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Preface

This book discusses selected topics on the anatomy of paranasal sinuses and related
conditions, providing insight into advancements in the field.

It is divided into two sections: “Rhinology” and “Maxillofacial.” The first section
covers morphological aspects of the maxillary sinus, infectious causes of acute and
chronic sinusitis, posterior ethmoidal artery, and paranasal sinuses anatomy and
anatomical variations. The second section covers sinonasal-associated midfacial
expansion and maxillary sinus in dental implantology. Chapters present new clinical
and research developments as well as future perspectives on ever-expanding upper
airway and jaw problems. The book is intended for ENT surgeons, rhinologists,
macxillofacial surgeons, postgraduates, researchers, trainees, and general practitioners
with a special interest in upper airway diseases.

I would like to thank and congratulate the chapter authors for their excellent
contributions.

I would also like to thank the valuable teachers from whom I have gained knowledge
throughout the years. I am grateful to IntechOpen for conceiving this book project
and for asking me to serve as editor. Thanks also go to Author Service Manager
Marica Novakovic at IntechOpen for guiding me through the publication process
and moving the book ahead in a timely fashion. My kind gratitude goes to the
technical editors for arranging the book in a uniform format. I hope this publication
contributes to the global distribution of knowledge of the anatomy of the nose,
sinuses, and maxillofacial conditions.

I would like to dedicate this book to my spouse, children, and loved ones for all their
patience and understanding.

Balwant Singh Gendeh, MBBS(Kashmir),

MS(ORL-HNS), UKM, AM(Mal), FAMM, FASc (M’sia), FMSA
Retired Professor,

Department of ORL-HNS,

UKM Medical Center,

Cheras, Kuala Lumpur

Senior Consultant ENT Resident Surgeon,

(Rhinology -Allergy, Endoscopic Sinus & Skull Base Surgery,
Functional & Cosmetic Nasal Surgery),

Pantai Hospital,

Kuala Lumpur, Malaysia
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Chapter1

Morphological Aspects of the
Maxillary Sinus

Elena Bozhikova and Nikolay Uzunov

Abstract

The development of modern surgical methods and techniques for treatment
of the diseases of the paranasal sinuses and the edentulous ridge of the maxilla
requires detailed knowledge of the anatomy, physiology and pathology of the max-
illary sinus. The sinus dimensions and volume, thickness of the mucosa, height of
the inferior wall and presence of septa and root prominence are important indica-
tors for the pneumatization of the maxillary sinus and have essential role by per-
forming sino-nasal and dental implant surgery. The preliminary assessment of some
morphological aspects of the maxillary sinus is essential for the proper diagnosis
and treatment of a number of diseases in maxillofacial region, including treatment
of the chronic rhinosinusitis and the edentulous ridges of the distal maxilla.

Keywords: anatomy, maxillary sinus, sinus development, sinus walls, sinus septa,
sinus mucosa

1. Introduction

A considerable portion of the pathology of the maxillofacial region affects the
maxillary sinus (MS). These include various inflammatory processes (rhinogenic,
allergic, odontogenic), systemic, endocrinological (Grave’s disease) and oncological
disease, traumas, congenital anomalies and acquired defects (traumatic, post-
resection, etc.), as well as diseases with unclear etiology (silent sinus syndrome).

The close relations of the MS with the nasal and oral cavities, orbit, pterygopala-
tine and infratemporal fossae are precondition for spreading of pathological pro-
cesses from the sinus to neighboring areas and vise versa. The ophthalmic symptoms
by the silent sinus syndrome are due to proximity between the orbit and the sinus,
and the proximity between the floor of the MS and the roots of the upper molars and
premolars allows odontogenic infections to induce changes in the sinus mucosa, also
acute and chronic sinusitis. The thin or missing bone plate between the dental apex
and the floor of the sinus is a factor that can lead to post-extraction hemorrhages,
oro-antral communications, luxation of tooth roots and foreign bodies, compression
of canal fillers, penetrations of cysts and invasion of tumors in the sinus, etc.

As an important anatomical structure, the maxillary sinus is a subject of various
surgical interventions in rhinological, endoscopic, ophthalmic and maxillofacial
surgery, and neurosurgery. The main aim of maxillary sinus operations is to preserve
its anatomical and functional integrity. This is possible after preoperative assessment
of the morphological characteristics of the sinus, such as its volume, linear dimen-
sions, wall thickness, septa, position and permeability of its drainage ostium.
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Regeneration of orofacial functions often requires reconstruction of the dam-
aged alveolar process. The reduction of the dento-alveolar segment occurs under
the influence of various etiological factors (dental extractions, inflammatory and
systemic diseases, traumas, tumors, congenital anomalies). The resulting bone
defects disrupt the anatomy, biomechanics and the relations between the two jaws.
The quantity of bone loss determines the severity of morphological and functional
lesions in the orofacial system — nutrition, speech, breathing, facial expressions,
common and specific senses, social contacts. According to this the reconstruction of
bone defects and deficits of both jaws has psych-social significance.

Detailed research and modern clinical interpretation of the anatomy, physiology
and pathology of the maxillary sinus are an important condition for the develop-
ment and improvement of modern operative and reconstructive techniques and for
the prevention of postoperative complications. This contributes both to regenera-
tion and maintenance of the health and self-esteem of the individual, as well as to
his social realization.

2. Development of the maxillary sinus

MS begins its development in the tenth gestation week (GW) by primary
pneumatization. It arises from the middle nasal meatus and spreads into the
ethmoid cartilage. Initially, a small ridge is formed above the inferior nasal concha,
from which processus uncinatus develops. The already formed uncinate process of
the ethmoid bone grows in medial direction and forms the ethmoid infundibulum.
It presents as a groove between the nasal infundibulum and the lateral wall. The
mucosa of the anterior wall of the ethmoid infundibulum, lateral to the uncinate
process, forms several invaginations in the surrounding mesenchyme. These invagi-
nations form a furrow, named uncibullous groove. During the 11th week a cavity is
formed from this furrow, which represents the primary MS [1].

In the 20th gestation week the secondary pneumatization of the sinus begins and
spreads within the maxilla. The dimensions of MS increase at different rates during
the different periods of the fetal development. The antero-posterior (AP) dimen-
sion increases most significantly, being larger in male fetuses [2].

During its development, variations in the shape of the MS are observed due
to its growth in different directions, but at the end of the embryonic period it is
oval-shaped. In the cavity of the sinus, septa and recesses can be observed, but after
the 29th week they disappear. From 10 to 16 GW the floor of the sinus is located
above the attachment of the inferior nasal concha, in 17-20th weeks it is at the level
of the attachment, and after 21st week - below its level. Ossification is observed for
the first time in the lateral wall of the MS in the 16th GW. Subsequently, in the 20th
gestation week, it spreads into the anterior wall, and in the 21st week it comprises
its posterior wall. Up to 37 GW, the medial wall does not ossify. The drainage ostium
of MS is located in the anterior one-third of the ethmoid infundibulum, between
processus uncinatus and lamina papiracea. No additional openings are observed
during embryonic development. Asymmetry between the sinuses was found in 30%
of the cases, but maxillary hypoplasia was absent [3].

The secondary pneumatization of the maxilla begins in the 5Sth month after birth,
and at this stage the MS is presented as a triangular space located medially to the
infraorbital foramen. The growth of the sinus slightly precedes the development of the
maxilla and is accomplished by resorption of its walls, except the medial one, which
plays a role of a depot. The lateral wall of the nasal cavity (NC) is also resorbed, and
this leads to its expansion. The lack of resorption in the medial wall of MS prevents the
development of an extensive communication between the sinus and the nasal cavity [4].
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At birth, the MS presents as a longitudinal furrow filled with fluid. It is found

on the medial surface of the maxilla above the germs of the upper first molars.

The dimensions of the MS at birth are: length (antero-posterior direction) -

7,3 + 2,7 mm,; height - 4,0 + 0,9 mm; width - 2,7 + 0,8 mm. At the age of 16 the
dimensions are respectively: length 38,8 + 3,5 mm; height 36,3 + 6,2 mm; width
275 + 4,2 mm [4]. It is considered that the growth of the sinus is 2 mm per a year in
vertical direction and 3 mm in the antero-posterior direction [5].

At the end of the 1st year the lateral border of the MS is located below the medial
part of the orbit, in the 2nd year - it reaches the level of the infraorbital canal, and
in the 3rd and 4th years it is located inferolateral to the infraorbital canal [6].

The increase of the MS in height of up to 3 years of age is directly related to the
maxilla and depends on several factors such as: the pressure of the eye bulb on the
orbital floor; the traction of the maxilla as a result of the action of the facial muscles,
the muscles of the soft palate and the muscles attached to the mandible; teeth erup-
tion. After the age of 3, the influence of the eyeball decreases, but the pulling action of
the muscles continues, which leads to a growth of the frontal process of the maxilla.
The growth of the MS is directly related to the eruption of the upper teeth. At the age
of 9 years, the lateral border of the sinus reaches the floor of the nasal cavity [6].

In the 15th year after birth, the lateral growth of the MS stops. In early childhood,
its floor is located at the level of the middle nasal meatus; in the 8-9th year - close to
the floor of the NC, and in the 12th year it reaches the level of the hard palate. The
sinus reaches its final dimensions after the eruption of the third molar [6].

As aresult of the rapid development of the MS, its floor after birth is located lower
than its drainage opening to the nasal cavity. As the sinus grows, close relationships
arise with the roots of the upper molar and premolar teeth. During the eruption of
each tooth, its bone bed is occupied by the pneumatic sinus, as a result of which the
sinus floor is located initially at the level of the floor of the NC, and subsequently
below it. The MS can grow not only between the roots of neighboring teeth, but also
between the roots of the same tooth, resulting in their protrusion into the cavity of
the sinus. As the MS grows within the maxilla and at its expense, recessions are gradu-
ally formed, which are designated as zygomatic, alveolar, infraorbital and palatine.

3. Anatomy of maxillary sinus

The MS is located entirely inside the maxilla and is the largest of the paranasal
sinuses. It usually represents a single-chamber cavity, but in some cases two sinuses
separated by bone septa can be found. It has a shape of four-walled pyramid with a
base located medially to the NC (the lateral wall of the nose) and an apex directed
towards the zygomatic arch.

3.1 Dimensions and volume of the maxillary sinus

The size of the sinus varies, and according to literature data, its average dimen-
sions are depth - 34 to 45 mm, width - 25 to 35 mm, height - 33 to 44 mm and
volume - 3 to 30 cm? (Figures1and 2).

The highest value of the cranio-caudal dimension in 93% of cases was measured
around the second molar, and for the medio-lateral and antero-posterior in 90%
of cases - at the level of the root of the zygomatic complex. In females, the size
of the MS is smaller. A cadaveric study of 31 semi-heads shows that the height
(cranio-caudal dimension) of the MS ranges between 10,98 mm and 39,14 mm
(mean - 24,05 + 6,3 mm); the antero-posterior dimension - between 14,27 mm and
42,09 mm (mean - 28,65 + 7,2 mm), and the medio-lateral dimension - between
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Figure 1.

Schematic representation of the antero-posterior (A-P) dimension and the height (H) of the MS on cadaveric
head with medial access: A. sagittal section of cadaveric head (1 — Nasal septum; 2 — maxillary sinus; 3 — Hard
palate); B. maxillary sinus on the same cadaveric head (A-P — Antero-posterior dimension; H — Height).

Figure 2.
Schematic representation of the medio-lateral dimension (M-L) of the MS on cadaveric head with
anterior access.

11,38 mm and 36,19 mm (mean - 20,08 + 5,04 mm). This study reveals that the
medio-lateral dimension is the smallest. The volume of the MS ranges between 4,00
and 19 cm®. The average volume of the sinusis 11,7 + 3,98 cm® [7].

3.2 Walls of the maxillary sinus
3.2.1 Medial wall

From a surgical point of view, the medial wall can be divided in two parts: a
lower one, called a “surgical” wall, which corresponds to the inferior nasal meatus
and is bounded superiorly by the tuberosity of the inferior nasal concha, and
inferiorly - by the floor of the nasal cavity; and upper, called “physiological”,
located in the middle nasal meatus, and enclosed between the inferior and middle
nasal concha. In the surgical part the sinus hiatus is found, which is extremely easily
fractured and is bounded by the frontal and palatine processes of the maxilla. Here
is also located the crest of the inferior nasal concha [8].
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The medial wall of the MS has a quadrangular shape and corresponds to the
inner (nasal) surface of the maxilla, on which there is a large opening - hiatus
maxillaris. It represents the base of the pyramid and is at the same time a lateral
wall of the NC. This wall descends below the level of the nasal floor and is attached
directly to the palatine process of the maxilla. Its thickness varies in different areas —
it is thinnest in the middle of its lower end, and thickest — in its antero-inferior
angle. The medial wall has a complex structure, with the nasal conchas lying on the
outside. It is formed mostly by the mucosa of the middle nasal meatus, the lining of
the MS, and a layer of connective tissue between them. On the side of the NC, the
medial wall also includes the inferior nasal meatus and the floor of the nasal fossa.

After removal of the middle nasal concha, the medial wall is composed of bulla
ethmoidalis, processus uncinatus and hiatus maxillaris, which has a semi-lunar shape
and represents a gap between processus uncinatus (below) and bulla ethmoidalis
(above). Hiatus maxillaris is narrowed by several bones. The lacrimal bone is located
anteriorly, the labyrinth of the ethmoid bone with the superior and middle nasal
concha - superiorly, the perpendicular plate of the palatine bone and the medial plate
of the pterygoid process of the sphenoid bone — posteriorly, and below — the ethmoid
and lacrimal processes of the inferior nasal concha. Processus uncinatus is a sickle-
shaped bone plate that divides the hiatus maxillaris into anterior, posterior, and supe-
rior orifices. The upper opening is called hiatus semilunaris. In 1870, Zuckerkandal
[9] introduced the term fontanelle. The fontanelle is an area in the middle nasal
meatus, located below the uncinate process and above the inferior nasal concha, and
covered medially by the nasal mucosa, and laterally - by the mucous membrane of the
MS, with connective tissue between them. In this area there is no bone, therefore it is
prone to perforation. Depending on their location relative to processus uncinatus, the
anterior and posterior fontanelles differ. The anterior fontanelle is located between
the lower edge of the uncinate process and the attached edge of the inferior nasal
concha, while the posterior one is in postero-superior direction relative to the anterior
one. The drainage opening of the MS opens in hiatus semilunaris. The mucosa of
processus uncinatus along its upper border is attached loosely to the underlying bone,
forming laterally a depression in a shape of a shallow pocket. At the antero-superior
end of hiatus semilunaris a funnel-shaped fossa is located called infundibulum
ethmoidalis, which extends to the recessus frontalis. The frontal sinus is drained in it.

Ostium maxillare (Figure 3) is located in the upper third of the medial sinus
wall and drains into the posterior part of the semilunar hiatus in about 52-78%
of cases [10]. It has an oval shape and is located in a transverse direction. Its

Figure 3.
Medial wall of maxillary sinus with ostium maxillare (arrow).
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dimensions range from 1 to 17 mm, on average about 2-4 mm in diameter [11]. The
opening is found 18-35 mm superiorly to the floor of the nasal cavity and about

28 mm superiorly to the sinus floor. In women, the distance between the floor of the
nasal cavity and the opening is less [12].

Due to the high position of ostium maxillare, the drainage of the MS is difficult
and is accomplished due to the active oscillations of the cilia of the epithelium. Asa
result, infections in the middle nasal meatus can compromise the sinus drainage.

Sometimes additional drainage openings are also found. Their frequency ranges
from 0-43% [13]. The size of the openings is from 1 to 10 mm, and their number
is variable. They are located in the area of the anterior fontanelle or distal to the
natural opening, in the area of the posterior fontanelle [13]. Additional drainage
openings can also occur as a result of pathological processes. They are detected in
30% of patients with chronic rhinosinusitis and in 10-20% of healthy individuals
[14]. In some cases, ostium maxillare merges with the additional openings and a
large drainage opening is formed.

The drainage of the MS occurs only through ostium maxillare, therefore the
presence of additional openings can lead to reabsorption of mucus through them
[15]. They do not participate in the physiological drainage of the sinus, even if its
natural opening is blocked [9].

3.2.2 Superior wall

The superior wall of the MS usually has a triangular shape and represents the
orbital surface of the maxilla, which participates in the formation of most of the
orbital floor. Its width is greater than that of the inferior wall and is inclined down-
wards and forwards and laterally. It is extremely thin and fragile, further weakened
by the passing sulcus et canalis infraorbitalis, which are located in its middle third
and 5-7 mm to 10 mm from the lower orbital border. The canal causes a well-defined
bone ridge along the upper wall. It opens on the anterior surface of the maxilla
through foramen infraorbitale. The infraorbital nerve-vascular bundle is located in
it. Often on some places in the infraorbital canal there is no bone plate and in these
cases the nerve-vascular bundle is covered only by the mucous membrane of the
sinus. The highest part of the roof of the MS is located below the orbital apex.

3.2.3 Anterior wall

The anterior wall of the MS represents the anterior surface of the maxilla, extend-
ing from the inferior orbital margin to the alveolar process, and posteriorly - to zygo-
maticoalveolar crest. The external surface is covered with soft tissues. On the anterior
surface of the maxilla lie the facial artery and vein, lymphatic vessels, motor branches
of the facial nerve and sensory branches of the infraorbital nerve. On this wall there is
awell-defined depression, called fossa canina, which is located above the root of the
upper canine. This is the place with the thinnest cortical plate. The suborbital sulcus
is also located on this surface. The cortical plate of the anterior wall thickens at its
periphery. On the internal surface of the anterior wall, under the mucosa, the nerve-
vascular bundles for the frontal teeth and premolars descend — middle and anterior
superior alveolar nerves (branches of the infraorbital nerve), which participate in the
formation of superior dental plexus, and anterior superior alveolar arteries and veins.

3.2.4 Posterior (infraorbital) wall

The posterior wall of the MS lies behind the zygomaticoalveolar ridge. It is divided
into two sections: medial or pterygomaxillary and lateral or zygomatico-tuberal.
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The medial part of the wall is thin, corresponds to the maxillary tuber and
behind it are located the infratemporal and pterygopalatine fossae.

The lateral part of the wall is formed by the zygomatic process of the upper jaw
with zygomaticoalveolar crest and the surface anterior to the tuber. On this place
is also located the intraosseous anastomosis between the infraorbital and posterior
superior alveolar artery, which is of great clinical importance in surgical interven-
tions. Some anatomical structures such as the zygomatic wall and maxillary tuber-
osity can affect the thickness of the lateral wall.

The lateral wall of the sinus increases in thickness from the second premolar
to the second molar from 5 to 15 mm. The average thickness of the lateral wall
in partially edentulous jaws is 1,71 + 0,12 mm, while in totally edentulous it was
1,57 + 0,07 mm [16]. The lateral wall thickness is 1,69 + 0,71 mm in the area of the
first premolar; 1,50 + 0,72 mm in the area of the second premolar; 1,77 + 0,78 in the
area of the first molar; and 1,89 + 0,85 mm in the area of the second molar [17].

The height of the residual alveolar ridge, the type of edentulousness (partial or
total) and age affect the thickness of the lateral wall. The smaller the residual height
of the alveolar ridge is, the lateral wall is thinner [16]. The smaller thickness of the
lateral wall also implies lower bone density [18].

3.2.5 Inferior wall (floor)

The inferior wall of the MS is formed by the lateral region of the alveolar process
of the maxilla, in which the premolars and molars are located. Its boundaries are
usually the first premolar anteriorly and a small recess behind the third molar. The
floor of MS in about 63% is located lower than that of the NC, in about 33% it is at
the level of the floor of the NC, and in 5-10% - higher [19]. Most often it is located
1.5 cm below the floor of the NC along the horizontal line connecting the lower
edges of ala nasi. According to other authors, the sinus floor is located 7-8 mm
below the floor of the NC [10].

The shape of the sinus floor is concave (rounded), most often mono- or bicon-
cave. In other cases, the floor of the MS has an irregular or flat shape [20].

The inferior wall is composed of basal and alveolar bone. The alveolar bone consists
of cortical plate, which is in contact with the teeth, and spongiosis is located inside.

The floor of the MS is located downwards and laterally to the alveolar ridge of
the maxilla, as a result of which recesses may form between the roots of the posterior
teeth. An alveolar recess is found in approximately 50% of the maxillary sinuses,
which can lead to perforations of the floor during endodontic and surgical treatment.

The roots of the upper lateral teeth are located in close proximity to the floor of
the MS. The relationship between the roots of the teeth and the floor of the sinus can
be divided into three main groups: distant - there is a thick bone wall between the
apices of the dental roots and the sinus floor; tangential - there is a very thin bone
plate between the roots and the floor of the MS; and penetrating - the roots of the
teeth are covered only by the sinus mucosa. The bony lamella separating the floor of
the sinus and the roots of the teeth decreases in thickness from 6,9 mm in canines
to 1,7 mm at the second molar, and in the area of the third molar it increases to
2,8 mm [20].

Approximately 78% of the posterior maxillary teeth are located in dangerous
proximity to the floor of the MS or protrude into it, which is a prerequisite for the
occurrence of various complications during their endodontic treatment or extrac-
tion. The protruding roots are usually separated from the sinus with a thin bone
plate of varying thickness, and sometimes covered only by a mucous membrane.
They form conical elevations on the floor of the sinus. The roots of the first and
second molars most often protrude into the cavity of the MS (Figure 4).
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Figure 4.
Protrusion of the mesio-buccal root of upper left second molar in the cavity of the maxillary sinus (MS).

Most of the roots of the first and second premolars (77-98%) are not in close
relations with the floor of the MS. In contrast, the roots of molars are in close
proximity to the sinus floor: 37% of the first molars, 55% of the second and 31%
of the third molars are in close contact with the floor of the MS [21]. The roots of
the second molars are located in close proximity to the sinus floor, and most often
tangential or penetrating relations are found. In this area is also the lowest point on
the floor of the MS [20, 21]. The buccal roots of the second molar protrude most
often in the cavity of the MS [22]. Regarding the first molar, the buccal roots most
often protrude in the MS, while their palatine roots most often protrude laterally.

There are no statistically significant differences between genders, and the right
and left sinus [22-24].

Different classifications of the relationships between the roots of the upper lateral
teeth and the floor of the MS have been created in order to predict and avoid possible
complications during endodontic, orthodontic and surgical treatment. All modern
classifications are based on those created by Freisfeld et al. [25] and Kwak et al. [26].

Freisfeld et al. [25] offer three types of vertical relationships: class O - the dental
roots of the upper lateral teeth are not in contact with the floor of MS; class 1 - the
roots are in contact with the sinus floor, but do not protrude into the sinus cavity;
class 2 - the roots of the teeth protrude into the sinus.

