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Objective Frontobasal fractures are relatively common traumas but surgical indica-
tions are still discussed. The authors report their results on patients showing anterior
cranial fossa fractures; clinical data, surgical indications, and results are reported and
critically analyzed.

Methods From 1991 to 2010, 223 patients were admitted in our institution with
diagnosis of anterior cranial fossa fracture. Fractures were classified as type A—fracture
of the anterior wall of the frontal sinus; type B—fracture of the posterior wall of the
frontal sinus; and type C—frontobasal traumas without involvement of the frontal sinus.
All patients entered a follow-up program consisting in periodic controls.

Results A total of 105 patients were conservatively treated, while 118 patients
underwent surgical intervention. The presence of pneumocephalus (p < 0.0001) and
rhinoliquorrhea (p = 0.001) were the factors influencing the surgical indication. In the
fractures of group B with signs of pneumocephalus and or rhinoliquorrhea, full sinus
cranialization represents the variable mainly influencing the outcome (p < 0.001).
Conclusion Patients with frontobasal traumas should be carefully evaluated to choose
the best treatment option. Clinical and radiological data suggest that patients with
frontobasal fractures with massive pneumocephalus and/or rhinoliquorrhea should be
always surgically treated.

Anterior intracranial base is formed by the ethmoid,

Head injuries are one of the most common causes of treat-
ment in the emergency and accidents ward. The first causes of
head traumatology are still car or motorcycle accidents,
followed by personal aggressions."? Anterior skull base frac-
tures are one of the most frequent consequences of head
injury. This may present as bone fractures with or without
intracranial involvement (epidural/subdural/intraparenchy-
mal hematomas, cerebral contusion, or dural laceration).
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sphenoid, and frontal bones. Due to anatomical, clinical,
and radiological consideration, it has been divided in medial
and lateral regions. Medial portion is formed by the cribri-
form plate of the ethmoid bone anteriorly and the planum of
the sphenoid body posteriorly; its anterior limit is composed
by the posterior wall of the frontal sinus. The lateral portion,
which covers the orbit and the optic canal, is formed by the
frontal bone and the lesser wing of the sphenoid bone, which
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blends medially into the anterior clinoid process.> Several
classifications of fractures of the frontal cranial base have
been reported in the literature,*"'" but all series seem similar
in one important point: the presence of fractures of anterior
sinus wall, posterior sinus wall, and/or fronto-nasal duct are
determinant for the choice of surgical treatment.'?

Due to the complexity of anatomical relationships, these
pathologies should be approached by a multidisciplinary
team composed by a maxillofacial surgeon and a neuro-
surgeon.

Surgical treatment of anterior skull base fractures is still
debated. As far as the necessity for a treatment of a displaced
fracture of the anterior wall is doubtlessly accepted, there is
no agreement in the literature on indications for treatment of
displaced or nondisplaced posterior wall fractures. In the
present study, the authors perform a retrospective analysis of
their experience both for patients who underwent surgery
and the ones who were conservatively treated, to define and
highlight the indications for the best treatment option for
anterior frontobasal fractures.

Materials and Methods

The authors reviewed all clinical data of the patients with
traumatic head injury and anterior frontobasal fractures that
came to their observation from January 1991 to Decem-
ber 2010, in Policlinico Umberto I, University of Rome “Sapi-
enza.” Only pure frontobasal injuries were considered and
were defined as fractures confined to the anterior cranial
fossa; patients with brain swelling, intracranial hematoma, or
neurological impairment were excluded from this group.

A total number of 223 patients were observed; out of this,
105 patients underwent only clinical observation, while 118
patients were treated with surgical intervention. All patients
were studied with computed tomography (CT) scan with
axial, sagittal, and coronal reconstruction. Base on clinical,
radiological, and surgical considerations, we divided popula-
tion into three main types (~Fig. 1).

Type A: Fractures of the anterior wall of the frontal sinus.
This group includes only patients with fracture confined to
the anterior wall of the frontal sinus, with or without

CT scan
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Figure 1 Classification of anterior frontobasal traumas. *Sectioned lines indicate the curse of fracture on computed tomography scan.
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extension to another bone segment of the anterior cranial
fossa, but without any impairment of the ethmoid bone
and without any extension to the posterior wall of the
frontal sinus.

Type B: Fractures of the anterior and posterior wall of the
frontal sinus.

Type C: Anterior frontobasal fractures without involve-
ment of the frontal sinus.

Retrospective analysis was performed on the three groups.

All patients entered a follow-up program consisting in
periodic clinical controls at 2 weeks, 1 month, 6 months, and
once a year for 3 years from surgery. All patients underwent a
pre- and postoperative CT scan evaluation with three-dimen-
sional reconstruction of the examination.

