'HT NTUROHISTOLOGY OF THI CAROTICOTYMPANIC
RTGION AND RTLATED JRANIAL NERVES
by

Edgar Turray Burns, B.A.

A Thesis
Presented to the raculty of the Graduate School of the
University of Gregon.
In partial fulfillment of reguirements for the desree of

Master of Arts.

?\an, 1951.



AN ABSTRACT OF THE THESIS OF
-
Adgar iurray %urhs for the vegree of Master of Arts in Anatomy.
Date of Graduation - June 15,1931.
Title - 'The Neurohistology of the Caroticotyapanic Region and
Related Granial Herves.
Approved :

This work is done in order to fornulate a histological
bagis for the understanding of the complex anatomy of the
region of the carotiid plexﬁs, tympanic plexus, and related
eranial narves. 'Yhe gerial section method with hunan nat_
erial using the 'fuller modification of the Weizert stain
has been employed. A brief review of the comparative anat-
omy and gross anatomy of the region is given to demonstrate
the presant status of knowledge in this field and to Justify
the termninology used.

A microscopic study reveals that fine myelinated and un-
myelinated fibers pass from the superior cervical zanglion in-
to its branches of distribution along the carotid artery and
into its branch of bomnunieation with ghe glossopharynseus.
The fine myelinated fibers pass up the carotid, while the. un-
myelinated pass into the wsreat deep vpetrosal as well as up the
carotid artery. The great superficial petrosal consists of
snall anyelinated fibers which synapse in the sphenopalati ne
ganglion, and of lrage myelinated fibers which pass through

this ganglion. In the mid-portion of the Vidian nerve gang-



lion cells are found in both portions, and a bundle of un-
myelinated fibers passes from the great deep into the great
superficial petrosal portion. The unnyelinated fivers of the
great deep petrosal pass throuzh the sphenopalatine zanglion
into its braneches of distribution and into the maxillary nerve,.
A small bundle of large and medium-sized ayelinated fibers pass
from the vidian nerve, the great deep petrosal, and into the
carotid plexus toward the superior cervieal ganslion.

The comminicating filament between the glossopharyngeus'

and vagus consists of large myelinated fibers which split, one
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dose ganglion. The vagus consists of varying sized myelinated
and unayelinated fibers which assemble below the jusular gang-
lion and break up into fascicles as the nodose ganglion is
reacined; most of the larze ayelinated fibers pass off into the
nerves of distribution of the ganzlion. The bulbar accessary
consists of large ayelinated fibers. The glossopharyngeus is
gimilar to the vagus in structure.

The nerve of Jacobson consists of nediumn-sized myelinated
fibers wiich arise from the petrous ganglion; these fibers pass
directly into the lesser deep petrosal and comnon carotico-
tgmpanic nerves. “The comaunicating filanent between the lesser
superficial petrosal nerve anl geniculate ganzlion is made up
of scattered smnall ayelinated fibers; that between the nerve
of Jacobson and the superior caroticotyanpanic consisgts of small

and nediwn-gized myelinated fibers.



Ganglion cells are found on the nerve of Jacobson at
the point where the branch runninz toward the vagus Jjoins,
on the lesser superficial petrosal at its Junction with its
branch of communication with geniculate ganglion, and on tae
superior caroticotympanic at its Jjusetion with the filament
from the nerve of Jacobson. 7The fibers of the superior caro-
ticotympanic cannot be traced beyond the carotid artery;
those of the inferior caroticotympanic are 1istrituted along
blood vessels Dbelow the jugular foramen.

The thesis is concluded with a brief discussion of the
possible explamations of referred pain in nasopharyngeal in-

fection on the ®asis of the neuroanatomy of the part.



P (S
INTRODUDTION

4 brief study of the various descriptions of the region
of the sphenopalaiine ganzlion, the carotid and tympaniec plex-
uses, anl related nerves nanifests the fact that it is not
well unierstood. Vvasue refefenoes to fiber trazct connections
between the cranial nerves involvel are numerous)and liserep-
ancies in the account of coertain of the Eross egnpeoting fila<
ments are found. +the comparative anatomy of this re-ion has
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en. fairly well worked out, and the gross description, in the
nain, is Tairly aleguate, but nanv of the essential details
are referred to in an indefinite manner or represented by in-
exact diagrans. ‘he terminology is confuming in many cases,
and conclusions have bsen formed vhich more complete evidence
shows to be in neei of wnoilification.

A perusual of the literature on this subject points to
a lack of microsconic stuiies, this being especially true of
the tynpanic recion and its connections. wiber tracts are
not 1escribed in this area; one or two reierences are made
to seattered nerve cells in this region, and the intrinsic
nerve supnrly of the various orsans has bteen studied, bus
the relationsiip between these seens to have been left to
conjecture. BHefore one is able to apnly experimental meth-
ods by nerve degeneration and chromatolysis, it is essential
o know the neurohistology of the vart in order to be able

to identify the cells and fiber %racts.

33-34



-y e

In the following account the main emphasis will be laid
upon the microscopic structure of the various nerves gescrib-
ed, but a preliminary review of the comparative anatomy of
the region and a study of tae gross structures in the human

should first be considered.
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SOPARATIVE ANATOJIY

As a starting point in consideration of the comparative
anatomy of this recion, elasmobranch fishes may be consider-
ed. 1In these organisms the typical cranial nerve has‘a ros-
trally lirected or palatine branch, and a pretrenatic and
post-trematic branch on either side of the gill-slit., In
the trigeminal or fifth nerve these branches becone the oph-
thalnice (rostral), maxillary {pretrematic to the mouth cleft),
and manditular (post-trematic;. In the facial or geventh
nerve this representation is found in the palatine, the inter-
‘nal maniibular and hyomandibular. i+his sane plan of structure
is seen in the zlossopharynzeal or ninth nsrve and’ in ali the
rootlets of the vacus or tsnth except the fourth rootlet which
is directed caudally as the intestinal branch.