In 2004, Kwak et al. [26] classify the relationships between the floor of the MS
and the roots of the upper teeth into five classes: class 1 - the floor of MS is located
above the line connecting the buccal and palatine root apices; class 2 — the sinus floor
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is located below the line connecting the buccal and palatine root apices, without

the presence of apical protrusion; class 3 - apical protrusion of the buccal root tip
above the sinus floor; class 4 - apical protrusion of the palatine root tip above the
sinus floor; class 5 - apical protrusion of the buccal and palatine root tips above the
sinus floor. The authors also create a classification for the horizontal relationships
between the MS floor and the upper lateral teeth. These relations are divided into
three classes: class 1 - the alveolar recess of the floor is located to a greater extend in
the direction of the buccal wall compared to the buccal root; class 2 - the alveolar
recess is located between the buccal and palatine roots; class 3 - the alveolar recess is
located to a greater extend in the direction of the palatine wall than the palatine root.

Didilescu et al. [27] offer a classification based on the measured distance between
the root apex and the floor of the MS (thickness of the bone plate between the root tip
and the sinus floor). The topographic relations between the floor of the sinus and the
root apices of the first upper molars are divided into five classes: class 0 — the distance
between the root apex and the sinus floor is 0 mm; class 1 - the distance between
the root apex and the floor of the MS is between 0 and 2 mm; class 2 - the distance
between the root apex and the sinus floor is between 2 and 4 mm; class 3 - the dis-
tance between the root apex and the sinus floor is between 4 and 6 mm; class 4 - the
distance between the root apex and the sinus floor is greater than 6 mm.

This classification also allows an assessment of the topography of the root furcation
relative to the floor of the sinus. In the relationships of the roots of the upper first molar
with the floor of MS of class 2, 3 or 4, the lowest mean value of the bone plate between
the floor of the sinus and the furcation is 7,64 mm respectively; 9,69 mm; and 12,41 mm
These cases favor direct implant placement after tooth extraction without lifting the MS
floor. In class 0 and 1, the implementation of endodontic treatment, tooth extraction
and immediate placement of dental implants requires special attention.

The close relationships between the apices of the dental roots and the floor of
the MS determine the possibility of spreading dental infections to MS and influ-
ence endodontic, orthodontic and surgical treatment, as well as the planning and
implementation of dental implant treatment.

The tangential and penetrating relations between the roots of the teeth and the
floor of the MS are a predisposing factor for the occurrence of various complica-
tions during the extraction of upper molars such as oro-antral fistulas or root
penetration into the sinus cavity. They are also the cause of various complications
during surgical interventions in oral implantology, resulting in development of
chronic maxillary sinusitis [20].

3.3 Septa

The septa (Figure 5) were first described by Underwood [28, 29] and are called the
septa of Underwood. He described different in type, location, size and direction ridges
in the MS. According to Underwood, these ridges in the sinus are formed as a result of
the development and eruption of teeth, and in the absence of teeth — due to increased
osteogenic activity. The septa can be incomplete and complete and divide vertically or
horizontally the MS into pockets or cavities. Some of them separate the sinus almost
completely and thus chambers are formed with a small drainage communication
between them. According to the location of the bony septa, Underwood classified them
into three groups: anterior, located between the second premolar and the first molar,
middle - between the first and second molar, and posterior - distal to the third molar.

Krennmair et al. [30] analyzed 41 cadaveric maxillary sinuses, 61 sinuses
observed during sinus floor augmentation surgeries and 92 computer tomographic
scans and reported the frequency, location and height of antral septa in edentulous
and non-edentulous patients. The authors found that sinus septa had a higher

11



Paranasal Sinuses Anatomy and Conditions

Figures.
Septa in the maxillary sinus on cadaveric head: 1 — Maxillary sinus; 2 — Septa.

frequency and lower height in edentulous and atrophic maxillae compared to jaws
with preserved dentition. They reported that septa were more common in the ante-
rior regions of the sinus. The authors divided the septa into primary (congenital),
which are formed with the normal development of the sinus and the middle facial
third [8, 31]; and secondary (acquired), which occur as a result of reshaping of the
bone under the action of the masticatory pressure exerted by the teeth. Secondary
septa may also occur as a result of tooth loss and bone resorption [29, 31].

The septa are defined as complete when they divide the sinus into separate cham-
bers; and incomplete, dividing the sinus into separate pockets. According to some
authors the incidence of the complete septa is 0,3% [32], but it can reach up to 11% [22].

The septa have usually an oblique direction and their function is to absorb and
redistribute the masticatory pressure. Occasionally, a bone septum may be found in the
sinus, that has formed as a result of the growth of a posterior ethmoid cell in the sinus.
It divides it into anterior and posterior compartments. When the septum is horizontal,
an upper and lower compartment or a medial and lateral section are separated.

Apart from the floor of the sinus, septa can also arise from its other walls [10, 33],
as they are located in two planes — sagittal and transverse. The sagittal septa are most
often found in the anterior and middle areas of the sinus, and transverse - in the
posterior region [33].

The frequency, location and morphology of septa vary widely.

The frequency of septa varies between 20% and 35% [10, 12, 30]. According to
some authors, septa are more common in edentulous alveolar ridges [10, 32], and
they are also of greater height.

According to literature, there is no evidence of a relationship between the
frequency of bone septa and gender and the age of the individual.

Pommer et al. [32] reported that the incidence of multiple septa in one sinus was
4,2%, and that of bilateral septa was 17,2%.

The distribution of septa in the premolar, molar and retromolar region is 24,4%,
54,6% and 21% respectively [32]. A number of authors reported that the highest
incidence of septa is in the middle region [10, 32, 33]. According to other authors,
septa are most often located in the posterior area of the sinus [12, 29].

Gosau et al. [12] found that septa are more common in the right sinuses, while
according to Pommer et al. [32] their frequency is equal for the left and right
sinuses.
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S.6mm

Figure 6.
Height of septa on 3D-cone-beam computer tomography.

According to their shape, the septa can be sagittal, which are most often located
in the anterior area of the maxilla; and coronary, which are found in the middle
and posterior area of the upper jaw. Coronary septa are divided into three groups:
arising from the floor of MS, which are most often transverse; originating from its
lateral wall; and septa located in the upper anterior quadrant of the sinus, which are
sagittal and are comprised by branches of the infraorbital nerve [10]. Pommer et al.
[32] identified three groups of septa - transverse, sagittal and horizontal, with a
frequency of 87,6%, 11,1% and 1,3%, respectively.

The average height of septa most often ranges from 5,4 to 7,5 mm [12, 32]
(Figure 6).

4. Blood supply, lymph drainage and innervation of the maxillary sinus

The blood supply of the MS is mainly by the maxillary artery (MA). It is supplied
mainly by three sources: posterior superior alveolar artery (PSAA); infraorbital artery
(IOA) and its branches; and lateral posterior nasal arteries - branches of sphenopalatine
artery [34]. Arterial blood also comes from the middle nasal concha as the main ostial
artery. There are also branches from the anterior and posterior ethmoidal arteries.

The posterior and antevior walls of the sinus are supplied mainly from the poste-
rior superior alveolar and infraorbital arteries.

The PSAA is divided into two branches: an external (gingival branch), which
supplies part of the cheek and mucous membrane, covering the alveolar ridge in the
area of molars and premolars; and internal (dental branch).

The IOA lies in the infraorbital canal on the inferior orbital wall. In the canal the
artery gives off branches for the orbit and the superior anterior alveolar arteries,
which supply the gingiva, anterior teeth and premolars, and the corresponding part
of the oral mucosa and MS [35].

The gingival branch of PSAA anastomoses with extraosseous branches of the
IOA in 10 of 30 sinuses [1]. The dental branch travels anteriorly and inferiorly,
passes under the zygomatic process and appears inside the orbit where it also
anastomoses with the IOA, forming an arterial circle.

Internal (intraosseous) and external (extraosseous) anastomoses are formed
[34, 35]. They supply the Schneiderian membrane, periosteal vestibular tissues and
the antero-lateral wall of the sinus [1]. According to the literature data, the inci-
dence of the extraosseous anastomosis ranges from 44-90% [34].

The intraosseous anastomosis is also called alveolar antral artery (AAA) and
is of greater clinical importance. It was first described by Strong in 1934. It is
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most often located in the area where the bone window for sinus lift is prepared.
According to various authors and depending on the type of materials used (com-
puter tomography or cadavers), the incidence of AAA varies from 10,5% to 93,9%
for computer tomographic studies [36, 37]. In studies on cadavers, the incidence of
AAA is 100% [1, 34, 38].

Watanabe et al., 2014 [39] reported that AAA occurs in the area of the first
premolar at 28,9%, in the area of the second premolar - in 58,6%, in the area of the
first molar — in 48,2%, and in the area of the second molar - in 41,4%.

AAA is entirely intraosseous (in 100% of cases) at its both ends and partially
intraosseous in the area from the second premolar to the second molar (in 100% of
cases) [1]. Partially the intraosseous part is adjacent to the Schneiderian membrane
and is partly enclosed by the lateral sinus wall.

The course of AAA can be intraosseous or intrasinus. The incidence of intraos-
seous location is higher. According to Kang et al. [40] the intrasinus location was
detected in 29,1% of cases. In 26%of the cases the position of the AAA is below the
sinus membrane [36]. AAA islocated along the outer corticalis of the lateral wall in
5,2-13% of cases [36, 40, 41].

Hur et al. [42] classify the artery as straight (type 1) and U-shaped (type 2). The
straight artery occurs much more often (78,1%) compared to U-shaped (21,9%).

According to the literature, the AAA islocated at an average distance of 16,4
to 19 mm from the edge of the alveolar ridge [34, 38, 41]. In 20% of cases, itisata
distance of less than 15 mm [38]. Yang et al. [37] found that intraosseous anasto-
mosis is located 19,6 + 5,64 mm from the edge of the alveolar ridge in the area of the
first premolar; 19,9 + 5,87 mm in the area of the second premolar; at 15,6 + 4,06 mm
in the area of the first molar; and at 16,5 + 4,75 mm in the area of the second molar.
They reported that the distance between the floor of the sinus and the artery is at
least at the height of the alveolar ridge of more than 8 mm.

The AAA is found closer to the ridge of the alveolar process (excluding the
second molar area) in edentulous patients [43].

The distance between the AAA and the medial sinus wall varies from 11 to
24,9 mm [36, 41].

Extraosseous anastomosis is detected at a distance of 23 to 26 mm [34].

The average length of the intraosseous artery is 44,6 mm and that of the
extraosseous is 46 mm [34].

The diameter of the AAA varies from 0,2-3,5 mm, on average 1,09 mm. Arteries
with a diameter of less than 1 mm are found in 36,1%, with a diameter between 1
and 2 mm - in 51,4%, and with a diameter of more than 2 mm - in 12,3% [41].

In females, arteries of smaller diameter are found. The diameter of the artery
increases with the thickness of the bone wall [40]. In terms of position relative to
the upper lateral teeth, the diameter of the AAA slightly decreases to the premolar
region [39].

AAA injury is not a life-threatening condition, but it significantly complicates sinus
lift operations. The intraosseous artery is of extremely important for determining the
length of the dental implant and the position of the incisions in sinus augmentation pro-
cedures. Artery injury can cause intense bleeding, difficult visualization of the operative
field and subsequently perforation of the Schneiderian membrane. AAA is essential for
avoiding local bone necrosis during surgery and for healing the bone graft [38].

The posterior wall of the sinus is supplied by PSAA, greater palatine artery, and
branches of the sphenopalatine artery.

The sphenopalatine artery gives off the lateral nasal arteries, which are involved
in the blood supply of the maxillary, ethmoid, sphenoidal and frontal sinuses.
Branches for the MS enter it through the lateral wall of the nasal cavity.
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The venous blood of the sinus is drained by a venous plexus, located around its
drainage opening. Anteriorly the venous blood drains into the facial vein and via
it — into internal jugular vein; posteriorly — into the maxillary vein, which merges
with superficial temporal vein in the parotid gland, forming retromandibular vein,
which drains into internal jugular vein. The maxillary vein also anastomoses with
the venous pterygoid plexus and via it with the cavernous sinus.

Lymphatic drainage is to a lymphatic plexus, located around the pterygopalatine
plexus, to the Eustachian tube and nasopharynx, from where it reaches the lateral
cervical and retropharyngeal lymph nodes. Lymphatic vessels from the sinus drain
also into the submandibular lymph nodes.

The sensory innervation of the MS is by the maxillary nerve and its branches
posterior superior alveolar nerves, middle superior alveolar nerve and anterior
superior alveolar nerves, branches of the infraorbital nerve, posterior inferior
nasal branches (greater palatine nerve). The ostium of the sinus is innervated by
the greater palatine nerve. The glands located in the mucosa of the MS receive
post-ganglionar parasympathetic fibers from the greater petrosal nerve, a branch
of n. intermedius of the facial nerve. The vasoconstrictor innervation is by means of
sympathetic fibers, originating from the carotid plexus.

5. Histology of the maxillary sinus

The walls of the MS are covered with a mucous membrane, which is made up of
epithelium (lamina epithelialis), lying on a basement membrane, and subepithelial
connective tissue (lamina propria). The mucous membrane of the sinus is thinner
than that of the nasal cavity, contains fewer blood vessels and is therefore pale blue
in color. In the MS its thickness is approximately about 0,3-0,8 mm [44]. However,
in smokers it varies widely, and the epithelium is usually squamous.

The epithelium is pseudostratified columnar ciliated epithelium. It originates
from the respiratory epithelium of the nasal mucosa. In addition to the typical
columnar ciliated cells, there are also basal (stem) cells, columnar cells without cilia
and goblet cells that produce and secrete mucin.

The cilated cells have an electronic-light cytoplasm in which a large number of
mitochondria, organelles producing enzymes and basal bodies are detected. The
basal bodies play the role of attaching apparatus for cylindrical microtubules to the
cell membrane in the apical part of the cell. The cilia are approximately 50-200 in
number and are composed of 9 + 1 pairs of microtubules. The rate of their oscilla-
tions, which are synchronous and undulating, is 700-800 beats/minute [45]. The
motor activity of the cilia is not regulated in a nervous way but is automatic. They
help to purify the sinus epithelium from the debris, microorganisms and mucus
secretion that move in the direction of the ostium and through it to the nasal cavity.
Due to the high location of the drainage opening, the ciliated cells must overcome
gravity. The speed of movement of secretions is 9 mm/sec [45].

The non-ciliated columnar cells possess microvili, which significantly increase the
surface of the epithelium, which helps to better warm and moisturize the air.

Basal cells are inherently stem cells that give the beginning of different types of
epithelial cells.

The goblet cells are single-celled glands that synthesize and secrete mucus. In
their shape, they resemble inverted wine glasses. The nucleus is located at their
basal end, and secretory granules - at their apical end. They produce glycoproteins
and thus increase the viscosity and elasticity of the mucus secretion produced
by the subepithelial glands. The goblet cells pour their secretion by merging the
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secretory granules with their cell membrane with its subsequent rupture. Therefore,
these cells are apocrine. They are in the largest amount in the MS - 9600 mm” [44].

Lamina propria is much thinner compared to this of the mucosa of the nasal
cavity. It is composed mainly of loose connective tissue. In the intercellular space
are found mainly collagen and a small number of elastic fibers. This layer is moder-
ately blood supplied and contains subepithelial antral glands. These glands are of a
mixed nature and are composed of serous and mucus acini or sero-mucus acini and
myoepithelial cells. The antral glands are in a particularly large amount around the
drainage opening of the sinus. They secrete their secretions through their excretory
ducts. When stimulated by the parasympathetic system, they secrete a thick mucus
secretion, and when stimulated by the sympathetic system, the secretion is sparse.

On the surface of the mucous membrane, a mucous covering is formed, which is
composed of two layers. The first is a sol layer (serous layer). It is thin, produced by
the microvilli and facilitates the movements of the cilia. It serves as a lubricant. The
second is a gel layer (surface mucoid layer). It is located on the surface of the mucosa
and is a thick mucus secretion, composed mainly of glycoproteins. This secretion is
produced by the goblet cells and subepithelial glands. Thanks to it, the underlying
mucous membrane is protected from low temperatures and humidity. The secretion
also has a cleansing function, as it captures foreign particles and microorganisms. It
also contains factors of the immune system: Ig A, Ig G and interferon, lactoferrin,
lysozyme.

In the healthy sinus there is a continuous cycle, which consists in the production
of mucus secretion, its movement through the cilia of epithelial cells and drainage
through the ostium. Serous and goblet cells produce up to 11. secretion per day. The
cilia of epithelial cells and the produced secretion form the muco-ciliary transport
system. Muco-ciliary clearance is responsible for the continuous removal of foreign
substances on the mucous membrane.

Bacterial or viral infections, contaminants, allergens, smoking negatively affect
the normal activity of the ciliated epithelium. The functioning of the muco-ciliary
transport depends to a large extent on the patency of the drainage opening and on
the adequate supply of oxygen to the sinus. Obstruction of the drainage opening
is due to edema of the nasal mucosa, which leads to the retention of secretion in
the sinus, to the resorption of gases and the creation of negative pressure, which
facilitates the invasion of pathogenic microorganisms. On the other hand, when
the sinus ostium is permeable, the environment in the sinus is aerobic and normal
ciliary function is present. When the opening is impermeable, the environment
becomes anaerobic, and as a result, the bacterial flora in the sinus changes. The
colonization and growth of anaerobic bacteria, which cause the development of
maxillary sinusitis, is favored.

With inflammation of the mucosa, there is a sharp reduction to complete
paralysis of the movements of the cilia under the influence of toxins of viruses and
bacteria, as a result of which their cleansing effect is affected. In chronic rhinosi-
nusitis, limited or diffuse epithelial metaplasia and impaired transport function
may occur. As a result, there are edema of the mucous membrane, accumulation of
mucus secretion and bacterial colonization.

The sinus mucosa is firmly attached to the underlying periosteum, which is
why it is referred to as a muco-periosteal membrane. This membrane is called
Schneiderian. The muco-periosteum is loosely attached to the underlying bone,
therefore peels off easily. It contains osteoclasts and osteoblasts. The thickness of
the Schneiderian membrane can vary widely — 0,16-34,61 mm [46].

Very often as a result of various pathological processes the Schneiderian
membrane thickens, which further complicates the treatment of rhinosinusitis
and sinus augmentation surgery. Therefore, the assessment of the thickness of the
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sinus mucosa is of great importance for endoscopic sino-nasal surgery and oral
implantology. Mucosal thickness higher than 2 mm is considered pathological [46].
Odontogenic sinusitis develops as a result of chronic limited inflammation, a cyst
or granuloma at the root of the upper premolars and molars, or as a result of foreign
body or root filling during tooth extraction and endodontic treatment. There is a
direct relationship between the presence of periapical processes and the thickness
of the Schneider membrane. The thickening of the sinus mucosa increases propor-
tionally with the degree of apical periodontitis. By lesions infiltrating the floor of
the MS, pathological mucosal thickening occurs in 90% [47]. The thickness of the
Schneiderian membrane is greater near restored teeth and periodontal and end-
odontic lesions, and this dependence is strongly expressed in the molar areas, when
there is a thin bone plate between the dental roots and sinus or periapical lesions
are present [47, 48]. Other factors for mucosal thickening are infections, allergies,
smoking.

The frequency of thickening of the sinus mucosa varies widely - from 34-66%
[47, 48]. The frequency of thickening of the Schneiderian membrane increases with
age, and it is highest in the age group 40-60 years. With roots, protruding into the
sinus, a higher incidence of mucosal thickening is also observed.

Most often, the thickness of the mucous membrane is 2-4 mm, its average is
2,70 + 3,73 mm [47]. According to Bozhikova et al. [48] the Schneiderian membrane
thickness ranged between 0 and 15,90 mm, average 2,24 + 3,11 mm. The highest
mean values (2,16 - 3,11 mm) were found in the middle sagittal region of the MS. In
the presence of sinusitis, the average thickening of the membrane reaches 74 mm
[49]. Flat thickening of the Schneiderian membrane is most common [46].

6. Physiology of the sinuses

There is still no consensus on the functions of paranasal sinuses. It is assumed
that they help moisturize and warm the inhaled air; provide voice resonance;
increase the olfactory surface; regulate intranasal pressure; their mucosa secretes
mucin, which further moisturizes the nasal cavity; promote facial growth; reduce
the mass of the skull; build a kind of framework for the brain and absorb the shock
effects of injuries to the face and skull, reducing their severity.

The mucous membranes of the nasal cavities and sinuses form a single transport
system that protects the respiratory tract. In the sinuses, the secretions move only
to their drainage openings. The muco-ciliary system captures 80% of inhaled solid
particles between 3 and 5 micrometers in size and 60% of particles more than 2
micrometers in size. These particles are exposed to the action of mast cells, polymor-
phonuclear leukocytes, eosinophils, lysozyme, immunoglobulins and interferon.

7. Conclusion

Preliminary assessment of the morphology of the MS - linear dimensions and
volume, bone wall thickness, presence of septa, locations and permeability of
the maxillary ostium, thickness of the sinus mucosa, relations to the neighbor-
ing structures are prerequisite for diagnosis and treatment of sinus diseases, and
restoration of the edentulous distal maxilla. The study of the sinus anatomy allows
to determine its degree of pneumatization, the position of its ostium, the thickness
of the mucosa, to detect the anatomical variations and to diagnose the pathologi-
cal process in it. These parameters are essential when conducting various dental,
nasal and paranasal procedures, as in many cases may complicate or compromise
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treatment. Conducting sino-nasal surgery and implant treatment of the distal area
of the maxilla is impossible without assessment of the morphology of the sinus in
order to prepare an appropriate treatment plan, prevention of intra- and postopera-
tive complications and prediction of the results of treatment.
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Infectious Causes of Acute and
Chronic Sinusitis
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Abstract

Paranasal sinuses anatomy is paired in 4 parts which includes frontal, maxillary,
ethmoid, and sphenoid. Their relevant function is to secrete mucous for moisture,
humidify inspired air, impart vocal resonance, and act as shock absorber for intra-
cranial contents. Retention of secretions in the nasal cavity and sinuses can cause
inflammation of the mucosa of paranasal sinuses and lead to infection. Classification
of sinusitis is based on duration of symptoms. Diagnosis can be achieved clinically,
however other diagnosis modalities such as cultures or radiology can help to achieve
accurate diagnosis. Depending on the etiology management can be supportive or
pharmacological. In some cases, long term monitoring and prevention therapy may
be required.

Keywords: Sinusitis, rhinosinusitis

1. Introduction

Sinusitis is the inflammation of the mucosa of Paranasal sinuses (frontal,
ethmoidal, sphenoid, maxillary sinuses). Rhinitis is the inflammation of the
mucosal membranes of the nose. Rhino sinusitis refers to the inflammation of
the mucosal membranes of the nose and at least one of the Paranasal sinuses.
Sinusitis is almost always preceded by rhinitis and often occurs together. Hence
rhinosinusitis and sinusitis are often used interchangeably.