A multivariate statistical analysis has been performed
(Fisher's exact test — JMP 5.1) comparing the clinical and
radiological findings on the three groups. Primarily, the
following signs were considered: the signs of abundant and
persistent (>7 days) cerebrospinal fluid (CSF) leakage (rhi-
norrhea), presence of fracture displacement (>2 mm) and/or
pneumocephalus on CT scan.

Results

Since 1991 to 2010, a total number of 223 patients with pure
fronto-basal fractures came to our observation. Out of this,
105 patients underwent only clinical observation and follow-
up, while 118 patients were treated with surgical
intervention.

Clinical and radiological data are reported in =~Table 1.

Group A counted 83 patients overall, 91 patients were
included in group B, and 49 patients showed group C
fractures.

Conservative Treatment

The mean age of the patients was 41 years old (range 9 to 83
years); 82 patients were males (78%) and 23 females (22%).
Group A counted 46 patients, group B 36, and group C 23.

The 46 patients of group A showed anterior frontal sinus
fracture but no radiological signs of displacement and aes-
thetic deformity; they underwent bed rest, clinical observa-
tion, and symptomatic analgesic therapy.

Group B included 36 patients with linear or slightly
displaced fracture (<2 mm) of the posterior wall of the
frontal sinus, with no signs of pneumocephalus and/or rhi-
noliquorrhea; they were treated with bed rest, clinical obser-
vation, and symptomatic analgesic therapy.

The 23 patients of group C were treated the same way, that
is, bed rest, clinical observation, and symptomatic analgesic
therapy; no signs of pneumocephalus and or rhinoliquorrhea
were observed in this group. There was no postinjury mor-
tality. The median overall hospital stay was of 4 days ranging
from 3 to 8. The following cases of morbidity were found: one
case of scar retraction, one case of paresthesia along the V1
trigeminal branch, eight cases of anosmia, and spontaneously
regressed in four patients at follow-up.
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Table 1 Clinical and Radiological Data of Patients with Pure Fronto-Basal Fractures
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Surgery Group

The mean age of patients of the surgical group was 31.8 years
old (range 12 to 77 years); 100 patients were males (84.7%)
and 18 females (13.3%). Group A counted 37 patients, group B
counted 55 patients, and group C counted 26 patients.

Skin incisions were divided as follows: 78 coronal inci-
sions, 22 through an existing laceration, 10 emicoronal
incisions, 6 eyebrow accesses, and 2 temporal incisions.
Internal rigid fixation (titanium plates and screws) was
used in every case except for patients in pediatric age; in
these cases, reabsorbable devices were adopted.'?

Patients of group Awere treated with the reconstruction of
anterior wall of the frontal sinus. When tear skin was present,
we preferred to expose the fracture rim trough the existing
wound; otherwise, we performed a bicoronal approach with
wide exposition of the frontal bone. Every fracture has been
reduced and fixed with titanium plates and screws (=~Fig. 2).

Group B included 55 patients with fracture of the posterior
wall of the frontal sinus; in all these patients there was evidence
of one or more these findings: pneumocephalus, rhinoliquor-
rhea, displaced fracture. At the time of diagnosis, four patients
showed CSF signs and/or displaced fractures (>2 mm), but it

was attempted to treat them conservatively; all these patients
were subsequently readmitted in our hospital with signs of
persistent CSF fistula and also meningitis in three of them. They
were all treated with surgical intervention.'*

Patients of group B have been mostly approached with
the coronal incision. Among those patients, 35 presented
pneumocephalus at CT scan, 10 had rhinorrhea, and 15
showed both these findings. From 1991 to 2000, 26 patients
underwent surgery; at that time, a wide frontal craniotomy
was preferred to approach the posterior wall of the frontal
sinus. From 2001 to 2010, 29 patients were treated with
frontal craniotomy, while 9 patients were treated with a
subcranial transsinusal Raveh approach to avoid retraction
on the brain tissue.’>"'7 All these patients presented dura
mater lining that was treated with suture, dural suspen-
sions, Membrane evolution Tecnoss® (Tecnoss Medical
Products, Turin, Italy) and fibrin glue (Tissucol; Baxter
International, Deerfield, IL, USA). Since 2004, we replaced
the previous bovine dura patch with the new one (i.e.,
Membrane evolution Tecnoss®) of equine nature to prevent
CSF leaks. Galea pericranium sliding flap and Tissucol were
used to perform frontal sinus cranialization and obliteration

Figure2 Type A—lllustrative case: a 43-year-old man with fracture of the anterior wall of the frontal sinus. (a, b) Axial computed tomography (CT)
scan and sagittal CT reconstruction show fracture of the anterior wall of the frontal sinus (white arrows) without evolvement of the posterior wall;
(c) intraoperative findings: a bone graft taken from the mandible was placed to repair the fracture; (d) postoperative CT scan showing surgical

repair of the anterior wall of the frontal sinus.

