
8 www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Neurologia i Neurochirurgia Polska
Polish Journal of Neurology and Neurosurgery

2019, Volume 53, no. 1, pages: 8–17
DOI: 10.5603/PJNNS.a2019.0001

Copyright © 2019 Polish Neurological Society 
ISSN 0028–3843

REVIEW ARTICLE

Address for correspondence: Cezar Octavian Morosanu, Deparment of Neurosurgery Southmead Hospital, Bristol,  
e-mail: cezaroctavian.morosanu@yahoo.com

Neurosurgical cadaveric and in vivo large animal training  
models for cranial and spinal approaches and techniques  

— a systematic review of the current literature

Cezar Octavian Morosanu1, Liviu Nicolae1, Remus Moldovan2,  
Alexandru Stefan Farcasanu3, Gabriela Adriana Filip2, Ioan Stefan Florian4

1Department of Neurosurgery, Southmead Hospital, North Bristol NHS Trust, Bristol, UK 
2Department of Physiology, Iuliu Hatieganu University of Medicine and Pharmacy, Romania 

3Faculty of Physics, Babes-Bolyai University, Cluj-Napoca, Romania 
4Department of Neurosurgery, Iuliu Hatieganu University of Medicine and Pharmacy, Romania

ABSTRACT
Introduction. Due to its high complexity, neurosurgery consists of a demanding learning curve that requires intense training 
and a deep knowledge of neuroanatomy. Microsurgical skill development can be achieved through various models of simula-
tion, but as human cadaveric models are not always accessible, cadaveric animal models can provide a reliable environment in 
which to enhance the acquisition of surgical dexterity. The aim of this review was to analyse the current role of animal brains in 
laboratory training and to assess their correspondence to the procedures performed in humans.

Material and methods. A Pubmed literature search was performed to identify all the articles concerning training cranial and 
spinal techniques on large animal heads. The search terms were ‘training model’, and ‘neurosurgery’ in association with ‘animal’, 
‘sheep’, ‘cow’, and ‘swine’. The exclusion criteria were articles that were on human brains, experimental fundamental research, 
or on virtual simulators.

Results. The search retrieved 119 articles, of which 25 were relevant to the purpose of this review. Owing to their similar neuro-
anatomy, bovine, porcine and ovine models prove to be reliable structures in simulating neurosurgical procedures. On bovine 
skulls, an interhemispheric transcalosal and retrosigmoid approach along with different approaches to the Circle of Willis can be 
recreated. Ovine model procedures have varied from lumbar discectomies on sheep spines to craniosynostosis surgery, whereas 
in ex vivo swine models, cadaveric dissections of lateral sulcus, median and posterior fossa have been achieved.

Conclusions. Laboratory training models enhance surgical advancements by familiarising trainee surgeons with  certain neu-
roanatomical structures and promoting  greater surgical dexterity. The accessibility of animal brains allows trainee surgeons to 
exercise techniques outside the operating theatre, thus optimising outcomes in human surgical procedures.
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Introduction

Neurosurgery, through its various approaches and tech-
niques, requires a refinement of surgical skills that can only 

be achieved through continuous practice. Consequently, the 
necessity for training structures is essential in the understan-
ding of the anatomical background on which surgical steps are 
constituted. Cadaveric human heads have the disadvantage of 
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being inaccessible to every institution due to ethical conside-
rations. However, animal models are characterised by a high 
feasibility in cost-efficient reproducibility. Consistent practice 
pays large dividends in the operating theatre. 

Education in medical training in the past decade has un-
dergone various metamorphoses, reaching a point where vir-
tual reality can be accessed to train surgical gestures. But the 
value of biologic material is irreplaceable since it is the only 
one which provides genuine hands-on training on a texture 
that is similar to human tissue. Ruminant and porcine models 
have been successfully used to recreate operations of high 
fidelity in the neurosurgical field. In a comparative study, 
Sidhu et al. [1] revealed that training on biological tissues was 
more efficient for gaining fine motor skills than on synthetic 
devices. Furthermore, certain studies have acknowledged the 
deficit in educating surgical skills in certain areas. For instan-
ce, Boszczyk et al. looked into the competence of European 
neurosurgical trainees in spine surgery, and drew attention 
to confidence issues in the management of spinal trauma and 
various approaches. In any domain requiring dexterity, it is 
vital for novices to practice basic techniques in order to train 
their striatum/cerebellar based functions [2]. 

