Discover Generics Th Fessivs

VIEW CATALOG

AJNR

Thisinformation is current as
of September 8, 2025.

Trochlear Groove and Trochlear Cistern:
Useful Anatomic Landmarksfor Identifying
the Tentorial Segment of Cranial NervelV on
MRI

P.M. Bunch, H.R. Kelly, D.A. Zander and H.D. Curtin

AINR Am J Neuroradiol 2017, 38 (5) 1026-1030
doi: https://doi.org/10.3174/gjnr. A5117
http://www.ajnr.org/content/38/5/1026


http://www.ajnr.org/cgi/adclick/?ad=57979&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_Sept2025
https://doi.org/10.3174/ajnr.A5117
http://www.ajnr.org/content/38/5/1026

ORIGINAL RESEARCH
HEAD & NECK

Trochlear Groove and Trochlear Cistern: Useful Anatomic
Landmarks for Identifying the Tentorial Segment of Cranial
Nerve IV on MRI

P.M. Bunch, ““H.R. Kelly, “D.A. Zander, and ““H.D. Curtin

ABSTRACT

BACKGROUND AND PURPOSE: The trochlear groove and trochlear cistern are anatomic landmarks closely associated with the tentorial
segment of cranial nerve IV. The purposes of this study were to describe the MR imaging appearances of the trochlear groove and trochlear
cistern and to test our hypothesis that knowledge of these anatomic landmarks facilitates identification of cranial nerve IV in routine
clinical practice.

MATERIALS AND METHODS: For this retrospective study, consecutive MR imaging examinations of the sinuses performed in 25 patients
(50 sides) at our institution were reviewed. Patient characteristics and study indications were recorded. Three readers performed inde-
pendent assessments of trochlear groove, cistern, and nerve visibility on coronal images obtained by using a T2-weighted driven equilib-
rium radiofrequency reset pulse sequence.

RESULTS: Interobserver agreement was 78% for visibility of the trochlear groove, 56% for the trochlear cistern, and 68% for cranial nerve
IV. Following consensus review, the trochlear groove was present in 44/50 sides (88%), the trochlear cistern was present in 25/50 sides
(50%), and cranial nerve IV was identified in 36/50 sides (72%). When the trochlear groove was present, cranial nerve IV was identified in
35/44 sides (80%), in contrast to 1/6 sides (17%) with no groove (P = .0013). When the trochlear cistern was present, cranial nerve IV was
identified in 23/25 sides (92%), in contrast to 13/25 sides (52%) with no cistern (P = .0016).

CONCLUSIONS: The trochlear groove and trochlear cistern are anatomic landmarks that facilitate identification of cranial nerve IV in

routine clinical practice.

ABBREVIATION: coronal T2 DRIVE = coronal 2D T2-weighted driven equilibrium radiofrequency reset pulse

istorically, imaging of cranial nerve IV has been difficult."
These difficulties likely relate to the small size of the nerve
and the presence of numerous adjacent blood vessels in the quad-
rigeminal and ambient cisterns.” These difficulties are com-
pounded by the fact that MR images are often acquired in the axial
plane, nearly parallel to the cisternal course of the nerve.
In research settings, high-resolution MR images have reliably
demonstrated cranial nerve IV in healthy volunteers; however,
long acquisition times ranging from 7 to 26 minutes make these
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sequences impractical for routine clinical use.”>° Acknowledging
the perceived impracticality of consistently identifying cranial
nerve IV in routine practice, more recently published work has
proposed using volumetric analyses of the superior oblique mus-
clesas a correlate for the presence or absence of cranial nerve IV in
patients with congenital superior oblique palsy.” However, the
ability to reliably identify the nerve itself can be important in
identifying underlying pathology and can aid in treatment and
surgical planning.™®

Various segments and subsegments have been proposed to de-
scribe the course of cranial nerve IV distal to its exit from the dorsal
midbrain and proximal to its entrance into the cavernous si-

