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INTRODUCTION
Chronic sinusitis causes significant morbidity despite appropri-
ate medical and surgical therapy. Anatomical variations includ-
ing maxillary accessory ostium have been implicated in the
pathogenesis of chronic maxillary sinus infection. Maxillary
accessory ostium disturbs mucociliary clearance of maxillary
sinus due to the recycling of mucus between the natural and
accessory ostia, and this process may result in chronic maxil-
lary sinusitis (1).
It is not clear whether maxillary accessory ostia are congenital
or acquired. Some authors claim that they develop following
acute maxillary sinusitis (2). However, the development of the
maxillary accessory ostia following sinusitis has not been
shown in animals or in a prospective clinical study up to date.

In this study, we investigated the development of maxillary
accessory ostia following experimental sinusitis in rabbits.

MATERIALS AND METHODS
Animals

Ten New Zealand type healthy rabbits were used for the pur-
poses of our study. None of the animals had been used as an
experimental animal before. The weights of the rabbits ranged
between 750-2000 g with a mean of 900.6 g. For the sedation of
the animals, 50 mg/kg ketamine hydrochloride and 5 mg/kg
xylazine were used. Intracardiac sodium penthotal was admin-
istered for sacrifice.

Study design

This study was approved by the ethical committee of our insti-
tution and consisted of two phases: In Phase 1, ten lateral nasal
walls of five of the rabbits were explored for the presence of
natural and accessory ostia of the maxillary sinus, as well as
any area resembling the fontanelles in humans. Phase 1 ani-
mals were sedated and later sacrificed. They were decapitated
and their mandibles were removed. The heads were divided
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sagitally in the midline. The nasal septum was removed and
both lateral nasal walls were observed. The turbinates and the
location of the natural ostium of the maxillary sinus were
noted. The presence of an ostium other than the natural maxil-
lary ostium was assessed. Lateral nasal walls were examined
for the presence of a membranous region resembling the
fontanelles in humans.
In Phase 2, experimental sinusitis was induced in the remain-
ing five rabbits. Following sedation, Merocel® nasal sponges
(Medtronic Xomed, Florida, USA) cut in the size of 0.3 x 0.5 x
2.5 cm were placed into the right nostrils of the animals. Later,
0.5 ml of the saline solution containing 108 colonies of
Streptococcus pneumonia per milliliter was injected into the
sponge. In this way, rhinogenic sinusitis was induced. Left
nasal cavities were left open for nasal respiration.
Phase 2 rabbits were sacrificed on the 21st day. The lateral
nasal walls were exposed in the same manner as the Phase 1
animals. The presence of sinusitis and development of the
accessory ostia were assessed in the right lateral nasal walls.
Left lateral nasal walls were also examined for the presence of
inflammation and accessory ostia.

Histological examination

Specimens were obtained from the fontanelle-like regions and

the accessory ostia from the sinusitis sides for histopathologi-
cal examination. The specimens were stained with haema-
toxylin-eosin and examined under a light microscope.

RESULTS
Phase 1: Examination of the lateral nasal walls of the Phase 1
animals revealed that two major turbinate complexes existed in
the lateral nasal walls of the rabbits. The maxillary sinus was
situated lateral to the upper (second) turbinate complex (Figure
1). The natural ostium of the maxillary sinus was located medi-
al to the anterior head of the upper turbinate (Figure 2).
Under magnification and through palpation, it was noted that 6
of the 10 sides contained a membranous part in the medial
wall of the maxillary sinus (60%). Those fontanelle-like regions
were situated in the posterior part of the medial wall of the
maxillary sinus. None of the lateral nasal walls contained an
accessory ostium.

Phase 2: Right nasal cavities of all Phase 2 animals with experi-
mental sinusitis contained pus. After removal of the turbinates,
pus was seen in the maxillary sinuses in all of the animals.
Accessory ostia were observed in two of the five sides (40%)
(Figure 3). It was noted that accessory ostia developed in the
fontanelle-like regions of the lateral nasal walls of the rabbits.
Merocel® nasal sponges did not extend to the region of acces-
sory ostia in any of the animals (Figure 3).
The left nasal cavities, however, were not infected and they
contained no pus. No accessory ostia were observed in the left
sides.
Infiltration by inflammatory cells (mainly polymorphonuclear
leucocytes) was seen on histopathological examination of the
mucosal specimens. Eosinophils, lymphocytes and plasma cells
were also present. There was ciliary loss, epithelial degenera-
tion, areas of ulceration and lymphoid follicular hyperplasia in
the mucosa.