The rationale behind our review was to answer the qu-
estion as to whether cadaveric animal models play a role in 
the cerebral and spinal surgical learning curve. In order to 
understand the current knowledge about training models, the 
aim was to gather all the information available in the literature 
to establish the current status of neurosurgical simulation in 
cadaveric animal brains. The hypothesis was that animal mo-
dels have a high impact on trainee activity and development 
and are an adequate replacement for human cadavers. This 
would give them a potential role in the curricula of trainees.

Material and methods

Our review was structured with the PRIMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) 
methodology [3] and comprises an analysis of the past 15 ye-
ars on articles referring to training techniques on cadaveric 
animal cephalic extremities or spines. The search terms were 
a combination of ‘training model’ and ‘neurosurgery’ with 
‘animal’ OR ‘sheep’ OR ‘cow’ OR ‘swine’. 

Eligibility criteria
Only manuscripts that were articles in English were taken 

into consideration. Inclusion criteria were the description of 
cranial and spinal procedures that were simulated on ex vivo 
and in vivo material that had been obtained from veterinary-
-controlled facilities. All studies that evaluated live surgery 
in fundamental research, biomechanical experiments on 
nonliving tissues, case reports, veterinary studies or any other 
article that described procedures with any purpose other than 
surgical training were excluded. Furthermore, anatomical 
research was not relevant to the purpose of this review.

Literature search
Comprehensive literature searches were performed on 

Pubmed and Google Scholar, using a timeframe from 2003 to 
2018 and the results were imported to EndNote X5. 

Study selection 
The criteria for study selection focused on the set of 

techniques. Abstracts and in extenso papers were verified 
for information regarding any method of training with the 
primary target of improving surgical procedures.

There were certain exclusion criteria taken into conside-
ration such as the publication of abstracts only, letters, com-
ments, reviews, or meta-analyses; animal studies; languages 
other than English; duplicate studies; veterinary purposes; 
aspects related to comparative anatomy, artificial material or 
virtual reality or human cadaveric training models. Further-
more, any other training model in a non-neurosurgical field 
such as otology or rhinology was excluded. After removing 
excluded abstracts, full articles were obtained and studies 
were screened once again more thoroughly, using the same 
exclusion criteria (Fig. 1).

Data collection process and data items
The analysis was undertaken by two reviewers inde-

pendently (COM and LN) and any discrepancy was solved 
through a consensus. Data regarding the year of the study, the 
name of the first author, the type of animal model used, and 
the procedure used for training were collected.

The literature search revealed 119 articles of interest, of 
which 25 were deemed suitable for inclusion (Tab. 1). 

Results

The search retrieved 119 articles, 25 of which were in 
accordance with our criteria. There appears to be an increased 
interest in ovine heads generating accurate models, both for 
spinal and cranial procedures. Bovine heads, both injected 
with silicone and fresh from butchery, carry the advantage of 
having large anatomical elements that have greater visibility 
under the microscope. The only in vivo model was a porcine 
head used to assess competency in bone drilling, dissecting 
the brain and preserving cerebral vessels under microscopic 
magnification. 

