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Foreword

Since the inception of endoscopic sinus surgery, it has been widely acknowl-
edged that the frontal sinus provides the greatest challenges to rhinologists.
Even prior to endoscopic approaches, the complex outflow anatomy of the
frontal sinus and its proximity to the orbit and brain has always made it a
potent source of acute and chronic complications which often demanded radi-
cal solutions. The proliferation of surgical procedures, devices, and drug
delivery systems is indicative of the problems in maintaining mucociliary
clearance and patency of the system. For these reasons, it is entirely appropri-
ate for a book such as this to be entirely devoted to this topic, particularly one
which adopts a systematic and practical approach.

The editors and senior authors, Dr. Lal and Dr. Hwang, have amassed an
impressive array of the “great and the good” to explore all aspects from anat-
omy, physiology, and pathology through the range of medical management,
the many surgical approaches, complications, and associated topics, conclud-
ing with a highly instructive step-by-step video demonstrations.

This comprehensive and insightful book is indispensable to all rhinolo-
gists at any stage of their careers, but above all, it is a surgeon’s book, by
surgeons sharing a unique cumulative expertise.

Valerie J. Lund, CBE, MB, BS, FRCS, FRCSEd

Professor of Rhinology, University College London

Honorary Consultant ENT Surgeon

Royal National Throat Nose and Ear Hospital (Royal Free Trust)
Moorfields Eye Hospital

University College Hospital and Imperial College

London, UK
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Preface

Frontal sinus surgery is one of the most exacting procedures undertaken by
the Otolaryngologist. Surgery in proximity to the eye and brain requires for-
titude, and surgery within the convoluted frontal outflow tract requires exqui-
site delicacy and restraint. Seasoned surgeons approach the frontal sinus with
reverence, while learners consider it with trepidation. The editors present a
systematic approach to frontal sinus surgery through simplified discussions
of critical concepts. A thoughtful, personalized approach optimizes patient
outcomes; we therefore discuss all aspects of frontal anatomy, pathology, and
surgical approaches. The editors thank the authors of all chapters, each led by
global experts on the subject matter. Chapters are richly illustrated with fig-
ures and surgical videos, replete with practical pearls and tips. It is the edi-
tors’ goal to provide this compendium as an aid to the sincere surgeon aspiring
to attain expertise in frontal sinus surgery.

Phoenix, AZ, USA Devyani Lal
Stanford, CA, USA Peter H. Hwang
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Evolution and Challenges
in Frontal Sinus Surgery

Carol H. Yan and David W. Kennedy

Introduction

The frontal sinuses and their complex anatomy have
long challenged surgeons and triggered controver-
sies in their surgical management. The relatively
narrow frontal sinus drainage pathway, critical adja-
cent structures, and high long-term failure rate,
combined with relatively difficult angled intranasal
access, have created a broad swathe of surgical
approaches with initial enthusiasm and subsequent
abandonment. More recent attempts at frontal sinus
surgery originated in the early eighteenth century
with the initial reported cases wrought with morbid-
ity and mortality. Subsequently, a spectrum of fron-
tal sinus surgical techniques evolved. These include
external approaches such as the osteoplastic flap,
obliteration, cranialization, trephination, and exter-
nal frontoethmoidectomy. More recently, endo-
scopic visualization created renewed potential for
endonasal techniques, and combined endonasal and
external approaches as well as purely endoscopic
endonasal approaches have been popularized. The
trend of frontal sinus surgery has transitioned from
ablative intentions with closure of the frontal
ostium, to restorative ones with enlargement of the

C. H. Yan
Department of Otolaryngology — Head and Neck
Surgery, Stanford University, Stanford, CA, USA

D. W. Kennedy (<))

Department of Otorhinolaryngology — Head and
Neck Surgery, The University of Pennsylvania,
Philadelphia, PA, USA

© Springer Nature Switzerland AG 2019

frontal outflow tract [1]. In this section, we briefly
highlight the advances in techniques and resources
that have allowed us to evolve frontal sinus surgery.
The overarching goals of surgery include the eradi-
cation of disease, the resolution of symptoms, and
the restoration of a nasofrontal outflow tract.