Journal of Neurological Surgery—Part B Vol. 73 No. B4/2012
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Figure 3 Type B—lllustrative case: a 45-year-old woman with fracture of anterior and posterior wall of the frontal sinus due to a frontal traumain a
car accident. (a) Axial computed tomography scan shows combined fractures of anterior and posterior walls of the frontal sinus (white arrows)
with signs of pneumocephalus (black arrow); (b) intraoperative findings: fractures of the anterior wall of the frontal sinus; (c) wide exposition of
the frontal sinus before its cranialization; (d) final surgical field; fractures were treated with microplates and screws.

of the frontonasal duct, as reported in a previous report'8

and in several works."®

Illustrative Case

A 45-year-old woman after a car accident showed displaced
fracture of type B and signs of pneumocephalus on CT scan.
She underwent surgical intervention with full sinus exposi-
tion, cranialization and fractures repair (~Fig. 3).

Patients of group C had pneumocephalus in 14 cases,
rhinoliquorrhea in 15 cases, both of them in 11 cases, displaced
fractures in 22 cases; all these patients have been treated with a
bicoronal craniotomy. Patients without any sign of CSF leakage
were treated mainly for optic nerve compression or displace-
ment of bone fragment on the brain tissue.

Illustrative Case
A 22-year-old man with motor car accident came to our
observation complaining bilateral amaurosis; CT scan showed
bilateral orbital blow-in fractures. Surgical intervention with
coronal skin incision and two emicoronal craniotomies was
performed. In this case, orbital roofs have been removed with
decompression of the orbit and no further reconstruction has
been performed. Patient showed a recovery of 5/10 for the
right orbit and 7/10 for the left orbit after 5 months from
surgery (~Fig. 4).

In 20 patients, frontal sinus was preserved to avoid
consequent reconstructive maneuvers and increasing
risk of infection; however, in the remnant eight patients,

due to the large size of the sinus, it was opened and
cranialized.

Patients were dismissed within a median period of 5 days,
ranging from 3 to 8 days. There was no perioperative mortal-
ity. Follow-up controls documented that 107/118 patients
showed no complications after 6 months, 1 year, 2, and
3 years. Early postoperative CT scans showed obliteration of
the frontal sinus and good reduction of the fractures without
any pathological sing.

A total of 11 patients presented the following complica-
tions. Of this, two patients complained rhinorrhea, despite
cranialization of frontal sinus; they were treated with a
second surgical intervention, which showed the presence
of unsatisfactory dural closure with CSF fistula. One case of
scar retraction; two cases of extrinsic muscles of the eye
impairment were also noted; four patients presented with
anosmia that regressed spontaneously in four of them with a
mean period of 1 year; one patient presented a posttraumatic
insipid diabetes, treated with antidiuretic hormone; his
symptoms showed a complete regression after 4 days; and
last one patient presented epifora.

Discussion

The first step in the treatment of anterior skull base trauma or
upper third fractures is to perform an accurate clinical
evaluation. A primary inspection of forehead integrity should
be performed. The surgeon should look for hematomas or skin

Journal of Neurological Surgery—Part B Vol. 73 No. B4/2012
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Figure4 Type C—lllustrative case: a 22-year-old man with bilateral fractures of the orbital roof and a little parietal fracture. (a) Coronal computed
tomography (CT) scan showing bilateral depression of the orbital roof (white arrows); (b) sagittal CT reconstruction showing fracture of the orbital
roof (white arrows) without evolvement of the frontal sinus (black arrow); (c) three-dimensional reconstruction showing bilateral dislocation of
the orbital roof (black arrows) without fracture of the anterior wall of the frontal sinus (white arrow); (d) intraoperative field: bone fragments have
been removed, dural laceration was repaired and suspended; (e) postoperative CT scan.

laceration, evaluate bone integrity by observing any possible
bone deformity or tenderness, fragments mobility, or peri-
orbital edema.?® A characteristic clinical sign is the periorbital
hematoma also known as “raccoon eyes”; it is associated with
anterior skull base fractures in more than 70% of cases.” The
clinical inspection must always test the presence of rhinoli-
quorrhea, also making the patient bend the head forward. The
B2 transferrin test is helpful to obtain a certain differential
diagnosis from mucous or serous secretions from the nose.
X-rays imaging could be a useful step in diagnosis of anterior
skull base but, although used in the past, today we almost
abandoned them, preferring CT scan, which shows a better
resolution for the study of pneumocephalus, fracture rim, and
nervous structures compression.

