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Frontal sinus fractures account for 5–15% of maxillofacial
injuries.1–4 Being a midline, aerated space in the upper third
of the facial skeleton, the frontal sinus is thought to act as a
“crumple zone,” protecting the inner cranial vault.5–7 The
force required to fracture the dome shaped anterior table is
substantial ranging from 800–2200 pounds.8 As the force of
impact to the frontal sinus increases, fractures may extend
beyond the anterior table to involve adjacent skull, posterior
table and frontal sinus outflow tract (FSOT). Fractures at
these subsites should be evaluated independently to assess
the need for and type of operative intervention. Typically,
fractures of the anterior table are repaired to correct a
cosmetic deformity, while fractures of the posterior table
are repaired to prevent intracranial complications including
cerebrospinal fluid leak, meningitis, mucocele or brain
abscess. Finally, operative intervention for FSOT injuries
aims at preventing delayed complications of frontal sinusitis,
mucocele, or mucopyocele. After assessing these injuries, a
surgical approach and strategy can be formulated. There is a

current trend toward conservative and endoscopic manage-
ment of all aspects of frontal sinus fractures.

Anatomy

Development of the paranasal sinuses, including the frontal
sinus, begins at the 4th week of gestation and continues into
young adulthood. During the 9th and 10th week, medial
extensions of the nasal cavity, the ethmoturbinals, form
important surgical landmarks as well as the frontal sinus
outflow tract. Primary pneumatization of the frontal sinus is
a slow process, occurring through the first year of life as a
blind pocket. Secondary pneumatization starts around age
two and continues through adolescence. The frontal sinus is
identifiable on CT imaging around age 3. Significant pneu-
matization does not begin until early adolescence, and
finishes around age 18.9 The right and left frontal sinus
develop independently, separated by an intersinus septum.10

Aplasia of one or both frontal sinuses is uncommon, seen in
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Abstract Frontal sinus fractures are an uncommon injury of the maxillofacial skeleton, and account
for 5–15% of all maxillofacial fractures. As the force of impact increases, fractures may
extend beyond the anterior table to involve adjacent skull, posterior table and frontal sinus
outflow tract (FSOT). Fractures at these subsites should be evaluated independently to
assess the need for and type of operative intervention. Historically, these fractures were
managedaggressivelywith open techniques resulting in obliteration or cranialization.With
significant injuries, these approaches are still indispensable. However, the treatment of
frontal sinus fractures has changed dramatically over the past half-century, and recent case
series have demonstrated favorable outcomes with conservative management. Concur-
rently, there has been an increasing role ofminimally invasive endoscopic techniques, both
for primary and expectant management, with a focus on sinus preservation. Here, we
review the diagnosis and management of frontal sinus fractures, with an emphasis on
subsite evaluation. Following a detailed assessment, an appropriate treatment strategy is
selected from a variety of open and minimally invasive approaches available in the
surgeon’s armamentarium.
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1–8% of the population.11,12 Race, craniofacial anomalies,
geography, climate, and hormones have all been implicated
in affecting frontal sinus development.10

The frontal sinus outflow tract (FSOT) is an hourglass
shape, made up of the infundibulum superiorly, the frontal
recess inferiorly, and separated by the ostium or narrowest
portion (3–4 mm). There are a variety of pneumatization
patterns of ethmoidal cells that are adjacent to the FSOT.13

The FSOT is found in the posterior, inferior, and medial
portion of the frontal sinus. (►Fig. 1)

The anterior table of the frontal sinus is thick (2–12 mm)
and forms part of the brow, glabela, and forehead. Skin,
subcutaneous tissue, the frontalis muscle (corrugator), and
vascularized pericranium overlie the anterior table. The pos-
terior table is thin (0.1–4mm) and penetrated bymicroscopic
vesselsvia theforaminaofBreschet. The thinnessand foramina
risk infection transmission and erosion from inflammatory
conditions such as mucopyoceles. The posterior table forms a
portion of the anteroinferior border of the anterior cranial
fossa and cribriform plate. It has a superior, vertical portion
alongwith a smaller, inferior horizontal portion. The posterior
table is separated from the frontal lobesonly by dura. Thefloor
comprises the medial portion of the orbital roof and can be
confused with supraorbital ethmoid cells when these are
highly pneumatized. The height of the frontal sinus averages
28–30 mm,with awidth anddepthof 20 mm, forming a space
of 5–7mL.14 The superior sagittal sinus typically travels along
posterior to the intersinus septum and anterior to the crista
gali, which are continuouswith the perpendicular plate of the
ethmoid inferiorly. The vascular supply includes terminal
branches of the sphenopalatine artery ascending superiorly
as well as the terminal branches of the ophthalmic artery
including the supraorbital, supratrochlear, and anterior eth-
moid arteries. Venous drainage occurs via valveless diploic
veins with intracranial communication. Branches of the tri-
geminal nerve provide sensory innervation.

