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Using cadaveric sheep head models for transnasal transsphenoidal pituitary
surgery training in neurosurgery

Pituitary surgery training with sheep head model
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Abstract

Aim: Skull base training in neurosurgery is challenging due to difficult anatomical variations in brain tissue, adjacent vascular structures, and cranial nerves. The
aim of our study was to develop a cadaveric sheep head model simulating transnasal transsphenoidal pituitary surgery for neurosurgery residents to receive
basic anatomical training and develop the necessary neurosurgical skills.

Materials and Methods: The material consists of veterinary-controlled sheep heads with the scalp removed from a local butcher.

Results: The skull was placed in a neutral position. The inferior turbinate was lateralized. The nasal septum was found, and preparation was made for the flap.
The nasoseptal flap was overturned. The sphenoid sinus was drilled with a hand drill. After identifying the anatomical landmarks, the sella floor was opened,
and the sella dura was reached. In the final stage, the surgical field was closed with a nasoseptal flap.

Discussion: The use of cadaveric sheep head models in the study, even though it is not a model with a blood supply, increases familiarity with the stages of
surgery and mimics the endoscope maneuvers appropriate to the stages, suggesting that it will help to pass the learning steps in real surgery more quickly
and safely.
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Introduction

There is a growing need for laboratory training models in
neurosurgery to help residents develop surgical skills and
reinforce their knowledge before transitioning to clinical
practice [1]. Several models have been developed to provide
residents with experience in microsurgical and endoscopic
procedures. Most of these models utilize cadaveric or animal-
derived tissues, or synthetic materials [2]. The sheep skull
model serves as a viable alternative to human cadavers.
Sheep models have been extensively employed across multiple
surgical training applications, such as anterior clinoidectomy
[3], endoscopic cordotomy [4], retrosigmoid approach
extensions [5], and posterior fossa microneurosurgical
approaches [6]. This model offers several advantages: the
internal nasal structure of sheep is similar to that of humans,
allowing residents to handle fresh organic tissue, perform
microsurgical and endoscopic interventions, and practice
using microneurosurgical instruments and endoscopic tools in
a three-dimensional surgical field that simulates real surgery
[7]. Additional benefits include its low cost, easy availability,
and the absence of a need for specialized facilities or live
animal anesthesia. Furthermore, this model does not require
ethical approval. However, a significant limitation is the lack
of a blood supply, which is present in living tissue. Additionally,
there is a theoretical risk of exposure to slow viruses, such
as those causing mad cow disease, when using sheep heads
[8]. To mitigate this risk, it is recommended that the heads
be sourced from known, veterinary-controlled animals, and all
sterilization protocols must be strictly followed. The cadaveric
sheep model is specifically designed for laboratory training,
enabling neurosurgery residents to familiarize themselves with
endoscopic hypophysectomy procedures.

This study was conducted using a transnasal approach. The aim
of this study is to evaluate the effectiveness of the cadaveric
sheep head model in training for endoscopic hypophysectomy,
a complex neurosurgical procedure that involves delicate
manipulations during transsphenoidal pituitary surgery.

Materials and Methods

All experimental procedures were conducted in the Experimental
Animal Research Laboratory of Ankara Education and Research
Hospital. The study material consisted of 5 scalped sheep heads
obtained from a local butcher (US$ 4.00/each). After collection,
the head was stored in a refrigerator at 4°C for six hours.
Surgical Steps

The sheep skulls were positioned anteriorly, and after nasal
irrigation, endoscopic examination revealed the bipartite
inferior turbinate. The nasoseptal flap was elevated to access
the sphenoid sinus, where drilling exposed the anterior wall. The
sella turcica floor was then opened, and the dura was visualized
before final closure with the nasoseptal flap, mirroring human
skull base techniques.

Ethical Approval

This study was approved by the Ethics Committee of Ankara
Education and Research Hospital Animal Experiments (Date:
2024-11-01, No: 799).

