
of July 8, 2025.
This information is current as

Correlation to Cadaver Specimens
Normal Appearance and Variants with
Nerve, and the Perineural Vascular Plexus: 
MR Imaging of the Trigeminal Ganglion,

and Anthony A. Mancuso
Sistrom, Takuya Inoue, Ryusui Tanaka, Eduardo R. Seoane 
Lorna Sohn Williams, Ilona M. Schmalfuss, Christopher L.

http://www.ajnr.org/content/24/7/1317
2003, 24 (7) 1317-1323AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57967&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_july2025
http://www.ajnr.org/content/24/7/1317


MR Imaging of the Trigeminal Ganglion, Nerve,
and the Perineural Vascular Plexus: Normal
Appearance and Variants with Correlation to

Cadaver Specimens

Lorna Sohn Williams, Ilona M. Schmalfuss, Christopher L. Sistrom, Takuya Inoue,
Ryusui Tanaka, Eduardo R. Seoane, and Anthony A. Mancuso

BACKGROUND AND PURPOSE: MR imaging is the method of choice for evaluating the
trigeminal nerve. Detection of abnormalities such as perineural tumor spread requires detailed
knowledge of the normal MR appearance of the trigeminal nerve and surrounding structures.
The purpose of this study was to clarify the normal MR appearance and variations of the
trigeminal ganglion, maxillary nerve (V2), and mandibular nerve (V3) with their corresponding
perineural vascular plexus.

METHODS: MR images obtained in 32 patients without symptoms referable to the trigeminal
nerve were retrospectively reviewed. The trigeminal ganglion in Meckel’s cave, V2 within the
foramen rotundum, and V3 at the level of foramen ovale were assessed for visualization and
enhancement. The configuration of the perineural vascular plexus was recorded. Correlation to
cadaver specimens was made.

RESULTS: The trigeminal ganglion and V3 were observed to enhance in 3–4% of patients
unilaterally. V2 and V3 were well visualized 93% of the time. The perineural vascular plexus of
V2 was observed 91% of the time, and that of V3 in 97% of instances.

CONCLUSION: This study characterizes the normal MR appearance of the trigeminal
ganglion and its proximal branches. The trigeminal ganglion, V2, and, V3 are almost always
reliably seen on thin-section MR studies of the skull base. Enhancement of the perivascular
plexus is routinely seen; however, enhancement of the trigeminal ganglion, V2, or V3 alone is
seen only on occasion as supported by the avascular appearance of these anatomic structures
in cadaver specimens.

The trigeminal nerve is the largest cranial nerve (1). It
is commonly involved in a variety of disease processes
that may be visualized with modern imaging tech-
niques (2–4). MR imaging is considered the primary
method for evaluating patients with symptoms related
to the trigeminal nerve in most clinical settings (5).
Previous literature demonstrated the ability of cross-
sectional imaging to depict the anatomy of the tri-
geminal ganglion (or semilunar or gasserian ganglion)

in Meckel’s cave (6–9). Although the normal ana-
tomic appearance of the trigeminal ganglion and the
proximal divisions of the trigeminal nerve have been
illustrated in the literature, to our knowledge a de-
tailed MR imaging description with cadaver correla-
tion of the perineural vascular plexus surrounding the
trigeminal ganglion and the divisions of the trigemi-
nal nerve as they exit the skull base has not been
described. A clear understanding of the anatomic
relationship and variations between the trigeminal
ganglion-nerve complex and its perineural vascular
plexus is critical for accurate assessment and detec-
tion of disease related to the trigeminal nerve. Fur-
thermore, a lack of knowledge of the normal enhanc-
ing pattern of the perineural vascular plexus may
result in mistaking this normal enhancement for en-
hancement of the ganglion itself, as suggested in a
previous study (10).

The purpose of this study was to establish and
clarify the normal MR imaging appearance and vari-
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ations of the trigeminal ganglion-nerve complex and
its corresponding perineural vascular plexus and to
support the imaging results with findings from ca-
daver specimens.

