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Introduction

Basic knowledge of the sinonasal anatomy is
required to safely perform lacrimal and orbital
surgeries. We reviewed the anatomy of the nasal
cavity (overview, nasal septum, lateral nasal wall
including the lacrimal passage, inferior turbinate
and meatus, middle turbinate and meatus, and
superior and supreme turbinates and meatuses),
ethmoid sinus (overview, agger nasi, uncinate
process, fontanelle, ethmoid bulla, hiatus semilu-
naris, ethmoid infundibulum, and ostiomeatal
complex), and sphenoid sinus.

Anatomy of the Nasal Cavity
Overview of the Nasal Cavity

The nares or nostrils are the two openings into
the nasal cavity [1]. The nasal septum divides
the nasal cavity into two sides [2]. The vesti-
bule is the anterior, skin-lined portion contain-
ing nasal hairs (Fig. 5.1a) [1]. The junction of
the skin and nasal mucosa occurs at a variable
distance inside the nose and is usually clearly
discernible by different colors between the skin
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and mucosa (Fig. 5.1a) [1]. The web-like struc-
ture at this junction corresponds to the base of
the ala nasi (Fig. 5.1b—d).

The choanae, the round, larger posterior nares,
are the spaces representing the posterior limits of
the nasal cavities and divide the nose from the
superior epipharynx (Fig. 5.2a, b). The choanae
are clearly visible from the front using nasal
endoscopy (Fig. 5.2a). The floor of the nasal
cavity is bordered by the hard and soft palates
(Fig. 5.3) [1].

The lateral wall of the nose is a complex struc-
ture [1]. There are three or four paired nasal tur-
binates with a corresponding meatus under each
turbinate (Fig. 5.4) [1]. The most important para-
nasal structures are concentrated in the middle
meatus, and the nasolacrimal duct empties into
the inferior meatus [1-3].

The effect of the nasal conchae and meatuses
on the inspired airstream sets the parameters for
nasal breathing and treatment of air before it is
directed down into the lungs [4]. The turbulent
airflow caused by the conchae adds to the per-
ceived resistance of nasal airflow and the sensa-
tion of adequate breathing [4]. Turbulent airflow
allows for the wafting of molecules to the sen-
sory cells of the olfactory system, aiding the
senses of taste and smell [4].

The external proportions of the nose are
expected to influence the internal anatomy,
and thus cause differences in nasal physiology.
Populations adapted to cold and dry environments
tend to have large, protruding external noses,
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Fig.5.1 (a) Anterior nasal space, lateral nasal space, and  male). (c¢) Pin piercing the base of the ala nasi. (cadaver,
ethmoid and frontal sinuses. The middle turbinate is 89-year-old male). (d) Pin emerged at the superior border
removed. (cadaver, 89-year-old male). (b) Web-like struc-  of the nasal vestibule. The nasolacrimal canal is directed
ture seen from the inferior aspect. (cadaver, 89-year-old  posteriorly. (cadaver, 89-year-old male)
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Fig.5.2 (a) Appearance of the choanae seen from the front. (cadaver, 97-year-old female). (b) Appearance of the choa-
nae seen from the back. (cadaver, 97-year-old female)
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Fig.5.3 Appearance of the facial half including the nasal
septum. (cadaver, 89-year-old male)
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Fig. 5.4 Appearance of the lateral nasal wall with sur-
rounding structures. (cadaver, 89-year-old male)

downwardly directed nostrils, and narrower skel-
etal nasal apertures [5]. These characteristics are
thought to induce turbulence of nasal airflow,
thereby maximizing filtration, heat, and humidi-
fication of air within the nasal passages [5-7].
Conversely, those with smaller, flatter exter-
nal noses, more anteriorly directed nares, and
shorter piriform apertures are better adapted to
hot, humid environments. Because much of the
energy required for breathing is expended in the
nasal passages, a broader, flatter nasal structure
favors less turbulent airflow, which is physiologi-
cally more economical because of the lower nasal
airway resistance. In the platyrrhine nose, inspira-
tory airstreams passing through more horizontally
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Fig. 5.5 Appearance of the nasal septum and mucosa.
The septal mucosa has been placed inside out. (cadaver,
89-year-old male)

placed nostrils are directed toward the inferior
portion of the nasal chamber to condition very
warm air, and the region anterior to the turbinates
typically plays a lesser role in black than in white
individuals [5, 8].

Nasal Septum

The nasal septum comprises cartilage anteriorly
(quadrilateral/septal cartilage) and bone posteri-
orly (vertical plate of the ethmoid bone postero-
superiorly and vomer bone posteroinferiorly)
(Fig. 5.5) [1]. A membranous columella that
divides the nares is present in the anteroinferior
area [9], and the vomerine cartilage occupies the
posteroinferior area [10]. The nasal septum
divides the nasal cavity into two portions and
forms most of the nasal bridge [2].

Although the vertical plate of the ethmoid
bone and the nasal septum comprise hyaline car-
tilage in neonates, the vomer is already a bone
[10]. From 1 or 2 months after birth, the hyaline
cartilage begins to ossify posteriorly and forms
the vertical plate of the ethmoid bone [10]. The
nasal septum begins to grow rapidly from puberty
and raises the external nose [10]. With its growth,
the cartilage occasionally bends, forming protu-
berances and spurs at the junction with the vomer
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[3, 10]. Approximately 90 % of adults show vari-
able extents of septal bending that is directed
both anteroposteriorly and transversely [3]. The
nasal septum and bone continue to grow until the
end of puberty [10]. The posterior edge of the
cartilage grows posteriorly from puberty, result-
ing in formation of the sphenoid or vomerine pro-
cesses [10].

