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Technology to assist in the diagnosis and treatment of rhinologic and sleep apnea diseases 
continues to evolve and improve, as the prevalence of these diseases continues to increase. As 
a result, the number of surgeons treating sinus and sleep apnea disorders has increased, along 
with the need for educational platforms and laboratory workshops that provide the information 
required for the training of these surgeons. The first edition of the Rhinologic and Sleep Apnea 
Surgical Techniques textbook served to assist learners and practicing surgeons by offering a 
single concise surgical atlas like book containing information published by world experts on 
sinonasal and sleep apnea surgery.

The second edition uses the same format of chapters organized and arranged in a logical 
fashion, from anatomic and basic surgical techniques to more advanced surgical principles and 
eventually revision surgery. The chapters were updated with the latest information, especially 
with new instrumentation and surgical techniques. The surgical descriptions are illustrated and 
chapters contain information about the work-up of the pathology that is described followed by 
indications of surgery and tips and pearls to avoid complications. All authors share their secrets 
that lead to successful and uncomplicated surgical outcomes.

The second edition of Rhinologic and Sleep Apnea Surgical Techniques contains video files 
of actual procedures performed, so that once readers review a chapter, they can reinforce their 
learning experience by viewing the video of an actual surgical case.

To honor the late Professor Wolfgang Draf, we have kept chapter 8 of the first edition of the 
book, titled “Endonasal Micro-endoscopic Frontal Sinus Surgery”, in exactly the same 
format.

The result is a comprehensive volume of surgical information that can be used by all prac-
ticing and in-training otolaryngologists as a reference source and to augment their surgical 
education.

Augusta, Georgia, USA� Stilianos E. Kountakis  
Ankara, Türkiye � T. Metin Onerci   

Preface
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After a successful first edition, the editors have put together a comprehensive revision and 
update of their prior text on the surgical management of sinonasal disorders, sleep apnea, and 
snoring. Utilizing a broad selection of well-known leaders within their fields, the book focuses 
on surgical techniques and approaches, and in so doing provides an excellent and comprehen-
sive text on the surgical techniques involved in the management of these disorders.

The book is divided into two sections. The first section covers sinonasal disorders and cov-
ers essentially all of the more common procedures in this area, as well as important topics such 
as radiologic anatomy. The second section deals with surgical procedures which have been, or 
still are, utilized in the surgical management of sleep apnea and snoring. It also has a chapter 
on drug induced sleep endoscopy (DISE), although there is not a chapter on hypoglossal nerve 
stimulation in this edition.

This text will be very useful for otolaryngology residents as well as practicing otolaryn-
gologists wishing to keep up to date in surgical rhinologic and sleep apnea management tech-
niques, both as an introduction to the procedures and as a reference text in surgical practice.

Professor Emeritus, Perelman School of Medicine� David W. Kennedy
University of Pennsylvania
Philadelphia, PA, USA�
 

Foreword by David W. Kennedy
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The second edition of Rhinologic and Sleep Apnea Surgical Techniques has significant addi-
tions since its first edition. As with the previous edition, this book is focused on suture tech-
niques presented in a clear and practical fashion and is valuable addition to the practitioner’s 
library. The editors have recruited an international group of exceptional expert contributors.

Like the previous edition, it covers a wide variety of topics relevant to the general sleep 
surgeon. It does not attempt to be encyclopedic but rather focus on those topics that are truly 
relevant to the daily practicing surgeon. While primarily a surgical technique book, it also 
provides a solid base in medical issues relevant to the sleep surgeon including sleep diagnos-
tics, airway evaluation, and polysomnography for both adults and children. Updates on nasal 
CPAP and oral appliances are included. New chapters on drug-induced sleep endoscopy and 
positional therapy are also included. Consistent with the editors’ backgrounds, there is excel-
lent and comprehensive coverage of nasal issues relevant to sleep disordered breathing and 
sleep apnea. The book provides palatal surgeries ranging from implants, barbed suture, ante-
rior palatoplasty, expansion techniques, and palatal advancement. Finally, the book addresses 
maxillofacial surgical procedures for sleep apnea. Noteworthy are recent advancements in 
rapid maxillary expansion and distraction osteogenesis techniques for sleep apnea. The book 
is a focused and worthwhile addition to the library of the specialist and generalist who address 
the upper airway.