Methods

MR Assessment of the Trigeminal Ganglion and Proximal
Maxillary Nerve and Mandibular Nerve

A list was compiled of all adult patients (age range, 18–82
years) referred from January 1997 to January 1998 for MR
imaging because of suspected pituitary disease, sensorineural
hearing loss, or vision loss. Any patient with a history of tri-
geminal nerve symptomatology, previous radiation treatment,
brain surgery, CNS infection, inflammation, or neoplasm was
excluded from the study. MR findings in 36 patients were
retrospectively reviewed for image quality. Four patients were
excluded from the final imaging analysis because of motion
artifacts impeding evaluation of the trigeminal ganglion and its
proximal divisions. The MR images of 32 patients (16 male
patients, 16 female patients; age range, 18–82 years [mean,
55.3 years]) were reviewed and analyzed on a PACS worksta-
tion. The images were reviewed independently by an attending
neuroradiologist (L.S.W.) and a neuroradiology fellow (I.M.S).

Conventional and fast spin-echo images were acquired in the
axial and coronal planes with 3- or 4-mm contiguous sections
and a 16- to 18-cm field of view. T1-weighted imaging was
performed before and after gadolinium administration. Pre-
and postgadolinium T1-weighted images were acquired with a
TR of 400–630 ms and TE of 12 or 15 ms. Fat-suppression
sequences were not used to evaluate the ganglion, maxillary
nerve (V2), and mandibular nerve (V3), because of the unpre-
dictable occurrence of susceptibility artifacts at the skull base
and their containment of air-bone interfaces. All imaging ex-
aminations were performed on a Siemens 1.5-T Vision or
Siemens 1.0-T Magnetom unit (Siemens Corporation, Erlan-
gen, Germany) or a GE 1.5-T Signa (General Electric Medical
Systems, Inc., Milwaukee, WI).

The trigeminal ganglion at its anterior inferior limit within
the trigeminal cistern (Meckel’s cave) was evaluated in the
coronal plane. V2 was surveyed at its most anterior aspect
within foramen rotundum in the coronal plane, and V3 was
evaluated at the level of foramen ovale in the coronal plane.
Both sides of the ganglion, V2, and V3 in all patients were
independently evaluated by the two observers.

Enhancement within the ganglion, V2, and V3 was assessed
qualitatively, with enhancement defined as signal intensity sim-
ilar to that of the pituitary gland. The configuration of the
perineural vascular plexus surrounding the ganglion, V2, and
V3 was also assessed. Specifically, the trigeminal ganglion was
scored qualitatively (yes or no) with regard to whether it was
seen as a discrete structure and whether it enhanced. Qualita-
tive assessment of V2 and V3 included visualization (yes or no),
morphology (only the nerve was seen, nerve and vascular
plexus were seen as separate structures, enhancing nerve was
seen with no clear distinction of the vascular plexus), and
relationship of plexus to the nerve (plexus completely or in-
completely surrounding the nerve, as in the case of V2; plexus
seen only on one or both sides of nerve for V3). The nerve-
plexus complexes in total and the nerves (V2 and V3) alone
were measured on gadolinium-enhanced coronal T1-weighted
images with electronic calipers along their greatest diameters
within the central aspect of the foramen rotundum and ovale,
respectively.

Evaluation of Trigeminal Ganglion and Proximal V2 and
V3 in Cadavers

One or both sides of 10 adult cadaver specimens were
examined, which yielded 12 specimens (both sides of two ca-

davers were used). The formalin-fixed cadaver heads were
injected with colored silicon solution to distinguish between
arteries and veins (11). The carotid and vertebral arteries were
injected with red- and the jugular veins with blue-colored so-
lution (11). Microdissection was performed by using a Zeiss
operating microscope, model OPMI-FC (11). The trigeminal
nerve was divided into three components in the paracavernous
sinus regions: the trigeminal ganglion within the inferior aspect
of the trigeminal cistern and the proximal portion of V2 and V3
(11). The extent (complete or incomplete) of the perineural
vascular plexus surrounding the ganglion and the proximal
nerve branches was assessed visually.