29971 Some authors consider the tentorial segment to be the

3,6,9,10

nus
distal subdivision of the cisternal segment, and others describe
the tentorial segment as distinct from the cisternal segment of cranial
nerve IV.*'! However, there is generally agreement that the tentorial
segment of cranial nerve IV begins when the nerve becomes closely
associated with the inferior aspect of the cerebellar tentorium and

ends at the entrance of the nerve to the cavernous sinus.
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FIG 1. Labeled (A) and unlabeled (F) anterosuperior views of the sella
and suprasellar region demonstrate cranial nerve IV passing into the
trochlear groove (circle, F). Car.A. indicates carotid artery; Oculom.,
oculomotor; Post., posterior; Ant., anterior; Cist., cistern; Tuberc., tu-
berculum; Clin,, clinoid; Pet. Apex, petrous apex. Modified with per-
mission from Rhoton AL Jr. The sellar region. Neurosurgery 2002;51(4
suppl):5335-74."

Ant. Clin.

Oculom. Ci

FIG 2. Lateral view of the right cavernous sinus demonstrates cranial
nerve IV traveling within the trochlear cistern immediately proximal
to entering the cavernous sinus. The trochlear cistern is located infe-
rior to the oculomotor cistern and superior to the Meckel cave.
Troch. indicates trochlear; Trig. Gang., trigeminal ganglion. Modified
with permission from Rhoton AL Jr. The cavernous sinus, the cavern-
ous venous plexus, and the carotid collar. Neurosurgery 2002;51(4
suppl):5375-410.®

Cadaveric dissections have shown that the tentorial segment of
cranial nerve IV travels within a shallow groove (Fig 1) inferolat-
eral to the free tentorial edge en route to the cavernous sinus, and
this shallow groove has been referred to as the “trochlear
groove.”*>'%!? After passing through the trochlear groove but
before entering the cavernous sinus, the tentorial segment of cra-
nial nerve IV pierces the tentorium to course a short distance
through the posterior petroclinoid fold.*'*> The space through
which cranial nerve IV passes in the posterior petroclinoid fold
may contain CSF and has been referred to as the “trochlear cis-
tern” (Fig 2).* These findings are consistent with the common
progression of the cranial nerves through a transitional “dural
cave segment” in their course from the intracranial to the ex-
tracranial compartment.'*

Coronal 2D T2-weighted driven equilibrium radiofrequency
reset pulse (coronal T2 DRIVE) is a fluid-sensitive MR sequence
commonly performed during sinus MR imaging examinations at
our institution. We have observed cranial nerve IV within both

the trochlear groove (Fig 3) and the trochlear cistern (Fig 4) on
clinical images obtained with this sequence. With respect to the
more easily identifiable cranial nerve V, the trochlear groove is
typically seen on coronal images at the level of the trigeminal
nerve cisternal segment and the trochlear cistern is seen at the
level of the Meckel cave.

We hypothesized that knowledge of these anatomic landmarks
will facilitate identification of the tentorial segment of cranial
nerve IV in routine clinical practice.

The purposes of this study were to describe the MR imaging
appearances of the trochlear groove and trochlear cistern and to
test our hypothesis regarding the utility of these landmarks for
identifying cranial nerve IV.

MATERIALS AND METHODS
Subjects
For this Health Insurance Portability and Accountability Act—
compliant, institutional review board—approved study, all si-
nus MR imaging examinations performed at Massachusetts
Eye and Ear between December 1, 2015, and April 1, 2016, were
retrospectively reviewed. Inclusion criteria were the following:
1) older than 18 years of age, 2) coronal T2 DRIVE sequence
performed, and 3) no superior oblique palsy documented in
the patient’s electronic medical record. Twenty-five MR imag-
ing examinations in 25 patients met the inclusion criteria and
were included in the study. Patient characteristics and study
indications were recorded.

To maximize generalizability and to best simulate routine
clinical practice, we did not exclude examinations containing mo-
tion, pulsation, and other MR imaging artifacts from our study.

Image Acquisition

All examinations were performed on a 3T scanner (Achieva;
Philips Healthcare, Best, the Netherlands) by using an 8-channel
head coil (SENSE Flex M coil; Philips Healthcare).