In the process of cephalogensis these nerves underco
differentiation ani the ilentity of the early mnetameric Aivi-
sions becomes distorted. In accordance with adaptation to.
function and as a rssult of phylosenetic chanses, both the
functional components ani morpholozy of the eranial nsrves
unierso nodification: thus %he prigsary functional componsnts
of the cranial ncrves in some casges become large and import-
ant and in other vestirial,

In 1899 rrancis vixon denonstrated that the facial nerve
had a sensory listribution instead of béinz a purely notor
nerve as had been previously supposed. this conclusion

was based on the phylozeny of the intermeiiate nsrve.
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One branch of the internediate was directed rostrally as the
palatine branch of the fasial and another was lirected into
the hyonandibular branch. The former or palatine seventh
containel sensory fibers to the nucous aenbr=nes of the naso-
pharynx anl remains as a visceral ssnsory coanponent existing
in later forns as the great superficial petrosal nerve. The
latter has existed as a somatic sensory branch supplying the
hyoid region; 1t has been demnonstrated in the wmouse by
Rhinehart (1918), and in the hunan by Larsell anl Fenton in
1928, This nerve in man anastomoses with a somatic sensory
branch of the vaszus to form the nerve of Arnold which inner-
vates the skin of part of the posterior portion of the ex-
ternal ear, tip of the mastoil anl possibly the tymnpanic
membrane. The'internal mandibular, also a branch of the
nervus intsraedius, contained special visceral sensory fivers
to the taste buls and has become the choria tymnani.

In the glossopharynreus a nerve nodification has also
cepcurred., The palatine branch has becone incorvorated with
the palatine seventh an? forms an anastomosis with the cen-
iculate ganzlion of the fadwal nerve; this p:rsists as the
nerve of Jacobson anl is probably a viseeral sensory con-
ponent. The orizin of the lesgser superficial netrosal is
somewhat in doubt, although it seeas to be an intesral part
of the nerve of Jacobson.

The rootlets of the vasus nerve have becone crowlei
together possibly with cells of the glossopharyngeus and

bulbar accessory nerve, thus accounting for the anastomoses



between the main ganglia of these nerve in man. The origin-
al metaneric identity is lost in the developnent of the la rynx
and pharynx whiceh the vagus supplies; the intestinal branch
is easily identified in nan. |

4¥ith the nizration of cells from the neural crest and
its resultins cerebrospinal gan:lia, syampathetic ganglia take
their formation. The sphenopalatine ganzlion is such a
sympathetic zanglion formed by the migration of cells from
the gasserian ganglion of the trigeminal, and receiving Tibvers
and possibly a few cells) from the seniculate zanglion of the
facial (as shown by Xuntz in the pig- 1913). Wilder looks upon
the grsat and lesser deep petrosal as a continuous nerve which
originates as a branch of the nerve of Jacobson ani =oss to the
sphenopalatine ganzlion. However, we shall subsequently show

that in wan the picture is not so simple as depicted by Vilder.
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METHON QF INVESTIGATION

Specimens were taken from fresh autopsy material which
included the rezion at the base of the skull bvetween the
sphenopalatine ganzlion anteriorly anl the jusular foranen
posteriorly and extending as far as the angle of the mandible
inferiorly. The specimens were placed immediatsly in ten
percent (109) formalin and allowed to fix for two months.

The formalin solution wsas chanzed on an averaze of once a
week. The nastoid air cells and midlle ear cavity were open-
edl to permit ths penetration of the formalin into the tone.

The tissue was then prepared for 4issection by being
soaked overnizht in running watér. Rone forceps, teasing
needles, snall toothed and plain forceps, and seeksrs weare
the instruments used. The various structures were identified
by their relationships and by their gross norphology.
Spalteholz' and Toldt's anatony texts were used asg cuides
in identification of the structure. The finer dissection
was aarfied out under the binocular lissecting scope. Care
was taken to chip the bone away little by little to prevent
injury to the intra-osseous nerves. After each seggion of
dissection she tissues were placed in five percent (5%~
fornalin, ani care was taken to keep the tissues moist dur-
ing the active dissection.

Jhen the nerves anil all their connections we:e exposed.,
they were spread apart as much asscouli be permnitted in ord-
er to keep the nerve fibers in as near she sane plane as

possible and in order that their identifisation would be



simpler in the sections. ‘he specimen was then fastened

to cardboard by means of thumbtaciks placed in the portions

L

of the naterial which were not to bve retained; a Arawing
was mnade of the praparation ani the anatomical parts were
labelled.

The staining techmnique as outlined in the Miiller mod-
ification of the Veigert stain for myelin was employed.
The whole preparation was placed in the first moriant which

¢onsisted of:

Potassiun bichromate 5 parts
Shromium fluoriie Z2.5 parts
Distilled water 100 parsts,

and was placed in an incubator at 35 ¢ for three days. It was
then washed and transferred to seventy percent (VOﬁ) alcohol
waich was changed every iay until the alcohol ceasel to be
discolored.