Professor� B. Tucker Woodson
Medical College Wisconsin
Milwaukee, WI, USA�
 

Foreword by B. Tucker Woodson
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1Radiologic Anatomy of the Paranasal 
Sinuses

Ramon E. Figueroa

Core Messages
•	 The complex interaction of multiple factors over time 

results in an endless combination of sinus anatomic 
variations.

•	 An intimate knowledge of sinus anatomy and a clear 
understanding of its physiology and anatomic variants are 
required for safe and effective sinus surgery.

•	 Rhinologists should evaluate each side of the face as a 
completely independent anatomic, functional and surgi-
cal entity.

•	 The frontal sinus drainage pathway is the most complex 
of all sinus outflow tracts.

•	 The agger nasi cells and the uncinate process dictate the 
floor and the pattern of drainage of the frontal recess.

•	 Familiarity with anatomic variants in the frontal recess is 
required for safe anterior skull base and frontal recess 
surgery.

•	 The olfactory fossa is frequently the lowermost point in 
the floor of the anterior cranial fossa.

•	 The ostiomeatal complex is the common pathway of 
drainage of the anterior paranasal sinuses.

•	 The ethmoid infundibulum is the key element to under-
stand the anatomy and physiology of the ostiomeatal 
complex.

•	 The sphenoethmoid recess is the common pathway for 
mucociliary drainage from posterior ethmoid air cells and 
the sphenoid sinus.

•	 Onodi cells frequently have associated dehiscence of the 
optic nerves and are a surgical danger zone as a potential 
site for iatrogenic endoscopic optic nerve injury or intra-
cranial penetration.

1.1	� Introduction

The anatomy of the paranasal sinuses is complex and vari-
able, changing from patient to patient, and even from side 
to side in the same patient. This complexity results from 
the variable patterns of sinus ventilation and drainage dic-
tated by independent sinus development. Sinus ventilation 
and drainage determines intrasinus mucociliary health, 
which also determines the efficiency of sinus growth and 
pneumatization. The final individual sinus configuration 
is additionally influenced by the evolving growth of 
neighboring sinuses, competing for space as they pneu-
matize the facial bones and skull base, also in competition 
with erupting teeth in the maxilla and the ever-constant 
intracranial pressure gradients along the skull base. The 
complex interaction of all these factors over time dictates 
an endless combination of anatomic variations that force 
the rhinologist to evaluate each side of the face as a com-
pletely independent anatomic, functional and surgical 
entity.

Recent significant advances in computed tomography 
(CT), especially the introduction of multidetector helical 
scanning and the routine availability of computer worksta-
tions, have made demonstration of this complex anatomy 
easier and more useful to rhinologic surgical planning. This 
improvement in imaging clarity and multiplanar demonstra-
tion of sinus complex anatomy is now of even more clinical 
relevance in view of the extensive developments in powered 
instruments, better endoscopic devices and surgical naviga-
tion with CT cross-registration.

1.2	� Functional Concepts

The sinonasal embryologic development during the first tri-
mester is characterized by the emergence of more than six 
ethmoturbinals, which progressively coalesce and differenti-
ate into the final anatomy of the lateral nasal wall [9].
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The ethmoturbinals give rise to the following structures:

•	 The most superior remnant of the first ethmoturbinal 
becomes the agger nasi mound.

•	 The remnant of the descending portion of the first ethmo-
turbinal becomes the uncinate process.

•	 The basal lamella of the second ethmoturbinal pneuma-
tizes and gives rise to the bulla ethmoidalis.

•	 The basal lamella of the third ethmoturbinal becomes the 
basal lamella of the middle turbinate.