Rhinosinusitis is one of the 10 most common conditions seen by primary care physi-
cians. The prevalence of Acute rhinosinusitis (ARS) varies between 6 and 15%. The
prevalence of chronic sinusitis is 12.5%. Yearly incidence: sinusitis affects 1in 7 adults
and is diagnosed in 31 million patients. Acute bacterial infection occurs in only 0.5 to
2.0 percent of episodes of ARS. The incidence is higher in women and among those
aged 45 to 64 years. The direct costs of sinusitis, including medications, outpatient and
emergency department visits, and ancillary tests and procedures, are estimated to be $3
billion per year in the United States. Rhinosinusitis is the fifth most common diagnosis
for which antibiotics are prescribed. It causes a wide array of symptoms, negatively
affects quality of life, and can cause significant impairment in daily functioning.

2. Risk factors

Rhinosinusitis often occurs in the early spring (often associated with upper
respiratory tract infection which occurs in colder months). The incidence of URTI
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is itself extensive, averages to 2-3 episodes in adults and 6-8 episodes in children.
0.5% of patients proceed to rhinosinusitis. Ventilation disorders of the sinuses can
also lead to sinusitis; nasal polyps, deviated nasal septum, cystic fibrosis, primary
ciliary dyskinesia, or granulomatosis with polyangiitis- odontogenic infections,
bronchial asthma, and analgesic (NSAIDs, aspirin) intolerance. Foreign bodies
caught in the nasal cavity, particularly seen in children, also puts them at risk

for rhinosinusitis. Other important risk factors for the development of sinusitis,
include age as described above, female gender, smoking, and immunodeficiency, air
travel, exposure to changes in atmospheric pressure (eg, deep sea diving), swim-
ming, and even anxiety and depression.

3. Classification

Sinusitis is classified based on duration of symptoms (Table 1). Acute rhinosi-
nusitis (ARS) as mentioned lasts less than 4 weeks in duration. Underlying etiology
is most often viral from URTI and less commonly bacterial. The challenge in treat-
ing ARS is based on the physician’ ability to distinguish the etiology between bacte-
rial and viral and determine if the patient will benefit from antibiotics. Bacterial
and prolonged viral illnesses have similar presentations, complicating the assess-
ment. Majority of patients with viral sinusitis have a complete recovery in a week.
Even in patients with bacterial etiology, 2/3"recover without any antibiotic therapy
although the duration of symptoms may be prolonged. Based on the underlying
etiology ARS can be further classified based on the etiology and complications.

1. Acute viral rhinosinusitis (AVRS) — ARS with viral etiology.

2. Uncomplicated acute bacterial rhinosinusitis (ABRS) — ARS with bacterial
etiology without clinical evidence of extension outside the paranasal sinuses
and nasal cavity (e.g., without neurologic, ophthalmologic, or soft tissue
involvement).

3.Complicated ABRS — ARS with bacterial etiology with clinical evidence of
extension outside the paranasal sinuses and nasal cavity.

The most common viral pathogens are rhinovirus, coronavirus, adenovirus,
influenza, and parainfluenza virus. Other less common pathogens causing this
disease are bacteria. The most common community acquired bacterial organisms
are Streptococcus Pneumoniae and Haemophilus influenza, both accounting for 75%
of cases. On the other hand, nosocomial infections are associated with gram-neg-
ative organisms, noted in prolonged intubation. Dental procedures and infections
are associated with anaerobic and microaerophilic bacteria. Fungal infections are

Classification Duration of symptoms

Acute Up to 4 weeks

Subacute At least four weeks but less than twelve weeks

Recurrent Four or more episodes per year with complete resolution between episodes; each episode

lasts at least seven days

Chronic 12 weeks or longer

Table 1.
Showing classification of sinusitis based on duration of symptoms [1].
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seen in immunocompromised individuals, often caused by aspergillus and Mucor.
Staphylococcus aureus, Moraxella catarrhalis and gram-negative organisms which
predominate in chronic rhinosinusitis.

4. Anatomy and pathophysiology

There are 4 paired paranasal sinuses (frontal, maxillary, ethmoid, and sphe-
noid). The sinuses impart various functions. Relevant functions include imparting
vocal resonance, filter, and humidify inspired air, warm the inspired air, act as
shock absorbers for intracranial contents, and secrete mucus for moisture. The
mucosal lining of the sinuses is pseudostratified ciliated columnar epithelium.
Below the epithelium lies the basement membrane, below that is the lamina propria
with lymphoid tissue and secretory glands. Goblet cells are also present interspersed
with the epithelial cells.

The ostium of the maxillary sinus drains into the middle meatus in the hiatus
semilunaris. Accessory ostia can be present in 25-30% of the population. Anterior
ethmoid cells also drain into the hiatus semilunaris through the infundibulum.
Posterior ethmoid cells drain through the superior meatus. The frontal sinus drains
via the nasofrontal duct into the infundibulum of the middle meatus. The sphenoid
sinus opens into the sphenoethmoid recess above the superior concha (Figure1).

The primary pathogenesis that leads to infection is retention of secretions in the
nasal cavity and the sinuses. There are various defense mechanisms in place. The
mucous blanket which travels at 1 cm/min traps and propels any irritants towards
the nasopharynx with the help of cilia, together known as the mucociliary system.
Around 1liter per day of mucus is produced. Secretory IgA is also present to protect
against pathogens. The breakdown of these defense systems is followed by retention
of secretions. Various factors impeding the mucociliary system include mucosal swell-
ing with closing of ostia, ciliary abnormalities, and overproduction of the secretions.
The disruption of the mucociliary system and retention of secretions results in closing
of the draining ostia, especially maxillary and sphenoid sinuses which drain upwards
against gravity. As the ostial size reduces, the movement of air is reduced, and oxygen
tensions drop. Along with that, the carbon dioxide levels increase, and pH is lowered.
All these conditions favor further pathogen growth. The pathogens produce a vicious
cycle as they further cause ciliary dyskinesia and thickened secretions.

Nose and Nasal Cavities

Frantal sinus ; Masal concha Sphenoid sinus

Middle nasal concha ;
Internal naris

Inferior nasal
choncha
Masopharynx

External naris

Figure 1.
Showing the anatomy of nose and nasal cavities. Image courtesy of [2, 3].
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Acute viral rhinosinusitis (AVR) is transmitted by direct contact with conjunc-
tival or nasal mucosa and viral levels can be detected within 10 hours and symp-
toms often develop within one day in a non-immune individual. Acute bacterial
rhinosinusitis (ABRS) occurs in 0.5-2% of all ARS due to secondary infection of
the already inflamed cavity by a viral infection. It can also be associated with any
other condition impairing the defense mechanism mentioned above. ABRS is often
caused by high concentration of a single pathogens but noted to be two pathogens in
approximately 25% of the patients.

5. Clinical presentation
5.1 Symptoms

ARS symptoms include (a) nasal congestion or obstruction (b) purulent nasal
discharge (c) maxillary tooth discomfort (d) facial pain or pressure that is worse or
localized to sinuses when bending forward. Various other possible symptoms are
listed below. Note the symptoms associated with middle ear infection and eusta-
chian tube dysfunction (Table 2).

Purulent discharge must be present for the diagnosis of acute rhinosinusitis.
Purulent discharge is cloudy or colored which is not seen in the case of an upper
respiratory tract infection (clear discharge-rhinorrhea). It is a helpful distinction.

The facial pain or pressure most commonly involves the maxillary sinuses- over
the cheeks- and often mimics dental pain. Other sinuses involved are the frontal
sinuses-lower forehead- ethmoidal sinuses-nasal bridge and/or between the eyes or
retro-orbital pain and sphenoid sinus- near sphenoid bones, most posterior sinuses.

Distinguishing AVRS from ABRS as we discussed is essential and relies on
the clinical course of the conditions (Table 3). Only 50% of cases are accurately
diagnosed with bacterial sinusitis. In ABRS, symptoms often persist beyond 10 days
with failure to improve. Or there are at least 3 initial days of severe symptoms, fever
(> 39°0r 102°F), facial pain, or purulent nasal discharge. Or the symptoms initially
improve and then worsen after 5-6 days (double worsening). In AVRS, symptoms
often improve by day 10 although may persist for days after. Fever may be present
but often disappears within 24-48 hours with respiratory symptoms becoming
more prominent after. Purulent discharge is a sign of inflammation and cannot be
used to distinguish between the two.

Symptoms of acute rhinosinusitis

Purulent nasal discharge

Facial fullness or congestion

Nasal congestion or obstruction

Hyposmia or anosmia

Fever

Headache

Ear pain, pressure, or fullness

Halitosis

Dental pain

Fatigue

Table 2.
Showing symptoms of acute rhinosinusitis.
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Term Definition

Acute rhinosinusitis (ARS) Lasting up to 4 weeks of purulent nasal discharge with associated nasal
obstruction, facial pain/pressure/fullness, or both. Cloudy or colored purulent
nasal discharge, as oppose to clear secretions that typically seen in upper
respiratory viral infection, may be reported, or seen on physical examination.
Facial pain-pressure-fullness may manifest as diffuse or localized headache
and may involve anterior face or periorbital region

Viral rhinosinusitis (VRS) Acute rhinosinusitis that is caused by viral infection, usually diagnosed when
signs and symptoms of acute rhinosinusitis are present less than 10 days and
not worsening

Acute bacterial signs or symptoms of acute rhinosinusitis fail to improve within 10 days or

rhinosinusitis (ABRS) more beyond the onset of upper respiratory symptoms, or Signs or symptoms

of acute rhinosinusitis worsen within 10 days after initial

Table 3.
Distinguishing between ASR, VRS and ABRS based on signs and symptoms.

The below diagram is a helpful guide to distinguish between the various
phenotypes (Figure 2).

Chronic rhinosinusitis (CRS) may present acutely without improvement
of symptoms or insidiously over months to years. Must be present for at least
12 weeks with at least two of the following symptoms: mucopurulent drainage,
nasal congestion (obstruction), facial pain-pressure-fullness, anosmia or hypos-
mia. Following signs of inflammation must also be present with 1 or more find-
ings such as purulent mucus or edema in the middle meatus/anterior ethmoidal
area during anterior rhinoscopy, polyps in the nasal cavity/middle meatus and
imaging showing inflammation of the paranasal sinuses. Additional symptoms of
CRS may include halitosis, dental pain, or other non-specific features. Therefore,
the differential diagnosis of CRS is broad and includes allergic rhinitis, nonal-
lergic rhinitis, vasomotor rhinitis, eosinophilic nonallergic rhinitis or nasal
septal deformity. CRS is further divided between CRS with nasal polyps and CRS
without nasal polyps.

s Definition of Acute Rhinosinusitis

Increase in symptoms after 5 days, or persistent symptoms after 10 days
with less than 12 weeks duration

Common Post-Viral Acute Rhinosinusitis Signs of potential
Cold acute bacterial
Increase in symptoms after 5 days rhinosinusitis
a
E E =
£ b
a ! At least 3 of:
g Fa :
wn F 3 H + Fever above 38°C
"' ‘I lIlr « Double sickening
-3 [ f . + Unilateral disease
1] ‘h ‘,‘ Persistent symptoms after 10 days - Severe pain
]
¥ ‘..‘ - Raised ESR/CRP
3 [,
M : v
5 10 15
Days

Figure 2.
Duration of symptoms to differentiate ARS (common cold) which is 5 days and Post-viral ARS which is longer
than 10 days. Bacterial ARS should be suspected in presence of 3 or more symptoms [4].
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Term Definition

Chronic rhinosinusitis Twelve weeks or longer of two or more of the following symptoms
* Mucopurulent drainage (posterior, anterior, or both)
* Nasal congestion or obstruction
¢ Facial pain-pressure-fullness, or

¢ Decrease sense of smell
PLUS, Inflammation documented by one or more of the following findings:

¢ Purulent mucous or edema in the middle meatus, and or

* Radiographic evidence for inflammation of the paranasal sinuses

Recurrent acute Four or more episodes per year of acute bacterial rhinosinusitis (ABRS) without
rhinosinusitis signs or symptoms of rhinosinusitis between episodes
Table 4.

Distinguishing between chronic rhinosinusitis and recurrent acute rhinosinusitis.

Recurrent acute rhinosinusitis presents with 4 or more episodes per year of
ABRS without signs or symptoms of rhinosinusitis between episodes. Each episode
lasts at least 7 days (Table 4).

6. Physical findings

Signs of ARS include cardinal signs of inflammation. Erythema and edema
may be seen over the cheek bones or periorbital area. Tenderness may be present
at the site of the sinuses which aggravates with percussion. Transillumination,
which is the process of using a bright light applied to the skin over a lesion to
assess for transmission of light, can be used over the maxillary or frontal sinuses.
In the case of rhinosinusitis, it may show opacification. Both percussion and
transillumination have low sensitivity and specificity and are not useful in mak-
ing a diagnosis. Anterior rhinoscopy examination using an otoscope may show
swelling and hypertrophy of the turbinate and reflex narrowing of the meatus.
Purulent discharge may be noted. Anatomic abnormalities such as polyps or septal
deviation may be visualized.

7. Complications

Although rare, complications of ARBS can include pre septal cellulitis, orbital
cellulitis, subperiosteal abscess, osteomyelitis of the sinus bones, meningitis,
intracranial abscess, and septic cavernous sinus thrombosis. Symptoms that
should prompt immediate evaluation include severe and persistent headache,
periorbital inflammation, vision changes, proptosis or abnormal extraocular
movements, cranial nerve palsies, AMS, signs of meningitis or any signs of
increased intracranial pressure.

8. Diagnostics/role of radiology in diagnostics of ID sinusitis
The diagnosis of acute rhinosinusitis (ARS) is achieved clinically. Getting ade-

quate sinus cultures from sinus aspiration (>10* colony-forming units per milliliter,
non-contaminated) remains problematic. In addition, sinus aspiration is invasive
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and time-consuming. Diagnosing ARS relies first on ruling out upper respiratory
tract infection (URTI), then accurately distinguishing ABRS from AVRS.

ARS differentiates itself from URTI based on signs and symptoms with the
former presenting with purulent nasal drainage accompanied by nasal obstruc-
tion, facial pain-pressure-fullness, or both. URTI lacks such features and instead
will present with features of rhinitis (sneezing, post-nasal drip, rhinorrhea) and
pharyngitis (sore throat, cough). Such features are often present in ARS.

Once ARS has been clinically diagnosed, the etiology of ARS must be character-
ized, and this is done by looking at the temporal pattern and the severity of the
illness. ABRS persists beyond 10 days and there is failure to improve in 10 days.
Double worsening may also be seen where the symptoms initially improve and then
worsen after 5-6 days. In AVRS, symptoms are present for less than 10 days and
symptoms are not worsening.

Imaging and endoscopy are not indicated for diagnosis of ARS and cannot
be used to distinguish ABRS from AVRS. They are only indicated when there are
suspected complications such as red flag symptoms (focal neurological deficits,
severe headache, facial numbness, proptosis, blurry vision, swelling, impaired
ocular movements, symptoms not improving despite adequate antibiotics therapy).
Imaging and endoscopy are also indicated when risk factors for invasive fungal
rhinitis are present (immunocompromised, diabetes mellitus) or in the case of
recurrent ARS or CRS. In CRS, presence of inflammation seen in anterior rhinos-
copy, nasal endoscopy or sinus CT is needed for diagnosis.

When imaging is indicated, sinus computed tomography (CT) is the gold
standard. Sinus X-ray is no longer recommended due to low sensitivity and specific-
ity. Sinus CT helps quantify the extent of inflammation, identify polyps or anatomi-
cal abnormalities, and rule out neoplasm or severe fungal infections. Sinus CT is
required if endoscopic sinus surgery is planned.

When red flag symptoms are present, CT with contrast is preferred whereas
CT without contrast is sufficient for recurrent ABRS and CRS. Findings of ARS on
sinus CT are non-specific (opacification, mucosal thickening, air-fluid levels, soft
tissue swelling). In CRS, sinus CT may show etiology of CRS ranging from anatomic
abnormalities to polyposis. Unilateral polyps are less common than bilateral polyps
and when seen should raise suspicion for other conditions such as carcinoma, invert-
ing papilloma or allergic fungal sinusitis. In fungal infection or neoplasm, osseous
destruction may be seen on sinus CT. MRI is indicated when fungal infection or
neoplasm is suspected.

In CRS, nasal endoscopy and anterior rhinoscopy both offer direct visualization
of sinusoidal mucosa. While anterior rhinoscopy allows for visualization of anterior
Y3 of nasal cavity, nasal endoscopy allows visualization of posterior nasal, naso-
pharynx, and often the sinus drainage pathways in the middle meatus and superior
meatus. Nasal endoscopy also allows aspiration of nasal secretions for analysis and
culture. In cases where suspicion for CRS is high, nasal endoscopy can be used alone
without sinus CT for diagnosis. CT in these cases being reserved for complicated or
prolonged clinical course (Table5).

Modality Method Risk Cost Sensitivity

Nasal endoscopy Direct visualization Minimal Moderate Good

Anterior rhinoscopy Direct visualization Minimal Minimal Fair

CT scan Radiographic Radiation exposure High Excellent
Table 5.

Showing modality of diagnostics with associated cost, risk, and sensitivity.
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9. Long term monitoring and prevention

Management of AVRS is supportive and focuses on symptom relief with anal-
gesics or antipyretic drugs (NSAIDS, acetaminophen), decongestants (oxymetazo-
line), intranasal steroids (mometasone) and saline irrigation. AVRS is self-limited
and typically peaks within 3 days then resolves within 10 to 14 days [5].

Management of ABRS also includes symptom relief with the same pharmaco-
logical therapy as AVRS. In addition to supportive treatment, antibiotic therapy also
plays a role in treating ABRS. Antibiotics can either be started at time of diagnosis
or after the watchful waiting period. If ABRS fail to improve after 7 days of the
watchful waiting period, antibiotics should be started.

When antibiotics are used, first-line therapy is amoxicillin for 5-10 days. High
dose amoxicillin is used to cover penicillin non susceptible Streptococcus pneu-
moniae. High dose amoxicillin with clavulanate is also used if bacterial resistance
is suspected (antibiotic use in the past month, treatment failure or worsening of
symptoms, high prevalence of resistance bacteria in the community), presence of
moderate to severe infection (symptoms for extended time), presence of comor-
bidity (diabetes mellitus, immunocompromised, older than 65). Doxycycline or a
respiratory fluoroquinolone (levofloxacin or moxifloxacin) is used in type I hyper-
sensitivity penicillin-allergic patients [6].

When managing CRS and recurrent ARS, it is important to identify the risk fac-
tors that contribute to the persistence or recurrence of the illness since the burden
of the comorbidities often decreases with prompt initiation of CRS therapy. Such
risk factors/ comorbidities as already mentioned earlier in the chapter are asthma,
cystic fibrosis, immunocompromised state, ciliary dyskinesia, or anatomic defor-
mities. For instance, immunodeficiencies in IgA and IgG have been documented in
patients with CRS and recurrent ARS. In such cases quantitative immunoglobulin
measurements may be considered in patients presenting with CRS and recurrent
ARS, especially in those that have failed aggressive management or when sinusitis
is associated with bronchiectasis or otitis media. Chronic antibiotic therapy or
intranasal steroids have not shown benefits in reducing episodes of recurrent ARS.
Patients presenting with recurrent ARS should undergo allergy testing and/or
immunologic testing to test for coexisting allergic rhinitis or immunodeficiency.
Management of recurrent ARS in the setting of these comorbidities should focus
on treating the coexisting illness. Sinus surgery is also an option in such patients.

Treatment of CRS, like AVRS and ABRS, relies on symptom control with saline
irrigation. Topical intranasal steroids such as mometasone also play a role in treat-
ing CRS due to their anti-inflammatory properties and for symptom relief. These
benefits have been seen especially in CRS with polyps. Topical nasal steroids should
be used for at least 8-12 weeks to show benefits. If no response is seen within
3 months, a short course of oral corticosteroids can be initiated. As for antibiotics,
macrolides where found to be beneficial in CRS with polyps due to their anti-
inflammatory properties.

10. Future research

Differentiating AVRS from ABRS clinically can be difficult. Positive sinus
aspiration and culture would be helpful in diagnosis ABRS but also problematic due
to contaminants from the nose.

Efficacy of antibiotic therapy for ABRS could be further analyzed via pre and
post therapy sinus cultures which may open the door for the use of endoscopic
middle meatus cultures or sinus puncture. These invasive methods are indicated
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for patients who failed to respond to first line and second line therapy. It is recom-
mended to perform sinus aspiration (rather than nasopharyngeal swab) since it
was shown to be the most accurate. Endoscopically directed cultures of the middle
meatus are also acceptable although less accurate than sinus cultures obtained by
sinus puncture.

High dose amoxicillin-clavulanate is used to treat penicillin non-susceptible
Streptococcus pneumoniae, severe infection etc. But more studies are warranted
to compare the efficacy of respiratory fluoroquinolones over that of high dose
amoxicillin-clavulanate.

Macrolides, second and third generation oral cephalosporins and TMP/SMX
are not recommended as antibiotics therapy due to high rates of resistance among
Streptococcus pneumoniae. If an oral cephalosporin must be used, third generation in
combination with clindamycin is recommended. Among the third-generation oral
cephalosporin, cefditoren seems to be the one with the best activity against penicil-
lin non susceptible Streptococcus pneumoniae. Doxycycline on the other hand can be
used as an alternative to amoxicillin-clavulanate for adults at low risk of penicillin
non susceptible Streptococcus pneumoniae. More randomized controlled trials are
warranted to assess efficacy of doxycycline and cefditoren.

Resistance patterns vary based on geography, but also based on the time of
the surveillance study. It is necessary that antimicrobial susceptibility profiles of
pathogens in questions be studied nationally, locally, and temporally.

The recommended duration of antibiotic treatment in adults is 5-10 days, which
is somewhat arbitrary. Most clinical trials have excluded severely ill patients and
included patients with maxillary sinusitis without involvement of other sinuses.
More research is needed for the optimal duration of treatment.
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Abbreviations

ARS Acute rhinosinusitis

AVRS Acute viral rhinosinusitis

ABRS Acute bacterial rhinosinusitis
CRS Chronic rhinosinusitis

CT Computed tomography

NSAIDs Non-steroidal ant-inflammatory
URTI Upper respiratory tract infection
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Chapter 3

Posterior Ethmoidal Artery:
Surgical Anatomy and Variations

Smail Kharoubi

Abstract

The posterior ethmoidal artery is a collateral of the ophthalmic artery and par-
ticipates in the vascularization of the nasal cavities. It is an important landmark in
endonasal surgery with complex orbital contents relationships. We recognize many
anatomical and functional varieties. This chapter proposes to present a classic
descriptive anatomical study but also a modern radiological and endoscopic study of
the posterior ethmoidal artery. It also proposes to present a description of some
pathologies associated with this artery, particulary posterior epistaxis and other
vascular disorders. The surgical procedur to access to posterior ethmoidal artery,
external or endoscopic approach of the posterior ethmoidal artery will be described.

Keywords: posterior ethmoidal artery, epistaxis, ligation posterior ethmoidal
artery, skull base surgery, complication endonasal surgery

1. Introduction

Posterior ethmoidal artery is a branch of the ophthalmic artery and participates
in the vascularization of the upper part of the nasal cavities, dura mater, ethmoid
and sphenoidal sinuses. it often leads into a bony canal and is 14 mm from the
anterior ethmoidal artery and 7 mm from the optic foramen.

