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Abstract
Background The anterolateral triangle around the cavernous sinus is a surgical skull base triangle used as a neurosurgical 
landmark essential to skull-based surgeries. There are few reports of its measurements with little attention paid to anatomical 
variations.
Methodology A total of 15 adult human cadaveric skulls were dissected to expose the anterolateral triangle on both sides. 
The triangle was defined and measurements of the three borders were taken precisely and the area of each triangle was 
calculated using Heron’s formula.
Results On an average, the length of the anteromedial border is 11.4 (+ 2.2 mm); the length of the posteromedial border 
is 8.7 (+ 2.6 mm); the length of the lateral border is 13.06 (+ 2.6 mm) and the area of the anterolateral triangle is 48.05 
(+ 17.5  mm2).
Conclusion Concise understanding of anterolateral triangle is essential to skull-based surgeries; comprehending its anatomy 
helps with better surgical planning and provides insight into local pathology.
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Introduction

The literature refers to a total of twelve surgical triangles 
surrounding the cavernous sinus (CS) and in the middle 
cranial fossa (MCF). The cranial nerves II–VI, which 
serve as vital anatomical landmarks for neurosurgeons 
operating on the skull base, generally delineate the limits 
of these triangles [1]. Parkinson was the first to identify 
the triangle created by the trochlear and ophthalmic nerves 
in the lateral wall of the CS in the middle of the 1960s 
to securely reach the internal carotid artery (ICA) lesion 
[2]. Following this, a few anatomical and surgical studies 
revealed several triangles related to the CS that are clinically 
significant, especially to neurosurgeons [3, 4]. Ten triangles 
are of neurosurgical importance which are mentioned in the 
literature and are classified into three categories (Fig. 1) [1].

In the present cadaveric study, we aimed to compare 
the dimensions of the anterolateral triangle (ALT) of the 

MCF bilaterally in 15 adult donated cadavers. Dolenc first 
described the triangle as the ‘lateral triangle’ in 1989, and 
it has since undergone several nomenclature revisions [5]. 
There are a very few studies in the literature that have clearly 
delineated and quantified the ALT. The ALT is bounded 
anteromedially by posterior border of maxillary nerve, 
postero-medially by anterior border of mandibular nerve and 
laterally by a line connecting the foramen rotundum to the 
foramen ovale [6, 7]. The triangle contains the lateral wing 
of the sphenoid and the nerve of the pterygoid canal (Vidian 
nerve) [8]. The nerve of the pterygoid canal can reliably 
be tracked in the triangle as it courses posteriorly near the 
mandibular division of the trigeminal nerve, which in turn 
serves as a landmark to approach the petrous part of the ICA 
[9]. The lateral and anterior aspect of the cavernous part of 
the ICA and the lateral wall of sphenoidal sinus can also be 
accessed via the ALT [10]. It is feasible to endoscopically 
see the inferomedial temporal dura of the MCF through the 
ALT, which makes it a significant corridor for endoscopic 
endonasal approaches to the MCF [11, 12]. The ALT also 
serves as a corridor for anterior infratemporal fossa approach 
for any infraorbital, maxillary, and pterygoid tumours [10, 
13]. Hence, intimate understanding of the ALT is essential 

 * Rohini Motwani 
 rohinimotwani@gmail.com

1 Department of Anatomy, AIIMS Bibinagar, 
Hyderabad 508126, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s00276-023-03261-1&domain=pdf


42 Surgical and Radiologic Anatomy (2024) 46:41–46

1 3

to skull-based surgery; knowing its anatomy and variations 
aids in surgical planning and understanding of regional 
pathology. The ALT’s boundaries have been well-defined 
and evaluated only in a few studies [4, 7]. To better access 
the pathological alterations within and around this area, it is 
also necessary to first understand the dimensions of the ALT. 
Hence, we anticipate that this study may aid neurosurgeons 
and clinicians in better comprehending surgical approaches 
surgical approaches to the CS and MCF by completing the 
knowledge about the dimensions of the ALT of the middle 
cranial fossa.

