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Microsurgical training model for residents to 
approach to the orbit and the optic nerve in fresh 
cadaveric sheep cranium

Introduction

As surgical specialties, neurosurgery and ophthalmology 
require the development of dexterity and skills for a 
variety of surgical procedures. In delicate organs such 
as the central nervous system and eye, the surgeon’s 
individual skills play a crucial role in determining 
patients’ outcome. Hence, the emphasis has been placed 
on laboratory training, preparing surgical trainees for the 
operating room experience.[1] Laboratory training models 
are indispensable for improving and purifying surgical 
skills before clinical application of microsurgery.[2] 
Education and training in microsurgical techniques have 
historically relied on the use of live animal models. 
However, increasing sensitivity toward the ethical aspects 

of scientific research demands a significant reduction in 
the numbers of live animals used in surgical and academic 
education.[2‑8] Many articles are reporting on the use of 
alternatives to live animals in microsurgical training.[2‑13]

We propose a simple fresh sheep cranium model for orbita 
and optic nerve microsurgical training. The fresh sheep 
cranium material has been previously described as a useful 
model to learn microneurosurgical skills[2‑4,11,14] and we have 
applied the same model in the current study.

Materials and Methods

The model presented in this report is one step of a 
basic microneurosurgery training program that was 
used in the Microneurosurgery Laboratory at Trakya 
University’s Department of Neurosurgery. Second‑ to 
fifth‑year residents regularly have to complete this basic 
laboratory training for microsurgery.

The material for the model was obtained from a local 
butcher under official veterinary control and consisted 
of a one‑year‑old fresh sheep cranium with the scalp 
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removed. The material was kept in the refrigerator at 
4°C for the next 6 hours.

The cranium was positioned in the neutral vertical 
plane. The frontal and periorbital periosteum were 
removed bilaterally. Superior and lateral orbital border 
with supraorbital notch and supraorbital nerve were 
exposed [Figure 1]. The microneurosurgical training was 
started under magnifications (×6 to ×10) of the operating 
microscope (OpMi 99 Zeiss Inc., Oberkocken, Germany). 
Bipolar forceps, an arachnoid knife, microscissors, and a 
suction tube were used for intraorbital and intracranial 
dissection. All surgical procedures, with the exception 
of craniotomies, were performed under operating 
microscope. Photographs were taken with a digital 
camera (Nikon Coolpix 4500, Japan) from the microscope 
eyepiece. Two microsurgical parts were designed to 
approach structures of the orbit. Part 1 consisted of a 
2‑step approach to dissect intraorbital structures, and 
Part 2 consisted of a 3‑step approach to dissect the optic 
nerve intracranially.

Results

The model simulates standard microsurgical techniques 
using a variety of approaches to neural structures in and 
around the orbit.

Part 1 simulates the superior orbitotomy approach and 
microdissection of the intraorbital anatomic structures. 
The first step consists of subperiostal dissection of the 
periorbita and bony removal of the superior orbital 
border and roof by rongeur [Figure 2a]. The second 
step consists of microsurgical identification and gentle 
dissection of the retroocular anatomic structures in 
the orbital fatty tissue and approaches of the orbital 
apex [Figure 2b].

The simulation of the superior orbitotomy approach was 
performed using the same microsurgical maneuvers and 
manipulations, alike fatty tissue dissection of the orbit 
and differentiation of the normal anatomic structures.

Part 2 simulates the frontal intracranial approach to the 
optic nerve and optic canal. One burr hole is placed 3 cm 
to the midline and 3 cm to the superior orbital border 
after identifying the supraorbital nerve and removing 
the periosteum. The frontal bone was removed using 
Rongeurs to make a 3 × 3 cm craniectomy to simulate 
the standard frontal craniotomy. The dura overlying the 
frontal (rostral) lobe is opened in a semicircular fashion, 
simulating the standard frontal approach in the human 
brain (first step) [Figure 3a].

Figure 1: Exposed superior and lateral orbital border with supraorbital 
notch and supraorbital nerve 

Figure 3: (a) Following the craniectomy to simulate the standard frontal 
craniotomy and dura was opened in a semicircular fashion. This way 
it is possible to simulate the standard frontal approach in the human 
brain (b) The next step is identification and microsurgical dissection of 
the optic nerve. The filled arteries in Sylvian dissection step allows to 
feel a real surgery experience for inexperienced neurosurgery residents 
(c) At the end of the dissection, the last step is the opening of optic 
canal and exposure of the optic nerve within the canal

c
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Figure 2: (a) First step of the dissection consisting of subperiostal 
dissection of the periorbita and bony removal of the superior orbital 
border and roof by rongeur (b) Microsurgical identification and 
dissection of the retroocular anatomic structures in the orbital fatty 
tissue in order to approach the orbital apex

ba
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The second step consists of identification and 
microsurgical dissection of the optic nerve [Figure 3b]. 
The exposed brain was human‑like: The arteries were 
light red, the veins were dark red and filled, and a clear 
fluid simulated the release of cerebrospinal fluid when 
the arachnoid was opened. The sylvian fissure was 
splitted, followed to the carotid and basal cisterns, and 
dissected the optic nerve in the anterior skull base.

The third step consists of opening the optic canal and 
exposing the optic nerve [Figure 3c]. Kerrison rongeur 
or high‑speed drill was used for opening and unroofing 
the optic canal.