The preparation wss then passed up throuvh graded aleohol
solutions (viz; 80%, 95%, and absolute alconol) and then plac-
ed overnizht in oil of cedarwood. After clearing, the pre-
paration was placed in xylol until the o0il of cedarwood was
removed and then in 48°C paraffin in an incubator for two hours.
This step was reveated until the odor of xylol could no longer
be detected in the preparation. Following this it was placed’
in one-third 58°¢ paraffin ani two-tairds 48°C paraffin for
two hours, anl then for the same length of tine in two-thirds
58°C paraffin anl one-third 48°¢ parafiin. The preparation,
while still in the warmed paraffin anixture was cut into

appropriately sized blocks, and each blocx was placed in
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two-thirds 58°7C paraffin and one-third 48°7 paraffin
(at 70°C to expel the air) ahd allowed to harden overnight
in cold water. "The blocks were then nunbered anl marked to
indicate their proper relationship with each other, anl then
the blocks were corresponiingly marked off on the irawine.

Each block was set in a sliding microtome object holder
in the position which it core in the oririnal »revaration,
and sections were mnade at sixty nicrons (60w} in thicknsss
and were transposed in series %o glass sliles. The sections
were nade -adherent to the slides by the use of egg albunin
ani by being vlaced on a plate at 37°C until they lay smooth
on the 5lide. The slides were nunbered in order and then
placed in carriers and transferred to xylol until the para-
ffin had dissolved and thence to albolute aleohol anl then
d1ipped in one percent (17%) celloidin (in equal vparts of
alcohol ani ether ) in order to form a thin protective sheet
over the siide to prevent the sections floating off in the
solutions. They were passed down throu-h zraded alcohols
and placed for twenty-four hours in the second moriant con-

sistinz of:

Chromiun fluoriie & parts
Uopner acetate 5 parts
Acetic acid 5 parts
Distilled water 180 parts.

After wasiins in water, the slides wsre placel in the stain-
ing solution, viz. 0.75) ripened agueous-alcohol hematoxylin
solution, overnight, and then set unier runuin. water over-

night. The carriers were then placed in the Tifferentiating



solution consisting 5f:

Potassiua ferricyanide 2 varts

Sorax 2.5 parts

Distilled water 100 parts.
The progress of the differentiatinz process was followed by
reaoving two or three slides at ranlon from the carrier and
cbserving them under the microscope every few minutes until
the desired degree of differentiation was obtained.

The slides were then carried back throuzh the graded
alcohol solutions and intp xylol. 3Balsam and cover slasses
were aounted on the slidesAand the balsam was allowed %o
harden before stulying the slides. With this technigue the
myelinated fibers were stained a iark blue, while the un-
myelinated fibers appeared 1i,-ht brown.

The distribudion andi course of tdé various fibers were
carefully tracel under the aicroscope. The fibers were class-
ified as large mediun and small ayelinated and as unnyelin-
atel fibers. 'rhe ganglia were stulied aistologically to cneeck
the gross identification. The distributian of the fibers were
diagranned, and éraphic reconstructions (figures 19 ani 20)
were aale as follows: drawinszs of each section were nade under
the ®dinser-Leitz projector, anl then by superinposing these
drawings upon one another with transillunination ani tracing
the combined picture foraed by theée Superimposed drawincss,
the fiber tracts were eventurlly projected onto ore plane.

The whole pié&ture was thereby vpressnted on one drawing anl re-

presented the total work with all the anatonieal relationships
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as in the original gross 3rawings, and with a ainimum aaount
of distortion. "he finer connections were stulied anl filled
in fron nieposcopic observation. wvrawings were then made of

the more representative sections wita the aid of the ¢ azra

lucida and the Mdinger-Leitz projection apparatus.
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DESCRIPTION OF 1H% GROSS ANATOMY AN RESULTS
OF TH® GROSS MISS®ECTION

Having considered the phylogenetic development of this
complex region, a basis for an understaniing of the Srogs
anatomy in the humnan has been forned. The deséription will
be confined to the limits stwvilied in this work. The super-
ior cerviecal sympathetio canglion lies at the base of the
skull Just inferior to the Juzular foramnen. From its sup-
erior pole there energes a lar:e rerve bunile which reailily

1

breaks up into three to fiwve snaller branches; thes: branches
pass up along the internal carotid artery anl are usually
degcribed as forming a plexus about the artery. ‘hese sinall
nerves are referred to collectively as the internal carotia
nerve. &g it nears the foramen lacernun the internal cavotid
nerve gives off a branch known as the zreat deep pstrossal
nerve which joins the great supsrficial petrocsl aerve in the
Vidian canal; these two nerves tozether fora the Vidian nerve,
and after enerzing fwom the canal, the Vidian nerve entsrs the
spheropalatine ganglion at its posterior pole. Thig zangiion
lies in the sphenonaxillary fossa andl has two comnunicating
oranches with the aaxillary nerve which lies just supsriocr to
it. Gross dissections corroborate the above description.