Historic Procedures

Early management of frontal sinus surgery from
the early eighteenth century to the late twentieth
century was predominantly external and focused
on obliteration of disease. Some of these proce-
dures still have indications today and will be dis-
cussed later in the chapter.

Trephination

The earliest frontal obliteration with a trephine was
performed in 1750 by Runge as recorded by Donald
[2]. The first published report of frontal sinus sur-
gery with drainage of a mucocele has been credited
to Seolberg Wells who conducted a trephine with
tube placement [3]. Soon after in 1884, Alexander
Ogston described a trephination procedure through
the frontal sinus with curettage of mucosa and com-
munication with the ethmoidal sinus for treatment
of sinus infection. Luc described a very similar pro-
cedure, and in 1896, the Ogston-Luc technique was
developed [1, 4]. However, the technique of trephi-
nation with frontal mucosal stripping did not gain

1
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popularity due to a high rate of nasofrontal outflow
tract stenosis [5].

Radical Ablation

Frontal sinus obliteration was first introduced as
an alternative to the Ogston-Luc procedure. In
1898, Riedel described obliteration of the frontal
sinus with complete removal of the anterior table
and floor of frontal sinus, stripping of all mucosa,
and redraping of forehead skin [4]. This proce-
dure, now known as frontal sinus collapse or the
Riedel procedure, was associated with significant
cosmetic deformity but improved disease control
compared to the Ogston-Luc procedure. In those
times, frontal sinusotomies were performed with
chisels. Killian modified this technique by pre-
serving a rim of mucosa and bone across the
supraorbital ridge in an effort to decrease cos-
metic deformity (Fig. 1.1). This technique
too, was abandoned due to its high morbidity,
post-operative infections, and failure rates [6].
However, frontal sinus collapse still remains a
viable option today for some cases of osteomy-
elitis. In a small frontal sinus with narrow

Fig. 1.1 The Killian technique for radical frontal sinus
obliteration (a) as depicted in “the catarrhal and suppu-
rative diseases of the accessory sinuses of the nose” by
Ross Hall Skillern, 1913 [6]. The anterior frontal sinus
table bone was removed with the exception of a 1 cm

anterior-posterior (A-P) diameter and with care-
ful drill feathering of the sinus margins, the cos-
metic deformity can be minimal. In other cases, a
delayed reconstruction can be performed.

External Frontoethmoidectomy

Following disenchantment with disfiguring oblit-
erative procedures, the surgical community
explored the option of enlarging the nasofrontal
outflow tract through external access to the fron-
tal sinus. Knapp in 1908 entered the frontal sinus
via a frontoethmoidectomy through the medial
orbital wall. He continued to remove all mucosa
of the frontal sinus and also enlarged the frontal
outflow tract after addressing the disease. In 1914,
Lothrop made the enlargement of the frontal out-
flow tract a priority and accomplished this via a
combined external and intranasal approach to
remove the ethmoidal cells, bilateral frontal sinus
floors, the superior nasal septum and intersinus
septum [7]. Resection of the frontal floor and
medial orbital wall caused collapse of orbital soft
tissue into the ethmoidal area and subsequent ste-
nosis of the frontal drainage pathway [8]. The

bar of supraorbital rim to decrease deformity, and a
mucosal nasal flap was rotated laterally to cover the
frontal recess (b). This technique was complicated by
high restenosis rates, supraorbital rim necrosis, and
mucocele formation
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removal of bone without adequate visualization
made the procedure dangerous and technically
difficult. Its eventual revival and popularization
as an intranasal endoscopic operation by Draf
was aided by multiple technological advances [9].

