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Abstract

Background: The brain of sheep has primarily been used in neuroscience as an

animal model because of its similarity to the human brain, in particular if compared

to other models such as the lissencephalic rodent brain. Their brain size also makes

sheep an ideal model for the development of neurosurgical techniques using con-

ventional clinical CT/MRI scanners and stereotactic systems for neurosurgery.

Methods: In this study, we present the design and validation of a new CT/MRI

compatible head frame for the ovine model and software, with its assessment under

two real clinical scenarios.

Results: Ex‐vivo and in vivo trial results report an average linear displacement of

the ovine head frame during conventional surgical procedures of 0.81 mm for ex‐
vivo trials and 0.68 mm for in vivo tests, respectively.

Conclusions: These trial results demonstrate the robustness of the head frame

system and its suitability to be employed within a real clinical setting.
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1 | INTRODUCTION

Over the past three decades, translational biomedical researches

have seen the use of ovine models for different applications, ranging

from orthopedics,1 traumatic brain injury studies2 and neurological

diseases,3 to more specific studies such for Alzheimer's disease4 and

epilepsy.5 Both the large size of the ovine brain as well as anatomical

features of the skull mean the ovine model is an ideal candidate in

conventional stereotactic techniques for deep brain stimulation, as

shown by Stypulkowski et al. for the thalamus,6 and more recently, on

the hippocampus.7 Stereotactic methods have been widely used

in other large animal models such as the pig. For instance,
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Bjarkam et al.8 developed a stereotactic procedure which enables

MRI guided isocentric stereotaxy, and White et al.9 established a

method for stereotactic delivery of catheters and electrodes for

reaching deep targets in the brain. Stereotactic procedures have

been developed even in sheep for neurosurgical purposes, such as in

Oheim et al.10 for the intra‐cerebroventricular application of leptin

into the lateral ventricle. The stereotactic surgical approach has also

been used for continuous monitoring of the electroencephalographic

activity through the insertion of needles, as shown by Perentos

et al.11 Despite these studies, to our knowledge, only a few stereo-

tactic head frames were shown to be compatible with the conven-

tional Cosman Roberts Wells (CRW) Stereotactic System©. Most of

the head frames were employed in studies with pig models,9,12,13

with a design that could not easily be scaled to the ovine model, and

was not suitable for clinical use, as reported by Oheim et al.10

The present work focuses on the design of a new head frame

system (HFS) for the ovine model, suitable for MRI and CT studies,

designed to work with more widely available CRW Stereotactic

System©. The new HFS was developed following clinical re-

quirements for neurosurgical applications. The work presents the

validation of the HFS under a real clinical setting, firstly with an

assessment ex‐vivo and subsequently, during in vivo trials.

2 | MATERIALS AND METHODS

2.1 | Head frame system: requirements

The following main design requirements were deemed necessary for

the HFS to perform safely and correctly under a real clinical setting:

1. to be compatible and safe for use within a magnetic resonance

imaging (MRI) system.

2. to be suitable for use within a computerized tomography (CT)

scanner.

3. with a footprint small enough to fit within the bore of a con-

ventional MRI unit.

4. with a structure capable of being fixed firmly on a stretcher for

easy transportation.

5. with a head fixation system capable of withstanding forces and

torques caused by the motion of the body of the animal during

sedation, neurosurgical procedures and transportation.

6. with a design capable of following conventional clinical proced-

ures during general anaesthesia such as blood sampling, mucosa

checking and nasogastric tube introduction.

2.2 | Head frame system: design

The HFS represented in Figures 1 and 2 was designed to clamp an

ovine head to a Cosman‐Roberts‐Wells (CRW) stereotactic frame.

The ovine head frame weights 525 kg, with a measured footprint

of 360 � 350 mm, and can accommodate an ovine head within a

workspace of 180 � 280 mm. As shown in the highlight ⑥ of

Figure 2, clamping is achieved through the tightening of two

opposing head pins onto the zygomatic arches of the ovine skull.

Additional rotational support is provided by a mouth clamp (⑦ in

Figure 2), which bonds the upper pallet and nose arch. The system

has been designed with adjustable headpins and a mouth clamp to

accommodate a range of different head sizes without impacting on

the rigidity of the fixturing. Interchangeable support pillars allow

an adjustable height between the u‐frame and the support base.