Lying aljacent to the superior cervical syapathetiec gang-
lion are found the vazus, ~lossopharynzeal, anl acoessbry eran-
ial nerves which emner~e fron the base of the skull throucsh the
Juzular foramen. Vvarious branches of coanunication between the
ganglia of these nerves have been described, but there is a

certain dezree of individual variation in these connections.
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The Japanese worxer, Seiichi Schinozaki, nas aade a very
thorough study of the branches of comnunication tetween the
cervical sympathetics and the vagus in many cases anl has
compared the richt and left sile in each cese by neans oI
correlation coefficients anl finds thut there exists a aarked
degree of individual variation with only a chance relation-
ghip between ths nuanber 0f branches on the two siles. In the
1issextions nade im this work there were foundi in the Tfirst
case: one coaaunicating branch between the superior cervical
ganglion anl the glossopharynzeal, and two between the vazus
and gclossopharyngeal; the accessory nerve Jjoined the vazcus at
the nodose zanslion. In the seaond case, owing to the tenacity
anl abundance of the durs anl fibrous conneciive %tissue in the
jusular foranen thess connections couldl not be denonstrated
arossly for fear of injuring the [line conaunications anl thus
spoiling the subsequent microscopic picture.

Passing fron the petrous ganglion of the slossopharyarceal
nerve the tynpanic nerve or nerve of Jacobson wag followed. It
passes throu¢h a special canal in the petrous portion of the
tenporal bLone anl entsrs the cavity of tne niddle ear at its
inferior margin. 1% is usually 1lescribed as receivinsg a branch
fron the nodose ganslion of the vagus in this canal, but while
a branch was found running in this direcvion, it could not ve
followed to the vagus. The nsrve of Jacobson passes sunsriorly
glonz the medial wall of the nildle ear and near the superior
margin it again enters the temporal bone, turns anteriorly
near the zeniculste ganslion of ths facial nerve and ‘runs

varallel with ani adjacent %o the zreat superficial
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petrosal nerve. In this latter relationship i1t becomes known
as the lesser superficial petrosal nsrve, for it emerzes froan
the teaporal bone nesar the hiatus of the faecial eunal anil runs
superfieially over its surface to thes tenporal-sphenoil suture
where it asrain passes throuw h the base of the skull on its
course to the otic ganglion. The lesser sunerficial petrosal
nerve vas found to have one short comnunicating branch with
the geniculate gan~lion and a snall, fine connection sith the
greater superficial petrosal nsrve shortly after the latter
energes from the zanzgliion.

" The branches of the nerve of Jacobson in the aidlle esar
cavity seem to have been somewhat hazily unilerstool, and their
description is variable in the best of anatony texts. Since
these connections are of imvortance in the problen unl:r con-
sideration, a brief resume' of the various iescriptions is
desirable; evidence to justify the teras which are here eaploy-
ed should be ?resented. the ramifications of the nerve of
Jacobson arsc referrel to as the tyapanic plexus. In th: twenty-
second elition of uray it is described as Aivilins into branch-
eg andl ramifying.on the promontory to form a plexus; reference
is male to a superior and an inferior caroticotympanic nerve
cetween the carotiil plexus of the syapathetic andl the bLranches
of the nerve of Jacobson ani branches 0f distribution to the
aucous aeabrane of the tympanun (speciél branczhes going to tae
fenestra ovali, fenestra rotundun, anl the Tustachian tube).
Assertion is also nade of "a branch to join the creat super-
ficial petrosal nerve". Juld:ing by the diagraa as :iven in

Gray (figure 797, 22nd. edition, 1930), it would seem that

this branch runs in conjunction with the larce dsep netrosal
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nerve.,

In Cunninghaa it is statel that the nerve of Jacobson,
after breaking up into branches, forms, alonz with the car-
oticotynpaniec branches of the syapathetic on the intérnal
carotid artery ani a twiz froa the zeniculate zan-lion, the
tympanic plexus. The superior and inferior caroticotynapanic
nerve tosether are referrel to as the saall deep netrosal nerve
of the old anatomical termiﬁblogy.

Piersol, 1iké sunnincham, consilers the caroticotyapanics
and snall leep petrosal as synonyaous; the smnall superficial
petrosal is lescribel as being foraed by a reasseabling of
the fibesrs of the plexus. The sane branches of distribution
are describedl as by Gray anl Cunuinghan, and, as in Gray, a
branch to the great superficial petrosal is described, but
definite statenent is aale that this branch "joins the latter
in the Hiatus kallopii™. (It, therefore, could not run in
conjunction with the great deep vetrosal).

In Spaltenolz' '"Handatlas der Anatomie des llenschen"
the course of the nain {tynpanic nerve 1is descrited as in the
Tnslish texts, but the caroticotyapanie are desoribed in 1ore
detail. The superior caroticotyapanic is descrived as passing
to the carotid plexus and sometines to the ~reat supsrficial
petrosai nerve, while no reference is male to & ssparate fila-
rent of connunication between the tynpaﬁic plexus ani the great
sunerficial petrosal.

In Quain's "Elements of Anatomy” there is founl a very



convincing description of this rezion. In the course of the
discussion the following statenent is made; "The (sphenopala-
tine) ganszlion pay also receive fibers from the glossopharvn-
geal nerve, conveyed to it through the small and larce deep
petrosal nerves: this connexion is sometines deseribved as a
third sensory rooty This fits with the conception advanced by
4ilder, i.8.-that the great ani lesser deep petroaal are con-
tinuous.