Ovine models
Due to their particular anatomy and size, sheep (Ovis 

aries) have been used as experimental large animal models 
in a multitude of specialities in biomedical research varying 
from orthopedics for biomaterial implants [4] to cardiova-
scular surgery [5]. In terms of neuroanatomical similarities, 
sheep exhibits many resemblances to the human regarding 
electroencephalographic elements [6], neuroradiological fea-
tures [7] (Fig. 2, Fig. 3), functional imaging [8], neurovascular 
structure [9] as well as sleep homeostasis [10], making it an 
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excellent specimen in translational neuroscience. Cadaveric 
sheep brains (Fig. 4) provide very accurate teaching material 
for mammalian cerebral anatomy and are highly accessible to 
everyone to learn the homologous neural structures through 
careful dissection [11]. Several neurosurgical techniques have 
been attempted to enhance knowledge and familiarity with 
certain cranial approaches. Hamamcioglu et al. (2008) de-
scribed a four-step laboratory dissection under the operating 
microscope of cranial nerves in the posterior fossa. Positioned 
in the lateral side, a 3x3 cm craniectomy was performed in 
the ovine skull in the right paramedian suboccipital bone. 
Access to the cerebellomedulary cistern and cerebellopontine 
angle was done through the retraction of the right cerebellar 
lobe medially. This permits the dissection of the right cranial 
nerves and nerves VII to IV. This step was followed by the 
opening of the right lateral cerebellomedullary cistern with 
an arachnoid knife and a pair of microscissors and dissection 
of the lower cranial nerves IX to XII using appropriate instru-
ments such as bipolar forceps and suction tube. Identification 
of the right cerebellopontine angle and cranial nerves V, VII 
and VIII. The last step has the potential of training in the 
field of trigeminal decompression identifying the necessary 
elements and placing a small piece of plastic sheet between 
the trigeminal nerve and the vessel [12].

Another ovine cranial approach is the one focusing on 
orbital surgery simulation proposed by Altunrende et al. 

[13] that could prove an effective manner of training both for 
neurosurgeons as well as for ophthalmologists. The superior 
orbitotomy approach and the frontal intracranial approach 
have been described and divided into different surgical 
steps. The orbitotomy starts with a subperiostal periorbital 
dissection aiming to remove the superior orbital margin and 
roof, which allows access to the retroocular structures, with 
a rongeur. The second procedure permits the visualisation 
of the optic nerve and the optic canal through a 3x3 cm 
craniectomy in the frontal bone. After opening the dura in 
a semicircular manner, the dissection of the sylvian fissure, 
carotid and basal cisterns and the optic nerve in the anterior 
skull base can be performed. The optic canal was unroofed 
using a rongeur, and the optic nerve was exposed. Although 
the topographic anatomy and the size of the ovine orbit are 
different in certain aspects, the model can be easily used to 
aid training in orbital surgery. 

In the field of paediatric neurosurgery, training in the 
area of craniosynostosis can be very useful in familiarizing 
the surgical trainee in the operative steps, the thickness of 
the calvarial and facial bone being similar to that found in 
paediatric patients. The craniofacial procedure was designed in 
three steps and can be used to understand the surgical options 
in cases of anterior plagiocephaly, trigonocephaly, and brachy-
cephaly. After performing the subperiosteal and subperiorbi-
tal dissection, the bifrontal craniotomy is commenced. The 
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Figure 1. PRISMA 2009 Flow Diagram. From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement
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Table 1. Literature focused on specified animal anatomical regions

