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ABSTRACT:

The basic principle of the rabbit calvarial model is to grow new bone tissue vertically on top of
the cortical part of the skull. This model allows assessment of bone substitution materials for oral
and craniofacial bone regeneration in terms of bone growth and neovascularization support.
Once animals are anesthetized and ventilated (endotracheal intubation), four cylinders made of
polyether ether ketone (PEEK) are screwed onto the skull, on both sides of the median and
coronal sutures. Five intramedullary holes are drilled within the bone area delimited by each
cylinder, allowing influx of bone marrow cells. The material samples are placed into the cylinders
which are then closed. Finally, the surgical site is sutured, and animals are awaken. Bone growth
may be assessed on live animals by using microtomography. Once animals are euthanized, bone
growth and neovascularization may be evaluated by using microtomography, immune-histology
and immunofluorescence. As the evaluation of a material requires maximum standardization and
calibration, the calvarial model appears ideal. Access is very easy, calibration and standardization
are facilitated by the use of defined cylinders and four samples may be assessed simultaneously.
Furthermore, live tomography may be used and ultimately a large decrease in animals to be
euthanized may be anticipated.

INTRODUCTION:

The calvarial model of bone augmentation was developed in the 90’s with the aim to optimize
the concept of guided bone regeneration (GBR) in the oral and craniofacial surgical domain. The
basic principle of this model is to grow new bone tissue vertically on top of the cortical part of
the skull. To do so, a reactor (e.g., titanium -dome, -cylinder or -cage) is fixed onto the skull to
protect the bone regeneration conducted by a graft (e.g., hydrogel, bone substitute, etc.). With
the aid of this model, titanium or ceramic cages'®, GBR membranes’1°, osteogenic factors!?/,
new bone substitutes'>'%2° or the mechanism of neovascularization during the bone
regeneration process° were assessed.

From a translational point of view, the calvarial model represents a one-wall defect that can be
compared to a class IV defect in the jaw3!. The aim is to grow new bone above a cortical area,
without any lateral support from endogenous bone walls. The model is thus extremely stringent
and assesses the real potential of vertical osteoconduction over the cortical part of the bone. If
the model described herein is primarily dedicated to the assessment of osteoconduction in bone

substitutes, osteogenesis and/or osteoinduction may be also assessed, as well as vasculogenesis®-
30

Essentially for ethical, practical and economic reasons, the calvarial model was developed in the
rabbit in which the bone metabolism and structure are quite relevant when compared to
human32. Of the 30 references cited above, 80% used the rabbit calvarial model'1517,:22,23,26-30,33
thus demonstrating the relevance of this animal model. In 2008, the Busenlechner group
transferred the calvarial model to the pig, to allow the comparison of eight bone substitutes
simultaneously?® (as compared to two bone substitutes with the rabbit). On the other hand, our
group transferred the rabbit calvarial model to sheep. In brief, titanium domes were placed on
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sheep skulls to characterize the osteoconduction of a new 3D-printed bone substitute. These
studies allowed us to develop and master the calvarial model and its analysis'®21,

The last three studies cited'®?%?!, together with several other investigations!?17-19,22-24,26-29
confirmed the great potential of the calvarial model as a screening and characterization model.
However, even though the results obtained were quite satisfactory, they also pointed out some
limitations: (1) The use of titanium domes, which prevented radiotracer diffusion and in turn live
micro-CT use. These could not be removed before histological processing, forcing the researchers
to embed the samples in poly(methyl methacrylate) resin (PMMA). The resulting analyses were
therefore largely limited to topography. (2) High financial costs especially because of the cost of
the animals, and costs related to the logistics, maintenance and the surgery of the animals. (3)
Difficulties to obtain ethical approvals for large animals.

A recent study by Polo, et al.?® largely improved the model on the rabbit. Titanium domes were
replaced by closable cylinders that could be filled with a constant volume of material. Four of
these cylinders were placed on rabbit skulls. At completion, the cylinders could be removed so
that biopsies were metal-free, introducing much more flexibility concerning sample processing.
The rabbit calvarial model became attractive for simultaneous testing with lower costs, easy
animal handling and facilitation of sample processing. Taking advantage of these recent
developments, we have further improved the model by replacing titanium with PEEK to produce
cylinders, thereby allowing radiotracer diffusion and the use of microtomography on live animals.

