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remained a lacuna in our understanding of  Herniation 
syndromes.3

With the advent of  modern imaging methods, this void is 
being gradually filled by our ever-growing understanding 
of  the neuroanatomical aspects of  the tentorial incisura.4 
The tentorial incisura has numerous anatomical variations 
which contribute to and influence the rapidity of  onset 
and progression of  herniation irrespective of  the 
underlying cause. Numerous morphometric studies have 
been conducted on various aspects of  the brain, however, 
studies regarding the anatomical variations of  the tentorial 
incisura are very limited, and the available studies have been 
conducted in cadavers in the sixties.5,6

In this study, normal anatomical variations in the 
dimensions of  the tentorial notch and position of  the 
brainstem in relation to the tentorial hiatus are measured 
and analyzed using currently available magnetic resonance 
imaging (MRI) techniques. These factors are likely to have 
immense bearing on the progression and outcome of  
traumatic brain injury and other neurosurgical causes of  
herniation syndromes. These also carry implications during 

INTRODUCTION

The tentorial incisura is an anatomical structure that carries 
with it tremendous clinical and pathological importance in 
the field of  neurosurgery. The incisura is surrounded by a 
myriad of  vital structures that mandates exercising utmost 
caution during the course of  the performance of  various 
complicated neurosurgical procedures in that region.

The phenomenon of  transtentorial herniation that was 
first described by Meyer1 in the year 1920 is a terminal 
pathophysiological occurrence in various neurosurgical 
conditions ranging from traumatic brain injury to brain 
tumor progression.2 However, for want of  advancement 
in modern neuroradiological imaging techniques, there 
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Abstract
Introduction: Tentorial incisura is important due to transtentorial herniation, a terminal pathophysiological event in various 
neurosurgical conditions. With advent of modern neuroradiological methods lacuna in understanding of herniation syndromes 
is being gradually filled.

Aim: To analyze anatomical variation, classy types and their clinical relevance and interpretation on neuroradiological imaging.

Materials and Methods: Total 100 magnetic resonance images (MRI) of brain were analyzed using RadiAnt DiCom viewer. 
Statistical methods used descriptive analysis, Pearson correlation, significant two-tailed test, student t-test, and analysis of variance.

Results: Notch length is typed into three, maximum notch width into three. By combination, the tentorial incisura is typed into 
nine types. Correlation between parameters and statistical significance is interpreted.

Conclusion: Morphometry classification and relative smaller dimensions of anatomical structures and relationships in Indian 
population have been elucidated. Various manifestations of herniation syndromes explained. Pre-operative MRI morphometric 
analysis has been highlighted.
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micro neurosurgical approaches while attempting to deal 
with lesions in the vicinity of  the hiatus.

The tentorial hiatus is a complex void that varies greatly in 
size and shape among individuals. Although it can be simply 
described as the free edge of  the tentorium cerebelli, it is 
much more complex than what meets the eye. The reason 
behind this complexity is primarily its three-dimensional 
anatomy with lack of  blood vessels in its edges and 
occurrence of  occasional calcification. Hence, visualization 
and quantification of  this structure remained a challenge 
for neurosurgeons and neuroanatomists for decades.

With the advent of  modern imaging modalities, this elusive 
process has become more within reach and thus enhancing 
our knowledge of  this structure. In-depth understanding 
and characterization of  the hiatus and induction of  a 
practical and simple classification of  it may help explain 
patterns of  herniations, susceptibility of  the oculomotor 
nerve to compression and pathomechanics of  concussion 
and inertial injuries of  the brain.

With the entry of  powerful operating microscopes into the 
field of  neurosurgery, a new era has been ushered into this 
field which has made earlier impossible and untouchable 
lesions of  the brain within the reach of  the neurosurgeon 
with minimal retraction of  the normal brain and at times 
with negation of  the very need for touching the normal 
brain parenchyma. By doing so, the risk and complications 
associated with cranial surgery can be greatly minimized 
and altogether avoided at times.