The nasal mucosa invaginates at specific points in the lat-
eral nasal wall forming nasal pits that develop into the 
anlages of maxillary, frontal sinuses and ethmoid cells [2]. 
The mesenchyme resorbs around the invagination of the 
nasal pits, allowing progressive development of the sinus 
cavity. The embryologic point at which the initial invagina-
tion occurs becomes the future sinus ostium. Cilia develop 
and orient toward this ostium, allowing mucus to flow toward 
and through the ostium. The efficiency of the mucociliary 
drainage is then dictated and impacted by the patency, tortu-
osity and/or frank narrowing of the resulting drainage path-
ways, which are progressively modified by the sequential 
ongoing pneumatization process occurring during the 
patient’s life. Typically, the ethmoid cells and the maxillary 
antra are pneumatized at birth, with the maxillary antra pro-
gressively expanding into mature sinuses as the maxilla 
matures and the teeth erupt. The frontal sinus develops and 
expands in late childhood to early adolescence, and contin-
ues to grow into adulthood. The rate of sinus growth is modi-
fied by the efficiency of ventilation and mucociliary drainage 
dictated by the patency of the sinus ostium and the corre-
sponding drainage pathways. The frontal sinus drainage 
pathway is the most complex of all sinus outflow tracts, 
impacted by its anatomic relationships with the agger nasi, 
anterior ethmoid cells and pattern of vertical insertion of the 
uncinate process [3, 4]. The frontal sinus mucociliary output 
joins the outflow from the anterior ethmoid and maxillary 
sinuses at the ostiomeatal complex, with the mucociliary 
transport continuing posteriorly over the attachment of the 

inferior turbinate, through the choanna and toward the naso-
pharynx anterior to the torus tubarius. Similarly, the muco-
ciliary transport output of the posterior ethmoid and sphenoid 
sinuses emerges into the sphenoethmoid recess at the level of 
the superior meatus to be transported downwards toward the 
nasopharynx posterior to the torus tubarius.

1.3	� Sinus Imaging Evaluation

The evaluation of the paranasal sinuses for functional endo-
scopic sinus surgery is traditionally performed with continu-
ous coronal and axial 3-mm CT slices to provide orthogonal 
sinus anatomy planes [6, 7]. Recent CT scanner advances 
with the introduction of multidetector helical designs and 
faster computers with larger processing capacities now allow 
single plane thin-section high-resolution databases to be 
acquired and postprocessed to depict the sinus anatomy in 
any planar projection, with high definition of the underlying 
anatomy. This multiplanar capability has mostly impacted 
the evaluation of all sinus drainage pathways, since perpen-
dicular reconstructions of the frontal recess, ostiomeatal 
complex and sphenoethmoid recess can now be easily 
obtained from a single-plane image acquisition.

Typical high-resolution multidetector scanning is per-
formed in the axial plane (Fig. 1.1a) following the long axis 
of the hard palate, using low milliampere technique, a small 
field of view (18–20  cm) and 1.25  mm collimation, with 
data back-processed in 0.65 mm thickness in a bone algo-
rithm and displayed in mucosal (window of 2000, level of 
−200) and bone (3500/800) detail. Most centers use this 
pattern of data acquisition for three-dimensional computer-
assisted surgical navigation. Interactive processing and 
evaluation of the data are then performed on the CT work-
station to define a coronal plane perpendicular to the hard 
palate for the ostiomeatal complex (Fig. 1.1b) and a sagittal 
plane perpendicular to the hard palate for the frontal recess 
(Fig. 1.1c). The axial plane perpendicular to the rostrum of 
the sphenoid sinus allows for adequate evaluation of the 
sphenoethmoid recess.

R. E. Figueroa
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a b

c

Fig. 1.1  High-resolution sinus navigation CT protocol. (a) Lateral 
scout view showing the typical prescription of axial thin-section slices. 
(b) An axial image at the level of the nasal cavity helps prescribe the 

coronal reformatted images. (c) The sagittal reformatted images are 
more accurately prescribed from the coronal reformatted images

1.4	� Frontal Sinus Drainage Pathway

The frontal sinus grows and expands within the diploic space 
of the frontal bone from the frontal sinus ostium medial and 
superior to the orbital plates, enclosed anteriorly by the corti-

cal bone of the anterior frontal sinus wall and posteriorly by 
the cortical bone of the skull base and the posterior frontal 
sinus wall (which is also the anterior wall of the anterior cra-
nial fossa). Each frontal sinus grows independently, with its 
rate of growth, final volume and configuration dictated by its 

1  Radiologic Anatomy of the Paranasal Sinuses
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ventilation, drainage and the corresponding growth (or lack 
of it) of the competing surrounding sinuses and skull base.

1.4.1	� Frontal Sinus Ostium

The frontal sinus narrows down inferiorly and medially 
into a funnel-shaped transition point, which is defined as 
the frontal sinus ostium (Fig. 1.2a–c), extending between 
the anterior and posterior frontal sinus walls at the skull 
base level. This point is typically demarcated along its 
anterior wall by the variably shaped bone ridge of the naso-

frontal buttress, frequently called the “nasal beak” 
(Fig. 1.2d). The frontal sinus ostium is oriented nearly per-
pendicular to the posterior wall of the sinus at the level of 
the anterior skull base [3].