The posterior ethmoidal artery is involved in several nasosinusal and base of
skull pathology or abnormalities. It may be responsible for persistant epistaxis
requiring specific treatment or producing aneurysm lesion with its compressive and
hemorrhagic complications.

Imaging (CT-scan of the facial mass, arteriography) facilitate its study as well as
its bone canal and its orbital spheno ethmoidal reports.

Ligation of the posterior ethmoidal artery allows effective hemostasis during
intractable epistaxis or as a preventive procedure in surgery of skull base
meningiomas.

2. Embryology

The arterial blood supply to the orbit depends on that of the cerebral arteries.
Since the work of Padget [1], we admit that the six aortic arches, connecting the
ventral and dorsal ipsilateral aortas, appear very early.

The internal carotid arises from the 3rd arch and gives rise to the two primary
ophthalmic arteries, ventral and dorsal.
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Ophtalmic artery will give anterior ethmoidal artery, posterior ethmoidal artery
and sometimes middle ethmoidal artery.

3. Anatomy
3.1 Origin

The posterior ethmoidal artery is a small collateral branch of the ophthalmic
artery that leaves the orbit (posterior third of the orbit) through the posterior
orbital canal and is found at the junction of the roof of the sphenoid and posterior
ethmoid sinuses (Figures 1 and 2).

Anatomical variations at the origin occur more frequently in the posterior eth-
moidal artery (86%). Many anatomical variations frequently occur at the origin of
the PEA The posterior ethmoidal artery can also originate from the third part of the
ophthalmic artery (5%), or from the second part of the ophthalmic artery (5%). It
may have its origin in the AEA and also in the middle meningeal.

3.2 Course

From the posterior orbital canal the artery goes up and back.

Figure 1.

Intra ovbital ophtalmic artery: 1. anterior ethmoidal artery (AEA); 2. posterior ethmoidal artery (PEA) 3.
ophtalmic avtery; 4. supra orbital artery; 5. medialy long ciliary avtery; 6.lacrymal avtery; 7. lateral long
ciliary artery. (Iconography - Ducasse. A Ref. [2]).

AEA . 4 hE
AEP
ECH, - B B = N A
1 B 3 4

Figure 2.

Anatomic variability of origin of ethmoidal arteries. OA: ophtalmic artery AEA: anterior ethmoidal artery
AEP: posterior ethmoidal artery. 1: independent origin of ethmoidal arteries. 2: common origin (single trunk) of
anterior and posterior artery. 3: posterior ethmoidal artery origin from anterior ethmoidal artery. 4: anterior
ethmoidal artery origin from posterior ethmoidal artery.
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It runs between the rectus superior and the superior oblique muscle and then
emerges from the myofascial cone of the orbit to finally pass perpendicular to the
medial wall and enter the posterior ethmoidal canal.

Posterior ethmoidal artery into its canal presents a more horizontal orientation
than that of the anterior ethmoidal artery with an entry angle into the skull base of
between 0° and 18°.

The posterior ethmoidal artery is smaller than the anterior ethmoidal artery,
usually less than 1 mm, which makes its identification difficult in CT studies. Its size
is usually inversely proportional to that of the anterior ethmoidal artery.

The intra orbital part has a 0.66 £+ 0.21 mm diameter and 0.63 £ 0.19 on the left.

The intracranial part has a 0.45 & 0.12 mm (range, 0.32 to 0.57 mm) diameter.
Tomkinson et al. they could identify the PEA in only 14/40 nasal fossae [3].

Posterior ethmoidal artery runs very close to the optic nerve: the distance between
the two structures is variable and can range from 4 to 16 mm (Table 1) (Figure 3).

3.3 Termination

It ends in the posterior part of the lateral wall of the nasal cavity.

In medial wall of nasal cavity (septum) posterior ethmoidal artery contribuate to
kisselbach area with superior labial, anterior ethmoidal and naso palatine artery
(Figure 4).

3.4 Branche

* anterior tract olfactif artery.

* accessory posterior olfactory artery (Figure 5).

Author Distance Measurement
Cankal et al., 2004 [4] From nasion to PEF 46.3 mm (range 38-55 mm)
From optic foramen to PEF 6.7 mm (range 4-16 mm)
Caliot et al., 1995 [5] From AEF to PEF 10-15 mm
From optic foramen to PEF 5mm

PEA: posterior ethmoidal artery. PEF: posterior ethmoidal foramen. AEF: anterior ethmoidal foramen.

Table 1.
Anatomical landmarks in the literature for identifying the PEA.

Figure 3.
The medial wall of the orbit. The fronto ethmoidal suture guides the sub periorbital dissection to the anterior and
posterior ethmoidal foramen. The main bony landmarks are highlighted. (Iconography - Cecchini. G Ref. [6]).
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Figure 4.
Nasal septum vascularisation. NPA nasopalatine artery, SLA supevior labial artery, AEA anterior ethmoidal
artery, PEA posterior ethmoidal artery, PSA posterior septal artery. (Iconography-Gras-Cabrerizo. JR Ref. [7]).

o] [o][e] [«]

(o L] [~ ][~]

Figure 5.
Branch of posterior ethmoidal artery. 1: anterior ethmoidal avtery. 2: antevior tract olfactif artery. 3: accessory
olfactif artery. 4: posterior ethmoidal avtery. 5: orbitary artery. (Iconography - Ducasse. A Ref. [2]).

3.5 Anastomoses

We can found some anastomoses of posterior ethmoidal artery with septal
artery, lateral nasal artery and anterior ethmoidal artery (Table 2).

3.6 Supply

It irrigates the sphenoid sinus and the dura mater which covers the riddled blade
of the ethmoid.

The posterior ethmoidal arteries ran anteriorly and inferiorly divided through
the crista galli suture to supply the anterior ethmoidal territory.

There is often a meningeal branch to the dura mater while it is still contained
within the cranium. This artery supplies:

* the posterior ethmoidal.

¢ dura mater of the anterior canal fossa.
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INTERNAL CAROTID ARTERY EXTERNAL CAROTID ARTERY
1 e : e

OPHTALMIC ARTERY MAXILLARY ARTERY

CENTRAL RETINAL ARTERY SPHENOPALATINE ARTERY

POSTERIOR CILIARY ARTERIES
LACRIMAL ARTERY
MUSCULAR ARTERIES
SUPRAORBITAL ARTERY

POSTERIOR ETHMOIDAL ARTERY | s | ATERAL NASAL ARTERY
ANTERIOR ETHMOIDAL ARTERY ey SEPTAL ARTERY

PALPEBRAL ARTERIES
DORSAL NASAL ARTERY
SUPRATROCHLEAR ARTERY

Table 2.
Diagramm anastomoses posterior ethmoidal artery.

* the upper part of the nasal mucosa of the nasal septum and it anastomoses with
the sphenopalatine artery.

4. Endoscopic anatomy

The identification of the posterior ethmoidal artery during endonasal surgery is
an important step and allows an adapted hemostasis. The first step being a regulated
ethmoidectomy which begins with the identification of the anterior ethmoidal
artery (sometimes in a bony canal) then the posterior ethmoidal artery further back.

The posterior ethmoidal artery is the landmark access to the sphenoidal sinus
(Figures 6-8).

Figure 6.

Endoscopic view of the left anterior skull base. (AEA anterior ethmoidal artery, ER ethmoid roof, PEA posterior
ethmoidal artery, PS, planum sphenoidale, SS sphenoid sinus, PO periorbita, MT middle turbinate).
(Iconography - McClurg. SW Ref. [8]).
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Figure 7.

Endoscopic view of the left nasal cavity. (AE anterior ethmoidal artery, ME middle ethmoidal artery, PE
posterior ethmoidal artery, LP lamina papyracea bone PS, planum sphenoidale, SS sphenoid sinus, PO
periorbita, MT middle turbinate). (Iconography - Kiirsat Gokcan. M Ref. [9]).

Olfactory cleft (blue outline)

Frontal sinus
infundibulum

Anterior

Vertical lamella
of the middle
turbinate

Nasal
shptum Medial

Vertical
lamelia of
suparior
turbinate

Figure 8.
The bony canal of anterior and posterior ethmoidal artery is seen through the ethmoid roof traveling from the
orbit to the cribriform plate. (Iconography - Casiano Roy. R Ref. [10]).

Figure 9.
Computed tomography axial view anterior and posterior ethmoidal arteries in canals ea: anterior ethmoidal
artery, ep: posterior ethmoidal artery.
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5. Radiology

The ethmoidal arteries more easily identifiable on the axial view. CT-scan (with
contrast) is a best exam from identifing ethmoidal arteries (anterior, middle and
posterior arteries).

Figure 10.

CT scan axial (a) and saggital (b) view: ethmoidal arteries (anterior, medial and posterior ethmoidal
arteries). (Iconography - Kho. JPY Ref. [11]).

Figure 11.
Length of the PEA (4,9mm,) exposed in the ethmoid cells on covonal CT scan. (Iconography - Yamamoto. H Ref. [12]).

N

Figure 12.
Axial view of computed tomography scan with contrast enhancement vevealed the PEA passing through the
medial wall of the orbit and into the posterior ethmoidal sinus. (Iconography - Casiano Roy. R Ref. [10]).
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Figure 13.

Arteriography: Ethmoide vascularization by branches from the left ophtalmic artery. Black arrow: ophtalmic
artery. White arvow: anterior ethmoidal artery. Black head arrow: posterior ethmoidal artery. (Iconography -
Giuseppe Greco. M Ref. [13]).

The posterior ethmoidal artery usually crosses within the ethmoidal roof, in
front of the most superior aspect of the anterior wall of the sphenoid sinus. In
25-50%, the corticated sulcus of this artery is identifiable on the coronal CT
examination (Figures 9-13).

6. Pathology
6.1 Aneurysm of the posterior ethmoidal artery
6.1.1 Moyamoya

The Moyamoya disease is a cerebrovascular condition that predisposes patients
to stroke in association with progressive stenosis of the intracranial internal carotid
arteries and their proximal branches. Furthermore in moyamoya patients, intracra-
nial aneurysms are known to occur at the level of the polygon of Willis (often in the
vertebra-basilar circulation), more rarely on the basal ganglia arteries or on anterior
or posterior choroidal arteries.

One exceptionally case of posterior ethmoidal artery anevrysm by moyamoya
was repported (Figure 14) [14].

6.1.2 Post traumatic aneuvrysm

Head trauma or skull base fracture can to induce anevrysmal lesion with some
arteries like posterior ethmoidal artery.

6.2 Arteriovenous malformation and posterior ethmoidal artery
In some cases arteriovenous malformationcan to be feding by a posterior eth-

moidal artery. Computer tomograhy and arteriography facilitited the diagnosis and
recognize their support artery [15].
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Figure 14.
Front view and Oblique view. Aneurysm of the right posterior ethmoidal artery fed by the left ophthalmic artery
(black arrow). (Iconography - Mélota. A Ref. [14]).

6.3 Epistaxis
Clinical specificity: posterior and superior issue bleeding in nasal cavity.

* When bleeding seems to come from the roof of the nasal cavity, it is important
to identify the ethmoid arteries always bearing in mind the possible existence
of anomalous courses.

* Posterior bleeding (10% of epistaxis) usually originates from the spheno
palatine artery or from its branches or, more rarely, from the anterior or
posterior ethmoid arteries, branches of the ophthalmic artery [8, 16].

Failure of ligation of the sphenopalatine artery in profuse and recurrent
posterior epistaxis will be indicate ligation of the anterior and posterior ethmoidal
arteries.

7. Surgery of posterior ethmoidal artery
Elective ligation of anterior and posterior ethmoidal arteries is indicates for
extended endonasal procedures when control of these vascular structures is an
essential component of the procedure, such as in endoscopic craniofacial resections.
Rarely, intractable or traumatic epistaxis requires ligation of these arteries, but

this is probably best managed externally with endoscopic assistance.

7.1 Extra cranial open bilateral anterior ANS posterior ethmoidal artery
ligation

* Lynch incision.
* exposure down to the perioteum of the medial orbital walls.
* the frontoethmoidal suture is followed bluntly for about 22 mm posterior to the

lacrimal crest and the posterior ethmoidal artery is encountered about 15 mm
posterior to the anterior ethmoidal artery.
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Figure 15.

Posterior ethmoidal artery: endoscopic approach. A: posterior ethmoidal artery in osseus canal. B: posterior
ethmoidal artery (PEA) exposed in midportion. C: cauterisation of posterior ethmoidal artery. (Iconography -
Naidoo. Y Ref. [17]).

7.2 Extra cranial transcaruncular approach
* incision lateral to the caroncule.
* identifying the lacrimal fossa.

* following the avascular facial plans posteromedially to the frontoethmoidal
suture.

* the periosteum is incised bilaterally to allow a posterior sub periosteal
dissection trajectory to the anterior ethmoidal arteries.

7.3 Endoscopic transnasal approach

The endoscopic approach of the ethmoidal arteries requires a good learning of
endoscopic ethmoidectomy. The identification of the ethmoidal roof does not pre-
sent any specificity like with conventional ethmoidectomy.

If you will to recognize the posterior ethmoidal artery, you must expose the
posterior spheno ethmoidal region. The 0° optic is generally used: the region of the
posterior ethmoidal artery being almost in the axis of the nasal cavity, it is quite
easy to use a bipolar endonasal coagulant forceps (Dessi tool) for coagulation if the
artery is easy viewable (whithout to embedding in the ethmoidal roof). identifica-
tion of anterior ethmoidal artery is possible by following the ethmoidal roof to the
fronto ethmoidal recess. In the majority of cases (83%), the artery is visible by this
way (Figure 15) [18].

7.4 Endovascular approach
Because of the abundant anastomoses among anterior ethmoidal artery, posterior
ethmoidal artery, collateral branches from Middle meningeal artery and Internal

carotid artery, endovascular embolization puts the ophthalmic artery and vision at
risk, so it is not recommandable to doing or choise embolisation of ethmoidal arteries.

8. Conclusion
The posterior ethmoidal artery branch of the ophthalmic artery is an anatomical,

endoscopic and radiological entity very important to know in diagnosis, pathology
and surgery of nasal and para nasal diseases.
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The complete analysis of this anatomical structure will help and facilitate
medical and surgical practice.
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Chapter 4

Paranasal Sinuses Anatomy and
Anatomical Variations

Hardip Singh Gendeh and Balwant Singh Gendeh

Abstract

Anatomical variations of the sinuses are common and may lead to obstruction to
the ventilation and drainage of the sinuses. This may lead to osteomeatal complex
disease refractory to medications. A preoperative CT of the paranasal sinuses acts as
road map guide to identify vital anatomical variations and its relationship to the
orbit, skull base, neurological and vascular structures, to prevent iatrogenic injuries.
To control intraoperative bleeding, it is critical to identify the anterior and posterior
ethmoidal artery indentations and sphenopalatine artery in the anterior and lateral
nasal walls. It is essential for the surgeon to familiarize with the anatomy of the
ethmoid region, lateral nasal wall, sphenoid sinus, sella and parasellar region and
pterygopalatine/infratemporal fossa before embarking on these approaches. The
advent of CT scans and state-of-the-art FESS instrumentation has made surgery of
the paranasal sinuses less of a mystery for the surgeon. Therefore, identifying and
addressing these anatomical variations during FESS is crucial in restoring ventila-
tion and drainage.

Keywords: paranasal sinus, anatomy, anatomical variations, endoscopic surgery

1. Introduction

The birth of Endoscopic Sinus Surgery (ESS) in the early 1900 in Graz, Austria,
under the teachings of Messerklinger has led to an understanding of the drainage of
the paranasal sinuses. Messerklinger introduced the world to tailored endoscopic
sinus surgery owing to his work in the frontal recess and ethmoidal infundibulum
for drainage of sinuses [1, 2]. This was then popularized by Stammberger and
Kennedy with the term functional endoscopic sinus surgery (FESS) being intro-
duced. FESS involves ventilating and draining of the sinuses with preservation
of the mucosa [3]. In the advent of FESS, nasal radiograph was constrained in
identifying anatomical variations of the sinuses and paranasal sinuses. The use of
high-resolution computed tomography (CT) scans with 2-3 millimeters slices has
allowed for better spatial resolution of the anatomical structures.

Prior to performing an ESS, one must obtain a high-resolution CT of the sinuses
and paranasal sinuses for diagnosis and to identify anatomical variations present,
both of which are essential for surgical planning. This is useful to direct the course
of the endoscopic operation in relieving obstructions and drainage of the sinuses.
The surgeon will also become aware of anatomical variations such as a low-lying
base of skull to prevent iatrogenic injuries, reduce complications, and avoid failure
of surgery. Coronal images are particularly important and give information of the
vast anatomy of the paranasal sinuses.
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Prior to leaping into the radiological images of such variations, one must first
understand the development of the sinuses to appreciate the acceptable differences
between a pediatric and adult sinus. Both the maxillary and ethmoidal sinuses are
present at birth. The maxillary sinuses reach adult size by 15 years, while the
ethmoidal sinuses are earlier at 12 years. The maxillary sinus can be appreciated
radiologically at several months after birth and ethmoidal later at approximately
12 months [4]. The frontal and sphenoid sinuses are not present and begin devel-
opment after birth. The frontal sinuses invaginate into the frontal recess from the
age of 4 and continues to expand until the age of 20. The sphenoid sinus attains its
full size by 15 years [4].

These anatomical variations may obstruct the drainage and ventilation of the
sinuses resulting in sinusitis with or without headaches [5]. Anatomical variations
of the middle meatus such as paradoxical middle turbinate, pneumatization and
Haller’s cells are the most common. This may lead to osteomeatal complex (OMC)
diseases and will be required to be addressed if symptoms are persistent. O’Brien
et al. 2016 have suggested a mnemonic CLOSE: cribriform plate, lamina papyracea,
onodi cell, sphenoid sinus pneumatization, and ethmoidal artery (anterior) for
critical structures that are often overlooked and underreported [6].

Variations in anatomy are more of a rule than an exception. Nature has custom-
ized different anatomies for every individual. Therefore, one must be aware of
these possible variations before any surgical interventions. Air in the nose and
paranasal sinuses acts as natural contrast; therefore, CT scan in bone and soft tissue
windows is sufficient to diagnose anatomical variations and pathology in most cases
of chronic rhinosinusitis. Although useful for a quick identification of pertinent
variations, this chapter will introduce you to further variations that one may
encounter when dealing with the sinuses and paranasal sinuses.

2. Nasal septum

The nasal septum forms the medial wall and separates the left and right nasal
cavities, respectively. It also provides projection to the nose. It consists of three
parts being the anterior cartilaginous septum formed by the quadrangular cartilage;
posterior perpendicular plate of the ethmoid consisting of the perpendicular plate of
ethmoid and vomer; and the most anterior membranous septum in between the
quadrangular cartilage and the columella [7].

2.1 Nasal septal deviation

A deviated septum refers to a septal divergent from the midline (Figure 1). In
general terms, an anterior deviation refers to the cartilaginous septum, while pos-
terior involves the bony septum. Deviated nasal septum may cause compression and
lateralization of the ipsilateral middle turbinate, often obstructing the ipsilateral
OMC (Figure 1). This may lead to OMC disease causing obstruction to the drainage
of the frontal, maxillary, and anterior ethmoidal sinus. Septal deviations may occur
up to 36 and 4% of births having anterior cartilage deformity believed to be due to
macxillary molding from pressure exerted within the birth canal [8, 9]. Shpilberg
et al. 2014 reported 98.4% of 192 patients had a deviated nasal septum but 61.4%
had a deviation more than minimal [10]. Hence, it is a common entity. The septum
may be kinked to form a septal spur. Prominent septal spurs may have a dry mucosa
and bleed due to increased surface area exposed to airflow. Some patients may have
a mild deviation and are asymptomatic, while some may be symptomatic. Pathology
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Figure 1.

A coronal view of CT of the paranasal sinus demonstrating a deviated left membranous nasal septum resulting
in a hypoplastic left middle turbinate. The left middle turbinate is also pushed laterally and appears to be
obstructing the left OMC. The contralateral right inferior turbinate is hypertrophied and larger than the left due
to the lavger right nasal cavity.

Figure 2.
Photograph showing an exposed anatomy of the normal nasal valve using thudicum’s forcep. The nasal valve is
boundary by the septum (medial), pyriform aperture (superior), upper lateral cartilage (lateral) and nasal

floor (inferior).

in the nasal valve region (Figure 2) determines whether the patient will benefit
from open (rhinoplasty) or closed septoplasty. Anterior nasal septal deviation
involving the nasal valve causes valve collapse and airflow obstructions. These
cohorts of patients will often benefit from a septorhinoplasty with a valve
reconstruction [11].
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Figure 3.
A pneumatized cartilaginous nasal septum (white arrow) with surrounding calcification.

2.2 Pneumatized nasal septum

Pneumatization of the nasal septum is a rare entity (Figure 3). It may be due to
trauma resulting in splitting of the cartilaginous or bony septum with a space in
between. It may occur together with a nasal septal osteoma. It can be easily con-
fused with a septal turbinate or septal polyp also known as intumescentia septi nasi
anterior, which is a septal mucosal inflammation appreciated on endoscopic exam-
ination [12, 13]. Some have also referred to it as a pneumatized septal turbinate. It
can be corrected with a septoplasty if there is significant obstruction.

3. Nasal turbinates
3.1 Hypoplasia of nasal turbinates

Hypoplasia of the turbinates is the result of the underdevelopment or reduced
size due to reduced number of cells, in the small curved bones that extend horizon-
tally along the lateral wall of the nose.

3.2 Pneumatization of the turbinates

Superior turbinate is a small bony projection in the lateral wall of the nose and
forms the boundary of superior meatus and contributes to the formation of
sphenoethmoidal recesses. Therefore, it plays a significant role in the drainage of
the posterior ethmoidal and sphenoid sinuses. Pneumatization of the superior tur-
binate is rare and the incidence of it causing sinusitis is low compared with middle
turbinate pneumatization (Figure 4). Extensive pneumatization of the middle tur-
binate (concha bullosa or bullous middle turbinate) is known to be one of the
possible etiologic factors in nasal obstruction, recurrent sinusitis, and headaches
(Figure 5). On the other hand, pneumatization of inferior turbinate is a very rarely
encountered variation. Extensive turbinate pneumatization may cause turbinate
enlargement and result in persistent nasal obstruction (Figure 6).
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Figure 4.
A serial covonal CT scan of the paranasal sinuses showing pneumatization of right superior turbinate (arrow)
with bilateral maxillary sinus pathology.

Figure 5.

Serial coronal CT scans of the paranasal sinuses showing a) pneuwmatization of right middle turbinate and B)
pneumatized basal lamella (interlamellar cell of Grunwald) limited to vertical part of middle turbinate not
causing narrowing of ostiomeatal complex.