These features enable the ovine head to be placed in the isocentre

of the MRI scanning volume, while still ensuring patient airways

remain clear. Frame‐based stereotactic procedures are facilitated

through CRW arc systems that can be clamped into the novel

frame using the same kinematic interface present on CRW's

universal compact head rings. The relative position between the

kinematics and head pins has been designed to align the brain of

the ovine head in the centre of the working volume of a CRW

frame.

A removable bespoke localiser arch ⑤ featuring seven fiducial

spheres is used to co‐register the coordinate system of the MRI or CT

scanner with the coordinate system of the CRW stereotactic frame.

The fiducial spheres are aligned with the ovine head to ensure proper

distribution over the ovine brain.

F I GUR E 1 Rendering of the new head frame system with arc
fiducials for MR/CT registrations

F I GUR E 2 Render top view of the new head frame system with
highlight of ovine head pins. Head frame footprint of (A) 360 mm
and (B) 350 mm
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2.3 | Head frame system: ex‐vivo validation

A set of ex‐vivo trials, and subsequently in vivo trials following the

3R rules,14 were performed to assess the HFS under a real clinical

setting. Four additional spherical radiopaque markers 8 mm in

diameter (BrainLab AG, Germany), fixed by titanium screws onto

the skull, were used to assess any possible motion of the ovine

head during all of the different phases (sedation, transportation,

surgery). These four additional markers were screwed randomly in

four anatomical areas (one marker per area): on the frontal bone,

on the occipital bone, on the anterior orbits bone and on the

posterior dorsal orbits bone, as shown in Figures 3–5. For both

sets of trials, pre‐and post‐operative CT imaging sequences were

acquired with a clinical system (GE Healthcare CT system, 16 sli-

ces helical scan). The imaging sequences were acquired with

standard display field of view (DFOV), matrix of 512 � 512, slice

thickness of 0, 625 mm, 120 kilovolt (KV), 220 milliampere (mA),

pitch 0, 562 : 1 and 1/s tube rotation. The images were collected

using a soft tissue algorithm provided within the software of the

scanner.

2.3.1 | Ex‐vivo trials

Eight female adults, 70 kg, Ovis aries sheep Bergamasca heads were

used for the assessment of the HFS in the ex‐vivo test. Each ovine

head was comprehensive of the neck up to the C3 vertebra.

Head fixation

As per HFS design features, the sheep head was fixed using two pins

clamped against the zygoma bone, without any skin incisions. The

mouth bar was placed under the hard palate and the nose clamp was

pressed against the nasal bone. To replicate the sheep's body, a foam

box was placed underneath the neck and secured to the HFS via

velcro straps. The HFS was connected to a medical spinal stretcher

(MRI and CT compatible) via plastic zip ties as in Figure 4.

Planning software and registration

A conventional neurosurgical procedure which sees the insertion of a

straight, rigid needle to reach a predefined target (e.g. a deep lesion)

was used as a mock of the real clinical scenario of catheter planning

and procedure. The target location was identified by the surgeon

F I GUR E 3 (A) top view of the head frame showing the head pins and mouth guard to fix the ovine head. Top view shown the three
connection point for the CRW frame as well as the two connection point for the localiser arch. (B and C) Front and side view of a CRW system

mounted on the head frame

F I GUR E 4 Positioning of the ovine with
head frame

TROVATELLI ET AL. - 3



from an Atlas of the ovine white matter bundle,15 establishing the

point in the corticospinal tract. The surgical procedure started with a

pre‐operative CT scan after the ovine head was fixed onto the Head

Frame as described in the previous section. The needle trajectories

were planned using a bespoke version of the commercial neurosur-

gical software neuroinspireTM (Renishaw inc.), which original version

is designed to work in conjunction with the neurosurgical robot, the

neuromateTM – (Renishaw plc). In this version, the software has been

designed to work in conjunction with Cosman‐Roberts‐Wells (CRW)

stereotactic frame, widely used in neurosurgical applications. The

facto, this combination provide a certified planning software for

medical used into preclinical studies uses. The software uses 7 fidu-

cials spread along a removable circular arc used to register the HFS

with the CRW frame. As shown in Figure 6, the front‐end interface

provides the CT image of the head frame with a widget showing the

displacement of the fiducials within the arc. The user registers each

fiducial by selecting each one by one on the top‐left widget. Once a
fiducial is selected, a circular marker appears on the medical image in

correspondence with the position estimate of the selected fiducial on

the medical image. In a subsequent step, the user refines the position

of the circular marker on the medical image, by moving it using

orthogonal zoomed views, as shown on the right widget of Figure 6.