Morphometric data allows for precise and foolproof  pre-
operative planning of  location of  the lesion and trajectory 
toward the lesion which provides the least transgression of  
normal tissue. This is of  paramount importance in reducing 
operative morbidity and much dreaded but fraught mortality 
associated with neurosurgery since time immemorial.

Aim of the Study
1.	 To analyze the anatomical variations of  the tentorial 

incisura7

2.	 To classify the various types of  tentorial incisura
3.	 To elucidate the clinical relevance of  these variations
4.	 To establish an anatomical basis for interpretation of  

the tentorial hiatus on radiological imaging.

MATERIALS AND METHODS

Study Group
Our study group consisted of  100 patients aged between 
18 and 60 years undergoing MRI of  the brain per se in 
the absence of  organic lesions of  the brain or as part of  
the screening of  the brain in cases of  spinal pathology 

or non-central nervous system pathology, either as an in-
patient or as an out-patient. Hence, any patient who during 
the process of  imaging was found to harbor an intracranial 
pathology such as an intracranial space-occupying lesion 
was excluded from the study.

Method Used
MRI in axial, sagittal and coronal sections were selected 
and analyzed using RadiAnt DiCom Viewer which is 
versatile open source software available for common usage. 
Parameters measurement (Figures 1-4) in millimeters.
1.	 Anterior notch width (ANW): The width of  the 

tentorial hiatus in the axial plane measured through 
the posterior aspect of  dorsum sellae

2.	 Maximum notch width (MNW): Maximum width of  
the notch in the axial plane

3.	 Notch length (NL): Distance between superoposterior 
edge of  Dorsum Sellae in a median plane to the apex 
of  the notch

4.	 Posterior tentorial length (PTL): Shortest distance 
between the apex of  the notch and the confluence of  
sinuses

5.	 Apico tectal distance (AT): Distance from the tectum 
in the median plane to a perpendicular line dropped 
from the apex of  the notch to the cerebellum

6.	 Inter-pedunculoclival distance (IC): Distance between 

Figure 2: Tentorial incisura measurements

Figure 1: (a and b) Tentorial incisura
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the interpeduncular fossa to the superoposterior edge 
of  the Dorsum Sellae

7.	 Cephalic index (CI): (Calvarial breadth/anteroposterior 
calvarial length) ×100.

Statistical Methods
In this study, the following statistical methods were utilized. 
They are:
1.	 Descriptive analysis
2.	 Pearson correlation
3.	 Significant two-tailed test
4.	 Student t-test
5.	 Analysis of  variance.

OBSERVATIONS AND RESULTS

In our study, a total of  100 patients were analyzed taking 
measurements at various pre-defined levels. The raw data 
were tabulated.

Descriptive Analysis (Table 1)
Correlation (Table 2)
To ascertain the correlation between the various data sets 
we used the Pearson Correlation technique (r value) and 
obtained the corresponding P-value using significant two-
tailed test. The following statistically significant correlations 
were observed.

There was a significant (P < 0.05) positive correlation 
between ANW and MNW, MNW and NL, AT and IC, AT 
and AP, AT and BR, PTL and BR. There was a significant 
negative correlation (P = <0.05) between ANW and AT. 
There was a highly significant correlation (P < 0.01) 
between MNW and IC, NL and AT, NL and IC, NL and 
AP, NL and BR, NL and AT, PTL and Anteroposterior 
length of  skull. Age was not statistically correlated with 
any of  the Dimensions measured.

Student t-test (Tables 3 and 4)
ANOVA
Analysis of  variance with age as dependent variable showed 
that ANW (P = 0.003) and MNW (P = 0.002).

None of  the factors had a statistically significant 
dependence on age.

Taking into consideration all the above statistical methods, 
the dimensions of  the tentorial hiatus are classified as 
follows.

NL is short <48.7 mm (n = 24), midrange 48.7–55.1 mm 
(n = 51), and long >55.1 mm (n = 25). MNW is narrow 
<27.6 mm (n = 22), midrange 27.6–31.2 mm (n = 54), and 
wide >31.2 mm (n = 24). Matrix distribution was done to 
classify the Tentorial Hiatus (Table 5 and Figure 5).

