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Abstract 
 

The Pterygopalatine fossa is one of the most challenging anatomical areas for dental students 

to master. It is a small pyramidal-shaped fossa on the lateral aspect of the skull between the 

pterygoid process of the sphenoid and the maxilla. Due to this location in the skull, the fossa is 

a space that is difficult to conceptualize. Cone beam computerized tomography (CBCT) has 

become the gold standard in various dental treatment plans providing 3D reconstruction of the 

skull. A CBCT scan of a young healthy male patient was used. The DICOM images were imported 

into Horos, an image viewing software. The CBCT scans were exported to iMovie and the 

distribution of both the maxillary division of the trigeminal nerve and maxillary artery were 

annotated in the CBCT to create the visual resource. Hyperlinks were added within the program 

to allow users to review anatomical concepts. A learning resource was created to simplify the 

understanding of the pterygopalatine fossa using CBCT. In this learning resource are multiple 

short videos of CBCT scans of a skull. Each video has visual representations of one of the 

branches of either the maxillary nerve or artery. Educational digital learning resources provides 

a supplementary resource to help simplify understanding of difficult anatomical concepts. The 

pterygopalatine fossa is a small and challenging area to visualize, using CBCT allowed for the 

creation of a digital learning resource in 3D to help explain the distribution of both the maxillary 

nerve and artery branches. 
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I. Introduction 

A. Overview 

 The Pterygopalatine fossa is an anatomical space in the skull located between the 

maxilla and the pterygoid process of the sphenoid bone. Because of this location, it is neither 

easy to visualize nor understand. Standard learning modules have used osteology to 

demonstrate the area, but this is not optimal.  There is only one major window into the area 

from the lateral side via the pterygomaxillary fissure and even this allows little visibility of the 

fossa (FIGURE 1). 

 

Figure 1: Lateral View into the Pterygopalatine fossa (pink) through the pterygomaxillary fissure 

(white). 
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 Broadly, the Pterygopalatine fossa can be thought of as a pyramidal shaped area located 

between the infratemporal fossa and the nasal cavity. It has seven openings which 

communicate to important surrounding areas, including: the infratemporal fossa, nasal cavity, 

orbit, nasal cavity, middle cranial fossa, oral cavity, and nasopharynx (Figure 2).  The openings 

allow for passage of nerves and vessels between the surrounding areas.  

 

Figure 2: Representation of the pterygopalatine fossa showing the seven communicating 
foramina and fissures. (Netter medical illustration used with permission of Elsevier. All rights 
reserved.) 
 
 
 
 
 Clinically, this small fossa is a very important area. First, the pterygopalatine fossa 

contains the maxillary artery and branches (and corresponding veins), the maxillary division of 

the trigeminal nerve (V2) and branches, and the pterygopalatine ganglion. Second the fossa 

provides a pathway for the spread of head and neck tumors and infections into the skull base. 

Pathologies can extend into the pterygopalatine fossa by direct spread or through 
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neurovascular communications (Tashi, 2016). Tumors in the nasal cavity/nasopharynx can 

directly spread into the pterygopalatine fossa (Figure 3). Neurovascular spread generally occurs 

retrograde back toward the central nervous system (Tashi, 2016). The pterygopalatine fossa 

contains the maxillary division of the trigeminal nerve which allows retrograde travel from the 

palate, cheek, maxillary sinus, and nasopharynx (Tashi, 2016). Once a carcinoma or sinusitis 

makes its way into the pterygopalatine fossa, it can easily spread to many regions of the skull 

through the connecting foramina and fissures.  

 

 

Figure 3: CBCT axial view showing the beginning of the sphenopalatine foramen (white) 
communicating with the nasal cavity and foramen rotundum (yellow) communicating with the 
middle cranial fossa. 
 
 
 In a study by Chong, one hundred and fourteen patients with proven nasopharyngeal 

carcinoma were studied with MRI and CT. Seventeen patients showed infiltration of the PPF 

and of those seventeen, four had perineural spread to the cavernous sinus (Chong, 1998). 
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While it is uncommon to see this spread, the communication with the middle cranial fossa 

makes the pterygopalatine fossa a dangerous relay point for spread and infection.  

 

B. Purpose 

 To aid in the understanding the Pterygopalatine fossa, a learning resource was created 

using cone beam computerized tomography, more commonly known as a CBCT scan, to create 

an interactive learning module in which students can create specific parameters to simplify the 

fossa. 

 

 

C. Osteology 

 The Pterygopalatine fossa is located between the maxilla anteriorly, sphenoid 

posteriorly and superiorly, and palatine bone medially and inferiorly (Figure 4) The Maxilla 

consists of five parts: body, frontal process, zygomatic process, palatine process, and the 

alveolar process. (Norton, 2017) The Infratemporal surface of the maxilla runs superiorly up the 

lateral side and creates the anterior border of the Pterygopalatine fossa. The sphenoid bone is 

made of four parts: body, greater wing, lesser wing, and pterygoid process. The pterygoid 

process originates from the body of the sphenoid and consists of a medial and a lateral 

pterygoid plate. The superior portion of the pterygoid process is the posterior boundary of the 

Pterygopalatine fossa. A portion of the greater wing creates a partial superior boundary for the 

fossa. The palatine bone has a perpendicular plate, horizontal plate, and a pyramidal process. 