3.3 Paradoxical turbinate

The superior, middle, and inferior turbinate (conchae) are present in the lateral
wall of the nasal cavity. Paradoxical middle turbinate is a rare developmental condi-
tion and refers to an inferior medially curved middle turbinate edge with the concave
surface facing the nasal septum and usually occurs bilaterally. Once again, it may
impede sinus ventilation and drainage via the OMC, resulting in sinusitis (Figure 7).

3.4 Nasal septum turbinate

Nasal septal turbinate (NST) is structurally located in the anterior part of the
septal part of nasal cavity and limits laterally the nasal valve (Figure 8). It presents
a fusiform area of erectile tissue, similar in structure and function to nasal turbinate,
and consists of mucosa, erectile tissue, blood vessels, and secretory glands. Its main
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Figure 6.
A serial coronal CT scan of paranasal sinuses showing pneumatization of inferior turbinate.

L
Figure 7.

A serial covonal CT scan of the paranasal sinuses showing paradoxical bilateral middle turbinates with an
opaque left maxillary sinus.

function is to direct the airflow toward the nasal turbinate and the osteomeatal
complex and humidification of air at the beginning of inspiration [14].

4. Uncinate process
4.1 Attachment of uncinate

The uncinate process (UP) is an important landmark for sinus surgery. It is a
crescent-shaped bony projection forming a vital structure of the OMC unit,
projecting from anterior superior in the posterior inferior direction. Its function is
said to deflect and prevent contaminated inspired air from gaining access to the
macxillary, anterior ethmoidal, and frontal sinus which it drains. The hiatus
semilunaris, a two-dimensional structure, is bordered by the uncinate anterior
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Figure 8.
A serial coronal CT scan of the paranasal sinuses showing nasal septum turbinate (asterisk,).

inferiorly and ethmoidal bulla posterior superiorly. The hiatus semilunaris con-
tinues laterally to form the ethmoidal infundibulum, which is a three-dimensional
conical structure with its apex lying laterally to form the maxillary sinus drainage
pathway. The uncinated lateral border is attached to the frontal process of the
macxilla while its free edge lies medially. Its breath, length, and thickness vary from
one to another. The uncinated is attached to the maxillary process superiorly, which
curves laterally. The inferior process arises from the inferior edge being in contact
with the inferior turbinate.

There are several attachments of the uncinate process. Although there are
several others, the three main variations in attachments are [15].

1.Lamina papyracea. Attachment to the lamina papyracea allows the frontal
sinus to drain just medial to the uncinated into the middle meatus, while the
area between the uncinate and lamina papyracea forms the recess terminalis,

which is a blind recess.

2.Lateral aspect of the middle turbinate. Its attachment allows the frontal
sinus to drain medially and directly into the ethmoidal infundibulum

3.Skull base. Frontal sinus drainage is similar to 2 above.
Other anatomical variations of the uncinate process are described.
4.2 Pneumatized uncinate

The pneumatized or aeration of the uncinate process also known as a bulla may
obstruct the OMC and result in diseases of the paranasal sinuses (Figure 9). It is
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Figure 9.
Bilateral aeration of uncinate process.

believed that the uncinate bulla may be a continuation of the agar nasi (anterior
most ethmoidal air cell) from above [16]. It should not be mistaken with a Haler cell
of the maxillary sinus.

4.3 Bifid uncinate

A bifid uncinate has two superior bony projections, its significance unknown
and rare (Figure 10) [16].

Figure 10.
A bifid vight uncinate process.
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Figure 11.
A curved uncinate process.

4.4 Curved uncinate

A curved uncinate can either be located horizontally or vertically (Figure 11).
A horizontally located uncinate is often seen together with a large bulla
ethmoidalis. It may curve medially to form a Kaufmann’s double middle turbinate
(16, 17].

4.5 Atelectatic uncinate

An atelectatic uncinate is one that is not developed and hypoplastic and may be
adherent to the medial wall of the orbit or lamina papyracea. It should be identified
radiologically to avoid violation to the lamina papyracea. Otherwise, one may
assume the lamina papyracea is the uncinate process and attempt to remove it
resulting in orbital complications. It is associated with maxillary sinus hypoplasia or
silent sinus syndrome [16].

5. Olfactory fossa

The olfactory fossa is a depression of the anterior cranial cavity formed by the
cribriform plate, thus discontinuing the nasal cavity beneath from the cranial fossa
above. The crista galli forms the medial boundary and lateral lamella of the cribri-
form forms the lateral boundary. The lateral lamella is the thinnest bone and may be
dehiscent. The olfactory fossa contains olfactory nerves. A three-tier classification
of the depth of the olfactory fossa was performed by Keros on 450 samples
(Figure 12). It should be measured at the coronal view [18]. Beware of asymmetry
within the right and left.

Keros Type 1.

Depth of OF is 1-3 mm. The cribriform is almost in level with the roof of the
ethmoid. Eyeballing a coronal section of the CT scan, the cribriform is often above
an imaginary horizontal line connecting the center of both eyeballs. It is the second
most common variation.
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Figure 12.
Coronal view of the CT of the paranasal sinuses demonstrating a) Keros type 1, b) Keros type 2, and c) Keros type 3.

Figure 13.
Pneumatization of cvista galli from left a) small; b) moderate, and c) large.

Keros Type 2.

Depth of OF is 4-7 mm. The cribriform is lower than that of type 1 resulting in a
higher vertical length of the lateral lamella. Eyeballing a coronal section of the CT
scan, the cribriform is just above the imaginary horizontal line connecting the
centers of both eyeballs. It is the most common variation.

Keros Type 3.

Depth of OF is 8-16 mm. The cribriform is even lower than 1 and 2 with an even
higher vertical length of the lateral lamella predisposing to greater risk of penetra-
tion if the surgeon is not careful during an endoscopic sinus surgery. This may lead
to CSF leaks, meningocele, encephalocele, bleeding, and meningitis. It has been
termed as the dangerous ethmoid. Eyeballing the coronal section of the CT scan, the
cribriform is approximately at the level of the imaginary horizontal line joining the
center of both eyeballs. It is the least common variation.

6. Crista galli

Crista galli is the outpouching of the ethmoid bone into the anterior cranial
fossa. It sits in the center and divides the olfactory bulbs into the right and left. A
pneumatized crista galli (Figure 13a—c) is thought to be caused by extension of
aeration from the ethmoid bones and classified as small, moderate or large. How-
ever, there is strong evidence that pneumatization of the frontal sinus instead may
extend into the crista galli [19]. Its incidence is less than 5%. The pneumatization
can be surrounded by bony walls or spongy bones, which has been associated with
chronic inflammation of the sinuses and in rare cases, a mucocele within [20].

7. Frontal sinus

The frontal sinus is the only sinus not present at birth. Pneumatization starts at the
age 2 and reaches the orbital roof by age 5 to 7 years and attains adult size by 12 years.
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Figure 14.
Serial view of coronal CT scan paranasal sinuses showing asymmetry of the frontal sinuses with a rudimentary

left frontal sinus.

The frontal sinus comprises two sinuses extending in the squamous part of the
temporal bone and is separated by bony septum. Since each separated sinus (right
and left) develops independently, they are expected to be asymmetrically
pneumatized (Figure 14). Most commonly the larger sinus passes over the midline
and overlaps the other [3].

The anterior and posterior walls of the sinuses are called the outer and inner
tables. Unlike the thick bony wall of the outer table, the relatively thin inner table
bony plate separates the frontal sinus from the cranial fossa posteriorly. The foram-
ina of Breschet that consists of venous drainage channels is found on the inner table
of the sinus and is the source of infection spread from the sinus intracranially. These
foramina are sites of mucosal invagination within the bone, and the outcome of
incomplete mucosal removal from these sites during sinus obliteration procedure
predisposes to the development of mucocele.

Frontal sinus ostium is located at the posteromedial portion of the sinus’s
floor. The narrowest path of the frontal sinus drainage pathway (an hourglass
shape) corresponds to the frontal beak, which represents the frontal sinus
ostium. Anatomically, the frontal sinus lies superior to the beak and the
frontal recess inferior to the beak. The size and patency of the frontal sinus
ostium is determined by the thickness of the frontal beak (frontonasal process
of maxilla).

A large agger nasi cell results in a small frontal beak and a wider frontal sinus
ostium. On the contrary, a small agger nasi cell results in a prominent frontal beak
and a narrow ostium. A larger agger nasi cell may compromise the frontal sinus
drainage pathway at the level of the frontal recess inferiorly.

7.1 Hypoplastic frontal sinus

Hypoplastic frontal sinus is found in 4% and aplasia in 5% of the population [21].
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7.2 Frontoethmoidal cell

Frontal sinuses may contain air cells as projections from the ethmoidal sinus.
The modified Wormald classification of the frontoethmoidal cell (frontal cells)
classifies them into several types [22].

Type 1 frontal cell—single frontal recess cell above agger nasi cell but below
frontal ostium (Figure 15).

Type 2 frontal cells—two or more frontal recess cells above agger nasi cell but
below frontal ostium (Figure 16).

Type 3 frontal cell—single cell above the agger nasi with extension into the
frontal sinus through the frontal ostium but not exceeding 50% vertical height of
the ipsilateral frontal sinus (Figure 17).

Type 4 frontal cell—either single cell above the agger nasi with extension
into the frontal sinus through the frontal ostium and exceeding 50% vertical
height of the ipsilateral frontal sinus or an isolated cell within the frontal sinus
(Figure 18).

Figure 15.
Parasagittal view demonstrating type 1 frontal cell in ved, FS (frontal cell), FB (frontal beak corresponding to
frontal ostium), AN (agger nasi cell), white-dashed line represents the midway of the frontal sinus vertical line.

Figure 16.
Parasagittal view demonstrating type 2 frontal cells in red, white-dashed line represents the midway of the
frontal sinus vertical line.
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Figure 17.
Parasagittal view demonstrating type 3 frontal cell in rved, white-dashed line represents the midway of the
frontal sinus vertical line.

Figure 18.
Parasagittal view demonstrating type 4 frontal cell in red, white-dashed line represents the midway of the
frontal sinus vertical line.

7.3 Frontal bullar cell

It consists of a single cell that extends from suprabullar region into frontal sinus
superiorly along the posterior wall of frontal recess This is unlike the suprabullar cell
that does not extend into the frontal sinus. Its anterior wall is related to frontal sinus
and its posterior to anterior cranial fossa. One should be cautious during surgery
while opening this cell, not to cause unintentional trauma to anterior skull base.

7.4 Frontal intersinus septal cell

This occurs when an intersinus septum is pneumatized and may communicate
with either one of the frontal sinuses or could be completely an isolated air cell,
which may compromise the frontal sinus ostium patency (Figure 19).
8. Maxillary sinus and natural ostium

The maxillary sinus is present at birth. By 12 weeks in utero, the ethmoid maxil-

lary recess projects out pouches laterally to form the maxillary sinus. At 3 months,
ventrodorsal dimensions are 2.5 mm and by birth it is 7 mm [23].
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Figure 19.
Serial view of coronal CT scan paranasal sinuses showing a frontal intersinus septum (asterisk).

8.1 Agenesis/hypoplasia

Although maxillary sinus hypoplasia and agenesis is common, it is often asymp-
tomatic and identified incidentally on imaging (Figure 20). It may be unilateral or
bilateral. In higher grades of hypoplasia, the uncinate follows suit and it becomes
more difficult to identify the natural ostia. Postulations of hypoplasia include
congenital failure of development, chronic infection halting growth, and failure of

Figure 20.
Serial view of coronal CT scan of paranasal sinuses showing agenesis of the maxillary sinuses.
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development of the uncinate process affecting that of the maxillary sinus [22].
Therefore, hypoplasia of the maxillary sinus can be classified into three [23]:

[.Normal uncinate and infundibular process with mild sinus hypoplasia and
mucosal thickening,

II.Hypoplastic or absent uncinate and infundibular process with significant
sinus hypoplasia and total opacification of sinus,

I11. Absent uncinate process with profound hypoplasia and shallow cleft at lateral
nasal wall.

Therefore, preoperative identification of hypoplasia and poorly developed
uncinate processes is crucial to prevent iatrogenic trauma to the lamina papyracea.

8.2 Silent sinus syndrome

Although a syndrome, silent sinus syndrome (SSS) may cause an anatomical
abnormality to the maxillary sinus. It is a phenomenon whereby a normally devel-
oped maxillary sinus is reabsorbed. This is believed to be due to chronic maxillary
sinusitis atelectasis whereby the absence of ventilation causes the sinus to
reabsorbed over time. It is believed that a large fluffy uncinate acts as a one-way air
outflow valve mechanism within the OMC resulting in maxillary atelectasis [24].
The orbital floor will bow into the maxillary sinus often entrapping orbital muscles
resulting in enophthalmos, sunken orbital sulci, and double vision in a previously
normal individual. There may or may not be a history of rhinosinusitis symptoms.
Unlike a maxillary sinuses agenesis or hypoplasia, SSS is not congenial and is
acquired resulting in progressive changes over months in an individual with a
normally developed maxillary sinus prior. Besides that, its criteria include no major
nasal pathology, previous trauma, and with no previous congenital deformity [24].
Imaging in confirmatory and treatment involves a FESS with considerations of
orbital floor reconstruction.

8.3 Intersinus septa

The maxillary intersinus septum may occur in 21.6 to 66.7% of patients
(Figure 21). Many have tried to classify it based on its location in relation to the
premolars and molars. It may obstruct mucosa flow and result in sinusitis. It is

Figure 21.
Serial views of sagittal and coronal CT scan of paranasal sinuses showing vight intersinus maxillary septa.
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considered if it is more than 2.5 mm in height. It is said to be more common in
adentulous patients [25].

8.4 Accessory ostium

An accessory ostium is one which is located away from the hiatus semilunaris. It
occurs in less than 20% of individuals. Accessory ostium is more frequently located
within the posterior fontanelle but existence within the anterior fontanelle is possi-
ble. It is often less than 1.5 mm in diameter. In a virgin nose, an encounter of a
maxillary ostium within the posterior fontanelle is most likely an accessory ostium.
The presence of an accessory ostium may cause looping of air within the natural and
accessory ostium resulting in recirculation syndrome whereby the patient develops
maxillary sinusitis due to inadequate ventilation of the maxillary sinus. In such
instances, the surgeon should make a communication between the natural and
accessory ostium to form a common cavity during a middle meatal antrostomy

(3, 23].

8.5 Haler cell (infraorbital cell)

A Haler cell is an anterior inferior projection of an ethmoidal air toward the
underside of the orbit. It may cause obstruction of the infundibulum and ventilation
of the maxillary sinus (Figure 22).

9. Infraorbital nerve

The infraorbital nerve or V2 is the terminal branch of the maxillary division of
the trigeminal nerve. It often runs within the infraorbital foramen, situated inferior
to the infraorbital rim, and supplies the sensation of the cheek. Its course within the
infraorbital foramen from the orbit to the cheek may vary (Figure 23). It is often at
risk during a Caldwell-Luc procedure. Ference et al. 2015 have classified the
variations into three [26]:

Type 1: Nerve within the sinus roof,

Type 2: Nerve just below the roof and juxtaposed to it,

Figure 22.
A coronal CT scan of paranasal sinuses showing a vight infraorbital cell.
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Figure 23.
Serial view of axial and covonal CT paranasal sinuses showing infraorbital nerve variations.

Type 3: Nerve descended into the sinus lumen, suspended within a septation of
an infraorbital ethmoid cell.

Type 3 constitutes approximately 12.5% of the population with an 8.6 mm aver-
age below the roof of the maxillary sinus [26]. Preoperative identification of its
dehiscent course from the maxillary sinus roof should be identified, and if maxillary
sinus surgery is performed, its identification during surgery is crucial for preserva-
tion. Although endoscopic sinus surgery poses less risk, care should be taken when
stripping of the maxillary sinus mucosa in cases of benign tumors such as inverted
papilloma and breaking of septations of the maxillary sinus. It may also be damaged
during trauma to the midface or cheek. Trauma to the infraorbital nerve may cause
paresthesia to the region of the ipsilateral cheek.

10. Ethmoidal sinus

The anterior ethmoidal sinus is present at birth, while the posterior is initially
fluid filled and continues to develop until the age of 12 [27]. It is formed by the
ethmoidal bone forming multiple pyramidal air cells. It is bounded laterally by the
eyes, which is being separated from the nasal cavity by the thin lamina papyrecea.
Posteriorly is the face of the sphenoid, and anterior is the agar nasi cell. With
reference to the base of skull, the axilla of the middle turbinate divides the base of
skull to the cribriform plate medial to it and fovea ethmoidalis (roof of ethmoid)
lateral to it. Hence, the medial borders of the ethmoidal sinus bilaterally are the
axilla of the middle turbinate [27]. It is important to appreciate that the skull base
slopes inferiorly from the anterior to posterior direction. The basal lamella of the
middle turbinate forms the separation between the anterior and posterior ethmoidal
air cells. The anterior ethmoids have smaller and greater number of air cells com-
pared with the posterior. The anterior ethmoidal air cells drain into the osteomeatal
complex, while the posterior ethmoidal air cells drain into the sphenoethmoidal
recess posteriorly.

10.1 Ethmoid bulla

The degree of pneumatization of the ethmoidal bulla may vary, with failure to
pneumatized in 8% population (torus ethmoidalis or totus lateralis) [7]. On the
contrary, a giant bulla fills out the entire middle meatus encroaching the space
between the uncinate process and the middle turbinate, with lamina papyracea
forming its lateral relationship. The ethmoidal bulla may fuse superiorly with the
skull base forming the posterior wall of frontal recess, failing which a small
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Figure 24.

Serial coronal view of the paranasal sinuses showing a prominent left bulla ethmoidalis (BE).

suprabullar recess may connect anteriorly to the frontal recess. Posteriorly, it may
fuse with the ground lamella over a variable length. The ethmoidal bulla is superior
to the ethmoidal infundibulum on coronal CT images (Figure 24).

10.2 Anterior ethmoidal artery

The anterior ethmoidal artery, a branch of the ophthalmic artery, crosses the
orbit, the ethmoid labyrinth, and the anterior fossa of the skull. It enters the olfactory
fossa through the lateral lamella of the cribriform plate (anterior ethmoidal sulcus),

Figure 25.

Serial coronal view of the paranasal sinuses showing bilateval anterior ethmoidal artery notch (arrows).
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where the bone is extremely thin and at highest risk in nasal endoscopic surgery
(Figure 25). The course of the anterior ethmoidal artery is relatively variable in the
ethmoidal roof and is vulnerable to injury during surgical procedures.

11. Lamina papyracea

The lamina papyracea is the thin bone that forms the medial wall of the orbit and
lateral wall of the ethmoidal sinus. It is also known as the orbital lamina of the
ethmoidal bone. Dehiscence of the lamina papyracea may occur and can be as a
result of trauma, infection, or tumor. Its dehiscence may be small or may extend
posteriorly to the basal lamella. Some may contain infraorbital fat, while some
contain mucosa of the ethmoidal sinus. Chronic nasal polyposis may exert pressure
to the thin bone and weaken it resulting in dehiscence and protuberance of orbital
content. Its protuberance may cause invagination of periorbita with or without the
medial rectus, which may mimic ethmoiditis (Figure 26a and b). Its presence is of
concern especially during endoscopic sinus surgery where injury to the periorbita
and the medial rectus may occur [28].

12. Sphenoid sinus

The vomer usually joins the sphenoid sinus in the midline, and this is a very
reliable surgical landmark. The sphenoid sinus occupies the body of the sphenoid.
Anatomically, there are two asymmetrical sinuses separated off-midline by
intersphenoid bony septum. The sphenoid sinus drains into the sphenoethmoidal
recess through the solitary sphenoid ostium located in the anterior wall of the sinus,
which opens medially to superior turbinate. The ostium is located more medially
toward the rostrum, about 10 to 12 mm superior to the upper border of the choana,
and about 7 cm from anterior nasal spine at an angle of 30 degree to the nasal floor
The ostium is ideally superomedial to the tail of the superior turbinate. The poste-
rior septal artery crosses the sphenoid face from the lateral nasal wall to the poste-
rior end of the nasal septum. In 65% of cases, it bifurcates into the superior or
inferior branches before crossing, and in 35% cases, it bifurcates after crossing,
inferior to the ostium. The posterior septal artery is about 5 mm below the ostium.
On widening the ostium, it is safer to widen it horizontally and superiorly.

Figure 26.
A serial coronal CT scan of the pavanasal sinuses showing a) a right extraconal fat protrusion into the anterior
ethmoidal sinus (arrow) and B) a left periorbital fat and medial vectus protrusion into the anterior ethmoidal sinus.
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The vital structures surrounding the sphenoid sinus are the pituitary gland, optic
nerves, cavernous sinuses and carotid arteries, maxillary divisions (V2) of trigemi-
nal nerves within the foramen rotundum, and vidian canals. These structures are
easily seen as indentations on the sinus’s roof and walls internally, which are related
to the degree of pneumatization of the sinus.

Posterior to the sinus lie the pons and the posterior cranial fossa and the roof is
related to the pituitary gland and middle cranial fossa. On the posterior wall of the
sinus bilaterally, the optic nerve crosses the border formed by the roof and the
lateral wall. The cavernous segment of the internal carotid canals can be seen as
bony prominences on the posterolateral walls of the sinus. The maxillary division of
trigeminal nerves passes through the foramina rotunda toward the pterygopalatine
fossa bilaterally within the lateral sphenoid walls. Within the vidian or pterygoid
canals, the vidian nerve crosses the lateral sides of the sinus floor.

12.1 Agenesis or hypoplasia
Sphenoid sinus agenesis (Figure 27) is a rare entity and usually associated with

syndromes such as craniosynostosis, osteodysplasia, Down Syndrome, and
Hand-Schuler-Christain Disease [29].

12.2 Pneumatization of sphenoid sinus

Depending on the degree of pneumatization, the sphenoid sinus is classified into
three types as illustrated in the figures below:

1. Conchal: Sphenoid sinus agenesis or the conchal type occurs in a non-
pneumatized sinus (0.7%) and is a relative contraindication for endoscopic

trans-sphenoid skull base approach (Figure 28)

2.Presellar (Figure 29)

3.Sellar (Figure 30)

/

Figure 27.
Left periorbital fat and medial rectus protrusion into the anterior ethmoidal sinus.
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Figure 28.

Conchal type: A serial axial and covonal CT scan paranasal sinus showing the degree of pneumatization is
limited to the anterior portion of the sphenoid body and not veaching the level of the anterior wall of Sella
turcica (1—4%).

-

Figure 29.
Presellar type: A serial sagittal CT scan paranasal sinus showing pneumatization, which extends up to the
vertical level of the anterior wall of the Sella turcica but not beyond it (35-40%).

12.3 Optic nerve dehiscence

Optic nerve canal dehiscence occurs in 4% cases where the bony canal is having
a focal dehiscence and only sinus mucosa with neural sheath is separating the nerve
from the sinus (Figure 31). The thickness of the wall of the optic canal that sepa-
rates it from the sinus is less than 0.5 mm in 78% of cases.

12.4 Internal carotid artery dehiscence
Internal carotid artery dehiscence occurs when the region of the medial side of
the bony canal separating the sinus from the artery is defective, exposing the

internal carotid artery at risk during the endoscopic sphenoid surgery with an
incidence of 8 to 25% of this variant (Figure 32) [30].
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Figure 30.

