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The transmeatal extension of the retrosigmoid approach is an important procedure
used in the treatment of various pathologies affecting the posterior fossa, petroclival
region, and jugular foramen. Mastering this technique requires a high level of manual
skill, particularly in temporal bone drilling. The objective of this study was to describe
an easily accessible and cost-effective model of the transmeatal extension of the
retrosigmoid approach using cadaveric sheep heads. Five cadaveric sheep heads, fixed
in alcohol and formalin with intravascular-colored silicone injection, were prepared for
this study. Two heads (four sides) were designated for illustrative anatomical speci-
mens, while three heads (six sides) were used for surgical simulation. Additionally, one
head was used to prepare and dissect a dry skull. All critical steps of the transmeatal
approach, including both supra- and inframeatal extensions, were successfully repli-
cated on the model. A comparative anatomical analysis was conducted, focusing on the
technical nuances of the model. The cadaveric sheep head serves as an effective model
for the retrosigmoid approach with transmeatal extensions, primarily for training
manual haptic skills. While the sheep model cannot precisely replicate human anatomy,
it still offers valuable training opportunities for neurosurgeons, particularly when
human cadaveric specimens are unavailable.

part encases important neurovascular structures. Violation of
these structures can lead to serious morbidity, impacting the

Temporal bone serves as a gateway to diverse surgical corri-
dors, offering access to lesions within the posterior and middle
fossa, including those that involve both areas.’? The part of the
temporal bone that poses the most significant challenge in
surgery is the petrous part. Being pyramid-shaped, the petrous
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patient’s quality of life. Damage to the vestibulocochlear nerve
complex and inner ear structures, such as the labyrinth or
endolymphatic sac, can result in hearing loss, injury to the
facial nerve can lead to facial nerve palsy, while damage
to the petrous carotid artery and jugular vein can cause
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life-threatening bleeding. Manipulation of the sigmoid sinus
may result in postoperative thrombosis, and even manipula-
tion of the air cells of the temporal bone can lead to postoper-
ative cerebrospinal fluid leakage. The matter is further
complicated by the fact that all these structures are tightly
enclosed within the petrous part of the temporal bone. The
pathologies of the cerebellopontine angle (CPA) often affect the
temporal bone. Vestibular shwannomas, one of the most
common pathologies of the CPA, invade the internal acoustic
canal. Chordomas and chondromas, originating in the bone,
encase the neurovascular structures within their parenchyma.
Increasing the radicality of tumor resection offers higher
chances to improve postoperative outcomes, reduce morbidi-
ty, mortality, and recurrence rates." However, on the other
hand, itincreases iatrogenic complications. The lack of mastery
of manual skills by the surgeon and fear of causing iatrogenic
harm often lead neurosurgeons to avoid the radicality in
surgical treatment of these pathologies.

Mastering temporal bone dissection depends significantly
on both manual skills for bone dissection and a firm under-
standing of anatomy, along with the ability to three-dimen-
sional (3D) interpretation of preoperative neuroimaging
studies. Hence, the model able to encompass both these
skills may be considered as the best option. Though animal
cadaveric models are commonly used in training for skull
base and ear, nose, and throat surgeons in some institu-
tions,>"® they can offer only the realistic haptic feedback
experience, lacking in aspects of anatomical similarity with
human. But at the same time the skill of orientation relying
on analytical orientation and not visual also may be trained
on animal models.>'? The human cadaveric model, essen-
tially includes both modalities of surgical training, and
deserves to be regarded as the best model."'2 The human
cadaveric material is not always easily accessible because of
costs of cultural specificities of different countries. The
increasing popularity of digital technologies and 3D printing
has led to the emergence of synthetic 3D-printed mod-
els.>~1° These models offer advantages such as lower costs
and the absence of ethical issues. While they generally
simulate human anatomy, they cannot replicate the tactile
experience of exercising on biological tissues.

The goal of this study was not to oppose the animal model
to human cadaveric, synthetic, or virtual models, but rather
to highlight the undeniable advantages of this model, which
may play a beneficial role in developing and refining the skill
for bone dissection necessary for internal acoustic meatot-
omy procedure.

Materials and Methods

Six cadaveric sheep heads were used for this study. The
material for this study was obtained from local slaughter-
house. Sheep heads were delivered frozen. The special state-
ment to be made is that no animals were sacrificed specifically
for the purpose of this study. To enhance the study of anatomy
and facilitate the recognition of intracranial vascular struc-
tures, portions of the heads were fixed, and colored silicone
was injected into the carotid arteries and jugular veins.