Once registration of all seven markers is complete, further registra-

tion of different image modalities can be performed automatically by

the software. In the example shown in Figure 7, a standard stereo-

tactic ovine MRI reference template16 was registered to the CT scan,

and a Diffusion Tensor Imaging MR tractography reconstruction of

the ovine corticospinal tracts was integrated in the planning,15 as

part of the multi‐modal planning tools exploited in the EDEN2020

project (www.eden2020.eu). As targets, one point for each cortico-

spinal tract (two targets per trial) was selected. In a final step, the

user planned suitable trajectories for the tool by selecting the entry

point location on the skull and the target location according to a

given clinical case. An example is shown in Figure 7.

The area of surgical access was identified approximately 15 mm

cranially to the coronal suture line and roughly 10 mm laterally to the

metopic suture line. Ideally, the entry point area had a flat surface

above the corticospinal tracts in a zone which was free from

F I GUR E 6 Screenshot of the neuroinspireTM, Renishaw inc – registration arc‐fiductials of the HFS with the CRW frame

F I GUR E 5 Ex‐vivo surgical scenario after burr hole drilling. In
the picture are noted three of the four fiducial spheres
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significant vessels. Once the area was identified and selected on the

software, a set of coordinates on the CRW stereotactic system were

provided. The CRW was then assembled on the top plate of the HFS,

and a verification shaft tool was used to match the entry point shown

in the software. Once the entry point was verified, it was marked on

the skull using a pencil to facilitate the drilling phase. This work aims

to demonstrate the head frame's performance, measured as the

ability to lock in position an ovine head model during two clinical

scenarios. To achieve this purpose, we have used the bigger drill size

for a neurosurgical procedure to exert the maximum stress on the

skull, thus the drilling was performed using a conventional neuro-

surgical perforator 14 mm in diameter (CODMAN® Disposable

Perforator 14 mm – Drill: ANSPACH® EMAX® 2 Plus System by

DePuy Synthes). Following the neurosurgical procedure, the HFS was

moved to the CT scanner for postoperative image acquisition. The

data acquired were analysed to measure any head displacement after

initial placement and first CT scanning.

2.4 | In vivo trials

After a clinical evaluation of the HFS using ex‐vivo samples, the HFS
was validated in vivo. All animals were treated under the European

Communities Council Directive (2010/63/EU), adhering to the laws

and regulations on animal welfare enclosed in D.L.G.S. 26/2014 and

approved by the Italian Health Department with authorization

n° 635/2017.

2.4.1 | Animal anaesthesia

A total of four sheep ovis aries (average 70 kg, all female, one year

old) were used in this study. The animals were under general

anaesthesia for all of the procedures described in the following

sections. Animals were inducted via intravenous administration of

Diazepam 0, 25 mg/kg + Ketamine 5 mg/kg, intubated and then

maintained under general anaesthesia with isoflurane 2% and oxygen

2 L/m. Two peripheral venous accesses in right and left auricular

veins were set for each sheep and urinary catheterization performed.

2.4.2 | In vivo procedure

The in vivo trials procedure was carried out as follow:

1. A general anaesthesia is administered to the animal, as described

above.

2. The sheep is located on a spinal stretcher (acrylonitrile butadiene

styrene, ABS stretcher, Millenia, Ferno) and it is secured in a

prone position on a vacuum mattress with extended legs, via two

straps.

3. The HFS is placed onto the stretcher and secured using a bespoke

fixture system.

4. The animal head is fixed into the HFS and additional fiducial

markers mounted in the same anatomical areas as in the ex‐vivo
trials.

F I GUR E 7 Screenshot of the neuroinspireTM, Renishaw inc – during the planning of rigid catheter insertion
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5. Acquisition of the first CT imaging sequence (CT‐pre) at facility A.
6. Acquisition of a pre‐operative MRI volume at facility B.

7. The sheep undergoes the surgical procedure (auth n° 635/2017)

at facility A.

8. A second CT imaging sequence is recorded (post‐CT) at facility A.

3 | RESULTS

3.1 | Image analysis for linear motion of the ovine
head

The following imaging process was carried out using 3DSlicer,17 while

the assessment of the linear motion of the ovine head within the HFS

during the procedures (ex‐vivo and in vivo trials), expressed as the

Target Registration Error of the four Additional Fiducials Marker

(AFM), was carried out using bespoke software in Matlab (version

2018b, Mathworks Inc). The steps were as follows:

1. CT pre‐operative (CT‐pre) and post‐operative sequences (CT‐
post) were loaded into the 3DSlicer software.

2. An intensity filter was applied to the series between W 3000 HU

and WL 600 HU, range where arch fiducials of the HFS and the

AFM have maximum intensity.