1.4.2	� Anterior Ethmoid Artery

The anterior ethmoid artery is a terminal branch of the oph-
thalmic artery that crosses the lamina papyracea along the pos-
terior wall of the frontal recess to supply the dura of the 
olfactory fossa and the anterior falx cerebri. It is a constant 

a b

c d

Fig. 1.2  The frontal sinus ostium: sagittal sequential reformatted 
images from midline to lateral showing the many important anatomic 
landmarks. Sagittal images (Figures a, b, c, d) at the level of the frontal 
sinus (FS) illustrate the frontal sinus ostium. Asterisks ethmoid infun-

dibulum, AE anterior ethmoid, AN agger nasi cells, BE bulla ethmoida-
lis, BL basal lamella of the middle turbinate (MT), IT inferior turbinate, 
NB nasal beak, PE posterior ethmoid, UP uncinate process, SER sphe-
noethmoid recess, SS sphenoid sinus

R. E. Figueroa
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vascular landmark of the posterior wall of the frontal recess, 
crossing through the anterior ethmoid canal, which can be fre-
quently dehiscent, posing a risk of vascular injury when explo-
ration of the frontal recess is surgically necessary (Fig. 1.3b).

1.4.3	� Frontal Recess, Agger Nasi 
and Uncinate Process

The Anatomic Terminology Group defined the frontal recess 
as “the most anterior and superior part of the anterior ethmoid 
complex from where the frontal bone becomes pneumatized, 
resulting in a frontal sinus” [8, 9]. The frontal recess fre-
quently looks like an inverted funnel (Fig. 1.3a) on sagittal 
images, opening superiorly toward the frontal sinus ostium, 
with its anatomic boundary dictated by the walls of sur-
rounding structures.

The boundaries of the frontal recess are as follows:

•	 The lateral wall of the frontal recess is defined by the 
lamina papyracea of the orbit.

•	 The medial wall is defined by the vertical attachment of 
the middle turbinate (its most anterior and superior part).

•	 Its posterior wall is variable, depending on the basal 
lamella of the bulla ethmoidalis reaching (or not) the skull 
base, or if it is dehiscent allowing communication with 
the suprabullar recess, or if it is hyperpneumatized anteri-
orly, producing a secondary narrowing of the frontal 
recess from forward deformity of its posterior wall [2].

The agger nasi cells and the uncinate process dictate the 
floor and the pattern of drainage of the frontal recess. The fron-

tal recess can be narrowed from anterior-inferior direction by 
hyperpneumatized agger nasi cells. Furthermore, the frontal 
recess inferior drainage is dictated by the insertion of the verti-
cal attachment of the uncinate process, a sagittally oriented 
hooklike bony leaflet (Fig. 1.4a). Whenever the uncinate pro-
cess attaches to the skull base or the superior-anterior portion 
of the middle turbinate, the frontal recess will drain directly 
into the superior end of the ethmoid infundibulum (Fig. 1.4b). 
If the uncinate process attaches laterally into the lamina papy-
racea of the orbit, the frontal recess will open directly into the 
superior aspect of the middle meatus and the ethmoid infun-
dibulum will end blindly into the recessus terminalis.

1.4.4	� Ethmoid Infundibulum

The ethmoid infundibulum is a true three-dimensional space 
and is defined (Fig. 1.5a):

•	 Laterally by the lamina papyracea.
•	 Anteromedially by the uncinate process.
•	 Posteriorly by the bulla ethmoidalis.

It opens medially into the middle meatus across the hia-
tus semilunaris inferioris, a cleft-like opening between the 
free posterior margin of the uncinate process and the corre-
sponding anterior face of the bulla ethmoidalis (Fig. 1.5b). 
This is the functional common pathway of mucociliary 
drainage for the anterior ethmoid, agger nasi and maxillary 
sinus mucus. The frontal sinus mucus also drains in this 
direction when the frontal recess opens to the top of the eth-
moid infundibulum.

ba

Fig. 1.3  The frontal recess. (a) Sagittal reformatted image at the fron-
tal recess showing the frontal sinus ostium as a funnel shaped outflow 
tract (dashed line). (b) Coronal image showing the right anterior eth-

moid artery (AEA) coursing through its bony canal (long arrow). The 
left anterior ethmoid artery is dehiscent (short arrow) just below the 
frontal recess