Korotkov et al.

For this study four sides of two sheep cadaveric heads
were dissected in order to prepare anatomical specimens to
perform comparative analysis between human and sheep
anatomy. Six sides of three heads in order to simulate the
retrosigmoid extended approach.

Microsurgical stage was performed using the laboratory
microscope (Leica M 320 T, Germany) with magnification
(x4- x 12). Craniotomy and microdrilling were performed
using drill (Marathon, China) 120 W RS 0-30,000 rpm/min,
photos were made using professional digital photo camera
(Nikon, Thailand).

Techniques

Five cadaveric sheep heads, purchased in the local slaughter-
house, were used for the study. The fixation and intravascular
silicone injection were performed guided by published
papers.'®!” Sheep heads were washed in warm running
water. Common carotid arteries and jugular veins were
dissected on both sides, cannulated with plastic nasogastric
catheters 8 to 12 Fr, and ligated with silk threads to vessel
wall. Under moderate pressure vessels were washed with
warm water, to remove blood and clots from the vessels.

The fixation of the specimens was achieved by perfusion
of both carotid arteries and jugular veins with a mixture of
10% alcohol and 10% formalin in a 1/1 ratio for 15 minutes,
followed by immersion in a 10% formalin solution. Intravas-
cular injection of the alcohol-formalin mixture was repeat-
edly performed every 8 hours for 3 days. After 3 days of
exposition colored silicone (Redelease, Brazil) was injected,
red to the arteries and blue to the veins. Heads were exposed
for 5 days more in 10% formalin solution.

Prior to dissection the heads were soaked in warm water
for several hours to reduce the formalin odor. Heads were
stabilized with the help of Mayfield headholder (Makom,
Brazil) (~Fig. 1). For better demonstration of all the steps of
the retrosigmoid approach all layers of the scalp and nuchal
area were preserved, wool along the incision lines may be
shaved, however, this step is not necessary.

The nuchal muscles may be dissected layer by layer, which
may serve as a good exercise by itself (=Fig. 2). Another way
is that after the dissection of the superficial layer of the
nuchal muscles, the paravertebral deep muscle complex may
be cut on midline along the nuchal ligament and separated
from the occipital bone and the first cervical vertebra
(=Fig. 3). The layer by layer dissection of the soft tissues of
occipito-nuchal area was performed using fish hooks retrac-
tion. The burr hole was placed on the point of asterion, using
anatomical landmarks with comparative references with
human anatomy (=Fig. 1). Taking into account the more
intimate adherence of the inner bone plate to the posterior
fossa dura, and in order to preserve the dura intact, the
craniotomy window was formed in an osteoclastic manner—
widening the burr hole using a high-speed drill, or biting
with rongeurs. After performing the craniotomy, dura was
incised and the flap was retracted laterally (=~Fig. 3). In
alcohol-fixed specimens, the preserved elasticity of the
brain allows appropriate exposure of the CPA by moderate
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Fig. 1 The positioning of the sheep head in the Mayfield headholder (A) and the view to the retrosigmoid region (B).

A Cervicoauricular m B Parietoauricular m. Temporal m.

Fig. 2 Stages of retrosigmoid approach simulation on cadaveric sheep model. (A) An arch-like skin flap is retracted lateroinferiorly. The first
muscle layer is presented by auricular muscles which are well developed in mammals and reduced in human. Taking in account the relatively
smaller sizes of the posterior fossa in sheep and also the thickness of the nuchal and auricular muscles, the size of the incision is made larger.
(B) The superior auricular muscle lying beneath the facial layer containing the posterior auricular muscle. The perivertebral layer of deep neck
muscles is presented by semispinal muscles. (C) After subperiosteal dissection of the superior auricular muscle the posterior aspect of the
temporal muscle and attachment of the nuchal muscles and nuchal ligament are visualized. (D) Semispinal muscle and nuchal ligament are
dissected from the occipital bone and reflected inferiorly and medially. (E) After subperiosteal dissection of the nuchal muscles they are reflected
inferiorly and the atlanto-occipital joint is demonstrated. The posterior aspect of the mastoid process is also demonstrated. (F) The retrosigmoid
craniotomy performed in osteoclastic fashion. The condylar vein lying in the diploe layer of the temporal bone is skeletonized. The shape and the
trajectory of this vein is somewhat similar to the sigmoid sinus in human, so may serve as a landmark to precise imitation of the retrosigmoid
approach.
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Fig. 3 Osseous landmarks of the ovine craniovertebral junction for retrosigmoid craniotomy on sheep head. Posterior end posterolateral view.
To expose occipital bone and the first cervical vertebra, nuchal muscles are dissected and retracted bilaterally. (A) Posterior straight view—the
landmarks of the occipital bone and C1 are skeletonized. Inion and spinal process of C1 are identified. The plane of the occipitocervical joint is
oriented more in frontal plane than it is in human. (B) Posterior oblique view. The key landmark point for retrosigmoid craniotomy asterion is
identified in the point of convergence of mastoid occipital, parietotemporal, and occipitoparietal sutures. (C) Using high-speed drill outer
cortical and spongiform layer of occipital bone are removed. The margins of the craniotomy, taking in account minor sizes of the sheep head, are
relatively larger than those in human. Superior nuchal line superiorly, midline medially, the upper border of the occipital condyle inferiorly.
(D) The inner cortical layer is removed and the posterior fossa dura is exposed. (E, F) U-like dural flap, with the base oriented laterally is created
and retracted inferolaterally using fish hook. The cerebellar cortex is exposed.