Year Author Cadaveric model Organ Procedure

2003 Borucki et al. Pig Brain Endoscopy in the cerebellopontine angle

2005 Kalayci et al. Sheep Spine Lumbar discectomy

2006 Hicdonmez et al. Cow Brain Approach to the Circle of Willis

2006 Hicdonmez et al. Sheep Brain Craniosynostosis surgery 

2006 Hamamcioglu et al. Cow Brain Interhemispheric-transcallosal approach

2008 Hamamcioglu et al. Sheep Brain Posterior fossa and cranial nerves dissection

2009 Walker et al. Deer Spine/Skull Minimally invasive spinal surgery/Calvarium drilling

2011 Olabe et al. Pig Brain Aneurysm surgery

2011 Anderson et al. Calf Spine Dural repair

2012 Suslu et al. Sheep Spine Pedicle screw fixation

2012 Suslu et al. Sheep Spine Transforaminal epidural injection

2013 Suslu et al. Cow Brain Retrosigmoid approach

2014 Suslu et al. Sheep Spine Lumbar microdiscectomy

2014 Aurich et al. Pig Brain Various cortical dissections

2014 Altunrende et al. Sheep Brain Orbital and optic nerve dissection

2014 Silva et al. Pig Brain Skull base endoscopy and microsurgery

2014 Vavruska Sheep Brain Intraoperative brain ultrasound

2015 Kamp et al. Sheep Brain Tumour dissection

2015 Smith et al. Sheep Spine Perfused spine dissections

2015 Regelsberger et al. Pig Brain In vivo sulcal, transcortical dissection

2016 Gragnaniello et al. Sheep Spine Spinal mass

2017 Cuellar et al. Pig Spine Endoscopic interlaminar discectomy

2018 Gokyar et al. Cow Brain Bilateral sylvian cisterns, interhemispheric fissure,  
and hemispheric sulcus dissection

2018 Hanrahan et al. Pig Brain Dura mater suturing

2018 Hanrahan et al. Pig Brain Intracranial bolt insertion

supraorbital bar is separated from the dura and osteotomies 
aid in its separation from the orbital roof and nasal midline. 
The last step implies the reconstruction of the forehead. This 
is done with appropriate fixation from plates and screws and 
involves advancing the supraorbital bar and positioning it in 

the proper anatomy [14]. Compared to virtual simulators [15], 
the model is cheaper, easy to manouevre, and does not require 
any complex technological instrumentation. It should be noted 
that despite the fact that human cadaveric models are much 
more suitable for training, there has not yet been described 

Figure 2. MRI 3D reconstruction of a sheep brain – superior view Figure 3. MRI 3D reconstruction of a sheep brain – lateral view



12

Neurologia i Neurochirurgia Polska 2019, vol. 53, no. 1

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

a model in the literature that can achieve the development of 
surgical skills on a paediatric skull. 

There have also been attempts to determine a model suitab-
le for neuro-oncological training, to enhance surgical dexterity 
in handling cerebral tissue and distinguishing it from abnormal 
anatomy. Thus, Kamp et al. (2015) recreated cerebral masses 
in cadaveric sheep brains using an agar-agar and ink solution 
that was injected subcortically through an 18 gauge needle. 
With proper instrumentation such as a surgical microscope, 
an ultrasound device and a CUSA (ultrasonic tissue ablation 
system), a corticotomy and gyrus dissection were performed 
in order to reach the targeted tumour. Although it is an in 
vitro design, it can assist us greatly in our understanding of 
the preservation of eloquent areas in oncological surgery. 
The model was assessed by two senior neurosurgeons, five 
phycians and ten medical students, receiving good and very 
good overall feedback [16]. A collection of procedures that 
could prove to be highly useful in the laboratory was also 
designed by Sabel M. [17]. These include basic principles 
of planning a procedure, craniotomy skills using a coconut, 
familiarisation with the microscopic field where sutures can 
be enhanced on chicken wings, subpial resection and tumour 
resection on a synthetic model. To aid certain approaches to 
such a pathology, intraoperative ultrasound is frequently used 
to assess the position of the tumour. Training in this regard 
has been explored by Vavruska et al. [18], who evaluated the 
sheep brain with a transducer and identified similar structures 
to the human brain. 

In terms of spinal surgery, lumbar discectomy was experi-
mented by Kalayci et al. [19] and a model of lumbar microdi-
scectomy was proposed by Suslu et al. (2014) on ovine spines 
under fluoroscopic guidance. Sheep lumbar intervertebral 
discs have proven to have similar levels of water content, 
collagen percentage and fibre orientation to those in human, 
collagen percentage and fibre orientation angles to their human 
counterparts [20]. In Suslu’s study, exposure of the lumbar 
spine was carried out through an incision in the median fascia 
and dissection of the paravertebral muscles from the lamina 
in a subperiosteal plane. Using the operating microscope, the 
microdiscectomy was carried out through a partial hemila-
minectomy, preserving the epidural fat and the ligamentum 
flavum. The ligament was dissected away from the dura and 
eventually removed laterally to visualise the nerve root and the 
pedicle. The posterior longitudinal ligament was afterwards 
incised after retracting the thecal sac with the nerve roots and 
the disc was removed [21]. 

In addition, the same author performed two other spinal 
procedures on sheep spines, namely a percutaneous lumbar 
transforaminal epidural injection [22], and a laboratory pedi-
cular screw fixation [23]. The epidural injection is a procedure 
through which a steroid is injected into the intervertebral 
foramen, and it is used for lumbar disc pathology with intense 
pain. It requires a good understanding of the anatomy of the 
region, and a cadaveric model can provide the resources to 
identify them. Suslu et al. (2012) described a four-step tech-
nique in which a 22 gauge needle is inserted percutaneously 
in the ovine spine through the neural foramen with the help 
of anteroposterior and oblique fluoroscopic images. After 
checking that the needle is in the proper position, lateral to 
the 6 o’clock site under the lumbar pedicle, 2 mL of non-ionic 
contrast material is injected to assess the contrast spread along 
the epidural space.