Sella type: A serial sagittal view of paranasal sinuses showing pneumatization extending beyond the level of the
anterior wall of the Sella turcica below the pituitary fossa and may reach posterior to the Sella turcica known as
postsellar type (55-60%).

Figure 31.
A serial coronal view of paranasal sinuses showing dehiscence involving the left optic nerve cana (arrow).

12.5 Sphenoid sinus septation

The inter-sinus sphenoid septum may deviate off the midline and has an inser-
tion into the internal carotid artery bony canal (Figure 33) or the optic canal. To
avoid avulsion of the bony wall, excessive traction on the septum should be avoided
in these cases especially in endoscopic pituitary surgery [31].

12.6 Sphenoid pneumatization

A pneumatized posterior nasal septum may occur from an extension of air from
the sphenoid sinus or crista Galli, which rarely causes narrowing of the
sphenoethmoidal region.

Supraoptic and infra-optic recess occurs in hyperpneumatized sphenoid sinus
when pneumatization reaches superiorly (Figure 34) and inferiorly to the optic
canal, resulting in these two recesses, respectively. The infra-optic recess or the
opticocarotid recess lies between the optic canal and the internal carotid artery.
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Figure 32.
A serial coronal view of paranasal sinuses showing dehiscence of bilateral internal carotid artery (arrows).

Figure 33.
A serial axial view of paranasal sinuses showing insertion of the inter-sinus septum into the left internal carvotid

artery bony canal.

Figure 34.
Serial coronal views of paranasal sinuses showing bilateral pneumatization of anterior clinoid process (arrows)

and posterior clinoid process (ved arrow).
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Figure 35.
A serial covonal view of paranasal sinuses showing extensive pneumatization between the maxillary (V2) and
the vidian nerve resulting in pnewmatized pterygoids (arrows).

Figure 36.
Coronal view of pavanasal sinuses showing bilateral Onodi cells (arrows).

Furthermore, the pneumatization may extend from the infra-optic recess to the
anterior clinoid process.

Lateral recess occurs when pneumatization extends extensively inferolaterally
between the maxillary (V2) and the vidian nerve (Figure 35).

12.7 Posterior ethmoid air cell
This is also known as Onodi cell, which refers to the extension of the posterior
most ethmoidal cells superolateral to the sphenoid sinus into the anterior clinoid

process (Figure 36). If they become infected or due to poor judgment by endo-
scopic surgeon, it can lead to injury to the optic canal.

13. Conclusion

The advent of CT scans and FESS has made the sinuses and its paranasal sinuses
less of a mystery to us. More anatomical variations, its formation and functions will
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be discovered with time. Due to the presence of variations and its relationship to the
orbit, skull base, neurological and vascular structures, a preoperative CT of the
paranasal sinuses is vital for its identification and to prevent iatrogenic injuries.
Coupled with the endoscopic findings, identification of anatomical variations may

also give clues to the cause, appropriate identification, and treatment to the symp-
toms and pathology (such as sinus infection) faced by the patients.
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Chapter 5

Sino-Nasal Changes Associated
with Midfacial Expansion:
An Overview

G. Dave Singh

Abstract

The concept of palatal expansion can be viewed as an anachronism since the
delivery and scope of this clinical technique has changed dramatically over the past
few decades. Indeed, since the palatal complex does not exist in isolation, clinicians
ought to be cognizant of how palatal expansion affects contiguous midfacial struc-
tures. Because of this structural arrangement, surgical and non-surgical palatal
expansion can have clinical consequences on the dentoalveolar structures, which
are dependent on bony remodeling of the maxillo-palatine complex. In addition, it
can also be suggested that morphologic alterations of the maxillary air sinus might
lead to functional and clinical improvements of inflammatory changes associated
with rhinosinusitis. Furthermore, enhancements in the nasal airway could affect
a host of other conditions, including nasal breathing and obstructive sleep apnea,
etc. Therefore, the aim of this chapter is to review the effects of midfacial expansion
techniques on contiguous structures, including the paranasal sinuses.

Keywords: Maxillary sinus, nasal airway, sinusitis, palatal expansion,
midfacial development

1. Introduction

The human air sinuses are enigmatic in that numerous functional attributes
have been associated with them, including humidification, warming, and cleaning
of inhaled air; biosynthesis, storage, and concentration of nitric oxide (NO); an
anterior ‘crumple zone’ to withstand frontal trauma, and lightening of the skull,
presumably for flight in extinct dinosaurs and extant birds. Recent evidence even
goes on to suggest that the paranasal sinuses might be vestigial organs of breath-
ing [1]. In any case, originally, clinical palatal expansion was pioneered as an
orthodontic technique to widen the upper dental arch in attempt to improve jaw
relations and/or tooth alignment. However, the maxillary air sinuses also lie above
and lateral to the hard palate, while the dentoalveolar structures, such as the roots
of the maxillary molars, can project into the sinus floor. Medially, the nasal airway
communicates with the maxillary sinuses, including the ostio-meatal complex.
Because of this diverse structural arrangement, non-surgical and surgical palatal
expansion techniques might have clinical consequences on the maxillary air sinuses,
which are dependent on bony remodeling and subsequent pneumatization of the
maxillo-palatine complex. Therefore, an overview of various midfacial expansion
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procedures that might induce anatomic alterations of the maxillary air sinus, that
may in turn lead to functional and clinical changes, is warranted.

2. Sinus changes associated with non-surgical midfacial expansion

Numerous studies have deployed 3D cone-beam computed tomography (CBCT)
scans to quantify morphologic changes associated with rapid maxillary expansion
(RME). For example, Lanteri et al. [2] evaluated midfacial changes after slow
maxillary expansion and RME in 8 yr-old children. They found that the volumes
of the nasal cavity and maxillary sinuses increased after treatment in both proto-
cols. Conversely, Garrett et al. [3] had earlier reported that RME in 14 yr-olds was
associated with an increase in nasal width but a decrease in maxillary sinus width,
implying that the increase in nasal functional space was gained by displacing the
maxillary air sinus volume, although clinical consequences of these changes were
not noted. However, in a similar study on 13 yr-olds treated with banded and
bonded maxillary expanders, Pangrazio-Kulbersh et al. [4] found that both appli-
ances induced anterior and posterior skeletal widening of the hard palate via the
midpalatal suture, and their study demonstrated increases in both nasal cavity vol-
ume and maxillary sinus volume. On the other hand, Almuzian et al. [5] provided
further details of the RME approach in 13 yr-olds. Over a period of 2-3 weeks, an
average palatal width-increase of 3.7 mm was noted in males and 2.8 mm in females.
These linear changes were found to be correlated with maxillary sinus volume
changes. Therefore, it can be surmised that anatomical differences in the outcome
of RME might simply be explained by differences in the design, materials and
protocols of the devices used.

A non-surgical variant of RME, maxillary protraction, deploys the use of
facemasks (FM), particularly in cases of Class III malocclusion that exhibit a
maxillary deficiency. Pamporakis et al. [6] assessed midfacial alterations, includ-
ing the volume of the maxillary air sinuses in 10-yr-old children, associated with
an RME-FM protocol for 10 days. Using this technique, they reported an overall
increase in maxillary sinus volume post-treatment. However, the authors also noted
that the RME-FM protocol did not affect all the maxillary sinuses, indicating that
there may be a range of responses, presumably related to individual craniofacial
morphology. In another variation of RME, alternate RME and constriction is
sometimes deployed followed by FM. Onem-Ozbilen et al. [7] used this protocol on
10-yr-old children with a skeletal Class III phenotype, exhibiting maxillary retrog-
nathia, over 10-12 months. It was found that the maxillary sinus volumes increased.
Therefore, the authors concluded that different expansion devices and protocols can
effect disparate changes in maxillary sinus volume. This deduction was borne out
by the study of Erdur et al. [8] who used symmetric and asymmetric rapid maxil-
lary expansion (ARME) treatments in patients aged 12-15 yrs. While maxillary
sinus volume changes were greater in the RME group post-treatment, in the ARME
group, no changes in sinus volume were found. Since bilateral symmetry is a feature
of human development, these results are not perhaps surprising as the craniofacial
system may regress to homeostasis once the devices are removed.

The age at which these various palatal expansion protocols are applied may
also be pertinent. Most of these types of studies have been undertaken in pediatric
populations but the efficacy of palatal expansion in older individuals is also worth
considering. In fact, Machado-Junior and Crespo [9] opine that maxillary expansion
in adults requires further due diligence. In this regard, Kavand et al. [10] studied
maxillary expansion with bone- and tooth-borne appliances in adolescents. They
reported that both groups showed an increase in nasal cavity volume, but not

80



Sino-Nasal Changes Associated with Midfacial Expansion: An Overview
DOI: http://dx.doi.org/10.5772/intechopen.99052

maxillary sinus volume, even though the maxillary bone width increased. This is
an interesting finding because by age 15 yrs. the second maxillary molars are often
fully erupted and root formation is typically completed, giving little or no room for
continued pneumatization until the maxillary third molars evacuate the body of the
maxilla, which is rare, since unerupted, impacted wisdom teeth is a common find-
ing on radiographs. Thus, in adolescents, RME is unlikely to result in an increase in
maxillary sinus volume. In contrast, Singh and Kim [11] found that a biomimetic
approach to palatal expansion increased maxillary sinus volume by some 6.5% in
adults (mean age approx. 25 yrs.) accompanied by a mean palatal width increase

of approx. 3 mm, which is similar to that achieved in teenagers as noted above.
Therefore, while morphologic differences in the outcome of non-surgical RME
might be explained by disparate designs, materials and protocols of the devices
used, if the laws of biologic control, such as sutural homeostasis and pneumatiza-
tion, are not violated, enhancement of maxillary sinus morphology might be
possible even in adults, perhaps leading to improved clinical outcomes.

3. Functional sinus changes associated with non-surgical midfacial
expansion

One of the roles of the paranasal sinuses is the biosynthesis of nitric oxide (NO).
It is known that NO plays important roles in a diverse range of physiologic and
patho-physiologic processes, including antimicrobial activity, pulmonary vascular
resistance, alveolar oxygen transfer, neurotransmission, respiration, as well as its
anti-inflammatory activities [12, 13]. Lundberg et al. [14] were some of the first
to report that NO originates from the paranasal sinuses and that NO synthase is
expressed in healthy sinus pneumocytes. In addition, Andersson et al. [15] found
extremely high concentrations of NO in the paranasal sinuses, suggesting that the
antra may act as NO reservoirs. Furthermore, Runer et al. [16] noted that NO is
likely to be a regulator of mucociliary activity in the nasal airway. In contrast to
these healthy states, Deja et al. [17] found significantly reduced NO production in
maxillary sinuses of patients with sinusitis diagnosed using radiologic methods.
Similarly, Naraghi et al. [18] reported that NO metabolites are higher in patients
with chronic sinusitis and concluded that NO metabolites may play an important
role in the pathogenesis of rhinosinusitis. In view of these findings, Degano et al.
[19] investigated changes in NO concentration during the treatment of maxillary
sinusitis. Using a protocol that included drainage, daily lavage, etc., a significant
increase in the levels of maxillary and nasal NO was noted. Therefore, morphologic
and functional optimization of the paranasal sinuses using non-surgical palatal
expansion might be beneficial in the management of some sinus diseases.

In pediatric rhinitis, Wen et al. [20] consider that NO is a useful biomarker for
both nasal inflammation and sinus ostial patency. In their study, they determined
that obstruction of NO sino-nasal flow is likely associated with rhinosinusitis since
NO concentrations returned to normal levels following antibiotic therapy. On the
other hand, in a case series, Hwang et al. [21] reported their findings on pediatric
rhinosinusitis during biomimetic oral appliance therapy (BOAT). Figures 1a-3b
summarize their findings. In 3 consecutive pediatric patients (mean age 9 yrs.), Hwang
etal. [21] used 3D cone-beam CT scans to show inflammatory maxillary sinus disease
with circumferential mucosal thickening, obstructed ostio-meatuses, and enlarged
inferior turbinates (Figures 1a, 2a and 3a) prior to treatment. All 3 cases were treated
using BOAT for approx. 10 months. Post-treatment, the sinuses were aerated without
mucosal thickening; the sinus walls were intact, and the ostiomeatal units were patent
(Figures 1b, 2b and 3b). Although enhancement of maxillary air sinus structure
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Figure 1.

a: Case 1: Pre-treatment nasal floor width is 17.7 mm; b: Post-treatment nasal floor width increased to
19.5 mm.

Figure 2.

a: Case 2: Pre-treatment nasal floor width is 17.6 mm; b: Post-treatment nasal floor width increased to
19.3 mm.

Figure 3.
a: Case 3: Pre-treatment nasal floor nasal floor width is 15.3 mm; b: Post-treatment width increased to 18.7 m.

and function through non-surgical remodeling is presumed, there is no clear mecha-

nism of how the sinuses improved during BOAT in these cases. It is possible that the
sinusitis resolved through the natural immune response, seasonal changes, through
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normal craniofacial growth or the placebo effect. However, enlargement of the ostium
(>20 mm?) is thought to decrease sinus NO concentration, as the size of the ostium
shows correlation to NO levels [22]. Since the width of the nasal floor increased in
these 3 cases (Figures 1b, 2b and 3b), the notion that BOAT involved remodeling of
the ostia to within normal limits is yet to be determined.

4. Surgical midfacial expansion

Aside from non-surgical palatal expansion, a plethora of surgical maxillary
expansion procedures has become available. One study [23] compared the effects
of non-surgical RME with surgically assisted rapid maxillary expansion (SARME).
Surprisingly perhaps, there were no differences between the two protocols since
nasal cavity width and volume, as well as maxillary width, increased with a con-
comitant decrease in nasal airway resistance. If non-surgical and surgical tech-
niques yield similar results, one of the questions that currently remains unanswered
is, how to minimize or avoid (orthognathic) surgery? To address this subject, Lee
etal. [24] described the use of orthodontic screws for mini-screw-assisted rapid
maxillary expansion (MARME), since some mistakenly believe that non-surgical
palatal expansion relies on unwanted dental tipping rather than actual skeletal
expansion. Bearing this in mind, Carlson et al. [25] treated a 19-year-old using
MARME. Post-treatment, they reported enlargement in the zygomatic regions and
nasal bone regions in association with widening of the circum-maxillary sutures.
Indeed, MARME utilizes forces to split the midpalatal suture, which precipitates a
midline diastema, an unwanted dental effect. However, insufficient force applica-
tion may render MARME unsuccessful. Therefore, Suzuki et al. [26] deployed
cortical punctures along the midpalatal suture followed by mini-screw insertion to
fracture the midpalatal suture by 3-4 mm in an adult patient.

Despite the above variations, the impact of MARME on the upper airway and
breathing is not clear. Recently, Abu-Arqub et al. [27] reviewed the effects of
MARME on the upper airway in pediatric patients aged 10-17 yrs. They concluded
that while short-term improvements were identifiable, no correlation was observed
between upper airway morphology and functional parameters, such as nasal
airflow and nasal resistance. Similarly, in older patients (mean age 20 yrs.), Yi et
al. [28] found that although MARME produced both skeletal and dento-alveolar
expansion, there were no changes in the oropharyngeal, palatopharyngeal, and
glossopharyngeal regions and the total airway volume remained unaltered on 3D
CBCT scans. In another study [29], it was reported that MARME produced an
increase in nasal cavity and nasopharyngeal volumes, associated with bony expan-
sion of the nasal floor and maxillary width in young adults (mean age 22.5 yrs.).
Thus, when assessing changes on 3D CBCT scans after MARME, the association
between skeletal changes and the upper airway remain unclear. Despite these asser-
tions, Singh et al. [30] tested the hypothesis that the upper airway can be improved
non-surgically in adults using BOAT. The mean treatment time was 16.5mos. and
CBCT scan measurements were taken with no device in the patient’s mouth. Their
multivariate tests confirmed a significant treatment effect on the upper airway
parameters (p = 0.012), suggesting that both craniofacial architecture and upper
airway morphology can be non-surgically enhanced even in adults. However, this
novel approach remains overlooked although further evidence is emerging.

To enhance orthopedics effect induced by MARME, 4 mini-implants with
palatal and nasal cortical engagement are sometimes positioned in the palate, when
using the maxillary skeletal expander (MSE) technique. Cantarella et al. [31] inves-
tigated the effects of this particular protocol on the midpalatal and pterygopalatine
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sutures in young adults (mean age 17 yrs.). Using CBCT scans, it was found that

the midpalatal suture was split slightly asymmetrically, being wider anteriorly than
posteriorly. Moreover, pterygopalatine disjunction was revealed in over half of the
cases studied, as the pyramidal process of the palatine bone was dislocated from

the pterygoid processes. In a similar later study, Cantarella et al. [32] assessed facial
changes associated with MSE, again using CBCT scans. Here, it was reported that
the zygomatico-maxillary complex showed centrifugal changes with a “center of
rotation” located at the fronto-zygomatic suture. Consequently, the inter-zygomatic
distances and the fronto-zygomatic angles increased using MSE, but no data on any
associated nasopharyngeal airway changes were reported in these particular stud-
ies. However, to further locate the center of rotation for the zygomatico-maxillary
complex associated with MSE, Cantarella et al. [33] reported that the center of rota-
tion for the zygomatico-maxillary complex could be found more inferiorly, posteri-
orly and laterally (near the zygomatic process of the temporal bone) compared with
their other study [32]. In contrast, Paredes et al. [34] concluded that the center of
rotation for the zygomatico-maxillary complex is located at the most infero-lateral
point of the zygomatic process of the frontal bone. This variation in the center of
rotational displacement could be due to bone deformations that are thought to occur
during MSE, which might also explain the occurrence of pterygopalatine disloca-
tion. In fact, Colak et al. [35] evaluated pterygopalatine disarticulation patterns
after MSE. The vast majority of cases (> 80%) exhibited pterygopalatine disjunc-
tion without direct surgical intervention at this site. The clinical consequences of
this iatrogenic fracture, if any, remain undetermined, at least as yet.

Recently, in order to avoid the potential risk of damaging anatomical structures,
Cantarella et al. [36] suggested that the deployment of 3D virtual surgical planning
using digital data might be advantageous prior to undertaking MSE. Elkenawy et al.
[37] were also interested in the biomechanics of MSE. In their study, they noted that
over half of approx. 30 adult patients exhibited an asymmetric response following
splitting of the midpalatal suture. This result is perhaps not surprising since the
midline vomero-maxillary suture would presumably provide an impediment to a
symmetric split based a priori on fluctuating asymmetry [38]. Indeed, Schwarz et
al. [39] examined adult patients for the incidence of nasal septal deviation follow-
ing SARME. Although no post-operative changes in nasal septal positioning were
found, maxillary rotation was associated with an inferior ‘rotation’ of the palatal
vault with a concomitant increase in nasal airway space, although these authors
attributed the increases to a decreased thickening of the pre-operative inflamed
nasal mucosa. Nonetheless, Abedini et al. [40] were also interested in the soft tissue
facial changes induced by MSE. Using 3D stereophotogrammetry, they computed
mean 3D soft tissue geometries using techniques similar to those first described by
Singh et al. [41, 42] for craniofacial data (Figure 4), and were able to demonstrate
changes in the paranasal, upper lip, and zygomatic regions of the face associated
with MSE. Therefore, clinicians and patients ought to be cognizant of the facial
effects associated with MSE prior to embarking upon a treatment plan that puta-
tively targets upper airway inadequacy.

Distraction osteogenesis maxillary expansion (DOME) is another technique that
aims to improve the nasal airway changes through widening of the maxilla. Using
this approach, Kunkel et al. [43] were able to enlarge the nasal airway volume by
23% on average without pterygomaxillary disjunction being a part of the surgical
procedure, which occurs in any case. Despite this drawback, DOME is currently
viewed as a reliable procedure to widen the nasal floor in adults with OSA. Using
this protocol, the mean apnea-hypopnea index (AHI) was improved, nasal airflow
velocity decreased and the mean negative pressures in the nasal, retropalatal,
oropharyngeal, and hypopharyngeal airway were reduced, which correlated with a
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Figure 4.
Using CBCT data, the maxillary complex has been rendered in 3D virtual space and dense correspondence of
(colored) landmarks has been computed using the ten homologous landmarks (1-10).

reduction in the AHI, according to Iwasaki et al. [44]. These findings are, however,
similar to the well-known results of non-surgical RME using fixed appliance in
children. For example, in pediatric cases, Cozza et al. [45] reported that there was
areduction in nasal resistance with increased nasal airflow after RME. Indeed,
RME is thought by some to be a comparatively non-invasive, economic treatment
option to improve nasal respiration in patients up to at least 30 years of age. Gray
[46] considers the medical indications for RME are a deficient nasal airway, septal
deformity, recurrent ear infection, and allergic rhinitis, inter alia. In a series of over
300 consecutive selected cases, 80% changed their mode of oral breathing to nasal
breathing. Thus, the advantages of MSE over RME in terms of nasal airway resis-
tance and anatomical changes in the nasal cavity require further clarification.

5. Nasal airway space, resistance and breathing

In an early study, Warren et al. [47] assessed the effects of non-surgical RME
and surgical expansion on nasal airway size. While both procedures improved the
nasal airway, approx. 30% of subjects in both groups were unable to eliminate the
need for mouth breathing, suggesting that neither RME nor surgical maxillary
expansion is justified for nasal breathing purposes alone, likely due to individual
variation in response. Bicakci et al. [48] were one of the first to assess the effect of
RME on nasal cross-sectional area using acoustic rhinometry, confirming that the
overall increase in the cross-sectional area was greater in the RME-treated groups
when compared to controls. Around the same time, Ceroni-Compadretti et al.

[49] also reported that RME increased both the width of the maxilla and the nasal
volume, as measured with acoustic rhinometry. Furthermore, Compadretti et al.
[50] deployed rhinomanometry and acoustic rhinometry to assess the function and
size of the nasal cavities associated with RME in children. Compared to a control
group, the RME treatment group showed an increase in nasal cross-sectional area
and volume, as well as a decrease in nasal airway resistance, but the study was
unable to confirm the clinical mode of breathing. Likewise, Palaisa et al. [51],
using CT scanning, explored the relationship between morphologic changes in
nasal area and volume following RME in young patients (8-15 yrs). They reported
symmetric increases in both nasal cavity area and volume although the variance in
response was again large. Similarly, Oliveira de Felippe et al. [52] concluded that
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post-expansion, while nasal cross-sectional area increased when measured using
acoustic rhinometry, and nasal cavity volume increased using 3D imaging, only
60% of subjects reported subjective improvement in nasal respiration. Therefore,
Enoki et al. [53] correctly concluded that RME may lessen nasal resistance but sub-
tle differences in nasal geometry, such as shape changes as opposed to size-changes,
may influence success in switching from mouth breathing to nasal respiration.

