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Background: The study of the tentorial notch can improve the understanding
of brain injury mechanisms. Tentorial morphology has been analysed primarily in
cadaveric studies. However, the postmortem effect can cause variability in the
measurements. The objective was to evaluate the morphometry of the tentorial
notch and the third cranial nerve on living subjects using magnetic resonance
imaging (MRI).

Materials and methods: A retrospective cross-sectional study was performed.
Using consecutive cases, 60 MRI scans were analysed for tentorial notch morphol-
ogy. Maximum notch width (MNW), notch length (NL), interpedunculoclival (IC)
distance, apicotectal (AT) distance, third cranial nerve (CN-Il) distance, and inter-
CN-IIl angle, were obtained. For the classification of the tentorial notch quartile
distribution technique for MNW, NL, AT distance, and IC distance were used.
Results: According to the quartile of the MNW, patients were stratified into nar-
row, midrange, and wide groups. Using the NL quartile groups, they were also
classified as short, midrange, and long. With these, the tentorial notch could be
classified into eight types. Statistical differences between genders in the MNW
and inter-CN-1ll angle were found, as well as a strong positive correlation between
NL and AT distance, and between right and left CN-III distances.

Conclusions: There were differences between the cadaveric samples and living
subjects in the CN-IIl distances. This difference could be explained by the de-
hydration of brain volume in the postmortem process which may cause nerve
elongation. Morphometry of the tentorial notch and its neurovascular relations
allows a better understanding of the mechanisms of brain herniation. (Folia
Morphol 2023; 82, 4: 784-790)
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INTRODUCTION

The cerebellar tentorium is a semilunar-shaped
extension of the dura mater that separates the cer-
ebellum from the cerebral hemispheres [17]. The
triangular-shaped aperture located between the free
edges of the tentorium cerebelli and the clivus is
defined as the tentorial notch [18]. This space is in-
volved in different brain injury processes due to the
relation with midline structures and the rigidity of
the dura mater [10].

Tentorial herniation is an upper or lower displace-
ment of the temporal lobe through the tentorial
notch, and is one of the most common herniation
secondary result of an intracranial mass [15]. Different
studies have published the possible influence of the
morphometric analysis of this aperture in the under-
standing of the mechanism of different brain injuries
[1, 5, 6]. The patterns of the tentorial herniation and
differences in the clinical presentation could be par-
tially influenced by the dimensions of the tentorial
notch and the position of the brainstem, but this
remains unclear [5].

The morphometric analysis of the tentorial
notch has been analysed mainly in cadaveric studies
[1, 6, 16, 23]. However, the tissue deterioration in
the postmortem process, alterations due to dehy-
dration from the absence of circulation, and the
method of conservation used could have an impact
on measurements, varying amongst themselves
[7, 25, 27]. The objective of this study is to evaluate
the morphometry of the tentorial notch and the third
cranial nerve (CN-IIl) in living subjects by magnetic
resonance imaging (MRI).

MATERIALS AND METHODS

A retrospective cross-sectional study was per-
formed with 60 Fast Imaging Employing Steady/
/State Acquisition (FIESTA) MRI sequences. The study
images were obtained from the database of the
Radiology and Imaging Department. Screening was
consecutive cases of patients between 18 and 60
years who underwent a brain FIESTA MRI sequence
indicated by their treating physician. We exclud-
ed patients with posterior fossa diseases, central
nervous system vascular disease, previous cranial
surgery, or other central nervous system diseases
that may alter anatomy. Studies with abnormalities
or artifacts were eliminated. This study adheres to
the STROBE guidelines for the report of observational
studies [26].
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Study technique

All patients underwent a head FIESTA MRI se-
quence (3 Tesla, Signa Twin HDx of General Elec-
tric-GE), Software 5.7.1, using the following param-
eters — temporal resolution: 1000 ms, echo time:
136 ms, flip angle: 110°, slice-thickness: 0.6 mm, slice
oversampling: field of view: 200 x 200 mm, matrix:
320 x 320. All the imaging data was uploaded to the
Carestream Vue PACS and analysed in coronal, axial,
and sagittal planes. The images and measurements
were assessed independently by two neuro-radiolo-
gists recorded in a database using millimetres with
two decimal unit precision. All sets of inter-observer
reliability analyses resulted in substantial reliability
(interclass coefficient > 0.85 and Cohen'’s kappa >
> 0.85).