Statistical Analysis
Statistical calculations were done with SAS version 8 (SAS

Institute, Cary, NC). All tests for statistical significance were
performed for two-tailed hypotheses with á � 0.05. Descriptive
statistics for the qualitative data were developed after pooling
right and left sides as scored by both observers. Similarly, the
quantitative measurements of nerve-plexus sizes were averaged
across sides and observers. This was done to simplify the pre-
sentation of results. Confidence intervals (95%) were calcu-
lated as appropriate to the variable in question.

Interobserver agreement on qualitative assessments of the
ganglia, V2, and V3 was tested by using the � statistic (weighted
when appropriate) paired across observers. Interobserver
agreement for the measurements of V2 and V3 (nerve and
nerve-plexus complex) was determined with intraclass correla-
tion coefficient. These were calculated from the mean squares
between subjects and for error obtained with analysis of vari-
ance on each of the four measurements.

Side to side symmetry of the qualitative assessments was
evaluated on paired (left and right) data by using McNemar’s
test (12). Percent concordant (number of subjects in whom left
and right agree divided by total) was also calculated. For the
quantitative measurements of V2 and V3 nerve or nerve-plexus
diameters, paired t testing was used to assess both interob-
server and side to side differences. Because the alternate hy-
pothesis was set to be differences between paired observations,
low P values would indicate poor reliability or asymmetry,
respectively.

The addition of proportional agreement rather than � for
symmetry of observational findings was made, because calcu-
lating and interpreting the � statistic tends to be problematic
when one or more cells in the contingency table are null (ie,
sparse tables [13]). Similar problems may arise when the ob-
servations are crowded into one diagonal corner of the table.
One or both of these situations occurred in more than half of
the calculations.

Results

MR Imaging of the Trigeminal Ganglion, V2,
and V3

The results for visualization of the ganglion and
nerve, enhancement pattern, and the nerve and
nerve-plexus diameters are summarized in Table 1.
The interobserver reliability for visualizing the struc-
tures, assessing morphology, and determining en-
hancement of the ganglion, V2, and V3 is listed in
Table 2. The � scores ranged from 0.41 for visualiza-
tion of V3 to 0.79 for assessing morphology of the
ganglion. The � scores for interobserver reliability
concerning qualitative observations of ganglion and
nerve branches (Table 2) may seem somewhat low.
This, however, is largely due to the way in which the
� statistic is calculated, combined with structure of
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our data. Specifically, this problem occurs when a 2 �
2 table of interobserver agreement is heavily weighted
into one cell of main diagonal. For example, with
respect to the ganglion, both observers reported that
they saw the structure 62 times in 64 observations.
This translated into a high expectation of agreement
by chance alone (95.4%). Because the � statistic
quantifies the improvement on the basis of chance,
going from 95.4% to 98% (the observed agreement)
yields a statistic of only 0.66, despite that agreement is
nearly perfect. In essence, observers are not “credit-
ed” by � for agreeing with each other that the gan-
glion is visible most of the time.

Reliability of measuring diameters of the nerve and
nerve-plexus complex is also listed in Table 2. The
ganglia and nerves were bilaterally symmetric in
terms of visualization, enhancement, and measured
size (Table 3). This is evidenced by P values for paired
right to left differences calculated by McNemar’s
method (0.16–1.0) and paired t tests (0.12–0.57) that
were all well above .05. Had there been any signifi-
cant asymmetry of observed findings or measure-
ments, at least one of the tests would have yielded a
significant (P � .05) result. For qualitative findings,
the proportion of left-right concordance was moder-
ate to high (�0.70) for all observations, except for
completeness of the plexus of V2 (0.49) and V3

(0.62). Therefore, although configuration of the V2
and V3 plexus often differed from side to side, no
tendency existed for one side to be complete more
often than the contralateral side. The right-left dif-
ferences of all four measured diameters of the neu-
rovascular structures (around .2 mm) fell well within
the range of measurement error.