3. Two meshes, one for pre‐operative images (PreOP‐Mesh) and one

for post‐operative images (PostOP‐Mesh), were generated.

4. PreOP‐Mesh and PostOP‐Mesh were registered using the Itera-

tive Closest Point algorithm (Matlab 2018b ‐ Mathworks Inc. ‐
function pcregistericp ‐ Tolerances: 0.01 mm translation, 0.05deg

rotation, Max interaction 1000 loops) applied to the centroids of

the fiducials of the Bespoke localiser (see n.5 on Table 1).

5. The output of the registration process defines a transformation

matrix T.

6. The Centroids of AFMs in the PreOP and PostOP Meshes were

extracted using a bespoke algorithm and identified respectively as

CAFMpre and CAFMpost.

7. The transformation T was applied to each CAFMpre to generate the

corresponding centroid on the PostOP reference frame. These

fiducials were defined as C
̂
AFMpre.

8. The Target Registration Error (TRE) was calculated 18 by using

CAFMpre and C
̂
AFMpre , with mean (Π) and standard deviation (σ) of

TREs defined as follow.

Π¼
1
4

X4

i¼1

TREi ð1Þ

σ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1
4

X4

i¼1

ðTREi − ΠÞ2
v
u
u
t

The results for the ex‐vivo and in vivo tests are reported in

Tables 2 and 3, respectively. The average linear motion for the ex‐
vivo trials was 0.81 ± 0.54 mm, while for the in vivo trials was

0.68 ± 0.61 mm. Rotational motion respect to the centre of rotation

(CrO) identified by the intersection between the axis linking the two

head pins and axis lying on the median sagittal plane of the head are

considered negligible as below 1° degree (the distance between the

CrO and fiducials is between around 74mm and 80mm according to

sheep's head size). The average RMSE for Arc Fiducial registration

Error (FRE), output of the ICP algorithm for both tests was:

0.46 ± 0.12, in line with results of previous work9 using the software

described in Section 2.3.1.

3.2 | MR performance test

The following section is divided in two parts: the first follow a clinical

protocol using a ACR MR phantom to assess geometric distortions

while the second part is a qualitative assessment following NEMA

protocol.

TAB L E 1 Parts of the Head Frame with materials used for the
manufacturing

Part n. Description Materials

① Support base Nylon

② Support pillar Acetal

③ U‐frame PU

④ Mouth clamp Acetal, PEEK and Nylon

⑤ Bespoke localiser Nylon with CT/MR fiducials

⑥ Ovine head pins PU, PEEK and acetal

⑦ As in for ④ PEEK

TAB L E 2 Results of ex‐vivo trials

Trial n. Π ± σ [mm] Arc FRE [rmse]

1 0.93 ± 0.7 0.73

2 1.07 ± 0.86 0.28

3 0.81 ± 0.45 0.55

4 1.04 ± 0.26 0.49

5 0.55 ± 0.15 0.46

6 0.95 ± 0.9 0.38

7 0.71 ± 0.05 0.29

8 0.46 ± 0.09 0.44

TAB L E 3 Results of in vivo trials

Trial n. Π ± σ [mm] Arc FRE [rmse]

1 0.35 ± 0.13 0.53

2 0.75 ± 0.18 0.59

3 0.74 ± 0.56 0.41

4 0.83 ± 0.1 0.44
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3.2.1 | ACR phantom set‐up and acquisition

A small ACR MRI phantom acquisition was performed on a 1.5T

clinical scanner (Achieva, Philips Healthcare) with a 60 cm bore

diameter using two different settings for acquisition: with and

without the head frame. Small and medium flexible surface coils were

fixed over both hemispheres were wrapped around the phantom, as

showed in Figures 8 and 9, in order to simulate a realistic clinical

setting.15 The ACR phantom was carefully positioned and aligned for

each scan session, strictly following the ACR scanning instruction.19

A single slice sagittal localizer, T1 and T2 ACR spin echo acquisition

as well as a three‐dimensional fast‐field‐echo (3D‐T1 FFE) sequence

(repetition time/echo time (TR/TE) 20 ms/3.7 ms; flip angle 40°; voxel

size 0.667 � 0.667 � 1.4 mm; SENSE factor R = 2) according to the

clinical protocol were acquired. Phantom image analysis was con-

ducted by an MRI physicist, strictly following the ACR test guidance.

