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Background: Cranial nerve ganglia, which are prone to viral infections and tumors,
are located deep in the head, so their detailed anatomy is difficult to understand
using conventional cadaver dissection. For locating the small ganglia in medical im-
ages, their sectional anatomy should be learned by medical students and doctors.
The purpose of this study is to elucidate cranial ganglia anatomy using sectioned
images and three-dimensional (3D) models of a cadaver.

Methods: One thousand two hundred and forty-six sectioned images of a male ca-
daver were examined to identify the cranial nerve ganglia. Using the real color sec-
tioned images, real color volume model having a voxel size of 0.4 x 0.4 x 0.4 mm
was produced.

Results: The sectioned images and 3D models can be downloaded for free from a
webpage, anatomy.dongguk.ac.kr/ganglia. On the images and model, all the cranial
nerve ganglia and their whole course were identified. In case of the facial nerve,
the geniculate, pterygopalatine, and submandibular ganglia were clearly identified.
In case of the glossopharyngeal nerve, the superior, inferior, and otic ganglia were
found. Thanks to the high resolution and real color of the sectioned images and
volume models, detailed observation of the ganglia was possible. Since the volume
models can be cut both in orthogonal planes and oblique planes, advanced sec-
tional anatomy of the ganglia can be explained concretely.

Conclusions: The sectioned images and 3D models will be helpful resources for
understanding cranial nerve ganglia anatomy, for performing related surgical proce-
dures.

Key Words: Anatomy, Cross-Sectional; Cadaver; Cranial Nerves; Dissection; Facial
Nerve; Ganglia, Parasympathetic; Glossopharyngeal Nerve; Imaging, Three-Dimen-
sional; Neuroanatomy.

INTRODUCTION

Cranial nerve ganglia can be damaged by neoplasms, viral
infections, and even from surgical procedures targeting
other organs; therefore, physicians should understand

their detailed anatomy for accurate diagnosis and treat-
ment. Knowledge of the sectional anatomy of the cranial
nerve ganglia is needed for interpreting magnetic reso-
nance imaging (MRI) and computed tomography (CT) im-
ages during diagnosis [1,2]. Moreover, their stereoscopic
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anatomy should be understood for performing surgeries
and local anesthetic injections [3,4].

However, existing methods for learning the anatomy of
the cranial nerve ganglia have several limitations. It is dif-
ficult to identify the cranial nerve ganglia during cadaver
dissection because of their small size and the overlying
muscles and bones. Photographs of skillfully dissected ca-
davers can show only fragmented views that are hardly re-
lated to orthogonal medical images or surgical views [5,6].
It is difficult for novices to understand the cranial nerve
ganglia anatomy using MRI because it uses grayscale color
and has low resolution (pixel size, 0.5 x 0.5 mm) [7].

Alternatively, sectioned images and three-dimensional
(3D) models of cadavers can be used to elucidate the sec-
tional anatomy and stereoscopic anatomy of the cranial
nerve ganglia. Compared to MRI, sectioned images are in
real color and have high resolution (pixel size, 0.06 x 0.06
mm) that can reveal even minute anatomical structures,
including the cranial nerve ganglia. By 3D reconstruction,
the sectioned images can be converted into surface mod-
els [8] and real color volume models [9] that can be utilized
for virtual dissection and virtual surgery.

This study aimed to enhance the understanding of the
anatomy of the cranial nerve ganglia using sectioned im-
ages and 3D models of a cadaver. All the cranial nerve
ganglia and their detailed course were identified on the
sectioned images, while their spatial relationships were
elucidated using 3D models. The cadaver data could be
a helpful resource for physicians who diagnose and treat
cranial nerve ganglia diseases.

MATERIALS AND METHODS

A male cadaver whole body (height 1,765 mm, weight 46.0
kg) was frozen at -70°C for repeated sectioning and pho-
tography [10]. Among the resultant 3,512 sectioned images
of the whole body, 1,246 images of the head region were
chosen for this study. The images of the head region had
a color depth of 48-bits, resolution of 8,688 x 5,792 pixels,
pixel size of 0.06 x 0.06 mm, and interval of 0.2 mm [10,11].
This study was approved by the Institutional Review Board
of Wonju Severance Christian Hospital (CR321181).