The septal mucosa is thickest centrally in the
superoinferior direction with a tendency to be
thicker anteriorly in the anteroposterior direction
(Fig. 5.5) [10]. The mucosa of the olfactory cleav-
age is comparatively thin [10]. Kiesselbach’s area,
a common site of nasal bleeding, is situated in the
anteroinferior part of the septal mucosa [10].

Clinical Correlations

1. Nasal septal surgery should be performed
after puberty because removal of the septal
cartilage before puberty may prevent growth
of the external nose [10]. For the same reason,
it should be avoided or a minimal focal
septoplasty should be done, if greatly needed
in pediatric DCR.

2. Excessive removal of the anteriorly located
septal cartilage occasionally causes ptosis of
the nasal tip [10]. A saddle nose may occur by
overharvesting the septal cartilage in the dor-
sum nasi [10]. Therefore, a 5- to 10-mm width
of the dorsum nasi tissue should not to be
removed. Incision of the nasal septum is usu-
ally performed 10 mm from the anterior tip of
the septal cartilage, which approximately cor-
responds to the mucocutaneous junction.
Incision of the cartilage is started approxi-
mately 3-mm posterior from the mucosal inci-
sion [3].

3. Endonasal dacryocystorhinostomy (DCR)
occasionally requires a septoplasty, particu-
larly if a Jones bypass tube is planned for
insertion, because its aftercare requires easy
endonasal access [2].

Lateral Nasal Wall

Lacrimal Passage
The anterior lacrimal crest, ridge, or maxillary
line is formed by the underlying frontal process
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of the maxilla and corresponds to the anterior
surface of the nasolacrimal duct [2].

The maxillary line is a curvilinear mucosal
eminence projecting from the anterior middle
turbinate attachment superiorly and extending
inferiorly along the lateral nasal wall to the dor-
sum of the inferior turbinate (Fig. 5.6a, b) [11]. It
corresponds intranasally to the junction of the
maxilla and uncinate process and extranasally to
the suture between the maxilla and lacrimal bone
within the lacrimal fossa [11, 12]. A line drawn
through the midpoint of the maxillary line is just
inferior to the lacrimal sac—duct junction [11].
The thickness and proportion of the maxillary
bone in the lacrimal sac fossa increases as the
level increases from lower to upper [13]. When
the height and length of the nasal bone are small,
the frontal process of the maxilla is thick in the
lacrimal fossa [13]. In this respect, Asians tend to
have a thicker maxillary frontal process than that
of Caucasians [13].

The lacrimal bone, which has a mean thick-
ness of 0.057 [14] to 0.106 mm [15], is located
posterior to the maxillary line. The lacrimal bone
is also situated just anterior to the middle third of
the uncinate process, which has an average length
and width of 7.2 and 2.5 mm, respectively [14].

The nasolacrimal canal, which has an average
length of 12 mm and drains into the inferior
meatus (Figs. 5.1d and 5.6b) [9], originates at the
base of the lacrimal fossa and is formed by the
maxillary bone laterally and inferior turbinate
bones medially [9]. The average width of the
superior opening of the canal is 4.5-5.7 mm
transversely [16—18] and 6.5-6.9 mm anteropos-
teriorly [17, 18]. The canal courses posteroinferi-
orly at an average of 12-27° (Fig. 5.1d) [17,
19-21] and almost parallel to the sagittal plane
(Fig. 5.6¢) [22]. However, in approximately half
of individuals, the canal is directed inward
against the sagittal line irrespective of the out-
ward course of the lacrimal fossa [22, 23].

The nasolacrimal duct opening is present on the
lateral nasal wall in the inferior meatus (Fig. 5.6b)
[2]. The bony opening is most commonly located
high up in the inferior meatus [2]. A duct orifice is
present at this site in only about 10 % of individu-
als [24]. In most cases, a certain length of the
mucosal duct extends anteroinferiorly from there
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Fig.5.6 (a) Maxillary line, agger nasi, and middle turbi-
nate. (34-year-old female). (b). Appearance of the lateral
nasal wall. The inferior turbinate and half of the middle
and superior turbinates are removed. The bony opening of
the nasolacrimal canal is seen. (cadaver, 89-year-old

[24] and reaches approximately 1 cm posterior to
the anterior tip of the inferior turbinate (Fig. 5.6d)
[2]. This mucosal duct is often called the valve of
Hasner [2]. The shape of the opening varies con-
siderably from round to slit like or may simply be
a pit or fold [2, 24].

The relationship between the lacrimal sac and
lateral nasal wall is variable; the sac may be rela-
tively high, normal, or low compared with the
adjacent anterior nasal space (Fig. 5.7a, b) [2].
This may simply reflect differently sized nasal
spaces and mid-face bony development [2].
Anterior ethmoid air cells are usually found
between the lacrimal fossa and lateral nasal wall
in most subjects [2]. These air cells are more com-
mon in the posterior superior lacrimal fossa [2].