Lynch and Howarth in the United States
described other modifications of external fronto-
ethmoidectomy resulting in improved cosmetic
outcome in 1921. This operation was conducted
through a medial periorbital incision and pro-

ceeded to remove ethmoidal cells as well as a
portion of the frontal sinus floor along with a
stent placement to ensure adequate drainage.
This frontoethmoidectomy technique became
known as the Lynch procedure, and its modi-
fications have included the addition of a septal
flap (Sewall-Boyden) and use of Silastic stents
(Neel-Lake) [10, 11]. These additions improved
early patency rates up to 85%, but poor long-term
results led to its eventual abandonment [10].

Beck, 1908

c

Begara, 1934

Macbeth, 1955

Fig. 1.2 Osteoplastic flap techniques as described in
J. Dawes in The Management of Frontal Sinusitis and its
Complications, J. Laryngology and Otology, 1961 [13]. Beck
described in 1908 the use of radiographic guidance in his

osteoplastic flaps with an incision along the upper margins of
the eyebrows (a). In 1934, Bergara depicted his flap through
the eyebrow incision (b) versus Macbeth, who adopted the
bicoronal incision for a larger osteoplastic flap (c)
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Osteoplastic Flaps

Osteoplastic flaps were separately described by
Schonborn in 1894 and Brieger in 1895 [12].
Beck in 1908 used radiographic guidance to plan
the incision of the flap (Fig. 1.2a). However, tech-
nical challenges and concerns of osteomyelitis
prevented the flap from gaining popularity until
Bergara introduced the eyebrow incision in 1934
(Fig. 1.2b) followed by Macbeth’s adoption of
the bicoronal incision for a large osteoplastic flap
(Fig. 1.2c) [13]. In 1958, Goodale and
Montgomery published their series of patients
treated with an osteoplastic flap with fat oblitera-
tion and reported good success rates. By 1960,
the osteoplastic flap, typically with but some-
times without obliteration, became the standard
of care. In the 1960s, Becker developed the con-
cept of using a template cut out of the patient’s
radiographic plate to outline the frontal sinus,
allowing for a safer entry into the frontal sinus.
The flap avoided significant facial deformity
by replacing the bone plate and newer oblitera-
tion techniques. However, long-term follow-up
demonstrated an increasing failure rate, and even
using modern MRI, evaluating for recurrent dis-
ease has remained a challenge.

Early Adoption of Endoscopic
Techniques

The use of external ablative procedures was lim-
ited by recurrent infections and disease due to the
closure of the nasofrontal outflow tract, signifi-
cant scarring and poor cosmetic outcomes. Even
with the popular Lynch procedure, over 30% of
patients required revision surgery. With these
complications, the surgical community became
more conservative in use of these approaches.
Intranasal approaches were introduced in the
beginning of the twentieth century but experi-
enced high morbidity and mortality as the lack of
visualization was troublesome.

Early endoscopic techniques were developed
by Messerklinger, Wigand, and Draf. The initial
work by Messerklinger incorporated the diagnos-
tic use of the endoscope in analyzing mucociliary

patterns of the paranasal sinuses. Mucosal appo-
sition in the region of the frontal recess was noted
to be the precursor of frontal sinusitis [14].
Wigand described the anatomic landmarks
important for identifying the frontal ostium
including the anterior ethmoidal artery, middle
turbinate, and orbital wall.

In 1985, Kennedy made modifications to the
Messerklinger technique and coined the term
“functional endoscopic sinus surgery” [15].
Zinreich introduced CT imaging visualization of
endoscopic sinus surgery to improve anatomic
detail and decrease the very high radiation dose
associated with polytomography [16]. Early func-
tional endoscopic surgery also included treat-
ment of mucoceles through marsupialization;
approaches that were confronted with significant
criticism [17]. Unlike the Lynch procedure, the
endoscopic technique focuses on the preserva-
tion of as much mucosa as possible within the
bony framework of the nasofrontal recess area.
Kennedy and colleagues further described the
valuable use of endoscopes to visualize the
internal lining of the frontal sinus and maintain
patency during post-operative surveillance.

