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Immediate Reconstruction of Frontal
Sinus Fractures: Review of 26 Cases
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Purpose: The purpose of this study was to evaluate complications occurring after immediate recon-
struction of severe frontal sinus fractures, including cases where the fracture was not limited to the
anterior wall and also involved the posterior wall and/or sinus floor.

Patients and Methods: The records of twenty-six patients presently undergoing follow-up for frontal
sinus fracture reconstruction were reviewed. Information regarding demographics, fracture characteris-
tics and causes, associated facial fractures, use of grafts or implants, type of fixation used, nasofrontal
duct management, use of antibiotics, and complications were noted. Patients were asked to return for
clinical and radiographic follow-up to access late complications.

Results: The average age of patients with frontal fractures was 29.1 years and 92.3% were male. Mean
follow-up was 3.6 years. The most common causes of fracture were motor vehicle accidents and physical
aggression. All patients presented with comminuted and dislocated anterior wall fractures, 34.6%
presented with posterior wall fractures, and 46% had sinus floor fractures. Complications occurred in 7
patients (26.92%) and included pneumoencephalus, frontal cutaneous fistula, frontal bone irregularity,
and sinusitis.

Conclusions: Frontal sinus reconstruction is a good procedure for immediate fracture treatment if there is
not excessive comminution, dislocation, or instability of the posterior wall and if the frontonasal duct area is
intact or can be repaired. Most complications result from incorrect indication for reconstruction.
© 2004 American Association of Oral and Maxillofacial Surgeons
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ractures involving the frontal sinus may cause com-
lications related to the sinus and intracranial, orbital,
r nasal structures. Their incidence varies from 2% to
5% of all facial fractures. Also those are the cranial
ractures most frequently associated with facial frac-
ures.1-3 Mainly due to the possibility of late compli-
ations and sequelae, the best treatment modality for
rontal sinus fractures is still controversial.
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The goals of treatment, on the other hand, are well
stablished: isolation of intracranial contents, correc-
ion of cerebral spinal fluid leakage, prevention of
nfection and sequelae, restoration of functional integ-
ity of involved structures whenever possible, and
estoration of frontal contour and aesthetics.4,5 In
eneral, anterior wall fractures are reconstructed,
hereas posterior wall fractures and lesions to the
rainage system are treated via obliteration or crani-
lization of the sinus.6-11 However, primary immediate
econstruction of the frontal bone and sinus is becom-
ng much more widely accepted.3,12 This article eval-
ates patients with severe frontal sinus injuries
reated by immediate reconstruction, even in the
resence of posterior wall or sinus floor fractures.

atients and Methods

Twenty-six patients from the Oral and Maxillofacial
urgery Division of the Hospital Santa Casa de Arara-
uara, Sao Paulo, Brazil, who had immediate frontal
inus fracture reconstruction in the period from 1992

o 2002, were retrospectively reviewed, considering
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GABRIELLI ET AL 583
he longest available follow-up of a minimum of 6
onths. Subjects were included if records provided

nough information about their perioperative care
ertinent to the investigation. All patients were oper-
ted on by the same surgical team within 72 hours of
njury, and reconstruction of the sinus was performed

henever feasible independent of the presence of
ractures of the sinus floor and/or posterior wall, as
ong as those were not severely dislocated or too
nstable. Bicoronal flaps were the preferred access in
ll cases with one exception where an extensive lac-
ration allowed access to the frontal sinus. Before
econstruction, the sinus mucosa was thoroughly re-
oved.
Fractures of the anterior wall were reconstructed

nd rigidly fixed with miniplates and screws, with the
xception of 2 cases. Immediate split cranial autoge-
ous bone grafts were used when comminution was
xcessive or bone was lost; a split rib autogenous
raft was used in one case and another one received
Medpor implant (Porex Surgical Inc, Newnan, GA).
ractures of the posterior wall were left alone or
arefully repositioned. Sinus floor fractures received
utogenous cranial bone grafts when needed to re-
onstruct the orbital roof, with the exception of one
ase where Medpor implants were used to recon-
truct the orbital walls and another where the orbital
oof was repaired with a maxillary sinus anterior wall
raft.
When the drainage system was clearly intact, the
ucosa around the nasofrontal duct orifices was pre-

