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Pictorial Essay

The Frontal Sinus Drainage Pathway and Related
Structures

David L. Daniels, Mahmood F. Mafee, Michelle M. Smith, Timothy L. Smith, Thomas P. Naidich,
W. Douglas Brown, William E. Bolger, Leighton P. Mark, John L. Ulmer, Lotfi Hacein-Bey, and
James M. Strottmann

The purpose of this pictorial essay is to provide a
visual guide to the frontal sinus drainage pathway
(FSDP), associated anatomic structures, and normal
variations in sinus anatomy (Figs 1-9). Suggested
readings provide more detailed descriptions of para-
nasal sinus anatomy and terminology for further study
(1-9).

Sinus nomenclature may be both redundant and
confusing (10, 11). Originally, the terms sinus, antrum,
and recess all referred to a cavity, then a cavity within
a bone. Now an osseous recess is an air space with
more than one drainage ostium (as distinct from an
osseous air cell, which has only one drainage ostium),
whereas the terms maxillary sinus and maxillary an-
frum may be used interchangeably. Both cribriform
and ethmoid mean “sievelike,” and both bulla and
agger signify a “projecting anatomic structure,” but
convention has limited usage of each term to specific
structures. For these reasons, and because anatomic
variations are frequent, the exact terminology em-
ployed to designate paranasal air spaces may be sub-
jective. Herein one coherent set of names for the
structures of the FSDP is used that specifically ex-
cludes the term “frontal recess” because that term is
difficult to define anatomically (6).

Figure 1 provides an overview of the drainage path-
ways of the paranasal sinuses that are based upon the
skull illustrated in Figures 3 and 4.

The frontal sinus has the most complex and vari-
able drainage of any paranasal sinus. Each frontal
sinus narrows down to an inferior margin designated
the frontal ostium (Figs 1 and 3D-F’). The frontal
ostium extends between the anterior and posterior
walls of the frontal sinus, is demarcated by a variably
shaped ridge of bone on the anterior wall of the sinus,
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and is oriented nearly perpendicular to the posterior
wall of the sinus. It may be difficult to define when air
cells marginate the ostium (Fig 8).

The FSDP has superior and inferior compartments.
The superior compartment of the FSDP is formed by
the union of adjacent air spaces at the anteroinferior
portion of the frontal bone and the anterosuperior por-
tion of the ethmoid bone (Fig 2). Its upper border is the
frontal ostium. Its size and shape vary with the variable
anatomy of the frontoethmoid air cells (8; Figs 6-9).
The superior compartment communicates directly with
the inferior compartment. The inferior compartment of
the FSDP is a narrow passageway formed by either the
ethmoid infundibulum or the middle meatus (6, 7).
When the anterior portion of the uncinate process ex-
tends superiorly to attach to the skull base, the inferior
compartment of the FSDP is the ethmoid infundibulum
(Figs 3D-F', 4E, 5). This then communicates with the
middle meatus via the hiatus semilunaris; however,
when the anterior portion of the uncinate process at-
taches to the lamina papyracea instead of the skull base,
the inferior compartment of the FSDP is then the mid-
dle meatus itself (Fig 5).

Together, the frontal sinus and the superior com-
partment of the FSDP resemble an Erlenmeyer flask,
with the neck of the flask representing the frontal
ostium. The inferior compartment of the FSDP could
then be conceptualized as directly communicating
with a small opening in the base of the flask.

The basal lamella of the middle turbinate is a thin
bony plate that forms part of the ethmoid infrastruc-
ture. It has three portions (6, 7). The vertical portion
of the basal lamella attaches to the cribriform plate.
The middle and posterior portions extend laterally to
join the lamina papyracea, thereby dividing the ante-
rior ethmoid air cells from the posterior ethmoid air
cells and the posterior margin of the basal lamella
attaches to the perpendicular plate of the palatine
bone (Figs 3C and 3F’). The basal lamella is best
displayed in three-dimensional models and sagittal
and coronal CT images. Its vertical portion is seen
best on coronal CT images, whereas the middle and
posterior portions are seen best on sagittal CT images
(Figs 3C’, 3F’, and 4F-H).