Evaluation

As in all patients presenting with trauma, a systematic
assessment should be performedwith initial focus on airway

control, hemodynamic stability and mitigation of neurologic
injury. Secondary evaluation should include a complete
physical exam. Patients with frontal trauma may present
with soft tissue injuries including abrasions, lacerations, and
hematomas. Fractures of the frontal sinus may also present
with contour deformities, diplopia, paresthesia, epistaxis,
and rhinorrhea. In initial evaluation of these wounds,
exploration should be limited given the possibility of poster-
ior table or nasoorbitoethmoid involvement. While not
usually an immediate concern unless there is a CSF leak,
patients may also have olfactory disturbance secondary to
shearing of olfactory neurons at the cribriform plate.15

Once stabilized, thin-cut CT imaging is essential to eval-
uating fractures of the frontal sinus. Axial cuts delineate
fractures of the anterior and posterior tables with corre-
sponding displacement or comminution. In the presence of
posterior table fractures, any opacification on imaging may
represent CSF or brain herniation. Reconstructions in the
sagittal and coronal planes aid in visualizing the 3D anatomy
of the sinus floor and FSOT. The anterior and posterior tables
along with the FSOT should be examined independently to
guide further management.

Anterior Fractures

Fractures isolated to the anterior table account for 18–27% of
frontal sinus fractures.3,5,16 The indication for repair has
mainly focused on correcting a cosmetic deformity. Without
injury to the frontal sinus outflow tract or posterior table,
many series have reported on the safety of observation of
isolated anterior table fractures.1,3,4,17,18 The degree of dis-
placement necessitating repair is controversial. The degree
of displacement seen on CT imaging may not correlate with
the either the visualized or palpated deformity due to over-
lying edematous soft tissue. It is also difficult to predict
the degree of resultant deformity after the acute swelling
subsides (►Fig. 2). Furthermore, physician and patient
expectations vary regarding the definition of an “acceptable”
forehead contour. With observation, bony remodeling and
scarring over an intact periosteum may subsequently hide
any cosmetic deformity, especially in pediatric patients.19

Fig. 1 (a) CT in the sagittal plane of the frontal sinus outflow tract (FSOT). (b) Corresponding illustration of the frontal sinus outflow tract
(dotted arrow) bordered anteriorly by the agger nasi cell and posteriorly by the suprabullar and bullar cells.
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To correct an anterior deformity, there are a variety of
approaches to the anterior table of the frontal sinus. Selec-
tion of the appropriate technique depends on the degree of
fracture displacement and comminution, cosmetic concerns,
and surgeon experience.

The coronal flap offers the widest exposure and may be
advantageous in large and comminuted fractures of the ante-
rior table (►Fig. 3). Removed fragmentsmay bemapped using
a sterilewhitepaper orglove cover toensure theyarefixated in
their original position.20 Mucosa should be stripped as neces-
sary, to prevent entrapment and subsequent mucocele forma-
tion. While still the gold standard, this wide approach carries
the associated morbidity of scarring, alopecia, headaches, and
paresthesia. Consequently, there has been a development of
less invasive open approaches. Lee et al. described a subbrow
approach with endoscopic assistance. Once exposed, the peri-
osteum is removed from the fragments for fixation with

absorbable plates.21 This area may also be approached endos-
copically via scalp incisions, similar to a brow lift with sub-
periosteal dissection.22 Once the fracture is exposed, a porous
polyethylene implant is trimmed to size and secured with
screws transcutaneously.23

