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SUMMARY Background: Anatomical studies of the rabbit paranasal cavities are impelled by the increasing
interest in the rabbit model to investigate human sinusitis. Although several such studies have
already been performed, the topography of the rabbit dorsal conchal and maxillary sinuses is
described ambiguously and the existence of the ethmoidal, frontal and sphenoidal sinuses is
controversial.

Methodology: The paranasal cavities were investigated using corrosion casting, gross and his-
tological cross-sectioning, and micro-CT scanning of rabbit noses followed by computerized
three-dimensional reconstruction.

Results: Micro-CT scanning was most useful to illustrate the dorsal conchal sinus, the large
maxillary sinus consisting of a dorsal and a ventral recess, and the sphenoidal sinus. All these
sinuses are paired and symmetrical. A large connection is present between the dorsal conchal
sinus and the maxillary sinus resulting in one large conchomaxillary cavity. The sphenoidal
sinus lies most caudal and is surrounded by the presphenoid bone. The openings from the
nasal cavity into the conchomaxillary cavity and the sphenoidal sinus are very small.
Conclusions: The absence of frontal and ethmoidal sinuses in any of the rabbits examined is a
major difference between the rabbit and human sinuses. The rabbit maxillary sinus seems most
appropriate for experimental work.
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INTRODUCTION

Interest in animal models to facilitate the study of human
sinus disease is currently increasing. The rabbit is often pro-
moted as the experimental animal of choice since the relative
volume of the nasal cavity in this species resembles that of
humans . The rabbit model has already proven its utility in
the fine-tuning of therapeutic procedures to treat sinusitis or
other sinus-related pathologies. Such procedures include,
amongst others, maxillary floor augmentation allowing the
insertion of dental implants of sufficient length ®*, and sinus
obliteration, which is often necessary in various conditions
such as recalcitrant disease or large mucoeceles ®,

Despite the common use of the rabbit model, the paranasal
sinuses of this animal species have only seldom been studied
anatomically. Data about the presence of the dorsal conchal
and maxillary sinuses in the rabbit are consistent, but their
descriptions and nomenclature are somewhat ambiguous &
The presence of the ethmoidal sinus in the rabbit has been
demonstrated by Kerschner et al. (10), although Kelemen M
does not report such a sinus but ethmoidal cells instead.
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1D and Hartcourt-Brown © clearly report

the absence of the frontal sinus in the rabbit. In contrast,

Prince " describes the presence of small frontal sinuses, while
L ®)

Kelemen (7), Barone

Altman et a and Peltola et al. ¥ describe experiments in
which they obliterated these sinuses. The sphenoidal sinus,
which is surrounded by the presphenoid bone, has been
described controversially as a very reduced @10 o1 a large 61

sinus in the rabbit.

From this short literature review, it might be clear that many
characteristics of the rabbit paranasal cavities remain obscure.
The confusing nomenclature used by different authors has
contributed to the lack of consistency between the various
reports concerning the anatomy of the rabbit sinuses.
Therefore, this paper aims to visualize the rabbit sinuses with a
state-of-the-art technique. A detailed anatomical description of
the rabbit sinuses, using the official anatomical nomenclature
(415 ), could allow a more accurate translation of experimental
results from rabbit models to humans.
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Rabbit paranasal sinuses

MATERIALS AND METHODS

Animals

A total number of 20 adult New Zealand White rabbits of both
gender, weighing approximately 2 kg, were used. The animals
were euthanised for educational reasons by injecting 1 ml T61%
(Embutramide 200 mg, Mebenzoniumiodide 50 mg, Tetracaine
hydrochloride 5 mg, Dimethylformamide et aqua dest. g.s. ad 1
ml, Intervet, Mechelen, Belgium) in the lateral ear vein. After
death, the bodies were decapitated in the atlanto-occipital
joints and the heads were immediately stored at 4°C
(5 specimens) or -20°C (15 specimens).

Corrosion casting (Figure 14)

Five ml of Batson’s #17% corrosion casting solution
(Brunschwig Chemie, Amsterdam, The Netherlands) was gent-
ly injected into the nasal cavities of three rabbit heads via the
nostrils, after clamping off the trachea. After injection, the
heads were placed in cold water for 30 min and subsequently
macerated in 25% potassium hydroxide (Roth, Karlsruhe,
Germany) for 2 days. The macerated heads were rinsed with
water and dried under a vented hood. The remaining speci-
mens, which comprised the skull and the polymerized injected
casting solution, were evaluated and photographed with a stereo-
microscope (Olympus SZX7, Olympus Belgium, Aartselaar,
Belgium).