erved and no attempt was made to cannulate the
ucts. When in doubt of drainage patency, methylene
lue dye was used to test duct permeability with care
o keep the dye within the area of drainage and
horoughly rinsing it afterwards. When damage to the
rainage system was perceived in the preoperative

maging examination or during surgery, the nasofron-
al ducts were cannulated with suitable-sized silicone
ubing or an intravenous catheter that was maintained
ithin the sinus and extruded by the nostrils, where

t was fixated with a 5-0 nylon suture (Ethicon; John-
on & Johnson, São José dos Campos, Sao Paulo,
razil) and kept for 15 to 21 days. All patients re-
eived preoperative and postoperative intravenous

Table 1. CAUSE OF FRACTURE

Fracture Cause n (%)

Motor vehicle accident 16 (61.53)
Aggression 4 (15.38)
Explosion 2 (7.69)
Sports 3 (11.53)
Animal trauma 1 (3.84)
ntibiotics. Although computed tomography (CT)
cans were available for preoperative evaluation, post-
perative CT scans were used in this population only
or those who presented complications, due to eco-
omic reasons. Postoperative evaluation was done by
linical assessment and radiographs (Water’s view
nd lateral cephalogram). Demographic data, fracture
haracteristics and causes, associated facial fractures,
se of grafts or implants, type of fixation used, naso-
rontal duct management, use of antibiotics, and com-
lications were noted.

esults

In the studied population, 92.3% of the patients
ere male and mean age at the time of fracture was

9.1 years (11 to 66 years). Mean follow-up was 3.6
ears (6 months to 9.5 years). The main causes for the
njury were motor vehicle accidents and physical ag-
ression, as shown in Table 1. All patients had ante-
ior wall fractures, 34.6% presented with posterior
all fractures, and 46.15% had sinus floor fractures

Table 2).
Frontal sinus fractures were frequently associated
ith panfacial fractures in this population. Table 3

hows the associated facial fractures. Twenty-four pa-
ients (92.3%) had fixation of the anterior sinus wall
ith miniplates and screws; in 1 case, wire fixation
as used, and 1 patient received only elevation of the

nterior wall without fixation. Nine patients (34.61%)
eeded grafts or implants to help to reconstruct the
nterior wall of the sinus (Table 4). Ten patients
38.46%) received reconstruction of the orbital roof
Table 5). Seven patients (26.92%) needed cannula-
ion of the frontal ducts.

Table 2. CHARACTER OF FRACTURE

Fracture Character n (%)

nterior wall (comminuted/dislocated) 26 (100)
osterior wall (linear) 3 (11.53)
osterior wall (dislocated) 6 (23.07)
inus floor 12 (46.15)

Table 3. ASSOCIATED FACIAL FRACTURES

Associated Fracture n (%)

Panfacial 8 (30.76)
Orbital roof (isolated) 5 (19.23)
NOE (isolated) 2 (7.69)
Zigomatic complex (isolated) 1 (3.84)
Mandible (isolated) 1 (3.84)
None 9 (34.61)
Abbreviation: NOE, naso-orbital-ethmoid.
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584 IMMEDIATE RECONSTRUCTION OF FRONTAL SINUS FRACTURES
Seven patients (26.92%) presented with complica-
ions, which were related to infections in 5 cases
19.23%) (Table 6). Table 7 shows the length of post-
perative follow-up when those complications were
iagnosed.

