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SUMMARY: Background and Objectives: The palatine nerves and vessels cross the pterygopalatine fossa, the palatine canals, the
palatine foramina and the submucosal space, at the level of the hard palate and the palatine recess of the maxillantrsijgcsomhis
long, complicated and difficult to highlight on a single dissection piece. In the literature that we studied, we did eatrfinthges that
fully highlight the real configuration of the pterygopalatine ganglion and nerves and of the palatine vessels. Our ainovigs &ogear
and representative dissection of the pterygopalatine ganglion and of the palatine neurovascular bundle throughout its gathmpéey, i
coherent and useful presentation for the practitioners interested in the regional pathology. We resected the posteonedidliofseous
walls of the maxillary sinus and highlighted the neurovascular structures in the pterygopalatine fossa and the wall bathsimasiWe
photographed the dissection fields and detailed the important relations. The images that we obtained are clear, simpteiatet@asy
and use. We successfully highlighted the aspect and the main relations of the pterygopalatine ganglion and the pathitaitiandtitse
palatine nerves and vessels, from their origin to the terminal plexuses. There is a broad spectrum of clinical procéalatiestheit
require a proper knowledge and understanding of the anatomical pathway and relations of the palatine neurovascular islerokmtssTh
the various types of regional anesthesia, tumor resection surgery, flaps of the palatine mucosa, the LeFort osteotomysettidveaio
the pterygopalatine ganglion and its relations is useful in endoscopic interventions at the level of the pterygopalatine fossa.
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INTRODUCTION MATERIALS AND METHOD

The palatine nerves and vessels originate in the We performed dissections on seven male cadavers in
pterygopalatine fossa. They first cross the palatine canalse laboratory of the Anatomy Department at «Carol Davila»
then enter the palatine foramina and then cross thmiversity, Bucharest. The bodies were previously preserved
submucosal space from the level of the hard palate towattls arterial injection with formalin (9 % concentration) and
the terminal neurovascular plexuses. This submucosal sp#oen kept in a formalin (9 % concentration) bath for two
is separated from the palatine recess of the maxillary sinm®nths. The anatomization of the corpses was done according
by an osseous lamina, represented by the palatine procesghe national legislation and university regulations. The
of the maxilla. dissection pieces were photographed and the images were

edited without modifying the scientific content. The dissection

We first aimed to perform the dissection of theechnique that we used consists in the resection of the bone
palatine neurovascular bundle in each topographical regi@iructures around the neurovascular packages, and the
Another goal was to provide an overview of the route of thgreservation of anatomical landmarks necessary for a good
nerves and palatine vessels on a single dissection imaggional orientation. The anterior, lateral and posterior walls
Last but not least, we wished to highlight the pterygopalatired the left maxillary sinus were resected. The resulting images
ganglion and its main neurovascular relations. are all in an anterolateral view of the left maxillary sinus.
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RESULTS In Figure 2, by thorough dissection, the palatine
process of the maxilla was resected (corresponding to the
palatine recess of the maxillary sinus —a term unrecognized

We will present the stages of the dissection process,theNomina AnatomicéOmamiet al, 2013; Standring,
in relation to the images that we obtained. 2016) up to the limit of the nasal wall. Thus, we highlighted
the content of the submucosal space at the level of the
In Figure 1, after the resection of the anterolater&lard palate, through which the palatine neurovascular bun-
wall of the left maxillary sinus, we easily identified thedle passes. The arteries and the nerves are directed mainly
inner antral aspect, at the level of the posterior, medial atmvards the gingival region. From the maxillary bone, we
inferior walls of the maxillary sinus. The sinus mucosa hgweserved, as landmark, the alveolar recess of the maxillary
been removed. Because the posterior and medial ossesiusis.

walls are very thin, via transillumination, the palatine

vessels can be observed on the maxillary tuberosity a

especially at the boundary between the nasal and t

palatine walls.

.......