Tentorial notch measurements

Definition and anatomical fundamentals for inter-
pretation of the tentorial notch and CN-IIl variables,
have been described mainly in human cadaveric sam-
ples. However, Adler et al. [1] reported a method to
measure these variables using MRI. The following var-
iables were measured: maximum notch width (MNW),
notch length (NL), interpedunculoclival (IC) distance,
and apicotectal (AT) distance. Although the anterior
notch width, defined as the width of the tentorial
notch in the dorsum sellae, is a variable described by
other authors, this could not be reproduced with MRI.
We propose a method for studying the CN-IIl with
MRI with the following measures: CN-lll distance, and
inter-CN-lll angle (Fig. 1). Although the measurement
may be done by T2 RMI sequence

For the classification of the tentorial notch defined
by Adler et al. [1] quartile distribution technique for
MNW, NL, AT distance, and IC distance was used.
Using the MNW quartile distribution the tentorial
notch was divided into narrow, midrange, and long.
The NL and AT distances quartile distribution were
used to classify into short, midrange, and long. The
position of the brainstem within the tentorial notch
was labelled as pre-fixed, mid-position, and post-fixed
applying the quartile distribution technique with the
IC distance. According to the classification defined by
Adler et al. [1] we used the MWN and NL to stratify
tentorial notch into 8 types.

Ethical considerations

This study was previously reviewed and approved
by the University’s Ethics and Research Committees
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Figure 1. Measurements of the tentorial notch. Maximum notch
width (MNW): using a coronal plane, the maximum width between
the border of the tentorial notch in the coronal plane. Notch length
(NL): using a sagittal plane, the length of the tentorial notch from
the superior edge of the dorsum sellae (letter a) to the apex of the
tentorial notch (letter b). Interpedunculoclival (IC) distance: using

a sagittal plane, the distance between the superior edge of the dor-
sum sellae to the interpeduncular fossa (letter c). Apicotectal (AT)
distance: using a sagittal plane, the distance from the tectum (letter
d) to the apex of the tentorial notch. Left and right third cranial nerve
(CN-II) distance: using a transverse plane, the distance between
the origin of the CN-IIl (letter f) to the cavernous sinus (letter g).
Inter-CN-IIl angle: using a transverse plane, the angle between

the two third cranial nerves (curve line).

with the registration number AH21-00010, making
sure it adheres to the Helsinki Declaration and na-
tional and international standards of research. The
authors declare no financial or commercial gain for
the realisation of this study. The authors declare no
conflict of interest. None of the imaging studies were
performed for the purposes of this study.

Statistical analysis

Sample size calculation was made with the for-
mula for estimating a mean in an infinite population
with a confidence of 95% and a margin of error of
5% resulting in a total of 60 studies. We obtained
central tendency and dispersion data of the sample
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variables. We performed the Kolmogorov-Smirnov
test for normality. Due to the normality distribution
of sample data, the comparison between different
sexes groups was made with a two-tailed Student
t-test. Correlation tests were performed by Pearson
correlation coefficients. The 95% confidence interval
(Cl) was obtained for the mean between-difference.
A p-value of < 0.5 was considered statistically sig-
nificant. For multiple comparisons, the Bonferroni
correction was performed to adjust the p-value. The
database was analysed using the SPSS Version 25.0
programme for Windows 10 (IBM, Armonk, NY, USA).