Anterior skull base traumas' treatment is still object of
many controversies. In the international literature, there is no

Journal of Neurological Surgery—Part B Vol. 73 No. B4/2012

agreement on guidelines for conservative or surgical indica-
tions and approaches. The crucial point is whether to treat or
not an anterior skull base fracture even if favorable without
any trace of cerebral involvement.

According to fractures type A, the main reason for surgical
treatment is the patient's face aesthetic reconstruction,
which has to be performed in the great majority of displaced
fractures. The simple fracture of the anterior wall of the
frontal sinus, if linear, can be treated conservatively without
a surgical intervention.

For patients of group B, some authors assess that non-
displaced posterior wall fractures can be treated conserva-
tively with antibiotic therapy and closed follow-up'®'? and
this is exactly our conduct. Conversely, patients with dis-
placed fractures, signs of pneumocephalus and/or rhinoli-
quorrhea show high risk of posttraumatic infections and



should be promptly treated with surgical intervention and
antibiotic therapy. As shown in the results section, four
patients were initially discharged then readmitted with signs
of rhinoliquorrhea and also meningitis in three of them.'

Dealing with this aspect, we use to perform a surgical
treatment with frontal sinus cranialization in all patients
with these signs. Our experience suggests that some patients
can show symptoms of CSF fistula after a variable period from
the trauma. In a previous work, our team reported that 50 to
85% of traumatic CSF fistulae occurring within 48 hours after
injury cease spontaneously'+?%-24; however, dural tear could
not be definitely sealed and recurrent rhinorrhea or late
intracranial infections may develop.'#?>=2° It seems possible
that dural tissue, previously impaired for a traumatic stretch-
ing due to sudden dislocation of the frontal bone, could
lacerate as a consequence of efforts or little traumas after
the first surgical intervention. Delayed or recurrent CSF
rhinorrhea almost never stops without operative treatment
and the risk of meningitis becomes higher.'423-2430.31 [y our
opinion, surgical treatment described should be always per-
formed even in nondisplaced fractures when CT findings of
pneumocephalus are present because they are highly predic-
tive of dural laceration; in the previous report, we also
proposed a treatment algorithm for posttraumatic fistula
management.14 According to our experience, after frontal
sinus cranialization, to avoid the risk of infection, it is
mandatory to change all the operative tools previously
used before dural opening and suture.

In patients of group C, surgical treatment is reserved for
those fractures that are displaced and/or when patients
show sings of rhinorrhea or hypertensive pneumocephalus.
All patients included in the present study showed one or
both these findings. In the majority of these patients,
frontal sinus was preserved. Our experience suggests that
frontal sinus has to be opened only when it seems too wide
to avoid its invasion; in this case, full cranialization is
mandatory.

The access to the fractures of the anterior skull base poses
a challenge to the surgeon. Some classic approaches to
lesions of the anterior skull base have been described
by Ketcham et al, who reported, in 1963, a combination of
the transfrontal and the transfacial approaches. This ap-
proach is preferable when fracture shows a big diastasis
and a wider exposition is required; however, when brain
parenchyma is intact, the intracranial approach is
characterized by stressing maneuvers on the frontal lobes;
some existing risks related to this approach are postopera-
tive brain swelling and/or contusion and frontal lobe
retraction.32:33

The subcranial approach instead has proved to be a safe
and effective method treating complex frontobasal fractures
giving an access that is quick to realize and that provides a
wide visibility of the anterior skull base.'4~1%-34:3 It allows to
widely expose the posterior wall of the frontal sinus avoiding
traumatisms of the cerebral tissue but, as we said before, it
should not be performed when sinus is not well represented
or when fracture is extended or associated with significant
intracranial hematomas.

Anterior Cranial Fossa Traumas Piccirilli et al.

Conclusion

Concluding, in patients with frontobasal traumas it is man-
datory to estimate the necessity of a surgical intervention.
Main complications of frontobasal fractures are CSF fistula
and/or infections; both these risks seem to be higher if the
posterior wall of the frontal sinus is involved (group B).
Radiological and clinical signs of fracture of the posterior
wall of the frontal sinus should be carefully considered and
treated with full cranialization of the frontal sinus. Isolated
fractures of the anterior wall of the frontal sinus (group A)
require only reduction for aesthetic issues. When frontobasal
fractures show no involvement of the frontal sinus (group C)
surgeon should not open it, if possible and according to its
size, to avoid the risks of infections.
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