The first step was to identify all 12 pairs of the ganglia of
the cranial nerves: the ciliary ganglion, trigeminal gangli-
on, pterygopalatine ganglion, otic ganglion, submandibu-
lar ganglion, geniculate ganglion, vestibular ganglion,
spiral ganglion, superior and inferior glossopharyngeal
ganglia, and superior and inferior vagal ganglia (Table
1) [12-23]. For this, sectioned images of the brainstem
were examined to determine the origins of the cranial
nerves (Fig. 1A). From the origins of the cranial nerves,
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the nerve fibers were tracked to identify the cranial nerve
ganglia and related structures (Fig. 1B). Distinguishing
landmarks, such as cranial foramina, were identified to
confirm the locations of the cranial nerve ganglia (Fig. 1C).
All cranial nerve ganglia and adjoining structures were
examined by referring to neuroanatomy textbooks and
research articles. The ganglia were segmented at 0.4-mm
intervals using a software program (Adobe Photoshop CC
2018; Adobe Systems, Inc., San Jose, CA) [24] to produce
the 3D models.

To produce the volume models of the whole head and
cranial nerve ganglia, the sectioned images were resized
and chosen to yield a pixel size of 0.4 x 0.4 mm and interval
of 0.4 mm. The sectioned images in PNG format were con-
verted to digital imaging and communications in medi-
cine (DICOM) format using Adobe Photoshop CC 2018 and
aligned using a DicomBrowser [25]. The DICOM files were
3D reconstructed using MRIcroGL (www.mccauslandcen-
ter.sc.edu), including dem2nii [26], and saved in a neu-
roimaging informatics technology initiative format. The
resultant real color volume model had a voxel size of 0.4 x
0.4x0.4mm [9].

To measure the sizes of all 12 pairs of the ganglia, the
volume models of the ganglia were overlaid on the volume
model of whole head in MRIcroGL. Based on the sectioned
images and overlaid volume models, the margins of all
ganglia were checked. Based on the coordinate data of the
ganglia, their lengths, widths, and heights were calcu-
lated.

RESULTS

In the sectioned images of the orbit, cavernous sinus, in-
ternal acoustic meatus, pterygopalatine fossa, floor of the
oral cavity, jugular foramen, and infratemporal fossa, 12
pairs of cranial nerve ganglia were identified and labeled
(Figs. 2, 3). A real color volume model of the male cadav-
eric head (voxel size, 0.4 x 0.4 x 0.4 mm; file size, 175 MB)
and 12 overlay files of the cranial nerve ganglia (average
file size, 668 KB each) were produced (Fig. 4A). The volume
model could be cut in the orthogonal and oblique planes
(Fig. 4B) in the MRIcroGL. The overlay files of the cranial
nerve ganglia could be displayed together with the volume
model of the whole head (Fig. 4C). The sectioned images in
the original resolution and volume models have been up-
loaded to the authors’ webpage (anatomy.dongguk.ac.kr/
ganglia) to be downloaded.

1. Oculomotor nerve and ciliary ganglion

In the sectioned images, the oculomotor nerve emerged
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Table 1. List of cranial nerve ganglia and their clinical features

Main cranial nerve

Ganglion

Clinical features

Il Oculomotor nerve

V Trigeminal nerve

VIl Facial nerve

VIl Vestibulocochlear nerve

IX Glossopharyngeal nerve

X Vagus nerve

Ciliary ganglion

Trigeminal ganglion

Geniculate ganglion

Pterygopalatine ganglion
Submandibular ganglion

Spiral ganglion

Vestibular ganglion
Superior ganglion (IX)
Inferior ganglion (IX)

Otic ganglion

Superior ganglion (X)
Inferior ganglion (X)

The ciliary ganglion can be injured during surgical intervention such as lateral orbitotomy,
inferolateral endoscopic orbital approach, transmaxillary approach to the orbit [12].

The trigeminal ganglion can be affected by herpes zoster virus infection [13].

To treat trigeminal neuralgia, trigeminal ganglion can be selected for radiofrequency se-
lective ablation [13].

The geniculate ganglion can be injured during surgical interventions such as the trans-
mastoid approach, translabyrinthine approach, and middle cranial fossa approach due
to abnormalities such as tumors [14].

To perform a pterygopalatine ganglion block, the intranasal approach, transoral ap-
proach, or infrazygomatic arch approach can be selected [15].