Stammberger  further  popularized the
Messerklinger approach, expanded indications for
endoscopic disease management and made signif-
icant additional contributions to the technique and
to the understanding of the regional anatomy [18].
Other early descriptions of endoscopic frontal
sinus surgery for chronic sinusitis were described
by Schaefer and Close who adopted the combined
Messerklinger and Wigand technique along with
placement of a Silastic tube if the ostioplasty was
less than 6 mm [19]. The authors proposed that
patients with frontal sinus ostia less than 4 mm
or obstructive hypertrophic mucosa would not be
good candidates for endoscopic surgery.

An improved understanding of frontal sinus
anatomy facilitated the rapid adoption of endo-
scopic sinus surgery. Van Alyea’s prior work was
critical in describing supraorbital ethmoid, agger
nasi, intersinus septal cells, and frontal recess cells
as potential impediments to drainage of the frontal
sinus [20]. The detailed anatomy and technique of
removing agger nasi cells in frontal obstruction was
further elaborated by Kuhn and colleagues [21].
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Fig. 1.3 An “outside-in” Draf III procedure being performed for a left-sided frontal osteoma with the help of CT image
navigation using the Medtronic fusion navigation system (Minneapolis, MN, USA)

Advent of Modern Endoscopic
Frontal Sinus Surgery

Variations of endoscopic frontal sinus surgery
were described by Wolfgang Draf in the 1990s as
type I, Ila and IIb, and III [9, 22]. Type I involves
clearance of the frontal recess with anterior eth-
moidectomy but no manipulation of the frontal
ostium, type IIa and b involve an extended dissec-
tion of the frontal outflow tract with unilateral
resection of the frontal sinus floor, while type III
involves median drainage and bilateral resection
of the frontal floor with removal of the intersinus
septum. The Draf III technique, also known as the
endoscopic modified Lothrop procedure, was
detailed in 1994 in tribute to the original drill out
procedure described by Lothrop in 1899 [23].
Close and colleagues warned fellow surgeons that
circumferential stripping of frontal recess leads to

stenosis and stressed the importance of radio-
graphic image guidance [23]. Interestingly, both
Lothrop and Draf described the procedure to be
especially challenging and cautioned against using
it as a primary procedure. The availability of high-
speed curved drills and image-guided surgery has
allowed the Draf III to gain popularity (Fig. 1.3).
Promising long-term follow-up data have encour-
aged expansion of indications for this procedure,
most commonly used for chronic frontal sinusitis,
for use in surgery for mucoceles and tumors [24].
A meta-analysis reported partial or complete fron-
tal sinus patency to be 95.9% with an overall fail-
ure rate (defined as requiring further surgery) to be
13.9% [25]. Subsequently, the re-stenosis rate had
been further reduced by the introduction of muco-
sal grafts or regional mucosal flaps to cover the
exposed bone created when the drainage pathway
is extended anteriorly and laterally by the drill out.
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An important turning point in frontal sinus sur-
gery was the advent of mucosal-sparing tech-
niques. Hilding had previously demonstrated in
animals that the removal of mucosa of the maxil-
lary sinus led to accumulation of secretions dis-
tally and increased chances of infections [26].
Walsh’s Triologic thesis in 1943 suggested that
removing diseased frontal sinus mucosa but pre-
serving the frontal outflow tract led to improved
outcomes [27]. Multiple studies using animal
models demonstrated that a patent, well-mucosal-
ized frontal outflow tract was critical to proper
frontal sinus function [28, 47]. Furthermore, the
presence of disease in the frontal recess does not
mandate revision surgery if the patient is asymp-
tomatic [26, 29]. In a series of 440 subjects who
underwent endoscopic sinus surgeries, most of
the patients who were noted to have persistent
mucosal disease remained asymptomatic [30].

Improvements and Tools
in Endoscopic Frontal Sinus Surgery

Improvements in optical aids, instrumentation,
and knowledge of pathophysiology have been the
critical developments in establishing endoscopic
sinus surgery as standard of care for frontal sinus
disorders [31].

