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Introduction

To access pathologies around the petrous part of the
temporal bone that include petrous and petroclival
tumors, internal auditory canal (IAC), and posterior

cavernous lesions, an extradural–subtemporal middle
cranial fossa (MCF) approach to the skull base is often
executed. This involves, a temporal bone craniotomy,
careful retraction of temporal lobe and dura to access the
petrous bone. The caudal most limit of this standard 4�5
(cm) craniotomy incision is the zygomatic arch (ZA).1,2 On
entry, the surgeon is guided to the target pathology by
navigating and using anatomical reference points like the
middlemeningeal artery that is housed in foramen spinosum
(FS), greater petrosal nerve (GPN), which enters the MCF
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Abstract Subtemporal–extradural middle cranial fossa (MCF) surgical approach is used to access
pathologies involving anterior or posterior part of the petrous bone or its apex. A
reliable and precise identification of the important internal landmarks is key to a safe
surgery with decreased incidence of morbidity. The zygomatic root (ZR) serves as a
reliable reference guide for the surgeon when navigating through the MCF. The aim of
the study is to establish an association between the extent of the ZR to the key internal
foramina and bony prominences in lateral fossa of the MCF to help the neurosurgeon to
safely navigate through the maze of structures of the MCF. The study demonstrates
that the ZR is a reliable marker to estimate and predict the position of foramen ovale,
foramen spinosum, and trigeminal fossa but not for the position of hiatus of greater
petrosal nerve or the arcuate eminence. Successful localization of the foramen ovale,
spinosum, and trigeminal fossa would reduce intraoperative time, ensure lesser
retraction of brain, and hence reduce patient morbidity while performing surgeries
on lesions of/in the internal acoustic canal, petroclival junctions, cerebellopontine
angles, basilar artery, or transovale cannulation for the treatment of trigeminal
neuralgia.
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through a hiatus in tegmen tympani; trigeminal ganglion or
its mandibular branch of trigeminal nerve, which exits
through the foramen ovale (FO); and arcuate eminence
(AE), which inconsistently overlies the superior
semicircular canal.3,4 The extension of the MCF approach,
also, allows access to the posterior cranial fossa to operate on
lesions of/in the internal acoustic canal, petroclival junctions,
cerebellopontine angles, basilar artery.1 Thus, a thorough
knowledge of the geometry and location of the vital
structures present in the MCF is a must.5

The ZA is formed by the confluence of the zygomatic
process of the temporal bone with the temporal process of
the zygomatic bone. The inferior surface of the zygoma or the
ZA attaches to the squamous part of the temporal bone by the
zygomatic root (ZR) that has an anterior and posterior root
converging on the tubercle.4 The ZR is an important external
landmark that comes in view once the skin is reflected for
temporal craniotomy. Routinely, the surgeon does not
sacrifice the ZA or its root when accessing the MCF.1 It
thus serves as a reliable reference guide for the surgeon
when navigating through the MCF or when locating frontalis
branch of facial nerve, inion, transverse sinus, temporal
horns of lateral ventricle, temporal tip, and the inferior
temporal gyrus.1,6

The newer intraoperative navigation systems have
facilitated the identification of the various internal
landmarks; however, errors do happen. The aim of the
study is to establish an association between the extent of
the ZR to the key internal foramina and bony prominences in
lateral fossa of the MCF to help the neurosurgeon to safely
navigate through the maze of structures of the MCF. The
hiatus of GPN, AE, FO, FS, and trigeminal fossa (TF) is laterally
projected on the ZR in dry adult skulls. Their linear distances
from ZR were measured in the dry skull as well as digital
images.

Materials and Methods

The study was performed on 47 dry skulls available in the
bone repository of Department of Anatomy, Maulana
Azad Medical College, New Delhi. Damaged and
chipped bones were excluded from the study. No age or
gender records of the bone were available for these skulls.
In each skull, initially, the ZR was drawn on the inner
table of the lateral skull wall using transillumination
technique (►Fig. 1). The skull was placed in the
anatomical position in such a way that the lower
margin of the orbit and porion (upper margin of
external auditory meatus) was in the same transverse
plane (Frankfurt’s plane). All skulls were photographed
with tripod fixed camera (Sony Cybershot DSC- WX500)
positioned directly overhead on the same day to maintain
standard conditions. A cut piece of the ruler was placed
inside each skull to facilitate calibration of the images
(►Fig. 1). Measurements were performed using ImageJ
software available on the internet—https://imagej.
nih.gov/ij/. Pixel measurement calibration was
performed on each image before commencing

measurements. Each skull was also measured manually
with a digital vernier caliper by an independent observer.
An average numerical value of each parameter was
recorded.