(Zxcellent diagrams of this region ars to be found in
Spalteholz, 1981, figure 845, vol, III and in Juslina,190%, Tig-
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A review of these descriptions nakes it difficult to
deteraine exactly what interpretation to apply to the relation-
ship of the nerve of Jacobson to the carotidl plexus =ni retros-
al nerves. It is better to eaploy the teruns superior ani in-
Terior caroticotympanic nerves than lesser deep petrosal nerve.
Inasmuch as tne previous lescriptivns are puzzlin- (as to
whetier or not the glossopharynze=l nsrve sends fibers to the
sphenopalatine ganclion, ani if so, whether by connection with
the zreat superficial or great deep petrosal nerves), it appears
that ”superior.caroticotympanio" is a better descriptive teram.
In view of the fact that the dissection carrieil out in this
investiszation followed this nerve only froa the tyananic nerve
antsriorly to the carotil artery, tais term sesms aore suitable.
The té&rn "inferior caroticotynpanic" will be applied to that
other filamnent which was traced from the nsrve of Jacobson

inferiorly to the carotil artery. ‘'he term "comnon carotico-
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tymﬁanic” will be applied to the short filament where the sup-
grior and inferior caroticotyapanics left the nerve of Jacochsm
just prior to dividing. There also existed a short connunicat-
ing filanent, between the superior caroticotympanic ani the
nerve of Jacobson, which ran superiorly to the point where %he
latter turned anterioriy to pass the geniculate gansglion.

In adiition, two other snall filaaents were found passing
toward the tyampanic plexus from the darotid artery vetween the
superior =nil inferior caroticotyapanic nerves, but since they
were subseguently found to contain no nerve fibers, further

consideration need not be given thea.
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THE RESULTS OF THY MICRQSCOPIC STUDRY

In the following presentation the order of description
will coincide with that given in the gross anatomy of the
parts. 1In the superior poke of the superior cervical sym-
pathetic ganelion (figure I) there are found three .aain bundles
of fivers; these fiters are of two main types: fine ayelinated
and fine unnyelinated, and are mingled with eadh other in no
orderly fashion. The bundles are separated by zroups of snall
aultipolar ganslion cells. An accurate study of these oells
has been nade by Dogiel (18%6), Kanson {(1918) ani others, which
is somewhat out of the field of liscussion in this phase of the
problen, Fine fibers can bte seen sunong these gzanglion cells
(figure II). rhese‘fiber bundles merge with one another at the
most rostral point of the zanglion anil nake their way into the
internal carotiil nerve. 1In bobta preparations it ean be seen
that the mayelinated fibsrs alnost entirely enter the branch of
the plexus wiich lies &long the inferior surface of the artery
(figure III), while only a very few enter the other branches.
These fibers have been previously descerived by Ranson and
3illingsley (1918), but their distribution has not been ziven.
That these fibsrs are postzanglionic from the sunerior cervieal
zanglion has been proven by nanson and Billingsley who showed
that they are still intact after section of the synpathetic
trunk below the superior cervical ganslion andl siailarly showedl
tiat they 40 not come throuzh raani of coanunication with the

cranial nerves.
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A%t the point of emerzence of the great deep petrosal nerve
from the carotid plexus (fizure IV), it is seen that the abuni-
ance of fine myelinated fibers pass on up the artery, while a
few seemn to pass into the great deep petrosal (this last point
if not definite, however). A sanll bunile of large and nsdivmn-
sized ayelinzted fibers passes from the great deep petrosal in-
to the branch of the carotid plexus which contains the ébund-
ance of fine nyelinated fibers; this bundle seems to pass to;
ward the cervieal sympathétics but is traced with difficulty.
Larsell and renton (1928) reported the presence of large and
nediun-sized ayelinated fibers which passel from the great deep
petrosal and which left the aain bunile of the internal carotid
plexus and appeared to pass away fron the artery, but at %this
point their material ranm out, anl the fibers could be Braceil no
farther. The predominatinz type of fiber in the sreat deep
petrosal, however, is unayelinated; the fibers of this nerve
pass without interrﬁption into the Vidian LT Ve

Before tracing the fibers of th: zreat deep petrosal
through the Vidian nerve, it would be better o first consider
the structure of the zreat superficial petrosal. In this nerve
Larsell and renton (1928) found nuasrous lar«<e ani smaller
nyelinated fibers of the sensory type. These findincs are cor-.
roborated in the present work, and the fibers are seen to con-
tinue directly into the Vidian nerve.

In the vidian nerve the iistrituion of the fibers becomnes

soaewhat changed, for at about its nid-point distinet bundles



=g

of ganglion cells are found in both the great deep and cereat
superficial petrosal portions. At this point a distinet bmnile
of unnyelinated fiters can be seen passing from the former into

the latter portion and then splitting and runnin-. for a short

[O)

distance in both directions in the great superficisl petrosal
portion (figure V). From this point restrally threre is 4n
increase in (or at least the presence of) fine myelinatzd fibers
in the gcreat deep petrosal portion. As the Vidian nsrve nsars
the sphenovalatine zan:lion, it becomes lneretisingly diffieuls
to keep the two portions separated by inspection. The Japanese
investizators, Xure and Sakurasawa (1929), showed tha’t the un-
nyelinated fibers in the Vidian nerve completely lezenerated
after removal of the cervical syapathetic ganglia in the dog,
proving experiamaentally that they cone froa this region; they
nade no mention of the myelinated fibers in this nerve.
voncerning the structure of the sphenopalatine ganglia,
Larsell and renton (1928) showed that it consisted, in the aain,
of "multipolar cells encircled by fine fibrillary end netam.
A like structure has been shown by Carpenter (1912) to exist
in this ganwlion in the sheep. The fibers which forued these
end-nets were traced into the small ayelinated fibers {(nention-
ed above) in the zreat superiicial petrosal nerve; these fibers,
therefore, are prevan-lionic. The larze anyelinated fibers of
the great superficial vetrosal nerve nass directly through the
ganslion into its branches of 4distribution; they ars npobably