Gross freeze-sectioning (Figure 1B)
Using a band saw, the noses of 13 frozen rabbit heads were cut
transversely into 5 mm thick slabs, and two frozen heads were

Figure 1. Representative images obtained by the various techniques
that were used to examine the anatomy of the rabbit paranasal cavities:
(A) Injection of the paranasal cavities (blue) and the lacrimal duct (red)
with Batson’s #17" casting solution, (B) cutting 5 mm thick slabs from
frozen heads using a band saw, (C) histological sectioning of the rabbit
nose at intervals of 0.5 mm after skull decalcification, and (D) micro-
CT scanning of the rabbit head.
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Figure 2. Three-dimensional reconstructions of the rabbit paranasal

sinuses.

A: Left lateral view of the rabbit nasal cavity (green) consisting of the
dorsal (1), middle (2) and ventral (3) nasal meatuses and the ethmoidal
meatuses (4), the dorsal conchal sinus (ochre), the dorsal and ventral
recesses of the maxillary sinus (dark and light blue, respectively) and
the sphenoidal sinus (purple). The nasopharyngeal meatus (5) is the
ventrocaudal continuation of the nasal cavity. B: Similar view showing
the anatomical topography of the rabbit sinuses within the skull. C:
Medial view of the right-sided rabbit sinuses showing the orifices of the
conchomaxillary cavity and the sphenoidal sinus into the nasal cavity
(white and black arrows, respectively). Notice the large caudal connec-
tion between the dorsal and ventral recesses of the maxillary sinus
(curved double arrows). D: Caudal view of the rabbit nasal and
paranasal cavities clearly demonstrating the air-filled spaces (green) in
between the extensive ethmoidal labyrinth. E: Left caudolateral view of
the rabbit nasal and paranasal cavities. The lacrimal canal (yellow) is
located laterally and crosses the recesses of the maxillary sinus. F: Left
lateral and caudal views of the air-filled spaces within the rabbit nasal
cavity (green) showing its connections with the conchomaxillary cavity
(arrows) and the sphenoidal sinuses (arrowheads).

cut longitudinally in rostrocaudal direction along the median
plane. Both longitudinally sectioned heads and three cross-sec-
tioned noses were examined after a short defrosting time using
the stereomicroscope (Olympus SZX7, Olympus Belgium)
linked to a digital camera (Olympus ColorView, Olympus
Belgium). The 5 mm thick slabs of the three cross-sectioned
noses were further dissected to reveal additional anatomical
information. The cross-sections from the remaining ten heads
were defrosted and fixed in 3.5% neutral buffered formalde-
hyde at room temperature for further histological processing.



302

Histological analysis (Figure 1C)

All fixed cross-sections from the noses of the ten rabbit
heads were decalcified at room temperature by immersion in
Stewart’s solution consisting of 90 ml distilled water, 5 ml
formic acid and 5 ml 3.5% buffered formaldehyde U617 The
cross-sections were subsequently dehydrated in a tissue
processor (Microm STP420D, Prosan, Merelbeke, Belgium)
and embedded in paraffin (Microm EC 350-1 embedding sta-
tion, Prosan). From the paraffin blocks, 8 um thick sections
were cut at intervals of 0.5 mm (Microm HM 360 microtome,
Prosan). All histological sections were mounted on slides and
automatically stained with haematoxylin and eosin (Sakura
Linear Stainer II, Sakura Finetek Europe B.V., Zoeterwoude,
The Netherlands). A motorised light microscope (Olympus
BX 61, Olympus Belgium) linked to a digital camera
(Olympus DP 50, Olympus Belgium) was used for histological
examination.