The other method innovated by Suslu et al. (2011) was the 
laboratory pedicular screw fixation. This technique first requi-
res the identification of the main pedicle landmarks. Under 
C-arm fluoroscopy, a Kerrison rongeur is used to decorticate 
the bone followed by the manual insertion of a handled awl 
in the vertebral body through the centre of the pedicle. After 
taking appropriate precautions, a 4.5 mm diameter and 35 mm 
length screw is positioned in the tunnel formed in the vertebral 
structures. This relatively straightforward method can be easily 
learned, and, in improving the experience of spinal surgery 
trainees, will ultimately lead to fewer neurologic injuries due 
to screw misplacements and better surgical outcomes. 

There has also been a perfused spine model described by 
Smith et al. (2015) in a rural setting. The main vessels were 
ligated, catheterised and connected to a pump and the subdural 
space was filled with SALF water, thus simulating the qualities 
of a living tissue. The training techniques utilized here consist 
of watertight dural suturing and leak repair [24]. In terms of 
more complex spine surgery, the mass effect related pathology, 
such as the one seen in tumours, has been documented by 

Figure 4. Dissection of cadaveric sheep head
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Gragnaniello et al. [25] who in 2016 described a fluoroscopic 
injection with Stratathane resin ST-504 into an ovine spine, 
thus creating a similar spinal lesion. 

Bovine models
The anatomy of the central nervous system of domestic 

cattle has been less studied in comparison with other species 
[26]. Ruminant brains in general have a similar organisation, 
with differences involving the architecture of the insula, of the 
diencephalon, the arrangement of the gyri in the cortex as well 
as the position of the visual and olfactory systems [27]. The 
neuromorphology of bovines is very similar to that of sheep, 
and the imagistic particularities can be used in translational 
research due to their structure [28]. Given their weight and 
structure, their brains can be successfully used in neurode-
generative disease investigations [29]. The angioanatomy has 
certain particularities. The vascular structure supply of the ar-
terial circle of the brain, for example, in the Bos genus, is done 
mainly by the maxillary artery through a particular anatomical 
element identified as the paired rostral epidural rete mirabile. 
The unpaired caudal epidural rete mirabile contributes to the 
circle of the brain from vertebral and occipital arteries, thus 
making it a characteristic trait in these animals [30].

One of the procedures that can be performed on bovine 
heads is the interhemispheric-transcallosal approach to the 
lateral ventricle, which simulates in a very accurate manner 
the surgical steps performed in humans. This consists of four 
steps, each corresponding to a part of the human intervention 
allowing the visualisation of the callosomarginal and pericallo-
sal arteries, as well as the cingulate gyrus. The first step is a pa-
ramedian craniectomy and the retraction of the frontoparietal 
lobe. This develops an access point to enhance the dissection of 
the callosomarginal arteries and the corpus callosum. Opening 
the corpus callosum and eventually entering the ventricle can 
reveal further neuroanatomical elements, such as the choroid 
plexus or the foramen of Monro, and also vascular structures 
such as the septal and thalamostriate veins [31].

Another bovine microneurosurgical model that has been 
successfully assessed by Hicdonmez et al. (2006) is a procedure 
that aimed to coordinate surgical steps in order to perform 
an adapted pterional approach towards the circle of Willis. 
Hicdonmez, too, utilized a four step approach, in four stages as 
well, starting with access to the carotid and chiasmatic cisterns 
by retraction of the right frontal lobe. The optic nerve, the 
rostral/anterior cerebral artery and the medial cerebral artery 
can also be viewed in this point. The nomenclature used for the 
anterior cerebral artery in bovine vascular anatomy is ‘rostral 
cerebral artery’; the term ‘posterior cerebral artery’ is replaced 
by ‘caudal cerebral artery’ and the frontal lobe is known as the 
‘rostral lobe’. Other elements that can be observed after ope-
ning the chiasmatic cistern are the optic chiasm, the anterior 
communicating artery complex, the internal ethmoidal artery 
and the corresponding A1 of the anterior cerebral artery in 
the human brain. The dissection of the internal carotid artery 

is carried out in order to identify the trajectory of various 
vessels and located medially to it is the pituitary stalk. The 
authors simulated a clipping of the exit segment of the caudal 
communicating artery from the internal carotid artery, and 
this proved highly significant in mimicking the conditions in 
which aneurysm surgery is performed [32].