sensory in type. That the facial nepve oprobaily ~ives sensory



fibers through the sphenopalatine ganzlion to this rezgion has
been shown clinically by Doyle (1923) who deaonstrated that
sensation of temperature, touch anl pain existed in the naso-
pharynx of a patisnt who had previously had operations on the
gasgerian and petrous ganglia for the relief of trifacial and
glossopaarynszeal neuralgia. Froa the deep petrosal nerve the
sphenopalatine ganglion receives the unmyelinated and ayelinated
fivers already aentioned. The 4distribution of the latier after
éntéfing the ganglion nas not been determined. Xure' and
Sakurasawa (1929) showel that unayelinuated fibers come from the
Vidian and also from the maxillary nerve and pass through the
ganzxlion without synapsing; this was proven by the disappear-
ance of the unayelinated fibers which ensrge frowm the zanzlion
after severance of the Vidian and maxillary nsrves. They also
showed that sone of the unavelinated fibers from fhe creat deep
petrosal pass into the npaxillary nerve, since they Adegenerated
in the maxillary as well as the Vidian nerve after the removal
of the cervieal sympathetic ganglia in the dog. Snall myelinat -
ed fibers entered the sphenopalatine gzanslion from the naxillary
nerve and synapsed within it. Their experimentations further
proved that visceral anotor fibers pass from the sphenopalatine
ganglion to the nasal amucosa anl to tae lacrimal gland.

In accordance with the gross description the description
now turns to the cranial ganglia an? their conmunications. The
coanuniczting branch between the sunerior cervical and vacus
contains no nsrve fibers, but consists of only fibrous connect-

ive tissue. 1hat between the superior cerviecal ganzlion and
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glossopharyngeus consists of unayelinated and fine myelinated
fibers which orizinate in the synpathetic ganglion anl pass to
the petrous ganglion (figure VI). In so doing they pass under
the petrous ganslion and terminate in the capsule on the side
opposite to the synpathetic trunx. Tetween the slossopharyngeus
anl the vagus there exists a very définite bundle of large
nyelinated fibers. Starting at the side of the zanglion, upon
which the Just previously 3descrived branch from the syapathetic
terminates it passes inferiorly and leaves the =zanzlion at iss
inferior pole. It then turns at rizht anzles and breaks up into
two bundles: & larzer superior and a snaller inferior bundle
(figure VII). A saall fascicle breaks off from the fibers to
the lower bundle near the petrous ganglion; it rejoins the low-
er bundle near the vacus nsrve. The superior vunile turamas sup-
eriorly on the vazus nerve and runs toward the Jjugular ganglion;
the inferior bunile passes inferiorly toward the nodose canslion
(figure VIII). All the fibers of this branch of comnunication
renain on the gile of the vagus near the glossopharyngeus. While
thege fibers appsar to orizinate in the cells of the petrous
ganslion, there is no.experimental evidence %o prove that such
is the case. The other comnunication between the ¢lossopharyn-
geus and vagus is found to contain no nerve fibers., It aay be
of importance to note thet in one of the serizs no connunicating
fibers can be founl between any of these ganglia, showin: that

there is probably a variation of structure in individual cases.
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The vagus nerve consists mainly of mgelinated fibers of

all sizes, the bulk being larse in dianeter. The fibers have
a tendency to be arranged into fascicles. 1In one of the series
there are found considerable numbers of large unayelinated fib-
ers Just inferior to the jugular ganslion, and nunerous fasci-
cles can be seen which collect together in a comnon trunk within
a short distance below the ganglion (fisure IX); sone of the
fibers can be seen winling about the cells of the jugular gang-
lion. 3Between the jugular and nodose ganglia the fascicles ure
distinsuished with difficulty; in one of the series fine ayelin-
ated fibers can be seen only upon close serutiny, whiile in the
other larye myelinated fibers are easily observed. A few Zang-~
lion cells are seen in one of the series at tae voimt where the
comaunicating branch of the glossopharynseus neets the vagus,
but tue comnnunicatinz fibers appear to haye nd. connection with
these cells. The fibers again break up into fascicles as the
nodose ganglion is reached (fisure X), ani these fascicles sub-
divide and wind their way emang the zanslion cells (figure XI).
In the imflerior portion of the ganzlion theré is a reasssmbling
of larze and small myelinatel fisers, but most of the larze
ayelinaied fibers pass off into the nerves of distritution
(figure XI). These observations were also gade in the vazus
of the doz by Ranson and Chase (1914). They also pointed out
that the nyelination becomes less aarked as the nerve passes
inferiorly in its course.

In what aapears to be the comuunication of the accessory
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at the Jjurular ganglicn there are foundl to be large and sanall
myelinated and unayelinasted fibers., Ranson and Zhase reported
having found large anedullated with a few snall aedullated fibers
in this root in the dog. In the bulbar root which joins tne
vagus at the nodose zanglion only larsze myelinated fibers are
found {figure XI); tuis is in contraliction to the results ob-
tained in the dog by Ranson and Chase who found a oprelominance
of small nedullated fibers in the bulbar root. These fivers
become part of the common végo-accessory trunk, but there is no
comnon fusion and distribution of the vagus anl accessory fibers
in the éxtent of the material which is studied in this work.
ranson and Jhase also pointed out that "waile the vazus ani
sympathetic are intimately associated in the necik, it is clear
that no considerable part of the non-aedullated fibers of the
vagus are of sympathetic origin™; it micht be renenbered that
the statenent was previously nale in this work, that no com-
municating fiters were found between the superior cervieal sym-
pathetic zanzlion anl the va-us nerve,.