The anterior end of the middle turbinate has
been thought to be a constant anatomical land-
mark of the lacrimal sac [2, 25, 26]. However,
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Nasolacrimal Canal
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Auditory Tube
Periosteum of Nasolacrimal Canal
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male). (¢) The nasolacrimal canal courses almost parallel
to the sagittal plane. (cadaver, 70-year-old male). (d)
Certain length of mucosal duct, termed the valve of
Hasner, extends from the bony opening of the nasolacri-
mal canal. (cadaver, 97-year-old female)

whether this structure can serve as a useful land-
mark of the lacrimal sac fossa in the vertical or
anteroposterior position is unclear [27]. Up to
20 % of the lacrimal sac was reported to be situ-
ated above the axilla of the middle turbinate [28,
29]. However, another study suggested that a
large part of the lacrimal sac fossa was above the
axilla of the middle turbinate [30-32]. In an
Asian study, the axilla of the middle turbinate
was attached to the lacrimal sac fossa in more
than 90 % of cases and located above the lacrimal
sac fossa in 4 % [13]. A wide positional variation
was shown in relation to the lacrimal sac fossa.
The horizontal position of the axilla of the
middle turbinate in Asians differs from that of
Caucasians. A Caucasian study [33] demon-
strated that in 53.2 % of cases, the axilla of the
middle turbinate was located within the lacrimal
sac fossa in contrast to the conventional notion
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Fig.5.7 (a, b) Relationship between the lacrimal sac and the middle turbinate is variable. These figures show high sac

positions. (61-year-old female)

that the axilla of the middle turbinate is posterior
to the lacrimal sac fossa. In an Asian study [13],
the axilla of the middle turbinate was located
posterior to the posterior lacrimal crest in only
2 % of cases.

More than 90 % of Caucasian specimens dem-
onstrate the uncinate process extending beyond
the posterior lacrimal crest [34]. However, in
Asians, 100 % of the uncinate process reportedly
attaches to the lacrimal fossa [13]. The ethmoid
air cells are positioned more anteriorly in Asians
than in Caucasians [13]. The anterior insertion of
the uncinate process is oblique; the uncinate pro-
cess generally attaches to the lacrimal bone at the
lower level, becomes anterior to the maxillary
bone—lacrimal bone at the middle level, and then
joins the middle turbinate at the upper level [13].
The uncinate process is also helpful when
approaching the lower portion of the lacrimal sac
fossa [13].

Clinical Correlations

(a) The lacrimal bone is very thin [14, 15] and
easily penetrated for entrance into the nasal
cavity during endonasal DCR [2]. In patients
with a maxillary bone dominant fossa, the
thicker bone makes it more difficult to create
the osteotomy [2]. Special surgical tech-
niques and instruments, such as a surgical
drills or ultrasound aspirators, must be
equipped for patients with a thick maxillary
frontal process to expose the upper portion of

-
~ Nasolacrimal Canal Opening

Fig.5.8 Osteotomy during an endonasal dacryocystorhi-
nostomy can be easily started at the lower portion of the
lacrimal sac fossa, in which the lacrimal bone constitutes
the lacrimal sac fossa in the highest proportion and the
frontal process of the maxilla is thinnest. For ease of
understanding, the rongeur is inserted into the nasolacri-
mal canal. (cadaver, 89-year-old male)

the lacrimal sac fossa [13, 26]. In this respect,
DCR for Caucasian patients with a thinner
maxillary frontal process [13] may not
require the use of such instruments.

(b) Osteotomy can be easily started at the lower
portion of the lacrimal sac fossa, in which the
lacrimal bone constitutes the lacrimal fossa
in the highest proportion and the frontal pro-
cess of the maxilla is thinnest (Fig. 5.8) [13].

(c) The uncinate process, which mostly extends
beyond the posterior lacrimal crest, is an
important factor to consider when creating an
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osteotomy during DCR [25, 34]. However,
the sac and duct usually lie immediately ante-
riorly and laterally to the uncinate process,
which does not need to be disturbed during
surgery [2]. This notion is mostly applied to
Caucasians, but not to Asians. Because the
anterior ethmoid air cells always extend to
the posterior lacrimal crest in Asians [2], an
uncinectomy is recommended to clearly
expose the lacrimal sac fossa to create a suf-
ficient ostium.

The nasolacrimal canal opening (bony open-
ing) is located in the ceiling of the inferior
meatus [2]. However, the nasolacrimal muco-
sal orifice empties fairly anteriorly [24].
Therefore, a specific technique is needed to
clearly observe this mucosal orifice, such as
preexamination fluorescein staining or put-
ting the inferior turbinate aside.

Because of variability in the relationship
between the lacrimal sac and lateral nasal
wall [2], and because of the thick maxillary
frontal process in patients with a low nasal
bridge [13], the precise position of the lacri-
mal sac is best to be confirmed by a trans-
canalicular illumination device during
endonasal DCR [13]. The structures inter-
vening between the lacrimal sac fossa and
nasal cavity must be defined by moving the
light device up and down and back and forth
[13]. Diffuse light is expected in cases with
an anteriorly displaced uncinate process or
large agger nasi cell [13].

Most Asians may sometimes need a partial
middle turbinectomy for creation of a suffi-
cient ostium because most of the posterior
lacrimal crest is covered by the axilla of the
middle turbinate [13].

As described in the “Ethmoid Infundibulum”
section, bone exposure after mucosal resec-
tion induces granulation [3]. Although ante-
rior and posterior mucosal flaps are created
during external DCR, bone in the upper
and lower portions of the osteotomy is still
exposed. These parts are at risk of granula-
tion formation. Although the use of mito-
mycin C [35] or a stent [36] may prevent
granulation to some extent, covering the
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whole osteotomy margin with the muco-
sal flap without bone exposure leads to a
decreased risk of granulation.

Inferior Turbinate and Meatus

The inferior turbinate is the largest turbinate and
occupies the lower third of the lateral nasal wall
(Fig. 5.4) [2]. It arises from the medial wall of the
maxillary sinus; the other turbinates arise from
the ethmoid bone [9]. Its anterior tip is located
1.5-2.0 cm inside the nasal space in adults [2]. Its
medial surface is usually concave, and its lateral
surface is usually convex [2]. The inferior turbi-
nate is covered by thick vascular mucosa, which
often results in hypertrophy [2]. The nasolacri-
mal canal opening is located on the lateral nasal
wall in the inferior meatus (Fig. 5.6b) [2].