The retrosigmoid approach was also achieved on a silicone 
injected cow brain by Suslu et al. (2013) who accessed the 
cerebellopontine angle (CPA) and exemplified the anatomical 
elements that can be encountered in such a procedure. The 
experimental design allowed an enhanced understanding of 
neurostructures through the red and blue silicone injected in 
the major vessels. Visualisation of the right cerebellar lobe 
was made possible through a right paramedian suboccipital 
craniectomy. The lobe was retracted medially and the cistern 
was opened through gentle dissection. The right CPA and 
cranial nerves VII and VIII were identified. This was follo-
wed by the opening of the lateral cerebellomedullary cistern 
which revealed the IX, X, XI and XII cranial nerves from the 
brainstem [33].

In a more recent study, cerebral dissection on cow brains 
was also achieved by Gokyar et al. [34] who dissected bilate-
rally the sylvian cisterns, as well as the interhemispheric fissure 
and hemispheric sulcus.

Bovine models have been found to be of use in spinal 
procedures, as well. A calf spinehas has proven useful in recre-
ating dural repairs [35], while a deer model has been tested 
in a nontransparent Plexiglass frame for minimally invasive 
spinal surgery and assessed by surgical trainees who noticed 
encouraging results [36].

Porcine models
Swine models have been a useful tool in general digestive 

laparoscopic surgery [37], urology [38], maxillofacial surgery 
[39], paediatric surgery [40] and oculoplastics [41] for a long 
time. There have also been comparative studies that aimed 
to evaluate the effectiveness of both human cadaveric and 
pig models. These identified higher relevance in swines for 
tissue handling and the ability to dissect anatomical planes 
[42]. Their use in neurosurgery has been increasing because 
there are numerous similarities to the human cerebrum [43]. 
Magnetic resonance imaging in pigs has revealed impressive 
equivalences [44, 45], permitting various introspections in the 
field of deep brain stimulation [46] as well as in neurovascular 
research [47]. 

Various cranial procedures have been investigated both in 
vivo and ex vivo. In the nonliving head, the interhemispheric 
fissure can be dissected, allowing the inspection of the cin-
gulate gyrus, callosomarginal and pericallosal arteries. This 
also accesses the corpus callosum through which the lateral 
ventricle and the foramen of Monro could be visualised in the 
context of a transcallosal approach. Middle fossa dissection 
enabled the identification of the middle meningeal arteries and 
the V2, V3 branches of the trigeminal nerve. The optic nerve 
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and the carotid artery were observed through an approach in 
the lateral sulcus. The cerebellopontine angle was evaluated 
through instrumentations to the cerebellum, and the brain-
stem was carefully dissected to expose the fourth ventricle 
and cranial nerves [48]. 

Furthermore, Silva et al. [49] achieved microsurgical and 
endoscopic procedures on a nonliving swine head, managing 
to perform a transnasal approach and a middle and posterior 
fossa dissection, thus demonstrating the similarities between 
human and pig anatomical areas.

In pig models, suturing the dura mater was a skill that 
was trained under the microscope in a more recent study 
performed by Hanrahan et al. [50]. In this swine model, the 
authors investigated the effect that anxiety has on hand tremor, 
assessing dexterity through the Johnson O’Connor Tweezer 
Test and anxiety through the Westside Test Anxiety Scale. 
Their conclusion was that tremor does not interfere with the 
ability to suture the dura and that confidence plays a major 
role in our task performance.