Currently there is a lack of consensus on the reliability of RME-related proce-
dures in improving nasal functional behaviors, such as changing mouth breathing
to nasal breathing predominantly. Hershey et al. [54] noted that patients’ subjective
opinions on changes in the ability to breathe nasally are not correlated to reductions
in treatment-induced nasal resistance, even though RME is effective in reducing
nasal resistance to levels consistent with nasal respiration. For example, Doruk
etal. [55] found that nearly 60% of 13-yr-olds considered their nasal breathing had
improved following RME using subjective evaluation. Earlier, using rhinomanome-
try, Timms [56] measured nasal airway resistance prior to and after RME in patients
aged 10 to 19.5 yrs. On average, a 36% reduction in nasal resistance was reported but
this did not correlate with the transpalatal or trans-alar width increases post-expan-
sion. Similarly, Hartgerink et al. [57] surmise that individual variation in nasal
resistance values is considerable and that average response variability renders RME
unpredictable in terms of decreasing nasal resistance despite evidence of expansion
at the anterior nares. In this regard, White et al. [58] reported a mean reduction in
nasal airway resistance of approx. 50% after about one-year post-RME. Moreover,
they noted that the reduction in nasal airway resistance was correlated to the initial
nasal resistance level prior to RME, and that individuals with greater resistance pre-
expansion tended to have greater reductions post-treatment. This notion had earlier
been investigated using a multidisciplinary approach [59]. Utilizing a combination
of RME and oral myofunctional assessment using rhinomanometric measurements,
two phenotypes were identified: first, predominantly mouth breathers, showing an
average nasal airway resistance decrease of 34%; and second, predominantly nasal
breathers with an average nasal airway resistance decrease of <5%. Notably, 75% of
predominantly mouth breathers were converted to nasal breathing. Thus, it appears
that maxillary deficiency allied with functional deficits needs a tailored approach to
be adopted to address the mode of respiration.

It is thought that nasal surgery alone can fail to restore nasal breathing in various
cases with maxillary restriction, which is associated with closure of the internal and
external nasal valves. In addition, although some now generally agree that RME
in both children and adults increases upper airway volume, it remains uncertain
whether maxillary expansion improves nasal function. Thus, recently, Iwasaki
etal. [60] investigated the efficacy of three RME appliances on nasal ventilation
in 10-16 yr. old patients. They reported that RME reduced nasal pressure and
nasal airflow velocity, which was accompanied by resolution of nasal obstruction.
Nevertheless, Calvo-Henriquez et al. [61] undertook a systematic review on this
subject, concluding that there is insufficient evidence to recommend maxillary
expansion as a first-line therapy to improve nasal breathing. Despite this assertion,
one aspect that remains under-investigated at this juncture is the role of nasal exer-
cises. In the interpretation of numerous studies, it has simply been assumed that an
increase or enhancement of anatomical form will result in the desired functional
response. But, in their review, Levrini et al. [62] suggest that if RME is combined
with functional rehabilitation, the chances of changing a mouth-breathing pattern
to nasal respiration are increased. Therefore, the role of respiratory therapists and/
or oral myofunctional therapists may need to be extended to include nasal breathing
exercises perhaps allied with the use of capnography for biofeedback. In any case,
Kili¢ and Oktay [63] are of the opinion that while RME increases nasopharyngeal
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airway dimensions and nasal respiration in pediatric patients exhibiting maxillary
constriction and mouth breathing, RME could also be effective on naso-respiratory
and sleep-disordered breathing problems in children.

Pirelli et al. [64] evaluated the effect of RME on nasal airway patency and
pediatric OSA. On postero-anterior and occlusal radiographic assessment, widening
of the midpalatal suture and nasal fossae were confirmed, and restoration of nasal
airflow was associated with elimination of obstructive sleep disordered breath-
ing. Therefore, changing the anatomic structure using RME produced significant
functional improvement in pediatric patients diagnosed with OSA. On the other
hand, Garcez et al. [65] demonstrated the effects of MSE on respiratory function
and athletic performance. Using CBCT scans they reported a 6 mm widening of the
midpalatal suture and nasomaxillary structures, while the nasal and pharyngeal air-
ways also increased in volume by 30%. In addition, all respiratory indices improved
after MSE. Thus, MSE can potentially have a positive influence on both respiratory
functions and athletic performance. Recently, Singh et al. [30] also reported a 14%
increase in nasal cavity volume achieved non-surgically in adults using a biomimetic
oral appliance. Therefore, one of the research question that needs to be addressed
now is: Which procedure best suits a particular patient’s requirements both safely
and effectively? Taking a cohort of cases that have had the same intervention, it
should be possible to compute the mean, underlying transformation for a sample
of cases. If this transformation can then be applied to a naive subject, a predictive
model can be achieved, assuming the new subject behaves in the same way that the
sample did on average. Therefore, the use of mathematical modeling on 3D digital
data provides a promising avenue of future research in terms of virtual treatment
planning, perhaps incorporating the use of artificial intelligence to inform clinical
decision-making.

6. Conclusion

Non-surgical and surgical midfacial expansion techniques are associated with
functional sinus changes in the paranasal sinuses as well as changes in nasal airway
space, nasal resistance and the mode of breathing. To address the question of which
procedure best suits a particular patient’s requirements both safely and effectively,
the use of mathematical modeling provides a promising approach.
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Chapter 6

Maxillary Sinus in Dental
Implantology

Nikolay Uzunov and Elena Bozhikova

Abstract

Dental implants have significantly increased prosthetic options for the
edentulous patient. Implant placement in the posterior maxilla may often be
hampered due to anatomical limitations, inadequate height and width, and poor
bone quality. After tooth extraction, three-dimensional physiological resorption
and sinus expansion take place and reduce the volume of the alveolar ridge. The
concomitant actions of alveolar atrophy and sinus pneumatization reconstruct the
subantral alveolar segment into a low, shallow, and sloped ridge which is incapable
to accommodate dental implants and bear the functional strains. Advanced maxil-
lary resorption can be managed by several surgical options, the most popular of
which is maxillary sinus floor elevation. The chapter discusses recent advancements
in bone biology and biomechanics in the light of alveolar atrophy and the impact
of anatomy on maxillary sinus floor elevation as a treatment modality for the
partially or totally edentulous patient.

Keywords: maxillary sinus floor elevation, dental implants, maxillary atrophy,
macxillary pneumatization, maxillary edentulism

1. Introduction

Dental implants (DI) have significantly increased prosthetic options for the
edentulous patient. However, implant placement in the posterior maxilla is often
hampered by anatomical limitations such as inadequate vertical and buccopalatal
dimensions, poor bone quality, thin or missing cortex, and undercuts. Following
tooth extraction, three-dimensional resorption of the alveolar ridge takes place
and reduces its’ dimensions; in addition, the periosteum of the maxillary sinus
(MS) can exhibit an increase in osteoclastic activity. The latter can aggravate the
physiological process of maxillary sinus pneumatization (MSP) or aeration. The
concomitant actions of postextraction alveolar atrophy (AA) and MSP worsen
the subantral alveolar dimensions in short terms and makes doubtful the pros-
thetic rehabilitation with DIs, as adequate bone height and width are mandatory
to implant treatment [1-4]. The principal solution for alveolar insufficiency is
to augment the distal maxilla. Several surgical approaches have the potential to
improve the subantral osseous environment to prepare the edentulous segment
for the accommodation of DI, and the most popular is maxillary sinus floor
elevation (MSFE).
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2. Alveolar atrophy after tooth extraction

Alveolar atrophy is defined as loss or diminution of supportive alveolar bone
due to loss of teeth or to function, trauma, reduced blood supply, or unknown cause
[5]. The most common reason for AA is the alveolar resorption after tooth loss [6].
Removal of a tooth is followed by remodeling and reduction of the buccolingual
and apicocoronal dimensions of the edentulous segment and results in a shorter and
narrower alveolar ridge [6-10]. Unaddressed, postextraction AA develops through
the whole lifespan of the person (Figure 1). Jaws with progressive bone loss are
subjected to continuing anatomical make-over that alters normal orofacial tissue
configuration which may affect the social integration and realization of the affected
individuals. In advanced AA cases, adequate anatomical, functional, and esthetic
rehabilitation is highly complicated.

2.1 Physiology and biomechanics of bone atrophy

In 1881 Wilhelm Roux suggested that the natural forces acting on the alveolar
ridge are reduced after tooth loss. As result, less bone is needed to maintain func-
tion, and, consequently, the body gets rid of the non-functioning structures. It was
concluded that loss of alveolar bone after tooth removal is an example of disuse
atrophy. Eleven years later Wolff’s law stated that bone tissue adapts its mass and
architecture to the mechanical demands [10].

It was understood that loads play a key role in bone biology. The principles of
biomechanics were applied to present bone mass maintenance and resorption as a
reaction to continuously repeated loading impetus. The daily stress stimulus theory
of bone adaptation was formulated to describe the loading conditions necessary to
support bone mass and recognized the stress/strain magnitude and loading cycle
number as sufficient to define an appropriate maintenance loading signal [11]. Frost
[12] published a hypothesis on a provisional general model of the skeleton’s mecha-
nostat. According to this hypothesis, the mechanostat spans the biological distance

Figure 1.
Advanced maxillary and mandibular alveolar atrophy in a 64-year-old male.

96



Maxillary Sinus in Dental Implantology
DOI: http://dx.doi.org/10.5772/intechopen.99780

between organs and macromolecules and can be applied to “all organs and tissues,
including bone, made wholly or in part from the basic tissues”. It was proposed
that “interlocking negative feedback loops” provide mechanical-usage-dedicated
message traffic routes on which nonmechanical agents could act to optimize
postnatal skeletal adaptations to varied mechanical and nonmechanical challenges,
and treatments of disease [12]. The understanding that mechanical stimuli can be
transferred to the bone by a signaling network was further developed by Burger and
Klein-Nulend in the mechanotransduction concept. They pointed that the osteo-
cytes function as mechanosensory cells of osseous tissues and explained the capac-
ity of bone to change its mass and structure in response to mechanical demands
within specific cellular mechanisms [13].

For a long time, the contribution of osteocytes to bone biology was undervalued
as they were accepted as terminal stage cells of the osteoblastic lineage. Recent
investigations addressed the osteocytes and their role in bone orchestration and
revealed that they may have mechanosensory, endocrine, and homeostatic activity.

Osteocytes are the most abundant bone cells and the only cells embedded in the
bone mineral matrix. After being entrapped in bone, the osteocytes are housed
within lacunae and connect to each other by cytoplasmic processes hosted in
channels called canaliculi. The lacunae and the canaliculi form a three-dimensional
(3D) network named the lacuno-canalicular network (LCN). In the light of mecha-
notransduction, the strains in bone accumulated under loads may induce a strain-
derived flow of interstitial fluid through the LCN which mechanically activates
the osteocytes to respond to the loading stimuli and ensure the transport of cell
signaling molecules, nutrients, and waste products. This explains local bone gain,
loss, and remodeling, in response to fatigue damage, as cellular and intercellular
activity supervised by the mechanosensitive osteocytes [13]. The LCN is a negative
imprint of the cellular network in the bone and its morphology is considered to play
a central role in bone mechanosensation and mechanotransduction [14]. Within the
LCN, the osteocytes can transport nutrients, biochemical signals, and hormonal
stimuli, enabling the integration of the information between and interaction with
other bone cells [15].

The general existence and micro-anatomy of the LCN have been known for a
long time. The connections of the osteocyte network with other regions of the body
[16] and its importance for phosphate metabolism [13, 15] were debated in recent
research [17, 18]. As endocrine cells, osteocytes have an impact on many organs
[16]. They communicate with the kidney through the factor FGF23 [19], and with
the brain, through the expression of leptin [20]. The osteocytes could be regulators
of bone resorption by secreting the Receptor activator of NF-«B ligand (RANKL)
[21] and control bone formation by producing WNT1 glycoprotein [22, 23]. They
contribute to fat metabolism by secreting sclerostin, which promotes the increase
of beige adipogenesis [22], and influence hematopoiesis by the adjustment of the
endosteal microenvironment through the release of soluble factors [24].

The connectivity between osteocytes themselves is of crucial importance to
understand bone health [17]. Within the complex communication between cells, the
osteocyte network acts as a mechano-sensory organ [25]. Through sensing the fluid
flow in LCN and sclerostin expression, the osteocytes regulate bone’s mechanobio-
logical adaptation and remodeling [26]. The hypothesis of the LCN connectome,
paralleling the neurosensory connectome, is emerging from the complex LCN
organization and wealth of connections within the bone and with other organs [17].

It is important to distinguish between the LCN and the osteocyte network as a
connected cell network. However, most of the functions of the osteocyte network
can only be understood in the interplay between the “biological” cell network and
the “material” porosity in the mineralized matrix [25]. In human osteons, canaliculi
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that are not oriented towards the Haversian canal were found to be co-aligned with
the preferred matrix orientation. The pericanalicular matrix in the immediate
vicinity of the cell processes was shown to be disordered and more mineralized with
increased thickness of the mineral particles incorporated in the collagen matrix.
This higher mineral content around the canaliculi is remarkable in the context of
the osteocytes’ contribution to calcium and phosphate metabolism. Recent evidence
revived the almost forgotten idea of osteocytic osteolysis. Due to the high surface
area of the LCN and the small distance from the LCN to any point in the bone
matrix, osteocytes have easy access to the bone mineral and can demineralize bone.
The role of osteocytes as mechanosensors and orchestrators of bone remodeling
depends crucially on the interaction between cell network and porous network.

The fluid flow hypothesis assumes that mechanical loads squeeze interstitial
bone fluid through the pericellular space between the cell processes and bodies in
the canaliculi and lacunae. The osteocytes and their processes sense the shear forces
caused by the fluid flow, and it seems that the cell processes are more mechanosen-
sitive than the cell body. The details of the fluid flow and the resulting shear forces
do not only depend on the connectivity and the irregular shape of the canaliculi,
but also on how the cells deform due to the flow and how the cell processes are
anchored on the canaliculi walls [17]. More recently, a newly discovered cell type,
osteomorphs, was proved to participate in bone resorption and remodeling. It was
shown that osteoclasts recycle via osteomorphs and that the latter may be targeted
for the treatment of resorptive skeletal diseases [27].

2.2 Biomechanics of alveolar bone

It was confirmed that the grounds of understanding bone physiology are the
osteocyte reactions to stress stimuli, inducing bone resorption, remodeling, and
adaptation, on one hand, and biomechanics, on the other. Several investigations
addressed the biomechanics of bone adaptation. Qin et al. examined a turkey ulna
model of disuse osteopenia to determine whether the daily stress theory of bone
adaptation can be applied to conditions of very high numbers of loading cycles at
very low strain magnitudes [28]. They found that the strain stimulus needed per day
to maintain bone mass could be expressed by the formula

y=10"" (5.6 ~loguox)" 6))

where x is the number of loading cycles per day and y is the strain magnitude.
The results proved the strong antiresorptive influence of mechanical loading
identifying a threshold for a daily loading cycle regimen near 70 microstrain of
approximately 100,000 strain cycles, and suggest that the strain frequency or strain
rate associated with the loading stimulus must also play a critical role in the mecha-
nism by which bone, as a tissue, responds to mechanical loads.

In 2012 Hansson and Halldin tested such experiments and investigated, in the
light of mechanics of materials, the correlation between established principles of
bone physiology and the changes in the dimensions of the alveolar ridge after tooth
extraction [10]. Their considerations were based on the mathematical presentation
of principal stresses and strains acting on the mandible as a beam subjected to loads
and, also, the differences in the response of cancellous and cortical bone to strains.
Data analysis from clinical and experimental investigations on the effects of strains on
lamellar organization and orientation of cancellous bone [29-31], the alignment of the
Haversian systems in cortical bones [32], and bone mass dependence on the magnitude
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of strains, was integrated with experimental findings on the healing of postextraction
sockets and resorption of the empty alveolar ridge. One month after tooth extraction
the empty socket is filled with woven bone. Three months later the woven bone is
substituted by a cortical ridge-like structure consisting of lamellar and woven bone
which, in turn, is substituted in the sixth month by an alveolar ridge constructed of
lamellar bone and bone marrow [33]. It was also pointed that the resorption of the
buccal and lingual alveolar walls occurs in two overlapping phases; in the first phase,
the bundle bone is resorbed and replaced with woven bone, while the second phase
includes resorption from the outer surface of both bone walls, and that the resorption
is larger at the buccal aspect of the ridge than at the lingual aspect [34-37].
Considering the mandible as a beam subjected to strains, i.e., bending moments,
the authors speculated that the extraction socket will gradually be filled with
lamellar and cancellous bone, which will make the healed extraction site stiffer both
to horizontal and vertical bending. The bending moments remain unchanged and,
consecutively, the bone strains will be reduced [10]. Reduced bone strains result
in bone loss [28, 38]. Speculation on bone physiology and biomechanics brings the
conclusion that alveolar and jaw resorption is a natural result of the fundamental
physiological principle of adaptation of bone mass and bone structure to the levels
and frequencies of strain [10].

3. Practical aspects of alveolar atrophy of the distal maxilla
3.1 Alveolar atrophy and dental implants

Masticatory forces are distributed to the skull through the fronto-maxillary
(frontonasal), the zygomatico-maxillary, and the pterygomaxillary pillars, and the
palatine arch [38, 39]. DI placement requires bony structures with adequate volume,
and [1] therefore, the volume of the alveolar crest is a principal consideration for DI
treatment. In the distal maxilla, the subantral height, i.e., the height of the inferior
MS wall, and width of the alveolar span are of crucial importance in treatment
planning.

After tooth loss, the alveolar bone undergoes fast remodeling that leads to
horizontal and vertical decrease of crestal dimensions [6, 40]. When, after tooth
extraction, the alveolus is occupied by bone, or by DI and bone, the stiffness of
the edentulous span will be increased. With unchanged loads, increased stiffness
implies reduced strains, and the strain stimulus needed to maintain bone mass is
no longer reached. The biological response to this is to remove bone and reduce the
bony volume. Therefore, placing a DI in the empty alveolus will increase alveolar
stiffness, and, theoretically, immediate DI placement into fresh extraction sock-
ets should not be expected to prevent the dimensional reduction of the alveolar
ridge [10].

Clinical trials and systematic reviews demonstrated that horizontal and vertical
resorption is more pronounced at the buccal aspect of the ridge than at the lingual
aspect [34, 35, 37, 41-43] and that the horizontal reduction is greater than the loss in
height [34]. The consequence of a greater vertical bone loss buccally than lingually
is aridge that is sloped in the lingual to the buccal direction (Figure 2). A new
“tug-of-war” hypothesis explains the more pronounced buccal resorption with the
forces acting at the empty socket after tooth loss and the activity of the myofibro-
blasts as their pull is directed from the buccal and palatal edges towards the center
of the alveolus. Since the balance depends on the relative mass of the two edges,
the thin buccal wall would be the one to cede under the tension of the granulation
tissue [44].
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Figure 2.
Advanced alveolar atrophy of the mandible resulting in a sloped alveolar ridge.

Figure 3.
The sloped alveolar ridge does not allow for placement of DI without ridge augmentation.

In cases with a sloped alveolar ridge, the insertion of standard DI might not be
optimal (Figure 3). Implant placement in level with the lingual bone margin may
result in compromised esthetics. If DI instead is placed at a level with the buccal
margin, the lingual marginal bone is at risk to be resorbed due to insufficient strain
stimulus. In a clinical study, DI with a sloped marginal contour was used in cases
with an alveolar crest sloped in lingual to buccal direction. Both the mean buccal
marginal bone level change and the mean lingual marginal bone level change after
16 weeks amounted to —0.2 mm. Thus, the installation of a DI with a sloped mar-
ginal contour may be a treatment option in cases where the alveolar ridge is sloped
in lingual to the buccal direction [10, 45].

3.2 Atrophy of the distal maxilla

The above line of arguments can be applied to the maxilla with its complicated
anatomy, lesser bone density, and aeration. Disuse atrophy creates a sloped and
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reduced in height alveolar profile, constructed mostly from soft trabecular bone.
Moreover, the edentulous maxillary posterior sextants were shown to have the least
amount of residual bone height compared with other edentulous regions of the
maxilla and, therefore, represent one of the most critical areas to be rehabilitated by
an implant-supported prosthesis [46]. In addition, the postextraction bone resorp-
tion in the distal maxilla may be associated with MSP, which may contribute to a
further decrease of the available bone volume for DI placement [47].

3.3 Residual alveolar height of the distal maxilla and maxillary sinus
pneumatization

The aeration of the paranasal cavities is a physiological process the effect of
which is an increase in sinus volume and decrease in the volume of the surround-
ing bone during growth. MSP adds additional three-dimensional reduction to the
postextraction alveolar resorption in the distal maxilla (Figure 4) [2, 40].

The MS begins its development in the 10th week. At the time of birth, the sinus
is already pneumatized and increases in size through continuous MSP during the
whole life of the individual [48, 49]. With the eruption of the permanent dentition,
MSP is paused, and the sinus reaches 4-5 mm below the nasal cavity as an alveolar
recess [50]. The variations in MS volume and dimensions among individuals and
tooth position are significant. The alveolar recess can project between adjacent teeth
or between the roots of the same tooth [51]. This is often observed between the
roots of the first and the second molar which have a very close relationship to the
sinus floor [52-55]. Tooth loss unlocks sinus aeration again and its effect is added to
the effect of the postextraction alveolar resorption.

Several studies reported significant MSP after tooth extraction and accepted
that alveolar bone height in the edentulous distal maxilla is a result of the con-
comitant actions of crestal atrophy and apical sinus enlargement. The anatomical
and pathological peculiarities of the distal maxilla contribute to the MS expansion
after removal of the first and the second upper molars. The ultimate anatomical
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Figure 4.

Advanced alveolar atrophy and pneumatization of the distal maxilla. Note that the subantral height is 1 mm
on the left and even less on the right (white arrows). The sinus pnewmatization extends into the premolar
region and lies beneath the nasal floor bilaterally approximating the canines. A well-defined sinus floor septum
is found in the right (yellow arrow). The sinus drainage is doubtful on both sides, due to thickened mucosa.
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consideration is the proximity between the root apices of these teeth and the sinus
floor [2, 40, 55-57]. This means that the height of the bony roofs of the alveoli of the
upper molars, i.e., the thickness of the inferior sinus wall, is anatomically small, and,
in turn, can be more readily reduced by AA and MSP even in cases without preced-
ing pathology in or trauma to this region. The same is the cause for asymptomatic
cortical bone fractures of the alveolar roof during upper molar extraction. Extensive
ridge atrophy and MSP can be provoked by the removal of teeth which roots elevate
the sinus floor or are enveloped by a superiorly curving floor. Multiple extractions
within the same segment initiate more aggressive AA and MSP and reduce consider-
ably ridge volume and resistance to the loading stimuli. Considering that the causes
for tooth loss are mainly periapical and/or periodontal pathology, and trauma, it
becomes clearer why postextraction alveolar resorption is often accelerated at the
distal maxilla and why the loss of maxillary molars is considered to provoke excessive
MSP [2, 40, 57-60]. It is not still completely understood how much atrophy and MSP
contribute actually to the total loss of bony height [2, 61, 62].