If left intact, the periosteum and mucosa surrounding
fractured anterior segments offers expanded techniques as
they might provide adequate temporary fixation. Spinelli
et al. performed closed reductionwith a percutaneous screw
in 15 patients. However, the authors felt this technique
would not be adequate for complex fractures, as they con-
verted to open techniques in three patients due to unstable
reduction. In a similar fashion, percutaneous screw place-
ment can also be performed with endoscopic assistance. By
dissecting endoscopically in the subgaleal plane, the perios-
teum is preserved and both screw placement along with
reduction of the fractured fragment can be visualized.24

Anterior table fractures may also be reduced from within
the frontal sinus with endoscopic assistance particularly if
comminution isminimal. The dome shape of the anterior wall
sometimes allows for a depressed fracture to be stably
“popped up” similar to a closed nasal reduction. Visualization
of the frontal sinus at the time of repair also allows for
assessment of the posterior wall and FSOT. The frontal sinus
may be accessed via a marginal eyebrow incision and trephi-
nation, allowing for reduction of the fragments with a perios-
teal elevator.25Once elevated, an external splint is an option to
maintain the contour to of the anterior table (►Fig. 4).
Recently, endoscopic techniques have been successfulwithout
the need for external incisions. After obtaining adequate
exposurewith aDraf IIb or III (►Table 1), the anterior segment
can be manually reduced with angled instruments and sup-
ported with packing and temporary stents.26

Depending on patient preferences and the degree of
anterior table displacement, delayed intervention may be
appropriate. A variety of soft tissue fillers including collagen,
hyaluronic acid, poly-L-lactic acid, and fat injectables are an
option to restore forehead contouring.27,28

The choice of approach of incision to depends on not only
the severity of the anterior table fracture, but also patient

Fig. 2 CT in theaxialplanedemonstratingacomminuted,displacedbilateral
fracture of the anterior table of the frontal sinus fracture. In the acute setting,
significant soft tissue edema may obscure a palpable deformity.

Fig. 3 A coronal flap offers wide exposure of the frontal sinus. In this
case, a mesh aids in reapproximating a significantly comminuted
anterior table fracture.

Fig. 4 The anterior table may be reduced via medial sub-brow
trephine incisions. An external splint maintains the dome-shaped
contour of the anterior table.
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and surgeon preference. In general, mildly displaced frac-
tures of large segments of the anterior table are best
approached with less invasive techniques such as percuta-
neous screw reduction, trephination, or purely endoscopic
approaches. However, with larger, more comminuted frac-
tures, the coronal incision offers the best exposure and
remains the gold standard. Yet, with multiple studies report-
ing the safety of observing anterior table fractures, along
with favorable cosmetic outcomes after swelling has sub-
sided, there is a trend toward managing these fractures
conservatively.29

Posterior Fractures

Fractures isolated to the posterior table are rarely observed
(1–7%)16,30,31 and are more common in younger patients.
Typically, the posterior table is fractured in conjunction with
injuries to the anterior table and FSOT (►Fig. 5). The sinus
septaemay transmit someof the anterior force to the posterior
wall, or there may be direct posterior wall disruption.

Repair or removal of the posterior table is performedmost
commonly to prevent intracranial complications, including

CSF leaks, meningitis, encephalitis, and brain abscess. Muco-
cele formation in posterior fractures is rare. In an animal
study, Maturo et al examined goats six months after inten-
tional comminuted fracture of the posterior table fracture.
Gross and histologic examination suggested healing without
mucosal ingrowth through the posterior table.

The indications for repair these fractures have focused
mainly on the presence of persistent CSF rhinorrhea and
the degree of fracture displacement or comminution on
imaging. It is important to realize that the leak can come
into the nose through the, fovea ethmoidalis or the cribri-
form plate rather than the posterior table as injury to these
other areas is commonly associated with posterior table
fractures. Most leaks present within 48 hours, but occasion-
ally may be delayed and present weeks after the incident.32

Themanagement of CSF leaks in posterior table trauma, in
addition to skull base trauma as a whole, is controversial.33