The coronal T2 DRIVE sequence acquisition parameters for
the study group were as follows: TR, 3369—-6355 ms; TE, 100
ms; echo-train length, 11; FOV, 120-160 mm; matrix, 324 X
300 to 456 X 454; voxel size, from 0.3 X 0.35 X 3.0 to 0.4 X
0.44 X 3.0;gap, 0.3 (n=12) or I mm (n = 13); NEX, 1 (n = 15)
or 2 (n = 10). These acquisition parameters resulted in a mean
sequence acquisition time of 3 minutes 54 seconds * 37 sec-
onds (range, 2 minutes 54 seconds—5 minutes).

Reader Assessment

Anatomic Structures. After a brief self-guided training session
based on 10 sinus MR imaging examinations not included in
the study group, 3 radiologists independently reviewed the
coronal T2-DRIVE sequences for the 25 patients in the study
group with the Massachusetts Eye and Ear PACS. The radiol-
ogists included 2 fellowship-trained neuroradiologists (6 and 3
years’ subspecialty experience) and 1 neuroradiology fellow.
They were asked to determine whether the trochlear groove,
trochlear cistern, and cranial nerve IV were identifiable on
each side in all patients, and discrepancies were resolved by
consensus review. To be considered “identifiable,” the tento-
rial segment of cranial nerve IV had to be identified by the
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FIG 3. Labeled (A) and unlabeled (B) coronal T2 DRIVE images demonstrate cranial nerve IV (black
arrowhead on the patient’s right) in cross-section traveling along the bilateral trochlear grooves
(straight white arrow on the patient’s right). The right tentorial free edge (curved black arrow),
right cranial nerve V (V), right parahippocampal gyrus (PHG), belly of the pons (P), and basilar artery
(B) are labeled for orientation. The dashed lines on the patient’s left illustrate the measurement
of the maximum trochlear groove depth, and the solid lines on the patient’s left illustrate the
measurement of the shortest distance between the free tentorial edge and the medial border of
the trochlear groove.

FIG4. Labeled (A)and unlabeled (B) coronal T2 DRIVE images demonstrate cranial nerve IV (white
arrow) in cross-section within the right trochlear cistern. The right cranial nerve Ill (asterisk), right
Meckel cave (M), and right parahippocampal gyrus (PHG) are labeled for orientation. The dashed
lines illustrate the measurement of the vertical distance between the inferior margin of the
trochlear cistern and the superior margin of the Meckel cave.

Characteristics of the study group

taining artifacts that would “not pre-

» o«

clude nerve identification,” “possibly
preclude nerve identification,” or “likely
preclude nerve identification.” This
consensus review was performed 3
weeks following the anatomic structure
identification consensus review to min-

imize potential for recall bias.

Measurements

When the anatomic structures of inter-
est were identified, related measure-
ments were obtained. For the trochlear
groove, the maximum groove depth and
the shortest distance between the free
tentorial edge and the medial border
of the groove were measured (Fig 3A).
For the trochlear cistern, the vertical dis-
tance between the inferior margin of the
trochlear cistern and the superior mar-
gin of the Meckel cave was measured
(Fig 4A). For the tentorial segment of
cranial nerve IV, the cross-sectional
nerve diameter was measured.

Statistical Analysis

Mean, SD, and range are reported for
continuous variables. Absolute and rel-
ative frequencies are reported for cate-
goric variables. The Pearson x> test was
used to compare proportions. For statis-
tical analysis, consensus opinion regard-
ing the identification of the trochlear
groove and trochlear cistern was taken
to indicate the “presence” or “absence”
of these landmarks. Consensus opinion
regarding identification of cranial nerve
IV indicated whether the nerve was

“identifiable” or “not identifiable.” JMP Pro, Version 12 (SAS
Institute, Cary, North Carolina) was used for all analyses, and a P
value < .05 indicated a statistically significant difference.

To reach a study group of 25 patients and 50 sides, we reviewed 32
examinations. Seven examinations were excluded for not con-
taining the coronal T2 DRIVE sequence of interest. Patient age
and sex and study indication data are provided in the Table.

Characteristics No. (%)
Sex
Male 9 (36%)
Female 16 (64%)
Age (yr) RESULTS
Mean 56.2 .
- B8 Subjects
Max 85
Min 30
Indication
Sinonasal carcinoma 6
Inverted papilloma 4
Adenoid cystic carcinoma 2
o p—— B Reader Assessment

Note:—Max indicates maximum; Min, minimum.

radiologist on at least 2 images for a given side, though the
images did not have to be contiguous.