Trigeminal Ganglion, V2, and V3 in Cadavers
In the cadaver heads, a constant and extensive

pericavernous venous plexus was identified that sur-
rounded the trigeminal ganglion in all specimens ex-
amined (Fig 1). These cavernous channels coursed
along the lateral margin of the sella, the medial aspect
of the middle fossa, the inferior orbital fissure, and
the foramina ovale, rotundum, and spinosum (11).
The venous plexus was seen outside the cavernous
sinus located in a dural envelope that makes up the
lateral wall of the cavernous sinus (11). It showed
direct connections to the cavernous sinus. In two
(16.6%) of 12 sides examined, a distinct vascular
plexus was not demonstrated around V2 or V3. Com-
plete dissection and removal of the perineural vascu-
lar plexus, when present, revealed the trigeminal gan-
glion and proximal divisions of the trigeminal nerve to

TABLE 1: Qualitative findings and measurements

Finding Ganglion V2 V3

Visualized 98% (95–100) 93% (88–100) (Fig 9) 93% (88–100)
Only nerve seen NA 9% (2–17) 3% (0–7)
Nerve and plexus seen as distinct structures NA 91% (83–98) 97% (93–100)
Enhancing ganglion or nerve seen with no distinct vascular plexus 4% (0–10) 18% (9–28) 3% (0–7)
Plexus completely surrounding V2 or seen on both sides of V3 NA 41% (29–53) 75% (64–87)
Combined diameter of nerve and plexus when seen as distinct structures (mm) NA 3.0 � 0.53 (2.9–3.1) 3.9 � 0.84 (3.7–4.1)
Diameter of the nerve alone (mm) NA 1.6 � 0.48 (1.5–1.7) 1.9 � 0.67 (1.8–2.0)

Note.—Qualitative results are reported as percentages. Sizes are reported as mean �SD. CI (95% lower-upper) are provided for all results in
parenthese.

TABLE 2: Interobserver reliability of qualitative findings and measurements

Finding Ganglion V2 V3

Visualization* 0.66 (98%) 0.64 (95%) 0.41 (92%)
Morphology and enhancement* 0.79 (98%) 0.56 (81%) 0.55 (95%)
Plexus completely surrounding V2 or seen on both sides of V3* NA 0.74 (86%) 0.65 (87%)
Diameter of nerve and plexus (mm)† NA 0.83 0.79
Diameter of nerve alone (mm)† NA 0.72 0.85

* � statistic and percent agreement (in parentheses) for qualitative findings.
† Intraclass correlation coefficient for measured diameters.

TABLE 3: Left-right symmetry of qualitative findings and measurements

Finding Ganglion V2 V3

Visualized* P � 1.0, agree � 0.92 P � .51, agree � 0.86 P � .51, agree � 0.86
Morphology and enhancement* P � .37, agree � 0.92 P � .16, agree � 0.75 P � .39, agree � 0.91
Plexus completely surrounding V2 or seen on both sides of V3 NA P � 1.0, agree � 0.49 P � 1.0, agree � 0.62
Diameter of nerve and plexus (mm) NA P � .36, diff � 0.07 P � .23, diff � 0.16
Diameter of nerve and alone (mm) NA P � .12, diff � 0.13 P � .57, diff � 0.05

Note.—Reported P values for significant different between left and right from McNemar’s test for qualitative findings (indicated by asterisks) and
paired t tests for measurements. Agree indicates proportion concordant (sides in agreement/total); diff, mean difference in millimeters (right-left).
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be devoid of obvious vascularity in all specimens ex-
amined (Fig 1B).

Comparison of MR Imaging and Cadaver
Specimen Results

Comparison of cadaver dissections to MR imaging
findings of the trigeminal ganglion and proximal di-
vision of V2 and V3 revealed that the perineural
vascular plexus present in cadaver specimens (Fig 1)
corresponded well to the perineural vascular plexus
surrounding the trigeminal ganglion and the proximal
divisions of V2 and V3 as they exited through the
foramen rotundum and ovale, respectively (Figs 2, 3,
and 4). A distinct plexus surrounding V2 and V3 was
absent in two of the 12 sides in the cadavers. This may
be related to normal variation, because the vascular
plexus was not seen surrounding V2 and V3 at MR
imaging 9% and 3% of the time, respectively. In
addition, the perineural venous plexus was seen as an
incomplete structure surrounding V2 (Fig 5) and V3
in 59% and 75%, respectively. The cadaver specimens
could not be evaluated for completeness of the
plexus, because the plexus was fragile and therefore
difficult to remove in on piece.