Historically, skull base CSF leaks were managed aggressively
due to high rates of lethal meningitis.34–36 Yet, head of bed
elevation, sinus precautions, laxatives, anti-emetics, and
antitussives have resulted in resolution in 85% of 34 patients
with traumatic skull base leaks within oneweek.37However,
this rate of success was noted to be significantly lower in
fractures of the anterior skull base. In a review of patients 53
patients with traumatic CSF rhinorrhea, (26%) resolved con-
servatively.38 There is evidence for conservative manage-
ment with CSF leaks associated with the posterior table. In a
review of 59 posterior table fractures, 11 (19%) of which had
leaks, Choi et al. similarly found that of 11 leaks, 6 (54%)
resolved on their own, while the other 5 underwent repair
without cranialization.39 Similarly, Chen et al. reviewed 26
patients with posterior involving fractures and CSF leaks, of
which 9 (35%) resolved with conservative management.18

These studies are summarized in ►Table 2.
From these small cohorts of patients, it is clear that

posterior table CSF leaks are a rare event covered by few
publications in the literature. Prospective, randomized trials
would also be difficult, both ethically and from a power
standpoint.

Fig. 5 (a) CT in the sagittal plane demonstrating a displaced, comminuted fracture of the posterior table. There are also associated fractures of
the anterior skull base along with obstruction of the FSOT with bony fragments. (b) CT in the coronal plane of the same fracture.

Table 1 Classifications of frontal sinusotomies according to
Draf

Type Description

Draf I Anterior ethmoidectomy, without
instrumentation of the frontal sinus

Draf IIa Standard frontal sinusotomy,
clearance of tissue from the lamina
papyracea to the middle turbinate

Draf IIb Opening of lamina papyracea
to septum

Draf III
(Modified Lothrop)

Removal of frontal intersinus
septum, frontal beak, and superior
septum, from lamina papyracea to
contralateral lamina
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The degree of displacement of the posterior table on
imaging has been used as an indication for repair, mostly
as it relates to the presence of a CSF leak. Classically, Rohrich
and Hollier described a displacement greater than the width
of the posterior table as an indication for cranialization.40

This protocol is still utilized today.41Dalla Torre et al. found a
high incidence of CSF leak with displacement of 5mm or
more and therefore recommended operative intervention for
these fractures.42

Despite antibiotic prophylaxis and conservative manage-
ment, the risk of infection with prolonged traumatic CSF
leaks is high.43,44 The timing of repair depends on multiple
patient factors, but most recommend repair after an obser-
vation period of 2–7 days of conservative management
including antibiotics along with lumbar drainage and other
measures to reduce intracranial pressure.18,39 In a review of
242 surgically managed frontal sinus fractures, 5.8% had
serious infections including meningitis, osteomyelitis, brain
abscess, and frontal sinus abscess.30 Patients who were
delayed over 48 hours from surgery had a statistically sig-
nificant 4.03 fold higher risk of these serious complica-
tions.30 Interestingly, lumbar drainage and antibiotic use
beyond 48 hours post operatively did not affect this infec-
tious risk.30 Taken together, an observation period of CSF
leaks in posterior table fractures of up to seven days is
probably reasonable(►Table 3). However, overall surgeon
judgment and significant displacement of the posterior
segment over 5mm may expedite the timing of repair.

There are multiple ways to approach the posterior table,
which include a coronal approach, trephination with endo-
scopic repair, and purely endoscopic techniques. Classically,
these fractures were addressed via cranialization.45 By
removing all sinonasal mucosa along with the posterior
table and bony overhangs, the dura and frontal lobes fill
the dead space over the next weeks to months. With sig-
nificantly comminuted fractures, large dural lacerations or
defects are also usually present, which can be repaired with
primary closure, dural grafts and/or a pericranial flap har-
vested at the time of fracture repair. In the modern era, the
indications for cranialization are controversial, yet with
significant intracranial injury necessitating a craniotomy,
cranialization remains the gold standard.