The pyramidal process projects posteriorly and inferiorly and creates the inferior boundary of 
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the fossa. The perpendicular plate runs vertically and creates the medial boundary of the 

pterygopalatine fossa. Superiorly there is an orbital plate that acts as part of the superior 

boundary along with the sphenoid bone (Norton, 2017) (Figure 5) 

 
Figure 4: Lateral view of skull showing 
maxilla (green) anteriorly, sphenoid (blue) 
posterior and superiorly, and palatine (pink) 
medially and inferiorly. 
 
 

 
Figure 5: Posterior, Inferior view of skull 
showing perpendicular plate of the palatine 
bone (black) and the pyramidal process 
(green). 

 

 

D. Communicating Foramina and Fissures 

 As previously stated, the pterygopalatine fossa has bony walls on all sides except 

laterally. Each of these walls, except the anterior, has at least one opening in it to communicate 

with another area in the skull. Anterior to the pterygopalatine fossa is the maxillary sinus. The 

wall separating these is formed by the posterior maxilla (Norton, 2017). This is the only wall 

without an opening in it so there is no communication between the two. There is no lateral wall 

to the fossa, but the pterygomaxillary fissure opens to the infratemporal fossa, which is on the 

lateral side of the skull, inferior and medial to the zygomatic arch (Norton, 2017) (Figures 6 & 
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7). As the name suggests, the pterygomaxillary fissure is formed by the connection of the 

maxilla and the pterygoid process of the sphenoid bone. Passing through includes the posterior 

superior alveolar nerve, the third part of the maxillary artery and a network of veins. 

 
Figure 6: CBCT axial view of the posterior 
maxilla (white) separating the 
pterygopalatine fossa from the maxillary 
sinus and the pterygomaxillary fissure 
(yellow) communicating with the 
infratemporal fossa.  

 
Figure 7: Lateral View of skull looking into 
the pterygopalatine fossa through the 
pterygomaxillary fissure (pink). The fissure 
is made of the articulation between the 
maxilla (blue) and the pterygoid process of 
the sphenoid bone (green).  
 

 

  Medial to the pterygopalatine fossa is the nasal cavity. Separating these two areas is 

the vertical plate of the palatine bone. The communicating opening is the sphenopalatine 

foramen. This is made from the perpendicular plate of the palatine bone and the body of the 

sphenoid bone. Traveling through the sphenopalatine foramen is the nasopalatine and 

posterior superior nasal nerves as well as the sphenopalatine vessels (Figures 8 & 9).  
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Figure 8: Medial View of bisected skull 
showing the sphenopalatine foramen 
communicating into the pterygopalatine 
fossa 

 
Figure 9: Lateral view of skull showing the 
sphenopalatine foramen (pink) looking 
through the pterygomaxillary fissure 
(green), to the posterior wall of the 
pterygopalatine fossa. 
 
 
 

 The floor of the pterygopalatine fossa is made of the pyramidal process of the palatine 

bone. Beneath the floor is the is the Oral cavity and the greater palatine canal communicates 

between the two. The greater palatine canal travels inferiorly and splits into a greater and 

lesser palatine foramen to open to the inferior surface of the hard palate (Norton, 2017) (Figure 

10). The greater palatine nerve and vessels travel through the canal and exit through the 

greater palatine foramen. The lesser palatine nerve and vessels travel through the canal as well 

but exit through the lesser palatine foramen (Figure 11). 
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Figure 10: CBCT sagittal view of the greater 
palatine canal extending inferiorly from the 
pterygopalatine fossa and splitting into 
greater and lesser palatine foramina. 

 
Figure 11: Inferior view of skull showing the 
greater palatine foramen (blue) anteriorly 
and the lesser palatine foramen (white) 
posteriorly. 
 
 
 
 

  The superior wall of the fossa is a partial wall and is made of the greater wing of the 

sphenoid bone as well as the orbital plate projecting off the palatine bone. The inferior orbital 

fissure communicates the pterygopalatine fossa with the orbit on the other side of this wall 

(Figures 12 & 13). The inferior orbital fissure transmits the infraorbital nerve, zygomatic nerve, 

orbital branches (nerves), infraorbital artery and vein and the inferior ophthalmic vein (Norton, 

2017).  
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Figure 12: CBCT axial view of the inferior 
orbital fissure connecting the 
pterygopalatine fossa to the orbit. 

 
Figure 13:  Anterior view of skull showing 
the inferior orbital fissure (yellow) 
connecting the orbit to the pterygopalatine 
fossa (pink). Also shown is the foramen 
rotundum (blue) opening to the middle 
cranial fossa posteriorly. 
 