In this article, we will describe the anesthesia and surgery processes and show examples of
outputs that may be obtained using this protocol, i.e., (immuno-) histology, histomorphometry,
live and ex vivo microtomography to evaluate the mechanisms of bone regeneration and quantify
the new bone synthesis supported by bone substitute materials.

PROTOCOL:

In line with Swiss legal requirements, the protocol was approved by an academic committee and
supervised by the cantonal and federal veterinary agencies (authorizations n° GE/165/16 and
GE/100/18).

1. Specific devices and animals

1.1. Cylinders

1.1.1. Machine cylinders with lateral stabilizing tabs out of PEEK to have inner diameter of 5 mm,
outer diameter of 8 mm and a height of 5 mm (Figure 1).

1.1.2. Machine PEEK caps were design them to clip precisely onto the top of the cylinder
(thickness 1 mm).

1.1.3. Sterilize PEEK cylinders and caps by autoclaving before surgery.
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1.2. Screws

1.2.1. Use self-drilling micro screws (made of commercial pure titanium (grade 5)) to fix the
cylinders (1.2 mm in diameter, 4 mm in length). Sterilize by autoclaving before surgery.

1.3 Animals

1.3.1. Purchase three-month-old New Zealand white rabbits (male or female), weighing ~2.5 kg
each.

NOTE: We obtained rabbits by breeding at the University of Geneva.

2. Surgery

2.1. Surgical tray

2.1.1. Keep scalpels, scissors, two forceps, periosteal elevator, syringes (1, 2, 5, 50 mL), surgical
motor, round surgical burs (0.8 mm diameter), needles, sterile saline, four cylinders, eight screws,
and screwdriver ready.

2.2. Preclinical treatment

2.2.1. Acclimate the animals one week prior to surgery.

2.2.2. Provde a prophylactic antibiotic daily (5-10 mg/kg by mouth (PO)) starting 2 h before
surgery up to 3 days after surgery.

2.3. Anesthesia and intubation
2.3.1. Sedate the animals by intramuscular (IM) injection of ketamine (25 mg/kg, 50 mg/mL, 0.5
mL/kg) + xylazin (3 mg/kg, 20 mg/mL, 0.15 mL/kg). Wait ~20 min for the animals to sleep

deeply (complete muscular atony).

NOTE: This premedication will allow a simple, fast and painless intubation process. Deep
analgesia and anesthesia is induced as described in step 2.3.8.

2.3.2. Place an intravenous (IV) cannula into the marginal vein from the ear and keep it closed
until intubation is completed.

NOTE: This IV line will serve to perfuse fentanyl and propofol for deep analgesia and anesthesia,
respectively (see step 2.3.8).

2.3.3. Maintain anesthesia by supplying 5% sevoflurane in pure oxygen until intubation is
performed.
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NOTE: This step is necessary only if the animal shows signs of awakening (eye movements,
muscular contractions).

2.3.4. Anesthetize the trachea locally by spraying 10% lidocaine. Place the rabbit in prone position
and maintain its head in vertical extension.

2.3.5. Slide the first endotracheal tube of small diameter (2.5 mm) into the rabbit trachea until
airflow can be heard in the tube. This will open the larynx and facilitate the insertion of the
definitive tube.

2.3.6. Insert a guide (intubation catheter) in the tube to fix the position of the tube into the
trachea. Remove the small diameter tube and slide the definitive endotracheal tube (4.9 mm) on
the guide.

2.3.7. Remove the guide and inflate the balloon at the end of the endotracheal tube to seal and
block the device into the trachea. Immediately ventilate (7 mL/kg, frequency of 40/min) the
animal with 3% sevoflurane in pure oxygen.

2.3.8. Continuously perfuse (ear vein) fentanyl (0.01 mg/mL, 2-4 mL/h) to induce analgesia, 2—4
mg/kg of (2%) propofol (20 mg/mL, 4-8 mL/h) to induce anesthesia, and 4 mL/kg/h of Ringer's

acetate to maintain iso-volumetric conditions.

2.3.9. Place a rectal temperature probe. Also monitor heart function, temperature and oxygen
saturation during the entire process.

2.3.10. Control the depth of anesthesia by monitoring autonomous breathing; if the animal
shows signs of autonomous breathing, dispense a small bolus of propofol and fentanyl.

2.4. Site preparation
2.4.1. Place the rabbit on a heated pad (39 °C) on the surgery table. Shave the scalp.

2.4.2. Disinfect the site by scrubbing the skin with povidone iodine (10%). Then drape the rabbit
with a sterile surgical drape and cut out an access area for the skull.