Cranialization necessitates the use of a coronal flap. In
addition to the complications associated with a coronal flap,
cranialization carries the added early complications of sinu-
sitis, meningitis, persistent CSF leak, and late complications
including mucocele formation, CSF leaks, and osteomyelitis
(►Fig. 6).17,39 The incidence of meningitis after cranializa-
tion appears to have decreased over time, with�50% in early
literature, and presently near just 2% (►Table 3).3,16 Yet, less
aggressive techniques have been explored to avoid the
morbidity of the coronal flap while maintaining a lower
rate of infectious complications. One less aggressive techni-
que by Bhavana et al. describes the use of a frontal trephine
with endoscopic repair in five patients with fat, bone graft,
and fibrin glue in select defects 0.5 cm or less.46

With the emerging evidence of conservative management,
as well as the advent of transnasal endoscopic surgery, purely
endoscopic approaches have evolved as a minimally invasive
option for repair of posterior table fractures (►Fig. 7). Thefirst
case series of transnasal management for frontal sinus CSF
leaks was reported in 2006.47 Multiple patient series have
since been published demonstrating success in repairing
posterior fractures.26,48,49 Chaaban et al. describes using a
Draf IIA, IIB, or III to gain initial exposure of posterior fracture,
with subsequent removal ofmucosa surrounding the fracture.
Next, manual reduction was performed with placement of an
overlaygraft, and securedwithglue.48Epidural underlaygrafts
were reserved for defects greater than 5mm or those with
comminution.48 Of thirteen patients treated, the only compli-
cation reported was a repeat endoscopic frontal sinusotomy
for sinusitis 14 months later.

Simple displaced midline posterior table fractures may be
best approachedwithendoscopic techniques, and if locatedon
the far lateral surface, trephination allows for improved visua-
lization and instrumentation. For significantly comminuted
fractures, or injuries that otherwise necessitates an open
approach, a coronal incision offers excellent exposure.

Frontal Sinus Outflow Tract Injuries

Historically, an injury to the frontal sinus outflow tract was a
primary consideration for intervention in frontal sinus
trauma. As with evaluating the anterior and posterior table,

Table 2 Summary of conservative management of traumatic cerebrospinal fluid leaks

Author Year Number of
Patients

Fracture Location Non-operative Intervention Outcome

Bell et al. 2004 34 Skull base(9 rhinorrhea,
25 otorrhea)

Nasal Precautions, laxitives,
anti-emetics, antitussives,
Lumbar drain

85% (29/34) resolved
at one week

Yilmazlar et al. 2005 53 Anterior skull base Head of bed elevation,
nasal precautions

26.4 (14/53) resolved
at one week

Chen et al. 2006 26 Posterior table of
frontal sinus

Not specified 9/26 (35%) resolved

Choi et al. 2012 11 Posterior table of
frontal sinus

Lumbar drain, head of
bed elevation,
ventriculostomy

6/11 (54%) resolved
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Table 3 Complications of frontal sinus posterior table and skull base fractures

Author Year n Intervention Fracture /
Leak Location

Prophylactic
Antibiotics

Pre-op
CSF Leak

Follow up
length,
average

Complications

Bhavana et al. 2014 5 100% Frontal trephine,
endoscopic assistance

Frontal sinus
posterior table

Not mentioned 100% 12 Months None

Dalla Tore
et al.

2014 164 33% ORIF
5.5% Obliteration
55.5% Observation

Frontal sinus
posterior table

Not mentioned 15.9% 12 Months
24 Months

15.2%
Headache/pain
Asymmetry
Scar

Bellamy et al. 2013 242 40% Cranialization
23.3% Obliteration
36.7% ORIF

Frontal sinus
posterior table

Yes, evaluated
antibiotic
use >48 hours

36.1% 7.4 Months 5.8% infectious
complications
(meningitis, brain
abscess,
osteomyelitis)
2.5% meningitis

Choi et al. 2012 59 2% Cranialization
8% Obliteration
12% ORIF
78% Observation

Frontal sinus
posterior table

Not mentioned 19% 12 Months 1.7% Intracranial
infection

Pollock et al. 2013 154 35% Cranialization
38% Observation

Frontal sinus
posterior table

Yes, 5–7d
ampicillin,
occasionally
gentamycin

16% 1–20 Years 2 Ethmoid sinusitis

Chen et al. 2006 78 18% Cranialization
23% Partial obliteration
51% ORIF
8% Observation

Frontal sinus
posterior table

Not mentioned 37.2% 19 Months 8% CSF leak
5% Wound infection
1.3% Meningitis

Strong et al. 2006 130 21% Cranialization
71% Osteoplastic flap
6% ORIF

Frontal sinus
posterior table

Not mentioned 11% 6 Months 4 (5.6%) Meningitis
2 Severe pain

Sakas et al. 1998 48 42% Observation
58% Operative

Anterior
skull base

No, only in 15
after infection
developed

43.8% 4.5 Years 31.3% Meningitis
17.7% Meningitis in
lateral frontal
fractures

Wallis et al. 1988 72 41% Cranialization
33% Osteoplastic flap
20% ORIF

Anterior
skull base

Not mentioned 31% 22 Months 4 (6%) Meningitis

Abbreviation: ORIF, Open reduction and internal fixation.