Discussion

Anatomy of the Trigeminal Ganglion-Nerve
Complex and the Vascular Plexus

The trigeminal nerve has three main branches: V1,
V2, and V3. V1 is purely sensory and the smallest
division. It provides sensory innervation to the eye,
orbit, and forehead. Just posterior to the orbital apex,
the branches of V1 coalesce to form the V1 trunk. V1
travels in the lateral wall of the cavernous sinus pos-
teriorly below the oculomotor and trochlear nerves
(14, 15).

V2 is also purely sensory and provides sensory
innervation from the maxilla, palate, upper lip, cheek,
nasal cavity, nose, and nasopharynx. The branches of
V2 merge within the infraorbital canal and in the
pterygopalatine fossa to form V2. It travels through
the foramen rotundum to enter the cavernous sinus
(14, 15).

V3 is both motor and sensory and is the largest
division. V3 supplies sensation to the chin, lower lip,
floor of mouth, tongue, side of head and scalp, and
meninges. Regarding the motor root, read further.
The sensory branches of V3 coalesce within the para-
pharyngeal space just below the skull base to form
V3. V3 ascends between the tensor veli palatini and
the lateral pterygoid muscles and travels through the
skull base within the foramen ovale (14, 15).

V1, V2, and V3 merge within the posterior aspect of
the cavernous sinus to form the sensory trigeminal gan-
glion. The trigeminal ganglion is located in the anterior
inferior aspect of a dural pouch called the trigeminal
cistern situated in a small depression in the petrous
apex known as Meckel’s cave (7). The leptomeninges
forming the trigeminal cistern have three finger-line
projections that accompany V1, V2, and V3 nerves as
they course through their respective foramina (3, 16).
The ganglion then separates into multiple individual
rootlets that course through the trigeminal cistern
posteriorly. The trigeminal nerve fascicles enter the
prepontine cistern through the porus trigeminus, an
oval opening found beneath the free edge of the
tentorium at the petrous apex (7, 16–18). The fasci-
cles reach the root entry zone of the trigeminal nerve
(the most posterior centimeter of the nerve before it
enters the pons) at the ventrolateral surface of the
pons.

The sensory fibers break away to reach the three
different sensory brain stem nuclei of the trigeminal
nerve. The central brain stem nuclei extend from the

FIG 1. Trigeminal ganglion in trigeminal cistern in cadaver.
A, Trigeminal ganglion (TG) is crescentic in shape and proximal divisions of trigeminal nerve (V1, V2, V3) emerge from its anterolateral

border. The trigeminal rootlets (*) enter the crescent-shaped TG. V1 exits the TG as the most superior branch. It lies immediately inferior
to cranial nerve four (CN4). V2 leaves TG as the middle branch and V3 as the most inferior division. Venous structures are blue- and
arterial red-colored silicon. An extensive pericavernous venous plexus surrounds the ganglion and each of the trigeminal nerve branches
(white arrows).

B, Following dissection of the pericavernous venous plexus, the avascular nature of the trigeminal ganglion and its proximal divisions
(V1, V2, V3) is seen. The extent of the trigeminal ganglion (between arrowheads) and the trigeminal nerve rootlets (*) are now better
delineated. The cranial nerve six (white arrow) is now visible inferior medial to V1. CN indicates cranial nerve
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midbrain to medulla (19): the mesencephalic nucleus
lateral to the cerebral aqueduct, the principal sensory
nucleus in the dorsolateral area of the pontine teg-
mentum at the level of the entry zone of the sensory
fibers, and the spinal nucleus in the inferior part of
the pons and throughout the medulla (19). In addi-
tion, there is a motor nucleus in the superior part of
the pons, deep to the floor of the fourth ventricle
(19). It gives rise to the motor portion of the trigem-
inal nerve, which supplies the muscles of mastication
as well as mylohyoid, anterior belly of the digastric,
tensor veli palatini, and tensor tympani muscles (19).
The smaller motor root of the trigeminal exits the pons
at the root entry zone of the trigeminal nerve medial to
the larger sensory root. It travels to the trigeminal gan-
glion along the same course as the sensory root but in
reverse direction. It bypasses the trigeminal ganglion

and exits the skull base through the foramen oval as an
individual root. Immediately below the foramen the
motor root unites with the sensory root of V3. It de-
scends within V3 between the tensor veli palatine and
the lateral pterygoid muscles and then divides into its
muscular branches (14, 15).