retraction of the cerebellar hemisphere. If the stiffness
of the formalin-fixed brain does not allow sufficient expo-
sure through retraction, the hemisphere may need to be
resected.

Results

During the study two principal goals were established: the
comparative anatomical analysis and the stepwise simula-
tion of the real surgery.

Comparative Anatomy

To create a technical guide for the exercise and highlight the
differences between the exercise conditions and those of
actual surgery or human cadavers, special attention was
given to the description of ovine anatomy.

During the study, we conducted a detailed descriptive
analysis of the CPA anatomy, with particular attention to the

internal acoustic meatus in sheep (~Fig. 4) as well as the
broader CPA anatomy (=Figs. 5 and 6). The ovine anatomy,
being at the first glance quite different from the human, still
follows the same principles that underly and govern the
relations between the anatomical structures in both species.
The anatomical analysis was structured as a distinct com-
parison between osseous, neural, and vascular anatomy, and
presented in photos and diagrams (~Figs. 7-9).

Osseous Anatomy
The initially noticeable difference in osseous anatomy is the
size of the skull. Due to the relatively smaller size of the
posterior fossa in sheep compared to humans, a relatively
larger craniotomy is required to adequately expose the CPA
on a sheep model (~Figs. 7-9). The internal acoustic meatus
represents a prominent structure that bulges to the CPA in a
tube-like fashion (~Figs. 4 and 8).

The interior acoustic meatus is shallower than in humans,
with a depth of no more than 2 to 3 mm. The fundus of the
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Fig.4 The fourside view to the dry sheep skull cutin sagittal plane on the midline. (A) Medial view to the cut of the dry sheep skull. The anterior,
middle, and posterior fossa skull base are depicted. The ostium of the internal acoustic meatus occupies almost the whole medial surface of the
petrous bone. (B) Magnified view to the medial surface of the petrous bone, with internal acoustic meatus. The compartmentalization

of the internal acoustic meatus is well seen from the medial perspective. Transverse crest dividing the internal acoustic meatus into upper and
lower halves. The facial nerve canal, superior and inferior vestibular nerve canals, and cochlear nerve canal are well distinguishable.

(C) Anterosuperior view to the same specimen. (D) Magnified view to the anterosuperior aspect of the petrous bone and internal acoustic
meatus. The fissure of the grosser petrosal nerve is seen. (E) Superior view to the cranial base. (F) The magnified superior view to the petrous
bone and internal acoustic meatus. (G) Posterior view to the skull base. In this perspective the internal acoustic meatus is seen in the
retrosigmoid approach. (H) The magnified posterior view to the petrous bone and internal acoustic meatus. The orientation of the transverse

crest is situated in the same spatial orientation as in human.