Another technique that was investigated by the same 
author on swine models was the insertion of an intracranial 
pressure monitor in an ex vivo pig head. This was done with 
the aim of developing an interest among medical students in 
neurosurgery. A Codman hand drill, an intracranial pressure 
monitor and a transducer were the instruments used on the 
cadaveric specimen, and the training was accompanied by 
lectures related to the pathophysiology of raised pressure in 
the cranium [51].

Although not cadaveric models, it is relevant to discuss in 
vivo models that have been successful in developing surgical 
skills for the sole purpose of exemplifying the usefulness of 
animals in training young neurosurgeons. Compared to other 
models, pigs seem to have unique qualities that render them 
excellent in in vivo practice. Regelsberger et al. (2015) used 
living pigs to perform neurosurgical procedures, to establish 
microsurgical principles in order to work under the surgical 
microscope, to manoeuvre neurosurgical instruments in a li-
ving brain, and to control bleeding during tissue handling. 
Certain aspects were trained such as the proper use of surgi-
cal equipment in a craniotomy, the basics of cerebral sulcal, 
transcortical, parenchymal and subpial tissue dissection, the 
management of sinusoidal, subarachnoid or intracerebral 
bleeding through various techniques, and dural repair. Due to 
its realistic laboratory set up, the course was widely appreciated 
by the participants, and the management of complications that 
occurred on a living brain was an important key learning point 
for neurosurgical physicians, an element that has an immense 
advantage over cadaveric models [52]. 

Aneurysm surgery was also experimented in swine by 
inducing this vascular pathology on 1-2 months old domestic 
pigs. A bifurcation aneurysm was created by two arteries and 
one vein, and then sulfuric acid was applied to contribute to the 
fragility of the vessel. The experiment created 22 aneurysms in 
different locations simulating situations such as thrombosis or 

rupture. Clipping techniques were trained as well as vascular 
reconstruction in emergency circumstances [53].

Another living animal model was used by Borucki et al. 
(2003) in performing a neuroendoscopic procedure in pigs. 
The aim was to expose the cerebellopontine angle through the 
retrosigmoid approach, training surgical steps that are valuable 
in acoustic neuroma surgery [54].

Experimental spinal surgery on pigs was only attempted 
by Cuellar et al. [55], who successfully managed to operate an 
endoscopic interlaminar discectomy.

Discussion

The role of laboratory cadaveric and non-cadaveric animal 
dissection is quintessential in developing surgical skills to be 
able to practice microneurosurgical interventions on patients. 
The purpose of this review was to elaborate on collection of 
all the known methods of animal model training and assess 
their effectiveness in harnessing important abilities in the 
management of surgical patients. Apart from temporal bone 
dissection, all current animal neurosurgical procedures were 
reviewed. Techniques such as temporal bone drilling, although 
valuable to the neurosurgeon, are mostly used in ENT training 
courses and vary from training on chicken eggs [56] to 3D 
printed models [57]. Swine models are frequent examples in 
this kind of technique [58], and sheep temporal bones have 
also been used [59], but there is a multitude of experimental 
designs that have proven their utility. A very insightful re-
view on this topic was published by Bergin et al. [60] which 
identified 11 animal models that can be used for middle ear 
surgery, as well as Wiet et al. [61] who researched otologic 
training models.

Human cadavers are the most accurate training models. 
Working on cadavers has the advantages of enhancing the 
visualisation of the anatomy that the neurosurgeon will have 
to face during any surgical intervention. The limitations are 
clearly the costs of keeping, and the difficulties in obtaining, 
human cadavers, as well as the ethical quandaries that are 
particular to the legislation of each country. Despite all of these 
obstacles, the educational benefit is indisputable. There have 
also been attempts to perfuse cadavers to bring about a more 
realistic approach in human brains such as endoscopic skull 
base procedures [62] or aneurysm surgery [63].

Live animals compared to nonliving animals have clear 
advantages. However, in  familiarizing the neurosurgical 
trainee to the anatomical background, cadaveric models 
prove equally as important. Identifying anatomical elements 
of the ovine, bovine or porcine brain and spine helps better 
understanding of human anatomy. Maneoeuvring different 
components with microinstruments familiarises the trainee 
with surgical conditions, and allows the development of their 
dexterity in working with fragile neurostructures. 

Surgical workshops on live animals must have local appro-
vals and meet adequate requirements both from an ethical 
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