The evaluation of the cadaver specimens also
showed a constant and extensive pericavernous ve-
nous plexus around the trigeminal ganglion and the
proximal branches of V2 and V3. It is located outside
the cavernous sinus but has a direct communication
to it (11).

Imaging of the Trigeminal Nerve
The concept of a perineural plexus circumferential

to a cranial nerve is not new. Previous studies have

FIG 2. Coronal gadolinium-enhanced T1-weighted image (TR/TE/NEX, 400/15/2) depicts the nonenhancing crescent-shaped trigem-
inal ganglion (arrows) and the prominent perineural venous plexus (arrowheads) superior to it. The venous plexus as well as the ganglion
are symmetric in appearance.

FIG 3. Coronal gadolinium-enhanced T1-weighted image (TR/TE/NEX, 500/15/2) illustrates the common appearance of V2 (arrows)
within the foramen rotundum as central nonenhancing nerve completely surrounded by the perineural venous plexus (arrowheads).

FIG 4. Coronal gadolinium-enhanced T1-weighted image (TR/TE/NEX, 500/15/2) illustrates the normal appearance of V3 as it exits the
skull base through the foramen ovale. V3 (*) is surrounded by the venous plexus (arrowheads) on both sides at the level of the foramen
ovale and over a short distance below the skull base. The perineural venous plexus (arrowheads) demonstrates the same thickness on
each side of the nerve.

FIG 5. Coronal gadolinium-enhanced T1-weighted image (TR/TE/NEX, 500/15/2) shows an incomplete perineural venous plexus within
the foramen rotundum as an anatomic variant. Only small portion of the perineural venous plexus (arrowheads) is seen medial to V2
(arrows) on both sides.
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reported similar perineural vascular plexuses sur-
rounding other cranial nerves. In the anatomic liter-
ature, a “circumneural facial arteriovenous plexus”
along the facial nerve in the facial canal has been well
described. Gebarski et al (20) compared reference
anatomic sections with those of MR images acquired
in healthy patients to show that this “circumneural
facial arteriovenous plexus” was responsible for the
normal MR enhancement along some segments of
the facial nerve. Other works on the trigeminal nerve
have alluded to the presence of normal MR contrast
enhancement in the skull base foramen and attrib-
uted it to small dural sinuses and emissary veins that
accompany the nerves within their skull base foram-
ina (2). The results of cadaver specimen dissections in

this study clarify that the enhancement within the
skull base foramina and around the trigeminal gan-
glion is a vascular plexus engulfing the ganglion and
the proximal V1 and V2 branches with drainage into
the cavernous sinus (Fig 1).

Downs et al (10) have suggested that enhancement
of the trigeminal ganglion is normal and routinely
visible on MR images. Conversely, the present study
shows that enhancement of the ganglion (Fig 6) and
V3 was very uncommon (Fig 7), occurring 4% and
3%, of the time, respectively, and that V2 enhance-
ment (Figs 8 and 9) was seen only 18% of the time.
The discrepancy might be due to mistaking the normal
and prominent enhancement of perineural vascular
plexus surrounding the ganglion for enhancement of the

FIG 6. Coronal gadolinium-enhanced T1-weighted image (TR/TE/NEX, 400/15/2) suggests a significantly enhancing right trigeminal
ganglion (right arrow). The perineural venous plexus (right arrowhead) and the trigeminal ganglion cannot be identified as separate
structures. This appearance is thought to be due to obscuration of the ganglion by a more extensive perineural venous plexus than that
typically seen. The subject did not have any symptoms related to trigeminal nerve or a history of malignancy. Therefore, this is
considered a normal variation in imaging appearance. The contralateral side demonstrates the typical appearance of the trigeminal
ganglion (left arrow) and of adjacent venous plexus (left arrowhead).