internal acoustic meatus is also divided into four compart-
ments, the transverse crest is well-defined bulky osseous
wall that divides the meatus into upper and lower semicanals
in the horizontal plane (=Fig. 4B). The Bill’s bar is also well

identified. The facial nerve canal in general follows a similar
route to that in the human petrous bone. The facial canal
starts at the upper inner quarter of the internal acoustic
meatus, heads forward, splits into the canal of the greater
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Fig. 5 The medial view to the inner surface of the temporal bone. The brainstem is cut on the level of the midbrain and removed with the
cerebellum. (A) The orientational view of the exposed posterior fossa. The squamous part of the occipital bone is resected from the above
of the superior nuchal line till the foramen magnum. Both atlanto-occipital joints are demonstrated. The view to the medial wall of the temporal
bone from the contralateral side. (B) The magnified view to the region of internal acoustic meatus. The trigeminal porus, internal acoustic
meatus, and the jugular foramen as well as IV, VI, V, VII, VIII, IX, X, and XII cranial nerves are demonstrated. (C) The dura covering the temporal
bone is removed. Carotid canal with the rete carotid lying inside it is exposed. (D) Internal acoustic meatus is expanded until the fundus to
demonstrate the transverse crest, and places of entering of the vestibular and facial nerves. The petrous apex is removed. The spatial
relationships between the tentorium, Meckel’s cave, and the upper wall of the cavernous sinus. The tentorial edge goes to the posterior
edge of the trigeminal porus. Resection of the petrosal apex opens the lateral surface of the lateral wall of the Meckel’s cave and the
inferior surface of the parietal dura of the middle fossa. (E) The arcuate eminence is drilled away with exposure of the common crus of the
superior and posterior semicircular canals. The 360-degree of the circumference of the internal acoustic canal is exposed. The roof of the jugular
foramen in located posteroinferiorly to the internal auditory canal (IAC). The carotid canal is below.

petrosal nerve, then curves backwards. It passes under the
lateral semicircular canal and enters the tympanic cavity
(=Fig. 9). The arcuate eminence, a bony protuberance with
the superior semicircular canal underneath it, is a prominent
feature on the superior surface of the petrous bone. Just like
in humans, it serves as areliable landmark for identifying the
superior semicircular canal and the common crus of the
superior and posterior canals (~Fig. 9).

Vascular Anatomy

The internal carotid is not present as a single arterial trunk, but
as s rete carotideo—several efferent arterial vessels creating
arterial plexus, also called as rete mirabile epidurale rostrale
which lies inside the cavernous sinus instead of intracavernous
carotid. So, the carotid canal is not opening on the extracranial
skull base of the petrous bone but lies in the laceral fissure—the
cleft-like space inside the petroclival suture (~Figs. 4 and 7).

The anterior inferior cerebellar artery (AICA) is not present as a
well-organized, single-trunk tortuous vessel with the typical
loop shape. The sigmoid sinus and the jugular bulb are not
present in ovine anatomy. The main venous collector of intra-
cranial venous blood is the maxillary vein. The maxillary vein
receives the major flow of the venous blood from the transverse
sinus. However, there is a venous trunk passing inside the
thickness of the mastoid portion of the temporal bone in the
same direction as a sigmoid sinus in human and joining the
internal jugular vein through the caudal division of the jugular
foramen, which apparently corresponds to the venous part of
the jugular foramen.

Cranial Nerves

Generally speaking, the cranial nerves of the vestibulocochlear
complex are proportionally thicker and shorter than in human.
The cranial nerves of the CPA follow distinct trajectories,
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Fig.6 Posteromedial view to the inner surface of the temporal bone in cadaveric sheep head. (A) The orientational view of the exposed posterior
fossa, from the posterolateral perspective. Both atlanto-occipital joints are demonstrated. The view to the medial wall of the temporal bone from
the contralateral side. (B) The magnified view to the region of internal acoustic meatus. The trigeminal porus, internal acoustic meatus,

and the jugular foramen as well as IV, VI, V, VII, VIII, IX, X, and XII cranial nerves are demonstrated. (C) The dura covering the temporal bone is
removed. Clivus passing to posterior clinoid process is demonstrated. Carotid canal goes medial to the posterior clinoid. The upper margin of the
posterior wall of the cavernous sinus is presented by posterior petroclinoid ligament, with Meckel’s cave beneath. (D) The clival dura is
resected. The carotid canal incasing the carotid rete of the sheep is demonstrated. The posterior wall of the cavernous sinus has flat shape
created by the dura covering the petrous apex and the posterior clinoid process. (E) The roof of the Meckel’s cave is exposed. The superior sheet of the
Meckel’s cave and the posterior aspect of the cavernous sinus are present with the dural sheet which creates the edge of the

tentorial incisura. Mobilized upwards the inner dural sheet of the posterolateral wall of cavernous sinus with underlying venous plexus inside may be seen.
Tentorium is separated from the petrous ridge, the route to middle fossa is opened. The tentorial dura proceeding to the outer

sheet of the upper wall of the cavernous sinus is separated, and the upper wall of Meckel’s cave is demonstrated. Posterior wall of the cavernous sinus is cut.

allowing for their visual recognition. The direction of the nerves
is the axis from the brainstem origin of the nerve and the cranial
foramina—porus trigeminus, internal acoustic meatus, and
jugular foramen. In human anatomy the plane of the axis of
the trigeminal nerve and the axis of vestibular facial complex
and the plane of the caudal nerves and vestibular facial nerves
cross in open angle while in sheep they almost lie in a single
plane (~Fig. 9).