2.4.3. Disinfect the surgical site with povidone iodine (10%) for a second time. Apply a lubricating
gel on the eyes to avoid irritation and dryness.

2.4.4. Prepare a draped table (sterile drape) on which to place the complete surgical tray.
2.5. Surgical site opening

2.5.1. Anesthetize locally with a subcutaneous (SC) injection of lidocaine on the skull.
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2.5.2 Incise through the skin (with a scalpel) along the calvarial sagittal line, from the orbits to
the external occipital protuberance (~4 cm in length). Ensure that the periosteum is incised.

2.5.3 Gently elevate the periosteum (with a periosteal elevator) on both side of the incision. Rinse
the site with sterile saline.

2.6. Cylinder placement

2.6.1. Locate the median and coronal sutures on the skull (Figure 2A,B). Note that these
anatomical lines form a cross. The cylinders will be placed in each of the quadrants defined by
the cross, ensuring that the edge of the cylinder is not over the suture (Figure 2C).

2.6.2. Place the first cylinder on the left upper quadrant (left frontal bone), and try to lay the
device flat. Fix in the position with strong hand pressure and screw a micro-screw, until resistance
is felt. Ensure that the screw head is flush with the surface of the cylinder tab.

2.6.3. Repeat the same procedure on the other tab to fix the cylinder tightly onto the skull. Ensure
that the cylinder is hermetically fixed to the bone.

2.6.4. Repeat the procedure on the right upper quarter (right frontal bone), left lower quarter
(left parietal bone) and right lower quarter (right parietal bone).

2.7. Bone drilling of 5 intramedullary holes within the area circumscribed by the cylinders
(Figure 1)

2.7.1. Drill an intramedullary hole under saline irrigation (0.8 mm in diameter, ~1 mm in depth)
with a round bur on the bone, in the center of the area circumscribed by the cylinder. Ensure that
bleeding appears.

2.7.2. Drill two more intramedullary holes along the axis passing through the two tab screws, at
the inner edges of the cylinder. Along the perpendicular axe, drill two more intramedullary holes
at the inner edges of the cylinder. Ensure that bleeding appears.

2.7.3. Repeat the operation within the three other cylinders.

2.8. Filling cylinders with material samples and capping (Figure 3)

2.8.1. Prepare the desired bone substitute material according to manufacturer instructions or
material specifications.

2.8.2. Fill the first cylinder to the brim with the material sample and close the cylinder by fitting
the cap. Repeat the process in the 3 other cylinders.
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2.9. Surgical site closure

2.9.1. Close the skin above the cylinders with an intermittent non-resorbable suture.
2.9.2. Apply a sprayable dressing onto the wound.

3. Post-surgical treatment

3.1. Stop analgesia and anesthesia (propofol and fentanyl perfusion arrest) supply and check the
recovery of autonomous breathing.

3.2. Stop the ventilation once the animal has recovered autonomous breathing. Maintain the
animal under pure oxygen before complete awakening.

3.3. Inject buprenorphine hydrochloride SC (0.02 mg/kg, 0.03 mg/mL, 0.67 mL/kg) and repeat the
injection every 6 h for 3 days as post-surgical analgesia.

3.4. Transfer the animal into its usual housing with water and complete feeding.
3.5. Remove the sutures after about 10 days of wound healing.

REPRESENTATIVE RESULTS:

The model described herein is dedicated to the assessment of osteoconduction in bone
substitutes. Osteogenesis and-or osteoinduction of bone substitutes either (pre-)cellularized or
loaded with bioactive molecules may be also assessed, as well as vasculogenesis'3°. A kinetic
study may be used, from 3 days up to 3 months after surgery depending on the mechanisms and
outputs to be analyzed. A classical timeline allowing descriptions at early and mid-time is: 2, 4, 6,
8 and 12 weeks. Note that a minimum of 6 samples per time point is mandatory to obtain
significant results. Each sample to be tested needs to be placed at least one time in each position
onto the skull per time point (random allocation). Finally, sham samples (e.g., cylinders filled with
coagulated blood) have to be included in the protocol3%.

Once the surgery is completed, bone growth may be monitored at different time points by using
bone tomography on live animals. An example is shown in Figure 4A,B. Additional analysis
requires animals to be sacrificed (lethal intravenous injection of 150 mg/kg pentobarbital (100
mg/mL). After euthanasia, samples are sectioned and cylinders are carefully removed (Figure 5).
Biopsies are fixed with a solution of phosphate-buffered saline and 4% formaldehyde. Bone
growth may then be assessed by using microtomography (Figure 4 C,D). Samples may also be
processed for (immune-) histological staining. Histomorphometric analysis and specific stainings
are then possible to complete the analysis more specifically (Figure 6).