1  Radiologic Anatomy of the Paranasal Sinuses
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ba

Fig. 1.4  The uncinate process. In the sagittal image (a) the uncinate 
process (asterisks) is shown as a curved bony projection that extends 
toward the frontal recess. It defines the anterior margin of the ethmoid 
infundibulum. The bulla ethmoidalis (BE) defines the posterior wall of 
the ethmoid infundibulum. In the coronal image (b) the left uncinate 

process attaches to the lamina papyracea (arrow), with the frontal 
recess (FR) opening directly to the middle meatus, and the left ethmoid 
infundibulum ending in a blind end or “terminal recess” (TR). The right 
uncinate process attaches to the skull base (dotted line), with the right 
frontal recess emptying into the right ethmoidal infundibulum

a b

Fig. 1.5  The ostiomeatal complex. Notice on the sagittal image (a) the 
cleft-like ethmoid infundibulum (dotted line), bordered anteriorly by a 
pneumatized agger nasi cell (AN) and posteriorly by the bulla ethmo-
idalis (BE). The middle turbinate (MT) is seen below. In the coronal 

image, (b) the ethmoid infundibulum (dotted line) lies between the 
uncinate process (UP) and the bulla ethmoidalis (BE), opening into the 
middle meatus across the hiatus semilunaris inferior (asterisks). Notice 
the deep olfactory fossa (Keros type III)

1.4.5	� Anatomic Variants of the Frontal Recess

Several important anatomic variants impact on the anatomy 
of the frontal recess and the anterior skull base. Familiarity 
with these anatomic variants is required for safe anterior 
skull base and frontal recess surgical considerations.

1.4.5.1	� Frontal Cells
The frontal cells are uncommon anatomic variants of 
anterior ethmoid pneumatization that impinge upon the 
frontal recess and typically extend within the lumen of the 
frontal sinus ostium above the level of the agger nasi cells 
(Fig. 1.6).

R. E. Figueroa
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a b c

Fig. 1.6  Frontal cells. Frontal cells are rare air cells above the agger 
nasi (AN) that impinge upon the frontal recess and frontal sinus. Type I 
is a single cell above the agger nasi, while type II is a tier arrangement 

above the agger nasi (a). Type III is a single large frontal cell projecting 
into the frontal sinus lumen (b). Type IV is a large cell completely con-
tained in the frontal sinus (“sinus within a sinus”) (c)

The different types of frontal cells as described by Bent 
are as follows [1, 9]:

•	 Type I frontal cells are described as a single frontal recess 
cell above the agger nasi cell (Fig. 1.6a).

•	 Type II frontal cells are a tier of cells above the agger nasi 
cell, projecting within the frontal recess.

•	 A type III frontal cell is defined as a single massive cell 
arising above the agger nasi, pneumatizing cephalad into 
the frontal sinus (Fig. 1.6b).

•	 A type IV frontal cell is a single isolated cell within the 
frontal sinus acting as a “sinus within a sinus,” fre-
quently difficult to visualize owing to its thin walls 
(Fig. 1.6c).

All frontal cells can be clinically significant if they 
become primarily infected or if they stenose the frontal sinus 
ostium, leading to mucus recirculation and secondary frontal 
sinusitis.

1.4.5.2	� Supraorbital Ethmoid (SOE) Cells
This is when the anterior ethmoid sinus pneumatizes the 
orbital plate of the frontal bone posterior to the frontal 
recess and lateral to the frontal sinus (Fig. 1.7a, b, c), fre-
quently developing from the suprabullar recess [2]. The 
degree of pneumatization of the supraorbital ethmoid 
cells can reach the anterior margin of the orbital plate and 
mimic a frontal sinus. We can best trace the supraorbital 
ethmoid cell toward the anterior ethmoid sinus on axial 
CT images, which allows us to recognize this variant 
better.

1.4.5.3	� Depth of Olfactory Fossa
The orbital plate of the frontal bone slopes downwards 
medially to constitute the roof of the ethmoid labyrinth 
(foveola ethmoidalis), ending medially at the lateral bor-
der of the olfactory fossa (Fig.  1.8). This configuration 
makes the olfactory fossa the lowermost point in the floor 
of the anterior cranial fossa, frequently projecting between 
the pneumatized air cells of both ethmoid labyrinths [9]. 
The depth of the olfactory fossa into the nasal cavity is 
dictated by the height of the lateral lamella of the cribri-
form plate, a very thin sagittally oriented bone, continuous 
with the vertical attachment of the middle turbinate, defin-
ing the lateral wall of the olfactory fossa.

