve in domestic animals as
it exists in current textbooks is confusing, particularly
for ruminants (ox, sheep, goat) and the pig. The con=-
fusion arises primarily from the fact that in the rumi-
nant, plg and sometimes the horse, the ophthalmic and
maxillary divisions of the trigeminal nerve emerge from
the cranial cavity as a common trunk through one opening,
the foramen orbitorotundum. In man and other common
domestic animals (dog, horse) the ophthalmic and maxil-
lary nerves emerge through the orbital fissure and round

foramen, respectively. Nomenclature based on comparable
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areas of nerve distribution dictates that the following
terms in Nomina Anatomica (1960) should be utilized. The
term lacrimel nerve is applied only to the branch dis-
tributed to the lacrimal gland and occasionally a very
small area of skin related to the gland. The term
zygomaticotemporal nerve is applied to the branch dis-
tributed to the horn and skin between the eye and the-
horn in ruminants, and a corresponding area in the horse
and plg. This nerve has been commonly referred to as the
lacrimal nerve. The term zygomaticofaclial nerve 1is
applied to the branch(es) distributed to the skin ventral
to the lateral palpebral commissure. It is difficult to
delineate the zygomaticotemporal and lacrimal nerves at
their origin because they commonly arise as a common trunk,

which sometimes even includes the frontal nerve.

Ganglion submandibulare

Catania (1924) describes the submaxillery ganglion
as presenting the shape of a small node of 4=5 mm. in
length and 1-1.5 mm. in diameter. It is in relation
to the medial surface of the grandicanalarlis sublingual
gland (ventral portion of the sublingual gland),
laterally and the hyoglossus, nmedlally. The afferent
rami, numbering seven to ten, are slender and

present a variable length, according to the distance
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between the ganglion and the linguel nerve. They origl-
nate from a segment of the nerve and, coursing rostro-
caudally and dorsoventrally, reach the rostrodorsal pole
of the ganglion. The efferent raml distribute to the
submaxillary gland, Wharton's duct and sublingual gland.
Thelr number varies from two to four. From the caudo-
ventral pole constantly emerges a thick efferent branch -
which courses caudoventrally, passes underneath the
stylohyoid ligament and reaches the hylus of the submaxil-
lary zland in which it penetrates. It establishes a close
relationship along its course with the posterior portion
of the grandicanalaris sublingual gland and Wharton's
duct glving off twigs to both and finally, before reaching
the submaxillary gland, divides into several branches
which penetrate the hylus of the gland. Another coarse
branch which is not always present detaches from the
caudoventral pole of the ganglion and ramifies in the last
portion of the Wharton's duct and to the lower extremity
of the grandicanalaris sublingual gland.

According to Brunl and Zimmerl (1951) the subman-

dibular ganglion is a single one.

Ganzlion pterygopalatinum

Witmer (1925) reports on the maxillary nerve and

sphenopalatine ganglia. He points out that the N.
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maxillaris 1s very strong as well as the lN. infraorbitalis
because of the great development of the snout. Five to
elght Ganglia sphenopalatina are covered by the M. infra-
orbitalis.

If one cuts and reflects cranially the N. infra-
orbitalis then the ganglia of the N. sphenopalatinus are
exposed. Approximately 1 cm. cranial to the division of
the N. maxillaris in its terminal branches and medial to
it are the most caudal ganglia. The ganglia are arranged
in a chain directed dorsally and rostrally which separates
more and more from the dorsal side of the M. spheno-
palatinus. The ganglia are located close to the bone
at the angle formed by the maxillary, lacrimal and or-
bital portions of the frontal bone. The chain is 2 cm.
in length and the most cranially located ganglion is
1l cm. dorsal to the N. sphenopalatinus. Each ganglion
is about 2.5-3.0 mm. The limlits of each ganglion are not
sharply delineated, however, thelr grey-reddish color makes

then outstanding.
N. abducens

The abducent nerve emnerges from the ventral surface
of the medulla oblongata Just caudal to the pons and
lateral to the pyramid. It leaves the cranial cavity

in association with the oculomotor, trochlear, ophthalmic
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and maxillary nerves. In the orbital cavity the nerve
divides into two short branches which penetrate the
lateral rectus and retractor bulbi muscles.

According to Martin (1923) it resembles that of the
horse.

Winclkler (1936) states that the abducent nerve
reaches the lateral surface of the retractor bulbi
muscle, and the medial and lateral surfaces and also
the dorsal border of the lateral rectus muscle.

Ellenberger and Baum (1943) affirm that the MN.
abducens supplies only the lateral and dorsal portions
of the retractor bulbi muscles, the rest being supplied
by the N. oculomotorius.

Kovdces and Fehér (1958) report that not only the H.
rectus lateralis but also the Ii. retractor bulbi is in-

nervated by the N. atducens.
N. faclalis

Chauveau and Arloing (1891) deseribe the facial
hnerve as dividing beneath the parotid gland into several
branches, of which there are three principal ones. One
of these branches is directed upwards and passes in front
of the ear, this i1s the smallest. The second proceeds
forward, crosses the masseter muscle hear the zygomatic

Process, unites with the inferior branch and is expended
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among the suborbital branches of the superior maxillary
nerve. The third passes downward and forward, under the
parotid gland, arrives in the intermandibular spvace, is
inflected in front of the masseter muscle to become
superficlal and terminates wilth the middle branch. Towards
the maxillo-labiales muscles, this inferior branch gives
off a ramuscule (twig) to the lower lip.

Chauveau and Arloing (1905) state that the facial
nerve, beneath the parotid gland and after giving off
the auricular nerves and the nerves to the occipto-hyoideus,
stylo=-hyoldeus and digastric muscles, terminates into the
temporo-faciel and cervico-facial branches. The former
anastomoses with the superficial temporal nerve, crosses
the masseter nuscle and mixes with the infraorbital
branches. The cervico-facial branch courses dorsoventrally
and caudorostrally under the parotid gland, reaches the
intramaxillary space and turns in front of the masseter
muscle. It courses along the anterior border of the mas-
seter muscle and reunites with the temporo-facial branch
before the latter glves off the anastomotic twigs to the
infrzorbital branches. The cervico-facial branches also
furnish, at the inferior border of the buccinator muscle,

a branch which reaches the inferior 1lip.
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According to lMontané and Bourdelle (1920) the sub-
zygomatlic plexus constitutes a small fascicle dis-
soclated in secondary branches. It is constituted by
the superficial temporal nerve and by the main portion
of the faclial nerve. They energe separate from each
other, underneath the preparotid lymph node to soon join
in a common flat band. This band crosses the surface .of’
the masseter muscle near the superior third. It soon
bifurcates into two main branches, one superior and the
other inferior, which Join the termination of the superior
and inferior maxillary nerves. Toward the anterior
border of the masseter muscle the divisions of the plexus
anastomose with an important branch from the facial nerve.
The latter descends underneath the anterior border of
the parotid gland, running along the posterior border
of the mandible, reaches the mandibular space and then
bends on the late;al surface of the head along with
Stenon's duct. This nerve represents the true inferior
branch, or cervico-facial branch, of the facial nerve.
That which passes on the surface of the masseter muscle
1s the temporal branch.

Martin (1923), Ellenberger and Baum (1943) and
Sisson and Grossman (1953) describe the inferior buccal

nerve as passing downward and forward under cover of the
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parotid gland and accompanying the parotid duct, with
which it turns around the lower border of the Jaw in
front of the masseter muscle.

Martin (1923) and Ellenberger and Baum (1943) further
state that the inferior buccal nerve releases severzal
fiters which form a plexiform arrangement with the dorsal
buccal nerve.

According to Nikolai (1954) the N. facialis first
givés off two branches which course caudally to the ear
and are denoted as Rr. retroauricularis I and II. The
R. retroauricularis I is a slender branch which runs dor-
sally with R. retroauricularis II and innervates the third
layer of the ear muscles. DBefore entering these muscles
it gives off, between the Pars auris and the M. cervico-
auricularis posterior medius, branches to the dorsal sur-
face of the conchal cartilage where they innervate the IMm.
transversi et obtliquli and M. antitragicus (Pars marginalis
of the lMm. transversi et obligui). The R. retroauricularis
II is placed caudally to the R. retroauricularis I and
courses toward the second layer of niuscles where it
remifies. A more considerable branch, however, courses
rostrally and gives off a twlg to the M. cervicoauricularis
anterior medius. The branch then appears below the conchal

insertion of the first layer of the muscles. From
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here it penetrates and innervates the lM. helicls retro-
auricularis and its fibers terminate in the M. mandibulo-
auricularis. From this branch a small twig is detached
and anastomoses with twigs of the R. temporalis which
innervates the M. auricularis anterlor superior. From
the main trunk of the R. retroauricularis II twlgs are
detached to both sides of the second layer. One of these
twigs turns around the M. cervico-auricularis anterior
medius and is distributed in the first layer.

The R. temporalis and R. zygomatico-orbitalis leave
the main trunk of the N. faclalis together. The branches
that run dorsally correspond to the R. temporalls whereas
the branch which courses toward the canthus of the eye
constitutes the R. zygomatico-orbitalis. The most caudal
branch of the R. temporalis travels dorsally underneath
the three portions of the M. auricularis anterior inferior
and terminates in the M. trago-helicinus. The two other
branches anastomose freely with each other and also with
the caudal branch. The main portion of the middle branch
ends 1n the M. auricularis anterlior superior whereas the
rostral branch runs partially over and then under the
scutulum to reach the M. interscutularis. The R.
zygomatico-orbitalis also subdivides into two branches

which plerce the M. auricularis anterior inferior near
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the insertion and course partially medial and partially
over the M. frontalis. They also anastomose among them-
selves; the caudal branch anastomoses also with the R.
tenporalis. They glve off cseveral branches to the I.
frontalls and course as an arciform nerve around the
eye. Some of the branches run to the li. orbicularis
ocull and to the canthus of the eye. Two twigs travel-
dorsally to the M. superciliaris.

| The R. buccolablialis superlior courses rostrally
under the parotid gland. Two suall branches leave the
main trunk, course under the Platysma and innervate its
Pars buccalis. At the same level, a branch to the I.
zygomatico-lablalis is ziven off. The Pars palpebralis
and part of the lower 1lid also receive branches from the
BR. bucco-labialis superior.

The R. bucco=-lablalis inferior also courses under
the parotid zlend, at first ventrally and then around the
ventral border of the lM. masseter without any ramification.
Ventrocaudal to the labial commissure it divides into
two branches. The slencer branch 1s the one that con-
tinues in the same direction. It glves off branches to
the Pars mentalls and Pars orbiculeris of the li. buc-
cinator, ramifies on the Jjaw and innervates the . mentalis.

This branch could correspond to the R. marginalls mandibulae
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in Orycteropus. From the bifurcation, the other branch
courses dorsally, recelves the long anastomotic branches
from the R. bucco-lablalis superior and gives off branches
to the Pars profunda and Pars orbicularis of the M.
buccinator. Below the origin of the M. maxillo-lablalls
this branch anastomoses with the R. bucco-labialils
superior. These twlgs may traverse the M. zygomatico- -
labialls, however, they do not innervate this muscle.
The final common tract of the Flexus buccalls courses
rostrally under the M. maxillo-labialis. It gives off,
dorsally, three branches to the latter muscle and the M.
dilatotor nasi to finally ramify in the snout. The facial
fibers here are intimately united with trigeminal fibers,
however, the facial fibers to the M. naso-labialls pro-
fundus and M. naso-lablalis superficialis are very dis-
tinct.

Many of the branches that plerce the Parotis and
anastomose among themselves run toward the superficial

plane of the Platysma and are considered as R. colli.

N. vestibulocochlearis

The N. vestibulocochlearlis arises from the lateral
Part of the caudal border of the pons and resembles that
of the horse (Martin, 1923).
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The bibliographlical search revealed no particular
article with the exceptlon of the one above and no cita-
tions were found in standard anatomical textbooks concerning

the N. vestibulocochlearis in the pig.

N. glossopharyngeus

The glossopharyngeal nerve emerges from the lateral
aspect of the anterior part of the medulla. It leaves

the cranial cavity through the foramen lacerum posterior

in company with the tenth and eleventh nerves. The nerve
has a motor component to the stylopharyngeus muscle and
varotid gland. The sensory component constitutes the
larger portion and imnervates the taste budé of the pos-
terior third of the tongue and the pharynx.

According to liontané and EBourdelle (1920) the glosso-

pharyngeal nerve passes through the foramen lacerun
posterior, crosses the pharynx and 1s distributed to
the base of the tongue after giving off a small pharyn-
geal branch.

It resembles that of the horse (ilartin, 1923).

In a recent article, Frewein (1965) reports two
ganglia in the N. glossopharyngeus. Five to seven bundles
of the N. glossopharyngeus pass together with those of the

. vagus and N. accessorlius through a large opening in the
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dura mater and terminate in the spindle-shaped Ganglion
superior. Similarly, immediately outside the dura mater
the large Ganglion superior of the N. vagus 1s situated
and encloses directly the caudal and medial aspects of

the Ganglion superior of the N. glossopharyngeus. Very
little connective tlissue 1s found between both ganglia.
They appear to form a uniform node. In carefully pre- - ~
pared specimens they can be bluntly separated from one
another. The Ganglion superior of the . glossopharyngeus
was spindle-shaped in all pigs investigated and had an
average length of 2.3 mm. and a diameter of 1.2 mm. The
Ganglion inferius is situated far outside the jugular
foramen and in the posterior surface of the Pars tympanica
of the 0s temporale. It 1s light gray in color and like-
wise gpindle-shaped. Its average length is 5.5 mm. and
the diameter at the thickest place is 2 mm. In the pig
the two ganglia are relatively and absolutely farther apart
from one another than they are in the horse, sheep, goat,
rabbit, cat and bovine. The distance amounts to 17.5 mm.
in a plg with 30 Kg. body weight. The N. tympanicus

which detaches from the upper pole of the Ganglion in-
Terius runs along the medial border of the lN. glosso-
DPharyngeus toward the base of the skull and extends closely
below the jugular foramen in the tympanic cavity between

the Pars petrosa and Pars tympanica.



Chauveau and Arloing (1891) relate that the vagus
nerve joins the sympathetic trunk near the upper third
off the neck.

Chauveau and Arloing (1905) state that the pneumo-
gastric nerve presents a greylsh ganzlion the size of a
small pvea. It 1s located at the origin of the superior
laryngeal nerve. The segment preceeding the ganglion
1s constituted by two loosely related branches - one of
these terminates in the jugular ganglion and belongs to
the vagus nerve, the other i1s the internal branch of the
spinal nerve.

Accordinz to Montané and Bourdelle (1920) the vagus
nerve leaves the cranial cavity through the foramen
lacerum posterior in company with the internal branch
of the spinal accessory nerve. Thg union of the two
nerves is made at the level of a greyish intumescentia
called the plexiform ganglion of the vagus nerve. The
vagus nerve descends in the vicinity of the internal
carotid artery, then follows the common carotlid artery
in the neck and thorax. BEeneath the plexiform ganglion,
it joilns the cervical sympathetic trunk. In its guttural
course the nerve glves off the pharyngeal and superlor

laryngeal nerves. The pharyngeal nerve origilnates well
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above the plexiform ganglion and seems to come exclusively
from the internal branch of the splnal accessory nerve.