FIGURE LEGENDS:
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Figure 1: Specifications of PEEK cylinders. Two holes (0.8 mm in diameter) were drilled on the
lateral stabilizing tabs for screwing. The positions of the 5 intramedullary holes (0.8 mm in
diameter) to be drilled on the skull within the area delimited by the cylinder are marked using
red circles.

Figure 2: Representative image of the rabbit skull and placement of the cylinders. Pictures
showing the median and coronal sutures on the rabbit skull delineating the left-right parietal and
frontal bones (A,B). Placement of the cylinders on both side of the sutures (C). Scale bars =5 mm.

Figure 3: Representative image of cylinders fixed, filled and caped. Picture showing four
cylinders fixed onto the skull of a rabbit with titanium screws. Within the area delimited by each
cylinder, 5 intramedullary holes (0.8 mm in diameter, ~1 mm in depth) were drilled under
irrigation with a round bur to allow bone cell migration. Cylinders were filled with different bone
substitute samples (calibrated volumes) before capping (one closed cylinder is shown only). Scale
bar =5 mm.

Figure 4: Representative images from microtomographic (micro-CT) analysis. With the final goal
to assess bone growth conducted by bone substitutes, 4 cylinders were fixed onto a rabbit skull
with titanium screws and filled with bone substitute materials. (A) Live imaging: two-dimensional
transverse scan (14 min, 99 kV/88 WA with a resolution of 20 um) of a cylinder at 12 weeks. (B)
three-dimensional (3D) reconstruction from live micro-CT analysis at 4 weeks (red circles: bone
substitutes in cylinders; red arrow: control in which the cylinder is filled with coagulated blood).
(C,D) After euthanasia (12 weeks), cylinders were removed before fixation and micro-CT analysis.
(C) 2D transverse scan (57 min, 99 kV/88 pA with a resolution of 10 um) of a cylinder and 3D-
reconstruction of the total new bone in the cylinder (D). Bone substitute particles (red), new bone
(green) and bone bed (yellow) are shown. Scale bars =2 mm

Figure 5: Representative images of a biopsy at 4 weeks. After euthanasia (4 weeks), samples
were block-sectioned and cylinders were removed before fixation in 4% formalin, micro-CT
analysis and histological processing. Scale bar = 5mm.

Figure 6: Representative pictures of (immune-)histological sections. With the final goal to assess
bone growth and neovascularization conducted by bone substitutes, 4 cylinders were fixed onto
a rabbit skull with titanium screws and filled with bone substitutes. After euthanasia (12 weeks),
cylinders were removed before fixation and histological processing. (A) Masson-Goldner staining
(50x): bone substitute appears as mauve particles surrounded by new bone in green. (B) The
slices were scanned and processed for digital extraction of bone substitute material so that the
new bone (red) could be quantified easily. (C) Immunostaining of CD31 (arrows), a typical marker
of endothelial cells and the neovascularization process. (D) Immunofluorescent staining (green)
of a highly neovascularized zone in which some new capillaries highly express CD31 (arrow).

DISCUSSION:
The model described herein is simple and should be developed quite easily as long as all the steps
are followed and the equipment is suitable. As the protocol described is a surgical method, all
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the steps appear critical and must be followed properly. It is critical to be trained for animal
experiments, especially in rabbit handling and anesthesia. Do not hesitate to ask for professional
anesthetist and veterinary help. It is critical to insist on the daily visual monitoring of animals
before and after suture removal. Even if the skin from the skull is thick, abundant and loose, the
cylinders’ fixation induces large tensions. If the sutures are removed too early, the wound might
reopen and will require one more week of suturing and a new antibiotic treatment. In case of
dehiscence out of the wound line, the surgeon will have to consider if suturing is possible or not.
If not, sample rejection will have to be considered.

In addition to the critical steps described in the protocol section, the details below may be help
in the proper implementation of this protocol. From a technical point of view, if the rabbits used
are young and small, it is important to use a two-step intubation, as described in the protocol.
The second (and final) tube is too large to be used in first intubation, and there is a real risk of
“wrong way” that may be deleterious or even fatal. Depending on the materials tested, it may be
interesting to take some fresh blood sample from the ear IV line that is already placed. This could
provide a good method to pre-infuse the bone substitute material with natural cells and growth
factors. Freshly coagulated blood may also provide an ideal sham sample.