Other studies could not confirm MS expansion after tooth loss [63, 64]. The role
of residual ridge resorption and MSP was recently addressed in the overall maxil-
lary bony atrophy using principal components analysis [65]. They found that most
of the bone loss occurring in the alveolar process is caused by disuse atrophy due to
edentulism and concluded that while the alveolar crest is changed by tooth loss, the
MS is not, which refers sinus depth to anatomical variation independent of denti-
tion. Prolonged edentulism in the maxillary molar region leads to centripetal and, to
minor degrees, to centrifugal ridge resorption. Minor MSP occurs in the walls thin-
ning the buccal and palatal aspects, which may be attributed to the absence of roots
or variation in force transmission to the zygomatic or the nasopalatal buttresses [65].

The reasons for MSP after tooth extraction are still debated. With tooth loss, the
functional forces which are normally transferred to the bone are weakened which
can cause a shift in the physiologic bone remodeling to a resorptive pattern [58].
Previous studies demonstrated a downward expansion of the MS after tooth loss
and showed that it was larger if the extracted tooth was surrounded by a superiorly
curved sinus floor [2, 66-68].

In conclusion, advanced alveolar resorption constitutes a sloped alveolar ridge
with inadequate bone volume and quality that limits conventional DI treatment.
The bone density in the distal maxilla is the lowest in comparison to other jaw
regions. The edentulous upper molar alveolar ridge presents with a thin cortex and
aloose trabecular subcortical bone. This means that the biomechanical properties
and the healing potential of this segment may be insufficient to secure primary DI
stability and graft consolidation.

4. Maxillary sinus floor elevation

Treatment limitations present functional and esthetic impairments to the
affected individuals. In such cases, the rehabilitation of the altered jaw segments
necessitates the reconstruction of the missing dentoalveolar tissues. An increasing
number of patients with edentulous posterior maxilla needs bone and soft tissue
augmentation procedures to allow proper DI placement and achieve satisfactory
results [46].

Maxillary sinus floor elevation (MSFE) is a treatment concept the purpose
of which is volume augmentation of the distal maxilla to enhance the prosthetic
rehabilitation of partial or total maxillary edentulism with DI. The goal is achieved
with two basic surgical techniques and their variations that share a common key
point which is to intrude the subantral alveolar ridge, or part of it, into the sinus,
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thus establishing a new sinus bottom at a higher level and creating an empty space
between it and the alveolar crest. Various grafting techniques are applied at the
empty space to induce new bone formation and convert it into a newly constructed
ridge allowing placement of DI. The two main surgical approaches of MSFE are the
lateral window (external) approach and the transalveolar (internal) approach [69].

The lateral window technique (external approach) was first presented by Tatum at
the Birmingham, Alabama, implant meeting of 1976 [70]. The first publication on the
technique was made by Boyne and James in 1980 [71]. The classical operation consists
of the preparation of a top hinge door in the lateral sinus wall, which is luxated inward
and upward together with the Schneiderian membrane to a horizontal position form-
ing the new sinus bottom. The space below the new sinus bottom is filled with graft
material. In cases with sufficient alveolar height (+4 mm) for primary stability, the
DI can be inserted simultaneously with the MSFE (Figure 5). In cases with doubtful
primary stability (bone height < 4 mm), the DI is inserted in a second procedure
(Figure 6) when bone remodeling of the graft has taken place [1, 72].

Although safe and predictable, complications and morbidity can be associated
with the lateral MSFE. Several surgical techniques have been proposed to minimize
these problems with the use of specialized trephine burrs, piezosurgical devices,
balloons, and hydrostatic pressure.

The transcrestal approach (internal approach) was also presented by Tatum.

A “socket former” for the selected DI size was used to prepare the implant site. A
green-stick fracture of the sinus floor was then created by hand-tapping the socket
former towards the sinus cavity [70]. The internal approach is considered less
invasive than the external lateral window approach.

The osteotome technique is a development of the transcrestal approach used for
MSEFE and site development by compressing the soft maxillary bone to improve the
mineral density intraalveolarly by osseous deformation and trabecular microfrac-
ture [73, 74]. Summers used specialized osteotomes with increasing diameters to
intrude the sinus bottom and compress the adjacent bone optimizing its density.
The green-stick fractured bottom together with the sinus membrane is displaced
step-by-step into the MS cavity to form a “tent” above the original sinus floor level.

Figures.
MSFE with lateral approach, one-stage procedure.
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Figure 6.
MSFE with lateral approach, two-stage procedure.

Figure 7.
MSFE with transcrestal approach, one-stage procedure.

The space within the “tent” is filled with grafting material and blood clot and the
DI may be inserted into the tented space through the osteotomy opening (Figure 7).
In cases when initial stability is doubtful the placement of the DI is postponed until
the end of the healing period.

Several surgical techniques have been proposed to minimize the complications
and postoperative morbidity of MSFE procedures.

Intervadicular bone intrusion with MSFE is advocated in cases when sufficient in
quantity (4-5 mm) interradicular septum is present after tooth removal. The central
portion of the septum is freed with a standard osteotome, then a round osteotome
is used to upfracture and intrude the alveolar fragment into the MS. This way, the
socket is extended into the MS creating a new sinus floor at a higher level. Implant
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placement is carried out if adequate bone height and primary implant stability can
be achieved, otherwise, the DI is inserted after a healing period of 4 months [75].

The trans-alveolar sinus elevation with ridge expansion is applicable at sites with
prominent MS with horizontal alveolar resorption. The procedure combines in
a single surgery MSFE with buccal ridge expansion and implant placement. The
crestal distraction develops an expanded intrabony space within the cancellous
bone with intact periosteal blood supply followed by immediate gentle upfracture
and displacement of the floor segment into the MS [76, 77].

Other options for augmentation of the distal maxilla include:

On-lay bone grafts and MSFE. In patients with insufficient subantral bone height
and unfavorable interarch relations due to advanced horizontal and vertical resorp-
tion, the MSFE procedure may be conducted simultaneously with on-lay block
grafts for vertical and/or horizontal ridge augmentation. The grafting material can
be harvested from extra- and intraoral donor sites or allogenous, xenogenous, and
alloplastic blocks can be used [78-80].

Le Fort I downgraft with MSFE. Cases with nearly total alveolar atrophy and
unfavorable maxillo-mandibular interrelations can be treated with the Le Fort I
downgraft osteotomy and interpositional bone graft from the iliac crest [81-84].

Le Fort I and alveolar distraction osteogenesis with bone grafting. A moderately
atrophic, retro displaced edentulous maxilla can be distracted to Class I jaw rela-
tion when combined with sinus bone grafting. When a sinus bone grafted maxilla
is anteriorized via distraction osteogenesis, the repositioned sinus floor bone mass
allows for axial implant development throughout the arch, especially in the canine,
premolar, and first molar areas [85].

Alternative procedures were proposed to avoid the more complex MSFE surgery.

Alveolar ridge preservation is a surgical technique developed to resist postextrac-
tion ridge resorption to simplify the treatment plan for DI insertion and to decrease
the need for advanced surgical procedures. Recent systematic reviews with meta-
analysis confirmed the effectiveness of this approach in reducing postextraction
horizontal and vertical alveolar ridge resorption when compared to spontaneous
socket healing. Alveolar ridge preservation after the extraction of a maxillary molar
could be regarded as a preventive treatment, in cases where a DI-supported restora-
tion is planned, allowing a standard DI placement without additional regenerative
procedures. Today alveolar ridge preservation is the most common, easy to perform,
and cheap procedure aiming to control crestal bone resorption after tooth loss [47].

Other alternatives that may avoid MSFE procedures are tilted, short, zygomatic,
and pterygomaxillary implants.

5. The impact of maxillary sinus anatomy on maxillary sinus elevation
procedures
All MSFE techniques share common features:

* DIisinserted into the MS through an osteotomy in the sinus floor, which is
presented by the subantral alveolar ridge.

A different amount of bone from the inferior and/or the lateral sinus wall is
osteotomized, drilled, or removed.

* The Schneiderian membrane alone or kept attached to an osteotomized bone

segment from the MS floor and/or the lateral wall is intruded into the sinus
cavity, creating the new transpositioned sinus floor.
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¢ Under the intruded with or without osteotomized bone Schneiderian mem-
brane an empty space (“tent effect”) is created.

* The empty space is filled with bone grafts, osteoconductive or osteoinductive
bone substitutes, blood cloth, different compositions with the mentioned
materials or it can be left empty, to be occupied with histologically mature host
bone after a corresponding healing period.

* The MSFE techniques may be applied alone or in combination with other
techniques for bone regeneration and augmentation, including alveolar
augmentation, grafting, and transposition, distraction osteogenesis, and free
revascularized flaps.

As seen from above, the MSFE operations use the inferior and lateral MS walls to
enter the sinus cavity and to reconstruct its bottom into an alveolar ridge competent
enough to accept, integrate, and keep DI capable to bear masticatory loads, and to
oppose alveolar atrophy.

5.1 The maxillary sinus floor

All MSFE procedures insert DI through the inferior sinus wall. The transcrestal
approach with its variations uses the sinus floor to approach and elevate the
Schneiderian membrane. Thus, the inferior MS wall is assigned a key role in MSFE.

The floor of the antrum in dentate adults is approximately 1 cm below the nasal
floor. Anteriorly the sinus extends in general to the canine and the premolar region.
There is, however, a large variety in size and shape of the sinuses even within the
same person. The convex sinus floor usually reaches its deepest point at the first
molar region. Roots of the maxillary teeth frequently cause convolutions in the floor
of the sinus [1].

Primary alveolar bone height and width. It is believed that the concomitant
actions of AA and MSP determine the bone quality and quantity of the subantral
ridge. The subantral alveolar dimensions should be examined before MSFE to
assure that the conditions are suitable for DI accommodation and primary stability.
The prerequisites are enough height, width, bone thickness, and intermaxillary
relations that permit adequate functional loading and biomechanics. These features
are of crucial importance to decide whether DI can be inserted in one or a two-
stage procedure. The ridge dimensions necessary for conventional DI placement
are 1.5 mm of intact bone on the buccal and the palatal side to resist the horizontal
AA and tension, and 2 mm above the apical tip of the implant to withstand func-
tional loads and spare neighboring anatomical structures, if any. When planning
a one-stage MSFE for an implant with a 4 mm diameter the recommended ridge
dimensions must be at least 4 mm bone height and 5 mm width. The bone density
must also be considered. Soft bone cannot guarantee primary stability. Otherwise,
when bone quality and quantity cannot meet the needed osseous environment for a
one-stage procedure, the DI should be placed in a second stage 4 to 6 months after
sinus floor grafting [1]. In conclusion, when sufficient alveolar height (+4 mm) for
primary stability is present, the DI can be inserted simultaneously with the MSFE.
In cases with doubtful primary stability (bone height < 4 mm), the DI is inserted in
a second procedure when bone-remodeling of the graft has taken place [1, 72].

Subantral dimensions as indications for MSFE procedures. The decision concerning
DI size and number should rest not only on the available bone volume but should
also take into consideration the prosthetic and biomechanical aspects. The classifi-
cation of the International Team of Implantology categorizes the atrophic maxilla
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into groups, and each group requires a different surgical approach to achieve ideal
bone volume and three-dimensional interarch relations. These groups are [86]:

Group 1: Insufficient subantral bone height, adequate alveolar width, accept-
able vertical and horizontal interarch relations. Surgical approach: MSFE with bone
substitute and/or autogenous bone from intraoral bone sight.

Group 2: Insufficient subantral bone height, inadequate alveolar width, accept-
able vertical and horizontal interarch relations. Surgical approach: MSFE with
horizontal ridge augmentation. Autogenous horizontal block graft (from intra- or
extraoral site according to the extent of AA) may be combined with a bone substi-
tute and barrier membrane.

Group 3. Insufficient subantral bone height, adequate alveolar width, accept-
able horizontal but unfavorable vertical interarch relations due to advanced crestal
resorption. Surgical approach: MSFE and vertical ridge augmentation. Autogenous
vertical block graft (from intra- or extraoral site according to the extent of AA) may
be combined with a bone substitute and barrier membrane.

Group 4. Insufficient subantral bone height, unfavorable interarch relations due
to advanced horizontal and vertical crestal resorption. Surgical approach: MSFE
with vertical and horizontal ridge augmentation. Autogenous vertical block graft
(from intra- or extraoral site according to the extent of AA) may be combined with
a bone substitute and barrier membrane.

More detailed classifications have been proposed by Misch [87] and Chiapasco
et al. [88].

5.2 The lateral (buccal) wall and trap-door preparation

The external MSFE enters the MS by preparing a hinge trapdoor osteotomy in it
which is intruded into the sinus (Figure 8).

The lateral sinus wall is covered by muscle-periosteal tissue, containing the
facial artery and vein, the lymphatic system, and the infraorbital nerves [69, 89].
The wall usually is thin, semi-transparent and the grayish blue Schneiderian
membrane can be seen through it. The thin wall facilitates door preparation and
intrusion; if this is not the case, it should be thinned out to ease the mobilization of
the membrane from the inner aspect of the MS. A trapdoor that follows the inner

Figure 8.
Lateral MSFE, trapdoor preparation and intrusion.
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shape of the MS with a wide cranial hinge base and rounded corners is advocated.
Three-dimensional cone-beam computed tomography and clinical inspection will
provide information on the form, the curvature, the extent, and the circumference
of the sinus. The rounded corners help door mobilization and intrusion and reduce
the incidence of Schneiderian membrane perforations. After the preparation of the
door is finished the Schneiderian will be visualized. Normal MS anatomy will allow
the trapdoor to be intruded and lifted to a horizontal position. This is possible if
only the Schneiderian membrane is sufficiently mobilized from the sinus floor. The
too convex outer aspect of the lateral wall (the zygomatic process of the maxilla)
restricts the door base to function as a hinge because the hinge line would cause a
membrane tear during door luxation. This can be avoided by the transformation

of the hinged door into a hatch door; after that, the whole bone fragment can be
dislocated cranially [1].

5.3 The Schneiderian membrane

Normal antral mucosa is thin (1 mm thick) and less vascular than the nasal
mucosa. The ciliated respiratory epithelium transports fluids like mucus and pus
towards the internal ostium. The healthy membrane is grayish blue, with traces of
blood vessels. In smokers, it may be atrophic, extremely thin, and fragile even to
the slightest touch. During MSFE the membrane should be kept intact to secure
hermetic graft seal. Only when the whole caudal membrane is prepared free from
the sinus bottom the door can be lifted to the new horizontal position; the graft
material must be placed until this level. Overfilling and tension may cause necrosis
of the Schneiderian membrane, loss of graft, and sinusitis [1].

The most common complication during MSFE is the Schneiderian membrane
perforation (Figure 9). Mobilization difficulties are met in detaching it from septa,
longitudinal floor rims, convolutions, and root tip expressions. Certain anatomi-
cal features such as narrow sinuses and sharp sinus opening angles have also been
recognized to increase the risk of membrane perforation. Adhesions between the
oral and sinus mucosa in places with totally missing alveolar bone, as well, as scars
from previous MS surgery may be a contraindication for MSFE because the mem-
brane cannot be kept intact. Small perforations located in areas where the elevated
mucosa forms multiple folds usually do not necessitate treatment because the
folded membrane tends to close the perforation which heals spontaneously. Larger
and/or unfolded perforations need closure and must be covered with resorbable
membranes and biologic glues. In cases with very large perforations, further sinus
elevation should be abandoned. Re-entry might be considered 6-8 weeks after the
first surgical attempt [1].

5.4 Maxillary sinus septa

Maxillary sinus septa, or Underwood’s septa, complete and incomplete, arise
manly from the floor but can spur from other walls. Incomplete septa divide the
floor into compartments known as recesses (Figure 9), while complete septa may
intercept the sinus into smaller sinuses (Figure 10). It is assumed that floor septa
function as struts bearing the masticatory forces during the dentate phase of life
and slowly disappear after tooth loss.

The presence of sinus floor septa determines the shape of the osteotomy. Short
floor septa have no serious impact on the lateral MSFE as they cannot block the
trapdoor intrusion, but the mobilization of the Schneiderian membrane is usually
difficult. With high septa the door design must either follow the floor contour,
outlining it in a W-shaped or any suitable form (Figure 14), or two trapdoors must
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Figure 9.

A %ne—smge procedure consisting of extraction of the periodontally compromised right first and second
maxillary molars, and lateral MSFE with simultaneous DI placement. The cause for the sinus membrane
perforation is the inflammatory adhesion to the well-defined sinus floor septa and the lateval wall due to the
long-lasting chronic periodontal lesions.

be performed, or the entry must be located at that side of the septum that corre-
sponds to a recess (medial usually) in which the DI will be placed. Another option
is to remove the septum through an antrostomy after the sinus mucosa has been
prepared [1].

5.5 The narrow sinus

Narrow MS can only be recognized on a CT scan [90-92]. The narrow sinus,
similarly, to high antral septa, will not allow for the upward intrusion of the trap-
door to the appropriate level (Figure 11), because the sharp MS opening angle is a
predisposition to a Schneiderian membrane perforation.

The solutions to this situation are either to make an antrostomy, removing the
osteotomized segment of the lateral sinus wall, or convert the trapdoor into a hatch
door, mobilized all around and kept attached to the sinus membrane peduncle only.
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Figure 10.
Complete septa may divide the sinus into smaller sinuses.

6.2mm

Figure 11.
The narvow sinus will not allow for the upward intrusion of the trapdoor.

5.6 Anterior (buccal) wall and the infraorbital foramen
The anterior wall is made of thin compact bone, containing the neurovascular

canals to the anterior teeth if present. The structure that must be avoided cranially
is the infraorbital foramen. Not only might the preparation of the door be a threat
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Figure 12.
Canalis sinuosus, ending in the canine area.

to the neuro-vascular bundle but also the possibility of mechanical damage by the
wound retractor should be regarded. Normally however there is no reason for such
high preparations because there is no need for such a high “door”. It might even
cause the door to be too large for the width of the sinus, making it impossible to
raise it to a horizontal level. This problem may also be encountered with the combi-
nation of “normal” sized doors and very narrow sinuses [1].

Canalis sinuosus is a small canal running through the anterior wall of the maxilla
and then along the lateral wall of the nasal cavity, residing in the alveolar process of
the maxilla (Figure 12). Its nerves and vessels supply anterior teeth and adjacent soft
tissues. In rare cases, the small canal could be damaged if the anterior edge projec-
tion of the trapdoor goes too far anteriorly above the first maxillary premolar [93].

5.7 The internal or nasal wall and maxillary ostium

The internal wall has a rectangular shape and forms the bony septum between
the nasal cavity and MS. The inferior part of the wall corresponds with the inferior
meatus of the nasal cavity, marked by the tuberosity of the inferior concha at the top.
At the cranial side of this wall a fragile bony structure, the so-called sinus hiatus or
ostium, can be recognized, which drains the sinus into the middle nasal meatus. The
architecture of the MS drainage is complex and consists of three passages. The first one
is the ostium, which leads into the second passage, the ethmoid infundibulum, that
conducts mucus from the maxillary sinus into the middle meatus via the third passage,
the hiatus semilunaris. The obstruction of any of the three interconnected passages
may lead to retention of the sinus secretions [94]. The competence of the ostium must
be evaluated before and after MSFE and kept intact because arrests on drainage during
the healing period may compromise the postoperative result (Figure 13).

An accessory ostium may sometimes be found on the medial wall. When this
occurs, it should be identified before any maxillary sinus elevation procedure is
performed to avoid detaching the mucosa up to this point.
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Figure 13.
Competent MS drainage.

Figure 14.

Lateral MSFE with hatch door design and additionally enlarged window to follow the floor topography due to
the presence of a floor septum. Note the neurovascular structures attached to the Schneiderian membrane. At
the top, the membrane is traversed by the medial alveolar nerve, the bottom is crossed by the alveolar antral
artery and its accompanying vein is seen in the middle.
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Normal sinus physiology could be threatened if the function of the ciliated
epithelium of the ostium is impaired after MSFE, but there is no clinical evidence
for changed antral mucosal function after surgery [1].

5.8 Blood supply

The blood supply of the MS derives from the infraorbital artery, the greater pala-
tine artery, and the posterior superior alveolar artery. Several anastomoses between
the posterior superior alveolar artery and the infraorbital artery can be found inside
the bony lateral antral wall, which also supplies the Schneiderian membrane as
well as in the epiperiosteal vestibular tissues. The major intraosseous anastomosis,
called the alveolar antral artery (Figure 14), passes through the area of the bony
window [95]. In its course, the artery can lie strictly within the sinus wall, or it may
occupy the inner surface of the bony window, or even may be attached to the outer

16 mesial 16 distal 26 mesial 26 distal

Figure 15.

Heavy chronic odontogenic sinusitis on both sides due to extensive endodontic and periodontal lesions. The
interradicular septum of 16 is fully destroyed. The apical lesion around the mesio-vesibular root of 26 perforates
the sinus floor and drains directly into the sinus.
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aspect of the Schneiderian membrane. The mean distance between the intraosseous
anastomoses and the alveolar ridge is 19 mm. The epiperiosteal vestibular anasto-
mosis is situated at a more cranial level [1]. Hemorrhages during sinus grafting are
rare since the main arteries are not within the surgical area. However, small vessels
might be damaged. If they are located in the exposed Schneiderian membrane,
they should best be left to stop spontaneously or stopped by slight gauze pressure.
Electro-surgery will cause necrosis of the membrane and therefore can threaten the
coverage of the graft.

The posterior teeth are supplied by neurovascular branches coming from the
maxillary tuberosity. This must be kept in mind because a surgical approach too
close to the apexes of vital neighboring teeth might devitalize them.

6. Maxillary sinus elevation and odontogenic sinus infections

Odontogenic infection of the MS, odontogenic sinusitis, accounts for about
10-25% of all cases suffering MS sinusitis. The primary cause usually is peri-
apical or periodontal infection from maxillary molars and premolars, as the
inflammatory exudate can easily erode through the thin floor to drain into the
sinus (Figure 15). The etiology is predominantly bacterial, but, fungal infec-
tions must also be suspectedbecause filamentous fungi from endodontically and
periodontally compromised teeth can invade the sinus. Such teeth can serve as
reservoirs for most common fungal infections as candidiasis, aspergillosis, and
mucormycosis (zygomycosis). Allergic conditions may also lead to chronic reac-
tive mucosal changes and can block normal sinus drainage. Obstruction of the
osteomateal unit is thought to be pivotal in the development and persistence of
sinusitis (Figure 15) [96, 97].

In many patients, the disease is asymptomatic or causes minor inconveniences
which explains why its role in MSFE is underestimated [97]. It must be emphasized
that retention of secretions may compromise the short-term and long-term treat-
ment success. The careful clinical and roentgenological examination is mandatory
before MSFE, with no regard to the chosen approach. Chronic sinusitis is recognized
as a thickening of the Schneiderian membrane and presents a contra-indication for
sinus elevation. Even asymptomatic forms of infection cause serious complications.
The operation should be postponed until the condition is placed under control.
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