It constitutes a voluminous fascicle which 1is placed
craniocaudally on the lateral wall of the pharynx to the
beginning of the esophagus, where it becomes the superior
esophageal nerve. It is distributed, by means of numerous
branches, to the pharyngeal muscles. Those more anterior
join the pharyngeal ramification of the glossopharyngeal
nerve while a posterlior branch plerces the crico-thyroid
muscle. The superior laryngeal nerve arises at the level
of .the plexiform ganglion. After giving off a small
external laryngeal nerve to the crico-thyrold muscle it
penetrates the larynx under the anterlor border of the
thyroid cartilage.

Lesbre and Maignon (1907) have stated accurately the
anatomical disposition and demonstrated experimentally
that, in the pig, all that 1s motor in the vagus nerve
belongs to the internal branch of the spinal accessory
nerve.

In the neck region there are several connections be-
tween the N. vagus and N. accessorius. The N. depressor
1s divided and originates from two roots of the l. vagus
and N. laryngeus cranialls (lMartin, 1923 and Ellenberger
and Baum, 1943).



P L LR

Lo

Grau (1943) describes the Ganglium nodosum of the
Plg as belng well developed and located at the emergence

of the N. larynglcus cranialis.

. accessorius

Chauveau and Arloing (1891) state that this nerve
commences and terminates as in Solipedes. After being
inflected backward on the anterior border of the mastoid-
humeralis muscle it divides into two branches - a deep
and a superficlal. The first is confounded with a cer=-

vical nerve, near the intervertebral foramen through

"which the latter passes; the second goes to the trapezius

muscle in which 1t 1s expended.

Chauveau and Arloing (1905) state that the internal
branch of the spinal nerve fuses with the pneumogastric
nerve at the plexiform ganglion. Its external branch,
after being inflected rostrocaudally on the anterior
border of the mastold portion of the mastoid-humeralis
muscle, passes beneath the trapezold portion of the same
muscle to course attached to the deep surface of the
trapezius muscle.

According to Montané and Bourdelle (1920) the spinal
accessory nerve, after giving the internal branch to the

vagus, becomes the strong external branch below the
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foramen lacerum posterior. It is directed caudally,
gilves off an important branch to the sterno-mastoid
muscle and goes around the wings of the atlas to descend
in the neck beneath the mastoid-humeralis nmuscle and
trapezius mﬁscle in which it terminates.

The N. accessorius of lartin (1923) is essentially
the same as in the horse.

Bruni and Zimmerl (1951) write that the internal
branch of the spinal accessory nerve reaches the vagus

nerve more caudally in the pig than in the other animals.

. hypozlossus

According to Chauveau and Arloing (1891) and Chauveau
and Arloing (1905) the hypoglossal nerve is distributed
in the muscles to the tongue and also in the geniohyoid
muscle.

The hypoglossal nerve may present a small dorsal root
on which there is a minute hypoglossal ganglion (Sisson
and Grossman, 1953).

Luschlza (1856) describes the presence of a dorssl
oot provided with a ganglion in the pig and other aninals.
These observatlons were also confirmed by Vulpian
(1862) and Chiarurgl (1889). However, zccording to the
latter they disappeared during ontogenesis and were not

found in adults.
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Beck (1895), studying the dorsal root of the hypo-
glossal nerve in 58 species of mammals, including the
plz, confirms that the ganglion and the dorsal root exist
in a transitory condition in certain mammal embryos and
foeti and they persist in the adults, principally in
ungulates.

For Montané and Bourdelle (1920) the hypoglossal
nerve descends from the condyloid foramen on the lateral
surface of the pharynx and tongue to reach the lateral
interstice of this organ where it ramifies with the
lingual nerve. It recelves, in the guttural region, an
anastomotic branch from the first cervical pair. Towards
the base of the tonzue it glves off a distinet branch to

the genioglossus muscle.

Ganglion cervicale craniale

Chauveau and Arloing (1905) state that the Ganglion
cervicale craniale is long and fusiform. It gives coff

filaments to the vagus nerve and middle cervical ganglion.

—_— .
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MATERIAL AND METHODS

Eighteen pigs of both sexes and different breeds
were used. Eleven were embalmed according to the usual
procedure followed by the Department of Anatomy of Iowa
State University. The animals were first anesthetized
with pentobarbital sodium. After cannulation of the left
or right common carotid artery was accompliéhed. the'u
animals were bled through the cannula. Using the same
passage, the embalming solution, consisting of: 60%
1sopropyl alcohol, 4% formaldehyde, 6% liquid phenol,

2.5% corn syrup (507 water) and 27.57 water, was injected.
The embalmed animals were placed in a refrigerator for a
varisble period of days.

The head and part of the neck were cut off from the
rest of the body at the level of the third cervical ver-
tebra. The specimens were kept in the refrigerator between
dissections until such time as it became necessary to trans-
fer them into containers with a 5% formaldehyde solution.

The followlng dissection method was used:

1. Dissection of the superficlal lateral nerves - The
skin of the head and part of the neck was removed to ex-
pose the superficial nerves, nalnly the R. buccalis dor-
salls, R. buccalls ventralls, N. auriculopalpebralis and

thelr branches and plexuses. The dorsal portion of the
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parotid gland was then dissected as the N. auriculo-
temporalis of the N. trigeminus and the branches coming
off of the N. faclalis at the stylomastoid foramen were
identified. The orligins of the N. auriculopalpebralis,
I’'s auricularis posterior, N. auricularis internus, N.
digastricus and R. colli were noted and their patterns
recorded. The N. 1nfra6rbitalis, its branching, rami-
fication and connections with the branches of the N.
faclalis were observed. At the ocular region, several
fine twligs were dissected and their identificatlons post-

poned until the dissection of the orbital nerves was

accomplished. Finally, the nerves of the lateral mandibular

reglon were studied, such as the In. mentales and branches
of the BR. buccalis ventralis. The large plexus forned by
the latter together with the R. buccalls dorsalls and I.
buccalis was studied. After this last observation this
phase of the dissection was completed.

2. Dissection of the deep lateral nerves - In order
to extend the observations to the deep lateral nerves the
followlng procedure was necessary: the R. buccalls
dorsalls, R. buccallis ventralls and R. transversus
faclel were cut and reflected. The cutaneus faclel and
nasseter muscles were completely removed. The latter was

detached from its mandibular and zygomatic insertions.
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The zygomatic arch was removed with a hand saw. The mandible
was then disconnected from its medial muscular ilnsertions,
disarticulated from the temporal bone and was partially re-
moved by making a frontel section passing immediately in
front of the first molar tooth. In 4 specimens the N.
mandibularis alveolaris was followed inside the mandibular
canal which was exposed by chiselling fron the lateral side.
After removing a large amount of fat from the exposed area,
the N. lingualls, Chorda tympani, N. mandibularis alveolaris,
N. mylohyoldeus and the origin of the N. aurliculotemporalls
were observed. The connections between the N. mylohyoideus
and N. facialis éhd the inmnervation of the wventral portion
of the parotid gland were noted in this region. It was
necessary to partially remove the lateral pterygold muscle
to observe the origin of the N. buccalls, N. temporalis
profundus and lin. pterygoldei. The medial pterygoid muscle
was also partially removed to observe the course and distri-
bution of the N. hypozlossus end its relationship to the XN.
lingualis. At this point the course of the N. maxillaris as
well as the Rami alveolares maxillares posteriores could be
traced. 1In adult pigs the . palatinus minor was observed
at this stage, but in young animels, it was necessary to

renove the well developed maxillary tuberosity in order
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to observe the nerve. The N. maxillaris was then fol=-
lowed into the infraorbital canal. After dissecting
both sides of the head to the above point, it was sawed
longitudinally, along the median plane.

3. Dissection from the medial side of the head = The
dissection from this side started by removing the Mm.
longus capitis and longus collil so as to expose the
retropharyngeal region. The courses of the last four
cranlal nerves, in this region, were studied and their
relationship and branching observed. The Ganglion cer-
vicale craniale was exposed and 1ts branches ldentified.
From its dorsal pole, the large N. caroticus internus
was followed toward the base of the cranium. Here, the
medial wall of the foramen lacerum was removed in order
to obtain a complete view, not only of the penetration
of the N. carotlcus internus but also to observe the
exlt from the cranial cavity of the-N. vagus and N.
glossopharyngeus. The N. caroticus internus and its
ramifications were followed in the fibrocartilage that
covers the foramen lacerum. The dissection then pro-
ceeded toward the pharynx and larynx. The Flexus pharyngeus
was dissected and the Ramus lingualls of the N. glosso-

pharyngeus was plcked up plercing through the hyopharyngeus

muscle and followed until it penetrated the tongue. 1In

o o ‘.' e
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the larynx, the N. laryngeus cranizalis and N. laryngeus
candalls were dissected and their distribution and ter-
nination noted. Finally, the courses of the terminal
sezment of the N. hypoglossus and N. linguzllis were
dissected and their relationship and distribution in the
tongue studied.

4. Dissection of the nerves of the orbit - In order
to dissect the nerves of the orbit, it was necessary to
completely remove the temporal muscle and the external
ear. The brain was also removed and et this time the
apparent origins of the cranial nerves were studied. The
nerves of the orhit were approached fromn the dorsal as-
pect, initially. The mediz2l bony wall of the orbit was
removed with a Strycker saw. For this removal two frontal
sections were made: the first passed Jjust caudal to the
supraorbital foramen toward the anterior margin of the
optic foramen; the second passed from the occiptal hone,
followinz the petrosal crest, to the lateral portion
of the foramen laccrum. Using a bone chisel and a palr of
pliers, the apex of the orbit as well as the opntic canal,
orbitorctundum foramen and the anterior and lateral
portions of the foramen lacerum were opened, permitting
adequate room for dissection of the nerves. The first

to be followed was the iI. trochlearis which was dissected
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from 1ts penetration in the tentorium cerebelll to the
dorsal oblique muscle. The dissectlion of the Ganglion
trigeminale was made. Then the branches of the N.
ovhthalmicus were followed through the orbit and nasal
cavity as in the case of the N. ethmoidalis. Following

the dissection of the N. ophthalmicus, the proximal por-
tions of the N. oculomotorius and N. abducens were

studied. The study of the orbital nerves was then com-
pleted from a lateral approach in which the N. oculomotorius
and ll. abducens were dissected to thelr terminations. From
this side the branches of the N. maxillaris to the orbit
were seen. The Ganglion ciliare and its branches also
merited study from this side as well as from the dorsal side.

Photographs were taken throughout the dissection and
drawings were made from specimens which represented the
most frequently observed pattern.

The topograpnical anatomy of the cranlial nerves was
studied by way of transverse serial sections. 1In one
specimen, the head was cut from the body at the 3rd cervicel
vertebra and fixed to a square board. It was placed in a
freezing compartment about 72 hours. After the head
was frozen, slx transverse sections of approximately one
inch in thickness were cut. The sections were photographed

and then fixed in 107 formaldehyde solution and later




dissected. The positions of the nerves and other structures

were determined in the photographic prints which were re-
touched to better demonstrate the nerves and associated
structures. In order to more easlly dissect the intra-
osseous courses of the N. trigeminus, N. facialis, N. vesti-
bulocochlearlis, N. glossopharyngeus and N. vagus, four
specimens were decalcified in a 203 hydrochloric acid - ~
bath for about 45 days. For this, the heads were sawed
along the median plane, the mandible was removed and a
frontal section separating the cranium from the face was
made. Only the plece contalning the segments of the

nerves under conslderation was dropped into the decalcifying
solution. The bones, belnz softened, allowed easier dis-
section. The nerves became nore firm and resistant to
traction during the dissectilon.

Two heads were obtained from specimens used by the
Department of Anatomy in gerontological studies. The fol-
lowing structures, taken from the two heads, were studied
histologically: G. ciliare, G. oticum, G. pterygopalatinum,
G. submandibulare and N. lingualis. The tissues were fixed,
embedded and cut in the usual manner and stained with hema-

toxylin and eosin and Weigert-Heidenhain-Van Gieson stain.
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In. olfactorii

The study of the origin, course and distribution

of the Iin. olfactorii as well as the extension and

limits of the olfactory mucosa i1s being made separately

involving both the microscopic and macroscopic aspects.

N. opticus

The optic tracts joined together to form the optic
chlasm and from it the . opticus arose. After a short
course 1t traversed the optlc canal and foramen to reach
the apex of the orbital cavity. At the orbital cavity
the N. opticus was surrounded throughout the course by
the cranlzal meninges. It ran at first dorsolaterally
then bent slightly dorsoanteriorly to reach the eyeball.
The II. ovticus was related to the rétractor bulbl muscles
and, on its dorsal aspect, with the ophthalmic artery
and the cillary nerves. Laterally it was crossed by the
N. oculomotorjug. The G. ciligre was placed on its
ventrolateral surface, at its proximal curvature in the

orbit. The Ganzlion cillare accessorius, when present,

was located on the dorsolateral surface of the !l. opticus,

2l ®
—_—

at 1ts distal curvature.
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N. oculomotorius

The . oculomotorius (Figures: 3/33, 7/33 and

8/12) was the largest of the nerves to the extrinsic
muscles of the eye. It emerged on the ventral side of
the cerebral peduncle, at the border of the inter-
peduncular fossa, and coursed forward and outward to
perforate the dura mater at the ventral attachment'of
the tentorium cerebelli, ventrally to the tentorial

segment of the N. trochlearis. The N. oculomotorius

left the cranial cavity through the orbitorotundum for-

amen in company with the N. maxillaris, . ophthalmicus,

N. abduceng, and li. trochlearis. At the orbital apex it

was related medially with the N. nasoclliaris and divided
into the R. dorsalis and R. ventralis. The site of
bifurcation was variable. lMore often i1t occurred before
the nerve had reached the oculi muscles, whereas in other
instances, the division took place at the ventral surface
of the dorsal rectus muscle. The R. dorsalis was very
short in length and penetrated, immediately, the dorsal
rectus muscle. Some of 1ts fibers perforated the latter
to ilnnervate the levator palpebrae superioris muscle. The
R. ventralis (Figures: 3/33 and 8/12) was thicker. It
dipped between the lI. optlcug and the retractor bulbi

muscles to course along the ventrolateral surface of the
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N. opticus where it gave off short branches to the in-
ternal surface of the medial and ventral rectus muscles.
Fibers (Radix oculomotoria) to the G. ciliare were de-
detached from the R. ventralis together with those to

the ventral rectus muscle. The R. ventralis continued
rostrally and passed on the lateral surface of tﬁe ventral
rectus muscle to end in the ventral obligque muscle. 1In
some cases the R. ventralls, instead of coursing over the
dorsolateral border of the ventral rectus muscle, traversed
the structure of the latter in order to reach the ventral

obligque muscle.