Figure 2 separates the frontal bone from the eth-
moid bone to illustrate how they join to form the
superior compartments of the FSDPs. In Figure 2B,
the paired air spaces at the anteroinferior aspect of
the frontal bone are not the frontal sinuses, but por-
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OVERVIEW OF PARANASAL SINUS DRAINAGE
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Fic 1. Overview of the drainage pathways of the paranasal sinuses.

A, Composite image displaying the drainage pathways of the frontal, ethmoid, and sphenoid sinuses in relation to a sagittal CT section
through the skull illustrated in Figs 3 and 4. The frontal ostium forms the upper border of the superior compartment of the FSDP. The
superior compartment of the FSDP drains posteroinferiorly into a narrow inferior compartment situated always anterior to the ethmoid
bulla. The inferior compartment of the FSDP is formed by the ethmoid infundibulum when the superior portion of the uncinate process
attaches to the skull base but is formed instead by the middle meatus when the uncinate process attaches to the lamina papyracea. The
basal lamella of the middle turbinate (colored green) divides the ethmoid air cells into anterior and posterior groups. The agger nasi air
cell is classified as an extramural ethmoid air cell, because it projects anterior to the ethmoid bone. This cell frequently extends to the
lacrimal bone and the frontal process of the maxilla.

B, Summary of the typical drainage pathways of the paranasal sinuses, including the drainage pathway of the maxillary sinus.
Ultimately, all sinus drainage is directed toward the nasopharynx.




1620 DANIELS AJNR: 24, August 2003

FRONTAL BONE-

Nasal Spine

Space at the Antero-
Inferior Aspect of the
Frontal Bone

Space at the Antero-
Inferior Aspect of the
Frontal Bone

Nasal Spine

\. ETHMOID BONE-
0 \ Lamina Papyracea
“_ Cribriform Plate
Crista Galli
~_ Uncinate Process
~_ > Perpendicular Plate
~ Middle Turbinates

PAIRED FRONTAL SINUS
DRAINAGE PATHWAYS

ETHMOID BONE-
Space
~ Cribriform Plate
" Crista Galli
Middle Turbinates

Fic 2. The superior compartment of the FSDP. Shown are oblique (A) and straight (B) views of the superior and inferior surfaces of the
frontal and ethmoid bones of two different specimens. The paired air spaces situated beneath the frontal sinuses and the frontal ostia
at the anteroinferior aspect of the frontal bone drain (red arrows) into the paired labyrinthine air spaces at the anterosuperior aspect of
the ethmoid bone. In the intact skull of a single specimen, these spaces would join smoothly to form the paired superior compartments
of the FSDPs. Common anatomic variations affecting the superior compartment of the FSDP include osseous septations (Fig 6) and
marginating air cells (Fig 7). These anatomic variations cause substantial variation in the size and shape of the superior compartments.
Nonetheless, the superior compartments ultimately drain into the middle meatus, either directly or via the ethmoid infundibulum (Fig 5).

tions of the superior compartments of the FSDPs, oblique views of the FSDP with sagittal and coronal
inferior to the frontal ostia and the frontal sinuses. CT scans of a skull to show the FSDP as it would be
Figures 3 and 4 correlate the lateral and frontal displayed in clinical CT scans. In the specimen illus-
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Fic 3. Sequential, more lateral dissections of the skull and the FSDP (A- F and E’) matched to sagittal CT sections of the skull (A'-C’ and F’).

A, A’. Sagittal structures. The nasal septum is a composite structure, formed by the perpendicular plate of the ethmoid bone
anterosuperiorly and by the vomer posteroinferiorly. The inferior margin of the vomer rests upon the nasal crest of the maxillary and
palatine bones. The superior margin of the vomer supports the perpendicular plate of the ethmoid bone.