 
 

 Finally, the Posterior wall of the pterygopalatine fossa is made of the pterygoid process 

of the sphenoid bone. Three areas are connected to the pterygopalatine fossa posteriorly: 

middle cranial fossa by the foramen rotundum, lateral pharyngeal space by the pterygoid canal, 

and nasopharynx by the pharyngeal canal (Norton, 2017). The foramen rotundum is a hole in 

the greater wing of the sphenoid bone and transmits the maxillary division of the trigeminal 

nerve (V2) (Figures 3, 14 & 16). The pterygoid canal, also called the vidian canal, is located 

inferiorly and medially to the foramen rotundum and is located in the pterygoid process of the 

sphenoid bone. This canal transmits the nerve of the pterygoid canal (Vidian nerve), as well as 

the artery and vein of the pterygoid canal. The pharyngeal canal, also called the palatovaginal 

canal, is located medial to the pterygoid canal also in the pterygoid process of the sphenoid 
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bone. This canal transmits the pharyngeal nerve, artery, and vein (Norton, 2017) (Figure 15 & 

17). 

 

Border Opening Communication Major Transmitted Structures 
 

Anterior None N/A N/A 

Posterior Foramen 
rotundum 

Middle Cranial 
Fossa 

-Maxillary division of the trigeminal nerve 

Posterior Pterygoid canal Middle Cranial 
Fossa 

-Vidian nerve 
-Artery and vein of the pterygoid canal 

Posterior Pharyngeal 
canal 

Nasopharynx -Pharyngeal nerve 
-Pharyngeal artery and vein 

Medial Sphenopalatine 
foramen 

Nasal Cavity -Nasopalatine nerve 
-Posterior superior nasal nerve 
-Sphenopalatine artery and vein 

Lateral Pterygomaxillary 
fissure 

Infratemporal 
fossa 

-Posterior superior alveolar nerve 
-3rd part of maxillary artery  
-Variable network of veins 

Superior Inferior orbital 
fissure 

Orbit -Infraorbital nerve 
-Zygomatic nerve 
-Infraorbital artery and vein 

Inferior Greater palatine 
canal 

Oral Cavity -Greater palatine nerve and vessels 
-Lesser palatine nerve and vessels 

Table 1: Table showing each communicating foramina/fissures and what area they 
communicate with, as well as the major structures that pass through the foramina/fissures. 
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Figure 14: CBCT sagittal view of foramen 
rotundum (yellow) communicating the 
pterygopalatine fossa (pink) with the middle 
cranial fossa, the greater palatine canal  
(blue) extending inferiorly and the 
beginning of the inferior orbital fissure 
(white) communicating with the orbit. 

 

Figure 15:  CBCT axial view of the pterygoid 
canal (yellow) communicating the 
pterygopalatine fossa (pink) with the middle 
cranial fossa laterally and the pharyngeal 
canal (blue) communicating with the 
nasopharynx medially. 
 
 
 
 

 

Figure 16: Posterior view of disarticulated 
sphenoid bone showing foramen rotundum 
opening into the middle cranial fossa.

Figure 17: Anterior view of disarticulated 
sphenoid bone showing foramen rotundum 
(yellow), the pterygoid canal (black), and 
the pharyngeal canal (blue). 
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E. Vascular Supply 

 The external carotid artery travels superiorly up the neck and ends as it splits into the 

superficial temporal superiorly and the maxillary artery medially. The maxillary artery passes 

behind the condylar neck of the mandible through the parotid gland. It travels anteriorly 

between the ramus of the mandible and the sphenomandibular ligament from the 

infratemporal fossa into the pterygopalatine fossa through the pterygomaxillary fissure 

(Norton, 2017). The maxillary artery can travel medial or lateralchong to the lateral pterygoid 

and can be split into three parts: first part mandibular, second part pterygoid, and third part 

pterygopalatine. The first part gives rise to five branches: the anterior tympanic, deep auricular, 

middle meningeal, accessory meningeal, and inferior alveolar. The second part gives rise to five 

branches as well: the anterior and posterior deep temporal, masseteric, pterygoid, and buccal. 

The third part of the maxillary artery is also called the pterygopalatine part. It gives off the 

posterior superior alveolar artery, descending palatine, artery of the pterygoid canal, 

pharyngeal, sphenopalatine, and continues as the infraorbital artery (Norton, 2017) (Figures 18 

& 19).  
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Figure 18: Representation of the 
pterygopalatine fossa showing the seven 
communicating foramina and fissures as 
well as the vessels traversing the fossa. 
(Netter medical illustration used with 
permission of Elsevier. All rights reserved.) 
 

 
Figure 19: Illustration of the maxillary artery 
crossing the infratemporal fossa, giving off 
the posterior superior alveolar artery and 
the infraorbital before entering the 
pterygopalatine fossa. (Netter medical 
illustration used with permission of Elsevier. 
All rights reserved.)

 The first branch, the posterior superior alveolar, comes off prior to the maxillary artery 

passing through the pterygomaxillary fissure. The infraorbital artery is the continuation of the 

third part of the maxillary artery. Accompanied by the infraorbital nerve and vein, it passes 

through the infraorbital groove, through the infraorbital canal, and exits through the 

infraorbital foramen (Norton, 2017) (Figures 20 & 21). While traveling through the infraorbital 

canal it gives rise to orbital branches that supply the lacrimal gland and extraocular muscles. It 

also gives rise to the anterior and middle superior alveolar arteries which supply the maxillary 

arch, including the incisors, canines, and premolars where it anastomoses with the posterior 

superior alveolar artery from the third part of the maxillary which provides vascular supply to 

the posterior maxillary arch including the maxillary molars (Norton, 2017). When the artery 
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leaves the infraorbital foramen, it follows the nerves in giving off an inferior palpebral, nasal, 

and superior labial branch. These supply the lower eyelid, lateral side of the nose, and the 

upper lip respectively (Norton, 2017). 