Ganglion clliare

The Ganglion cilliare (Figure 13/8) was located on

the ventrolateral surface of the N. cpticug at its first

curvature in the orbital cavity. It was connected to

the R. ventrglis of the N. oculomotorius by means of
several radicles - the Radlx oculomotoria. The distance
between the ganglion and the R. ventralis of the N.
oculomotoriusg was variable. In some specimens the ganglion
was sltuated very close to the nerve, whereas in others
they were up to 5 mm. apart. Usually, the ganglion was
round, 1 or 2 mm. in diameter, and circumscribed by a
neural plexus. However, elongated or flat spindle-shaped

ganglia were observed. In one specimen the Ganglion
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ciliare was not found as such, being replaced by a
neural plexus. In a large number of specimens, a
Ganglion ciliare accessorius was observed, situated

on the dorsolateral surface of the . opticus. It was
smaller, 3 to 6 mm. apart from the main ganglion, and
associated with the latter by means of one or two con-
necting twigs. The Ganzlion ciliare and also the
Ganglion ciliare accessorius gave off two or three
slender lin. ciliares breves (Figure: 9/9) which coursed
along the N. opticus to end in the posterior part of the
eyeball. The }ln. ciliares breves, in some specimens,

were Joined by some twigs of the lin. ciliares longi.

The Ganglion cilliare recelved fibers from a large branch

originating from the N. maxillaris - the B. communicans

cum. n. oculomotorii (Figures: 3/32, 8/13 and 9/7) which,

coursing dorsally, reached the R. ventralis of the l.

oculonotoriugs. Some of i1ts fibers passed over the latter

and joining the Radix oculomotoria, reached the Ganglion

ciliare. Finally, the Ganzlion clligre received a twig

from the ll. nasociliaris, the R. communicans cum n. naso-

ciliari, which jolned the R. ventralis of the N. oculo-

motorius at the orbltal apex and ended in the ganglion.
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N. trochlearis

The N. trochlearis (Figure: 7/15) was a slender

fiber bundle that emerged from the anterior cerebellar
peduncle close to the corpora quadrigemina. It coursed
laterally around the lateral pvart of the pons, continued
ventrally and penetrated the tentorium cerebelli a little

above the N. trizeminug. The nerve coursed in the edge

of the tentorium cerebelli which in some cases did not
constitute a complete canal for the nerve thus missing
in some points parts of its wall. In the tentorium
cerebelll the nerve released a relatively strong branch,
the R. meninseus, which, after a recurrent course, dis-
appeared in the structure of the dura nater. The He
trochlearis left the cranial cavity through the upper
portion of the orbitorotundum foramen. Coursing over
the lnsertion of the dorsal rectus and levator palpebrae
superioris muscles it reached the dorsal surface of the
posterior third of the dorsal oblique muscle. Here it
divided into two or three branches which disappeared
grossly into the lateral border or dorsal surface of the

latter muscle.

N. trigeminus

The li. trigeminus emerged from the lateral aspect

of the pons by means of two roots - the larse Radix
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sensoria (Figure: 7/2) and the small Radix motoria

(Figure: 7/1). The RBadix sensoria ran forward to reach

the G. trigeminale (Figure: 7/4) which was placed

laterally to the hypophyseal fossa and covered, in part,
the foramen lacerum. The Radix motoria crossed underneath

the ganglion to constitute part of the ll. mandibularis.

From the G. trigeminsle most of the fibers coursed forward

into the orbitorotundum foramen and gave rise to the XN.
maxillaris and N. ophthalmicus, whereas a portion of them
joilned the . mandibularis constltuting the great part of
its bulk. Other fibers, after a short recurrent course,
penetrated dorsally the meninges and constituted the R.
meningei.

The ll. mandibularis (Figures: 3/11, 5/20 and 7/3)

left the cranial cavity through the lateral portion of

the foramen lacerum. At its exit the nerve was flat,
large and covered the anterolateral portion of the bulla
tympanica. It ran dowmward, forward and a little outward,
at first between the bulla tympanica and the lateral
Pterygold muscle and then on the dorsal surface of the
medial pterygold muscle where it divided into two terminal

branches - the l. lingualis and ll. glveolaris mandibularis.

Immediately after leaving the foramen lacerun the

« Mmandibularis gave off three nerves on its dorsal aspect.

e Wl. buccalls was the anterior one whereas the N.
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massetericug and the li. temporalis profundus emerged

by means of a common trunk.

The M. bucecalig (Figures: 1/10, 2/17 and 3/16),
after its origin, traversed, in part, the structure of the
lateral pterygoid muscle to run between the latter and
the lower portion of the temporal muscle. At the ptery-
gold crest it sent off a small twig to the temporal
muscle. Then the nerve curved, in a twisted manner,
around the maxillary tuberosity where it was joined by
the buccal artery and vein. Cn its course the li. buccalis
furnished twizs to the buccal glands and split into
several branches which, plercing through the buccinator
muscle, ramified in the nucosa of the cheek. BEefore
entering the buccinator muscle the nerve sent off a
branch which connected with the N. bucczalis ventralis
near the buccal commissure. The lN. buccalis furnished,

near its origin, the ]ll. pteryzoideus lateralls, a small

twig that penetrated the posterior border of the lateral
pterygold muscle.

The N. mgssetericus (Figure: 3/13) ran outward at
the anterior surface of the temporomandibular articulation
and, crossing over the mandibular notch, reached the deep
surface of the masseter muscle in which it ramifiled.

The N. pterysoideug medislis arose from the anterior

border of the ll. mandibularig. This nerve followed the
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course of its parent trunk, behind and parallel with the
pteryzoid crest to reach the medial pterygold muscle
close to its insertion oin the pterygold process of the
sphenoid bone.

The lateral branch resulted from the bipartition

T

of the I, mandibularis was the N. alveolaris mandibularis

(Figures: 3/19 and 5/22). After a short course it gave
off the M. mylohyoideus and penetrated the mandibular
foramen. Inside the mandibular canal the M. alveolaris

Lii®
—

nandibularis zave off the Nn. mentales (Figures: 1/14

and 3/25). These nerves, usually two in number, after
2 short course inside the canal traversed the mental
foramina and were distributed in the skin of the lower

Jaw. Sone branches of the lln. mentales anastomosed with

the terminal brancres of the R. buccalis wentrelis and

B. marginalls megndibulae. The . glveolaris mandibularis

—_—

also furnished the R. glvolarcs mandibulares caucdales,

R. alveolares mandibulares medli and the R. alveolaris

mandibularis rostraglis. The latter gave off the R. den-
fales for the canine and incisor teeth. The premolar
and. molar teeth received their innervation by means of
the R. dertales which were furnished by the Flexus
dentalis mandibularis. The latter was formed from the

anastonoses between the . alveolares mandibularecs

ilLe
.

caudales and R. alveolares medii. The plexus also gave
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off the R. gingivales mandibulares to the gum.

The N. mylohyoideus (Figure: 3/20) arose just

before the ll. alveolaris mandibularis entered the man-

dibular foramen. At first the nerve ran along a slight
groove in the ramus of the mandible and then on the

dorsal face of the medial pterygold muscle close to its 5&

mandibular insertion. At the rostral margin of the - . -w
muscle the . mylohyoideus divided into two branches, |
the B. mediglis (Figure: 3/23) and R. lateralis |
(Figure: 3/22). The latter sharply curved ventro-

aborally to course parallel with the external maxillary
artery where periarterial sympathetic fibers were incor-

porated in the nerve. The R. laterglis then crossed

laterzlly the belly of the digastric muscle where several

twigs, R. parotidei ventrales, were released to the deep

face of the ventral portion of the parotid gland. At i

this point it crossed the R. buccalis ventralis of the t

H. facialis with which some fibers were exchanged. The E
ranus finelly passed through the lower portion of the i
cutaneus faclel muscle and was dlstributed to the skin |
of the corresponding region. The R. mediallis was the

direct continuation of the N. mylohyoideus. It coursed

forwyard on the ventrolateral surface of the mylohyold

muscle, medially to the digastric muscle. Eoth muscles
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recelved their innervation from this ramus. At the
anterior border of the mylohyoid muscle the R. medialls
plerced the superficlal fascla of the anterior portion
of the intermendibular space.

The N. linguslis (Figures: 3/17, 4/2 and 5/21) was
the medial branch of the terminal division of the N.
mandibularis. After separating from the N. alveolaris -
nendibularis it passed over the medial pterygolid muscle
near its medial insertion. The Chordgs tympeni, which
left the petrobasilar canal and crossed beneath the N.
mgndibularis, became associated with the N. lingualis
near its origin. On the dorsal surface of the medial
pterygolid muscle the N. lingualis furnished the R. isthmus
faucium (Figure: 3/18) which innerveted the buccal glands
and mucosa of the isthmus faucium. In one speclmen a
minute ganglion had been observed assoclilated with this
branch. At the anterior border of the medial pterygoid

muscle, or a little forward, the N. linzualis sent off

the slender N. sublingualis (Figure: 4/2) which coursed
forward on the ventral border of the dorsal portion of
the sublingual gland. Then it ran between the dorsal and
ventral portions of the gland and, following the course
of the mandibular duct, finally pierced the submucosa of

the anterior floor of the mouth. Some twigs originated
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from the N. sublingualis to both portions of the sub-
lingual gland. The N. lingualis then described a medial
curvature around the anterior border of the medial pterygoid
muscle. Here the MN. lingualils emitted a series of fibers
which terminated in the Ganglion submandibulare, located

at the lateral side of the mandibular duct. On its course
the N. linguslis was related to the dorsal portion of the
sublingual gland and the anterlor border of the hyoglossus
muscle and just behind the latter the nerve divided into

a medilal and latersl branch. The R. lateralis was the
actual continugtion of the trunk. The E;_medialis soon
divided into two or three branches which reached the dorsum
of the middle third of the tongue running between the

hyoglossus and genloglossus muscles. Connections between

thlis branch and the X. hypoglossus were present. The Re

lateralis, after a short course, split into several
branches which also ran between the two above cited
muscles to the anterlior third of the tongue. Some con-
necting branches with the N. hypoglossus were also present.
The N. auriculotemporalis (Figures: 2/11 and 3/12)
detached from the posterior border of the N. mandibularis
a little before the origin of the N. glveolaris mandibu-
laris and the N. linguplis. It ran backward and then out-
ward around the posterior border of the ramus of the man-

dible, covered by the parotid gland, to split into a



61

veriable (two to four) number of branches. Some of these
branches supplied areas of the cheek skin whereas others
anastomdsed with branches of the R. buccalis dorsalis and
the N. guriculopalpebralis of the N. facialis, consti-
tuting an intricate plexus, the Flexus perotideus. The
branches glven by the N. guriculotemporalis were as
follows:

Ramus transversus faclei (Figures: 1/6 and 2/5) =
It is a branch having a variable arrangement. In the
majority of the cases, 1t divided into two groups of twigs,
the dorsal one, followlng the vessels of the same nane,
remified in the skin of the cheek and anastomosed with

the R. palpebralig of the R. buccalls dorsalis. The ven=-

tral group united with a twig from the Ramus buccalis
dorsalls and, after piercing through the cutaneus faciei
muscle, it ramified in the skin of the masseteric region.
In other instances the R. transversus faciel did not
divide into dorsal and ventral groups but remained as

a single nerve trunk which coursed with the transverse
facial vessels and ramified in the skin of the cheek region.
In one specimen the R. transversus faciel anastomosed with
the R. zyzomaticus of the N. auriculopalpebralis and from
this combined trunk a twlg was given off and ran parallel
to the dorsal twig of the R. trangversus faciel. In the

other cases the coarse dorsal branch of the R. transversus
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faciel, after coursing together with the transverse facial

vessels, joined the R. zygomaticus of the R. bucecalis

=i
=

dorsalig.

A strong anastomotic branch was often seen joining
the R. buccglis dorsalis after passing under the trans-
verse faclal artery.

The R. caudalls exchanged several twigs with the [i.

auriculonalnebralis and some of them passed directly to

the dorsal portion of the parotid gland as 2. parotidei
dorsalis (Figure: 2/4). The R. caudelis then bent dor-
sally uander the parotid gland to join the auricular branch
of the . guriculonalpebralis.

H. maxillaris - It was the largest division of the

I. trigeninus. It left the cranium through the orbitoro-

tundun foraﬁen and coursed along the pterygopralatine fossa
to enter into the infraorbital canal. At the pterygo-
palatine fossa 1t gave off from its dorsal aspect the

R. zyzomaticofacialis (Figures: 3/30, 7/6, 8/10 and 9/L)

and the R. zyzomesticofacialis accessorius (Figures: 3/31

and 8/11) which were closely assoclated. They perforated
the periorbite and coursed on the external surface of the
lateral rectus nmuscle along the lateral wall of the orbit.

llecar the orblital ligament the R. zygomaticofaclalls brole

up into three or four branches which rcached the skin of

the lower 1id. The R. zyzomaticofacialls accessorius then

P A O SR PO 4
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diverged rostrally from the R. zZygomaticofacialls and

terminated in the skin adjacent to the medlal canthus of
the eye. Although variable 1in the specimens dissected,
the N. maxillaris contributed with some fibers to the

formation of the R. zyzomaticotemporalls of the N.
: ophthalmicus. Close to the origin of the R. zygomatico-
1
! facialis and R. zygomaticofacialis accesgsorius, the N. ~
|

% (Figures: 3/32, 8/13 and 9/7). This was a strong branch
| that, emerging from the dorsal aspect of the trunk of the
N. maxillaris, reached the R. ventralis of the . oculo-
motorius at the dorsoclateral border of the ventral rectus
muscle. Some of its fibers did not course along the R.
ventraligs of the ll. oculomotorius but crossing 1t they

reached the Ganglion ciliare.
From its lateral aspect the N. maxillaris gave off

the R. alveolarigs maxillares posteriores. They were two

or three in number which, after passing over the internal
maxillary artery, penetrated the maxillary tuberosity and
innervated the molar teeth (Figure: 3/35).

Before entering the infraorbital canal the . maxillaris
gave off the R. alveolares maxillares medii. They pene=-
trated the infraorbital canal ventrally to the }. maxil-
laris and formed the Plexus dentalis maxillaris. From the
latter the R. dentales maxillaris to the premolar teeth
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and the R. ginglvales naxillares to the gum were given off.
From its ventral aspect the ll. maxillaris gave off the

N. pterypovalatinus (Figsure: 8/3). It ran ventrorostrally

and in younz animals was covered at the »teryzopalatine
fossa by the well developed maxillary tuberosity. The

nerve recelved several branches from the FPlexus pteryvzo-

palatinum and gave off the following nerve at the pterygo-
palatine fossa:

N. palgtinus minor (Figure: 8/4) - It originated

from the posterior border of the li. pteryzopnalatinus and

descended in the groove behind the maxillary tuberosity
ramifying in the soft palate.

The II. pterymonalatinus then penetrated the corres-

ponding foramen and soon divided into the [I. nasalis pos=-

terior and . palatinus major. The former reached the

nasal cavity and divided into two branches. The R. medialis

ran forward, at first on the lateral side of the nasal
cavity, and later on the floor under the mucosa. It sent
off fine twigs to the ventral turbinate and nierced the
mucoga of the anterior part of the floor of the nasal
cavity. The R. lateralig curved around a bony sulcus

on the anterior limit of the lateral masses of the éthmoid
bone to reach the mucosa of the maxillary sinus as R.

sinuun nmaxillaris.
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The N. palatinus major was constituted by the majority

of fibers of the lI. pterygopalatinus. It ran forward in

the palatine canal and was distributed chiefly in the hard
palate and gum. It also sent off some twigs to the soft
| 1 palate.