The parameters measured were length of the ZR, lateral
straight-line projection of themidpoint of FO, FS, TF, hiatus of
GPN and AE on the inner table of the corresponding lateral
wall of theMCF, that is, temporal squamawhere ZR had been
marked. The linear distance of this point from the anterior
root of zygomawas alsomeasured (►Fig. 1). Mean and range
of these parameters were calculated. The distribution
pattern of the data was tested using Shapiro–Wilk test.
The entire length of the ZR was divided into equal thirds
and the correlation of the lateral projections of the
landmarks to the anterior, middle, and posterior thirds of
the ZR was done. Student’s paired t-test and p-value were
calculated for left to right comparison. Statistical analysis
was done using SPSS version 25.0 (IBM, Armonk, New York,
United States).

Results

The length of the ZR was 19.4mm (standard
deviation�0.36). Shapiro–Wilk test and visual inspection
of histograms and box plots showed that the parameters
were approximately normally distributed for both left and
right sides of the skulls. Paired Student’s t-test (p>0.05)
showed there was no statistically significant difference

Fig. 1 Cranial view of the middle cranial fossa (MCF) in a dry skull
showing the measurements done. Zygomatic root (ZR) was drawn
using transillumination technique on the lateral (L) wall of the MCF.
Lateral straight-line projections were drawn and measured on the
digital image from the midpoint of foramen ovale (FO), foramen
spinosum (FS), trigeminal fossa (TF), hiatus of greater petrosal nerve
(GPN), and arcuate eminence (AE). The point of intersection of these
on the ZR was noted as a, b, c, d, and e, respectively. The distance of
these points (double sided arrows) from anterior root of ZR (aZR,�)
was measured along the ZR (solid white line and dashed line is the
linear continuation). pZR, posterior root of zygoma.
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between the parameters of left and right side (►Tables 1

and 2). The mean lengths and the range of the lateral
straight-line projection of the midpoint of FO, FS, TF,
hiatus of GPN and AE on the inner table of the lateral
wall of the MCF, that is, temporal squama, are shown
in ►Table 1(data for all the skulls in ►Table 2). The linear
distance of the lateral projection of the various internal
landmarks from the anterior root of ZR is depicted
in ►Tables 3 and 4 and ►Fig. 2.

The center of FO was projected on the anterior two-third
of the length of ZR in 84 specimens (89%)
(►Table 5, ►Fig. 2). In two specimens, FO was projected
to the anterior root and in two skull sides; the FO did not
coincide with the root of zygoma and was present posterior
to the posterior root. In contrast, the center of FS was
projected on the posterior two-third of the ZR in 79 sides
of skull (84%) (►Table 5, ►Fig. 2). The lateral projection of
the hiatus of GPN was variable. In 64 specimens (68%), it did
not coincide with the ZR and was present posterior to it. It
coincided with the ZR in approximately one-third of the
total specimens (31%), while in 28 specimens, it coincided
with the posterior third of the root, in one specimen with
the anterior third, and in one with the middle third
(►Table 5, ►Fig. 2). The TF coincided with the ZR in 75
out of 94 specimens and in 78.72% of these it correlated
with the posterior two-third of the ZR (►Table 5, ►Fig. 2).
The AE did not coincide with the ZR in any specimen
(►Table 5, ►Fig. 2).

Discussion

The results show that the while the ZR is a reliable marker to
estimate and predict the position of FO, FS, and TF but not for
the position of hiatus of GPN or the AE. In 89% of the
specimens, FO was projected onto the anterior two-third
of the ZR, and FS and TF were projected to the posterior two-
third of ZR in 84 and 78.27% specimens, respectively. The
hiatus of GPN coincided with the posterior third of the ZR in
every one out of three specimens. In none of the specimens
did the AE project onto the ZR.

Small structures/openings of MCF are not well visualized
by the neuronavigation systems accurately and it is

beneficial to use external landmarks like the external
auditory canal (EAC) and ZR to predict their locations.7,8

Quick and efficient identification of anatomical landmarks
helps to reduce the brain retraction time and the consequent
morbidity associated with it. Pathologies often distort the
internal anatomy thus necessitating external landmark as an
aid for identification.

In theMCF approach, the initial step of dissection requires
the surgeon to identify the middle meningeal artery as it
exits from the FS, surgeon ligates it and thereafter moves
further into the depth of the fossa. Krayenbühl et al also tried
to define to localize the FS in 10 dry skulls using the EAC and
ZA, but their results were inconclusive due to large variation.
They found the mean distance between the FS- lateral
(external) aspect of the arch to be 28mm (23-33) and the
distance of this projection from the EAC was 13mm (range:
10–21mm).9While the depth of the FS from the lateral aspect
of theMCF is comparable for Krayenbühl et al, and Peris Celda
at al localized the FS at a depth of 28 and 25.6mm,
respectively; we measured this distance to be 21.5mm.
Krayenbühl et al were unable to localize the FS using the
ZR due to large variation, and Peris Celda at al concluded that
in 86% of cases, the FSwas present within ZRwidth;we found
that FS was projected to posterior two-third of ZR in 84%
making the ZR a good external landmark to predict its
position.