Classification of Tentorial Notch (Table 6)
In our study, a total of  100 patients were analyzed taking 
measurements at various pre-defined levels. The raw data 

Table 1: Descriptive analysis
Method Age ANW MNW NL AT IC PTL AP BR CI
Valid 100 100 100 100 100 100 100 100 100 100
Missing 0 0 0 0 0 0 0 0 0 0
Mean 36.99 17.113 29.373 52.248 17.637 16.817 53.391 174.354 144.034 83.2685
Standard error of mean 1.06444 0.40285 0.34878 0.50638 0.38838 0.35326 0.67496 1.60434 1.01762 0.96341
Median 36.5 16.15 29.35 52.8 17.55 16.7 53.9 176.5 143.8 81.3679
Mode 47 14.40a 29.10a 55 15.6 17.9 49.70a 178 146.00a 77.44a

Standard deviation 10.6443 4.02845 3.48781 5.06376 3.88378 3.53259 6.74959 16.04343 10.17617 9.6347
Variance 113.303 16.228 12.165 25.642 15.084 12.479 45.557 257.392 103.554 92.815
Range 40 19.1 17.2 29.3 21.7 20.2 44.6 88.7 75.6 61.21
Minimum 19 10.9 21 36.7 4.5 7.6 25.7 109.4 111.9 68.59
Maximum 59 30 38.2 66 26.2 27.8 70.3 198.1 187.5 129.8
Percentiles 25 28 14.4 27.625 48.775 15.6 14.1 50.125 171.25 138.4 78.3917
Percentiles 50 36.5 16.15 29.35 52.8 17.55 16.7 53.9 176.5 143.8 81.3679
Percentiles 75 47 18.2 31.2 55.15 20.6 18.675 57.6 183.1 148.15 84.4282
aMultiple modes exist. The smallest value is shown, MNW: Maximum notch width, NL: Notch length, PTL: Posterior tentorial length, ANW: Anterior notch width, AT: Apico 
tectal, CI: Cephalic index

Figure 3: Measurements in MRI 
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Table 2: Pearson correlation and significant two-tailed test
ANW

MNW PC 0.239*
Sig. 0.017 MNW

NL PC −0.03 0.249*
Sig. 0.746 0.013 NL

AT PC −0.207* 0.033 0.641**
Sig. 0.039 0.743 0 AT

IC PC −0.08 0.268** 0.392** 0.237*
Sig. 0.408 0.007 0 0.018 IC

PTL PC −0.04 0.148 0.099 −0.02 −0.063
Sig. 0.714 0.142 0.328 0.884 0.533 PTL

AP PC −0.18 0.128 0.353** 0.241* −0.104 0.296**
Sig. 0.07 0.205 0 0.016 0.303 0.003 AP

BR PC −0.15 0.156 0.394** 0.234* 0.064 0.213* 0.299**
Sig. 0.135 0.121 0 0.019 0.526 0.033 0.003 BR

CI PC 0.042 −0.01 −0.063 −0.07 0.149 −0.11 −0.750** 0.390**
Sig. 0.677 0.927 0.53 0.513 0.14 0.266 0 0 CI

AGE PC −0.13 −0.01 0.059 0.021 −0.188 0.131 0.149 0.214* 0.012
Sig. 0.189 0.903 0.561 0.833 0.061 0.194 0.14 0.033 0.908

PC: Pearson correlation, *Correlation is significant at the 0.05 level (two‑tailed), **Correlation is significant at the 0.01 level (two‑tailed), Sig: Significant two‑tailed test, 
MNW: Maximum notch width, NL: Notch length, PTL: Posterior tentorial length, ANW: Anterior notch width, AT: Apico tectal, CI: Cephalic index

Table 3: 95% confidence interval of the difference
Parameter Lower Upper
ANW 16.3137 17.9123
MNW 28.6809 30.0651
NL 51.2432 53.2528
AT 16.8664 18.4076
IC 16.1161 17.5179
PTL 52.0517 54.7303
AP 171.1706 177.5374
BR 142.0148 146.0532
CI 81.3569 85.1801
MNW: Maximum notch width, NL: Notch length, PTL: Posterior tentorial length, 
ANW: Anterior notch width, AT: Apico tectal, CI: Cephalic index