The N. infraorbitglis was the continuation of the .
naxillaris in the infraorbital canal. Along its course- -

in the infraorbital canzl it gave off the R. alveolares

maxillares medid.

Before leaving the canal the nerve gave off the R.

alveolaris anterior which penetrated the incisor canal and
Imnervated the canine and inclisor teeth as well as the
corresponding parts of the gum.

As 1t emerzed from the infraorbital foramen the .

infraorbitalis divided into superior, middle and inferior

groups of branches.

The superior group was constituted by small branches,
the 2. nasales externi (Fisure: 3/36), which ran forward
and upward to the dorsal part of the nose.

The middle group was constituted by usually three

stronz branches, the R. nasales anterior (Figure: 3/37),

which supplied the lateral part of the nostril and snout.

The inferior group was formed by a variable number of

branches (four to eight), the R. labinles maxillares

?
l
!

(Figure: 3/38). The most posterior branches of this




et G et e

group originated from the H. infraorbitalis in the in-

fraorbital canal and ran forward and downward to the
posterior half of the skin of the upper lip. The anterior
group of branches was larger than the former and inner-
vated the anterior half of the skin of the upper lip.

. ophthalmicus - It was the smallegt division of the

T

Ns trigeminus. ¢ originated at the exit of the orbito-

rotundum forgmen from a common trunk with the N. maxillaris.

The N. ophthalnmicug, immediately after its origin, divided

into three primary branches: }N. nasociliaris, N. frontalis
and Il. lacrimalis. Besides the three main nerves it fur-
nished fibers to the dorsal rectus and levator palpebrae
superioris muscles. In some specimens fibers were ob-
served reaching the dorsal oblique muscle. The'above
muscular fibers reached the external surface of the re-
spective muscles. The ]I, ovhthalmicus also was the main

contributor to the formation of the-R. zygomaticotemporalis

and furnished, in some cases, fibers to the R. zyzo-

naticofacialig and R. zygomaticofacialls accessorius.

The 1. nagoclliaris (Figure: 7/10) represented the

continuation of the N. ophthalmicus in the orbit. It

traveled forward and laterally to the ll. oculomotorius.

Here it gave off one or two branches, the Radix sensoria

of the G. ciliare, which, Jjoining the R. ventralis of the

N. oculomotorius, reached the G. ciliare. The nerve passed

e
T -
e e e
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between the dorsal rectus muscle and retractor bulbi

muscle and, at the medial border of the latter, it gave

of f two or three slender ln. cilliares lonzi which,

coursing over or in the structure of the retractor bulbi
muscle, perforated the sclera near the attachment of the
optic nerve. The N. gagociliaris then divided into two
branches: the . ethmoidalis (Figure: 7/11) which, after
vassing between the levator palpebrae superioris and the
medial rectus muscle, left the orbital cavity through the
ethmoidal foramen in company with the ethmoidal artery.
Coursing on a bony sulcus of the upper part of the ethmoidal
fossa, 1t furnished the R. meningeus and reached the medial
slde of the cribriform plate close to the crista galli.

The . ethmoidalis then left the ethmoidal fossa through

a small bony canal, traversed the cribriform plate and
reached the nasal cavity. In the latter it coursed rostrally
on the dorsal turbinate bone and sent off branches, the

B. nasales interni, to the mucous membrane of the dorsal

turbinate and septum nasi. The main trunk of the N.
ethmoidalis continued forward and terminated as R. nasalis
externus which contributed to the innervation of the
nogtrils. The other branch, resulting from the division

of the N. nasocilieris, was the I, infratrochlearis (Figure:

7/12). This nerve ran upwards on the medial surface of the

nedial rectus muscle, passed below the trochlea for the
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dorsal oblique muscle and then divided, usually into two
branches, the R. palpebrales. Finally these branches,
after crossing over the dorsal lacrimal duct, reached the
skin of the upper portion of the medial canthus where
they were distributed.

The 1l frontalls (Figures: 1/7, 2/14, 3/27 and
7/9) emerged from the N. ophthalmicus in a very close -
assoclation with the N. lacrimalis. It traveled rostro-
dorsally underneath the periorbita and then at the level
of the periorbital ligament it perforated the latter to
distribute in the skin of the middle portion of the upper
lid. At a level that varied from the orbital apex to
the periorbital ligament the ll. frontslis divided into

the M. gupratrochlearig and }I. gupraorbitalis. The former

was usually the smaller and was medislly located whereas
the N. supraorbitalis represented the continuation of the
K. frontalis end wes laterally located. The lI. frontalis,
in some cases, presented a slender communlicating branch
with the N. lacrimalis. It released fibers to the dorsal
obligue and dorsal rectus muscles which end in the lateral
border of the former and external surface of the latter.
The N. lacrimalls, after a short course, divided into
two or three branches and ascended the orbit on the dorsal

surface of the dorsal rectus and lateral rectus muscles

(Figures: 3/28, 7/8 and 8/8). On their course the most
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lateral branch of the li. lacrimalis recelved a branch

rom the R. zygomaticotemvoralis. Usually the smallest

branch penetrated the lacrimal gland whereas the others
reached the skin of the lateral portion of the upper l1lid
and adjacent area where they were distributed.

The R. zygonaoticotemporalis (Figures: 3/29, 7/7
and 8/7) was observed detaching from the lateral-aspect . -
of the I. ophthalmicus end coursing on the lateral face
of the lateral rectus muscle. After perforating the
periorbit it reached the skin of the lateral canthus of
the eye. In a few specimens it sent off a branch which

anastomosed with the N. lacrimaslis.

Ganglia pteryvgopalatina

The Ganzglia pterymovalating (Figure: 9/1) were lo-

cated on the wall of the pteryzgopalatine fossa and covered

laterally by the li. maxillaris and N. pterysopalatinug.

They were four to eight in number, small greyish ganglia,
united by a large number of filbers. giving the appearance
of a large plexus. The plexus was connected by several

twigs with the il. maxillaris and N. pterysopalatinug and

1ts branches. A larze number of flbers had originated
from the dorsal margin of the plexus and coursed dorsally
to reach the periorbit in which they penetrated. The li.

canalls ptery~oidel after emerging from the pterygoid
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canal coursed dorsally and was distributed in the posterior

margin of the plexus (Figures: 8/5 and 9/2).

Gonzglion oticum

The Ganglion oticum was found, inconstantly, on the

rostromedial side of li. mendibularis, near the origin of

the . buccalig. It had an irregular semilunar shape =nd
closely adhered to the I, mandibularis by means of several

twlgs and received the N. petrosus minor from the .

faclalis. It sent off fibers to the }N. suriculotemvoralis,

Ne linpualis and N. mandibularis, traversed the ganglion
and, after coursing caudally through the lateral portion
of the foramen lacerun, renetrated the middle ear cavity

and was distributed in the tensor tympanl muscle.

Conglion gubmandibulare

The Canglion sutmandibulare (Figure: 4/4) was found

to be a small, round, yellowish node, 2 to 3 mm. in
diameter. It was located on the dorsal aspect of the
subtnandibular duct where the latter crossed the medial
surface of the caudal end of the sublingual gland. The
. lingualig, after passing over the medial pterygoid
nuscle, furnished 5 to 10 fine twigs to the Ganglion

submandibulare, the R. communicantes cwi n. lingualil

(Figure: L4/2). The fibers originated from the ventral
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porder of the lN. lingualis and, coursing ventrally,
terminated in the ganglion. The ganglion emitted several
R. glandulares (Figure: 4/5) to the submandibular gland

which traveled caudally along the subnandibular duct and

penetrated the hylus of the gland. The gangllion also

released fibers to the sublingual gland.
N. abduceng

The N. gbducens (Figures: 7/14 and 9/5) arose fron
the medulla ablongata Jjust laterally to the pyramid and
behind the pons. It coursed forward on the floor of the
cranial cavity and crossed obliquely to the ventral sur-
face of the pons. PFlercing through the dura mater the
i» abduceng traversed the rete mirabile cerebri of the
internal carotlid artery where it received fibers from

the N. caroticus internus. The nerve coursed medially

to the . trigseminug, in company of which it left the
cranial cavity through the orbitorotundum foramen. In

the orbit the lI. gbducens passed dorsally over the 1.

haxillaris and in front of the N. ophthalmicus. It then

Zave off branches to the dorsal and ventral portions of
the retractor bulbi muscle. Near the orbital insertion
of the lateral rectus muscle the nerve divided into two
Dain branches and reached the internal face and medial

border of that muscle. Fibers from the II. lacTimalis were
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observed Jjoining the terminal branches of the N. abducens.
In one case, the N. abducens furnished a large branch
which penetrated the ventral rectus muscle, in company

with branches of the R. ventralis of the N. oculomotorius.

N. faclalis

The N. faclialls arose from the brain immediately be-
hind the pons at the lateral part of the Corpus trapezoideum
and was soon related with the ll. vestibulocochlearis. To=-
gether they reached the internal acoustic meatus of the
temporal bone. At the latter the l. facialis diverged
dorsorostrally and entered the facial canal. Then the
nerve ran shortly outward and upward to course, slightly
bent, in a caudal direction. At the genu of the faciel
canal the nerve bore the Ganglion geniculil whioch was
ldcated on its dorsorostral surface. During the caudal
course the nerve was related dorsally with the M. tensor
tympani. The nerve again changed 1ts direction to then
run directly downward and, after coursing in the stylo-
mastold fissure, 1t emerged at the lateral surface of the
head. Just before running in the stylomastoid filssure
the N. facialis had a close lateral relationship with the
M. stapedius. In the stylomastold fissure the nerve was
Joined by the R. guricularis of the l. wvazus. The 1.

petrosus major left the Ganglion genicull and coursed
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downward and a little forward, passing underneath the

Ganglion trigeminale. It traversed the Rete mirabile

of the internal carotid artery where it received a small

branch, the N. petrosus profundus from the lN. caroticus

internus. Then 1t penetrated the pterygold canal as the

N. canalls pterygzoldel and, by way of this passage, reached

the pterygopalatine fossa to terminate in the Plexus L -
pteryzopalatinum.

The Chorda tympvani arose from the . faclalls at the
upper portion of the stylomastoid fissure and then pur-
sued a recurrent course to reach the tympanic cavity. It
traversed the latter from its posterior to anterior wall
coursing between the handle of the malleus and the long
branch of the incus. After traversing the petrotympanic
fissure (which in the pig i1s a complete canal) it ran for-

ward and downward medial to the N. mandibularis to incor-

porate finally in the HN. lingualis.

After leaving the stylomastoid fissure the J. faclalis
gave off a series of nerves: B

I. auricularis posterior (Figure: 2/3) - It arose
from the dorsal edge of the M. faclalis at the stylomastoid
foramen. DNear its origin the nerve divided into a R.
rostralls and R. caudalis. Both ran dorsocaudally in com-

pany with the posterlor aurlcular artery and the N.

auricularls internus, under the parotid gland. They were
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related deeply first to the li. gternocephalicus and then
to the li. krachiocevphalicus. The R. caudalis was the

smaller and, before penetrating the lateral border of

the M. cervicoauricularis profundus, it split into several

twigs which innervated the }Mm. transversl et obligque
auriculae. In two cases the R. caudalis also sent twigs
to the M. parotidoauricularis and in one case fibers of
the B. cgudalis were observed penetrating the M. cervico-
guricularis medius.

The B. rostralis coursed dorsally and medially and
passed between the guricular fat pad and the ventral

surface of the M. cervicoauricularis profundus, where

it divided into several twigs which end in the HMm.
cervicoauricularis medius and superficialis. In one
specimen, one of those twlgs anastomosed with others
from the caudal branch forming a small plexus. In the
seame specimen, the R. rostralis also contritbuted some

twlgs to the innervation of the }. cervicoauricularis pro-

fundug. It was also observed, in some cases, that the R.
rostralis innervated the lm. transousl et obligue articulae.
At a variable level between the temporomandibular

articulation and the ventral surface of the li. cervico-

auricularis mediusg, the R. rostralls gave off constantly
a branch to the . helicis retroauriculsris (Nikolal)

and }M. trasicus. This branch passed, depending upon the
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point of emergence, under the lim. cervicoauricularis

suverficialis medius and »rofundus and around the

conchal cartilage of the ear. At the anterior surface

of the latter it coursed under the li. scutuloauricularils

suverficialis and dorsal portions of the li. scutuloauri-

cularis profundus. It then penetrated the hellicine fissure
of the conchal cartilage where 1t released fibers to the .M.

helices retroauricularis (outer and inner vortion) to

finally terminate in the M. tragicus (Fizures: 1/2 and
2123

N. auriculagris internus (Figure: 2/1) - This nerve
originated at the dorsal edge of the . facialis together

with the . auricularis posterior. After a short course

it divided into two branches: R. lateralis and R.
medialis.

The R. lateralis, after crossing laterally the pos-
terior auricular artery under the »parotid gland, coursed
corsocaudally and penetrated the base of the conchal
cartilaze to ramify in the skin of-the internal surface
of the ear. In some cases the branch split into two twigs
before penetrating the certilage.

The R. medlalis ascended toward the conchal cartilage,
medial to the posterior auricular artery. At a varlable

point between the temporomandibular articulation and the
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base of the conchal cartilage, the R. medialis gave off
a twlg which followed the latter and divided into two
or three small twigs before plercing the medial surface
of the conchal cartilage. The main trunk of the R.
medialis, coursing dorsally end slightly cranially, was

related deeply with the li. cervicoauricularis profundus.

Then, it traversed the . gcutuloauricularis profundus near ..~

the cartilagineal insertion, before penetrating the
conchal cartilage.

Another branch, coming from the trunk of the I.
facialis, was found in some specimens coursing upward,
lateral to the posterior auricular artery, to penetrate
at the notch of the ventral edge of the tragus.

. auriculopalvebralis (Figure: 2/2) - It originated

from the }N. focisglis in a common trunk with the R. buccalis

dorsalis. During its upward course behind the ramus of the
mandible the nerve exchanged, in a variable pattern, twigs

with the . suriculotemnorslis. At the lateral surface of

the ll. masseter the nerve divided into the R. auriculares

anteriores and R. zygomaticus.

The R. guriculares gnteriores (Figures: 1/4 and 2/13)

ran upwerd and divided several times into smell twigs

which innervated the lI. scutuloauricularis suverficialls,

l{. scutulosuricularigs profundus and }i. frontoscutularis.

Some of the twigs anastomosed with those from the B.
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zygomaticug and also branches of the ll. frontalls and M.
lacrimalise.

The R. zygomaticus (Figures: 1/3 and 2/15) coursed
toward the lateral canthus of the eye. 1In some specimens
anastomotic twigs were found between this branch and the
R. trengversus faciei of the N. auriculotemporalis. It
finally divided into several twigs, the B. palpebrales, -
which were distributed to the frontoscutolaris, corru-
gator supercilli, and orbilcularis ocull muscles and upper
lid.

The R. buccalis dorsalis (Figures: 1/9, 2/8 and

3/5) emerged between the parotid gland and the masseter
muscle and ran on the lateral surface of the latter along
the dorsal border of the cutaneus faciei muscle. The
nerve sent some twigs to the muscle and a branch which,
running dorsally, was distributed in the orbicularis
oculi muscle, malaris muscle and lower eyelid. In the
najority of the cases 1t was Joined by a braanch of the R.