 

 
Figure 20: Cadaveric photo from the medial 
side of a bisected head showing where the 
infraorbital artery and nerve are located on 
the superior side of the maxillary sinus in 
the infraorbital canal. 
 

 
Figure 21: Cadaveric photo from the lateral 
side looking into the infratemporal fossa. 
The maxillary artery (red) gives off the 
posterior superior alveolar artery (blue), 
and the continuation of the maxillary 
artery, the infraorbital artery (yellow), 
before diving through the pterygomaxillary 
fissure (black). 
 

 

  The final four branches of the maxillary artery travel through the pterygopalatine fossa 

and exit through one of the previously mentioned foramina. As the name suggests, the 

descending palatine artery travels through the greater palatine canal inferiorly. In the canal it 

splits into the greater and lesser palatine arteries (Figure 22). The greater palatine artery exits 

through the greater palatine foramen and travels anteriorly to the incisive foramen. Along the 
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way it supplies the hard palate gingiva, mucosa, and palatal glands (Norton, 2017). It eventually 

anastomoses with the sphenopalatine artery that comes out of the incisive foramen on the 

anterior hard palate. The lesser palatine artery exits through the lesser palatine foramen and 

supplies the soft palate and the palatine tonsils (Norton, 2017).  

 
Figure 22: Cadaveric photo from the medial side of a bisected head showing the descending 
palatine artery (yellow) splitting into the greater (black) and lesser (blue) palatine arteries. 
 
 
 
 Two arteries travel posteriorly off the maxillary artery: the pharyngeal artery and the 

artery of the pterygoid canal. The pharyngeal artery passes into the pterygoid canal along with 

the nerve of the pterygoid canal. This nerve can also be referred to as the vidian nerve. The 

artery helps to supply the auditory tube and the sphenoid sinus (Norton, 2017). The pharyngeal 

artery travels posteromedially into the pharyngeal canal.  Along the way it helps supply the 

auditory tube as well as the nasopharynx. The final artery coming off the maxillary is the 

sphenopalatine artery. This artery passes medially into the sphenopalatine foramen to get to 

the nasal cavity. Off the sphenopalatine artery are the posterior lateral nasal branches and the 
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posterior septal branches. These help supply the nasal concha, mucous membranes and the 

nasal septum. The sphenopalatine continues down the nasal septum to enter the hard palate 

through the incisive canal (Norton, 2017) (Figure 23). 

 

 

Figure 23: Cadaveric photo from the medial side of a bisected head showing the sphenopalatine 
artery and nasopalatine nerve traveling anteroinferiorly down the nasal septum. 
 

 

 The Venous drainage of the pterygopalatine fossa follows the arterial supply closely. The 

posterior superior alveolar, pharyngeal, descending palatine, infraorbital, sphenopalatine, and 

vein of the pterygoid canal all eventually drain into the pterygoid plexus of veins (Norton, 

2017). The posterior superior alveolar receives blood from the posterior teeth and surrounding 

soft tissue. The pharyngeal drains the nasopharynx. The descending palatine vein drains the 

hard and soft palate. The infraorbital vein receives its blood from the middle of the face via the 

lower eyelid, lateral side of the nose, and the upper lip. The sphenopalatine drains the nasal 
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cavity and the nasal septum. Finally, the vein of the pterygoid canal drains the foramen lacerum 

region and the sphenoid sinus (Norton, 2017) (Figure 24).  

 

 
Figure 24: Illustration of the venous drainage of the pterygopalatine fossa, showing the 
pterygoid plexus which collects all the blood from the fossa. (Netter medical illustration used 
with permission of Elsevier. All rights reserved.) 
 

 

F. Nervous Supply 

 Cranial Nerve V, also known as the trigeminal nerve, has three divisions that meet in the 

middle cranial fossa at the location of the trigeminal ganglion. The ophthalmic division (V1) 

passes through the superior orbital fissure, the maxillary division (V2) travels through foramen 

rotundum, and the mandibular division (V3) travels through foramen ovale. The maxillary 

division is a sensory branch. In the middle cranial fossa, it travels along the lateral wall of the 
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cavernous sinus. Just before it leaves the middle cranial fossa through the foramen rotundum, 

it gives off a meningeal branch to innervate the dura mater (Norton, 2017).  