DISCUSSION

Patients with frontal sinus fractures presented with
he same preferential gender, age, and cause of injury
s any facial trauma patients. In the studied popula-
ion, there are also high levels of substance abuse,
ainly alcohol and sometimes illegal drugs, in our

etting. Also, high speed driving and poor compliance
ith the use of seat belts are not uncommom. Asso-

iation with complex facial fractures is frequent,
ainly in motor vehicle accidents, but also as a result

f aggression.
The best treatment of frontal sinus fractures is con-

roversial. This is due to the fact that sequelae may
ake many years to occur and involve intracranial
tructures with severe consequences. However, it
hould be pointed out that most frontal sinusitis and
ucoceles occurring in the general population are

ot associated with trauma.13,14 Also, it is not easy to
e sure that a frontal mucocele or sinusitis occurring
fter a follow-up of many years is indeed due to a
revious traumatic event. In general, whatever tech-
ique is used, it is difficult, if not impossible, to follow

arge series of patients over 20 years, to ascertain the
bsence of complications. Indeed, it is not even clear
ow long that follow-up should be.
Surgery should create a “safe” sinus and recover

inus function if indicated or eliminate the sinus by
bliteration or cranialization, as well as recover aes-
hetics.5,15,16 All techniques imply complete removal
f the sinus mucosa. In limited lesions, removal only
f the injuried and devitalized tissue is sufficient,
ecause the remaining healthy mucosa will heal as

Table 4. MATERIAL USED IN ANTERIOR WALL
RECONSTRUCTION

Material n (%)

Split cranial graft 7 (26.92)
Medpor 1 (3.84)
Split rib graft 1 (3.84)

Table 5. MATERIAL USED IN ORBITAL ROOF
RECONSTRUCTION

Material n (%)

plit cranial grafts 8 (30.76)
edpor 1 (3.84)
axillary sinus anterior wall graft 1 (3.84)
ong as the sinus was previously healthy. History of
ecurrent sinusitis, extensive mucosal lesion, or dam-
ge to the frontonasal ducts warrants complete re-
oval, even using a bur to eliminate invaginated mu-

osa.16,17

When the frontal duct is injured, most authors
refer to treat the sinus by obliteration or cranializa-
ion, the latter especially when there are comminu-
ion of the posterior wall, dural tears, and persistent
erebrospinal fluid leak.4,5,7,9-12,16,17 Recanalizing the
uct and usually maintaining a tube catheter for 2
eeks is a viable alternative.11,12 This was done in 7 of

he studied patients who had very severe fractures,
nd the complications that occurred in 3 of those
atients were not related to sinus drainage. This is a
ood technique provided that the sinus floor does not
resent such distortion or loss of substance that drain-
ge is beyond repair.

The complications observed in this group of pa-
ients are those usually described in the literature.
he rate of 26.92% of the patients presenting with
omplications is higher than that described in the
iterature, which is around 10% to 14%11,17 in series
iscussing groups of patients who were treated by
everal different techniques. That may be due to dif-
erences in population, character of fractures, method
f treatment, and certainly by stretching the indica-
ion for the use of reconstruction in some of the
tudied cases.

Two patients with extremely comminuted anterior
all fractures presented frontal bone irregularity in

he long-term follow-up. Management of comminuted
nterior wall fractures often represents a problem,
specially when bone is missing.18 Adequate repair is
nly accomplished by means of direct reduction and

Table 6. CHARACTER OF COMPLICATIONS IN 7
PATIENTS

Complication n (%)

Clinical sinusitis 4 (15.38)
Radiographic sinusitis 5 (19.23)
Frontal fistula 1 (3.84)
Pneumoencephalus 1 (3.84)
Frontal bone irregularity 3 (11.53)

Table 7. TIMING OF PRESENTATION OF
COMPLICATIONS

Complication Time (mo)

Sinusitis 30 to 66
Frontal cutaneous fistula 66
Pneumoencephalus 0.5
Frontal bone irregularity 12 to 18
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GABRIELLI ET AL 585
xation and it is not necessary to preserve periosteal
ttachments.19 We believe that one exception to that
ule is selected cases presenting a very large sinus
ith great comminution. This setting may result in
one resorption, fragment malpositioning, and future

rregularity. In some of these cases, in extreme situa-
ions, we prefer to elevate the anterior wall fragments
ith the periosteum, preserving periosteal attach-
ents. Then a bone graft, preferably a split rib, can be

sed to make struts for support over which the frag-
ents attached to the periosteum can be reposi-