Vestibular Labyrinth and the Semicircular Canals

In general features, such as the orientation, the angle between
the planes of the semicircular canals and the correspondence
to the other structures of the temporal bone is surprisingly
similar to the human labyrinth (~Figs. 7 and 9).

Surgery Imitation

During the study the imitation of the retrosigmoid extended
approach was successfully performed. The focus was made
on the simulation of the key sequential steps for each type of
the transmeatal extensions.

Numerous variants of the retrosigmoid approach’s exten-
sions involving dissections of the internal acoustic meatus
were described in the literature nowadays.'®#? For the sake
of simplification, the extensions of retrosigmoid approach
may be roughly divided in two groups: above the internal
acoustic meatus and below the acoustic meatus; however,
both of those groups require wide exposure of the fundus of
the internal acoustic meatus.

Asian Journal of Neurosurgery © 2024. Asian Congress of Neurological Surgeons. All rights reserved.



Sheep Head Cadaveric Model for the Transmeatal Extensions of the Retrosigmoid Approach Korotkov et al.

B Facial n.

2 596 1 canal

B Internal acoustic
/ canal

Sup. Vest.n.
canal

/\

Cochlear.n. Inf. Vest.n.
canal canal

1 Internal acoustic
canal

Internal acoustic

Arcuate |

foramen

Internal acoustic
Arcuate canal
eminence \

Grosser
petrosal n.
~ fissure

e =——=  lLaceral
‘ foramen
Grosser
petrosal n.
fissure

Grosser
+————— petrosaln.
fissure

Grosser
petrosal n.
fissure

Laceral
|« foramen

'\

acoustic
canal

Laceral
foramen

‘Semicircular,

/v&mmy

Facial n. Ealn Semicircular

« / [canals
T
5”/ 6 i \J 7

Ve &
Fig. 7 Anatomic comparison of the osseous anatomy of the pyramidal bones of the sheep and human. (A) The medial view of a human pyramidal bone. The
fundus of the internal acoustic meatus is not visible without the removal of the posterior lip of the canal. (B) The medial view of the ovine internal acoustic
meatus. The fundus of the internal acoustic meatus is well seen without removal of any bone. The spatial orientation of all the four divisions of the
canal is identical to that of human. Facial canal is located superoanteriorly, the cochlear - inferoanteriorly, and the vestibular nerves take the two posterior
divisions. (C) Superoanterior view to the human pyramid apex. (D) Superoanterior view to the ovine pyramidal apex. The grosser petrosal nerve fissure is
located anteriorly, the arcuate eminence is above the internal acoustic canal. The general spatial orientation of the bony landmarks is similar to the
human. (E) The upper view of the human pyramidal bone. Note the longitudinal axis of the pyramid is under the acute angle to the midline of the human skull
base. (F) Upper view of the ovine pyramidal bone. The longitudinal axis of the pyramid is almost parallel to the midline of the skull base. (G) The schematic
drawing of the labyrinth and the cranial nerves of the cerebellopontine angle are overlayed on the photo of the medial view of the human pyramidal bone.
(H) The same scheme of the labyrinth and cranial nerves overlayed on the ovine temporal bone. Note that the spatial orientation of the semicircular
canals and the cranial nerves are almost identical.
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The perimeatal extensions of the retrosigmoid approach
were organized into two groups—supra- and inframeatal
extensions. The procedures were subdivided into principal
stages, each of them supposed to be reproduced on the sheep