 In the pterygopalatine fossa, V2 gives off four branches: posterior superior alveolar, 

zygomatic, ganglionic branches (which attach to the pterygopalatine ganglion), and the 

infraorbital nerve which is a continuation of V2 anteriorly. The posterior superior alveolar nerve 

exits the pterygopalatine fossa by traveling through the pterygomaxillary fissure beside the 

maxillary artery to enter the infratemporal fossa. In the infratemporal fossa, it travels along the 

posterior surface of the maxilla near the maxillary tuberosity (Norton, 2017). Off the posterior 

superior alveolar nerve is a gingival branch that innervates the buccal gingiva and adjacent 

mucosa next to the maxillary molars. It eventually enters the posterior surface of the maxilla 

and supplies the maxillary sinus and maxillary molars. It should be noted that sometimes, it will 

not reach the mesiobuccal root of the first maxillary molar (Norton, 2017). The zygomatic nerve 

passes through the inferior orbital fissure alongside the infraorbital artery and nerve to travel 

into the orbit. It travels along the lateral wall of the orbit and branches into the 

zygomaticotemporal and the zygomaticofacial branches to be distributed along the temple and 

face, respectively (Norton, 2017) (Figure 25). 



 19 

 

Figure 25: Illustration of the Maxillary nerve entering the pterygopalatine fossa and giving off 
the ganglionic branches, zygomatic nerve, posterior superior alveolar and maxillary nerve. Also 
shown is the middle and anterior superior alveolar nerve branching off the infraorbital nerve. 
(Netter medical illustration used with permission of Elsevier. All rights reserved.) 
 

 

 A communication branch from it joins the lacrimal nerve from the ophthalmic division of 

the trigeminal to carry autonomics to the lacrimal gland. V2 gives off one or two ganglionic 

branches that connect it to the pterygopalatine ganglion. These contain sensory fibers that pass 

through the ganglion without synapsing to be distributed with the nerves that originate from 

the pterygopalatine ganglion. These branches also contain postganglionic autonomic fibers to 

the lacrimal gland that pass through the ganglion (Norton, 2017).  

 The final continuation of the maxillary division of the trigeminal nerve is the infraorbital 

nerve. It passes through the inferior orbital fissure with the artery of the same name and the 
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zygomatic nerve. In the orbit it travels anteriorly through the infraorbital groove, infraorbital 

canal, and exits onto the face through the infraorbital foramen (Norton, 2017) (See figure 20). It 

gives rise to three branches while in the infraorbital canal: anterior superior alveolar, along with 

a branch off this nerve, and the middle superior alveolar nerve. The anterior superior alveolar 

nerve supplies the maxillary sinus, maxillary central incisor, lateral incisor, and canine gingiva 

and the mucosa alongside these teeth with additional innervation from the superior labial 

nerve arising from the infraorbital nerve on the face (Norton, 2017). The small branch off the 

anterior superior alveolar nerve supplies the nasal cavity. Finally, the middle superior alveolar 

nerve, not always present, supplies the maxillary sinus, maxillary premolars, and oftentimes 

picking up where the posterior superior alveolar left off, the mesiobuccal root of the first 

maxillary molar and gingiva and mucosa alongside these teeth (Norton, 2017) (See figure 25). 

 The pterygopalatine ganglion is a collection of postganglionic cell bodies in the 

peripheral nervous system. It is the largest parasympathetic ganglion with postganglionic fibers 

reaching the lacrimal gland and the glands in mucous membranes of the nasal cavity and 

nasopharynx (Erdogan, 2003). The ganglionic branches come from the maxillary division of the 

trigeminal nerve that pass through the ganglion. Three sets of nerve fibers travel through the 

pterygopalatine ganglion. These are the general sensory fibers from the trigeminal nerve, the 

postganglionic sympathetic fibers coming from the vidian nerve, and the preganglionic 

parasympathetic fibers also carried by the vidian nerve and formed by synapsing in the 

pterygopalatine ganglion with the postganglionic parasympathetic fibers (Norton, 2017). The 

vidian nerve is formed by the greater and deep petrosal nerves. The greater petrosal carries 

preganglionic parasympathetic fibers, and the deep petrosal carries postganglionic sympathetic 
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fibers. The vidian nerve then connects to the ganglion allowing these fibers to be distributed 

with any of the nerves leaving the ganglion (Norton, 2017) (Figures 26 and 27).  

 

 

Figure 26: Illustration of the sympathetic and parasympathetic fibers traveling through the 
pterygopalatine ganglion. This image shows the greater petrosal and deep petrosal nerves 
coming together to form the vidian nerve. (Netter medical illustration used with permission of 
Elsevier. All rights reserved.) 
 
 
 There are six branches that travel through the pterygopalatine ganglion: nasopalatine, 

posterior superior nasal, greater palatine, lesser palatine, pharyngeal, and orbital branches. All 

these nerves are branches of V2, and thus, their main function is to be sensory in nature (pain, 

temperature, touch). Because they branch from the pterygopalatine ganglion, autonomics 

fibers are carried with the nerve branches to their respective effector organs (smooth muscle 

and glands). The nasopalatine passes through the sphenopalatine foramen to get to the nasal 
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cavity along with the sphenopalatine artery and the posterior superior nasal nerve. It passes 

along the superior portion of the nasal cavity to the nasal septum and continues 

anteroinferiorly to the incisive canal. It exits the incisive foramen on the hard palate and 

supplies the palatal gingiva and mucosa from the central incisors to the canines (Norton, 2017). 