To treat sialorrhea, the submandibular ganglion can be selected for injection of botuli-
num toxin A or surgical removal [16].

To treat sensoneural hearing loss, studies to identify novel treatment to prevent and
reverse the damage of spiral ganglion neurons including gene therapy and stem cell
therapy [17].

To treat vestibular schwannomas of the middle cranial fossa, the translabyrinthine, and
retrosigmoid approaches can be selected [18].

To treat glossopharyngeal neuralgia, percutaneous radiofrequency coagulation of nerves
inside the jugular foramen can be selected [19].

To treat glossopharyngeal neuralgia, percutaneous radiofrequency coagulation of the
inferior ganglion and nerves inside the jugular foramen can be selected [19].

Frey's syndrome can occur by aberrant regeneration of cut parasympathetic fibers be-
tween the otic ganglion and subcutaneous vessels [20].

To treat trigeminal autonomic cephalalgias, the otic ganglion can be selected for injection
of botulinum toxin A [21,22].

Vagal paraganglioma can originate from the superior ganglion of the vagus nerve [23].

Vagal paraganglioma mostly originates from the inferior ganglion of the vagus nerve [23].

Brainstem

Fig. 1. Procedure to identify trigeminal

ganglion in the horizontally sectioned im-
Depressor

Intemal abii ages of a cadaver. To identify trigeminal
niernai

- carotid i"feri?ris ganglion, starting point (A) of the trigemi-
muscle } . . .

artery o nal nerve is observed in the sectioned im-
~Abducens epressor : : : :

nerve anguli ages of brainstem. By tracking trigeminal

oris . . .

| Trigeminal muscle nerve fibers, the ganglion (B) is observed.

ganglion Mental To confirm the location of the ganglion,

Brainstem G nerve ending point (C) of trigeminal nerve is ob-

Mandible

served.

from the interpeduncular fossa under the mammillary
body. The nerve passed through the superior part of the
cavernous sinus, lateral to the internal carotid artery. It
entered the orbit through the superior orbital fissure and
then divided into superior and inferior divisions. The infe-
rior division of the oculomotor nerve formed a ciliary gan-
glion around the apex of the orbit (Fig. 2A, Table 2). Unlike
the other parts of the oculomotor nerve, the ciliary gan-
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glion showed an oval, flattened shape with a reddish color.
The length, width, and height of ciliary ganglion were 3.62
mm, 1.80 mm, and 1.44 mm respectively. Similar to that
seen in textbooks and previous studies, the lateral rectus
muscle was observed lateral to the ganglion. The ophthal-
mic artery was observed superomedial to the ganglion,
and the optic nerve was visible more superomedially [27].
In the sagittally sectioned volume model, the optic nerve
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Fig. 2. Ten cranial nerve ganglia and adjacent structures identified in the horizontally sectioned images of a cadaver. Ten cranial nerve ganglia (A, ciliary
ganglion; B, trigeminal ganglion; C, geniculate ganglion and vestibular ganglion; D, pterygopalatine ganglion; E, submandibular ganglion; F, superior gan-
glion of vagus nerve; G, otic ganglion; H, inferior ganglion of vagus nerve) and adjacent structures are identified and labeled in the sectioned images (IX,

glossopharyngeal nerve; X, vagus nerve).
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Fig. 3. Cranial nerve ganglia located near the internal acoustic meatus. Cranial nerve ganglia (A, spiral ganglion; B, geniculate ganglion and vestibular
ganglion) and adjacent structures near the internal acoustic meatus and cochlea are identified and labeled in the sectioned images.

was observed superior to the ciliary ganglion, while the
inferior rectus muscle was inferior to the ganglion. How-
ever, the ophthalmic artery could hardly be identified in
the volume model because of its small size (Fig. 5A).