> B, e

Fig. 2. The pathway of the palatine neurovascular bundle after the
‘ resection of the maxillary tuberosity and of the palatine process of

Fig. 1. The pathway of the palatine vessels at the level of the p(glgg maxilla — anterolateral view, after the resection of the anterior,
terior, inferior and medial walls of the left maxillary sinus —ateral and posterior walls of the left m.aX|IIary sinus. Legend: 1.
anterolateral view, after the resection of the anterior and lateral€ Niatal ostium of the maxillary sinus; 2. The infraorbital nerve,

walls of the maxillary sinus. Legend: 1. The sinusal aspect of ti the level of .the orbital wall of the maxillary sinus; 3. Th.e
semilunar hiatus — the hiatal ostium of the maxillary sinus; 2. THgaxillary artery; 4. The common bundle of the palatine nerves; 5.

infraorbital nerve, at the level of the orbital wall (roof) of the! N€ descending palatine artery; 6. The infraorbital artery; 7. The

maxillary sinus; 3. Intrasinus fibrous band: 4. The palatine vessefR9Sterior superior alveolar artery; 8. The greater palatine artery; 9.
frterial branch originating in the greater palatine artery, that passes

as seen via transillumination, on the maxillary tuberosity. The' . . .
pathway can be followed inside the medial wall of the sinus: grough the lesser palatine foramen, along with the lesser palatine

The prominence of the molar root inside the alveolar recess; Ve: 10. The alveolar recess of the maxillary sinus; 11. Cyst inside
The palatine recess on the floor of the maxillary sinus; 7. Cygle palatine recess of the m_axnlary S|nus;_12. The lateral w_aII of
inside the palatine recess of the maxillary sinus; 8 The lateral wi}f nasal cavity, corresponding to the medial wall of the maxillary

of the nasal cavity, corresponding to the medial wall of the maxilla§fnuS (Superior to the green dotted line). The yellow dotted line
sinus (superior to the green dotted line). encircles the sphenopalatine foramen. The red dotted lines show

the position of the greater (superior) and the lesser (inferior) palatine
foramina. The black dotted line shows the limit of the palatine

We emphasize the color difference between the nrecess of the maxillary sinus. The black arrows point towards the

. . . alatine vessels situated on the palatine mucosa, at the level of the
sal _and the palatine w_a_lls. To ease the_ orlent_atlon, one ¢@iktine recess of the sinus.
easily observe the orifice of the maxillary sinus and the
protrusion of the molar root (Whyte & Boeddinghaus, 2019)
in the alveolar sinus recess, as well as the existence of a  After the resection of the maxillary tuberosity, we
cyst in the palatine recess of the maxillary sinus. On tiggined access to the contents of the pterygopalatine fossa.
sinus ceiling, the infraorbital nerve can be observed. The descending palatine, posterior-superior alveolar and
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infraorbital arteries are surrounded by a mass of adipose  We note that the anterior face of the pterygoid process
tissue and have a direct relation to the maxillary bone. is covered by a thin aponeurosis. From medial to lateral, the
descending palatine, the infraorbital and the posterior-supe-
The maxillary artery, from its entrance into therior alveolar arteries emerge from the maxillary artery
pterygopalatine fossa to the sphenopalatine foramen, ha@aarsoret al, 1969). Finally, the maxillary artery enters
transverse and sinuous trajectory. It passes inferior to tthe nasal cavity through the sphenopalatine foramengt_ee
maxillary nerve, that crosses it almost perpendicularlal, 2002), together with branches of the pterygopalatine
Afterwards, the maxillary nerve is continued by theanglion.
infraorbital nerve. The maxillary artery and its branches
occupy the anterior plane of the fossa. In its last segment,  In Figure 4, one can see that the maxillary artery,
the maxillary artery has a slightly ascending path, anteriaich has a sinuous pathway, is located in the anterior plane
to the pterygopalatine ganglion, to which itis closely relatedf the pterygopalatine fossa, in close relation to the maxillary
tuberosity. The artery passes inferior to the maxillary nerve
and, immediately before entering the sphenopalatine fora-
men, it passes anterior to the pterygopalatine ganglion. Of
the branches of the maxillary artery, we only kept the

pterygopalatine fossa — anterolateral view, after the resectionkifj. 4. The terminal segment of the maxillary artery and the
the anterior, lateral and posterior walls of the left maxillary sinuslescending palatine artery — anterolateral view, after the resection
For a better regional orientation, the main landmarks are the medithe anterior, lateral and posterior walls of the left maxillary sinus.
wall of the maxillary sinus and the alveolar recess of the maxillabegend: 1. The infraorbital nerve, which continues the maxillary
sinus. Legend: 1. The pterygopalatine ganglion; 2. The infraorbitaérve; 2. The descending palatine artery; 3. The greater palatine
nerve, which continues the maxillary nerve; 3. The infraorbitartery; 4. The lesser palatine artery; 5. The palatine nerves; 6. The
artery; 4. The posterior superior alveolar artery; 5. The descendimyicosa of the middle nasal meatus; 7. The mucosa of the inferior
palatine artery; 6. The greater palatine artery; 7. The palatine nerveasal meatus; 8. The alveolar recess of the maxillary sinus; 9. The
8. The lesser palatine artery; 9. The alveolar recess of the maxillayoneurosis on the anterior aspect of the pterygoid process. The
sinus; 10. The mucosa of the inferior nasal meatus; 11. The mugellow dotted line encircles the sphenopalatine foramen. The red
sa of the middle nasal meatus, after the removal of the ossedogted line shows the maxillary artery. The green triangle is bordered
wall. The yellow dotted line encircles the sphenopalatine foramemedially by the common bundle of the palatine nerves, laterally
The red dotted line shows the maxillary artery. The green triangby the descending palatine artery and superiorly by the maxillary
is bordered medially by the common bundle of the palatine nervestery. The red arrow points to a branch of the greater palatine
laterally by the descending palatine artery and superiorly by tlaetery that passes through the lesser palatine foramen, along with
maxillary artery. the lesser palatine nerve.