The posterior superior nasal divides into two nerves while in the sphenopalatine foramen: 

lateral posterior superior and medial posterior superior nasal. The lateral posterior superior 

supplies the lateral wall of the nasal cavity and the medial posterior superior nasal supplies the 

posterior and superior portion of the nasal septum (Norton, 2017). The greater palatine nerve 

passes through the greater palatine canal along with the lesser palatine nerve and the arteries 

of the same names. The greater palatine enters the hard palate vis the greater palatine 

foramen. It supplies the palatal gingiva and mucosa from the area in the premolar region to the 

posterior border of the hard palate to the midline (Norton, 2017). The lesser palatine passes 

through the greater palatine canal to enter and supply the soft palate through the lesser 

palatine foramen (Figure 27).  
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Figure 27: Cadaveric photo from the medial side of a bisected head showing the greater (black) 
and lesser (blue) palatine nerves descending from the pterygopalatine ganglion (white). Also 
shown is the vidian nerve (pink) running into the ganglion, and the infraorbital nerve (yellow) 
leaving it anteriorly. 
 
 
 
 The pharyngeal nerve travels through the pharyngeal canal along with the pharyngeal 

artery to supply the nasopharynx (Norton, 2017). Finally, there are several orbital branches 

arising from V2 which branch of the ganglion in the pterygopalatine fossa. These nerves pass 

through the inferior orbital fissure to enter the orbit to supply the orbital periosteum. Some 

fibers pass on through the posterior ethmoid foramen, supplying the sphenoid and posterior 

ethmoid sinuses (Norton, 2017). 
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G. Computerized tomography 

 A computerized tomography scan (CT Scan) combines a series of X-ray images taken in 

different planes and puts them into a series of pictures to create a 3-Dimensional visual. 

Traditionally, CT scans used “Fan Beam” technology. The first prototype came out in 1971 and 

created thin axial scans through the patient’s body (Lechuga, 2016). Allowing the visualization 

of soft tissue, Fan Beam Computerized Tomography (FBCT) became increasingly popular. FBCT 

sends out radiation in a fan shape which meets a linear group of detectors, covering a wide 

spread of one axis but not the other (Lechuga, 2016). Over 30 years, improvements were made 

to the technology and in 2001 a new form of CT scans became available: Cone Beam 

Computerized Tomography (CBCT) (Figure 28). 

 

Figure 28:  CBCT machine used for head scans. 

 

  This new scanning technique uses diverging kV X-rays to acquire images in a much 

larger volume than FBCT is capable of (Lechuga, 2016). While FBCT is still used in the medical 
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field, CBCT scanners are widely used in the Dental community as it is an easy and effective way 

to create 3D images of the head. CBCT sends out radiation in a cone shape, in other words, it 

covers both axes (Kumar, 2015). This radiation beam meets a reciprocating solid-state flat panel 

detector, which rotates around the patient (Venkatesh, 2017). This allows a complete scan to 

occur in one single rotation. Once the scan is complete, the 2D images are instantaneously 

reconstructed on a computer to show the anatomical viewing in axial, coronal, and sagittal 

planes (Venkatesh, 2017).  

 

H. CT In Dentistry 

 In the early stages of development for CT, dentistry use was limited because of the high 

cost, limited access, and high radiation exposure. As CT was refined and CBCT was created, 

these problems became less prevalent. CBCT is now widely used in dentistry for a variety of 

reasons. First, is the high image accuracy. CBCT provide isotropic voxels whereas traditional CT 

provides anisotropic voxels (Venkatesh, 2017). A voxel is the 3D version of a pixel. While a pixel 

is a square, a voxel is a cube which represents specific x-ray absorption (Casian, 2021). FBCT 

voxel surfaces can be as small as 0.625mm square but their depth is usually 1-2mm. CBCT can 

produce sub-millimeter resolution as low as 0.09mm (Venkatesh, 2017). Putting all these 

isotropic voxels together allows high resolution and importantly, highly precise images. Another 

contributor to the high-resolution imagery is the short scan time. CBCT only requires a single 

rotation to acquire the images (Kumar, 2015). With less than a minute of scan time, the patient 

can stay still and reduce image artifact.  
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 CBCT allows the operator to limit the size of the X-ray beam. This reduces any 

unnecessary exposure to the patient and minimizes scattered radiation that could affect image 

quality (Venkatesh, 2017). CBCT offers dose reductions of up to 98.5% compared to traditional 

FBCT when used for oral and maxillofacial imaging (Venkatesh, 2017). Finally, CBCT is relatively 

simple to use. Scan time is short and image viewing is easy and effective. Most CBCT comes 

with software that allows rapid viewing of the scan. There are also multiple display modes that 

allow oblique slicing, cross-sectional viewing, volume rendering, and more (Venkatesh, 2017). 

The different view modes and high precision imaging simplifies creating surgical guides and 

resin models. 