Results

The sheep skulls were positioned in a neutral orientation facing
the operator (Figure 1a), and the nasal cavities were irrigated
with saline solution. A Stryker-brand endoscope was used for
the procedure (Figure 1b). Unlike humans, the inferior turbinate
in sheep is divided into two parts. The primary inferior turbinate
and middle turbinate were visualized through lateralization
(Figure 2a). Next, the nasoseptal flap was reflected (Figure

Figure1. a) Skullpositionedinaneutral orientation, b) Endoscopy
device used during the procedure

Figure 2. a) Visualization of the inferior turbinate following
endoscope lateralization, b) Preparation of the nasoseptal
flap; the arrow indicates the nasoseptal flap, c) Drilling of the
sphenoid sinus

Figure 3. a) Use of an extended hand drill, b) Exposure of the
sella dura; the arrow indicates the dura mater
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2b). A middle turbinate dissector was used to lateralize the
turbinate, and the anterior surface of the sphenoid sinus was
accessed. The anterior wall of the sphenoid sinus was then
drilled using an extended hand drill (Figures 2c and 3a). After
identifying the anatomical landmarks, the floor of the sella
turcica was opened, and the sella dura was exposed using a
Kerrison rongeur (Figure 3b). Finally, the surgical field was
closed using the nasoseptal flap.

Discussion

Skull base training in neurosurgery is particularly challenging
due to the intricate anatomical variations in brain tissue,
adjacent vascular structures, and cranial nerves [9]. The
complexity of this region demands extensive knowledge and
technical expertise. As one of the most technically demanding
areas in neurosurgery, detailed and intensive training is
essential to develop the skills required for safe and effective
surgical approaches [10]. Training neurosurgery residents in
a controlled laboratory environment is crucial for maintaining
the competence of experienced surgeons [11,12]. Such training
allows residents to practice critical techniques, including
microsurgical manipulation, tissue dissection, and fine motor
skills under microscope magnification, providing essential
preparation for real-life surgical procedures in the operating
room [13,14].

In neurosurgery, repetitive practice is vital for the development
of surgical skills [15]. Microsurgical proficiency is achieved
by mastering the fine manual dexterity required for delicate
procedures on small and complex structures [16,17]. Tactile
sensitivity, which involves distinguishing tissue types by
touch during dissection, is essential for minimizing damage
to surrounding structures [18,19]. Familiarity with microscope
maghnification is also critical for enhancing surgical safety and
precision. Residents must develop confidence in working with
limited visibility through the microscope [20].

Human cadavers are typically used in laboratory training to
closely simulate the surgical environment. Cadaveric models
provide realistic tactile feedback and allow residents to
work with critical anatomical structures using microsurgical
instruments on real biological tissue [1,21]. However, these
models are expensive, making them inaccessible in many
regions, and their use may be limited by cultural or ethical
restrictions [22,23]. While there are anatomical differences
between humans and small animals, sheep cadaver models
offer similar tactile feedback, particularly during bone drilling
and dural dissection. Moreover, sheep cadavers are a practical
and cost-effective option for training in developing countries,
as they are affordable, ethically acceptable, and culturally
permissible in settings where human cadavers are unavailable
[4,7].

The use of animal models offers several advantages. First,
they are significantly more economical than human cadavers.
Although there are visual differences, the anatomical landmarks
in sheep are comparable to human structures, enabling trainees
to study anatomical relationships and adapt to variations
encountered in human surgery [3].

This study presents the first documented use of a sheep head

model for training in endoscopic transnasal transsphenoidal
pituitary surgery. While prior research has examined anterior
fossa anatomy in sheep models, our described techniques
represent a novel contribution to the literature. Our findings
demonstrate close anatomical parallels between sheep and
human nasal and sphenoid structures. Furthermore, sheep
heads prove to be a more economical alternative to human
cadavers for neurosurgical training purposes. The study also
revealed that pituitary region anatomy in sheep shows no
substantial differences from human anatomy.

Limitations

Since this is a cadaveric model, it does not simulate blood
flow. The inability to preserve the cavernous sinus—a
major limitation—increases the risk of carotid artery injury,
representing a key area for improvement. Additionally, sheep
cranial anatomy does not perfectly mirror human anatomy,
further limiting the model’s applicability. Sourcing specimens

from non-certified suppliers also raises concerns about

potential slow virus transmission.

Conclusion

In conclusion, the fresh cadaveric sheep head model is a
valuable tool for training neurosurgery residents in transnasal
transsphenoidal hypophysectomy. It provides an effective
method for familiarizing trainees with the basic steps of the
procedure and simulates real-life surgical conditions. However,
training on sheep cadavers should not replace other forms of
anatomical training; rather, it should serve as a complementary
model, particularly for beginners.
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