B, B'. Paramedian structures. Removal of the nasal septum reveals the inferior, middle, and superior turbinates. The superior turbinate
attaches to the skull base. The middle turbinate shown in B is superimposed (green) onto the sagittal CT (B’) to illustrate how the vertical
portion of the basal lamella extends to the skull base at the cribriform plate. Its superior border has variable shape.

C, C'. Image C displays a simplified posteromedial oblique view of the middle turbinate and its basal lamella. The basal lamella has three
portions. The vertical portion of the basal lamella attaches to the cribriform plate, the middle and posterior portions attach to the lamella
papyracea, and the posterior margin of the basal lamella attaches to the perpendicular plate of the palatine bone. Typically, the vertical, middle,
and posterior portions of the basal lamella are oriented in near-sagittal, coronal, and horizontal planes, respectively. Usually, the middle and
posterior portions appear irregular in shape because of encroachment by adjacent ethmoid air cells. In C, the inferior edge of the middle
turbinate and the medial edge of the middle and posterior portions of the basal lamella together have an angular configuration in the sagittal
CT (C’) that highlights the middle and posterior portions of the basal lamella (green). The basal lamellain C’ can be conceptualized by removing
the most medial portion of the middle turbinate and the vertical portion of the basal lamella from B'.
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Fic 3. Continued

D, Removing the middle turbinate and the vertical portion of the basal lamella exposes, from anterior to posterior, the agger nasi
extending to the frontal process of the maxillary bone, the lacrimal bone, the uncinate process of the ethmoid bone extending upward
toward the skull base, the hiatus semilunaris (dashed red line), the ethmoid bulla, and the middle and posterior portions of the basal
lamella extending laterally toward the lamina papyracea. The hiatus semilunaris is the narrow, slitlike passage between the uncinate
process and the ethmoid bulla, through which the ethmoid infundibulum communicates with the middle meatus (6). The ethmoid
infundibulum is the space bounded by the uncinate process anteromedially, the ethmoid bulla posterolaterally, and the lamina
papyracea anterolaterally (6). Simultaneous removal of the wall of the frontal sinus shows the relationship of the frontal ostium to the
superior compartment of the FSDP and how the sinus cavity tapers inferiorly toward the frontal ostium.

E, E'. Removal of the anterior portion of the uncinate process exposes the ethmoid infundibulum. In this specimen, the superior
compartment of the FSDP drains directly into the ethmoid infundibulum, which then drains through the hiatus semilunaris to the middle
meatus. E’ displays a three-dimensional view of the frontal sinus and the superior and inferior compartments of the FSDP (blue).

F, F'. The frontal ostium extends posteriorly from the anterior frontal bone ridge to the posterior wall of the frontal sinus and is oriented nearly
perpendicular to the posterior wall of the sinus. The superior compartment of the FSDP lies inferior to the frontal ostium. In this specimen, the
inferior compartment of the FSDP is the ethmoid infundibulum. In F’, the ethmoid infundibulum is bounded anteriorly by the agger nasi cell
and the uncinate process and posteriorly by the ethmoid bulla. The middle and posterior portions of the basal lamella of the middle turbinate
(green) separate the anterior and posterior ethmoid air cells (see also Fig 4E, the coronal CT of the same specimen).
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Fic 4. Anatomic relationships in the coronal plane.

A, Frontal oblique view of the same skull specimen illustrated in Fig 3. Resection of the anteroinferior portion of the middle turbinate
(green) exposes the curved uncinate process (red) just superior to the inferior turbinate. In this specimen, the anterior portion of the
uncinate process extends to the skull base.

B and C, Sagittal CT sections color coded to display the uncinate process (red) and the middle turbinate including the basal lamella
(green). Note that the different portions of the basal lamella are oriented more nearly vertical, or horizontal, facilitating their identification
on sagittal and coronal CT sections.