ioned, creating a smooth contour and preventing
esorption and irregularity. In another situation, when
here is loss of bone, split cranial grafts are an excel-
ent choice to reconstruct the anterior wall. In one of
he cases, a Medpor implant was used to repair a large
efect without complications.
Decision as to how a posterior table fracture should

e treated can be made by analysis of CT scans, if
here is extensive comminution and/or displacement.
therwise a decision can be made by direct visualiza-

ion when surgically treating the anterior table.
ptions are observation, sinus reconstruction, oblit-
ration, or cranialization. Gross comminution, dis-
lacement, and mobility preclude reconstruction and
he choice would be to obliterate or cranialize the
inus, depending on the presence or not of damage to
ntracranial structures, cerebrospinal fluid leak, and
eed for neurologic intracranial intervention. In one
f our patients with a dislocated and unstable poste-
ior wall, in whom neurosurgery opted not to per-
orm intracranial surgery and who we ended up treat-
ng by reconstruction, instead of obliteration, a large
neumoencephalus developed after 2 weeks and de-
anded neurosurgical treatment with cranialization

f the sinus. Main complaints of this patient at the
ime of diagnosis were mild to moderate headache,
pathy, and somnolence.

The most common early complication is infection,
hich may involve only the sinus cavity or spread to

he soft tissues of the forehead, bone marrow, or
ntracranial cavity. This will take a few days to occur
nd may result in soft tissue abscess, osteomyelitis,
pidural abscess, subdural abscess, meningitis, or
rain abscess.20 However, infections may take longer
o appear, usually within 3 weeks of the initial treat-
ent.17 In the studied population, sinus infectious

omplications were observed in 5 patients (19.23%).
he time of diagnosis of infection varied from 8 to 66
onths, with an average of 30.16 months. In one of

ur patients, who had fractures of both posterior and
nterior walls and also sinus floor, sinusitis was only
bserved after more than 5 years after initial treat-
ent. This was a very severe fracture that in retro-

pect would be best treated by sinus obliteration with

ancellous bone.
One patient presented with radiographic signs of
inus involvement, probably fibrosis, without clinical
igns and symptoms and is presently under close
bservation. Another had frontal sinusitis previous to
he fracture, which recurred postoperatively. One of
he subjects who developed sinusitis had sustained an
xplosion wound with sinus penetration by debris. A
hild who was 11 years old at the time of injury
eveloped sinusitis with frontal soft tissue involve-
ent 30 months after his accident. At the time of

urgery for treatment of the infection and sinus oblit-
ration with cancellous bone, it was curiously ob-
erved that the nasal frontal ducts had spontaneously
bliterated since the initial treatment, impairing sinus
rainage. One patient with a severe fracture involving
nterior wall, posterior wall, and sinus floor devel-
ped a viral meningitis 8 months after treatment and
as diagnosed as seropositive for human immunode-
ciency virus infection. This was not considered to be
elated to sinus reconstruction. The patient was
reated clinically at an infectious diseases hospital and
resented no complications after 5.4 years of follow-
p.
It is important to observe that reconstruction of the

inus does not preclude further surgery in case of
ailure. In fact, it may create better conditions for
uture treatment, especially if a severe complex facial
racture is associated and if the chosen secondary
rocedure will be sinus obliteration. As previously
oted, early initial treatment is important and when
he posterior wall is substantially intact it is better to
e-establish patency of the nasofrontal duct with a
rainage tube.21 Previous sinusitis and early age may
ontribute to failure. However, the main reason for
omplications in this population was exceeding the
ndication for sinus reconstruction. Postoperative CT
s advisable even when the patient is asymptomatic.
arly complications are unusual and the need for very

ong-term follow-up is warranted. Frontal sinus recon-
truction with or without cannulation of the nasofron-
al ducts, as needed, is a good technique, provided
hat the posterior wall is not excessively comminuted,
islocated, or grossly unstable and that the injured
asofrontal duct area is not beyond repair. Most sig-
ificant complications occur due to incorrect indica-
ion for reconstruction.
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