603



LUPU, F; ILIUTA, C.; ENYEDI, M.; PANTU, C.; STANCIULESCU, R.; ENCIU, O. & FILIPOIU, F.  The pterygopalatine ganglion, palatine nerves and vessels: Dissection and pathway.
Int. J. Morphol., 40(3501-607, 2022.

descending palatine artery in the foreground. It descem e
together with the palatine nerves into the narrow spa’ i% AR

between the maxillary tuberosity and the pterygoid proces ¥
and then its branches enter the palatine canals. /
o

=
At the origin of the descending palatine artery, .
triangle is formed between the artery (located laterally
the palatine nerve bundle (located medially), and th '
maxillary artery (located superiorly). This triangle can b
an excellent landmark for the endoscopic identification ¢
the formations in the pterygopalatine fossa.

About 1 cm after its emergence, the descendir
palatine artery divides into an anterior branch, the greal
palatine artery, and a posterior one, the lesser palatine arti
These branches pass, along with the palatine nerves, thro
the palatine foramina, and arrive into the submucosal spz - m L\
of the hard palate. A special attention should be paid to t s & A0 BN }3_ ;};
tight relation between the initial s_egment of the [_:)alatlngi 5. Highlighting the pterygopalatine ganglion and the pathways
neurovascular bundle and the middle and superior nagglne palatine nerves — anterolateral view, after the resection of
meatuses — clearly visible in Figure 4, after the resection @k anterior, lateral and posterior walls of the left maxillary sinus.
the lateral nasal bony wall (Mellema & Tami, 2004). Th&he main landmarks are the anterior aspect of the pterygoid process,
greater palatine artery gives off branches that pass, togettiersphenopalatine foramen and the medial wall of the maxillary

with the lesser palatine artery and the lesser palatine ners@us. Legend: 1. The infraorbital nerve, which continues the
through the lesser palatine foramina. maxillary nerve; 2. The common bundle of the palatine nerves,

originating in the inferior angle of the pterygopalatine ganglion; 3.
hEhe anterior aspect of the pterygoid process; 4. The origins of the

h Inf Figure 'I5,t thel tp_tery?opslaglt;(z gljagglllcgn hii t palatine nerves; 5. The mucosa of the middle nasal meatus; 6. The
shape of an equilateral triangle (Ro 8, ), Wi mucosa of the inferior nasal meatus. The green dotted line encircles