Artifacts. Potential confounding effects of MR imaging artifacts
(motion, pulsation, and so forth) on cranial nerve IV visibility
were assessed by consensus. Sequences were designated as con-
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Anatomic Structures. Interobserver agreement was 78% for
identification of the trochlear groove, 56% for the trochlear cis-
tern, and 68% for cranial nerve IV.

Following consensus review, the trochlear groove was present
in 44/50 sides (88%), and the trochlear cistern was present in
25/50 sides (50%). In 46/50 sides (92%), either the trochlear
groove or trochlear cistern was present. The tentorial segment of



FIG 5. A, Coronal T2 DRIVE image obtained in a 47-year-old woman with clinically suspected congenital right trochlear palsy demonstrates a
markedly diminutive right superior oblique muscle (arrow). The left superior oblique muscle (asterisk) is normal. Coronal T2 DRIVE images
obtained in the same patient demonstrate the presence of the trochlear nerve within the trochlear groove (arrow, B) and trochlear cistern
(arrow, C) on the normal left side. On the symptomatic right side, the trochlear groove (circle, B) and trochlear cistern (circle, C) can be seen

clearly; however, no nerve can be identified.

cranial nerve IV was identified in 36/50 sides (72%). When the
trochlear groove was present, cranial nerve IV was identified in
35/44 sides (80%), in contrast to 1/6 sides (17%) with no groove.
This observed difference in proportions was statistically signifi-
cant (P = .0013). When the trochlear cistern was present, cranial
nerve IV was identified in 23/25 sides (92%), in contrast to 13/25
sides (52%) with no cistern. This observed difference in propor-
tions was also statistically significant (P = .0016).

When neither the trochlear groove nor trochlear cistern was
present, cranial nerve IV was identified in 0/4 sides (0%), in con-
trast to 36/46 sides (78%) with at least 1 landmark present (P =
.0008).

Artifacts. None of the coronal T2 DRIVE sequences were consid-
ered to contain artifacts that would “likely preclude nerve identi-
fication,” and 4 examinations (8 sides) were thought to contain
artifacts that would “possibly preclude nerve identification.”
Among these 4 examinations with artifacts that would possibly
preclude nerve identification, cranial nerve IV was identified in
5/8 sides (63%). If these 8 sides had been initially excluded, the
observed differences in proportions between cranial nerve IV
identification in the presence and absence of the trochlear
groove and trochlear cistern would have remained statistically
significant (P = .0196 and .0082, respectively).

Measurements

When present, the trochlear groove was located a mean distance
of 1.4 £ 0.44 mm inferolateral to the free tentorial edge (range,
0.7-2.4 mm), and the mean maximum groove depth was 0.5 *
0.15 mm (range, 0.2—0.8 mm). When present, the trochlear cis-
tern was located a mean distance of 3.7 = 1.8 mm superior to the
Meckel cave (range, 1.2-7.0 mm). When identified, the mean di-
ameter of the tentorial segment of cranial nerve IV was 0.4 * 0.07
mm (range. 0.2-0.6 mm).

DISCUSSION
This study describes the MR imaging appearances of the trochlear
groove and trochlear cistern on a fluid-sensitive sequence used in

our routine clinical practice and demonstrates that successfully
identifying these anatomic landmarks facilitates identification of
the tentorial segment of cranial nerve IV.

Recent neurosurgical studies report that the trochlear groove
and trochlear cistern are present in up to 100% of cadaver speci-
mens and represent reliable anatomic landmarks for intraopera-
tive nerve identification.”'' We identified the trochlear groove in
88% of sides and the trochlear cistern in 50% of sides, with at least
1 of these landmarks seen in 92% of sides. The discrepancy in rates
of landmark identification between the current MR imaging—
based study and previous cadaveric studies likely reflects limita-
tions of the coronal T2 DRIVE sequence for resolving these small
structures, with the increased length of the trochlear groove rela-
tive to the trochlear cistern likely contributing to its relatively
increased visibility.