Quantitative measurements included geometric accuracy, high‐
contrast spatial resolution, slice thickness accuracy, image intensity

uniformity and percent‐signal ghosting. 0 pt–5 pt.

3.2.2 | ACR test results

The two‐measurement dataset (with head frame and without head

frame) were statistically tested (reference pvalue = 0.05) for normality

with Shapiro–Wilk test (result pvalue > 0.1) and then compared using

a two‐tailed paired t‐test. No significant differences were found be-

tween the two datasets using ACR MRI phantom, respectively T1:

pvalue = 0.07 and T2: pvalue = 0.51. In particular, the percentual

geometric distortions calculated as the percentage difference be-

tween the measurements and the real value of ACR, were similar for

both the settings and reported in Table 4 [AGGIUNGERE METODO

DI CALCOLO]. The spatial resolution for both T1 and T2 images was

0.7 mm for upper‐left (UL) hole arrays and 0.7 mm for lower‐right
(LR) hole arrays for both settings. The slice thickness measured on

ACR T1 images was 4.96 mm without the head frame and 5.02 mm

with the head frame. Image intensity uniformity calculated as percent

integral uniformity (PIU) was 100.89 without the head frame and

100.97 with the head frame. Percent‐signal ghosting ratio was 2.10%
without the head frame and 0.83% with the head frame.

3.2.3 | Qualitative assessment

A further test was carried out to show a qualitative assessment of the

Head Frame. Experimental condition and MR sequence were kept

the same as in the ACR assessment. The prototype was installed at

the centre of the field of view as shown in Figure 9, with a standard

MR cylindrical phantom containing a saline solution of nickel sulphate

(NISO4 + 6H2O/2.62g NaCl) placed inside the Head Frame. As for the

ACR test, two image dataset were generated: the first dataset with

only the phantom and the second dataset, with the Phantom and the

Head Frame. Coronal slices were used in this evaluation. An example

F I GUR E 8 In vivo clinical setting of live ovine model with the
head frame system during a CT acquisition

F I GUR E 9 MR test setup with the Head Frame placed inside
the bore of the machine during ACR test
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slice from the image set is reported in Figure 10: the image shows no

geometrical imaging artifacts caused by the Head Frame.

Signal‐to‐Noise Ratio as NEMA procedure

The data analysis was carried out following the National Electrical

Manufacturers Association (NEMA) procedures20 standard assuming

a statistically and spatially uniform distribution of noise. Two regions

of interests (ROIs) of 50 � 50 pixels were selected as shown in

Figure 10: one region inside the tissue phantom, and a second region

outside the tissue phantom and far from the Head Frame. The noise

was computed for all images, covering the whole footprint of the

Head Frame, individually, and then averaged. The first image set,

image set A (with only the phantom inside the MRI) was considered

as the baseline, of which SNR is reported in Figure 11 (Top) in red.

The total variation of the SNR for image set B (with Head Frame –

blue line in Figure 11 (Top)) was 1255.2 (−41.9% – red line). The

average SNR value for the baseline was 2160.8, which was calculated

as reported in References.21–23 A sample slice of the full imaging

sequences is reported in Figure 11 Middle and Bottom, respectively,

the sequence without the Head Frame and with the Head Frame.

4 | DISCUSSION

Sheep has been employed as the animal model for translational

applications in a range of studies including epilepsy,5 neuropsychi-

atrics,24 traumatology,2 cardiovascular25 and neurological diseases.3

The ovine brain size features gyrencephalic sulci as in the human

brain, showing better modelling characteristics when compared to

lissencephalic rodent brain.26 Even if primate brains are anatomically

and functionally more similar to human brains, their use is limited due

to the strict ethical constraints.27,28 The pig animal model seems to

be the most used in neuroscience,29,30 but aspects of their skull

anatomy should be considered. For instance, the anterior pig head

has a planar forehead and vertex that end in a high crest where the

neck muscles are inserted. Laterally, the vertex is limited by the

parietal bone, reducing the accessible brain area to a small square, as

shown in Reference 31. Additionally, minipig breeds and domestic pig

have a fast growth index if compared with sheep, with an average

daily weight gain for Large White‐Landrace reported to be between

734 and 992 g/day in the first 6 months of life,32 reaching the adult

stage (1–2 years in age) at more than 300 kg.29 Last, minipig and pig

models at 3–6 months develop a sizeable frontal sinus that pneu-

matizes all of the dorsolateral part of the skull,12 thus becoming

impracticable for application in neurosurgery experiments11 and

chronic postoperative management. The sheep skull bone anatomy is

distinguished by less skull cap convexity than human and primates,33

requiring a bespoke head frame design to be used in near investi-

gation studies.