The way the intramedullary holes are drilled should be very helpful for future histological
processing and histomorphometrical analysis. In effect, as long as the holes are (i) in the same
location, (ii) the biopsies are similarly oriented and (iii) the cutting process is standardized (i.e.,
same thickness, same cut level), the fields that are evaluated are equivalent and their comparison
is highly pertinent. As a matter of standardization, it may be of real interest to calibrate the
volume-quantity of material to fill the cylinder, and to prepare it in advance, in a sterile way.

From a scientific point of view, depending on the products or hypothesis tested, it may be
important to avoid placing the cylinders onto bone sutures. Some specific stem cells are present
in these structures®, different from the mesenchymal bone stem cells that are involved in the
mechanisms of intramembranous ossification, i.e., the bone regeneration process encountered
in the orofacial area. Therefore, a real bias may occur in case of misplacement.

One of the major advantages of the calvarial model is the use of live microtomography by which
the bone growth may be followed on a single animal as a longitudinal study. This strategy may
largely reduce the number of euthanized animals and therefore respect the “3R rule”3®.
Depending on the microtomograph device used (resolution, space available for the animal),
variations will occur in terms of strategy of anesthesia (IV, gas, etc.), as well as in the image
resolution and the relevance of the resulting analysis.

We routinely use a microtomograph dedicated to animal experiments (e.g., Quantum GX) for
routine checks. A typical experiment starts with a sedation, as described in step 2.3.1. Anesthesia
is then maintained with 2% isoflurane in pure oxygen. This allows the animal to breathe calmly
during a scanning time of about 14 min (99 kV/88 pA with a resolution of 20 um); this is sufficient
for checking basic parameters (engraftment, cylinder fixation, semiquantitative analysis of the
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bone growth, etc.). When looking for a precise qualitative and quantitative analysis, a very fine
tuning of the scanning time, resolution, anesthesia and animal positioning will be needed.

Existing models developed for the assessement of osteoconduction, osteogenesis,
osteoinduction as well as vasculogenesis, are numerous, especially in the orofacial field. Due to
ethical and economic considerations, our purpose will be limited to rabbit or smaller animals.
Apart from the skull, the locations in which the material may be tested are the mandibulla3’-4/,
the diastema*® or the incisive sockets (after teeth extraction)*>->1, Rats, mice, guinea pigs and
rabbits may be used for each of the models described below. Briefly, a critical defect is drilled (or
a socket is created by incisive extraction), filled with the material sample and then covered by a
membrane. Apart from the obvious fact that only two samples can be tested in each of these
locations (one sample per mandible side or per incisive socket), the surgical procedures are also
largely more difficult and invasive. Accesses to the site are limited and if one is using rat or mice,
the difficulty is further increased by the size of the animals. Finally, the critical size of the defects
(i.e., dimensions that do not allow a spontaneous bone regeneration) is not well-defined and
varies from one animal to another.

Besides these generalities, specific constraints may arise depending on the anatomical location
subjected to the defect and to the subsequent analysis. As an example, in the mandibular model,
teeth roots are present within the defect. This may interfere with the material and modify the
bone regeneration process. The defect could be placed more distally on the ramus, but in that
case, the bone would be very thin (two corticals affixed with an extremely thin medullary space)
and the resulting defect volume may be too small*>**’. Given these examples of limitations and
depending on the model, large deviations may be anticipated in terms of material volume to be
tested, quality and quantity of data collected.

As the evaluation of a material requires a maximum of standardization and calibration, the
calvarial model appears ideal. Access is very easy, calibration and standardization are facilitated
by the use of defined cylinders and 4 samples may be assessed simultaneously. Furthermore, live
tomography may be used and finally a large decrease in animals to be euthanized may be
anticipated.
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Table of Materials

Name of Reagent/ Equipment

Drugs
Enrofloxacine Baytril 10%
Fentanyl
Ketalar 50mg/ml
Lidohex
Opsite

Povidone iodine 10%, Betadine
Propofol 2%

Rapidocain 2%

Ringer-acetate

Rompun 2%

Sevoflurane 5%

Sterile saline

Temgesic

Thiopental Inresa

Xylocaine 10% spray

Equipment
Fresenius Vial pilot C
Heated pad
Suction dominant 50
Suction tubing Optimus
Surgical motor
Ventilation