Methodology

The present study was conducted on 15 adult donated human 
cadavers (9 females and 6 males) (Table 1), with age ranging 
from 75 to 80 years in the Department of Anatomy, All India 
Institute of Medical Sciences Bibinagar, Hyderabad. All 
donors or their relatives provided informed written consent 
prior to their death so that their bodies can be utilised for 
medical education and research. As the study was conducted 
on donated cadavers, exemption from review was taken from 
Institutional Ethics Committee (IEC).

During routine dissection and practical teaching of 
undergraduate medical students, after careful removal 
of brain, duramater overlying the floor of the MCF was 
removed with utmost care in order to expose underlying 
structures. In order to do the morphometric study of 
triangles of MCF, we tried to preserve the trigeminal 

ganglion and its three divisions. Fine dissection was done 
to define the boundaries of the ALT on both the sides of 
the skull base in each of the 15 cadavers. The triangle 
was bounded antero-medially by posterior border of the 
maxillary nerve which extended from its intersection with 
the medial margin of mandibular nerve to the posterior 
most border of the foramen rotundum (a in Figs. 2, 3). The 
postero-medial boundary was formed by anterior border 
of the mandibular nerve, which was measured from its 
intersection with the maxillary nerve to the anterior most 
end of the foramen ovale (b in Figs. 2, 3). The lateral 
boundary was formed by a line joining the foramen 
rotundum to foramen ovale (c in Figs. 2, 3). Each border 
of the ALT was measured three times by one author; 
average of the three was taken as final measurement. All 
the measurements were made by the same author to avoid 
subjective variation. Measurements were taken with the 
help of geometric divider, keeping its pointed ends on the 
ends of margins to be measured (Fig. 4a, b). Utmost care 
was taken to ensure that the exact distance between the 
pointed ends of the divider with which dimensions were 
measured on the specimen remain undisturbed whilst it 
was being transferred to the ruler for the measurements. 
With the help of Heron’s formula, area of each triangle 
was calculated (as mentioned below). The results were 
statistically analysed for mean, range and standard 

Fig. 1  Classification of the neurosurgical triangles in the middle 
cranial fossa surrounding the cavernous sinus [17]

Table 1  Sex distribution of the cadavers used for the present study

Sex Number of cadavers Number of ante-
rolateral triangles 
traced

Male 6 12
Female 9 18
Total 15 30

Fig. 2  Middle cranial fossa (MCF) of right side-superolateral view, 
showing Right Antero-Lateral Triangle (ALT) bounded antero-
medially by posterior border of Maxillary nerve (a), posteromedially 
by anterior border of Mandibular nerve (b) and laterally by a line (c) 
joining middle of foramen rotundum (FR) to middle of foramen ovale 
(FO). ICA1: Internal carotid artery in cavernous sinus (Cavernous 
part), ICA2: Para clinoidal of Internal carotid artery (Cut end), ACP: 
Anterior Clinoid Process, ON: Optic Nerve, PTB: Petrous Temporal 
Bone, TG: Trigeminal Ganglion
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deviation. The student’s t test was used to compare each 
parameter on the right and left side.

Results

The lengths of the anteromedial border (along the maxillary 
nerve) ranged from 8 to 16 mm, with a mean length and 
standard deviation of 11.4 mm and 2.2 mm, respectively. 
The lengths of the posteromedial border (along the man-
dibular nerve) ranged from 4 to 14 mm, with a mean length 
and standard deviation of 8.7 mm and 2.6 mm, respectively. 
The lengths of the lateral border (from foramen rotundum to 
foramen ovale) ranged from 7 to 18 mm, with a mean length 
and standard deviation of 13.06 mm and 2.6 mm, respec-
tively, the area of the ALT observed was 48.05 + 17.5  mm2 
(Table 2). In the 15 formalin fixed cadavers dissected, no 
statistically significant difference was observed in the meas-
urements related to the boundaries of the ALT of the CS 
between the right and the left side (p > 0.05) (Table 3).