2. Trigeminal nerve and trigeminal ganglion

In the sectioned images, the trigeminal nerve emerged
from the lateral aspect of the pons of the brainstem (Fig.
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1A). It passed the pontocerebellar cistern and entered
the middle cranial fossa through the porus trigeminus,
thus corroborating with the existing literature [28]. The
trigeminal ganglion was located near the posterolateral
part of the cavernous sinus and lateral to the internal
carotid artery and abducens nerve (Fig. 2B, Table 2). The
trigeminal ganglion was semilunar shaped and shrouded
in the dural recess called the trigeminal cave or Meckel’s
cave. The length, width, and height of trigeminal gan-
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glion with the trigeminal plexus were 7.05 mm, 6.79 mm,
3.29 mm respectively. From the trigeminal ganglion, the
three branches of the trigeminal nerve were identified
and tracked: the ophthalmic, maxillary, and mandibular
nerves. The ophthalmic nerve passed through the supe-
rior orbital fissure and supraorbital fissure. The maxillary
nerve passed through the foramen rotundum and the in-
fraorbital foramen. The mandibular nerve passed through
the foramen ovale and divided into the lingual nerve and
inferior alveolar nerve. The inferior alveolar nerve entered
the mandibular canal through the mandibular fora-
men and eventually left the mandibular canal through
the mental foramen (Fig. 1C). In the coronally sectioned
volume model, the internal carotid artery and abducens
nerve were identified superomedial to the trigeminal
ganglion. The oculomotor nerve and trochlear nerve were
identified superior to the ganglion (Fig. 6A).

3. Facial nerve ganglia

The sectioned images revealed that the facial nerve
emerged from the junction of the pons and medulla ob-
longata, and then entered the internal acoustic meatus ac-
companying the vestibulocochlear nerve.

1) Geniculate ganglion

Near the fundus, which is the lateral end of the internal
acoustic meatus, the geniculate ganglion was located lat-
eral to the cochlea and anterior to the semicircular duct
(Fig. 2C, Table 2), as reported in a previous study [29]. Be-
cause of the characteristic curvature of the facial nerve,
the geniculate ganglion was easily identified. The length,
width, and height of geniculate ganglion were 3.00 mm,
1.35 mm, and 1.74 mm respectively. From the geniculate
ganglion, three nerve branches were identified. The first
nerve branch passed through the stylomastoid foramen
and was divided into branches to the facial nerve in the
parotid gland. The greater petrosal nerve, the second
branch, entered the pterygoid canal. The third branch, the

Korean J Pain 2022;35(3):250-260

Fig. 4. Volume models of the whole head
of a male cadaver and the cranial nerve
ganglia. Real color volume model of the
male cadaveric head (A) can be cut freely
even in oblique plane (B). The overlay files
- @ of the cranial nerve ganglia can be dis-

played together with the volume model (C).

chorda tympani nerve, passed the petrotympanic fissure
and merged with the lingual nerve. In the coronally sec-
tioned volume model, the facial nerve was observed pass-
ing through the internal acoustic meatus. The sharp bend
of the geniculate ganglion was also visible. The cochlea
and tympanic cavity were observed medial and lateral to
the ganglion, respectively.

2) Pterygopalatine ganglion

The pterygopalatine ganglion was located posterosuperior
to the maxillary sinus in the pterygopalatine fossa (Fig. 2D,
Table 2). Unlike most parts of the nerve tract, the ganglion
showed conical shape with reddish gray color [30], because
it has a thinner myelin sheath than that of the other parts
of the nerve tract. The length, width, and height of ptery-
gopalatine ganglion were 2.41 mm, 2.40 mm, and 3.46 mm
respectively. The greater petrosal nerve branch passed
through the pterygoid canal and connected to the pterygo-
palatine ganglion (Fig. 2D). The sphenopalatine foramen
was located superomedial to the pterygopalatine ganglion,
but the nerve branches could not be distinguished. The
nasopalatine nerve from the inferior aspect of the ptery-
gopalatine ganglion reached the hard palate. The ganglion
in the pterygopalatine fossa was observed in the sagittally
sectioned volume model. The nasal cavity and maxillary
sinus were observed anterior to the ganglion. Posteriorly,
the sphenoid bone was visible, but unfortunately, the
pterygoid canal could hardly be identified. Inferiorly, the
medial pterygoid muscle could be observed (Fig. 5B).