Keros [5] described the anatomic variations of the eth-
moid roof and the olfactory fossa, classifying it in three sur-
gically important types:

	1.	 Type I has a short lateral lamella, resulting in a shallow 
olfactory fossa of only 1–3 mm in depth in relation to the 
medial end of the ethmoid roof.

	2.	 Type II has a longer lateral lamella, resulting in an olfac-
tory fossa depth of 4–7 mm.

	3.	 Type III has a much longer lateral lamella (8–16 mm), 
with the cribriform plate projecting deep within the nasal 
cavity well below the roof of the ethmoid labyrinth.

The type III configuration represents a high-risk area for 
lateral lamella iatrogenic surgical perforation in ethmoid 
endoscopic surgical procedures. Occasionally there may be 
asymmetric depth of the olfactory fossa from side to side, 
which must be recognized and considered prior to surgery.

1  Radiologic Anatomy of the Paranasal Sinuses
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a b c

Fig. 1.8  Depth of the olfactory fossa. The length of the lateral lamella of the cribriform plate determines the depth of the olfactory fossa (arrows), 
categorized by Keros in type I (a 1–3-mm deep), type II (b 4–7-mm deep) and type III (c 8–16-mm deep)

a b

c

Fig. 1.7  (a, b, c) Supraorbital ethmoid cells. In the sequential axial images, the supraorbital ethmoid cells (SOE) expand and pneumatize anteri-
orly the orbital plate of the frontal bone, not to be confused with the frontal sinus (FS)

1.5	� Ostiomeatal Complex

The ostiomeatal complex is the common pathway of drain-
age of the anterior paranasal sinuses, acting as the func-
tional unit that controls and modulates the mucociliary 
drainage from the frontal sinus, anterior ethmoid sinus and 
maxillary sinus.

The ostiomeatal complex comprises a combination of 
structures:

•	 Uncinate process.
•	 Ethmoid bulla.
•	 Middle turbinate.
•	 Spaces between these structures (ethmoid infundibulum, 

hiatus semilunaris and middle meatus) (Fig. 1.5).

R. E. Figueroa
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The efficiency of drainage is dictated by the patency or 
closure of these spaces in response to the nasal cycle of alter-
nating phases of mucosal engorgement and mucosal thin-
ning, typically on cycles of 4–6 h. Whenever the ostiomeatal 
complex spaces are further narrowed by anatomic variants, 
mucosal polyps, inflamed mucosa, scars or synechiae, the 
resulting decreased drainage capacity of the system will 
result in backpressure accumulation of mucous secretions 
within the corresponding sinus spaces, increasing the likeli-
hood of secondary bacterial colonization of the previously 
sterile sinus secretions by backflow of nasal cavity bacteria 
into the obstructed sinus spaces.

1.5.1	� Structures and Spaces

The ethmoid infundibulum is the key element to understand 
the anatomy and physiology of the ostiomeatal complex 
(Fig.  1.5a). The ethmoid infundibulum is a sickle-shaped 
sagittally oriented three-dimensional space extending from 
the agger nasi/frontal recess region toward the middle 
meatus, running downwards and posteriorly between the 
lamina papyracea of the ipsilateral orbit laterally and the 
uncinate process medially. This resulting V-shaped drainage 
channel collects the mucociliary output of the frontal sinus, 
agger nasi cells, anterior ethmoid cells and maxillary sinus. 
The maxillary sinus mucous secretions are transported by 
mucociliary clearance toward its natural ostium, located 
along the superior aspect of the maxillary sinus medial wall, 
opening into the junction of the middle and posterior third of 
the ethmoid infundibulum, which in turn opens medially into 
the middle meatus to direct the mucociliary transport secre-
tions toward the choanna and nasopharynx.

The space connecting the ethmoid infundibulum and the 
middle meatus is the hiatus semilunaris inferioris, a two-
dimensional cleft between the free edge of the uncinate 
process and the leading anterior ethmoid air cell in the mid-
dle meatus, the ethmoid bulla (Fig. 1.5b).