The size of the meatus under each turbinate
may be large or small, corresponding to the size of
the bone making up the turbinate and varying with
the state of mucosal and vascular engorgement of
the overlying epithelium [1]. These anatomic and
mucosal factors can dramatically influence the
structures draining into each meatus [1].

Middle Turbinate and Meatus

The middle turbinate is part of the ethmoid bone
(Fig. 5.4) [2]. When this turbinate is enlarged
by air cells, it is called the “concha bullosa”
(Fig. 5.9) [2] or sometimes the “interlamel-
lar cell” [3]. The concha bullosa is classified
into three types: pneumatization of the vertical
lamella (lamellar type), pneumatization of the

Fig.5.9 Concha bullosa. (43-year-old male)
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Fig. 5.10 Appearance of the middle meatus. This con-
tains the uncinate process, hiatus semilunaris with the
infundibulum, and ethmoid bulla and receives drainage
from the frontal, anterior ethmoid, and maxillary sinuses.
The posterior portion of the uncinate process divides the
fontanelle into anterior and posterior parts. (cadaver,
89-year-old male)

inferior bulbous portion (bulbous type), and
pneumatization of the entire turbinate (extensive
type) [37, 38]. These air cells usually originate
from the agger nasi [2]. Normally, its lateral wall
is convex and its medial wall is concave. It pro-
tects the middle meatus and its important physi-
ological structures [2].

The middle meatus contains the uncinate pro-
cess, hiatus semilunaris with the infundibulum,
and ethmoid bulla [2] and receives drainage from
the frontal, anterior ethmoid, and maxillary
sinuses (Fig. 5.10) [9]. This area is important
pathophysiologically because it forms part of the
ostiomeatal complex [2]. The detailed anatomy
of this structure is described later [2].

The middle meatus divides the paranasal
sinuses into anterior and posterior portions [3].
The anterior paranasal sinuses are the general
term for the paranasal sinuses emptying into the
middle meatus and comprise the frontal, anterior
ethmoid, and maxillary sinuses [3]. The posterior
paranasal sinuses are located posterior to the
middle turbinate, the opening of which is around
the ceiling of the posterior nasal cavity [3]. The
posterior paranasal sinuses are constituted by the
posterior ethmoid cells emptying into the supe-
rior meatus and the sphenoid sinus with its orifice
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Fig.5.11 Sphenoid sinus orifices. (38-year-old female)

opening to the sphenoethmoidal recess (Fig. 5.11)
[3]. Conditions such as sinusitis are usually sec-
tioned such as anterior or posterior types [3].

Superior and Supreme Turbinates

and Meatuses

These structures and spaces are usually small and
insignificant in size compared with the other two
turbinates (Fig. 5.4) [1]. These turbinates origi-
nate from the ethmoid bone. The superior turbi-
nate has the common attachment of the middle
turbinate to the skull base [39]. The supreme tur-
binate may be found in up to 65 % of specimens
[9]. The air cells forming the posterior ethmoid
sinus drain into the superior meatus with two or
three ducts and occasionally into the supreme
meatus [1, 40]. The olfactory neuroepithelium,
which is centered principally on the area of the
cribriform plate, extends to the superior turbinate
and superior part of the middle turbinate to vary-
ing degrees [41].

Anatomy of Ethmoid Sinus
Overview of the Ethmoid Sinus

The ethmoid air cells are cavities comprising
various sizes of honeycomb-like air cells
(Fig. 5.1a) [3, 42]. The superior border is the
comparatively flat roof of the ethmoid, the lateral
border is the lamina papyracea, and the medial



5 The Sinonasal Anatomy: Endoscopic Lacrimal and Orbital Perspectives 49

Fig. 5.12 (a) Appearance of the skull base with special
features of the cribriform plate, crista galli, and optic
nerve. (cadaver, 81-year-old male). (b) Cribriform plate

border is the lateral wall of the middle and supe-
rior meatuses and middle turbinate [3, 42]. The
space is narrower anteriorly and becomes larger
posteriorly, finally reaching the anterior wall of
the sphenoid sinus (Fig. 5.11) [3, 42].

The cribriform plate is not a part of the eth-
moid sinus, but is located medial to the attach-
ment of the middle turbinate, separating the nose
from the anterior cranial fossa (Fig. 5.12a) [1].
The two cribriform plates are separated from
each other by the crista galli, and both plates lie
posterior to the posterior table of the frontal sinus
[1]. Each cribriform plate measures approxi-
mately 2 cm from anterior to posterior and 0.5 cm
from medial to lateral [1]. The olfactory nerve
endings traverse small openings in each cribri-
form plate to reach the olfactory bulb [1]. The
narrow nasal cavity inferior to the cribriform
plate is the olfactory cleavage [42]. The cribri-
form plates are often located lower than the roof
of the ethmoid sinus, called the fovea ethmoidalis
(Fig. 5.12b) [42].

Although the inside of the ethmoid sinus is
complexly divided into many cells, there are sev-
eral partitions dividing the sinus from anterior to
posterior [3]. These are called the “basal lamel-
lae” or “ground lamellae” [3]. When this is used
in a singular form, it represents the “third basal

Fovea Eihmui(l;l]i_s

Crista Galli Cribriform Plate

5\

\

/
/
Olfactory Cleavage

separates the nose from the anterior cranial fossa. The
cribriform plates are often located lower than the fovea
ethmoidalis. (42-year-old male)

lamella” [3]. Because the term “ground lamella”
is not cited in Nomina Anatomica, the term
“basal lamellae” is mainly used at present [3].

The basal lamellae of the ethmoid sinus are
walls connecting the lateral nasal wall and the
lamina papyracea [3]. However, only the third
basal lamella clearly reaches the lamina papyra-
cea from the lateral nasal wall [3]. Whether most
of the other basal lamellae reach the lamina papy-
racea cannot be confirmed because of their com-
plex structure [3]. Therefore, they are termed the
“incomplete basal lamellae” [3].