Fig. 6 CT in the coronal plane demonstrating a right frontal sinus
mucocele. The right frontal sinus is completely opacified with asso-
ciated bony resorption at the superior orbit.

Fig. 7 Intraoperative, endoscopic view of a posterior table frontal sinus
fracture with CSF leak. After adequate exposure, the fracture is manually
reduced and surrounding mucosa is removed prior to graft placement.
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CT is the imagingmodality of choice in diagnosing injuries to
the FSOT. Indications of FSOT injury include gross obstruc-
tion, fracture of the frontal sinus floor, and fracture of the
anterior table medial wall (►Fig. 5).17 While only involve-
ment of one of these structures constitutes an FSOT injury,
with multiply affected areas, complications increase.17

Intervention in injuries to the FSOT aims to prevent the
infectious complications due to obstruction, including sinu-
sitis, osteomyelitis, and mucocele formation. Similarly to
posterior table fractures, FSOT injuries were historically
managed aggressively with exploration followed by crania-
lization or obliteration.1,3,50 However, there has been
increasing evidence for conservative management.51,52 In a
prospective study of eight patients with frontal recess injury,
a CT scan performed at least 6 weeks after injury showed
spontaneous ventilation in seven (87.5%).53 Smith et al. had
similar results in five of seven (71.4%) patients treated
conservatively.52 Patel et al. followed four patients with
FSOT involving injuries, with one requiring operative inter-
vention for continued opacification.29

Cranialization versus obliteration in FSOT injuries has
long been debated.17,54–57 Rodriguez et al., in a 26-year
review of 857 patients with frontal sinus fractures, found
that the complication rate with autologous fat obliteration
was higher at 22% in comparison to cranialization at 8.4% in
patients with FSOT injury.17 However further studies have
demonstrated significantly lower complication rates with
obliteration.16,18,58,59

In the setting of trauma, the FSOT is usually approached
throughexisting lacerationsor fracturesof theanterior tableof
the frontal sinus. Classically, an osteoplastic flap may be
created by outlining the frontal sinus from a 6-foot Caldwell
X-ray template, or alternatively a wire probe can be used to
palpate the sinus borders through a trephine placed at the
nasion.60 These techniques are may not be suitable in the
setting of trauma, however.. Obliteration is also possible
through a brow incision and subsequent trephination for
endoscopic visualization.61 Once widely exposed, the frontal
sinus mucosa along with any bony septations or irregularities
are meticulously removed. Many authors recommend drilling
to bleeding bone to ensure mucosal eradication as well as
providing a vascularized bed for graft implantation.22,55,62,63

There are numerous options available for graft material to
plug the FSOT. The ideal grafting material is one that is
minimally reactive, handles easily, and has a high rate of
take with minimal donor site morbidity. Autologous bone is
readilyavailable andoffers reliable surveillanceonCT imaging.
Other less dense materials, such as fat, could be mistaken for
mucoceles on follow up imaging (►Fig. 8). Outcomes using
bone grafts have been mixed. One study found comparable
complications, 10%, in sixty patients who had their frontal
sinuses obliteratedwith either calvarial bone dust or deminer-
alized bone matrix.58

Alloplasticmaterials have no associated donor sitemorbid-
ity but have added cost with a theoretical higher rate of
infection and extrusion. Alloplastic options include hydroxya-
patite cement, lyophilized cartilage, methylmethacrylate, and
bioactive glass.59,64–66Hydroxyapatite cement is probably the

most commonly used alloplastic material with a wide variety
of applications in craniofacial reconstruction.67 It has also
demonstrated complete osseointegration with minimal com-
plications in eleven patients after frontal sinus obliteration.68

Furthermore, the cement may be contoured to create a new
anterior table in cases of severe comminution, an advantage
overothergraftingmaterials. Ideallyonecanavoidobliteration
all together due to the possibility of late complications, and if
necessary, autologous bone is generally recommended over
other autologous or alloplastic materials.