Material
Cylinders and caps
Manual self-retaining shaft
Mobile handle for self-retaining shaft
Self- drilling screws

Click here to access/download;Table of Materials;JoVE_Materials revised, ref

JOVES59976.xIsx

Company

Bayer
Bischel
Pfizer
Bichsel
Smith and Nephew
Mundipharma
Braun
sintetica
Fresenius Kabi
Bayer
Abbvie
Sintetica
Reckitt Benckiser
Ospediala
Astra Zeneca

Imexmed
Harvard Apparatus
Medela
Promedical
Schick dental
Maquet Servol

Boutyplast
GlobalD
GlobalD
GlobalD

Catalog Number

66004978

3538710

80342.2
Qube

Customized
ACT1K
MTM
VA1.2KL4

L]
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Surgical tray
Endotracheal tube Shiley diameter 2,5mm
Endotracheal tube Shiley diameter 4,9mm
Ethicon prolene 4-0

Forceps

Intubation catheter
Needlle holder

Needles BD Microlance3
Periosteal

Round surgical burs
Scalpel

Scissors

Syringes Omnifix
Venflon G22

Covidien
Covidien
Ehticon

Marcel Blanc

Cook medical
Marcel Blanc
Becton Dickinson
HU-Friedy
Patterson
Swann-Morton
Marcel Blanc
Braun
Braun

86233
107-35G
8581H

BDO27R

BMOOS8R
300300/304622
POX
78000

00657
4616057V
42690985-01



Comments/Description

Antibiotic

For analgesia

Ketamine for anesthesia
Lubricating gel for the eyes
Sprayable dressing
anti-infective agent

For anesthesia

Local anesthesia
Volume compensation
Xylazin for anesthesia
For anesthesia

Buprenorphine hydrochloride, analgesia
For anesthesia
For intubation

Infusion pump

Drilling of intramedullary holes

composition: PEEK (poly ether ether ketone)

cross-drive screws composed by Titanium grade5, 1ISO 5832-3



For intubation

For intubation
Non-resorbable suture
145 mm

Guide for intubation
26G; 18G

0.8 mm in diameter, Drilling of intramedullary holes
n°10 and n°15

180 mm

5ml, 10ml and 50ml

Vasofix safety for the ear iv line
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in all forms; formats and media whether now known- or ‘
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the ‘Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article; such as” patent rights, shall
remain with the Author. )

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
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display or otherwise assist with.the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
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copyrights, in and to the Video. To the extent that, by law,
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limitation in print, digital arnd electronic form) throughout
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create adaptations, summaries or extracts of the Video or
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States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in item 2 above, and
any of the licenses' or- grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights - permitted -under. such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JOVE the right to use the Author’s name, voice,
likeness; picture, photograph, image, biography and
performance 'in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all'applicable privacy, likeness, personality or similar laws.
10: Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agréement; by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement.and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and ‘warrants ‘that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,

“intellectual property or other rights of any third party. The

Author represents and warrants that it has and will

_continue to-comply with all government, institutional and

other regulations, . including,  without limitation all
institutional, - laboratory, hospital, ethical, human and
animal treatment, -privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, . agents or independent contractors is in
accordance ‘with the relevant regulations of the Author's
institution. -If ‘more than’ one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to: the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason . therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making.and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author. further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, -liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JOVE, or publication in JOVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JOVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JOVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JoVFE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
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Please submit a signed and dated copy of this'license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140

612542.6

For questions, please contact us at submissions@jove.com or +1.617.945.9051.

:‘f



Response to reviewers Click here to access/download;Rebuttal Letter;Response to
reviewers, ref JoOVE59976.pdf

UNIVERSITE
DE GENEVE

FACULTE DE MEDECINE
Clinique universitaire de
médecine dentaire

DIVISION de PROTHESE FIXE et
BIOMATERIAUX

S. Durual, PhD-PD

Senior lecturer . ..
Dr Vineeta Bajaj

Tél. +41 22 379 40 93 — Fax +41 22 379 40 52 JoVE, review editor
stephane.durual@unige.ch

Geneva, April 15" 2019.

Object Revision, JOVE59976 Calvarial model of bone augmentation in the rabbit for the
assessment of bone growth and neovascularization in bone substitution
materials

Dear Dr Bajaj

Thank you for your thorough review of our submission and your quite positive assessment of
our work.