Discussion

Advanced brain surgery is moving towards endovascular and 
emerging radiosurgery due to their high level of safety and 
quick recovery times. The ALT is one of the ten CS surgical 
triangles and an important anatomical landmark for skull 

Fig. 3  Middle cranial fossa (MCF) of left side-superolateral view, 
showing Left Antero-Lateral Triangle (ALT) bounded antero-
medially by posterior border of Maxillary nerve (a), postero-medially 
by anterior border of Mandibular nerve (b) and laterally by a line 
(c) joining middle of foramen rotundum to middle of foramen ovale. 
CS: Cavernous sinus, TG: Trigeminal Ganglion, MMA: Middle 
meningeal artery, PG: Pituitary Gland in sella turcica

Fig. 4  Method used for measuring the boundaries of Anterolateral 
triangle of Middle Cranial Fossa (MCF)-Superolateral view. A Using 
geometric divider, keeping its pointed ends on the ends of margins to 
be measured. B Distance between two points FR (Foramen rotundum) 
and FO (Foramen ovale) marked on the ruler and measurements 
noted for three sides of triangles. TG: Trigeminal ganglion, ACF: 
Anterior Cranial Fossa, MCF: Middle cranial fossa, PCF: Posterior 
cranial fossa
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base surgeons [14]. Three components must be clarified in 
relation to the authors' methodology, two of which deal with 
measurements and one with nomenclature. To prevent bias, 
one of the authors carried out all the measurements. When 
all three sides of a triangle are known, the area may be easily 
calculated using the Heron's formula. The authors followed 
Rhoton's naming scheme when referring to the nomenclature 
of the triangle [15].

In the present study, the length of the anteromedial border 
observed was 11.4 (± 2.2 mm); the length of the posterome-
dial border was 8.7 (± 2.6 mm); the length of the lateral bor-
der was 13.06 (± 2.6 mm) and the area of the ALT calculated 
was 48.05 ± 17.5  mm2. We found only four original studies 
in the literature that have defined and measured the ALT.

In the study done by Watanabe et al. the mean length of 
the antero-medial border was reported as 13.9 (± 3.1 mm), 
which is somewhat longer than our study. However, the 
postero-medial border, the lateral border and the area 
reported by them as 7.6 (± 2.9  mm), 15.5 (± 2.3  mm), 
49.8 ± 15.5   mm2, respectively are almost similar to our 
study [4]. Granger et al. in his study documented that the 
mean lengths of the antero-medial, postero-medial, lateral 
borders were 8.3 ± 2.2 mm, 5.9 ± 2.0 mm, 11.5 ± 2.9 mm, 
respectively and the mean area was 20.46 ± 9.30  mm2 [8]. 
This is contradictory to our study, with almost all their 
measurements were shorter to our findings. On the other 
hand, in the study done by Isolen et al. they documented 
that the mean lengths of the anteromedial, posteromedial, 

Table 2  Measurements of Anterolateral triangles (ALT) of both the sides in human cadavers (n = 30)

Specimen no. Sides Anteromedial border 
(mm)

Posteromedial bor-
der (mm)

Lateral border (mm) Area of the 
triangle 
 (mm2)

1 Right 15 12 16 85.45
Left 12 7 16 38.94

2 Right 16 12 13 76.69
Left 14 9 18 61.89

3 Right 8 5 11 18.33
Left 8 5 12 14.52

4 Right 11 6 15 28.28
Left 13 10 16 64.92

5 Right 10 8 14 39.19
Left 14 8 14 53.67

6 Right 12 8 14 47.91
Left 10 7 15 29.39

7 Right 12 4 14 22.25
Left 10 5 11 24.98

8 Right 9 10 13 44.90
Left 10 9 16 40.91

9 Right 14 4 12 22.25
Left 13 6 13 37.95

10 Right 12 12 14 68.23
Left 14 11 15 73.48

11 Right 9 9 11 39.18
Left 14 14 14 84.9

12 Right 14 10 15 67.71
Left 10 10 15 49.60

13 Right 10 11 8 38.52
Left 11 10 8 38.52

14 Right 9 9 7 29.02
Left 8 8 9 29.76

15 Right 11 12 11 58.31
Left 10 10 12 48
Mean ± SD (mm) n = 30 11.4 ± 2.2 8.7 ± 2.6 13.06 ± 2.6 48.05 ± 17.5
Range (mm) 8–16 4–14 7–18 29.02–84.87
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lateral borders were 12.25 ± 0.67 mm, 10.80 ± 1.12 mm, 
11.59 ± 1.61  mm, respectively and the mean area was 
51.52 ± 4.25   mm2, the measurements were longer than 
what we reported [7]. Dolci et al. instead of using divider 
and vernier callipers, used stereotaxy and predetermined 
coordinates to calculate the area of the ALT. Their study 
yielded an average area of 47.27 ± 5.27  mm2, the findings of 
which are almost similar to our study [16]. The comparison 
table for the morphometry of ALT is given in Table 4.