 CBCT is used in many areas of dentistry. A few examples include oral and maxillofacial 

surgery, endodontics, and orthodontics. In oral and maxillofacial surgery, CBCT is crucial to 

investigating the exact 3D location of jaw pathologies (Jain 2019). This allows the oral surgeon 

to locate tumors and bone lesions with ease. On top of identifying these pathologies, it allows 

calculations for bone grafts and implants. In endodontics, CBCT allows diagnosis of apical 

lesions (Kumar, 2015) The contrast enhanced CBCT images can differentiate between apical 

granulomas and cysts. It can detect root resorption in its early stages and is superior to FBCT in 

determining the extent of the existing lesions (Kumar, 2015). In orthodontics, CBCT is used to 

assess facial growth, age, airway function, and disturbances in tooth eruption. It can be used a 

visual guide to accurately insert anchors and evaluate the treatments effect on bone density 

(Kumar, 2015). CBCT is also the scanning method of choice in many situations such as facial 

fractures, gun-shot wounds, soft-tissue calcification identification, and TMJ imaging (Kumar, 
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2015). High resolution and accuracy are the reasons for CBCT being the most widely used form 

of CT in dentistry. 

 

 

I. Visual Learning Aids 

 For many students, textbooks and PowerPoint slides can be of little use to help learn. 

Especially science courses can be confusing, whether it is trying to solve complex physics 

equations or understanding an anatomical space. Some students can pass their courses just 

through outright memorization of the information; however, this does not always come with a 

true understanding of the material. With new technology, visual aids have become increasingly 

popular to shorten the learning curve for students. While visual aids pass the “eye-test,” many 

studies have been done to determine just how helpful they are. In a study titled “The role of 

visual representations in scientific practices: from conceptual understanding and knowledge 

generation to ‘seeing’ how science works,” Evagorou argues that by positioning visual 

representations as epistemic objects of scientific practices, science education can bring a 

renewed focus on how visualization contributes to knowledge formation in science from the 

learners’ perspective. Studying models as foundational as the structure of DNA and Faraday’s 

use of lines of magnetic force, they conclude that the emphasis in visualization should shift 

from cognitive understanding to engaging in the processes of visualization (Evagorou, 2015). 

 One Study titled “Creating visual explanations improves learning” examined two specific 

STEM domains. STEM stands for Science, Technology, Engineering, and Mathematics (Bobek, 

2016). In this study they were looking at a mechanical system (bicycle pump) and a chemical 
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system (bonding). They determined that creating an explanation of a STEM phenomenon 

benefited learning, even when the explanations are created after learning and in the absence of 

new instruction (Bobek, 2016). This study also made points saying that creating visual 

explanations appears to be an underused method of supporting students’ understanding of 

dynamic processes. They contributed this to the fact that it may be hard to see the benefit of 

creating a learning resource and evaluating the effectiveness.  

 While the benefit of a visual aid needs to be significant enough for it to be worth having, 

it is also important that the users of the visual aid prefer it. In another study, “Impact of Visual 

Aids in Enhancing the Learning Process Case Research: District Dera Ghazi Khan,” the teachers 

and student’s experiences with visual aids was researched. This study showed that 70% of 

students and teachers agreed that visual aids are beneficial to learning. On top of just 

preference, this study showed that 75% believed information was more easily clarified, 82% 

agreed that it saved time in preparing and learning the lecture, and 71% thought studying was 

more enjoyable (Shabiralyani, 2015). There were more criteria, however, each one showed at 

least a small majority prefer having a visual learning aid.  

 

 

II. Materials and Methods 

A. CBCT 

 A CBCT scan of a young healthy male was taken at the Creighton University School of 

Dentistry. The scan was performed using a PLANMECA PROMAX 3D Mid machine. 

 



 29 

B. Cadaveric Photographs 

 Cadaveric dissections of the pterygopalatine fossa were created in conjunction with the 

Creighton University School of Dentistry freshman student Head & Neck course. Photographs 

were taken to supplement the information in this paper. These images were taken using an 

iPhone 11 Pro. 

 

C. Dry Skull Photographs 

 Dry skulls were provided by Creighton University School of Dentistry. Photographs were 

taken to supplement the information in this paper. These images were taken using an iPhone 

11 Pro.  

 

D. Horos 

 Horos was used to view the CBCT scans. It is an open-source medical image viewer 

offered free for download online. Horos reconstructs the CBCT scans, allowing axial, sagittal, 

and coronal views. It also allows many other views including 3D volume rendering, 3D Curved-

MPR, and 3D Endoscopy. While these are very informative and useful functions, none were 

necessary for the purpose of this study. The axial view was exported to iMovie and edited for 

creation of the learning aid. 
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E. iMovie 

 The videos were imported to iMovie and edited to show the entire axial scan and then 

zoom in towards the Pterygopalatine fossa to give a better understanding of where it is located. 

The video slows down to allow time to comprehend the path of the artery or nerve. Each artery 

and nerve of the fossa and their pathway were then represented by a yellow (nerve) or red 

(artery) dot. The axial scan was overlaid with the picture of the dot and appears to move using 

the Ken Burns effect, a style of panning and zooming made famous by American documentarian 

Ken Burns (Niklaus, 2019). In the nerve videos, the video runs caudally showing the nerve either 

running towards the Trigeminal ganglion or leaving it (Figure 29). This depends on the path of 

the nerve being above or below the ganglion.  