The comments/criticisms/requests for amendments were addressed as follows:

For a sake of clarity, as numerous changes were demanded, we did not highlight the
modifications within the manuscript, especially with respect to the filmed protocol
already highlighted in yellow. Introduction and discussion were also largely edited
(even if the content did not change substantially), the reason why we preferred not to
highlight the whole section. The changes are listed below.

Editorial comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues. The JOVE editor will not copy-edit your manuscript and
any errors in the submitted revision may be present in the published version.
v' Done
2. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its
applications in complete sentences between 10-50 words: “Here, we present a protocol to
v' Done: “Here we present a surgical protocol in the rabbit with the aim to assess
bone substitution materials in terms of bone regeneration capacities. By using
PEEK cylinders fixed on rabbit skulls, osteoconduction, osteoinduction,
osteogenesis and vasculogenesis induced by the materials may be evaluated
either on live or sacrificed animals.”

Rue Michel Servet 1 - CH-1204 Genéve - www.unige.ch/medecine/dentaire
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3. Please define all abbreviations during the first-time use.

v' Done
PEEK, long abstract p2
o PMMA, introduction p3
o PEEK, introduction p3
o Im,23.1p4
o Iv,2.3.2p4

4. Please remove all commercial language from your manuscript and use generic terms
instead. All commercial products should be sufficiently referenced in the Table of Materials
and Reagents.
For example: Boutyplast, Leyment, FR; Global D, Brignais, FR; UNIGE breeding, Arare, 126
CH;
v" Done, all the commercial mentions were transferred in the MM table.
6. Please revise the Introduction to include all of the following:
a) A clear statement of the overall goal of this method
b) The rationale behind the development and/or use of this technique
¢) The advantages over alternative techniques with applicable references to previous studies
d) A description of the context of the technique in the wider body of literature
e) Information to help readers to determine whether the method is appropriate for their
application
v" Done, Introduction was rephrased and re-paragraphed. Goals and opened
possibilities for interested people appear clearly.
7. Please include an ethics statement before the numbered protocol steps, indicating that the
protocol follows the guidelines of your institution’s human research ethics committee.
v' Done, this was already included in section 1.3.
8. Please ensure that all text in the protocol section is written in the imperative tense as if
telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions
should be described in the imperative tense in complete sentences wherever possible. Avoid
usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol.
Any text that cannot be written in the imperative tense may be added as a “Note.” However,
notes should be concise and used sparingly.
v' Done
o 2.3.1 p4 “Note that this premedication will allow a simple, fast and
painless intubation process....”
o 2.6.3 p5” Ensure that the screw head is adjusted with the surface of the
cylinder tab.”
o 2.6.4 p5 “Ensure that the cylinder is hermetically fixed to the bone.”
9. The Protocol should be made up almost entirely of discrete steps without large paragraphs
of text between sections. Please simplify the Protocol so that individual steps contain only 2-
3 actions per step.
v' Done
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o Except for sections 2.3.1, 2.3.3, 2.3.6 (p4) that require some explications
and clarifications.
10. All steps should be numbered. Please adjust the numbering of the Protocol to follow the
JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and
1.1.2 if necessary. Please refrain from using bullets or dashes.
v' Done

11. The Protocol should contain only action items that direct the reader to do something and
should be in complete sentence describing all specific details related to the action.

v" Done,

o Except for sections 2.3.1, 2.3.3, 2.3.6 (p4) that require some explications
and clarifications.
12. Please ensure that is a single line space between each step, substep, notes and caution
of the protocol section.

v' Done

13. Please add more details to your protocol steps. Please ensure you answer the “how”
question, i.e., how is the step performed?

v' Done, please note that anesthesia and surgery will be filmed. Some details will
appear much clearer as soon as the video support will take place.

14. 2.3.1 How do you ensure the depth of anesthesia?

v' Done: “2.3.1 Sedate the animals by intramuscular (im) injection of ketamine (25
mg/kg, 50mg/ml, 0.5ml/kg) + xylazin (3mg/kg, 20mg/ml, 0.15ml/kg). Wait ca. 20 min
for the animals to sleep deeply (complete muscular atony). Note that this
premedication will allow a simple, fast and painless intubation process. (Deep
analgesia and anesthesia is induced as described in 2.3.11.)”

15. 2.3.2.: Do you first perform sedation and then anesthesia? What is the significance of
doing both?

v' Done, “2.3.1 Sedate the animals by intramuscular (im) injection of ketamine (25
mg/kg, 50mg/ml, 0.5ml/kg) + xylazin (3mg/kg, 20mg/ml, 0.15ml/kg). Wait ca. 20 min
for the animals to sleep deeply (complete muscular atony). Note that this
premedication will allow a simple, fast and painless intubation process. (Deep
analgesia and anesthesia is induced as described in 2.3.11.)