The ethmoid sinus generally shows five basal
lamellae that are numbered from anterior to pos-
terior (Fig. 5.13) [3]. The first basal lamella con-
tinues to the uncinate process. The second
generally originates from the anterior wall of the
ethmoid bulla, occasionally including the whole
ethmoid bulla with its posterior wall [43]. The
third is the largest and most obvious lamella and
hangs the middle turbinate [3]. This third basal
lamella clearly divides the ethmoid sinus into
anterior and posterior portions [3]. The fourth
supports the superior turbinate, and the fifth orig-
inates at the supreme turbinate [3]. The central
portion of the middle turbinate is all hung by the
third basal lamella, but the anterior and posterior
edges attach to the lateral nasal wall [3].



50

H. Kakizaki

The three-dimensional positional relationship
between the middle meatus and third basal
lamella is similar to the relationship between the
body of a pigeon and its half-opened wing when
its body is regarded as the lamina papyracea [3].
That is to say, the portion of the body close to the
half-opened wing is the third basal lamella, and
the wing inferiorly hanging from that site is the
suspended middle turbinate [3].

Haller cells (Fig. 5.14a) and Onodi cells
(Fig. 5.14b) are known as special cells [3]. Haller
cells, also called infraorbital cells, extend
beneath the orbit and often narrow the ostiome-
atal complex [3]. Onodi cells develop from the
lateral wall of the ethmoid sinus and are specifi-
cally named when the optic canal protuberates
into this sinus [3].

39 BL

1 BL 2™ BL
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Sphenoid
‘Sinus
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Superior Turbinate
Ethmoid Bulla Middle Turbinate
Fig. 5.13 Five basal lamellae of the ethmoid sinus. BL

basal lamella. (cadaver, 89-year-old male)
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Clinical Correlations

(a) Knowledge of the anatomy described herein
is vital for the performance of endoscopic
sinus surgery and endoscopic orbital surger-
ies such as orbitotomies or orbital and optic
nerve decompression.

(b) Mucoceles and sinusitis in Onodi cells occa-
sionally cause optic neuropathy because the
optic nerve often runs close to the small cavi-
ties of Onodi cell [44—46]. Imaging studies
are vital to detect these lesions, and endo-
scopic sinus surgery and antibiotic adminis-
tration are effective treatments [44-46].
When operating in the vicinity of Onodi cells,
optic nerve injury must be prevented [3].

Agger Nasi

The agger nasi is a mound situated above the
axilla of the middle turbinate (Fig. 5.4). It is a
remnant of the first ethmoturbinal region and is a
pneumatized portion of the most anterior part of
the ethmoid cell (Figs. 5.6b and 5.15a). The
ascending portion of the first ethmoturbinal
regresses as the agger nasi, and the descending
portion remains as the uncinate process [12]. The
agger nasi can lie within the lacrimal fossa,
between the lacrimal bone and the nasofrontal
fossa [2, 42]. It is present in 78—100 % of cases
[13, 47]. When the axilla of the middle turbinate
is situated lower, the agger nasi is also positioned

Onodi Cell

Fig.5.14 (a) Haller cell. (49-year-old male). (b) Onodi cell. (52-year-old female)
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Frontal Sinus Supreme Turbinate

Superior Turbinate
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Ethmoid Bulla Middle Turbinate
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Ageer Nasi Cell

Ethmoid Bulla

Sphenoid Sinus

Frontal Sinus

Hiatus Semilunaris

Accessory Foramen

Fig.5.15 (a) Agger nasi cell is a pneumatized part of the
most anterior portion of the ethmoid air cell. (cadaver,
89-year-old male). (b, ¢) When the axilla of the middle
turbinate is located lower than the lacrimal sac fossa, the
agger nasi cell must be removed during dacryocystorhi-
nostomy. (cadaver, 89-year-old male). (d) The agger nasi
cell is situated in front of the nasofrontal duct. Accessory

lower, with tendency to be adjacent to the lacri-
mal sac fossa [13]. This type is present in one-
third to one-half of lacrimal sac fossas [13, 48].
The agger nasi cell is medially, superiorly, and

Ethmoid Bulla

Sphenoid Sinus

I y Gland

Hiatus Semilunaris

Accessory Foramen

foramen is shown. The inferior and middle turbinates are
removed. (cadaver, 97-year-old female). (e) Removing the
lower part of the nasolacrimal duct, the agger nasi cell is
situated is shown behind the nasofrontal duct. The maxil-
lary ostium is shown through the hiatus semilunaris.
(cadaver, 97-year-old female)

inferiorly bound by the uncinate process [12]. Its
anterior wall is the frontal process of the maxilla,
and its lateral wall is the lacrimal bone [12].
Posterior pneumatization of the agger nasi cell
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Maxillary Ostium

Posteroinferior Portion of Accessory Foramen

Uncinate Process Fontanelle

Fig.5.16 (a) The hook part is covered by the fontanelle
and located too posteroinferiorly. This figure shows a pos-
teroinferior portion of the uncinate process with upward
bending with attachment to only the lower portion of the
ethmoid bulla. Accessory foramen opens at the fontanelle.

pushes the posterosuperior attachment of the
uncinate process backward to the lamina papyra-
cea to form the terminal recess [12].

Clinical Correlation

(a) If the axilla of the middle turbinate is located

lower than the lacrimal sac fossa, the agger

nasi cell must be removed during DCR

(Fig. 5.15b, ¢) [13].

Because there is a close relationship between

the agger nasi and the uncinate process, it is

important to examine and analyze these
structures as one unit.