Table 4: ANOVA
Parameter Sum of square df Mean square F Significant
ANW

B/G 812.331 31 26.204 2.243 0.003
W/G 794.282 68 11.681

Total 1606.613 99
MNW

B/G 624.297 31 20.139 2.361 0.002
W/G 580.02 68 8.53

Total 1204.317 99
NL

B/G 749.066 31 24.163 0.918 0.594
W/G 1789.463 68 26.316    

Total 2538.53 99      
AT

B/G 521.671 31 16.828 1.178 0.283
W/G 971.622 68 14.289

Total 1493.293 99
IC

B/G 437.723 31 14.12 1.204 0.259
W/G 797.718 68 11.731

Total 1235.441 99
PTL

B/G 1652.368 31 53.302 1.268 0.206
W/G 2857.774 68 42.026

Total 4510.142 99
AP

B/G 6512.598 31 210.08 0.753 0.806
W/G 18969.19 68 278.96

Total 25481.79 99
BR

B/G 3623.846 31 116.9 1.199 0.263
W/G 6628.038 68 97.471

Total 10251.88 99
CI

B/G 4132.831 31 133.32 1.793 0.023
W/G 5055.89 68 74.351

Total 9188.721 99
MNW: Maximum notch width, NL: Notch length, PTL: Posterior tentorial length, 
ANW: Anterior notch width, AT: Apico tectal, CI: Cephalic index

Figure 4: Tentorial incisura. (a) mid maximum notch width 
(MNW) and long notch length (NL), (b) mid MNW and mid NL, 
(c) mid MNW and short NL, (d) wide MNW and mid NL, (e) mid 

MNW and long NL
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were tabulated. Tentorial incisura can be broadly classified 
into nine anatomical variations.

DISCUSSION

As early as the year 1958, before the advancement of  
magnetic resonance and other imaging technology, 
Sunderland and colleagues categorized the tentorial notch 
into two types - broad and narrow.6 In the same line, 
Adler and Milhorat classified it into eight types based on 
cadaveric studies.8

Klintworth et al. put forth the concept that the tentorium 
and its opening are highly variable in respect to their size, 
shape, dimensions, and orientation in various animal 
species.9 There are even a few animals in the world in which 
such a structure is classically absent. These include fishes, 

reptiles, and amphibious animals. In another subset, the 
tent is incomplete in the sense that it does not reach the 
midline at all, such as morphology is seen in guinea pigs 
and rodents.

Only in higher mammals such as humans and primates, the 
tent forms a thick membrane partitioning the superiorly 
located cerebral hemispheres and the inferiorly located 
cerebellar hemispheres. The opening of  the tentorium, 
namely, the tentorial Hiatus or notch or incisura, surrounds 
the midbrain structures.

When studies on the phylogeny and development of  the 
tent were conducted, it was inferred that this is a structure 
that emerged later during eons of  evolution. It was first 
found as symmetrical dural folds on either side of  the 
midbrain in the cerebro-cerebellar fissure. As time went by, 
the falx cerebri descended down to meet the tentorium at 
more and more points, carrying with it the formation of  a 
straight sinus. As species evolved, the length of  the straight 
sinus increased and so did the dimensions of  the hiatus.

Similar studies in Indian population are few and far 
between. Even western studies of  the same have been 
conducted in cadaveric samples. Live in vivo studies are 
limited if  not almost non-existent.

It is a generally accepted fact that the morphological 
features of  the population of  the west correlate poorly with 
that of  the Asian population. Western individuals have a 
much larger head with a greater CI with larger structural 
features compared to people of  the East, especially the 
Indian and other Asian population.