Eransversus faciel. The R. buccglis dorsalis then passed

between the depressor palpebrae inferioris and the zygo-
matic muscle to constitute, together witlh branches of the
Iis buccalis and R. buccalls ventralls, an extensive plexus
dorsolaterally to the angle of the mouth. In one specimen,
the R. buccalis dorsalis sent off a branch which course&

Ventrorostrally, passed over the R. buccalis ventralis and
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terminated in the li. depressor labii mandibularis. From

this plexus several twigs were given off to the orbi-
cularis orls, depressor labii inferlioris, zygomaticus and

buccinator muscles. A large branch formed by the R.

buccalis dorsalis and R. buccalis ventralis coursed dor=-
sally and then rostrally and after a short course divided
into two main groups of branches. The bpbesterior group
crossed ventrally the depressor labli maxillaris and
caninus muscles releasing several Tibers to them to
finally enc in the levator labii maxillaris muscle. The
anterior group continued its course Torward and medially
to the tendons of the above nuscles to become associated

with the R. nasales gnterior of the K. infraorbitalis.

At this level some fine branches were glven to the levator
nasolabialis muscle.

After separating from the ]I, facialls, the 2. buccalis
ventralis (Figures: 1/11, 2/9 and 3/7) passed downward and
forward covered by the narotid gland and in front of the
nandibular gland and lymph node. Then it coursed in com-
pany with the parotid duct. At the ventral border of the

masseter muscle it received anastomotic twigs from the R.

lateralis of the li. mylohyoideus. The nerve ran alonz the

ventral border of the masseter muscle and, as soon as it

began to course dorsally, gave off the R. marginalils

nandibulae. The R. buccalls ventralis, followlng the course
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of the faclal veln and parotid duct, sent some twigs to
the depressor lablii mandibularlis cutaneus facliel and

buccinator muscles, contributed to the formation of the
plexus at the angle of the mouth and finaglly anastonosed

with the R. buccalig dorsalis. The R. marsginalis mandi-

bulae (Figures: 1/12 and 3/24), sometimes double, ran
forward along the lateral surface of the body of the
mandible and divided into several twigs to the wventral
portion of the cutaneus faclel, depressor labil inferioris
and mentalis muscles. Some of these twligs anastomosed
with branches of the ln. mentales.

R. stylohyoideus (Figures: 2/6 and 3/8) - This
branch emerged from the inferlor edge of the ]I, faciallis
at the petrotympanic fissure. It coursed ventrally on
the lateral face of the li. rectus capitls lateralis,
crossed caudally the external carotid artery where sympa-
thetic fibers assoclated with this vessel usually anas-
tomosed with 1it. The R. stylohyoideus then reached the
M. stylohyoideus in which it penetrated the anterior border
after coursing on the lateral edge.

R. colli (Figures: 1/1, 2/7 and 3/6) - It emerged
from the N. facialis together with the R. buccalis ven-

tralis. It ran laterocaudally piercing through the dorsal
portion of the parotid gland where it furnished branches

to the deep portion of the parotidoauricularis muscle.
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The R. colll, after emerging laterally, terminated in
the cutaneus facliel muscle. This branch in some specimens

consisted of two fascicles.

N. vestibulocochlearig

The N. vestibulocochlearis emerged from the medulla

in close association with the . faclalis and penetrated
the internal acoustic meatus where 1t divided into two

parts - Pars vestlibularis and Pars cochlearis. The Pars

vestibularis was distributed to the utriculus, sacculus

and to the ampullae of the semiclircular canals. The Pars

cochlearis ended at the base of the cochlea where its

fibers penetrated and met the Ganglion spirale.

N. glossopharyngeus

The N. glossopharyngeus (Figures: 5/1 and 6/1) was

connected by a linear series of roots with the ventro-
lateral margin of the medulla. They perforated the dura
mater laterally leavling the cranium through the foramen

jugulare in company with the . wvazus and N. accessorius.

Just outside the cranial cavity the nerve bore the small

Gangzlion petrosus, an ovoid gray mass which was situated

very close to the Ggnglion suvperior of the N. vagus. From
the ganglion the slender N. tympanlcus emerged and, after

a short course, penetrated one small Canaliculus tympanicus
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in the petrous portion of the temporal bone to reach the

tympenic cavity. The }. glossopharyneeus then ran down-

ward and forward behind the bulla tympanica, and erossed
laterally the internal carotid artery where it sent off

the R. sinus carotici (Figures: 5/2 and 6/2). The latter,

in some specimens, recelved a tuwig from the Ganglion
cervicale craniale and the N. vagus and terminated at

the carotid sinus. Then the nerve emitted another branch,
the R. pharymgeus (Figures: 5/3 and 6/3) which soon re-
united with the R. pharyngeus of the N. vagus and sym=-

pathetic fibers from the Ganglion cervicale craniale to

constitute the Plexus pharingzeus. The plexus then sent
branches to the musculature of the pharynx and soft
palate, wlth the exception of the tensor palatini nuscle.

The li. glossopharyngseus passed behind the stylopharyngeus

muscle and released a short branch to it (Figures: 5/4
and 6/4). The nerve then reached the lateral surface of
the pharynx and, after plercing through the hyopharyngeus
muscle as the R. linsualis (Figures: 5/5 and 6/5), it

penetrated the tongue behind the insertion of the hyo-
glossus muscle. Here it sent a branch to the mucosa of

the pharynx.



. vasus

The X. vagus (Figures: 5/6, 6/6 and 6/15) originated
at the lateral surface of the medulla in close association
with the . accessoriusg and left the cranlum through the

foramen Jjugulare together with the latter and the [

—

glossopharynzeus. The flat and small Ganglion superior

was located at the entrance of the foramen jugulare and
from this ganglion a largze branch, the }. auricularis,
arose. Running outward and a little downward the latter
joilned the . facialis in the stylomastoid fissure. Beyond
the Ganzlion guperior the li. vagus ran caudoventrally with
the 1. accessorius, both forming a fold in which the I.
hypozlogsus coursed. The nerve crossed laterally the
internal carotid artery and here it furnished, by means
of a common trunk, the R. pharyngeus (Figures: 5/7 and
6/7) and the . pharynzoesophazeus. The former took part
in the formation of the Flexus pharynzeus whereas the .
pharynzoesophageus (Figure: 5/8) traveled caudally on

the lateral face of the larynx, sent branches to the
thyrovharyngeus nuscle and finally reached the origin of
the esophagus in which musculature it penetrated.

The li. vasgug bore a distinct Ganzlion inferior (Figures:

5/3 and 6/16) located dorsally to the common carotid artery

and larynx. The }il. laryngeus cranialis left the trunk of
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the N. vagus at the level of the Ganglion inferior and

coursed ventrally toward the larynx (Figures: 5/10 and
6/17). At the lateral side of the latter it subdivided
into two branches. The B. externus (Figure: 5/11) was

the smaller and ran parallel to the lI. pharynzoesovhazeus

and terminated in the cricothyroid muscle. The other
branch, the R. internus (Figure: 5/12), which was the. . ~
actual continuation of the li. laryngeus cranialis, pene-
trated the lateral wall of the larynx and innervated the
laryngeal mucosa. At a variable distance from the

Ganglion inferior the li. vazus Jjolned the sympathetic

trunk.

N. gaccegsorius

——

The N. sccessorius (Figure: 3/1) was formed by the

Radices craniales and Radices spinales. The latter arose
from the lateral aspect of the cervical portion of the
spinal cord and the former from the medulla in series with

the rootlets of the N. vazus. The N. accessorius left the

cranial cavity through the foramen jugulare in company
with the H. vagus and l. glossopharynceus. It ran ventro-
caudally assocliated by a common epineural sheath with the
Jd. vagus. It crossed laterally the internal carotid

artery and at that point the nerve divided into R

Ak®
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internus
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and R. externus. The R. internus again jolned the trunk
of the N. vagug at the level of the Ganglion inferior.
The R. externus coursed laterally between the brachio-
cephalicus and sternocephalicus muscles where it divided
into the R. ventralis and R. dorsalis. The former pene-
trated at once in the sternocephalicus muscle whereas the
R. dorsalis coursed along the lateral aspect of the neck
to innervate the trapezius muscle. The R. externus and

later the RB. dorsalls establlished anastomosis with the
R. ventralis of the N. cervicalls II, III and IV.

N. hypoglossus

The fibers of the N. hypoglossus (Figures: 3/10,
4/6 and 5/16) arose from the lateral surface of the
medulla. The nerve left the cranium through the Canalls
n. hypoglogsl and, at the base of the cranlium, was re-
lated caudally with the N. yvagus and- }l. accessorius.
Then 1t passed between the R. internus and R. externus
of the N. gccesgoriug. Coursling ventrorostrally it des-
cribed a curve having a slight dorsal concavity. At the
upper third of its course it is Joined by a branch from
the first cervicel nerve formning the Ansa cervicalils.
The nerve then passed forward in a lateral rclatlonship

with the stylohyold and digastric muscles and medially
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with the hyopharyngeus and hyoglossus muscles. After
sending branches to the hyoglossus and geniohyold muscles
it turned medlally around the anterior border of the
latter muscle to ascend in the tongue between them.
Anastomoses between thls nerve and the N. lingualig had

been found and were already described.

Ganglion cervicale granigle

The Ganglion cervicale craniasle (Figure: 6/8) was

a greylsh fusiform structure located on the medial side

of the common trunk of the 1lnternal carotid and occiptal
artery. The ganglion measured 14 to 18 mm. in length and

9 to 12 mm. in width and 1ts longitudinal axis was oriented
dorsoventrally. The ganglion presented a dorsal and
ventral pole. The cranlal extremity of the cervical
portion of the Truncus gympaticus (Figures: 5/18 and

6/9) was connected with the ventral pole. From the dorsal

pole, the coarse N. caroticus internus (Figure: 6/10) was
l detached and coursed upward, medial to and then in front
of the condyloid artery. The nerve reached the medial
surface of the tympanic bulla where it ran on a slight

bony sulcus. Here the N. caroticus internus divided into

several twlgs which ran in the fibrocartilage of the foramen

lacerus and turning forward they passed through the lateral
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portion of the rete mirabile cerebri. The most dorsal
twigs, usually two in number, crossed on the dorso-
medial surfzce of the accessory tympanic membrane. In-
side the rete mirabile cerebri a twig from the N.

caroticusg internus, the N. petrosus profundus, coursed

ventrally and Joined the . petrosus major. The other

twigs, coursing medially to the Ganglion trigeminale,

ended in the H. maxillaris, N. ophthalmicus and I.

abducens. The Ganglion cervicale craniagle emitted, from
its rostral border, one or two short branches, the R.
pharyngi (Figure: 6/11), which, coursing rostroventrally,

joined the pharyngeal plexus. It also emitted from the

serie border the coarse li. caroticus externus (Figure: 6/12)

which joined the external carotid artery and was distri-
buted mainly to the external maxillary and lingual
arteries. Some fibers from the former joined the R.

stylohvoideus. The rostral border of the Ganglion cer-

vicale craniale also gave off a branch which terminated

in the ll. lgrynseus cranialis or in the trunk of the N,

vasus, near the Ganmlion inferior. From the posterior

border, the ganzglion furnished, in all specimens, the R.

communicans cum n. cervicale prime (Figures: 5/17 and

6/13) which coursed dorsocaudally and terminated in the
first cervical nerve. In one specimen, a comnmon branch

to the second and third cervical nerve was present. The
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communicating branch to the first cervical nerve originated
together with branches to the occlptal artery (Figure:
6/13). However, a separated origin for both was also found

in some specimens. The Ganglion cervicele craniale

emitted, from the posterior border, branches to the N.

vagus, N. accessorius and N. hypoglossus.
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DISCUSSION

The account, that the present investigator gives of

the N. opticug, corresponds to that of Nicolas (1924) and
Prince et al. (1960).

There 1ls general agreement among the authors (Montane!

and Bourdelle, 1920; Martlin, 1923; Bruni and Zimmerl, 1951
and Sisson and Grossman, 1953) and the present worker that
the . oculomotoriug left the cranial cavity through the

orbitorotundum foramen, in company with the N. maxillaris,

N. ophthalmicus,_ N. abducens and N. trochlearis. The

present findings concerned with the bifurcation of the
N. oculomotorius into the R. dorsalis and R. ventralls

and the course and distribution of these branches corres-
pond, in pert, with the description given by Winckler
(1936) and Prince et a2l. (1960). It was also shown that
the medial rectus muscle received neural supply only on
its internal surface. The innervation of both external
and. internal surfaces, as stated by Winckler (1936), was
not observed. The R. ventralis penetrated the ventral
oblique nuscle after coursing over the dorsolateral border
of the ventral rectus muscle. Thls disposition was the
most frequently observed and was in agreement with the
description of Winckler (1936) and Prince et al. (1960).

However, the 3. wentralis, on its way to the ventral
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oblique muscle, nay traverse the structure of the ventral
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rectus muscle instead of coursing on its dorsolateral
border. The retractor bulbi muscle was described by
Ellenberger and Baum (1943) as being innervated, in rart,
by the N. oculomotorius. Kovdcs and Fehér (1958) affirmed
that this nerve did not contribute to the innervation of
the muscle. The present study, after careful dissections
of this area, revealed no participation of the N. oculo~-
motorius in the innervation of the retractor bulbi muscle.
The 1I. oculomotorius, and later the R. ventralis, contalned
pre~-ganglionic parasympathetic fibers which left the R.

ventralls and constituted the Radlx oculomotoria of the

Ganglion ciliare (Szdkall, 1902; Winckler, 1936; and Prince

et al., 1960). The 1. oculomotorius also received fibers

from the N. ngsocilisrig which traveled along, or was
incorporated with, the R. yventralis and reached the Ganglion

clliare amidst fibers of the Radix oculomotoria.

The Ganglion ciliare was constantly found on the

ventrolateral surface of the N. opticus, except in one
case where it was replaced by a neural plexus. Another

ganglion, usually smaller and located cranially to the

Ganslion ciliare, was found frequently in the orbital cavity
of the pig. The latter was described by lobilio (1912)

and not mentioned by Szdkall (1902) or Prince et al. (1960).
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In the present study, 1t appeared in a large number of
specimens, was usually 3 to 6 mm. apart from the main

ganglion and was called the Ganglion ciliare accessorius

because of its proximity and connections with the main
Ganglion clligre. Both ganglia gave off two or three

slender Nn. ciliares breves. The Ganglion ciliare re-

celved its motor root from the Ramus ventralis of the -

N. oculomotorius, according to Szdkall (1902), Mobilio
(1912), Winckler (1936) and Prince et al. (1960). The
motor fibers, according to Szadkall (1902) may be confused
with the sensory root because the latter 1s located
cranlally and ventrally to the ganglion. In agreement
with Mobilio (1912), two routes for the sensory fibers to
reach the Ganglion cliliare may be described. First, they
may reach the ganglion by means of the R. communicans cum
n. nasociliari. The fibers of this branch left the N.
nasociliaris near its origin from the }N. ophthalmicus and,

Joining the R. wventralig of the N. oculomotoriug they
traveled together to the proximity of the Ganglion ciliare.