We speculate that different levels of maxillary nerve and 
mandibular nerve dissection and the force exerted upon 
retracting the duramater over the MCF might be the cause of 
these measurement discrepancies. To overrule the subjective 

variations that will be unavoidably encountered during 
the dissection, in future, the cadaveric findings should be 
correlated with the radiological studies for enabling efficient 
selection of optimal surgical approaches to the MCF through 
this critical corridor.

The normal architecture of the triangles surrounding the 
CS are crucial to the approach of CS lesions as they serve 
as the lesions' natural access points. The surgeon must be 
well aware of the sizes of these geometric spaces when-
ever disease or surgical procedures may cause distortions. 
Intracavernous aneurysms do not significantly impair the 
precise identification of crucial landmarks when dissecting 
these anatomical gateways to the MCF, but certain cases of 
CS neoplasia that may produce a high degree of anatomical 
distortion. The surgeon must also be aware that mobilising 
the cranial nerves may cause the triangles to expand [17].

Conclusion

The triangle serves as a critical window in endoscopic 
endonasal surgeries and for gaining access to other middle 
fossa structures. It enables the surgeon to navigate around 
neurological lesions whilst identifying important structures 
located nearby. Understanding these anatomical landmarks 
and their individual diameters is essential for recognising 
the pathology and preventing injuries to adjacent structures. 
Hence, determining the dimensions of the ALT is critical to 
better access the pathological changes within and around 

Table 3  Comparison of measurements of the Anterolateral triangles 
between the right and left sides

In the 10 formalin fixed cadavers dissected, no statistically significant 
difference was observed in the measurements related to the bounda-
ries of the Anterolateral triangles (ALT) of the Cavernous Sinus (CS) 
between the right and the left side (p > 0.05)
SD standard deviation, n number of samples

Side Mean ± SD 
(mm) n = 30

Range (mm) p value

Anteromedial border Right 11.4 ± 2.4 8–16 p = 1
Left 11.4 ± 2.1 8–14

Posteromedial border Right 8.8 ± 2.9 4–12 p = 0.7721
Left 8.6 ± 2.4 5–14

Lateral border Right 12.5 ± 2.5 7–16 p = 0.1070
Left 13.6 ± 2.7 8–18

Table 4  Comparison of the morphometry of Anterolateral triangle of present study with similar other studies

S. no. Authors Number of specimens Observations

1 Watanabe et al. [4] 12 Japanese cadaveric heads (24 cavernous sinus) Anteromedial border: 13.9 ± 3.1 mm
Posteromedial border: 7.6 ± 2.9 mm
Lateral border: 15.5 ± 2.3 mm
Area: 49.8 ± 15.5  mm2

2 Granger et al. [8] 12 midsagittal hemisected cadaveric heads Anteromedial border: 8.3 ± 2.2 mm
Posteromedial border: 5.9 ± 2.0 mm
Lateral border: 11.5 ± 2.9 mm
Area: 20.46 ± 9.30  mm2

3 Isolen et al. [7] 9 cadaveric heads (18 cavernous sinus) Anteromedial border: 12.25 ± 0.67 mm
Posteromedial border: 10.80 ± 1.12 mm
Lateral border: 11.59 ± 1.61 mm
Area: 51.52 ± 4.25  mm2

4 Dolci et al. [16] Twenty middle cranial fossae were dissected endonasally 
under direct endoscopic visualisation

Area: 47.27 ± 5.27  mm2

5 Present study 15 adult cadaveric heads (30 cavernous sinus) Anteromedial border: 11.4 ± 2.2 mm
Posteromedial border: 8.7 ± 2.6 mm
Lateral border: 13.06 ± 2.6 mm
Area: 48.05 ± 17.5  mm2
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this area. We anticipate that our findings will extend the 
understanding of this important surgical triangle and associ-
ated structures in radiology, anatomy education, and surgical 
training.
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