the tip oriented inferiorly, a side of about 0.6 cm and th@e sphenopalatine foramen. The green arrows point towards the
appearance of an anastomotic nervous network. It is foupgbital branches of the pterygopalatine ganglion. The yellow circles
inferior and medial to the maxillary nerve, to which it iSndicate the pterygopalatine nerves, which branch off the maxillary
connected through the pterygopalatine nerves. These nergeye and run towards the pterygopalatine ganglion. The red arrows
approach the ganglion from lateral and superior. Some Rffint towards the nasal branches of the pterygopalatine ganglion,
the fibers of these nerves form anastomoses and syna;j%@§h enter the nasal cavity through the sphenopalatine foramen.
with the pterygopalatine ganglion, while others (sensitive
fibers of the maxillary nerve, which do not form synapses inundle enters the pterygomaxillary space, where it divides
the pterygopalatine ganglion) continue on a downwaridto branches. At the level of their origin, the greater and
trajectory and comprise the origin root of the palatine nervabie intermediate palatine nerves are anastomosed and
Anterior to the ganglion, and in close relation to it, passesinnot be separated by dissection. The lesser palatine nerve
the terminal segment of the maxillary artery, which alsdetaches from the origin bundle.
leaves a groove on the surface of the ganglion (Montgomery
et al, 1970). Posteriorly, the ganglion receives the Vidian For Figure 6, we preserved (to help orientation) two
nerve and has a close relation to the anterior surface of theseous landmarks: the anterior face of the pterygoid
pterygoid process. The medial corner of the ganglioprocess and the alveolar recess of the maxillary sinus. One
corresponds to the sphenopalatine foramen, through whican easily recognize the middle and the lower nasal
the ganglion sends the nasal nerves. The anterior part of theatuses, after removing the lateral bony wall of the nasal
sphenopalatine foramen is related to the sphenopalaticevity.
artery and the posterior part to the nasal ganglionic nervous
branches. The orbital nerve branches emerge from the upper  The pterygoid process and the tuberosity of the
side of the ganglion (Lovasoe al, 2013). maxillary bone are very close in the lower part of the
pterygopalatine fossa, forming a narrow space, the
The inferior corner of the pterygopalatine gangliopterygomaxillary fissure, into which the common bundle
continues with the origin bundle of the palatine nerves. Thif the palatine nerves and the pharyngeal nerve descend.
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This bundle detaches from the lower corner of the In Figure 7, after the resection of the palatine process
pterygopalatine ganglion, has a length of about 0.5 cm, aofithe maxilla, we demonstrated the submucosal space at
is divided into three palatine nerves (Rouveéiral, 1940). the level of the hard palate, on the left side. This space
The greater and the intermediate palatine nerves enter toeresponds to the so-called palatine recess of the maxillary
greater palatine canal, from which they exit at the level sfnus and is crossed by the palatine vessels and nerves
the palate, through the greater palatine foramen. The lesg&tandring, 2016; lwanag# al, 2019).

palatine nerve passes through the lesser palatine canal and

arrives at the level of the palate through the lesser palatine At the level of and around the palatine foramina, the
foramen. The pharyngeal nerve, which is located posteripalatine nerves are divided into a larger anterior branch and
and medial to the common palatine nervous bundle, isassmaller posterior branch.

continuation of the pterygopalatine nerves, and descends

towards the pharynx through the palatovaginal canal In the case of the greater palatine nerve, the anterior
(Rumboldtet al, 2002; Herzallalet al, 2012). On the an- branch passes anteriorly on the hard palate, at a level
terior surface of the pterygoid process, we must highlighbrresponding to the base of the lateral wall of the nasal
the presence of a connective tissue structure with aavity. In proximity to the incisive foramen, the nerve goes
aponeurotic aspect. From the pterygopalatine ganglion alsevards the gingival region of the lateral incisor. The poste-
emerge small nerve branches, that have been detached frmmbranch innervates the palatine mucosa anterior to the
the periarterial plexus. greater palatine foramen.

The intermediate palatine nerve has a similar
distribution to the greater palatine nerve, but is located late-
ral to it. Its anterior branch heads towards the gingival region
of the canine and the premolar. The posterior branch divi-
des into branches into the mucous membrane of the palate,
anterlor to the greater palatlne foramen

v‘n

. - womd
Fig. 7. The palatlne nerves at the level of the submucosal space of
Fig. 6. The branching of the common bundle of the palatlne nervélse hard palate — anterolateral view, after the resection of the ante-
in the pterygomaxillary space — the same orientation as in thier, lateral and posterior walls of the left maxillary sinus. Legend:
previous figure. Legend: 1. The maxillary artery (cut) entering the. The pterygopalatine ganglion; 2. The common bundle of the
sphenopalatine foramen; 2. The maxillary nerve, which gives gfalatine nerves; 3. The anterior aspect of the pterygoid process; 4.
branches for the pterygopalatine ganglion; 3. The infraorbital nervEhe mucosa of the middle nasal meatus; 5. The mucosa of the
which continues the maxillary nerve; 4. The pterygopalatineferior nasal meatus; 6. The greater palatine nerve; 7. The
ganglion; 5. The common bundle of the palatine nerves; 6. Titermediate palatine nerve; 8. The lesser palatine nerve; 9. The
greater palatine nerve; 7. The intermediate palatine nerve; 8. Tiexillary sinus ostium; 10. The palatine process of the maxillary
lesser palatine nerve; 9. The aponeurosis on the anterior aspedimfe; 11. Gingival branches of the greater palatine nerve and artery;
the pterygoid process. Small ganglionic branches, that have bdéh The nasopalatine artery; 13. The alveolar recess of the maxillary
detached from the maxillary artery, can also be observed; 10. T$iaus. The green dotted line encircles the sphenopalatine foramen.
alveolar recess of the maxillary sinus; 11. The mucosa of the infEhe green arrows point towards the anterior branches of the palatine
rior nasal meatus; 12. The mucosa of the middle nasal meatus. Tieeves. The red arrows point towards the posterior branches of the
green arrow points towards the pharyngeal nerve. The red dotfalatine nerves. The black arrows indicate the terminal
lines show the positions of the palatine foramina. laterogingival arterial plexuses.
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The anterior branch of the lesser palatine nerve passes  The anterior branch of the lesser palatine nerve
through the submucous space, parallel to the alveolar recésservates the gum of the second premolar and the three
and gives lateral branches to the gingival region of the secamdlars.
premolar and the molars. The posterior branch heads
inferiorly, along with the lesser palatine vessels, towards the The posterior branches innervate the surface of the
soft palate palate situated anterior to the foramina. The posterior branch