The uncinate process projects from the maxilla, easily 
recognized as a bony leaflet oriented upwards from the base 
of the inferior turbinate and the posterior margin of the naso-
lacrimal duct bony buttress. Its free edge defines the hiatus 
semilunaris inferioris and constitutes the medial wall of the 
ethmoid infundibulum.

The ethmoid bulla is the dominant ethmoid air cell pro-
jecting into the middle meatus, arising medially from the 
lamina papyracea of the orbit. Its attachment or bulla lamella 
can insert upwards into the skull base and the undersurface 
of the basal lamella of the middle turbinate, or into the lam-
ina papyracea laterally. When it attaches to the lamina papy-
racea, the ethmoid bulla will create a narrow space between 

its roof and the basal lamella of the middle turbinate, recog-
nized as the sinus lateralis, which can on occasion extend 
superiorly toward the frontal recess above the roof of the eth-
moid bulla. The opening of the sinus lateralis toward the 
middle meatus is known as the hiatus semilunaris 
superioris.

The middle turbinate is a process of the ethmoid bone 
that defines the functional space of the middle meatus 
underneath it. Its basal lamella is attached vertically in the 
sagittal plane into the lateral lamella of the cribriform 
plate (Fig. 1.9). It continues posteriorly in a coronal orien-
tation along the lamina papyracea and ends in an axial 
plane along the lateral nasal wall toward the choanna. This 
three-planar pattern of attachment is of paramount impor-
tance for the stability of the middle turbinate. This is most 
obvious after endoscopic surgical procedures, since surgi-
cal fracture of any of these planar attachments increases 
the likelihood of turbinate lateralization and secondary 
ostiomeatal complex postsurgical scarring and obstruc-
tion. In addition, the basal lamella of the middle turbinate 
represents the anatomic, embryologic and functional 
boundary between the anterior and posterior ethmoid 
sinuses. Any sinus spaces anterior to the basal lamella of 
the middle turbinate will drain toward the ostiomeatal 
complex, while any sinus spaces posterior to this structure 
will drain toward the sphenoethmoid recess.

1.5.2	� Anatomic Variants of the Ostiomeatal 
Complex

•	 Paradoxical middle turbinate: inverted configuration of 
the middle turbinate, which curves toward the lateral 
nasal wall at the level of the ostiomeatal complex. It 
decreases the caliber of the middle meatus and may impair 
mucociliary drainage (Fig. 1.10a).

•	 Concha bullosa: pneumatization of the middle turbinate 
from its vertical attachment to its bulbous portion. By 
decreasing middle meatal caliber, it may become an 
obstructing lesion on the active phase of the nasal cycle. It 
may pneumatize from the anterior or the posterior eth-
moid air cells (Fig. 1.10b).

•	 Pneumatized uncinate process: may decrease the hiatus 
semilunaris caliber (Fig. 1.10c).

•	 Posterior fontanelle: occasional defect in the lateral nasal 
wall behind the ethmoid infundibulum that freely com-
municates the maxillary sinus and the middle meatus 
(Fig. 1.10d). No mucociliary transit occurs through this 
space. Its presence must be recognized to avoid confusing 
it with the natural ostium of the maxillary sinus, which 
can result in failed middle meatal antrostomy.

1  Radiologic Anatomy of the Paranasal Sinuses
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Fig. 1.9  Middle turbinate anatomy. The sagittal image (a) shows the 
complex deformity of the basal lamella of the middle turbinate (aster-
isks) deflected by the asymmetric competing growth of the anterior and 
posterior ethmoid cells. Sequential coronal images show the basal 

lamella of the middle turbinate in the sagittal plane (b) at the olfactory 
fossa, the coronal plane (c) at the lamina papyracea and the axial plane 
(d) at the posterior nasal cavity

R. E. Figueroa
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Fig. 1.10  Anatomic variants of the ostiomeatal complex. (a) Bilateral 
paradoxical turn of the middle turbinates (dots). (b) A typical pneuma-
tized middle turbinate or concha bullosa (CB). Notice the uncinectomy 
at the natural ostium of the right maxillary sinus (MS). (c) Bilateral 

pneumatized uncinate processes (asterisks). (d) A wide right maxillary 
sinus posterior fontanelle (arrow), which may mimic a maxillary sinus 
ostium by endoscopy. CB concha bullosa, MS maxillary sinus
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