D- H, Sequential coronal CT sections, displayed from anterior to posterior to illustrate the changing relationships and attachments of
the color-coded structures.

D, The superior compartment of the FSDP lies superior to the ethmoid infundibulum. The frontal ostium is more easily identified in the
sagittal plane (B) than in the anterior coronal plane (D), where the border between frontal sinus and FSDP is difficult to define.

E, The anterior portion of the uncinate process (red) extends upward to the skull base in the right side of this specimen, so the FSDP
includes the ethmoid infundibulum. The frontal ostium remains poorly localized.
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ANATOMIC VARIATIONS-ANTERIOR PART OF THE UNCINATE PROCESS
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Fic 5. Anatomic variations in the anterior uncinate process.

A and B, Coronal CT sections modified from the skull illustrated in Figs 3 and 4. Coronal CT sections display the three major variations
in the superior attachment of the uncinate process (7): extension laterally to join the lamina papyracea (A, left), extension superiorly to
join the skull base (A and B, right), and extension medially to join the lateral surface of the middle turbinate (B, left). Because of these
variations in the uncinate process, the frontal sinus drainage on the left side of panel A passes through the superior compartment directly
into the middle meatus, not the ethmoid infundibulum. In contrast, the frontal sinus drainage on the right side of panel A and both sides
of panel B passes through the superior compartment into the ethmoid infundibulum before entering the middle meatus. The ethmoid
infundibulum forms the inferior compartment of the FSDP in these cases. In A, the attachment of the left uncinate process with the

lamina papyracea forms a terminal recess of the ethmoid infundibulum.

trated, the uncinate process extends superiorly to
reach the skull base, so the inferior compartment of
the FSDP is formed by the ethmoid infundibulum
(Figs 3D-F’ and 4E).

Figures 5-9 illustrate variations in the anatomy of
the air cells and the uncinate process, which affect the
FSDP.

The complex anatomy and frequent anatomic vari-
ations of the FSDP may challenge the skills of the
radiologist; however, use of helical CT studies and
multiplanar CT reformations now provide the radiol-
ogist with a clearer depiction of the anatomy of each
patient and a clearer understanding of the anatomic
diversity of the FSDP within the population. Sagittal
specimen and reformatted clinical CT scans display
better the size and margins of the frontal ostium, the
FSDP, and the adjacent air cells (Figs 1, 3F’, 8, and
9). Coronal CT scans demonstrate the superior at-
tachment of the uncinate process, which determines
whether the inferior compartment of the FSDP is
formed by the ethmoid infundibulum or the middle
meatus (Figs 4E and 5). Coronal CT scans also doc-
ument patency of the FSDP.

Display of the FSDP is useful when evaluating the
cause and potential surgical therapy for obstruction of
the frontal sinus (4). Air cells may encroach upon the
anterior, posterior, lateral, and/or superior margins of

the FSDP (5, 8; Figs 7, 8, and 9). The nomenclature
used to describe these cells varies with their position.
Ethmoid air cells that encroach upon the anterior
aspect of the superior compartment of the FSDP or
upon the frontal sinus itself are designated frontal air
cells. A classification of frontal cells is given by Bent
et al (8); however, further work is needed to under-
stand the complex anatomy and variations of the
frontal sinuses and FSDPs.
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Fic 6. Anatomic variations in the frontal osseous septations. A, Inferior surface of the frontal bone. B, Coronal CT section. C, Sagittal
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junction with the inferior compartment. In B, the uncinate process obscures the ethmoid infundibulum. Removing the uncinate process
(C) exposes the course and configuration of the ethmoid infundibulum.
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A, Coronal CT.
B, Reformatted sagittal CT.
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osseous air cell from an osseous recess probably would have to be determined surgically. A, Coronal CT. B, Reformatted sagittal CT.
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