of the lesser palatine nerve has a downward trajectory towards

Figure 7 depicts, in a clear and unequivocal mannehe palatine veil.
the existence of a vascular plexus situated at the level of the
limit between the lateral blade of the alveolar recess and the ~ The descending palatine artery emerges from the
palatine process of the maxilla (the palatine recess of theaxillary artery, anterior to the pterygopalatine ganglion. It
maxillary sinus). This plexus is represented by parallel gingivdkescends together with the common bundle of the palatine
branches that anastomose to one another, delivering arteriaives into the narrow space between the maxillary tuberosity
blood to the gingival and alveolar regions. and the pterygoid process (named the pterygomaxillary

fissure). A triangular area is formed at the origin of the
descending palatine artery, between the artery (located
DISCUSSION laterally), the palatine nerve bundle (located medially), and
the maxillary artery (located superiorly). This area represents
a crucial landmark, useful for the endoscopic identification of

Our study does not refer to the fibrillary component o$tructures located inside the pterygopalatine fossa.
the palatine nerves, but to the macroscopic aspect, their
trajectory and their relations to other structures. The usefulness  After a short trajectory of about 1 cm, the descending
of our study is given by the clarity of the description of th@alatine artery divides into an anterior branch, the greater
pathway and the relations to the other structures. palatine artery (Yet al, 2014), which descends into the greater

palatine canal (Let al, 1996), and a posterior one, the lesser

In the upper third of the pterygopalatine fossa, thpalatine artery, which descends into the lesser palatine canal.
palatine nerves emerge from the lower corner of the palatimaese branches pass, along with the palatine nerves, through
ganglion. At their origin, they have the appearance of the greater and the lesser palatine foramina and then enter the
common bundle that has an inferior trajectory into theubmucosal space of the hard palate. We must highlight the
pterygomaxillary fissure. After 0.5 cm from the origin, theclose relation between the initial segment of the palatine
three palatine nerves separate from each other. Posterior ardrovascular bundle and the middle and upper nasal meatuses
medial to the nerve bundle and parallel to it descends tfiecated medial to the neurovascular bundle).
pharyngeal nerve, which heads towards the palatovaginal ca-
nal. The greater and the intermediate palatine nerves enterinto  The greater palatine artery gives off branches that enter
the greater palatine canal, from which they emerge througfie palatine canal and pass, together with the lesser palatine
the greater palatine foramen, located medial to the third martery and nerve, through the lesser palatine foramina (Mercer
lar (Hafeezt al, 2015). The lesser palatine nerve reaches ti&MacCarthy, 1995). The greater palatine artery has an ante-
palate after passing through the lesser palatine foramear trajectory, deep to the palatine nerves, and has a direct
(foramina), which has a variable position, as opposed to thedation to the hard palate, on which it leaves multiple grooves
greater one. At the level of these foramens, all the nerves digiran den Berglet al, 2000). Most of its branches have a late-
de into an anterior and a posterior branch. The branches of thkdistribution towards the gingival region, where it forms a
palatine nerves are parallel to one another, from medial ¥ascular plexus. This plexus is represented by parallel gingival
lateral, inside the submucosal space of the palate. branches that anastomose to one another, delivering arterial

blood to the gingival and alveolar regions.

The anterior branch of the greater palatine nerve has
an anterior trajectory on the hard palate, in relation to the
palatine process of the maxilla. Its pathway corresponds @ONCLUSIONS
the base of the lateral wall of the nasal cavity. It ends up in the
gingival region of the lateral incisor, where it divides into ter-
minal branches. We managed to present, in a single dissection image,

the entire course of the palatine vessels and nerves. At the

The anterior branch of the intermediate palatine nensame time, we have detailed their relations in each of the
innervates the gum of the canine and of the premolar. region they pass. There are various clinical instances in which
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