(c) When confirmation of the frontonasal duct is
difficult, removal of the agger nasi helps to
detect it (Fig. 5.15d, e) [42]. In addition, the
agger nasi cell is a key to understanding the
anatomy of the frontal recess [49]. The fron-
tal recess originally indicated a part of the
ethmoid cells extending the frontal bone and
clinically indicates a part of the anterior eth-
moid cells around the frontonasal canal.

(b)

Uncinate Process

The uncinate process is a wing-like or boomerang-
like structure covering the ethmoid infundibulum
in the anterior part of the middle meatus

H. Kakizaki

Uncinate Process

rior Portion of
te Process

Part Corresponding to
Posterior Fontanelle

Part Corresponding
Anterior Fontanelle

Ethmoidal Process of Inferior Concha

The maxillary ostium is shown in front of the posteroinfe-
rior portion of the uncinate process. (97-year-old female).
(b) The posteroinferior portion of the uncinate process
comprises a plate of a cortical bone with no cells. (dry
skull of unknown nationality, sex, and age)

(Fig. 5.10) [2, 42]. “Uncinate” is Latin for “hook”
and refers to the shape of a thin leaf of bone lying
almost parallel to the lateral nasal wall [2]. The
hook part is covered by the fontanelle and located
too posteroinferiorly (Fig. 5.16a) to see its shape
[50, 51]. It comprises a plate of a cortical bone
with no cells (Fig. 5.16b) [42].

The inferior border of the uncinate process is
curvilinear and directed anterosuperiorly [48].
An anteriorly attached uncinate process covering
at least 50 % of the lacrimal fossa is present in
63 % of individuals [48] and can be expected to
totally obstruct the access to the lacrimal sac
fossa [13]. Fifty percent of the uncinate process
reaches anterior to the frontal process of the max-
illa, and 40 % articulates on the lacrimal bone
[52-54].

The uncinate process is divided into eight pat-
terns based on the shape or articulation pattern of
its posteroinferior portion: [50, 51] articulation
only to the inferior concha (42 %); articulation to
the inferior concha inferiorly with simultaneous
attachment to the lower portion of the bulla eth-
moidalis superiorly (24 %); a small or absent
anterior fontanelle because of attachment of the
lower margin of the posteroinferior portion of
the uncinate process to the inferior concha in
close proximity (11 %); attachment only to
fibrous tissues without any bony attachment to
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the landmarks of the fontanelle such as the infe-
rior concha, the perpendicular plate of the pala-
tine bone, or the lower portion of the bulla
ethmoidalis (10 %); articulation to the perpen-
dicular plate of the palatine bone (5 %); complete
ossification over the location of the posterior
fontanelle (4 %); upward bending and attachment
to only the lower portion of the bulla ethmoidalis
(3 %); and simultaneous articulation to the lower
portion of the bulla ethmoidalis, perpendicular
process of the palatine bone, and inferior concha
(1 %).

The superior attachment of the uncinate pro-
cess is divided into three major variants: attach-
ment to the lamina papyracea laterally, to the
skull base centrally, and to the middle turbinate
medially [12]. The single superior attachment of
the uncinate process to the lamina papyracea
shows the highest prevalence (33 %), followed by
that to the skull base (10 %) [12]. Other speci-
mens show more than one superior attachment
(57 %) either to the lamina papyracea and skull
base (31 %) or to the lamina papyracea and mid-
dle turbinate (21 %) [12]. Taken together, the
uncinate process attaches to the lamina papyra-
cea in 86 % of cases [12]. This rate of 86 % is
close to the prevalence of the agger nasi cell (78—
100 %) [12]. The two close rates indicate that
most of the upper part of the uncinate process
extends backward and laterally to further connect
the agger nasi cell with the terminal recess [12].
The cells between the uncinate process and the
lamina papyracea in the posterosuperior portion
comprise the “terminal recess.” [3, 12]

The site of attachment of the uncinate process
determines the frontal sinus drainage pathway [42].
When the uncinate process attaches to the lamina
papyracea inferolateral to the frontonasal fossa, the
frontonasal duct drains into the nasal cavity, and
when the uncinate process attaches to the roof of
the ethmoid bone or middle turbinate medial to the
nasofrontal fossa, the nasofrontal duct drains into
the ethmoid infundibulum [42]. The frontal sinus
empties via the nasofrontal duct into the nasal cav-
ity in 86 % of cases and into the ethmoid infundibu-
lum in 14 % [12, 42]. Because the nasofrontal duct
threads the ethmoid cells, it is not actually a simple
duct, but an irregular passway [3].

Fontanelle

The fontanelle, the membranous part of the max-
illary sinus, must be described in relation to the
uncinate process (Figs. 5.10 and 5.16a) [42]. The
boundaries of the fontanelle were recently well
described [50]. The anterior boundary is the lac-
rimal bone, and the posterior boundary is the per-
pendicular plate of the palatine bone [50]. The
superior boundary comprises the orbital floor in
the anterior one-fifth, the lower horizontal por-
tion of the bulla ethmoidalis in the middle sec-
tion, and the horizontal portion of the basal
lamella of the middle turbinate in the last one-
fifth [50]. Therefore, the superior margin of the
fontanelle corresponds to the inferior margin of
the orbital floor [42]. The inferior boundary is the
superior border of the inferior turbinate [50]. In
most cases, the posteroinferior portion of the
uncinate process crosses the anterior portion of
the fontanelle and is attached to the ethmoid pro-
cess of the inferior concha [50]. The fontanelle is
usually divided into anteroinferior and posterosu-
perior parts by the posteroinferior portion of the
uncinate process (Fig. 5.10) [3, 50, 51].