In literature, previous studies10,11,34 have used an experimental

stereotactic frame which is not applicable in a clinical setting because

the lack of MRI compatibility involves the use of a specific brain Atlas

which could lead to inaccuracy during the surgical procedure, this

latter bolstered by the variability within the ovine species. Unfortu-

nately, HFS developed by White et al.9 for swine models cannot be

use for sheep as animal model. The anatomical differences between

TAB L E 4 Geometric accuracy of the ACR MRI acquisition under the two settings: with and without head frame system (HFS)

Measurement Index

Without HFS With HFS

T1 % T2 % T1 % T2 %

Phantom length (localizer) 100.1 0.10 99.2 −0.8

Diameter (AP direction) 100.18 0.18 99.823 −0.18 99.558 −0.44 100.7 0.70

Diameter (LR direction) 100.18 0.18 100.221 0.22 99.956 −0.04 100.2 0.20

Diameter (AP direction) 99.558 −0.44 100.7 0.70 99.558 −0.44 99.6 −0.40

Diameter (LR direction) 100.221 0.22 100.2 0.20 100.088 0.09 100.7 0.70

Diameter (phantom's UL to LR) 99.677 −0.32 100.7 0.70 99.696 −0.30 100.7 0.70

Diameter (phantom's UR to LL) 99.885 −0.11 99.8 −0.20 99.743 −0.26 100.9 0.90

Abbreviations: AP, Anterior‐Posterior; LL, Lower‐Left; LR, Lower‐Right; UL, Upper‐Left; UR, Upper‐Right.

F I GUR E 1 0 Signal‐to‐Noise Ratio of Slice n.20: dataset with
phantom and Head Frame. Bottom‐right shadows is water moist
over part of the Head Frame structure
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F I GUR E 1 1 Top: SNR for dataset A (red line – without Head Frame) and for dataset B (blue line – with Head Frame). Market points are

SNR of the Figures 8 and 9, respectively with value 2636 and 2378 (−9.78%). Middle: MRI sequence with only the phantom (slice n.35).
Bottom: MRI sequence with phantom and Head Frame (slice n.35). The image reports a visible attenuation of SNR but without geometrical
distortion
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the skull conformity and shape, the zygomatic arch process position

and relation with the mouth, the mouth dimension itself, are limita-

tions to use a swine HFS in sheep. Pig is characterized by anterior pig

head with a plane forehead and vertex that end in a high crest while

sheep is characterized by major skull cap convexity. In our HFS, the

mouth bar features a nose press (grey top component of Figure 5)

designed to improving the head stuck position against the head front

lifting and sliding. Sheep due to its ruminant herbivores nature, the

dorsal incisors are missing in ovine model, this is a major difference

with swine which has the dorsal dentition as consequence of his

omnivorous nature. The presence or not of the dorsal dental lines

could result into a major sliding movement and the consequent

necessity of a mouth bar with or without nose press too.

Frameless stereotactic systems could be employed to overcome

the variability issue during the surgical procedure,35 however, the

frame‐based technique is still considered the gold‐standard for a

stereotactic approach to the brain36 in both research studies and in

the human clinical practice.37 To manage the known limitations of

frame‐based as compared to frameless technique, such as the frame

structure and the compatibility with advanced imaging devices, the

frame was designed and tested to properly accommodate the ovine

head while granting equivalent accuracy,38,39 especially in the

context of interventional MR studies, which are becoming increas-

ingly needed and reported in translational studies. In addition,

framed based systems facilitate animal management during general

anaesthesia by supporting the head and keeping it fixed in a fastened

position during the surgical procedure and transportation (e.g. be-

tween the surgical room and the CT or MRI suite), making a potential

displacement during animal management highly unlikely. Such

displacement can alter the navigation and stereotactic plan, thus

requiring a reset of the procedure. Last, amid frame systems it is

possible to avoid using bone fiducials, which in a research situation

are employed on the same day of the surgical procedure, with

additional stress to the animal.

5 | CONCLUSION

In this work, we present a novel HFS for the ovine model, to address

several clinical requirements of translational studies, such as CT/MRI

compatibility, compatibility with a conventional human stereotactic

CRW frame, robustness during the surgical procedure and robust-

ness against the anatomical variability which is inherent in the sheep

model. The system described in this study may benefit future

research projects using sheep as an animal model.
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