RESULTS

Descriptive statistics of the measurements strati-
fied by sex are shown in Table 1. The mean age of the
sample was 41.5 = 12.1 years, of which 36 (60%) were
women with a mean age of 42.08 + 9.23 years and
24 (40%) men with a mean age of 41.11 + 13.8 years.
We found statistically differences between sexes in
MNW distance and inter-CN-Ill angle. The MNW mean
is 32.13 mm (range 28.1-39.8, 95% Cl 30.95-33.31)
for men and 30.72 mm (range 28.1-39.8, 95% CI
29.89-31.56) for women. The mean between-group
difference is 1.4 mm (95% Cl 0.038-2.77; p = 0.04).
The inter-CN-Ill angle mean is 56.72 grades (range
45.72-70.56, 95% Cl 53.98-59.46) for man and 53
grades (range 41.78-71.24, 95% Cl 50.69-55.32).
The mean between-group difference is of 3.71 grades
(95% C1 0.20-7.22; p = 0.04).

Pearson'’s correlation coefficient between variables
is shown in Table 2. We found a strong positive cor-
relation coefficient between measurements between
NL and AT distance (r = 0.78; r2 = 0.62), and between
right and left CN-IlI distances (r = 0.93; r> = 0.86).

Table 3 shows the ranges of the measurements
used to classify the tentorial notch using MNW and NL
quartiles and the percentages of the different types.
The typical type that corresponds to the MNW and
NL midrange was the most common. The mixed type
was the least frequent in this sample.

DISCUSSION

Main findings

This study analysed the morphology of the ten-
torial notch and CN-IIl on living subjects in a healthy
population. Our study demonstrates consistency with
cadaveric studies, except for the variables of the CN-III.
We obtained statistically significant differences be-
tween sexes in MNW and inter-CN-lll angle; how-
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Table 1. Comparison measurements of the tentorial notch between sexes

Measurement General (n = 60) Women (n = 36) Men (n = 24) P

Maximum notch width 31.28 + 2.66 30.72 = 2.46 3213+ 278 0.04*
Notch length 55.55 + 4.82 55.94 + 4.94 54.98 + 4.66 0.45
Apicotectal distance 19.45 + 3.81 19.8 = 3.95 18.93 + 3.6 0.39
Interpedunculoclival distance 21.03 = 3.17 20.93 = 3.32 2117 =298 0.78
Right cisternal CN-lll distance 2281 +4.11 23.99 + 3.81 2203 = 4.17 0.07
Left cisternal CN-lll distance 22.02 = 3.96 2271 = 3.76 21.56 = 4.08 0.27
Inter-CN-lll angle 54.49 + 6.89 56.72 = 6.49 53 + 6.84 0.04*

Data are shown as mean =+ standard deviation. Values are expressed in millimetres for distances and grades for angles. Independent-sample Student t-test was used for compared measu-

rements between sexes; *statistically significant (p < 0.05); CN-Ill — third cranial nerve

Table 2. Pearson s correlation coefficient between measurements of the tentorial notch

MNW NL AT distance IC distance  Right CN-II distance Left CN-Ill distance
MNW 0.227 0.239 -0.056 0.456* 0.374*
NL 0.788* 0.482* 0.401 0.479*
AT distance 0.056 0.208 0.267
IC distance 0.286 0.297*
Right CN-lll distance 0.935*

Left CN-IIl distance

*Statistically significant with Bonferroni correction; AT — apicotectal; CN-Ill — third cranial nerve; IC — interpedunculoclival; MNW — maximum notch width; NL — notch length

Table 3. Types of tentorial notch

Type of notch Dimension Range [mm] Percentage
Wide MNW (wide) 325-39.8 15%
NL (midrange) 55.6-58.9
Narrow MNW (narrow) 26.5-29.5 11.6%
NL (midrange) 55.6-58.9
Long MNW (midrange) 29.6-32.4 10%
NL (long) 59-64.9
Short MNW (midrange) 29.6-32.4 15%
NL (short) 46.6-55.5
Typical MNW (midrange) 29.6-32.4 25%
NL (midrange) 55.6-58.9
Large MNW (wide) 32.5-39.8 10%
NL (long) 59-64.9
Small MNW (narrow) 26.5-29.5 10%
NL (short) 46.6-55.5
Mixed MNW (narrow) 26.5-29.5 3%
NL (long) 59-64.9
MNW (wide) 325-39.8 0%
NL (short) 46.6-55.5

MNW — maximum notch width; NL — notch length

ever, the absolute difference was small. Currently,
a distinction between sexes in the understanding
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of brain injury has not been established. A strong
positive correlation was found between NL and AT
distance, and between the right and left cisternal
CN-IIl distance.