3) Submandibular ganglion

The submandibular ganglion was located medial to the
superior part of the submandibular gland (Fig. 2E, Table
2). The color of the ganglion was similar to that of the
other parts of the nerve tract. However, it was slightly
more swollen than the other parts. The length, width, and
height of submandibular ganglion were 2.66 mm, 1.74 mm,
and 3.63 mm respectively. The submandibular ganglion

https://doi.org/10.3344/kjp.2022.35.3.250
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was found in the lingual nerve tract on the posterior as-
pect of the mylohyoid muscle, similar to that shown in an-
other study [16]. The lingual nerve was tracked in a reverse
manner. The connection between the mandibular nerve

and the chorda tympani nerve could be identified. The ages.
lingual nerve branch from the submandibular ganglion
innervated the tongue and sublingual glands. Medial to 1) Spiral ganglion

the submandibular ganglion, the hyoglossus muscle was
visible, as reported in another study [31]. In the coronally
sectioned volume model, the ganglion could be observed
with the adjacent structures. The submandibular gland
was located inferior to the ganglion. The mylohyoid and
inferior alveolar nerves in the mandible were observed
lateral to the ganglion, while the hyoglossus muscle was
medial to it (Fig. 6B).

Fig. 5. Cranial nerve ganglia identified in
the sagittal section of the volume model.
The spatial relationships of the ciliary gan-
glion (A) and pterygopalatine ganglion (B)
can be understood with adjacent struc-
tures in the sagittal section of the volume
model.

Fig. 6. Cranial nerve ganglia identified
in the coronal section of the volume
model (IX, glossopharyngeal nerve; X,
vagus nerve). The spatial relationships
of the cranial nerve ganglia (A, trigeminal
ganglion; B, submandibular ganglion; C,
superior and inferior ganglia of glossopha-
ryngeal and vagus nerve; D, otic ganglion)
can be understood with adjacent struc-
tures in the coronal section of the volume
model.

as that of the facial nerve, but it was more on the lateral
aspect of the junction of the pons and medulla oblongata.
Similar to the facial nerve, the vestibulocochlear nerve
reached the internal acoustic meatus in the sectioned im-

The spiral ganglion was located in the modiolus of the
cochlea (Fig. 3A, Table 2). The modiolus appeared dark
brown in color in the sectioned images. In the modiolus,
nerves having bright white color were observed. Near the
lamina of the modiolus, the spiral ganglion was observed
as a bright white spot. Because the lamina of the modiolus
was visible, the cochlear nerve branch from the spiral gan-

glion could be identified, reaching the cochlea [32]. In the

4. Vestibulocochlear nerve ganglia

volume model, the ganglion was hardly identified because

of its small size. However, since the cochlea was clearly

The origin of the vestibulocochlear nerve was the same

Korean J Pain 2022;35(3):250-260

visible, the location of the ganglion could be determined
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using the volume model.
2) Vestibular ganglion

The vestibular ganglion was located near the fundus of the
internal acoustic meatus (Figs. 2C, 3B, Table 2). The gan-
glion was more ampullated, as reported in another study
[33], and was darker than the other parts of the nerve. The
length, width, and height of vestibular ganglion were 1.17
mm, 3.14 mm, and 1.00 mm respectively. Nerve branches
from the vestibular ganglion reached the semicircular
duct, lateral to the vestibular ganglion. In the coronally
sectioned volume model, similar to the facial nerve, the
vestibulocochlear nerve was seen passing through the
internal acoustic meatus. The vestibular ganglion was vis-
ible at the end of the internal acoustic meatus.

5. Glossopharyngeal nerve ganglia

The sectioned images showed that the glossopharyngeal
nerve emerged from the postolivary sulcus of the medulla
oblongata and passed anterolaterally to leave the cranium
through the jugular foramen.

1) Superior and inferior ganglia

The superior ganglion of the glossopharyngeal nerve was
located in the superior part of the jugular foramen, poste-
rior to the inferior petrosal sinus. The ganglion could be
identified by its expanded shape and grayish orange color,
unlike other parts of the nerve. The length, width, and
height of superior ganglion were 1.29 mm, 2.55 mm, and
1.63 mm respectively. The inferior ganglion of the glos-
sopharyngeal nerve was located in the middle part of the
jugular foramen, anterolateral to the superior ganglion of
the vagus nerve, and between the inferior petrosal sinus
and sigmoid sinus (Fig. 2F, Table 2). Similar to the superior
ganglion, the inferior ganglion of the glossopharyngeal
nerve showed an expanded shape and grayish orange col-
or. The length, width, and height of the inferior ganglion
were 1.74 mm, 3.03 mm, and 2.62 mm, respectively. From
the inferior ganglion of the glossopharyngeal nerve, the
lingual branch emerged and reached the posterior part of
the tongue. Below the jugular foramen, the glossopharyn-
geal nerve was narrow and had a white gray color. In the
coronally sectioned volume model, the ganglia of the glos-
sopharyngeal nerve were observed in the jugular foramen
together with the ganglia of the vagus nerve. In the superi-
or part of the jugular foramen, the superior ganglion of the
glossopharyngeal nerve was identified. In the middle part
of the jugular foramen, inferior to the superior ganglion of
the glossopharyngeal nerve, the superior ganglion of the
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vagus nerve and inferior ganglion of the glossopharyngeal
nerve were identified. In the inferior part of the jugular
foramen, the inferior ganglion of the vagus nerve was
identified. The hypoglossal nerve and hypoglossal canal
were identified medial to the inferior ganglion of the vagus
nerve (Fig. 6C).