 

Figure 29: Eight screenshots from the vidian nerve video of learning resource were taken and 
laid out in succession. 1 shows the original view, as the scan rolls, it zooms in to look like 2. In 3 
the trigeminal ganglion appears and the maxillary nerve leaving it in 4. The maxillary then gives 
its branches to the pterygopalatine ganglion as shown in 5. From here 6, 7, and 8 show the 
vidian nerve running through the fossa and out of the pterygoid canal. 
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 In the arterial videos, the videos run cranially to show the origin of the arteries first as 

the external carotid artery runs superiorly (Figure 30). The dot was overlayed in the same 

manner as the nerve videos.  

 

Figure 30: Eight screenshots from the artery of the pterygoid canal video of the learning 
resource were taken and laid out in succession. 1 shows the original view, as the scan rolls, it 
zooms in to look like 2. 3 shows the external carotid artery running superiorly and giving the 
maxillary artery across the infratemporal fossa as seen in 4. The maxillary artery continues 
toward the pterygopalatine fossa in 5 and then gives off its final branches. 6, 7 and 8 represent 
the artery of the pterygoid canal running through the pterygopalatine fossa and out the 
pterygoid canal. 
 

 

III. Results and Discussion 
 
 An online learning resource was created to help supplement traditional learning of the 

pterygopalatine fossa. A CBCT scan was taken showing coronal, axial, and sagittal 

reconstructions of the skull. The axial scan was edited to show the nerves and arteries of the 

pterygopalatine fossa and how they traverse through the area. Showing each nerve and artery 
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individually allows for a less overwhelming and more focused study experience. Online learning 

resources have shown the ability to supplement traditional learning techniques, and 

sometimes, they can replace it altogether. While learning styles vary from student to student, 

an interactive, visual representation of a concept can help in a variety of ways. 

  Regarding the Pterygopalatine fossa, traditional learning would include a list of the 

boundaries, communicating foramina, and the vessels traveling through these foramina. 

However, rote memorization of this information does not generally give a complete 

understanding of the fossa. Using a skull, a student could see into the fossa laterally through 

the pterygomaxillary fossa, but complete visualization is not possible (Figure 31). 

 

Figure 31: Lateral View into the Pterygopalatine fossa (pink) through the pterygomaxillary 

fissure (white). 
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 If a student is fortunate enough to have access to a cadaver lab, visibility of the fossa is 

possible but not in its entirety. A dissection can show a lateral view of the fossa, however the 

actual shape of it and the pathway of the vessels is still not easily distinguished (Figure 32).  

 
Figure 32: Cadaveric photo from the lateral side looking into the infratemporal fossa. The 
maxillary artery (red) gives off the posterior superior alveolar artery (blue), and the 
continuation of the maxillary artery, the infraorbital artery (yellow), before diving through the 
pterygomaxillary fissure (black). 
 
 
 There are a variety of resources that can be used to aid in understanding the 

pterygopalatine fossa and that’s what these CBCT videos were able to do. The videos provide 

another way to help understand the fossa as a whole.  

 Studies have been done to show the efficacy of visual learning aids as a supplement to 

traditional learning, but also as a stand-alone learning aid. Certain areas of study have proven 

to be better explained using visual aids. The pterygopalatine fossa is a complex area and 

therefore needs more than a visual resource alone. However, as a supplement to knowing the 
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boundaries, communications, and vasculature, a visual learning aid can help tie all the 

information together.  

 In a study titled “Effect of the Use of Instructional Anatomy Videos on Student 

Performance,” students were given access to the videos but not required to use them. There 

was a correlation between higher anatomy exam scores and the students who used the videos 

provided to them. Students most often used these videos for lab exam preparation. For those 

that accessed the videos at least once, there was a 3.4% increase on anatomy achievement 

(Saxena, 2008). While a modest increase, one could assume accessing the videos more than 

once could be even more beneficial to the student.  

 A study done by Granger examined if dissection videos are an effective substitute for 

actual dissection. Class curriculum and grading scale changed during the study, but they were 

able to conclude that videos alone were not enough. While students still passed, the 

participants stated that they felt they did not know the material as well when they learned 

from the dissection videos alone. (Granger, 2007) 

 In anatomy specifically, one can overlook the difficulty of studying in a cadaver lab for 

the first time. In a study conducted by Stone, it was noted that if nothing else, the cadaveric 

videos can reduce the initial emotional impact experienced by students studying in a cadaver 

lab for the first time (Stone, 2022). Stone also warned of the dangers of these videos being 

distributed inappropriately as cadaveric videos should be viewed by the intended audience 

only.  

 Research has demonstrated that educational videos cannot necessarily teach the 

entirety of the material alone (Saxena, 2008, Granger, 2007, Stone, 2022). However, when used 



 35 

alongside traditional learning, especially in cadaver lab, they can be beneficial. As technology 

continues to advance, it can be reasonably concluded that visual learning aids will become 

more prevalent in learning environments. The wide accessibility to technology provides 

opportunities to present information in new and understandable ways. 3D models and video 

supplements have paved a new path for education. 

 

IV. Conclusion 
 
 Visual learning resources can be an effective supplement to traditional learning 

techniques. This aid can help to simplify the pterygopalatine fossa using CBCT. It can be used 

alongside other resources to garner a complete understanding of the area.  
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