Here, they separated from the R. ventralis and reach the

ganglion amidst the fibers of the Radlx oculomotoria. The

second course was by means of the R. communicang cum n.

oculomotorlii, which originated from the ll. maxillarlis at

the pterygopalatine fossa and coursed dorsally to Join the
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R. ventralis of the N. oculomotorius. Some of its fibers

joined the JadlXx oculomotoria and together they reached
the ganglion. The presence of three ciliary ganglia, as
was noted in one specimen by Mobilio (1912), was not con=-
firmed by the present study.

The N. trochlegris was reported by Bruni and Zimmerl

(1951) as giving off branches to the tentorium cerebellf

before penetrating it. The I. itrochlearis, in the ten-

torium cerebelll, also gave off another branch, the re-
current accessory nerve of the tentorium cerebelli, ac-
cording to lobilio (1910) as referred to by lMobilio (1912),
and Brunl and Zimnerl (1951). In the specimens dissected
for the present study, the N. trochlearis coursed around
the lateral surface of the pons and penetrated the edge

of the tentorium cerebelli. It was observed that no fibers
left the nerve at this point to the tentorium as mentioned
by Bruni and Zimmerl (1951). Coursing on the edge of the

tentorium, the . trochlearis released a strong branch which

was named the R. meningeus, and,-after & recurrent course,
plerced the dura mater. The recurrent accessory branch of
the tentorium cerebelli described by lobilio (1910) would

probably correspond to the R. meningeus. The M. trochlearis

left the cranial cavity at the upper portion of the orbito-

rotundum foramen and, after a short course in the orbital
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cavity, penetrated the dorsal oblique muscle. The site
of termination of the nerve in the dorsal oblique muscle
was variable. It terminated in the posterior third of
the muscle, in agreement with Winckler (1936) and, in
rart, with Law (1956). The nerve penetrated the dorsal
surface of the dorsal obligue muscle, according to
Winckler (1936) and Law (1956). According to Prince et
al. (1960), the penetration was made in the supralateral
border whereas, Baptista (1944) described it as penetrating
the cranial border. Our results indicated that the nerve
may penetrate elther the dorsal surface or the lateral
border.

Apart from the description of lMontan¢ and Bourdelle
(1920), most authors (Martin, 1923; Ellenberger and Baum,
1943; and Sisson and Grossman, 1953) agreed that the M.
noandibularis left the cranial cavity through the foramen
lacerus. lMontané and Rourdelle (1920) referred to it as
the foramen ovale. The recently approved (Eanover, 1963)
Pars prina of the omina Anatomica Veterinaria, containing
the chapter on QOsteologia gives a new nomenclature for that
area of the base of the cranium. It was declided then to
name it sinply the foramen lacerum - the anterior vart of
the large irregular opening in the base of the skull, bounded

medially by the occiptal and sphenoid bones, laterally by

T 1

et o e




93

the petrous portion of the temporal bone, and in front by
the temporal wing of the sphenoid bone. Slsson ané Grossman
(1953) named it the foramen lacerum anterior. The diver-
gence between lMontané and Bourdelle (1920) and the other
authors cited seems to consist only of nomenclature. They
were probably referring to the same foramen.

The innervation of the parotid gland was worked out
by lMougsu (1€89). Accordlng to his descriptions there'ﬁere
two routes by which the dorsal and ventral portions of
the parotid gland received innervation. The fibers to the
dorsal portion traveled with the N. auriculotemvoralis,
detached from the latter at the level of the mandibular
articulation and constituted the suverior parotid nerve
which then penetraetecd the dorsal portion of the parotid
gland. The ventral portion of the gland received inner-
vation by means of the inferlor parotid nerve which origi-
nated from the mylohyoid nerve. Our findings are, in part,
similar to those of loussu (1889). However, it seems
necessary to point out that the fibers to the dorsal and
ventral portions of the parotid gland did not reunite in
a single nerve as clted by Moussu (1889), but they instead
reached the respectlive portion of the gland by way of

several brancnes. Thus, the expressions Rami parotidei

dorsales and ventrales seem more appropriate than that

used by loussu (1889). According to lontand and Rourdelle
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(1920) the . mandibularis traversed the structure of the
pterygold muscle. Thls disposition was not observed in

our specimens. Here, the N. mandibularis, after leaving

the cranial cavity, ran ventrally, at first between the
bulla tympanica and the lateral pterygold muscle where it
divided into the M. linsualis and N. alveolaris mandibularis.

This was the normal way in which the }l. mandibularis secured . . -

relationships with the lateral and medial pterygold muscle.
Montané and Bourdelle (1$20) did not consider the division
of the . mandibularig as a terminal one. They described
the N. linzuslis as being a collateral branch of the N.
mandibularis. The subzygomatic plexus described by
lMontané and Bourdelle (1920) corresponded to the Plexus

parotideus of the present study.

The N. mylohyoideus has been studied by Schumacher
(1904) and Sauer (1956-57). Our description of this nerve
corresponded, 1n general, with that of these authors.

Relative to the innervation of the }i. derressor mandibulae

(1. depressor labii mandibularis), Schumacher (1904) stated
that it was made by the }. mylohvoideus. Although our

results seem to indicate that the R. marginalis mandibulae

of the M. facialis was responsible for the innervatlon of
that muscle, there is a chance that fibers of the HN.

mylohyoideus may reach the li. depressor labii mandibularis,

by means of the exlsting connections between the N.
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mylohyoldeug and R. buccalis ventralis.

According to MeClure and Garrett (1966) the nomen-
clature of the ophthalmic nerve in the domestic animals,
as 1t exists today in the textbooks, 1s confusing. The
Drimary reason is that in ruminsnts, the pig and sometimes

the horse, the N. ophthalmicus and . maxillaris emerge as

a common trunk from the cranial cavity through one opening,
the orbitorotundum foramen. For the same reason, it seems
to us that the nomenclature of the N. maxillaris and its
first branches 1s also confusing, as 1t 1s presented in
the literature.

in orbital branch given off by the N. maxillaris was
described by Hontané and Bourdelle (1920), Winckler (1936)
whereas Ashton and Oxnard (1958) referred to it as the

He. zysomaticus. According to Winckler (1936) the orbital

branch supplied twigs to the lateral surface of the lateral
rectus, ventral rectus, and ventral oblique muscles.

Ashton and Oxmard (19538) reported that the . zyzomaticus

was connected with the . lacrimalis by means of a fine

twig and in three specinens the N. zygonaticus was divided

into two distinct filaments, while in two other dissections
it was split into three fillaments. In our dissections, the
He maxillaris was seen giving off two branches which coursed
in the orbit very close to each other, but remained sepa-

rated from the N. maxilleris at their origin. They were
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named the RBR. zyzomatlcofaciaglis, the caudal branch, and the

R. zygomaticofacialis accessorius, the rostral one. The

area of distribution of the R. zygomaticofacialis corres-

ponded to that described by Ashton and Oxmard (1958) for

the zygomatic nerve. The R. zysomaticofacialis accessorius

was distributed to the skin adj)acent to the medial canthus

of the eye. As already mentioned, Ashton and Omnard (1958)

verified, in three cases, that the l. zyzomaticus was di-

vided into two filaments which corresponded to the R.

zygomaticofacialis and R. zygomaticofaclialis accessoriug

described in the present study. In our observations in
this area, the presence of three fllaments as stated by
Ashton anc¢ Oxnard (1958) and Prince et al. (1960) was not

verified. The R. communicans cum n. oculomotorii was a

large branch which emerged from the . maxillaris and

joined the R. ventralis of the N. oculomotorius at the

dorsolateral border of the ventral rectus muscle. This
branch has recelved very little attention, if any, in
the veterinary anatomlcal textbooks. lMobilio (1912)
gave a complete gross anatomlcal description of it which
was entirely confirmed by the present investigations.

However, twlgs from the R. communicans cum n. oculomotorii

directly to the ventral oblique muscle, as described by
Mobilio (1912), were not observed in our dissections.

Winckler (1936) described twigs of the so-called orbital
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branch to the lateral surface of the lateral rectus, ven=-

tral rectus and ventral oblique muscles. In the present
investigations such twigs were not observed. The direct
connection between the N. maxlllaris and the Ganglion
ciliare suggested another route for the sensory flbers
from the eyeball to the N. trigeminus. However, only
morphologlcal studies associated wlth physiologlcal experi-
ments could establish the functional characteristics of
the neural fibers meking unp this communicating branch.

The statement of Winckler (1936) that the wventral rectus
muscle recelved fibers from the N. maxillaris was not con-
firmed by the present investigations. The description of
Ashton and Oxnard (1958) for the intraosseous course of

the N. infraorbitalls was confirmed by the present study,

except the ramification of the nerve after leaving the

infraorbital canal. According to them, the N. infraorbitalls

split into nasal and labial divisions while passing through
the infrzorbital canzl. They further reported that the
nasal division then split into s amall superior and bigger
inferior nasal branch. The former ramified on the dorsum
of the snout. In our findings, as it emerzed from the in-

fraorbital foramen, the N. infraorbitalis divided into

superlior, middle and inferior grouvs of branches. The

superior group constituted the R. nasales externi and cor-

responded to the superior nasal branch of Ashton and Oxnard
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(1958). The middle group was constituted by three strong
branches, the R. nasaleg anterior and corresponded to the
inferior nasal branch of Ashton and Oxnard (1958). The
inferior group was formed by four to eight branches, the
R. labiales maxillares and they corresponded to the labizal
division of Ashton and Oxnard (1958). According to
Chauveau and Arloing (1905) and lontand and Bourdelle
(1920), the N. pterysmopalatinus divided into anterior,
middle and posterior palatine nerves whereas Prince et
al. (1960) stated that the lI. pterymopalatinus entered
the sphenopalatine foramen and gave one branch, the pala-
tine nerve, which entered the palatine canal to reach the
hard and soft palates. According to Prince et al. (1960)
there did not appear to be a minor palatine nerve. 1In
our observations, the N. valatinus minor was a constant

feature. It originated from the li. pterygopalatinug and

descended in the groove behind the maxillary tuberosity

ramifying in the soft palate. The ll. pterygovalatinus

penetrated the corresponding foramen and divided into the

. nasalls posterior and . palatinus major. The latter
ramified in the hard palate and gums whereas the former

b
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reached the nasal cavity where it innervated the nmucosa

of the ventral turbinate and maxillary sinus by way of the

R. sinum maxillaris.
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The term lacrimal nerve, according to lcClure and
Garrett (1966), was applied only to the branch distri-
buted to the lacrimal gland and occasionally to a very
small area of skin related to the gland. The term zygo-
maticotemporal, according to them, was applied to the
branch distributed to the horn and skin between the eye
and horn in ruminants and a corresponding area in the . -

horse and pig. The division of the . lacrimalis into

two branches was described by Prince et al. (1960).

One coursed dorsally to enter the lacrimal gland and

some branches passed into the upper 1lid. In our results,
both nerves, lacrimal and zygomaticotemporal, were

present independently of one another. The ll. lacrimalis
divided into two or three branches which ascended the orbit
and usually the smallest branch penetrated the lacrimal
gland, whereas the others reached the skin of the lateral
portion of the upper 1lid and adjacent area. The R. zygo-
maticotemporalis detached from the lateral aspect of the

. opvhthalmicus and was distributed to the skin of the

lateral canthus of the eye. Thus, the concept of the I.

lacrimalis and the R. zygomaticotemporalis expressed by

leClure and Garrett (1966) did not seem to apply effectively
to the plg. Ellenberger and Baum (1943) and Sisson and

Grossman (1953) affirmed that the N. lacrimalis resembles
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that of the horse and described 1t together with the R.
zygzomatlicotemvoralis. For the same reasons expressed
above, our findings seem to indicate that the ll. lacrinmalis
and R. zygomaticotemporalis of the plg are not comparable
with those of the horse. The N. frontalis, in our obser-
vations, was well developed and, in the orblital cavity it
furnished branches to the dorsal rectus and dorsel oblique
muscles, in agreement with previous workers (Winckler,
1936; Brunl and Zimmerl, 1951 and Prince et al., 1960).

The . frontalis divided constantly into two branches which
were named the N. supraorbitalis and l. supratrochlearis.
Despite the absence of the supraorbital foramen in pigs,
the name }N. supraorbitalis seems appropriate in view of its
distribution and for comparative anatomical reasons. In
this aspect the li. frontalis resembles that of the ox as
stated by Martin (1923), Ellenberger and Baun (1943, Sisson
and Grossman (1953) and Prince et al. (1960). The N.
nasociliaris represents the contlnuation of the . ophthal-
micus in the orbit. liontanéd and Bourdelle (1920) and Sisson
and Grossman (1953) stated that the M. nasociliaris sent
nunerous filaments to the ocular muscles. In this study,
it was not possible to trace fibers from this nerve that
would end in the ocular muscles. However, the I. naso-

clliaris did give off two or three fine lNn. ciliares longmi
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which traversed the structure of the retractor bulbi
muscle, and perforated the sclera near the attachment
of the optic nerve. Our results confirm the descriptions

of Prince et al. (1960) for the lin. ciliares longi, ex-

cept for the origin of them. These authors described the

in. ciliares longl as emerging from the N. ophthalmicus

before the orbitorotundum foramen. In the present study,
the lin. ciliares longl are mentioned as originating in the
orbital cavity, at the medial border of the retractor
bulbi muscle.

The literature search revealed no special article or
cltation in veterinary anatomical textbooks about the

Ganglion oticum for the pilg. The Ganglion oticum was in-

constant and when present occupied the rostromedial side of

the N. mandibularis, near the origin of the lN. buccalis.
The N. tensoris tympani did not originate from it but only
traversed its structure. In some cases the ganglion was
replaced by a loose neural plexus.

The gross and microscopic anatomy of the Ganglia

bteryzopalatina was described by Witmer (1925). He

vointed out that there were five to eight ganglia ar-
ranged in a chaln located close to the bone at the angle
formed by the maxillary, lacrimal and orbital portion of

the frontal bone. Our results agree with his. The
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expression Ggnglig pterygonalati was chosen because of
the number of small ganglia that are connected by fibers
to each other, constituting a plexiform chain. The }.
canalls pterymoidel emerged from the pterygold canal and
coursed dorsally toward the posterior margin of the plexus.

The review of literature showed that very little has

been written about the cranial ganglia in the domestic
aninals. About the Ganzlion submandibulare, except the
commendable work of Catania (1924), no other article has

been found for the plg. The ganglion was located on the

dorsal aspect of the submandibular duct where 1t crossed
the medial surface of the caudal end of the sublingual
gland. In our dissections, the Ganglion gubmandibulare
was not related to the li. hypoglossus as stated by

Catania (1924). As far as the efferent and afferent

branches of the ganglion and their distribution were con-
cerned, our observations agree with those of Catania (1924).
The N. gbduceng traversed the rete mirablle cerebri

where 1t received flbers from the ll. caroticus internus.

The nerve then left the cranial cavity through the orbl-
torotundun foremen in company with the N. maxillaris, N.

ovhthalmicus, . oculomotoriusgs and }l. trochlearis. At

the orbital cevity it gave branches to the dorsal and

ventral portions of the retractor bulbi muscle. This
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finding was not in sgreement with Ellenberger and Baum
(1943) who stated that the N. abducens innervated only
partially the retractor tulbl muscle, the rest belng

supplied by the N. oculomotorius. Eowever, our results

are supported by Kovdcs and Fehdr (1958) who, studying
this area in the plg, stated that the }N. abducens not
only innervated the lateral rectus muscle but also the . ~
retractor bulbli muscle. loreover, in our specimens,

branches of the N. occulomotorius supplying the latter

muscle were not found. In one case the }. abducens also
supplied the ventral rectus muscle by means of a large
branch which penetrated the nmuscle in company with

branches of the R. ventralis of the N. oculomotorius.