2) Otic ganglion

The otic ganglion was found inferior to the foramen ovale
(Fig. 2G, Table 2). The ganglion was located medial to the
mandibular nerve, lateral to the cartilage of the auditory
tube, and anterior to the medial pterygoid muscle, as men-
tioned in a previous study [6]. The otic ganglion was oval
shaped with a white color, and was smaller than the man-
dibular nerve bundle. The length, width, and height of the
otic ganglion were 2.08 mm, 1.82 mm, and 1.84 mm re-
spectively. The auriculotemporal nerve branches emerged
from the ganglion and reached the parotid gland. In the
coronally sectioned volume model, the otic ganglion was
observed with the adjacent structures. The auditory tube
and its cartilage were observed medial to the ganglion.
Laterally, the mandibular nerve appeared larger than the
ganglion. The foramen ovale could be seen superior to the
ganglion (Fig. 6D).

6. Vagus nerve ganglia

The vagus nerve emerged from the postolivary sulcus of
the medulla oblongata, but medial to the glossopharyn-
geal nerve. The nerve entered the jugular foramen posteri-
or to the glossopharyngeal nerve in the sectioned images.

1) Superior and inferior ganglia

The superior ganglion of the vagus nerve was found poste-
rior to the inferior ganglion of the glossopharyngeal nerve
(Fig. 2F, Table 2). The superior ganglion could be easily
identified by virtue of its expanded shape and bright yel-
lowish color. Also, several nerve fibers were visible in the
superior ganglion. The main trunk of vagus nerve became
narrow again after the superior ganglion. The length,
width, and height of superior ganglion were 5.61 mm, 3.07
mm, and 3.32 mm respectively. Inferior to the jugular
foramen and lateral to the hypoglossal nerve, the inferior
ganglion could be identified with expanded shape and
dark brown color (Fig. 2H, Table 2). The length, width, and
height of inferior ganglion were 2.81 mm, 3.55 mm, and
6.64 mm respectively. From the inferior ganglion of the
vagus nerve, the vagus nerve formed the superior cervi-
cal ganglion posterior to the internal carotid artery until
the artery connected to the carotid sinus. The coronally
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sectioned volume model showed a spatial relationship be-
tween the ganglia of the vagus nerve and those of the glos-
sopharyngeal nerve (Fig. 6C). The inferior ganglion was
larger than the superior ganglion, similar to that reported
in a textbook [34].

DISCUSSION

The cranial nerve ganglia are deeply related to the para-
sympathetic and sensory functions of the head and neck
region. Owing to this relationship, the ganglia are often
selected as treatment targets (Table 1). For instance, the
pterygopalatine ganglion and otic ganglion are blocked to
control the pain caused by cluster headache [15,20,35-37].
Submandibular ganglion neurectomy can be performed
using the transoral approach for treating sialorrhea [16].
Schwannomas affecting the vestibular ganglion or trigem-
inal ganglion can be surgically removed [18,38]. However,
the clinical procedures and radiologic diagnosis of cranial
nerve ganglia are difficult because their anatomy is highly
complicated. For example, the interpretation of intraoper-
ative fluoroscopy showing 2D projection requires detailed
stereoscopic anatomy of the structures [15,35,36].