Figure 1. Left side of the rabbit, midsagittal section. a: The arrowheads

show the upper turbinate. b: Surgical fenestration into the maxillary

sinus (arrow).

Figure 2. Left side of the rabbit, midsagittal section, anterior oblique

view. The arrowheads indicate the anterior head of the upper

turbinate. The arrow shows the natural maxillary ostium.
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DISCUSSION
This study shows for the first time that accessory maxillary
ostia develop following sinusitis in rabbits.
Maxillary accessory ostia are situated most frequently in the
posterior fontanelle in humans (3). The term “fontanelle”
refers to the areas of the medial wall of the maxillary sinus
situated anterior and posterior to the inferior bony attach-
ment(s) of the uncinate process. Those areas do not contain
bone and are composed of two mucosal layers; maxillary
sinus mucosa laterally and nasal mucosa medially, and some
connective tissue in between (3).

Fontanelles are the weak parts of the medial wall of the max-
illary sinus since they do not contain bone. The pus is cap-
tured in the maxillary sinus due to blockage of the natural
maxillary ostium by mucosal edema in acute maxillary sinusi-
tis. According to acquired development hypothesis of maxil-
lary accessory ostia, the pus drains into the middle meatus by
perforating the fontanelle, similar to the perforation of the
tympanic membrane following acute otitis media (2).

However, no prospective studies up to date in either animals
or in humans have shown the development of accessory ostia
following acute sinusitis.

The prevalence of the accessory maxillary ostium in humans
has been reported to be between 0-43% in various cadaveric
and patient studies (4-8). The active mucociliary transport of
the maxillary sinus is towards the natural ostium and the
accessory ostia do not take part in the physiological drainage
of the maxillary sinus even if the natural ostium is blocked (3).
The mucus drained through the natural ositum may re-enter
the maxillary sinus through the accessory ostium (1,3,9,10) and
this process is called “recirculation phenomenon”.

Recirculation may take place between the natural ostium and
a surgically created opening (11). The “missed ostium
sequence” is seen if the surgeon cannot locate the natural
ostium of the maxillary sinus correctly due to incompletely
removed inferior part of the uncinate process and performs
middle meatal antrostomy posteriorly to the natural ostium.
In this case, the mucus recirculates between the natural
ostium and the surgically created opening leading to persis-
tent sinusitis (12). Joining the natural and accessory ostia (or
surgically created opening) eliminates this problem.

The presence of a fontanelle-like region and accessory maxil-
lary ostia in the lateral nasal wall of the rabbits has not been
investigated before. We have shown that 60% of the rabbits
have fontanelle-like regions in their lateral nasal walls. We
have demonstrated for the first time that the accessory maxil-
lary ostia develop following experimental sinusitis in the rab-
bits (Figure 3). We used a rhinogenic model of sinusitis so as
not to cause any surgical trauma to the maxillary sinus
mucosa. In fact, the origin of sinusitis is rhinogenic in
humans (13). The rhinogenic model in rabbits allows the infec-
tion to spread into sinuses from the nose, in a way similar to
the pathophysiologic process in humans (14). In our study,
40% of the rabbits developed maxillary accessory ostia follow-
ing sinusitis. We have histopathologically shown inflamma-
tion, mucosal epithelial degeneration and ulceration in the
area where accessory ostia were formed.

We could not perform nasal endoscopy in rabbits before
inducing sinusitis because of their narrow nostrils, and this
may be regarded as a limitation of our study. However, we
did not observe any accessory ostia in ten sides of Phase 1
animals in addition to five uninfected left sides of the Phase 2
animals.
Although this study has shown the development of the acces-
sory ostia following acute sinusitis, it does not show what
happens to them chronically. The accessory ostia may heal
similarly to the majority of tympanic membrane perforations
following acute otitis media or they may persist. This issue
may be investigated in another study.

Figure 3. a and b: Right sides of the Phase 2 rabbits. The arrows indi-

cate the maxillary accessory ostia formed in the region of fontanelles;

*: Position of nasal packing.
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CONCLUSION
Rabbits have fontanelle-like regions in their lateral nasal walls
and they develop accessory maxillary ostia following acute
maxillary sinusitis.
Although our study shows for the first time that accessory
maxillary ostia develop following experimental sinusitis in rab-
bits, further studies are needed in humans.
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