head model. As an additional step apicectomy was men-
tioned. The imitation of the extensions of the retrosigmoid
approach was successfully performed (~Fig. 10, ~Videos 1
and 2).
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Fig. 8 The schematic comparison of the retrosigmoid approach and
general view of the cerebellopontine angle in human and the sheep head
model. (A) The left side retrosigmoid craniotomy on the sheep head is
depicted on the left side and the human one is depicted on the right. The
transverse sinus has almost the same shape and trajectory both in human
and in sheep. The principal landmark of the approach—the sigmoid sinus is
absent in sheep. The major venous drainage vessel is the maxillary vein.
However, the large diploic vein which is called as condylar vein is quite
constant in sheep anatomy and repeats the trajectory and the direction of
the sigmoid sinus. After being skeletonized, the condylar vein serves as a
landmark of the lateral border of the craniotomy and dura incision. (B) The
posterior view to the cerebellopontine angle of the sheep (left side of the
diagram) and the human (right side of the diagram). In both species all three
complexes of the cranial nerves are present. The cisternal segment of the
cranial nerves is shorter in sheep and they are relatively thicker than in
human. The trajectory and the spatial orientation of the nerves are different
and illustrated in the diagram

Video 1

Retrosigmoid suprameatal and transapical approach.
Online content including video sequences viewable at:
https://www.thieme-connect.com/products/ejournals/
html/10.1055/s-0044-1790517.

Both of the groups of extensions of retrosigmoid approach
were imitated, taking into account anatomical differences
between ovine and human temporal bone anatomy, follow-
ing certain steps.

Transmeatal Extension (~Videos 1 and 2)

(1) Cut the dura over internal auditory canal (IAC) (identify
endolymphatic sac as a landmark for trajectory selec-
tion; Tubingen line between jugular foramen and IAC);
endolymphatic duct leads to the crus of labyrinth—
confluence of superior and posterior semicircular
canals—as in human (~Fig. 9).

(2) Drilling of the posterior wall of the internal acoustic meatus
until the appearance of the transverse crest (=Fig. 5).

(3) Dissection of the facial nerve from vestibular nerves
(=~Fig. 9).

Suprameatal Extension (Retrosigmoid
Intradural Suprameatal Approach) (~video 1)

(1) Cut the dura over IAC, over suprameatal tubercle (land-
marks to identify superior semicircular) (~Fig. 10).

(2) Drilling the roof of the IAC and tentorial surface of the
petrous apex (=Fig. 10F").

(3) Mobilize the lateral wall of Meckel’s cave, dissect the
back wall of the cavernous sinus, transect the tentorial
edge, and dissect trochlear nerve in case of reversed
Kawase extension (~Fig. 10E’ F').

Inframeatal and Suprajugular Extension
(~Video 2)

Video 2

Retrosigmoid transmeatal suprajugular approach.
Online content including video sequences viewable at:
https://www.thieme-connect.com/products/ejournals/
html/10.1055/5-0044-1790517.

(1) Cut the dura posteriorly to IAC and jugular foramen,
perpendicular to Tubingen line (landmarks to identify
cochlea) (=Fig. 10C).

(2) Drilling the posteroinferior wall of the internal acoustic
meatus (~Fig. 10D").

(3) Incision of intra-acoustic and intrajugular dura (= Fig. 10E, F).

(4) Unroofing of the jugular foramen (~Fig. 10E, F).

The terms of the surgical simulation in the presented model
were defined by three points: (1) technical skills of handling
arachnoid dissection of CPA nerves; (2) identification and
recognition of CPA nerves anatomy; and (3) intradural
drilling of the medial wall of the temporal bone.

Discussion

Importance of the Extensions of the Retrosigmoid
Approach

The retrosigmoid approach is a workhorse approach to
posterior fossa lesions. Performed with extensions based
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Fig. 9 Anatomic comparisons of the bony anatomy of the sheep and human. On the upper part of the drawing the bony structure of the
pyramidal bones—ovine (left) and human (right) from the medial perspective—are shown. The human internal acoustic canal is depicted with the
resected posterior lip. The spatial orientation of the four divisions of the internal acoustic meatus is shown in comparative manner. In the lower
part of the scheme the drawing of the spatial orientation of the labyrinths of the sheep (left) and the human (right) as they appear from the
retrosigmoid approach perspective are presented. Note the similarity of the spatial orientation of both ovine and human.