16. 2.4.2: Do you perform the shaving on the surgical site? How do you maintain the sterility

of the area?
v' Done, some more precisions were added from 2.4.2 to 2.4.5 (p5):
“2.4.2 Shave the skull
2.4.3 Disinfect the site by scrubbing the skin with povidone iodine (10%).
2.4.4 Drap the rabbit with a sterile surgical drape and cut out an access area for
the skull.
2.4.5 Disinfect another time the surgical site with povidone iodine (10%).”
17. 2.5.2: How big is the incision? How do you perform the incision?
v P5, Done: “2.5.2 Incise through the skin (with a scalpel) along the calvarial
sagittal line, from the orbits to the external occipital protuberance (ca. 4 cm in
length). Ensure that the periosteum is incised.”
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18. 2.6.1: when was this suture performed?

v' Done, p5, 2.6.: “Locate the median and coronal sutures on the skull (Fig. 2 A-B).
Note that these anatomical lines draw a cross. The cylinders will be placed in
each of the quarters defined by the cross, avoiding that the light of the cylinder
is above the suture (Fig. 2C). “

19. 3: Stop how?
v Done p6: “3.1 Stop analgesia and anesthesia (propofol and fentanyl perfusion
arrest) and check the recovery of autonomous breathing.”

20. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable
content. Please highlight 2.75 pages or less of the Protocol (including headings and spacing)
that identifies the essential steps of the protocol for the video, i.e., the steps that should be
visualized to tell the most cohesive story of the Protocol.
v" Done, from sections 2.3 to 3.5. Some modifications were achieved in this
section and appear highlighted in green. Please consider all the section from
2.3-3.5to be filmed.

21. Will the animal be available on the day of filming?

v" Yes. We will need to plan ca. 2-3 months in advance to order the animals, rent
the surgical room and plan the animal housing.

22. Please consider moving all the materials to the materials section.

v" Done: Sections 1.1, 1.2 and 1.3 are essential for the protocol and part of the
development we added to the model. Therefore, it’s necessary that these
sections are maintained into the text. A transfer into the MM table would
“dilute” the importance of these 3 points.

23. Please ensure that the figures are described in order. Figure 1 should be described
before figure 2.

v' Done
24. Please discuss all figures in the Representative Results. However, for figures showing
the experimental set-up, please reference them in the Protocol.

v Done

25. Please include a title and a description of each figure and/or table. All figures and/or
tables showing data must include measurement definitions, scale bars, and error bars (if
applicable). Please include all the Figure Legends together at the end of the Representative
Results in the manuscript text.

v' Done

26. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the editor or a
link to the editorial policy that allows re-prints. Please upload this information as a .doc or
.docx file to your Editorial Manager account. The Figure must be cited appropriately in the
Figure Legend, i.e. “This figure has been modified from [citation].”
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v' The figure 1 from the initial version was removed, as proposed by reviewer 2.
No need for copyright permission anymore.
27. As we are a methods journal, please revise the Discussion to explicitly cover the
following in detalil in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
v' Done: the discussion was revised and clarified. The protocol is discussed from
a technical and a scientific point of view and compared to other existing
models. A mention was added for the postoperative care and the
accompaniment by professional anesthetists and veterinaries.
28. Please expand the journal titles in the reference section.
v' Done
29. Please alphabetically sort the materials table.
v" Done. The sections were preserved and ordered alphabetically. Within each
section, the products-materials were ordered alphabetically.
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Reviewers' comments:
Reviewer #1:
Minor Concerns:
The indication of the scale is not very clear on some figures.
v' Done, the scale bars were updated, especially on figure 6

Reviewer #2:
Minor Concerns:
1. There are two "2.3.4" in the text.
v" Modified
2. Figure 1 has less relevant to the paper.
v' The figure 1 was suppressed from the revised version
3. In figure 2, it is suggested to add more information. For example, the height of the cylinder,
the size of the screws, and the size of the five small holes.
v' Done
4. In 2.1, periosteal is listed, but it seems not being used in the whole process. Please have a
check.
The periosteal is needed to elevate the periosteum, as mentioned in section 2.5.3 :
“2.5.3 Gently elevate the periosteum (with a periosteal) on both side of the incision.”.

Dr. S. Durual