Frontal Sinus Stents

The use of frontal stents has waxed and waned
in the history of frontal sinus surgery. Stents,

consisting of a firm rubber tube, were used with
Lynch’s external frontoethmoidectomy, which
employed placement of a firm rubber tube in the
nasofrontal tract to maintain patency. However,
the stenosis rate remained high at 30%. Neel
and colleagues described a modified Lynch
(Neel-Lake) operation in 1976 which used sili-
cone (Silastic) rubber sheets to stent the naso-
frontal passage with more promising long-term
outcomes [11, 32]. In animal studies, stents cre-
ated from Silastic sheets resulted in improved
mucosal regeneration and decreased inflam-
mation [32]. Schaefer and Close used Silastic
tubing to stent small endoscopic frontal sinus-
otomies less than 6 mm [19]. More recently,
steroid-eluting bioabsorbable implants placed
in the frontal ostioplasty have been shown to
be advantageous in several clinical trials. Murr
and colleagues performed the original safety
and efficacy study for an ethmoid mometasone-
eluting implant. In a prospective double-blind,
randomized study, they demonstrated decreased
inflammation, adhesion, and polyp formation
[33]. More recently, a smaller implant placed
into the frontal sinus has also been demon-
strated to reduce the need for postoperative
frontal ostial debridement and to reduce the
incidence of stenosis (Propel, Intersect ENT,
Menlo Park, CA, USA) (Fig. 1.4c). An office-
based corticosteroid-eluting implant (mometa-
sone-furoate impregnated implant, SINUVA,
Intersect ENT, Menlo Park, CA, USA) has
recently been approved for treatment of recur-
rent nasal polyps in adult patients who have
undergone prior ethmoidectomy.

Fig. 1.4 A mucocele of the frontal sinus (a) in the pro-
cess of being opened through a Draf III procedure using a
60,000 rpm high-speed drill, the Medtronic Mini-Midas

(Minneapolis, MN, USA) (b). A mometasone-eluting
stent is placed after completion of the Draf III (Propel,
Intersect ENT, Menlo Park, CA, USA) (¢)
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Frontal Sinus Balloon Catheters

Catheter dilation of the paranasal sinuses was
inspired by successes in cardiac and vascular pro-
cedures. Brown and Bolger performed the first
paranasal sinus balloon dilations in 10 patients in
2006 and described a satisfying ease of cannulation
while preserving mucosa [34]. Early on, cannula-
tion was performed under fluoroscopic guidance
prior to balloon inflation. While studies indicated
symptomatic improvement in patients following
fluoroscopy-directed balloon dilations, there were
concerns regarding patient and physician radiation
exposure [35]. Subsequently, light-guided catheters
were introduced to utilize transillumination as an
alternative method of catheter placement verifica-
tion. More recently, the addition of image guidance
has added additional precision to the catheterization
procedure. Balloon catheter dilation can safely be
used in the office setting by experienced surgeons
for isolated frontal sinus ostium stenosis [36].

There are three current manufactures of fron-
tal sinus balloon devices that have US Food
and Drug Administration approval: Acclarent
(Irvine, CA, USA), Entellus (Plymouth, MN,
USA), and Medtronic (Minneapolis, MN, USA)
[37]. Entellus produces XprESS, a device with a
malleable tip (Fig. 1.5¢), and Path Assist, which
acts as a frontal seeker. Working with Fiagon
(Berlin, Germany), they have also introduced a
computer-assisted image guidance wire, provid-
ing accurate tracking of the catheter tip. SpinPlus
by Acclarent allows surgeons to navigate mul-
tiple frontal sinus ostia by spinning and chang-
ing the frontal guidewire trajectory. NuVent,
manufactured by Medtronic (Minneapolis,
MN, USA), offers surgical navigation with the
Medtronic Fusion surgical navigation system
(Minneapolis, MN, USA).

Powered Instruments

Powered instrumentation, including microdebrid-
ers and drills, have greatly improved the ability to
perform mucosa-sparing techniques, particularly
in extended frontal dissections. In 1995, Gross
and colleagues demonstrated the use of an endo-
nasal soft tissue shaver to perform the Lothrop
procedure endonasally without complications [8].