To understand the stereoscopic anatomy of the cranial
nerve ganglia, the sectioned images and 3D models used
in this study are more effective than the existing methods.
The sectioned images provide realistic visualization of the
ganglia and their surrounding structures, as their resolu-
tion and color are superior to those of MRI or CT (Figs.
2, 3). Moreover, the volume model provides repetitive
sectioning, unlike the conventional cadaver dissection.
By observing the overlay file of the ganglion, the user can
understand its spatial relationship with the surrounding
tissues (Figs. 4-6).

The sectioned images and volume models of this study
can elucidate the structures in the trajectory of ganglion
nerve block procedure. As an example, to treat cluster
headache, the pterygopalatine ganglion block can be per-
formed owing to its proximity to multiple sensory facial
and trigeminal branches. For the pterygopalatine gan-
glion block, the intranasal approach, infrazygomatic arch
approach, and transoral approach can be chosen, but the
nearby maxillary artery and maxillary nerve might be
damaged [15]. The location and shape of the structures in
the nerve block trajectory, including the artery and nerve,
could be seen in detail in sectioned images, including Fig.
2D. Using the volume model that can be cut freely even in
the oblique plane (Figs. 4B, 5B), the nerve block trajectory
can be thoroughly examined.

The sectioned images and 3D models of this study have
the advantages of cadaver dissection and radiologic imag-
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es. In cadaver dissections, anatomic structures can be ob-
served in real colors and free viewing angles. In radiologic
images, the internal structures can be observed without
removing the overlying muscles and bones. The sectioned
images and 3D models used in this study could provide
real color and free viewing angles, as well as visualization
of the surrounding structures of the cranial nerve ganglia.
Due to these features, the pterygopalatine ganglion can be
easily located on the sectioned images and 3D models. In
the sectioned images, the pterygopalatine ganglion was
displayed in real color, without loss of the overlying struc-
tures. Additionally, in the 3D models, the real color and
adjacent structures of the pterygopalatine ganglion were
observed in arbitrary sectioning planes (Figs. 2, 5).

To identify the cranial nerve ganglia clearly, the sec-
tioned images and 3D models were examined using the
procedure described here. First, the entire course of each
cranial nerve was inspected, including its origin, ganglion,
and branches. Second, the appearance of the cranial nerve
ganglia, including the size, shape, or color, was checked
by referring to textbooks and previous research articles.
Third, the spatial relationship between the cranial nerve
ganglia and the adjacent structures was confirmed. This
procedure followed for the sectioned images, and the 3D
models corresponded to the identification procedure in
conventional cadaver dissection.

The observations of this study can be compared to those
of other studies. The locational descriptions of cranial
nerve ganglia in this study corresponded to textbooks and
other research. The shape and size description tended to
follow aspects of other studies but was not exactly same.
It is difficult for the shape descriptions to be exactly same
because they largely depend on subjective viewpoints
of the observers. Since there are various methods to ob-
serve cranial nerve ganglia, such as cadaver dissection,
CT, MRI scans, or histological observations, it is difficult
for the size to be exactly same. The color descriptions of
previous studies were scarce in some ganglia that can-
not be dissected easily. The advantage of this study was
that the cranial nerve ganglia were observed in real color
without formaldehyde fixation. The colors of ganglia in
the sectioned images were different from other parts of
the nerves, so we could identify the ganglia in the nerve
tracks.

The limitation of this study is that only one cadaver was
employed for the observation. This is because of the long
time required for the cadaver sectioning. Most of other
cadaver sectioned images are inadequate for the observa-
tion of minute ganglia, owing to their low resolution or
artifacts [39]. For investigating differences in the cranial
nerve ganglia between individuals, future studies using
histologic or plastination specimens can be conducted.
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Comparing dissection photographs with the sectioned im-
ages and 3D models of this study might provide a holistic
viewpoint of the cranial ganglia. Clinical correlation using
medical images and surgical photographs would increase
the usefulness of this study.

In this study, the stereoscopic anatomy of the cranial
nerve ganglia was elucidated using sectioned images and
3D models. By downloading the images and models from
the authors’ website (anatomy.dongguk.ac.kr/ganglia),
medical students and doctors can virtually dissect the
cadaver head to understand the spatial relationship of
the deep head structures. The stereoscopic depiction of
this study can be the foundation for clinical procedures,
including neurectomy and radiologic diagnosis. In future
studies, 3D models could be applied in 3D printing and
virtual reality techniques for medical education and surgi-
cal training [39].
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