In the glossopharyn-eal nerve the zeneral structure is
gery similar to that in the vagus with the exception that
snall anl nediuar-sized ayelinated fibers predoainate in the
plaze of the larze; a few séattered unayelinated fibers ean
be made out unon close scrutiny.. There is no obvious sugwest-
ion of fasciculation in that portion of the nerve uniler stuly.
The petrous gan:.lion, ewmcept for its snaller size, presents a

picture similar to that of the nodoge ganzlion.
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sefore dasoribing the histology of the nerve of Jacobson
and tze tympanie plexus, it sinould ne stated that no literature
on .he subjeet was to be found. While J. Gordon WAilson and
othiers nave worked out the intrinsic nerve supply of the tyn-
panic msaubrane, we have founl no reference in the literature
pertaining to its extrinsic supply. Perhaps, then,this is a
new devparture. Only one of the preparations contained the tym-
panic plexus, and as a result of the confusinw anatoaieczl re-
lationships, the d4ifficult osseous disseetion, ampd the delicacy
of the nerve filaments, the continuity was bBroxen in three or
four places. @Phe fibers have been tracad across these zaps as
accurately as possible, but it is realized that with their ax-
istence the results obtained cannot be given as final. !lowever,
ag they will ail in subsequent endeavors, it is seen fit to nre-
sent them.

The nerve of Jaoébson leaves the petrous gan~rlion at its

upper pole and passes directly superiorly (figure XII). I%

(]

consists almost entirely of aediumn-sized nyelinated fibvers (and
possibly a few unayelinated Iiters). At the point where +the
filament which runs toward the va. us Joins the nerve, there ex-
ists a distinct bundle of zan:=lion cells; these cells extend
more along the latter filanent than along the nain nerve {(fig-
ure XIII). This latter filanent is aade up of meliun-sized myel -
inated fibers which are of a somewhat smaller caliber then those
in the main nerve. Just as ithe nerve passes suvneriorly from

this sanglion a snall fascicle breaxs off ron the' nain nerve,but



travels in the same sheath with it ani trails Just behind the
main nerve ounile (ficure TIV). This fascicle, after travelling
a short distance in the coamnon sheath, turns to the side and
seens 10 enter the coamon caroticotympanci nerve. A .ghort dis-
tance above this point another fascicle breaxs off and seems to
join with the filament which Jjoins the surerior caroticotyapanic
nerve., The majority of the fibers continue on into the lesser
superficial petrosal nerve. As the latier passes the ceniculate
ganglion, it receives a fine filanent which consists of a few
small mwelinated fibers, and at the point of union a distinct
group of gangslion cells are found in the lesser superficial pet
rosal nerve (figsure V). The filament of communication sends

a very samall bundle of fine.fibers béck past the geniculate gang-
lion cells and into the zreater superficial petrosal nerve (fig-
ure YV); if also sends a sonewhat larzer bunile out into the-
peripherally directed portion of the facial nerve. The coanun-
icating filanent between the gre-ter and lesser superficial pet-
rosal nerue conbtains no nerve fibers. The histology of the lesser
superficial petrosal nerve is unchanged froa this point onm in its
gourse.

From the comanon caroticotyapanic nerve nedium-sized ayelin-
ated fibers pass into both the superior ani inferior carotico-
tyapanic nerve (fizures %VI and XVII). The supericr nsrve re-
geives anotheor Tunlle frowm th: filanent, mentioned abovs, which
joins the nerve of Jacobson. At this point there is found a

.

roup of sanslion cells (fizure MVI); this last nentioned buniie



seens to be directed into the nerve of Jacobson away froam the
petrous zanslion. The fibers of the superior caroticotynpaniec
ars unable to be traced beyond the carotil artery whrere the

nerve enls sharply; no connectiion with the greater suverficial

T}

petroszl or the carotii plexus can be demonstrated.
The fibers of the inferior caroticotysananic nerve pass iir-
ectly inferiorly to the wall of the éarotii artery (fizure XIV);
they follow alon: its superior edze, and then turn off into the
loose tissue below the juzular Foranen to be listributed along

n
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SUMMARY

1. The superior cervical ganglion consists nainly of un-
ayelinated and very fine myelinated fibers wnich vass out into
the carotid plexus.

Z. The preponderance of fine myelinated fibers in the
carotid plexus passes on up the srtery, while the zreat Aeep
petrosal is made up, in the nain, of unayelinated fibers.

S. A suall bundle of lar.e anl nediun-sized ayelinated
fibers is found to pasz from the Vidian nerve, into the gzreat
deep petrosal, the carotid plexus, and toward the superior
cervical ganglion.

4. The great superficial petrosal nerve contains nuner-
ous larce myelinated fivers and smaller number of snall-sized
nyelinated fiberw.

5. The Vidian nerve is found to contain the fibers 1lir-
ectly continued from the great superficial and deev petrosal
nerve. At the mid-portion of the Vidian nerve a distinct group
of ganglion cells is found in both portions, and a bundle of
unnyelinated fibers passes from the great deep petrosal portion
into the great superficial portion, splits, and runs a short
distance in Loth birections inthe latter. ¥ine ayelinated fib-
ers were founl in the great deep petrosal fron this point rost-
rally.