We identified the tentorial segment of cranial nerve IV in 72%
of total sides, 80% of sides in which the trochlear groove was
present, and 92% of sides in which the trochlear cistern was pres-
ent. Although these results for the tentorial segment of cranial
nerve IV do not match those previously reported by Kanoto et al,®
who used a high-resolution motion-sensitized driven equilibrium
sequence with a 26-minute acquisition time in a population of
healthy volunteers, the coronal T2 DRIVE sequence investigated
in our study with an average acquisition time of <4 minutes is
more likely to be of practical benefit when daily MR imaging
volume imposes sequence acquisition time constraints. Addition-
ally, patients being evaluated for cranial nerve deficits may be less
likely to remain motionless during longer sequence acquisitions
than healthy volunteers; this scenario may result in image-quality
degradation. Image-acquisition parameters were not the focus of
this study, and it is possible that the coronal T2 DRIVE sequence
or asimilar fluid-sensitive sequence could be modified to improve
visualization of the trochlear groove, trochlear cistern, and cranial
nerve IV without meaningfully prolonging the acquisition.

Regardless of the particular sequence used, there are multiple
clinical scenarios in which it is important for the radiologist to
provide an accurate imaging assessment of cranial nerve IV, in-
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cluding suspected congenital absence of the nerve, involvement of
the nerve by schwannoma or perineural spread of malignancy,
trauma to the nerve related to penetrating injury or shear forces,
and extrinsic compression of the nerve by a skull base mass, an-
eurysm, or crossing vessel.

Operative planning for skull base mass resection likely repre-
sents the scenario in which the radiologist has the greatest oppor-
tunity to positively impact patient care, because cranial nerve IV
palsy is the most frequent complication following meningioma
surgery in the region of the tentorial incisura.'” The frequency of
this complication has been hypothesized to reflect difficulty in
identifying and preserving the nerve at the time of the operation
related to the small diameter of the nerve and displacement and
distortion of the nerve along its lengthy intracranial course.” "'

The relatively low interobserver agreement for the presence of
the trochlear groove, trochlear cistern, and cranial nerve IV likely
reflects both the difficulty of confidently identifying these small
structures noninvasively and the relatively limited self-guided
training of the readers before completing the study interpreta-
tions. Interobserver agreement may have been improved with a
more extensive group training session before performing the
study, and given that consensus was easily reached in all discrep-
ant cases, we expect interobserver agreement to improve with
continued experience.

A limitation of this study is that we were not able to confirm
the presence of cranial nerve IV along its entire cisternal length,
though the nerve had to be present on at least 2 images to be
considered “identifiable.” In the evaluation of patients with
trochlear nerve palsy at our institution, we have observed cases in
which the nerve could be reliably identified along most of its
course on the normal side but could not be seen within the troch-
lear groove or trochlear cistern on the contralateral, symptomatic
side (Fig 5). Although anecdotal, the “empty” trochlear groove
and “empty” trochlear cistern in such patients may represent im-
portant imaging findings.

An additional weakness of this study is the exclusion of pedi-
atric patients, who represent a substantial proportion of patients
being evaluated for suspected cranial nerve IV pathology and
most patients with suspected congenital palsy.

Additional work could optimize sequence acquisition param-
eters for the visualization of the trochlear groove, trochlear cis-
tern, and tentorial segment of cranial nerve IV; determine
whether the trochlear groove and trochlear cistern are present in
patients with congenital absence of cranial nerve IV; and assess
whether the trochlear groove and trochlear cistern in combina-
tion with the coronal T2 DRIVE sequence or a sequence similar to
it could be used for the following: 1) to identify cranial nerve IV in
pediatric patients, 2) to reliably determine the presence or absence
of cranial nerve 1V, 3) to facilitate preoperative identification of
cranial nerve IV in patients with skull base masses, or 4) to have a
measurable effect on the historically high cranial nerve IV palsy
complication rate following resection of tentorial meningiomas.

CONCLUSIONS

The trochlear groove and trochlear cistern are anatomic land-
marks with which the tentorial segment of cranial nerve IV is
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closely associated en route to the cavernous sinus. These land-
marks can be reliably identified by using a fluid-sensitive MR
sequence and may improve the chances of identifying cranial
nerve IV in routine clinical practice. These findings are expected
to improve diagnostic confidence and diagnostic accuracy in the
MR imaging evaluation of patients with suspected cranial nerve
IV pathology.
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