Micro-CT (Figure 1D)

One rabbit head and a rabbit skull, obtained by macerating the
soft tissues in 42% sodium hypochlorite (VWR International
NV/SA, Leuven, Belgium), were scanned using an in house
developed micro-CT system consisting of a closed X-ray tube
(Hamamatsu Photonics K.K., Tokyo, Japan) with directional
target and an A-Si flat panel detector (Varian, Salt lake City,
Utah, USA). The tube operated at 90 kV and 900 projection
images were recorded in 30 minutes. The CT-data were recon-
structed with a voxel pitch of 58 pm using Octopus® software
U9 resulting in 1500 slices of 1000 x 1000 pixels. This large data
set was entered in the Amira™ 4.0 software (Visage Imaging
GmbH, Berlin, Germany) for three-dimensional (3D) recon-
struction.A specific volume of interest was defined by using the
Lattice Access module and loaded in the computer’s memory.
After noise reduction by edge-preserved smoothening, image
segmentation was performed by histogram thresholding, hereby
partitioning the dataset into bone tissue, soft tissue and air-
filled spaces. Different components of the latter voxel set were
subsequently manually subdivided and attributed to the differ-
ent sinuses and the nasal cavity by using the segmentation tools
in the image segmentation editor. In a similar way, the lacrimal
canals were extracted from the soft tissue. After resampling the
data set to a voxel pitch of 232 wm, surface reconstruction was
performed without additional smoothening.

RESULTS

The micro-CT analysis of the fresh rabbit head combined with
3D-reconstruction was most useful to illustrate the topography
of the sinuses. All figures presented in this paper are therefore
computerized 3D-reconstructions from that particular case.
The examination of the rabbit skull using micro-CT was less
informative since the soft tissues of the nose contribute largely
to the formation of the rabbit paranasal sinuses. The other
techniques were used to obtain additional information and to
verify the data obtained by the micro-CT technique. The most
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important disadvantage of the corrosion casting technique was
the presence of air bubbles in the casts, which made the results
hard to interpret. The gross freeze-sectioning technique was
very useful to gain 3D insight into the topography of the
paranasal cavities and allowed further dissection of the noses,
albeit within 5 mm thick slabs. Finally, the histological sections
were not only examined to verify the exact locations of some
structures of interest, but also rendered 3D insight, since sub-
sequent sections were only separated by a small interval of 0.5
mm. The rabbit paranasal cavities are paired and comprise a
dorsal conchal sinus, a large maxillary sinus that consists of a
dorsal and a ventral recess, and a sphenoidal sinus (Figures 2A
and B).

The oblong dorsal conchal sinus lies most dorsal in the rabbit
nasal cavity, and is situated ventrolateral to the dorsal nasal
meatus (Figure 2A). It is a pneumatized cavity within the dor-
sal nasal concha. Its rostral border is located caudodorsal to
the ventral nasal concha which is only present in the rostral
half of the nasal cavity. The caudal border is located just rostral
to the ethmoturbinal bones, which line the ethmoidal meatus-
es. As a result, the dorsal conchal sinus is situated dorsally in
the middle third part of the nasal cavity (Figures 2A and B).
The maxillary sinus is the largest paranasal cavity, being com-
posed of two recesses. It is present in the region of the cribrous
zone of the maxilla and extends towards the rostral orbital
edge (Figure 2B). The oblong dorsal recess is located lateral to
the middle nasal meatus and directly ventral to the dorsal con-
chal sinus (Figure 2A). Both paranasal cavities are connected
to each other by a very large opening, which is situated in the
rostral half of the dorsal recess of the maxillary sinus (Figures
2A and C). The ventral recess of the maxillary sinus, which has
a similar ovoid shape as the dorsal recess, lies ventral to the
latter and more towards the median plane (Figure 2D). Its ven-
tral side shows impressions caused by the sockets of the upper
premolars (Figures 2A, B and E). The rostral halves of both
recesses are crossed by the lacrimal canal (Figure 2E), while
their caudal halves are largely connected to each other (Figure
2C). The rostral edges of both recesses are located at the same
level as the rostral pole of the dorsal conchal sinus. In contrast,
the maxillary sinus extends more caudally and it is twice as
long as the dorsal conchal sinus (Figure 2E). As a result, the
caudal half of the maxillary sinus is located ventral to the eth-
moidal meatuses. The ventral recess of the maxillary sinus
extends more caudally than its dorsal counterpart (Figures 2A
and E). As such, it covers the rostral part of the sphenoidal
sinus (Figures 2A, B and E). The large conchomaxillary cavity
formed by the dorsal conchal sinus and both recesses of the
maxillary sinus only have a small, slit-like common opening
into the nasal cavity (Figures 2C and F).

The sphenoidal sinus is located most caudally and medially
and is surrounded by the presphenoid bone (Figures 2A, B and
E). It has a more or less discoidal shape and is connected with
the middle nasal meatus through a small slit-like rostral open-
ing (Figures 2C and F).
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No frontal or ethmoidal sinuses were observed in any of the
rabbits investigated in the present study. The endoturbinal
bones are well developed in the rabbit and delineate an air-
filled ethmoidal labyrinth (Figures 2A, E and F). Like the
frontal bones, however, the ethmoidal bones are not pneuma-
tized.