on intradural temporal bone drilling, it significantly widens
microsurgical routes to all levels of the posterior fossa as
well as the posterior wall of the cavernous sinus and
petroclival region. The selection of one of the extensions
depends on the objective of the approach.'® 22 The trans-
meatal approach, that requires the opening of the posterior
wall of the internal acoustic meatus, is utilized in most
cases of vestibular schwannoma with intrameatal
growth.?>31 For petroclival tumors, or those located ante-
rior to the vestibulocochlear nerve complex, the retrosig-
moid intradural suprameatal approach (RISA) is employed,
necessitating the resection of the upper wall of the internal
acoustic meatus.>>73® In case of tumors of the Meckel's cave
invading the medial cranial fossa, posterior intradural pe-
trous apexectomy provides access to the middle cranial
fossa from the posterior fossa, by resecting the petrous
apex.>*3° Inframeatal extension serves as an approach to
tumors of jugular foramen region and requires drilling the
jugular tubercle, intrajugular process, and medial side of the

pyramid apex.>’~#? Possibility of sparing facial nerve in
vestibular schwannoma surgery by opening the back wall
of the internal acoustic meatus makes transmeatal exten-
sion of the retrosigmoid approach an excellent alternative
to transpetrosal translabyrinthine approach and anterior
transpetrosal approach.*>~4° Being less invasive, performing
retrosigmoid approach may decrease intraoperative time,
being at the same time no less effective.

CPA is a complex anatomical region containing three
neurovascular complexes of cranial nerves and cerebellar
arteries. Drilling in a narrow space with neighborhood of
cranial nerves and brainstem requires perfect control of a
drill handpiece and the tip of rotating burr, tactile and
spatial perception of the interfaces between bones to be
drilled.

Drilling the posterior wall of the internal acoustic canal
has technical challenges and risks, such as damage of inner
ear structures such as the labyrinth, cochlea, facial nerve, and
endolymphatic duct. Numerous anatomic studies were
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Fig. 10 Principal steps and anatomical landmarks in perimeatal extensions of the retrosigmoid approach in sheep head model. (A) The posterior
view of the right cerebellopontine angle shows the trigeminal nerve directed anteriorly and superiorly, and the vestibulocochlear and facial
nerves, as well as the glossopharyngeal, vagus, and accessory nerves. The posterior wall of the internal acoustic meatus forms a rolling
prominence which extends downward to form the roof of the jugular foramen. (B) Magnified posterior view. The posterior wall of the internal
acoustic meatus, including the roof of the jugular foramen, is drilled away, the fundus of the meatus is exposed. The internal acoustic meatus is
divided into two compartments by the transverse crest. The superior and inferior vestibular nerves are clearly visible in this perspective.

(C) Posterior view to the left cerebellopontine angle, the dura over the internal auditory canal (IAC) is being incised to create a dural flap.
(C') Posterior view to the left cerebellopontine angle, the dural flap from the back wall of the IAC is removed. (D) Posteroinferior wall of

the IAC was removed. Superior and inferior vestibular nerves are demonstrated. (D) Posterosuperior wall of the IAC was removed. Superior vestibular
and facial nerves are demonstrated. (E) Inferior wall is removed demonstrating vestibular nerves. (E') Meckel's cave is demonstrated with the petrous apex
behind and the beginning of the free margin of the tentorium above it. (F) Inferior wall is removed connecting the jugular foramen and the internal acoustic

meatus. (F') The petrous apex is resected, tentorium separated from the petrous edge opening epidural route to middle fossa.

performed to make temporal bone drilling safer and surger-
ies more radical.*>~>?

One of the main obstacles on the way of introduction of
such techniques to routine practice of the majority of insti-
tutions is a lack of hands-on training on human cadaveric
models because of high costs and legal and cultural issues in
a row of countries.

The principal point of using human cadaveric models is
the possibility to get familiar with normal human anatomy
and this point is the only advantage in which animal models
fails to be more effective.

Advantages and Limitations
First of all, we need to clarify that the choice of the sheep
head was not based on any comparative analysis with other
animal models. We simply used the model that was most
readily available to us and are presenting our experience
with it as an additional low-cost biological model option.
Systematizing the differences and similarities that were
listed in the section “Results,” and speaking about the
anatomical comparisons in general, we need to make specific
assertions. The criteria for any comparison may be divided
into two groups: quantitative and qualitative. Quantitative
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characteristics of anatomical structures include size, volume,
shape, and angles between their axes. On the other hand,
qualitative characteristics encompass the presence or ab-
sence of specific structures, their numbers, entry and exit
points of nerves and vessels in bony openings, and their
topographical relationships with neighboring structures.

Quantitative comparison: (1) internal acoustic meatus is
more shallow and proportionally wider than one in human—
creates different angle of attack during posterior wall dril-
ling. (2) Facial nerve and the nerves of vestibulocochlear
complex are relatively thicker and much shorter—makes
them more vulnerable to avulsion from the brainstem,
thus requiring more delicate manipulations.