Curved shaver blades and burrs allow for improved
visualization and access to the frontal ostia.
Microdebriders are available in different sizes and
angulations with rotating tips, while various drills
can be attached to the microdebrider platform.
High-speed drills (60,000 rpm and higher) allow
for very fast removal of frontal recess bone but are
only available as straight drills (Fig. 1.4b). Angled
drill systems running at 12,000 rpm (Diego Elite,
Olympus America) and 15,000 rpm (Medtronic
Straightshot, Medtronic, Minneapolis, MN, USA)
that have built-in suction irrigation systems are
available widely. More recently developed, the
Medtronic Straightshot M5 Microdebrider functions
at 30,000 rpm, allowing for rapid bone removal.
Greater mucosal sparing is facilitated through a
variety of angled diamond and cutting burrs.

Modern Indications for External
Frontal Sinus Surgery

Although endoscopic sinus surgery has become
the default approach, there still certain indications
that require external frontal sinus surgery. A review
of 683 patients with chronic sinusitis showed that
external procedures were performed in 5.3% of
the cases with the majority being either osteoplas-
tic flaps for neo-osteogenesis of the frontal recess
or adjunct trephination [38]. The combination of
trephination and endoscopic techniques, known as
the “above and below” approach, can be helpful in
cases of difficult to reach, laterally based inflam-
matory and non-inflammatory pathology [39, 40].
Mini-trephinations can also guide us in finding dif-
ficult type Il or IV frontal cells [41]. The ideal loca-
tion for trephination has been described as 10 mm
from a line passing through the crista galli [42].

There are almost no indications for an external
frontoethmoidectomy in today’s era. The risk of
fibrosis and closure of the frontal ostium with this
procedure can result in high rates of recurrent
infection and mucocele formation. The Neel-
Lake modification of the original Lynch proce-
dure utilizes techniques of mucosa preservation
and frontal stenting [11, 32].

In contrast, there is still a role for the osteo-
plastic flap procedure, such as contemporary
indications of tumors, recurring failure from
endoscopic approaches for chronic sinusitis,
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Fig. 1.5 Frontal sinus ostia have been more easily widened
with mucosal-sparing techniques due to advancements in
frontal sinus instruments including the frontal sinus angled
(Hosemann) punch (a) and the forward-cutting (cobra)

lesions inaccessible endoscopically, and in some
cases of frontal sinus trauma. Osteoplastic flaps
today far more likely to be performed in com-
bination with a Draf 3 procedure and without
obliteration. This enhances both endoscopic
visualization and post surgical radiographic sur-
veillance, although the approach lengthens surgi-
cal time. Obliteration techniques are associated
with long-term failures. Hardy and Montgomery
reported a complication rate of 18% with signifi-
cant morbidity. Recent studies with longer term
follow-up clearly suggest that the failure rate
continues to increase significantly over time [43].

punch (b). Frontal sinus balloon catheter dilation (c) provides
another way of cannulating the frontal ostium while preserv-
ing mucosa as shown here with one of the FDA-approved
devices XprESS from Entellus (Plymouth, MN, USA)

New Techniques and Thoughts
in Frontal Sinus Surgery

A recurrent challenge for frontal sinus surgery
has been narrow frontal ostia and post-operative
re-stenosis. While creation of osteoplastic flaps
with obliteration is a possible solution, the long-
term failure rate and morbidity associated with the
procedure prompted the development of advanced
endoscopic extended frontal sinusotomy tech-
niques. Woodworth introduced free mucosal grafts
to cover the exposed bony surface of the nasofron-
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tal beak following Draf III surgery with promis-
ing long-term results, and this has now become
standard in our practice [44]. Free septal mucosa
grafts are harvested from the anterosuperior sep-
tectomy or the posterior third of the inferior tur-
binate [45]. In Woodworth and colleagues’ study,
97% of patients maintained an ostioplasty that
was at least 50% of the intraoperative diameter at
three years postoperatively. If the septal mucosa is
very polypoid, grafts may also be harvested from
the nasal floor with minimal or no post-operative
morbidity. The graft may be held in place with a
mometasone-eluting or a Silastic stent. Mucosal
flaps created from the lateral nasal wall can also
be rotated to cover the bone exposed during the
surgery and have demonstrated significant utility
in reducing postoperative crusting.