The fontanelle shows three major shapes when
observed from the medial to lateral aspects: trian-
gular, pencil-like, and oval [50]. In the triangular
type, the posterior height is higher than the ante-
rior height, whereas the anterior and posterior
heights of the pencil-like type are almost identi-
cal [50]. The pencil-like type has an anterior end
that is similar in shape to the blunt tip of a pencil
[50]. In the oval type, the midportion of the fon-
tanelle is the highest, with less anterior and pos-
terior height. [50] The triangular type is the most
common (57.3 %), followed by the pencil-like
type (25 %) and oval type (20 %) [51]. In one
study, the anteroposterior length of the whole
fontanelle was 18.1+3.8 mm (mean=+SD), and
the greatest height of the whole fontanelle was
9.2+2.2 mm [50].

Clinical Correlation

It is important to know the anatomical landmarks
of the fontanelle, since this is utilized as a land-
mark in sphenopalatine artery (SPA) ligation.
The SPA ligation is one of the last resorts in the
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management of recalcitrant epistaxis and this is
an important tool in the armamentarium of any
nasal endoscopic surgeon.

Ethmoid Bulla

The ethmoid bulla is a thin-walled bony promi-
nence representing the largest and most consis-
tent air cell of the anterior ethmoid complex, like
a bleb on the lamina papyracea (Figs. 5.10 and
5.17a) [2]. The orifice of this cell is located at a
cavity in the back side facing the third basal
lamella [3] called the lateral recess or retrobulbar

Middle Tirbinate

Ethmoid Bulla
o \

Fig.5.17 (a) Ethmoid bulla occasionally bulges anteriorly
(67-year-old female). (b) The lateral recess of the ethmoid
bull is a cavity in the posterolateral side facing the third

recess (Fig. 5.17b, c¢) [3, 55]. When no air cell
exists in the ethmoid bulla, it is termed the torus
ethmoidalis or torus lateralis [3]. The part form-
ing a dome in the roof of the anterior ethmoid
cells is called the fovea ethmoidalis and is part of
the skull base formed by the frontal bone [3].
The ethmoid bulla is classified into three types
based on its development [56]. The simple bulla is
a single cavity with one opening, generally to the
hiatus semilunaris [56]. The compound bulla has
two or three separate compartments that commu-
nicate with the hiatus semilunaris [56]. The com-
plex bulla also has two or three compartments,
each of which communicates with the hiatus

Ethmoid Bulla Lateral Recess

basal lamella. (cadaver, 97-year-old female). (c) The lateral
recess of the ethmoid bulla. The medial aspect of the eth-
moid bulla is removed. (cadaver, 97-year-old female)
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semilunaris, ethmoid infundibulum, or superior
meatus [56]. In individuals with compound and
complex bullae, there is no communication
between the compartments [56]. About 50, 25,
and 25 % of ethmoid bullae are simple, com-
pound, and complex bullae, respectively [56].

Hiatus Semilunaris

The superior posterior free margin borders of the
uncinate process create the hiatus semilunaris
with the ethmoid bulla (Figs. 5.10 and 5.15d, e),
which is an important crescent-shaped cleft lead-
ing to the infundibulum and into which the frontal,
anterior ethmoid, and maxillary sinuses drain [2].
In general, the cleft situated anteroinferior to the
ethmoid bulla is known as the hiatus semilunaris.
This is typically 1-2 mm wide, but can be up to
3 mm wide [57]. The posterosuperior cleft to the
ethmoid bulla is occasionally called the hiatus
semilunaris superior [3]. In this situation, the gen-
eral hiatus semilunaris is called the hiatus semilu-
naris inferior [3]. The hiatus semilunaris superior
is continuous with the lateral recess of the ethmoid
bulla and third basal lamella (Fig. 5.17b, c) [3, 58].
Including the ethmoid infundibulum, the hiatus
semilunaris is not a term describing a structure or
a tissue, but a space encircled by tissues [3].

Ethmoid Infundibulum

The ethmoid infundibulum is a funnel-shaped
space bordered medially by the hiatus semilunaris
and laterally by the lamina papyracea (Figs. 5.1a,
5.9, and 5.14a) [2]. The maxillary sinus ostium is
found at the floor and lateral aspect of the infun-
dibulum, where is usually hidden by the uncinate
process and cannot be observed by nasal endos-
copy (Figs. 5.15d, e and 5.16a) [2, 42]. The ostium
of the maxillary sinus lies in an approximate verti-
cal line to the anterior ethmoid foramen [10]. In
most specimens, the position of the maxillary
ostium is situated on the second and half quarter
of the anterior surface of the ethmoid bulla [59]
with a 7- to 11-mm length and 2- to 6-mm width
[60]. The average distance from the maxillary

ostium to the nasolacrimal canal is 5.5 mm [59].
Ten to fifty percent of specimens show more than
one accessory ostium opening at the anterior, pos-
terior, or both fontanelles (Figs. 5.1a, 5.15d, e,
and 5.16a) [3, 59, 61]. These accessory ostia can
be observed by nasal endoscopy [3].

The anterior and posterior ethmoid air cells
show several openings, respectively [3]. The eth-
moid infundibular area is important pathophysi-
ologically because it forms part of the ostiomeatal
complex [2].

Clinical Correlations

(a) Silent sinus syndrome, also called imploding
antrum syndrome [62], is a rare disorder char-
acterized by unilateral or bilateral enophthal-
mos and hypoglobus caused by an alteration of
the orbital architecture due to maxillary sinus
collapse with chronic hypoventilation [62—64].
Its basic pathology involves negative maxil-
lary antral pressure because of obstruction of
the ethmoid infundibulum, which generates
negative pressure over time [65]. This entity
is idiopathic, occurs postoperatively following
bony decompression for Graves’ orbitopathy
[66], or develops after facial trauma, especially
orbital floor fracture [65]. The conditions after
surgery and radiotherapy for sinonasal malig-
nancy are excluded [64, 67]. Frontal silent sinus
syndrome was recently reported as well [68].