The intraosseous course of the N. facialis offered,
in the pig, a great analogy with that of the other domestic
animals. Here the nerve successively gave off the .

petrosus major, N. petrosus minor, twigs to the stapedius

muscle, and the Chorda tympani and was joined by the :

AII

auricularis of the lI. vagus. ilikolal (1954) gave a re-
port on the distribution of the }N. facialis after its
emergence from the stylomastold foramen. He stated that
the N. faclalls first gave off two branches, the R. retro-

auricularis I and II which in the present investigation

correspond to the R. rostralls and R. caudalis of the M.
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aguricularis posterior, respectively. These two branches,
in our dissectlions, emerged from the N. faclalls as a
single trunk, the . guricularis posterior, which then
divided into two branches near 1ts origin. From the
report of Nikolal (1954) it would appear that the Rr.

retroguricularis I and II originated separately from the

. faciaglis. However, in one of hls dlagrams they are
shown as a single branch, at the origin in the }. facizalis.
There is a discrepancy as to the ramification and distri-

bution of the branches of the ll. auricularis posterior

between MNikolai (1954) and the present investigation.
According to Nikolal (1954) the R. retroauricularis I
was slender, innervated the third layer of muscles (ll.
cervicoauricularis profundug) end the lm. transversi et
obliqui. The R. retroauricularis II innervated the

second layer (ll. cervicosuricularis medius) and the H.

helicis retroguricularis. In our investigations the R.
rostrelis, which corresponded topographically to the R.
retroauricularis I of Nikolai (1954), was larger, fur-

nished the branch to the lI. helicis retroauricularis and

innervated the li. cervicoauricularis medius and guverficialis.

The R. caudalis was responsible for the innervatlon of the

M. cervicoauricularis profundus. The N. auriculopalpe-

bralis originated from the ll. facizalis in a common trunk
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with the B. buccalis dorsalis. It divided into the R.

zygomaticus and R. aurlculares anterliores. Our results

correspond, in part, with those of Nikolai (1954) on the
distribution of these two branches, despite the different

nomenclature used. The R. buccalis dorsalis has received

names which vary with the different authors, such as
temporo-facial nerve by Chauveau and Arloing (1905), tem= -
poral branch by Montané and Bourdelle (1920), dorsal
buccal nerve by Martin (1923) and Ellenberger and Baun
(1943) and R. bucco-labialis superior by Nikolai (1954).

The R. buccglis dorsalis constituted, with branches of the

e puricuvlotemporal, the Plexus parotideus which was named
Plexus subzymomaticus by Montané and Bourdelle (1920).

The R. buccaligs ventralis has also, as the R. buccalis
dorsalis, receilved several names, such as cervico-faclel
nerve by Chauveau and Arloing (1905) and lHontané and
Bourdelle (1920), inferior bucecal nerve by Martin (1923),
Ellenberger and Baum (1943) and R. bucco-labialis inferior
by liikolai (1954). Our findings, concerning the course

and distribution of both the R. buccalls dorsallis and

veatralis, corresponcded with that of Nikolai (1954).

The . vesgtibulocochlearis was formerly named the

—

acoustic nerve. Since 1t actually was constituted of two

functionally different components - one to the vestibule
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and the other to the cochlea of the inner ear, the Pars

vestibularis and Pars cochlearis, respectively - it is

now listed in the liomina Anaotomica Veterinaria (cranial

nerves part) as the . vestibulocochlearis. A gross

anatonical study of this nerve revealed very little of
its morphology.

The ll. glogsovharyngeus left the cranial cavity -
through the foramen jugulare in company with the N. vagus
and N. accesggorius. The nerve traversed the dura nater
and, sccording to Frewein (1965) exhibited a spindle-shaped
Genglion superior which was enclosed on its caudal and
medial aspects by the Ganglion superior of the K. vagus.

He further stated that they appeared to form a uniform

node with little connective tissue between then but, they
could be separated from one another in carefully prepared
specimens. Frewein (1965) also described a second ganglion,
the Ganglion inferior, which was located in the nerve at
the level of the posterior surface of the Pars tympanica

of the temporal bone. The l. tympanicus, according to

Frewein (1965) was detached from the Ganglion inferior

and ran along the medial border of the li. glossopharyngeus

toward the base of the skull. In our specimens, only one

ganglion was found in the ll. glossopharyngeus and it was

naned the Ganzlion petrosus, which was the nomenclature
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used by Chauvesu and Arloing (1891), Ellenberger and RBaum
(1943) and Sisson and Grossman (1953) for the domestic
animals. The Ganglion petrosug was located just outside
the cranial cavity and was sltuated very close to the

Ganglion superior of the N. vagus. From the Ganglion

petrosus emerged the slender M. tympanicus which, after

a short course, penetrated the small Canaliculus tymbaniéus

in the petrous portion of the temporal bone. This des-
cription of the Ganglion petrosus corresponded with that

given by Freweiln (1965) for the so-called CGanzlion superior.

Additional gross and microscoplcal investigations are being
conducted in this department in order to clarify this

' controversy. In thelr account of the N. glossopharyngeus,
liontané and Bourdelle (1920) did not mention the presence

of any ganglionic structure or the R. sinus carotici.

The N. vagus left the cranlal cavity through the

foramen jugulare in company with the N. glossopharynseus

and 1I. accessorius. At the entrance of that foramen it

presented the small Ganglion guperior which Chauveau and
Arloing (1920) named the jugular ganglion. The nerve then
coursed with the . accessoriug and furnished, by a common

trunk, the R. pharynzeusg and the }l. pharvngoesovhaseus.

FY

According to lontané and Bourdelle (1920) the fibers to

the R. rvharyngeus seemed to come exclusively from the
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internal branch of the N. accessorius. In our observations,

this disposition was not as evident as stated by Montané
and Bourdelle (1920). The N. vagus bore a well developed
Ganglion inferior. At the level of the latter, the N.
vagus gave off the N. larynzeus cranialls, in agreement
with Hontané and Bourdelle (1920) and Grau (1943). At a
variable distance from the Ganglion inferior the N. vagus

jolned the sympathetic trunk.

After leaving the cranial cavity the ll. accessorius

coursed in assoclation with the . vazus by a common
epineural sheath. The nerve then divided into the R.
internus and R. externus. The R. internus again joined
the trunk of the N. vagus at the level of the Ganglion
inferior. This statenent is 1n agreement wlith Chauveau
and Arloing (1905). The }. accessorius, after releasing
the R. internusg, became the strong R. externus (lMontané
and Bourdelle, 1920).

The ll. hypoglossus arose from the lateral surface of
the medulla and left the cranial cavity through the
Canalis n. hyvozlossi. The presence of a small dorsal
root provided with a small ganglion was described by
Luschka (1856), Vulpian (1862) and Chiarurzi (1889).
licwever, according to the latter, they dlsappeared during

ontogenecsis and were not found in adults. Beck (1895)
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studled the dorsal root of the N. hyposlossus in 58 species

of mammals, including the pig, and stated that they per-
sisted in adult life, mainly in ungulates. 1In the speci-
mens dissected, we did not have the opportunity to observe
the dorsal roots in the N. hypopglossus. The peripheral

connections between the li. hypozlossus and the N. linguelis

have been studied by Fitzgerald and Law (1958). According
to them, these comnections are formed by the union of one

or more branches of the li. linzualis with fibers of the

medial division of the . hypoglossus. In the study made
by Fitzzerald and Law (1958) the connections were found
between the li. hypoglossus and the R. lateralis and R.
medialis of the M. lingzualils.

Besides the work of lannu (1914) and Schreiber (1958)

no other investigation on the Ganglion cervicale craniale

of the domestic animals has been found in the literature.
Cheuveau and Arloing (1905) stated briefly that the pig

had a Ganglion cervicale craniale which was fusiform and

very long. At its lower extremity it gave off several
filaments, one of which lay beside the . vagus in the
cervical reglon, but separated from it to Join the middle
cervical sanglion. The others passed to the tenth nerve,
and were confounded wlth it at the ganzlionic enlargement

it showed behind the pharynx. Mannu (1914) had studied
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the cervical sympathetic trunk, including the Ganglion
cervicale cranigle, in the rabbit, horse, ess, mule, goat,
sheep, dog end cats. Schreiber (1958) investigated the

Ganglion cervicale craniale of the bovine. Our results

ere, in part, comparable with the description of Chauveau

and Arloing (1905).

el S g gl N R

St pant g

ST



£ i 0
SUKHARY AND CONCLUSIOCIHS

The origin and distributlion of the cranial nerves
were studied in the domestic piz. The cranial portion
of the autonomic nervous system was also included. A
total of eighteen specimens were used. Detziled dis-
section was performed in 11 specimens using the lateral .
and medial approaches to expose the nerves. The topoQ‘
graphical anatomy of the cranial nerves was re-evaluated

at the end of the dissection by doing, in one specimen,
frontal serial sections of the head, followed by identi-
fication of the nerves and photographic recording. The
cranial portion of the autonomic nervous system was
-studied in four specimens in which bones were previously
softened in a 25% hydrochloric acid solution bath. Two
specimens were used for histological studies of the ciliary,
otlicun, pterygopalatine and submandibular ganglions.

The cranizsl nerves of the pilg presented a very stable
organization with few variations, and those were observed
mainly in the last ramification aﬁd the termination
branches. They corresponded to the general plan of
structure for the domestic mammals, particularly that of
the Artiodactyla.

\

1he study of the lln. olfactorii was not included in

the present investigation.
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The }N. opticus, at the orbital cavity, ran first
dorsolaterally and then bent dorscanteriorly to reach
the eyeball. It was related to the retractor bulbi
muscles and was crossed laterally by the N. oculomotorius.
The Ganglion ciliare was placed on its ventrolateral

surface.

The lN. oculomotorius originated from the ventral side . *

of the cerebral peduncle, at the border of the interpedun-
cular fossa. After perforating the dura mater, the nerve
left the cranial cavity through the orbitorotundum foramen

in company with the N. mexillaris, N. ophthalmicug, N.

abducens and_N. trochlearis. At a variable site, the H.
oculomotorius divided into the R. dorsalis and R. ven-
tralis. The former was shorter and terminated in the
dorsal rectus and levator palpebrae superloris muscles.
The R. ventralis innervated the medlal rectus, ventral
rectus and ventral oblique muscles. It also gave fibers

to the Ganglion ciliare and the Radix oculomotoria.

The Ganglion ciligre was located on the ventral surface
of the ll. opticug, at its proximal curvature in the or-
bital cavity. The Ganglion was connected with the N.

oculomotorius by means of the Radix oculomotoria. It

measured 1 to 2 mm. in dlameter. In a large number of

specimens, e Ganglion ciliare accegsorius was observed,
situated on the dorsolateral surface of the }N. optlcus.
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It was smaller, located 3 to 6 mm. from the maln ganglion.
It was associated with the latter by means of one or two
connecting twigs. The Nn. clliares breves originated
from both ganglia. The Ganglion ciliare also recelved

the R. communicans cum n. nasociliaris. The li. trochlearis

emerged from the anterior cerebellar peduncle, close to

the corpora quadrigemina. It coursed for a long distance
in the tentorium cerebelli where it released the R.

meninzeug. The nerve ended in the dorsal oblique muscle.

e T

The N. trigeminus had two roots, the Hadlx sensoria

and the Radix motoria. A well developed Ganglion tri-

geminale was placed laterally to the hypophyseal fossa
and covered, in part, the foramen lacerum. From the

trunk of the I

.'u‘ -

trigeminus, severzl small twigs reached

the dura mater as the R. meninzei.

The li. mandibularis left the cranial cavity through

the lateral portion of the foramen lacerum. Inmediately
after leaving the foramen lacerum, the nerve gave off the

Il. buccalis, M. massetericus and .the li. temporalis pro-

— ——T

fundus. The N. buccalis traversed the lateral nterysoid
muscle, sent a small twlig to the temporal muscle, fur-
nished twigs to the buccal glands and split into several
branches which, plercing through the buccinator muscle
ranified in the submucous tissue of the cheek. The I,

buccalis furnished, near 1ts origin, the li. pteryzoideus
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lateralis to the lateral pterygoid muscle. The N.
buccalls was also connected with the R. buccalis dor-

salis of the N. faclialig. The N. masgetericus and N.

temporalis profundus originated in a common trunk. They

innervated the masseter and temporal muscles, respectively.

The N. mandibularis also gave the N. pteryzoideus mediglig

to the muscle of the same name and divided into the N.

linzualis and N. glveolaris mandibularis. The latter was

the lateral branch resulting from the bipartition of the
N. mendibularls. After a short course 1t gave off the

N. mylohyoideus and penetrated the mandibular foramen.

The HN. nylohyoldeus divided into the R. lateralis and R.
medialis. The R. lateralis coursed outward, exchanged
fivers with the R. buccalis ventralis of the . faclalls
and terminated in the sgkin of the lower portion of the
masseteric region. The RB. medialls supplied the digastric
and mylohyoideus muscles and were distributed to the skin
of the intermandibular region. The R. mentales were given
off by the N. mandibularis alveolaris, inside the mandible.
They innervated the skin of the mandlbular reglon and were

connected with fibers of the R. marginalls mandibuloe.

The ll. linegualis was the medial division of the N.
mandibularis and was Jjolned, at its origin, by the Chorda

tympani. The nerve furnished the R. isthmus faucium and

the N. sublinguslis. At the anterior border of the medlal
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pterygold muscle, the MN. lincuslis gave a series of fibers

which terminated in the Ganglion submendibulare. Running
between the hypoglossus and genioglossus muscle, the N.
lingualis reached the dorsum of the anterior two-thirds
of the tongue. Connections between the N. lingualis and
N. hyvoglossus were detected here.

The N, maxillaris left the orbitorotundum foramen -
to course along the pterygopalatine fossa and entered the
infraorbital canal.. At the pterygovalatine fossa it gave
off the R. zymomaticofacialls and R. zyzomaticofacialils

accessoriug and the B. communicans cum n. oculomotoril.

The R. zygomaticofacigllis and R. zygomaticofaclalis

accegsoriug originated very close together and coursed
along the lateral wall of the orbit where they diverged
from each other and terminated in the skin of the lower

1id and adjacent area. The R. communicans cum n.

oculomotorii was a strong branch which joined the R.

ventralis of the N. cculomotorius, at the dorsolateral
border of the ventral rectus nmuscle. Some of 1ts fibers,
however, passed over the R. ventralig to end in the

Ganglion ciliasre. Its probable functional significance

was discussed. The N. maxillaris gave off from its lateral

side, the R. alveolareg nexillares posteriores. The N.