A long-term study of the Draf III procedure
suggested that allergy might be associated with
increased re-stenosis rates post-operatively caus-
ing some to advocate for primary Draf III proce-
dures in certain patients, particularly those with
aspirin-exacerbated respiratory disease (AERD)
[24]. On the other hand, Hwang and colleagues
have advocated performing only Draf I or total
ethmoidectomies in select patients with chronic
frontal sinusitis without polyposis to minimize
iatrogenic insults to the frontal recess [46].

Summary

Surgical management of frontal sinus disease has
shifted dramatically over the last century from
external extirpative techniques towards endo-
scopic surgery that aspires to restore physiologi-
cal drainage of the frontal outflow tract through
mucosal preservation and wide ostioplasties.
History cautions us against adopting a one-size
fits all approach. Longer term follow up is man-
dated to evaluate the results of newer techniques.
The Draf III procedure does appear to be a very
viable approach in long-term management recal-
citrant inflammatory disease. The field of frontal
sinus surgery continues to evolve rapidly. An ade-
quate A-P diameter was considered paramount for
both performing drillout procedures and main-
taining long-term patency. However, novel solu-
tions such as the “outside-in” drill out technique

now overcome the problems posed by narrow AP
width in small frontal sinuses that could not be
tackled with the traditional “inside-out” drill out
procedure. External approaches, particularly the
osteoplastic flap and frontal sinus trephine, still
have critical select cases. However, external tech-
niques are now are more likely to be combined
with a functional endoscopic approach, thus
avoiding extensive mucosal stripping and fat
obliteration. New research with longer-term and
meticulous follow-up to thoughtfully assess fron-
tal sinus surgery outcomes will guide us in refin-
ing and developing indications, techniques and
technology.
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Anatomy of the Frontal Sinus

and Recess
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Introduction

The anatomy of the frontal sinus and frontal
recess has garnered considerable interest due
to its complexity and exceeding interindividual
variability. Since most surgical procedures
addressing the frontal sinus are nowadays
performed via an endoscopic approach, the
surgical anatomy of the frontal recess and sur-
rounding structures should be analyzed in an
endoscopic-oriented perspective. On the other
hand, anatomy can be difficult to understand
in a bidimensional endoscopic view through a
narrow corridor without the ability to perceive
depth and surrounding structures. The purpose
of this chapter is to provide the reader with a
multi-perspective view of the frontal recess
anatomy so to precisely explain the complex
relationship between the uncinate process and
surrounding structures, moving from an endo-
scopic view (both from anterior and posterior
perspectives) to gross external anatomy of the
lateral nasal wall and frontal sinuses. Step-by-
step dissection through such a multi-perspec-
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tive viewpoint will clarifying the technical
surgical concepts that will be discussed in the
following chapters. Moreover, detailed multi-
planar analysis with high-definition CT images
will be utilized to depict the entire three-
dimensional architecture of the frontal recess.

Frontal Bone

The frontal bone contributes to make up the
bony framework of the face and anterior skull
base. It is composed of three portions: squa-
mous, orbital, and nasal. The squamous part is
the largest and forms the skeleton of the fore-
head. As seen from outside, it shows two promi-
nences, called frontal eminences, which
correspond to the frontal sinuses. The orbital
part forms the orbital roof and, together with
ethmoid and sphenoid bones, makes up the ante-
rior skull base. The nasal part is a small portion
joining the nasal and maxillary bones.

The frontal sinus is an air space lined by
mucoperiosteum that lies within the squamous
part of the frontal bone. It shows different grades
of pneumatization, ranging from hypoplasia/
agenesis to enormous sinuses extending into the
nasal part, orbital part, or adjacent bones. On
average, the frontal sinus is 24.3 mm in height,
29.0 mm wide (from the midline to the lateral
border), and 16.8 mm deep [1].
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