6. In the sphenopalatine ganglion the larse myelinated

fivers of the great superficial netrosal nerve pass directly



thrbu;h the gsanglion into its branches of Aistribution. The
other fibers in part synapse in the qanwlion‘ani in nart pass
into the maxillary nerve anilthe narves of distribution of the
ganslion.

7. The comnunicating branch between the superior cervical
and vagus is found to contain no nerve fibers.

8. Between the super}or'ﬁarvical and petrous zanglia the
nerve of comaunication cohtains unayelinated and fine nyelinated
fibers which end in the capsule of the petrous ganelion.

tetween the slossopharynceug and th. vasus

9, The filamen

passes fron the petrous ganclion toward the vazus trunk where it
splits, one portion running supericrly toward th: jusular zang-
lion and the other inferierly ialto Ths ydolose gangliep.

10, In one of the seriss no microscopiceal connections can
be found between any of these nerves.

11. The vagus between the Jjugular and nodose ganglia con-
gists of varyins sized nyelinated and nany largse and a few snall
unnyelinated fibers (the proportion varyine markedly in the spec-
imens] arrangzed into fTascicles which collect into & coanon trunk
Just avove the nodose ganzlion. A snall bunile of =anzlion cells
is found between thic two nain gantiia in one specinen. The fibers
break up into fascicles as they enter the nolose ~anzlion. Below
the ganglion the fibers reassemble, but most of the large ayel-
inated fibers pass off into the branches of distribution.

12, ‘'he bulbar root consists of large nyelinated fibers;
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these fibers becone part of the comnon vagus-accessory trunk,
but there is no comnon fusion and distribution of the [ibers
in the extent studied.

13. In the glossopharynzeal nerve snall ani mediun-sized
fibers predominate over the large nyelinated fibers., A few
scattered unayelinated fibers are found.

14, The nerve of Jacobson consists almost entirely of
mediun-sized myelinated fibers which continue on into the less-
er superficial petrosal nerve. A small group of ganglion cells
is found at the point where the branch which runs toward the
vagus leaves the nerve, and anothsr zroup of cells is found in
the lesser superficial petrosal nerve at the point where the
communicating branch fron the geniculate ganglion meets the
nerve.,

15. The comnunicating branch consists fof a few scattered
snall nyelinated fibers sone of which pass throush the genzlion
into fhe great superficial petrosal nerve. The connunicating
filament between the great anl lesser superficial petrosal nerve
is found %o contain no nerve fibers.

16, The common caroticotympanic nerve receives aediun-
sized myelinated fibers fromn the nerve of Jfacobson and senis
them into both the superior anl inferior caroticotyapanic nerves.

17. The superior caroticotyapanic receives another similar
bundle from the upper filanent which Jjoins the nerve of Jacobson.
There is found a smnall group of ganglion cells at the point where
it receives this ocunlle. The superior caroticotynvanic fibers

‘ean be traced anteriorly to the carotid artery where they sudden-



~30-

ly end. No connection with the great superficial petrosal nor
the carotid plexus can be found.

18. The fibers of the inferior caroticotympanic nerve
pass inferiorly to the carotid artery anil then are distributed

to snall blood vessels in the region below the Jjuzular foramen.
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JLINICAL POSSIBILITIES

The explanation of referred pain in affections of the
nasopharyn~eal region as descrived by Greenfield Sluder to
the ear, mastoid, occiput, back of the neck and shouller is
dependent upon the demonstration of the neurocanatomy of this
region.

Tarsell and renton demonstrated a very probable pathway
throuzh the afferent fibers in the greater superficial petros-
al to cells in the geniculate ganglion which lay in proximity
to cells receiving fibers from the ramus cutaneous facialis
going to the nastoid and auricle. This pathway lies in the
confinaes of the distribution of the intermediate nerve and
fulfills the postulates of the ganglionie theory of referred
pain.

It is still possible, althouzh not demonstrated in this
work, that fibers 4o pass from this region into the glosso-
pharyngeus throush the tyapanic plexus. From there the dis-
tribution of large myelinated fibers to the Jjugular or IX,

X, XI ganglionic mass may account for pain reference into
afferent proprioceptive fibers from the trapvezius anl sterno-
eleidomastoid auscles.

At present ther isvno evidence which can leal to the
postulation of a fiber tract path throush the cerviecal syapathet-
ies, and still meet the reguirements of any taeory of referred

pain.
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IT none of these possibilities should prove worthy of
consideration, then there can still be postulated a central
overilow area in the reticular formation about the solitary
tract in which the visceral afferent fibers of the facial
enl. The vasoconstrictor center could then ve involved with

resulting vascular spasm and pain in the areas concsrned.
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Fey to Abbreviations in Figure XXI.

C.art.- carotid artery

7oTe~ ¢horda tympani

Gen.Gn.- geniculate ganslion

Gn.- ganglion (groups of cells along the course of nerve)
C.N.P.~- great deep petrosal nerve

G.S.P.~- great superfiicial petrosal nerve

I.C.P.~ internal carotid plexus

I.Ct.- inferior caroticotympanic nerve

Nede- nerve of Jacobson

M.VII- facial nerve

N.I¥- glossopharynsesl nerve

K.X- vagus nzrve

I .XI- accessory nerve

"od.un.- nolose gan:lion

?et.ﬁn.--petrous zanslion

S.0t.~- superior caroticotynpanic nerve

Sph.Gn.- sphenopalatine ganzliun

sup.ler.sSym.iin.- superior cervical symnpathstic zanglion
Sym.- synpatnetic trunk

VeioT.~ vagus-accessory trunk.