During the process of  brain herniation due to various 
causes, there occurs gross anatomical distortion of  tissue 
as they come down through the tentorial aperture. This 
produces highly localizing signs and clinical features in 
the patient. The features found in pathological specimen 
include.
1.	 Medial displacement of  the temporal lobe or the part 

in question
2.	 Medial displacement of  the brainstem structures
3.	 Grooving of  the brainstem
4.	 Descent of  the hippocampal gyrus
5.	 Compression of  the ipsilateral oculomotor nerve
6.	 Characteristic Duret hemorrhages into the brainstem.

Although the above-enlisted features are a generalization 
of  the incidence occurring during herniation, these are not 
all found in the same patient or among different patients 
undergoing this moribund potentially fatal pathological 
process. The reason for this difference in manifestations 
of  the same process in different individuals is unclear. 

Table 5: Classification of tentorial notch
Classification NL

n=100 Short Midrange Long
MNW Narrow Small (9) Narrow (10) Mixed (3)

Midrange Short (11) Typical (29) Long (14)
Wide Mixed (4) Wide (12) Large (8)

MNW: Maximum notch width, NL: Notch length

Table 6: Classification of tentorial notch
Classification
Wide notch MNW (wide) NL (mid)
Narrow notch MNW (narrow) NL (mid)
Long notch MNW (mid) NL (long)
Short notch MNW (mid) NL (short)
Typical notch MNW (mid) NL (mid)
Large notch MNW (wide) NL (long)
Small notch MNW (narrow) NL (short)
Mixed notch 1 MNW (wide) NL (short)
Mixed notch 2 MNW (narrow) NL (long)
MNW: Maximum notch width, NL: Notch length

Figure 5: Types of tentorial incisura
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This also fails to explain the incidental occurrence of  the 
neurosurgically famed false localizing signs. All the above 
paradoxes can be explained due to the anatomical variations 
in the tentorial notch in individuals of  the same species, in 
our case human beings.

It has been proven that longer and wider incisura have 
a greater amount of  cerebellar tissue exposed when 
compared to those that are narrow and shorter. Small 
apertures logically expose lesser amount of  brain tissue. 
This exposure variability in relation to the dimensions of  
the notch has viable implications in regard to the propensity 
of  occurrence of  herniation syndromes, be it descending 
or ascending herniations.

During the postmortem examination of  the human brain, 
it is customary to obtain the specimen by the division 
of  the falx cerebri and the tentorium, so as to enable 
mobilization and delivery of  the brain.10 This invariably 
causes unavoidable distortion of  the normal anatomy. 
This compounds the already present changes inherent to 
a dead brain specimen.

This anatomical distortion can be circumvented by 
studying the brain in its natural live state in humans using 
the now freely available MRI techniques. It is much easier 
to see the anatomical landmarks and to make accurate 
in situ measurements of  the various dimensions of  
interest without causing undue morbidity to the patient. 
However, the only limiting factor in a country like ours 
is the availability of  MRI equipment, the running costs 
involved, the time consumption for image acquisition and 
the patient-borne cost factor.

All the parameters looked for by the authors of  various 
cadaveric studies can be sought and easily quantified. 
Based on these, the position of  the brainstem and type 
of  incisura can be identified. This measurement can 
also be used to calculate and plan the trajectory during 
neurosurgical operations in the brain especially in lesions 
in and around the tentorial hiatus. Such proper planning 
can avoid unnecessary morbidity and even mortality during 
performing complicated microneurosurgical procedures.11,12

CONCLUSION

The following conclusions can be drawn from this study.

A morphometry based classification of  the tentorial hiatus 
has been formulated. Various dimensions of  the region 
of  the tent have been measured in a representative subset 
of  South Indian population. Anatomical make up of  
our population with that of  the population represented 
in Western studies are compared. Relatively smaller 

dimensions of  anatomic structures and relations in Indian 
population have been elucidated. The reason for variable 
manifestations of  herniation syndromes can be explained.

In this study, ANW correlates positively with MNW. 
MNW correlates positively with NL. AT distance, NL and 
interpeduncular-clival distance are significantly correlated. 
There is no significant correlation between age, CI and the 
hiatus dimensions.

The value of  radiology based morphometric analysis in 
pre-operative neurosurgical planning has been highlighted.
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