Comparison with other studies

Most studies regarding tentorial notch analysis
have used cadavers, which carries an important lim-
itation (Table 4) [1, 6, 16, 23]. In the cadaveric con-
servation process, the deep brain is the last part con-
served, as the fixation agent spread from the surface
of the brain [7]. The conservation process depends
mainly on the time of the initiation of the procedure
after death [7, 9]. This allows macroscopic chang-
es in the brain to set in, as the putrefaction phase
of the postmortem process can be seen as early as
24 hours succeeding the death, which may impact
on the measurements [14].

We obtained similar results in the MNW and NL
measurements compared with other populations
[1, 6,16, 20, 22, 23]. Adler et al. [1] studied a larger
population than other studies but the mean and stand-
ard deviation are similar among authors (Table 4).
The variables that include dura matter appear to be
less affected by the postmortem process than other
structures inside the head [3].
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Table 4. Measurement comparison of the tentorial notch between other populations

Author Arrambide-Garzaetal,  Dasetal, Staquetetal, Adleretal., Sunderland etal., Ono et al.,
2022 2021 [6] 2020 [22] 2002 [1] 1984 [23] 1984 [16]
Country Mexico USA France USA Australia USA
Sample 60 MRIs 40 cadavers 40CTs 110 cadavers 30 cadavers 25 cadavers
Age N5+121 20t0 65 - 425 - -
ANW - 2692 = 2.14 255 + 35 266 + 2.7 21.06 =35
MNW 31.28 + 2.66 29.77 £ 2.26 31.0+25 296 + 3.0 30.16 = 3.21 29.6 (26-35)
NL 55.55 = 4.82 57.98 + 452 55.0 £ 5.3 51.71 £56 549 + 6.93 52 (46-67)
IC distance 21.03 =317 21.21£3.72 - 204 +32 - 12.1(7.8-15.6)
AT distance 19.45 + 3.81 25.81 + 8.04 - 168 = 5.4 - 19.8 (13-27)
Right CN-lll distance 2281 =411 - - 26.1 =32 - -
Left CN-lll distance 22.02 + 3.96 - - 267+29 - -
Inter-CN-lll angle 54.49 + 6.89 - - 573+13 - -

Data are shown as mean = standard deviation and mean (range). Values are expressed in millimetres for distances and grades for angles. AMW — anterior notch width; AT — apicotectal;
CN-IIl — third cranial nerve; CT — computed tomography; IC — interpedunculoclival; MRI — magnetic resonance imaging; MNW — maximum notch width; NL — notch length

The tentorial notch is divided into the anterior,
middle, and posterior incisural spaces depending on
the relation with the brainstem [4, 21]. The anterior
and posterior incisural spaces are located anterior
and posterior to the brainstem, respectively [18]. The
anterior incisural space contains the internal carotid
artery, basilar artery, optic nerves, and CN-lII [23].
Despite the differences between the types of samples,
we obtained similar results in the IC distance to Adler
etal. (21.03 mm) [1]and Das etal. (21.21 mm) [6] but
different results than Ono et al. (12.1 mm) [16]. The
posterior incisura space lies posterior to the brainstem
and contains the posterior cerebral artery, superior
cerebellar artery, the internal and basal vein, and the
fourth cranial nerve [18]. We found similar results to
Adleretal. (16.8 mm) [1]and Ono et al. (19.8 mm) [16]
but different data than to Das et al. (25.81 mm) [6].
These differences between cadaveric studies could be
explained by the conservation method used and the
population studied.