FIG 7. Coronal gadolinium-enhanced T1-weighted image (TR/TE/NEX, 500/15/2) at the level of the foramen ovale shows a significantly
enhancing V3 branch (arrow) on the left as a normal anatomic variation. The patient did not have any symptoms of V3 dysfunction. The
perineural venous plexus and V3 cannot be seen as individual structures.

FIG 8. Coronal gadolinium-enhanced T1-weighted image (TR/TE/NEX, 500/15/2) at the level of the foramen rotundum demonstrates
an enhancing V2 branch on the right when compared with the left (arrows). This is considered to represent a normal anatomic variation,
because the subject did not have any symptoms related to V2 dysfunction or history of malignancy. The perineural venous plexus and
V2 cannot be separated from each other. This appearance might be caused by a more prominent venous plexus. On the left, the
perineural venous plexus (white arrowhead) is incomplete and absent in the inferior lateral aspect. The black arrowhead indicates the
bony boundary of the foramen rotundum.

FIG 9. Coronal T1-weighted image (TR/TE/NEX, 753/14/2) through the foramen rotundum demonstrating normal appearing V2 on the
left (arrow). No nerve can be visualized within the foramen rotundum on the right (arrowhead).
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ganglion itself. This is supported by the observation that
complete dissection and removal of the pericavernous
venous plexus in the specimens in this study showed no
gross or otherwise obvious vascularity in the trigeminal
ganglion and proximal V2 and V3 (Fig 1B). Alterna-
tively, this could be related to suboptimal imaging pa-
rameters or a combination of both factors.

The present study shows the trigeminal ganglion-
nerve and its perineural plexus complex to measure in
the range of about 2–3 mm. Optimal visualization and
resolution of these structures therefore requires a
focused examination, preferably with MR imaging
because of its superior tissue contrast and multiplanar
capabilities (21, 22). Imaging must consist of sections
no thicker than 3–4-mm with a field of view no larger
than 16–18 cm. Such parameters should routinely per-
mit visualization of the trigeminal nerve at the skull base
and its larger, named, distal branches within the soft
tissues as observed in this study. Higher resolution tech-
niques should provide even more fidelity in evaluating
these structures.

The imaging parameters mentioned above, in com-
bination with knowledge of frequency of normal en-
hancement of the trigeminal ganglion and its branches,
are crucial for evaluation of patients with suspected
trigeminal nerve disease such as perineural tumor
spread of skin cancer, which is most commonly seen
along the V2 and V3 division of the trigeminal nerve
(2). Prior literature establishes abnormal enhance-
ment of a nerve, as well as enlargement of the nerve
obliteration of the normal fat plane surrounding the
nerve, erosion or enlargement of its related foramen,
or abnormal enhancement or mass within the trigem-
inal cistern or at the root entry zone of the trigeminal
nerve as reliable imaging signs of perineural tumor (4,
23). Occasionally and whether actual or apparent,
enhancement of the ganglion or proximal V2 and V3
divisions without nerve enlargement or foraminal
changes may be seen. This study would suggest that
such enhancement could be a normal variant (Figs 6,
7, and 8). This occasional enhancement may be due to
avid contrast uptake in an unusually prominent or
extensive perineural vascular plexus that obscures the
relative lower signal intensity of the nerve it sur-
rounds. A subacute or asymptomatic neuritis (eg,
indolent herpes trigeminus) could in theory also pro-
duce isolated nerve enhancement. Head tilt and ro-
tation may also artifactually create the appearance of
an abnormally enhancing nerve that could be mis-
taken for perineural spread (2). Careful evaluation of
the head positioning and evaluation of the nerve
antegrade and retrograde for additional abnormality
suggestive of perineural spread will aid in determin-
ing whether these findings represent disease or a
normal variation or are explained by some other fac-
tors or disease processes.

Conclusion

This study characterizes the normal MR appear-
ance of the trigeminal ganglion nerve complex and

the perineural vascular plexus of the proximal divi-
sions of V2 and V3 with correlation to cadaver spec-
imens. The trigeminal ganglion is clearly and reliably
seen on MR images and very infrequently enhances.
Occasional enhancement of V2 is seen, and enhance-
ment of V3 is uncommon. The perineural vascular
plexus of V2 and V3 is routinely seen on MR images.
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