Failedobliteration isbecoming increasingly recognized. It is
imperative to be familiar with the historical aspects of oblit-
eration aswell as thevarietyofmaterials used, as patientsmay
present years after their initial surgery. Imaging, especially CT,
is thefirst step inevaluating the graftmaterial aswell evidence
of mucocele formation or osteomyelitis. Yet graft density and
water content may change over time, and imaging may not
clearly demonstrate these changes. Therefore, it is recom-
mended that any patient with persistent symptoms after
obliterationwarrants operative exploration.56 Failed oblitera-
tions may be reversed with open or endoscopic techniques,
and rarely repeat obliteration is necessary.56

Transnasal endoscopic techniques have evolved to manage
most FSOT pathology. Naturally, this has extended into FSOT
trauma as well. Endoscopic techniques allow for preservation
of the frontal sinus as well as superior post-treatment surveil-
lance. Since FSOT injuries often involve anterior and posterior
table fractures, clearance of the FSOT via Draf IIb or Draf III
preserves functional sinus drainage. Woodworth et al. has
reported excellent outcomes in forty-six patients managed
endoscopically between 2008 and 2016. Interestingly, the
indications for repair in these patients included only cosmetic
defects to the anterior table and CSF leak associated with

Fig. 8 CT in the coronal plane of a 33-year-old male who underwent left
frontal sinus obliterationwith abdominal fat and temporalis fascia ten years
prior due to trauma. There is osteoneogenesis with soft tissue densities
representing fat. While no mucocele is identified, this patient underwent
re-exploration due to persistent left sided frontal pain.
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posterior table fractures andnotnecessarily injury totheFSOT.
The frontal sinusotomy used to address these fractures effec-
tively clears an obstructed FSOT.

Given the increasing evidence for spontaneous ventilation
even after significant FSOT injuries, observation with expec-
tant management is often appropriate.29,52,53 Patel et al. pro-
posed a protocol that all patients with FSOT involving injuries
undergo a CT in three months, and only those with complete
opacification be considered for endoscopic versus open
repair.29 Yet long-term outcomes in these patients with spon-
taneous ventilation on imaging are still unknown. Patients
should bemade aware that any new swelling or painwarrants
immediate re-evaluation as the risk of mucocele formation
may still happen years in the future. In repairing these defects,
in addition to a wide frontal sinusotomy, supportive packing
and temporary stenting is recommended.26

FSOT involving injuriesaremanagedacrossmultiplesurgical
specialties with backgrounds in oral andmaxillofacial surgery,
otolaryngology, and plastic surgery, each with unique training
backgrounds. In a 2016 cross-sectional survey across these
specialties, plastic and oral and maxillofacial surgeons were
more likely to perform obliteration of anterior fractures requir-
ing repairwitha concomitant injury to theFSOT.69Thosewitha
background in otolaryngology, on the other hand, favored
ORIF.69 Yet all specialties favored observation or FESS for
FSOT injuries.69These changingmanagement strategies appear
to impact all specialties, demonstrating the familiarity required
in both endoscopic and open techniques.

Conclusions

The treatment of frontal sinus fractures has changed dramati-
cally over the past half-century. Through this time various
algorithms have been proposed.4,17,18,26,29,41,42,45,52,55,70 His-
torically, these fractures were managed aggressively with open
techniques resulting in obliteration or cranialization. These
approaches are still indispensable in select cases. Yet successive
case series have demonstrated favorable outcomes with con-
servativemanagement.Concurrently, therehasbeenanincreas-
ing role of minimally invasive endoscopic techniques, both for
primary and expectant management. Taken together, there has
been a movement toward sinus preservation. For anterior and
posterior table fractures, there has been a shift away from
operating based on imaging findings alone. Rather, the patient
must be evaluated clinically for forehead contour deformityand
persistent CSF leak. If present, there are a variety of both open
and endoscopic approaches available to the surgeon. The FSOT
may also be addressed simultaneously if there is involvement.
Otherwise, in patients with injuries to the FSOT, appropriate
counseling and close follow up with repeat CT imaging after
6 weeks to confirm sinus ventilation is appropriate.
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