DISCUSSION

The present study demonstrates that the rabbit paranasal cavi-
ties are paired and consist of the dorsal conchal sinus, the max-
illary sinus, and the sphenoidal sinus. The data generated in
our study concerning the topography of the dorsal nasal con-
cha are in accordance with earlier observations. However, the
nomenclature used previously is ambiguous and should be dis-
cussed briefly. The dorsal conchal sinus, which was named the
nasal marsupium by Bensley © and Kelemen (7), has its origin
in the pneumatization of the dorsal nasal concha. The nature
of this dorsal nasal concha is also controversial, as most
authors agree that it is partly formed by the first of the four
endoturbinal bones (19’20), whereas Kelemen 7 states that it is
located within a different nasoturbinal bone.

According to literature data and our results, the maxillary sinus
is located lateral to the nasal cavity and ventral to the dorsal
conchal sinus 7'V Its lateral wall lies adjacent to the
cribrous zone of the maxillary bone © Barone !V and
© mention that the maxillary sinus consists
of a single straight cavity. However, our results support the
description by Kelemen 7 that this sinus comprises a dorsal
and a ventral recess, which communicate through a wide open-
ing, and that the maxillary sinus opens with a very large orifice

Hartcourt-Brown

in the dorsal nasal concha. The resulting large conchomaxillary
cavity is connected with the nasal cavity by a narrow slit-like
orifice. This refutes the assertion of Hartcourt-Brown @ that
two separate openings into the nasal cavity are present at the
rostral ends of the dorsal conchal sinus and the maxillary
sinus, respectively. The presence of a single and small connec-
tion between the nasal cavity and the large conchomaxillary
cavity makes the latter vulnerable to pathologies ™,

The sphenoidal sinus, which is surrounded by the presphenoid
bone, is considered by Kelemen ) and Barone 1V as being very
reduced in the rabbit. The present study and the reports of
Bensley © and Prince 1? do, however, demonstrate the oppo-
site.

An ethmoidal sinus has been demonstrated in the rabbit by
Kerschner et al. . In contrast, Kelemen 7 does not describe
an ethmoidal sinus, but ethmoidal cells instead; the latter are
represented by the open spaces between the ethmoturbinals,
while the ethmoturbinals themselves are not pneumatized.
However, the term ethmoidal cells is inaccurate since it can
only be applied to define the cavities within the ethmoturbinal

2D " while

bones V. Ethmoidal cells are present in humans
the open space between the ethmoturbinal bones in the rabbit

represents the middle nasal meatus a,
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Some controversy about the existence of the rabbit frontal
sinus is present in literature. Prince U2 mentioned that the
frontal sinuses are small in the rabbit since their frontal bones
are not well developed. In contrast, Kelemen (7), Barone ‘" and

© reported the absence of the frontal sinus in

Hartcourt-Brown
this species. According to Barone (8), the dorsal conchal sinus is
sometimes described as the frontal sinus. The latter nomencla-
ture has been used by Altman et al. © when reporting their
obliteration experiments of the rabbit sinuses. The presence of
a frontal sinus has also been mentioned in the work of Peltola

1L

et a who describe the diploic marrow cavity within the

frontal bones as the frontal sinus.

The micro-CT technique is very useful to examine the rabbit
paranasal cavities. In contrast to the scanning itself, the manual
labeling of the various sinuses and the final 3D-reconstruction
using the software Amira” is very labour intensive. Moreover,
the interpretation of the native CT-images (Figure 1D), which
is a prerequisite for a correct 3D-reconstruction, requires some
experience. In our study, the histological and the gross free-
sectioning techniques were therefore valuable. These tech-
niques also pointed out that the 3D-reconstruction of the fresh
rabbit head that was scanned in the micro-CT is representative
for all 20 adult New Zealand White rabbits we examined.

It can be concluded that rabbits possess a dorsal conchal sinus,
a maxillary sinus and a sphenoidal sinus, but no ethmoidal and
frontal sinuses. The absence of the latter two sinuses is a major
difference between rabbits and humans ®”. The assumption
that the rabbit maxillary sinus is most appropriate for experi-
mental work could therefore be confirmed.
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