Pterymonalatinus originated from the ventral side of the

M. maxillaris and was very wide and thin. In young animals,
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the nerve was covered by the maxillary tuberosity. It

gave off the followlng nerves: N. palatinus minor, to

the soft palate; N. nasalis posterior which penetrated

into the nesal cavity and innervated the mucosa of the
latter and the maxillary éinus by means of the R. sinum
maxillaris and the li. palatinus major which was constituted

by the great majority of the fibers of the N. pterysopala- o

tinus. It coursed in the palatine canal and was distributed

to the hard palate and gum. The II. infraorbitalls was the

continuation of the N. maxillaris in the infraorbital

canal where it gave off the R. aglveolares maxillares

medii and the R. alveolaris anterior. The latter .pene-
trated the inclsor canal and lmmervated the canine and
incisor teeth. The . infraorbitalis left the canzal

and divided into the R. nagaleg externi, R. nasales an-

teriores and R. lablales maxillares which innervated the
skin of the nasal region and snout.

The 1I. ophthalmlcus originated at the exit of the
orbitorotundun foramen from a common trunk with the [l.

maxillaris and divided into the [i. nasociliaris, .

frontalis, branches to the dorsal rectus, levator palpe-

brae superioris and dorsal obligque muscle, ll. lacrimalis

and the R. zyzomaticotemporalis. The li. ovhthalmicus

contributed also, in some specimens, to the formation of

the R. zygzomaticofacialis and R. zyzomaticofaclalis
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accessorius. The N. nagociliaris gave off the slender

In. ciliares longi and divided into the N. ethmoidalls

and the N. infratrochlearis. The li. ethmoidalis tra-

versed the cribiform plate and reached the nasal cavity

where 1t terminated as the R. nasalis externus. The N.

frontalis was very large and origlnated in close assocl-

ation with the N. lacrimalis. The N. zysomaticotemporalis

was detached from the lateral aspect of the ﬂ; ophthalmicus

and, in some cases, together with the N. lacrimalis.

There were 4 to 8 small greylsh Ganzlia pterysopala-
tina united by a number of flbers giving the appearance
of a large vlexus. The latter was connected by several
twigs with the N. maxillaris and ll. pteryzopalatinus
énd its branches.

The Ganglion submandibulare was a small, round node

located on the dorsal aspect of the submandibular duct.
It was connected with the N. lingualis by 5 to 10 Rami
communicantes cum n. linguali and furnished twligs to the
submandibular and sublingual glands.

The Ganglion oticum was found, inconstantly, on the
rostromedial side of the N. mandibularigs and adhered to
it by several twigs. It sent fibers to the . auriculo-
temporalis, N. linsualis and N. mandibularis glveolaris.

The l. abducens originated from the medulla and tra-

versed the rete mirablle cerebrl where 1t received twigs
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from the N. caroticus internus. In the orbital cavity,

1t divided into two branches which innervated, respectively,
the retractor bulbl and lateral rectus muscles.

The N. facialls bore the Ganglion genicull from which

the ll. petrosus major originated. The latter received the

&
N. petrosug profundus from the ]i. caroticus internus,

penetrated the pterygoid canal as the N. canalis pterygoidei. -~

and terminated in the Ganglia pterygopalatina. In the
faclal canal the N. faclalls also gave fibers to the

stapedius muscle and the Chordg tympani. After leaving

the stylomastolid fissure the l. faclalis gave a series of
nerves to the ear and facial musculature. The N. guricu-

laris posterior innervated the li. cervicoauricularis pro-

fundus, medius and superficlalis. Ahbranch coursing
around the conchal cartilage innervated the . helicis
retroauricularis and Ili. tragicus. The N. guricularis
internus divided into two branches before ramifying in

the internal surface of the pinna. The N. auriculovalpe-

bralis divided into the R. aurlculares anteriores and R.

zygomaticug. The former innervated the li. scutulo

auricularis superficiglis, li. gcutuloauricularis pro-

fundug and M. frontoscutularis. The R. zygomaticus

inmmervated the M. corrugator supercillil and M. orbicularis
oculi. The R. buccglis dorsalis and ventralis were re-

sponsible for the innervation of the facial musculature.
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The R. gtylohyoideus innervated the Il. stylohyoldeus,
whereas 1in one specimen it also innervated a rudimentary
posterior belly of the digastric muscle. The R. colli
was distributed mainly in the facial cutaneus muscles.
The R. buccallis dorsalis and yentralis, under the parotid
gland, were connected‘with branches of the N. auriculo-

temporalis constituting the Plexus parotideus.  They glso

were connected with branches of the }. buccallis near the
buccal commissure.

The N. vestibulocochlearis emerged from the brain

stem close to the . facialis. It penetrated the internal

acoustic meatus and divided into the Pars vestibularis and

Pars cochlearis to the utriculus, sacculus and cochlea,

'respectively.

The N. glossopharynzeus left the cranial cavity in

company with the . vagus and ll. accessorius. 7The nerve

presented, Jjust outside the dura mater, the Ganglion

petrosus, situated close to the Ganglion suvnerior of the

i. vagus. The . tympanicus arose from the Ganglion

petrosus. The ll. glossopharynzeus gave off the ll. sinus

caroticli and the R. pharyngeus which soon united with the

R. pharyngeug of the ll. vagus and Ganglion cervicale

craniale to constitute the FPlexus pharyvnceus. The nerve

also furnished the R. stylopharyngeus to the muscle of

the same name and continued as the N. lingualis to
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penetrate the tongue behind the insertion of the hypo-
glossus muscle.
The N. vagus originated from the lateral surface of

the medulla in close association with the l. accessorius.

The Ganrlion superior was located at the foramen jugulare
and the R. guricularis emerged from it. The lI. vagus
coursed together with the N. gccessorius. It gave, by
way of a common trunk, the R. pharyngeus and N. pharyngo-
es0 eus. At the origin of the }N. larynceus cranialils,
the Gangllon inferior was present. At a varlable dis-
tance from the Ganglion inferlor, the N. vazus Joined the
Truncug sympaticus.

The N. accessoriug was constituted by the Radlces
gcraniales and Radiceg spinaleg. The nerve, after coursing
together with the N. vagus, divided into the R. internus
and R. externus. The former agaln joined the N. vagus,
at the level of the Ganglion inferior, and the latter
coursed on the lateral surface of the neck end termnated
in the trapezius muscle.

The N. hypozlossug left the cranial cavity through
the hypoglossal canal, coursed caudally to the N. vagus
and N. accessoriug, and passed between the R. externus

and R. internus of the N. accessorius. It then was con-

nected by a branch of the first cervical nerve forming the

Ansa cervicallis. After sending branches to the hypoglossus

ot iy e 157 5 M= o . B 4 s
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and genloglossus muscles it penetrated the tongue.

Due to the absence of reports in the literature about
the Ganglion cervicale cranizsle in the pig, it was also
included in the present investigation. The ganglion was
present as a greylsh fusiform structure located on the
medial side of the common trunk of the internmal carotid
and occiptal arteries. Fron the dorsal pole of the
ganglion the coarse lI. ceroticus internus was detached.
Fromn its rostrel border, the ganglion emitted the R.
pharynzi, N. caroticus externus and a branch to the M.

vagus. The R. communicans cum n. cervicale prime was de-

tached from the posterior border. In one specinmen, a

branch to the second and third cervical nerves was present.
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FIGURE 1. Ulerves of the superficial lateral surface of the head (semischematic)

A Glandula parotls N Ii. caninus
Bs Ilis helicis retroauricularis 0 M. levator nasolabialis
C I« scutuloauricularis superficialls P Il. masseter
D i+ tragohelicinus Q Ductus parotideus
B Il. tragicus R V. faclalis
F i« parotidoauricularis S M. zyzomaticus
G Ils interscutularis i If« cutaneus faciel
ol e frontoscutularis U He orbicularis oris
I II. corrugator supercilii Vv M. depressor labii mandibularis
J li« orblcularis oculi W . mentalis
Ji4 ll« malaris X li. trapezius
L i+ levator labiil maxillaris 4 I« brachiocephalicus
1 . depressor labll maxillaris Z I« omotransversarius
1 R. colli (. facialis) 8 R. zygomaticus (. facialis)
2 N. aurlcularis posterior 9 H. buccalls dorsalis
3 R. zygomaticus (il. auriculopalpebralis) 10 N. buccalis
4 Br. auriculares anteriores 11 R. buccalis ventralis
5 Communicatinz branch of 6 to 3 12 R. marginalis mandibulae
6 Branches of R. transversus faciel 13 R. nasalis externus
7 . frontalis 14 1lin. mentales
15 R. lateralis (N. mylohyoideus)
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FIGURE 2. Nerves of the face and ear (semischematic)
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FIGURE 3.
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I« brachiocephalicus

Il. sternocephalicus

Glandula submandibularis

Glandula parotis (ventral portion)

Processus zygomaticus (Os temporalis), cut

A. maxillaris externa

A. maxillaris interna

Il. pterygoldeus lateralls
Il stylohyoldeus

1. pterygoideus medialis
Ductus submandibulare

i« orbilcularis ocull

ils+ obliquus ventralls

WN. accessorius

Ne. facialls

N. aurlcularis internus, cut

Ne. auricularis posterior, cut
R. buccalls dorsalls, cut

R. colll, cut

R. buccalis ventralis

R. stylohyoldeus

Branch of li. caroticus externus
iis hypoglossus

N. mandibularis

Il. auriculotemporalis

N. massetericus

. temporalis profundus
Lranch of 1I. buccalis to .
. buccalls

e lingualils

R. isthmus faucium

N. alveolarlis mandibularis
Ne. mylohyolideus

temporalis
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Nerves of the deep lateral surface of the head (semischematic)

Glandula palpebrae tertiae
profunda

Glandula buccalis

M. buccinatorius

M. depressor labii mandibularis
M. mylohyoideus

Il. digastricus

M. levator labii maxillaris
1. caninus

M. depressor labii maxillaris
Il. orbicularlis ocull

li. levator nasolabialis

M. mentalis

Communicating branch of 9 to 20
R. lateralis of N. mylohyoldeus
R. medialis of N. mylohyoldeus

R. marginallis mandibulae

In. mentales

R. bucecalis dorsalis, cut

N. frontalis

He lacrimalis

R. zygomaticotemporalls

R. zygomaticofacialis

R. zymomaticofacialis accessorius
R. communicans cum n. oculomotorii
R. ventralis of HN. oculomotorius
N. maxillaris

R. alveolaris maxillaris posterior
Rr. nasales externi

Br. nasales anteriores

Br. labiales maxillares

luscular branches of R. buccalis
dorsalis

HMuscular branches of R. buccalis
dorsalis :
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FIGURE 4.
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(semischematic)

M. styloglossus

Ii« pterygoldeus lateralis
1. pterygoideus medialis
1M+ hyoglossus

Ductus submandibulare

1l. geniohyoideus

M. mylohyoideus
Glandula buccalls
Lingua

Glandula sublinguslis

Lateral view of the Ganglion submandibulare and related structures
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N. lingualis

N. sublingualis

Rr. communicantes cum n. linguali
Ganglion submandibulare

Branches to G. submandibulare and
G. sublingualis

N. hypoglossus

lHuscular branches of N. hypoglossus
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FIGURE 5.
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Esophagus, cut
Trachea, cut

M. cricothyroideus
Il. sternothyroideus
Il cricopharyngeus
i1« thyropharyngeus
ll« hyopharyngeus

Ii« thyrohyoideus

Il« sternohyoldeus
Il« omohyoideus

I+ glossopharynhgeus

R. sinus carotici

R. pharyngeus of 1
Branch of 1 to li. stylopharyngeus
R. lingualis of 1

N« vagus

R. pharyngeus of 6

R. pharyngoesophageus
Ganglion inferior of 6
Ne laryngeus cranlalis
R. externus of 10

Innervation of larynx and pharynx.
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Lateral view (semischematic)

M. stylohyoldeus

M. hyoglossus

M. mylohyoldeus

M. styloglossus

. pterygoideus medialis
A. carotis communis

A. lingualils

A. oceclpitalils

A. carotis interna
Bulla tympanica, cut

R. internus of 10

I« accessorius

Re externus of 13

R. internus of 13

. hypoglossus

Ne. cervicalis prime
Truncus sympathicus
Truncus sympathicus and N.
N. mandibularis

Ne lingualils

. alveolaris mandibularis

vagus
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FIGURE 6. Innervation of larynx and pharynx. HNedial view (semischematic)
A Atlas G Esophazus

B Axis H Epiglottis

C A. carotida communls " 3 Cartilago cricoldea

D A. ocelpitalis J Ventriculus laryngis lateralis
E A. carotida interna K Cartilago thyroldea

F 1. stylopharyngeus L i« sternohyoldeus

1 N. glossopharyngeus 10 N. caroticus internus

2 R. sinus carotici 11 R. pharyngeus of 8

3 H. pharyngeus of 1 12 HN. caroticus externus

L Branch of 1 to Ii. stylopharyngeus 13 R. communicans cum n. cervicall prime
5 Re. lingualis of 1 14 N. cervicalis prime

6 . vagus 15 N. vagus

7 R. pharyngeus of 6 16 Ganglion inferior of 15

8 Ganglion cervicale cranlale 17 N. laryngeus cranialis

9 Truncus sympathicus 18 . hypoglossus
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FIGURE 7. Nerves to the orbit structures. Dorsal view
(semischematic)

Os nasalis

Sinus frontalis

Foramina lacrimalia
Processus zygomaticus, cut
Bulbus oculi

Fossa ethmoldalis

M. obligquus dorsalis
Glandula lacrimalis
11. rectus dorsalils
Canalis n. hypoglossi

gHpIOM

Radix motoria n. trigemini

Radix sensoria n. trigemini

N. mandibularis _ g F
Ganglion trigeminale

N. maxillaris

R. zygomaticofaclalis

R. zygomaticotemporalls =
N. lacrimalis

N. frontalis

10 N. nasociliaris

1l N. ethmoldalis

12 N. infratrochlearis

13 N. oculomotorius

14 N. abducens

15 N. trochlearis, cut
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FIGURE 8. llerves of the lateral surface of the orbital and pterygopalatine
regions (semischematic)

A Bulbus oculil E M. rectus lateralls

B Glandula lacrimalls F M. obliquus ventralils

C li. obliquus dorsalls G Glandula palpebrae tertiae profunda
D Ii« Tectus dorsalils

1 N. maxillaris 8 N. lacrimalils

2 R. maxillaris alveolaris posterior 9 Communicating branch between 7 and 8
3 ll. pterygopalatinus 10 R. zygomaticofacialls

L N. palatinusg minor 11 R. zygomaticofaclalis accessorius

5 N. canalls pterygoldel 12 R. ventralis of N. oculomotorius

6 Cutaneus branch of 8 13 R. communicans cum n. oculomotorii
7 R. zygomaticotemporalls
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FIGURE 9. Nerves of the lateral surface of orbit and pterygopalatine reglons.
Deep view (semischematic) ?

Bulbus ocull

Glandula lacrimalils

lil. obliquus dorsalis, cut
ll. rectus lateralls, cut

M. rectus ventralls

1. obliquus wventralils

Glandula palpebrae tertiae profunda
. retractor bulbi

R. ventralis of l. oculomotorius
R. communicans cum n. oculomotorii
Ganglion ciliare

Nn. ciliares breves

Ganglia pterygopalatina

N. canalls pterygoldel

. maxillaris, cut

M. zygomaticofaclalls, cut
N. abducens
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