Qualitative comparison: (1) the jugular foramen does not
contain the jugular vein—that devoid the model of the impor-
tant skill of managing the jugular bulb in case of inframeatal
extension. (2) The carotid canal is located more parallel to the
clival axis, contains rete carotideo, but not a single arterial
trunk.

In cases of normal human anatomy, comparisons between
human specimens are predominantly quantitative. This
means that during cadaveric dissection, the trainee sees
more or less the same anatomical picture, with insignificant
differences. The same applies to anatomical atlases. Neuro-
surgeons become accustomed to the subtle variations in
normal anatomy, causing quantitative characteristics to
become qualitative in their perception. The surgeon learns
to recognize the structures by their typical size, shape, and
location and not by their relationships to other important
structures. For instance, the facial nerve may have a different
diameter, shape, and pass in different directions, but it will
never originate from anywhere else but pontomedullary
junction, and end in the upper inner quadrant of the internal
acoustic meatus. Significant changes in size, shape, or loca-
tion of the customary structure make it unrecognizable, and
may confuse the surgeon. This challenge is exactly what
occurs in case of pathologically distorted anatomy. The lesion
leads to qualitative changes, such as displacement, destruc-
tion, or deformation of adjacent structures due to tumor
growth or invasion. This may complicate the process of
orientation, and hinder correct decision making.

Training on an animal model challenges the trainee in the
same manner as pathologically altered anatomy. The potential
for confusion and misunderstanding during exercises involv-
ing anatomical discrepancies between human and sheep
anatomy mirrors the challenges faced in actual surgery due
to anatomical variations caused by pathology or normal
anatomical variants. Despite differences in the anatomical
locations of crucial structures, their order and spatial relation-
ships remain consistent with those in humans. Analyzing the
animal’s anatomy prepares a trainee to resolve these practical
challenges and makes the thinking flexible and analytical.

The interfaces between tissues with different densities,
elasticities, and structures with complex geometrical shapes
cannot be imitated in synthetic or virtual models better than in
biological cadaveric material. Therefore, using real cadaveric
material, even though animal, in training offers superior tactile
feedback to trainees. This allows to expect higher efficiency of

Korotkov et al.

the training for the identification and dissection of structures
such as the dural folds and sheaths, cranial nerves of the CPA,
internal acoustic meatus anatomy with its compartments, and
proximity to the labyrinth and cochlea.

The low costs of the animal cadaveric training model also
makes it accessible, in low-income countries, and raises
fewer ethical and cultural concerns compared to training
with human cadavers.

The tactile experience received on the animal model
remains similar to human cadaver, and the visually different
anatomy of other species requires deep analysis of the general
anatomical principal to which both human and animal obey.
This analytical skill is very useful when the surgeon who
studied human anatomy on normal specimen meets the anat-
omy in the surgical room. Being sometimes variative or dis-
torted by pathology, even human anatomy in actual surgery
may be hardly recognizable if one relies on visual recognition
but not on systemic analytical judgment of the anatomy. As
have been told above, the same laws govern the arrangement
and relationships between the vital structures as well as in
human and animal also as in normal and pathologically dis-
torted anatomy in the human. The skill of structuralized
anatomical analysis is an extremely useful skill to be confident
in actual procedure.

Conclusion

The presented cadaveric sheep head model for the extended
retrosigmoid approach may serve as a cost-effective alterna-
tive to human cadaveric temporal bone, in regard of polish-
ing of manual skill and gaining tactile experience in acoustic
meatotomy and orientation in CPA anatomy. Although the
model has poor anatomical similarity to humans in terms of
quantitative comparison of neurovascular and osseous struc-
tures, hence cannot be considered a tool for learning human
anatomy. However, qualitative similarity between human
and sheep makes it a valuable tool for training the capacity
for deep structured anatomical analysis. It is essential to
emphasize that this study does not aim to oppose the sheep
model to the human cadaveric model or to assert the
similarity between human and ovine anatomy. Instead, the
anatomical analysis presented in this study provides a con-
cise guide for trainees, focusing on the practical aspects of
surgical training rather than anatomical similarity. Sheep
head model serves as an appropriate tool in mastering
intradural drilling of the inner side of the petrous bone.
Such technical difficulties as drilling in deep narrow space,
orientation in CPA using cranial nerves osseous landmarks,
and bone drilling without injuring of neurovascular struc-
tures may be successfully simulated on the presented model.
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