The extradurally located GPN and its hiatus are of
utmost importance to the neurosurgeon, who uses it to
locate the geniculate ganglion, IAC, or facial nerve or form
boundaries of few of the triangles present around the
cavernous sinus—Kawase’s and Glasscock’s.10 The
anatomical plane of GPN is such that its posterior part
is shallow in position compared with its anterior portion.
This difference in its depth makes it difficult to define its
optimum surgical plane. This, along with its small size,
predisposes it to traction injury during dural elevation or
bone drilling resulting in iatrogenic facial nerve palsy.11

Several researchers, thus, have tried to locate the hiatus
of GPN using internal/external landmarks. Tubbs et al
found the midpoint of the hiatus was present at a
distance of 33 to 45mm from the lateral wall of the
MCF. Sennaroglu and Slattery measured this mean

Table 1 Mean, range, and SD of lateral straight-line projection of various foramina on the length of the ZR in mm. p-Value is also
shown for left to right comparison

Parameter (mm) Range
(min–max)

Mean� SD p-Value

Length of ZR 12.2–28.3 19.4� 0.36 0.56

Distance between FO and ZR 12.7–35.1 24.2� 0.49 0.56

Distance between FS and ZR 10.2–34.9 21.5� 0.41 0.42

Distance between TF and ZR 13.7–44.1 32.5� 0.47 0.54

Distance between hiatus of GPN and ZR 12.7–3.44 21.2� 0.46 0.81

Distance between arcuate eminence (AE) and ZR 05.4–33.6 18.8� 0.54 0.58

Abbreviations: AE, arcuate eminence; FO, foramen ovale; FS, foramen spinosum; GPN, greater petrosal nerve; SD, standard deviation; TF, trigeminal
fossa; ZR, zygomatic root.
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distance to be 21.5mm (range: 19.0–24.0mm) and
22.5mm (range: 15.0–26.5mm) in their computed
tomography data and anatomical dissections of 10
temporal bones.12 Their results also show that the
anatomic findings and CT images data are consistent.
While predicting the location of hiatus of GPN using
the ZR, in only one out of three specimens, the hiatus
of GPN coincided with the ZR and in these it coincided
with the posterior one-third. The hiatus was present at a
distance of 21.2mm (range: 11.6–34.2mm) from the
lateral wall of MCF. We used the posterior (proximal)
aspect as our point of measurement as this is closest to
the craniotomy incision and most surgeons prefer to
dissect the GPN from “posterior to anterior.”11

Most of the studies on FO elucidate its morphology and
morphometry. Transovale cannulation for the treatment of
trigeminal neuralgia via percutaneous balloon
compression, radiofrequency, rhizotomy, and glycerol
rhizotomy requires localization of the FO. Despite
advancements in technology and methodology, use of
navigation systems, fluoroscopy as well as computed
tomography localization of FO proves to be difficult in
5.17% of patients due to variations.13–15 Failure to
successfully cannulate the FO during surgeries results in
blindness, brain stem, or temporal hematomas and even
death.14,15 Thus, localizing the FO is key to successful
treatment and management of trigeminal neuralgia. Our
observations revealed that in 89% of specimens the FO was
located in the anterior two-third of the ZR and was present
at a depth of 24mm from the lateral skull wall. Peris Celda
et al found the depth of FO to be 30.1mm and this lateral
projection was within the span of ZR in 86% of cases. This
information may further guide the interventional
neuroradiologist in localizing it.

On comparison with the western literature available, it is
evident that mean depths of the lateral projections are
smaller but the distances from the anterior root of the
lateral projections are greater in our study.
Anthropometrically, the Indian skulls are predominantly
dolichocranic, that is, length is greater than the breath as
compared with the Caucasian skulls that are brachycranic,
that is, breath is greater than the length.16,17

Table 3 Distance (mm) of the lateral projection of the internal
landmarks from the anterior root of ZR

Parameter (mm) Range
(min–max)

Mean �SD

FO 00–24.1 07.7� 0.43

FS 01.9–33.3 12.3� 0.44

TF 07.3–27.2 15.7� 0.39

Hiatus of GPN 11.6–34.2 22.1� 0.39

AE 18.5–42.7 31.3� 0.48

Abbreviations: AE, arcuate eminence; FO, foramen ovale; FS, foramen
spinosum; GPN, greater petrosal nerve; SD, standard deviation; TF,
trigeminal fossa; ZR, zygomatic root.
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Limitation of This Study

Due to the small sample size and lack of gender data, we
were unable to study laterality and sex differences
between the parameters. Also, the demographic data of
the skull was unavailable. Future studies with larger
sample size with skulls of known demography and
gender would be helpful.

Conclusion

The ZR is a reliable landmark to predict the position of FO, FS,
and TF in approximately 80% of patients and the hiatus of
GPN in one out of three patients. Its use with the newer
neuronavigational systems would help the surgeon to
successfully localize the FS, FO, and TF and even hiatus of
GPN. This can potentially reduce intraoperative time, lesser
brain retraction and potentially can reduce patient operative
morbidity.
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