Discussion

Historically, learning, invention, and development in 
microsurgery started with the human subject, moved 
toward the animal subject, then synthetic models. In 
today’s world, surgical residents need to start in the 
laboratory and work their way up to human subjects, 
focusing on exercises that closely mimic the real‑life 
situation in order to facilitate skills transfer.[13]

Practicing surgical skills and gaining experience with 
microsurgical procedures on several models such 
as laboratory animals, human and animal cadavers, 
and synthetic materials before exposure to patients is 
useful.[2‑4] These training methods help surgeons learn 
basic microneurosurgery skills.[1,3,6‑8,11,13,15]

The best way to maintain surgical skills and consistent 
ability is to routinely perform procedures. Surgeons who 
are not routinely presented with such clinical experiences 
must regularly repeat correct rehearsals in order to 
maintain or improve their skills.[1,13] Books, lectures, 
videotapes, and the assistance of experienced surgeons 
facilitate the development of cognitive and perceptual 
skills, but motor skills can be developed and maintained 
only with regular practice.[7,8,15]

The authors present a training model in sheep cranium 
that allows residents in neurosurgery and ophthalmology 
to practice the superior orbitotomy and frontal craniotomy 
procedure used in the surgical approach of various 
orbit pathology. The model comprises a two‑part, 
five‑step approach: Intraorbital (Part 1) and intracranial 
dissection (Part 2); superior orbitotomy approach; 
subperiostal dissection of the periorbita and bony 
removal of the superior orbital border and roof; dissection 
of the retroocular anatomic structures; approaches of 
the orbital apex, frontal craniotomy, dissection of the 
optic nerve and opening the optic canal. We recommend 
that trainees attempt this model before working with 

live animals.[2‑4,11,14] This model will surely facilitate 
the development and maintenance of surgical skills. 
The major advantage of this new training system is the 
possibility of learning to manipulate biological material 
that is very easily procured at a low cost. Sheep cranium 
is an ideal material because it is inexpensive, convenient 
to manage and easy to obtain; furthermore, it is a biologic 
human‑like material, and neither specific facilities to 
maintain live animals nor anesthesia is needed.[2‑4,7,11] 
However, sheep may not be found very often in some 
parts of the world, as a result the general costs of this 
model may be increased. In that case, other animal 
models can be used in that particular areas. Generally, 
the abovementioned advantages remain true for fresh 
cadaveric animal models. The rationale behind the use 
of animal models is not because they mimick the human 
anatomy exactly, but they create a real‑life surgical 
training opportunity for inexperienced residents.

The main disadvantage related to the presented model 
is the absence of bleeding, as it is in any of the cadaveric 
animal models.[4] One should note that real‑life surgery 
contains a risk of bleeding and the ability to deal with 
hemostasis is essential for any kind of surgery. Lack of 
bleeding results in limitations in the practice of hemostasis. 
Also the surgical material is different than in real‑life 
surgery, although it is a fresh cadaveric sheep cranium. 
The surgical “feeling” through the microinstruments, 
as well as tissue handling may be different. Live 
animal models may be a good complementary training 
alongside our suggested model, which resemble more 
to the real‑life surgery by the means of bleeding, tissue 
handling and tissue preservation. Although the medical 
risk of contracting animal diseases, such as transmissible 
spongiform encephalopathie (scrapie), is low in younger 
sheep, precautions need to be taken.[3,16] The specimen 
should be provided from a known source and from 
animals under veterinary control. We also recommend 
that surgical instruments used in the study should not 
be used in human subjects and all sterilization measures 
should be absolutely strict.[16]

The sheep brain and orbit are similar to that of the human 
with some differences. For instance, the volume of a 
sheep orbit is slightly more than half that of a human 
orbit, and the topographic anatomy of the orbit of the 
sheep cranium is different from that of the human 
orbit.[17] The cadaveric sheep cranium model presented 
here is intended only for laboratory training. Ours is 
not an anatomic study of the sheep brain or orbit in the 
context of veterinary medicine; therefore, except for the 
microsurgical similarities to corresponding structures of 
the human orbit and brain, other definitions, locations 
and variations of anatomic structures mentioned in this 
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article are not the subject of the training model and are 
beyond the scope of this study.

Acquiring microsurgical skills is essential for 
neurosurgeons and physicians from several other 
disciplines like ophthalmology, otorhinolaryngology, 
plastic surgery etc., Recent studies have shown that 
programs focusing on early microsurgical training of 
physicians might result in early and better acquisition 
of the proper microsurgical technique.[18,19] Studies by 
Scholz et al.[18] and Mücke et al.[19] are focused on the 
effects of the participants age, who have completed a 
standard microsurgical training program. Participants of 
younger age or medical students showed better results 
compared to older individuals or surgeons, by the means 
of microinstrument handling, tissue handling, time 
management and theoretical knowledge. However our 
microsurgical model is planned for the training of second 
to fifth year residents. As indicated in several other 
publications microsurgical courses or training programs 
aiming to train younger individuals, for example during 
medical school education or before the acceptance to the 
residency program may be more useful.

This model can also be used for training in eye 
microsurgery. However, our aim is to familiarize junior 
residents of neurosurgery and ophthalmology with the 
basic techniques of microsurgery in dissecting major 
anatomic structures in and around the orbit under an 
operating microscope. For this reason, this training 
model should not be exchanged for other training, 
especially on live animal models, but should serve only 
as a supplementary training model in microsurgery for 
beginners.[2‑4,11,14,15]

Conclusions

Advantages of using this model over traditional training 
techniques are ease of use, reproducibility, minimal 
cost, easy access to the materials; most importantly, this 
model allows surgeons to practice microsurgery outside 
of the operating room.[2,11,14] We would argue that use 
of this model is helpful to improve microsurgical 
techniques and reduce time taken to perform basic 
microsurgical maneuvers, factors that will lead to 
greater success when performing microsurgery on 
patients.
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