The CN-Ill exits from the midbrain and passes
through the cavernous sinus, prior to entering the
orbit through the supraorbital fissure [12]. We stud-
ied the distance of the CN-Ill from its origin to the
cavernous sinus with differences in the length (right:
22.81 mm, left: 22.02 mm) compared to Adler et
al. (right: 26.1 mm, left: 26.7 mm) [1]. However,
results were similar in the inter CN-Ill (54.49 vs. 57.3
grades). The difference in the length of the CN-IlI
could be explained by the dehydration of the brain
in the postmortem process, causing an elongation
of the nerve.
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Brain herniation

Brain herniation is the most common secondary
result of an intracranial mass. It is defined as a dis-
placement of cerebral tissue from a compartment to
another [19]. Clinical presentation varies according
to the compartment and the brain structure affected.
The tentorial herniation could cause pupillary dilata-
tion, ophthalmoplegia, or ipsilateral hemiplegia due
to the compression of the brainstem and CN-III [24].
Despite the actual comprehension of the mechanism
of the tentorial herniation, the reason for the clinical
variation among patients is still unclear. The severity
of the disease is determined mainly by the volume of
the mass lesion, the localization, or the velocity of the
pathological process [11]. In addition, the dimensions
of the tentorial notch could have an implication on
the clinical and severity of the brain herniation in
patients with the same type of lesion [5, 23].

The anterior incisura space is a site where the tem-
poral lobe could move and compress the CN-Ill and
cerebral peduncles during the tentorial herniation [6].
The length of the anterior incisural space could be
estimated with the IC distance. Patients with wider
and longer notches could have more exposition of
the posterior cranial fossae and facilitate the displace-
ment of the brain in the herniation process.

The superior aspect of the cerebellum is related
to the posterior incisural space [18]. Although the
cerebellar tissue exposed through the posterior in-
cisural space could not be studied by MRI, it could be
estimated by the AT distance [6]. The relation between
large apertures and the total of the cerebellar tissue
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exposed has been described in cadaveric studies. The
cerebellar tissue has a higher exposition in a long
and wide tentorial notch than in a short and narrow
notch. These findings could influence the cerebellar
herniation through the tentorial notch [1, 13, 23].

The length and course of the CN-lll may be an
explanation for the clinical differences among pa-
tients with this pathology. The tentorial herniation
compresses mainly the brainstem and (CN-IIl) during
the movement of the temporal lobe through the
tentorial notch [2, 8].

The MWN and NL are used to stratify the tento-
rial notch into 8 types. Grille et al. [11] studied the
characteristics of the tentorial notch in neurocritical
patients. They described the “narrow,” “short,” and
“small” as the most common types in neurocritical
patients, which corresponded to wider and longer
notch types [11]. Further studies comparing the char-
acteristics in neurocritical patients are needed to
determine the association between tentorial notch
types and herniation patterns.

Limitations of the study

Our study has several limitations. Although the
sample size was calculated to determine statistical
difference, larger samples are needed to make a com-
parison between different populations. The measure-
ments of the CN-lll have not been validated by other
studies or compared with other radiology techniques.
The patients’ anthropometric characteristics were not
included in the analysis. The study was conducted us-
ing Hispanic patients; however further data is needed
to compare results with other populations. Grille et
al. [11] validated the MRI and computed tomogra-
phy, but the brainstem and CN-IIl cannot be studied
using computed tomography. Our study used MRI
with FIESTA sequence, which is not broadly available.

CONCLUSIONS

Changes in cadaveric models in the tentorial notch
could have an impact on the morphology of the
tentorial notch and its neurovascular relations. There
were differences between the cadaveric samples and
living subjects in the cisternal third nerve distances.
This difference could be explained by the dehydration
of the brain in the postmortem process which may
cause nerve elongation. The measurements of the
tentorial notch may have implications for a better
understanding of the mechanisms of brain herniation.

Conflict of interest: None declared
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