(b) Bone exposure after mucosal resection
induces granulation [3]. In medial orbital
wall decompression, mucosal removal [69]
may not cause granulation because the
escaped orbital contents occupy the space.
However, after surgery for smooth ventila-
tion against sinusitis, mucosal removal may
increase granulation to an extent that negates
the surgical purpose [3]. In this kind of
surgery, the intact mucosa must therefore be
preserved as much as possible [3].

Ostiomeatal Complex
The ostiomeatal complex is also called the ostio-

meatal unit [3]. This complex is considered to
be a unified apparatus comprising the anterior
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ethmoid sinus openings and their passages [3].
It is a functional and conceptual unit containing
the openings and passages of the frontal, anterior
ethmoid, and maxillary sinuses [3]. Therefore, the
ostiomeatal complex is not an anatomical term
[3], but corresponds to the middle meatus, ante-
rior ethmoid sinus, and orifices of each parana-
sal sinus emptying around them. Specifically, the
ostiomeatal complex contains the agger nasi cells,
frontal sinus orifice, nasofrontal duct, natural
ostium of the maxillary sinus, ethmoid infundibu-
lum, hiatus semilunaris, and middle meatus [3].

Ventilation and drainage of the frontal, eth-
moid, and maxillary sinuses largely depend on
the state of the ostiomeatal complex [3].
Functional deficiency of the ostiomeatal complex
is mainly caused by anatomical disorders,
obstructive lesions, and functional changes [3].
Anatomical disorders involve the concha bullosa,
paradoxical middle nasal turbinate, paradoxical
uncinate process, septal deviation, and distention
of agger nasi cells and Haller cells [3]. Cilial dis-
orders are enumerated as functional disorders [3].
These disorders do not always result in disorders
of the ostiomeatal complex [3]

Anatomy of the Sphenoid Sinuses

The sphenoid sinuses are located at the most pos-
terior part of all the paranasal sinuses (Figs. 5.1a,
5.3,5.4,and 5.11) [42] and within the body of the
sphenoid bone. They vary greatly in size and
shape [1, 34]. The length from the nostril to the
anterior wall of the sinus is about 7 cm [42]. They
are commonly deep in their anteroposterior
dimensions [1, 34]. Laterally, they may extend
into various parts of the sphenoid bone, including
the greater and lesser wings, pterygoid processes,
and lateral pterygoid plates [1, 34]. The midline
septum usually divides the two sinuses unequally
(Fig. 5.11) [1, 34].

The sphenoid ostia are located superiorly and
medially on the anterior wall and drain into the
sphenoethmoidal recess [1, 34], the highest point
of which is about the center between the choanae
and the roof of the nasal cavity [42]. From an
endoscopic viewpoint, the sphenoid ostium is
located, in most cases, medial to the posterior
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part of the superior turbinate [40, 70, 71]. The
lateral one-half to two-thirds of the anterior wall
of the sphenoid sinus abuts against the posterior
ethmoid air cells and is called the pars ethmoida-
lis [1, 34, 35]. The medial one-third to one-half
faces the posterosuperior nasal cavity between
the superior turbinate and the nasal septum and is
called the pars nasalis [42].

The sphenoid sinuses have several important
relationships ~ with  surrounding  structures
(Figs. 5.1a, 5.3, 5.4, and 5.15a) [1, 34]. The brain
stem (pons, basilar artery) lies posterior to the
ethmoid sinus (Figs. 5.3 and 5.4) [1, 34]. The
optic chiasm and pituitary gland lie superior to
the sinus, and the pituitary gland commonly
bulges into the superior wall (Figs. 5.3, 5.4 and
5.15d, e) [1, 34]. The optic nerves, carotid artery,
and cavernous sinus are important lateral rela-
tionships (Figs. 5.1a and 5.12a) [1, 34]. The
nasopharynx is inferior to the sphenoid sinus
(Figs. 5.3 and 5.4) [1, 34].

Clinical Tips

(a) When the sphenoid sinus is pneumatized to a
large extent, only a thin wall of bone and
mucoperiosteum separate it from the sur-
rounding tissue [34]. In such a situation, seri-
ous cases of sphenoid sinusitis may
compromise the optic nerve [34].

(b) Invasive fungal sphenoiditis is an ophthalmic
emergency. Fungal elements penetrate the
sinus mucosa, submucosa, blood vessels, or
bone in invasive sphenoiditis [72], often
causing an orbital apex syndrome and further
extending to the meninges, cavernous sinus,
and cavernous carotid artery [73]. Early
treatment including aggressive surgical
debridement and antimycotic drugs is essen-
tial to preserve vision and life [73].

(c) An injury to the head, especially to the brow,
may result in an optic canal fracture [74, 75].
Causes of vision loss include bone fracture
or tissue swelling within the optic canal that
compresses the optic nerve or a bone frag-
ment penetrating into the optic nerve [76].
Optic nerve decompression via the sphenoid
sinus may result in vision improvement in
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patients with light perception [76]. On the
other hand, this procedure may not be indi-
cated for patients with no light perception
who have a lateral wall fracture of the optic
canal or a bone fragment penetrating the
optic nerve [76].

Conclusion

The sinonasal anatomy was illustrated in
detail with the use of cadaver specimens, CT,
and nasal endoscopic figures. Although each
lacrimal or orbital surgery requires different
portions of the knowledge presented in this
chapter, we believe that these surgeries can be
performed safely and with confidence endo-
scopically by understanding each surgical
field as a part of the whole.
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