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Obliteration and Contouring of Comminuted
Anterior Wall Frontal Sinus Fracture Using
Pericranial Flaps

Raghda E. Tallal, MD, PhD

Mina A. Estawrow, MD || Summary: One of the common postoperative complications of comminuted frac-

tures of frontal sinus are contour deformity, hardware extrusion, adherence and/
or palpability, and skin thinning. We are presenting our novel technique with
pericranial flaps to decrease these complications. The study was performed from
January 2019 to January 2020, on 40 cases of comminuted fractures of anterior
wall of frontal sinus, 28 men and 12 women, with an average age of 41 years. Injury
resulted from motor vehicle crashes (n = 25), motorcycle crashes (n = 11), and
falling from heights (n = 4). Our novel technique involves the use of two anteriorly
based pericranial flaps; one flap is used for obliteration of the frontal sinus and the
other is used to overlay the hardware used to restore forehead contouring and to
eliminate the possibility of early extrusion or late plates or mesh palpability. Two
patients had postoperative minimal disruption of forehead lacerations healed with
secondary intention and minimal scarring. Excellent patient compliance without
any complaint of mesh palpability. No adherence occurred and no skin thinning.
This technique (two anteriorly based pericranial flaps) may be more reliable to
obliterate the frontal sinus also overlaying the hardware used to improve forehead
contour and decrease the incidence of mesh palpability and skin adherence than
using hardware without flap coverage. (Plast Reconstr Surg Glob Open 2021;9:¢3670;
doi: 10.1097/GOX.0000000000003670; Published online 9 August 2021.)

INTRODUCTION
Inadequately treated frontal sinus fractures may result
in malposition of fractured segments as well as subse-

best opportunity to restore the facial aesthetics, maintain
the sinus function, and prevent many possible long-term
complications.

quent distortion of the overlaying soft tissue. Such ana-
tomical disruptions could result in contour deformity and
also cause recurrent sinusitis, mucocele or mucopyocele,
osteomyelitis of the frontal bone, meningitis, encephalitis,
brain abscess, or thrombosis of the cavernous sinus.!
Proper management of frontal sinus fractures is all the
more essential because of its proximity to a vital structure,
the brain. Despite this, the management of frontal sinus
fractures remains controversial because postoperative
complications can occur years to decades after the inter-
vention. The consensus on posttraumatic frontal sinus
reconstruction is that immediate treatment affords the
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One of the most commonly accepted management
algorithms is that proposed by Rohrich and Hollier. Injury
of the nasofrontal duct and cerebrospinal fluid (CSF) leak
were the key determinants in deciding the treatment plan
in this algorithm. Open reduction and internal fixation is
commonly required with or without sinus obliteration.”

Various materials both autogenous and alloplastic have
been advocated in the literature with varying degrees of
success for the obliteration of the frontal sinus and the
nasofrontal ducts to prevent mucocele development.
These include adipose tissue, bone, temporalis fascia,
gelfoam pericranium, bio-glass, oxidized cellulose and
others.” Although each graft material has its merits and
perils, autogenous grafts are favored over allogeneic mate-
rials because of their generous clinical history and positive
long-term treatment results.’

In terms of forehead contour, patients complain of
forehead contour irregularity, protrusion or depression
as bad sequelae after frontal bone repair. This also causes
washboard effect in the overlaying soft tissue.”
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Fig. 1. Design of pericranial flaps. Based on supratrochlear and
supraorbital vessels, two flaps are used. The one near the fracture

is used for obliteration, and the other one is used to cover the
hardware.

-

Fig. 2. Elevation of pericranial flap from the underlying calvaria.

Such deformities can occur for one or more of the fol-
lowing reasons: (1) failure to recognize that a displaced
fragment will result in bony depression once the overlaying
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Fig. 4. Obliteration of frontal sinus with pericranial flap, nearer to
the fracture

soft tissue edema resolves; (2) inadequate realignment of
displaced fragments; (3) overlaying soft tissue atrophy
caused by high energy injury; (4) palpable metal plates/
mesh and screws that were used for fixation of reduced
frontal bone. Itis important to note that contour deformity
represents the most common cause of surgical revision.’
Different modalities were used to manage forehead con-
tour deformities after frontal sinus fractures, such as open
reduction of displaced fracture, autologous bone graft from
calvaria, pelvic bone, or on-lay graft of alloplastic material
(as hydroxyapatite cement) or a combination of both.*

In addition to bony depressions, patients may suffer
from scars or dimples over the forehead as late sequalae.
Such changes to skin texture may develop as a result of
laceration, abrasion, surgical incision, or from adhesions
between skin-soft tissue envelope and underlying hard-
ware. Depressions limited to soft tissue could be treated by
filler injection or fat grafting.”
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Fig. 5. Large bony fragments are reduced, and titanium mesh is
applied and secured with self-drilling screws.

Fat grafting has many advantages over filler injection
because it is autologous and semi-permanent. Dermo-fat
graft could be an alternative to release severe depres-
sion with scarring. However, if there is no previous scar
near the depression site, the use of dermo-fat is limited
because the surgeon should make a new incision to inset
the dermo-fat graft.®

Itis generally accepted that well-vascularized tissues for
sinus obliteration or bone coverage have greater ability to
resist local soft tissue infection and prevent osteomyelitis.”
So, in this article, we advocate the use of a novel technique
to achieve both sinus obliteration and primary restoring
forehead contouring with vascularized pericranial flaps to
minimize postoperative complications.

MATERIALS AND METHODS

This study was performed on 40 patients between 2015
and 2018. Approval by the institutional review board and
patientconsentwere obtained. Patients were aged between
29 and 50 years, with average of 41 years. Injury resulted
from motor vehicle crashes (n = 25), motorcycle crashes
(n=11) and falling from heights (n = 4). All patients had
comminuted anterior wall fracture, five patients had addi-
tional posterior wall fracture, and only one case had CSF
leakage. On average, all the fractures were treated 8 days
post trauma. A preoperative CT scan with thin cuts and
three-dimensional reconstruction was done before and
after fixation. Special consideration was taken in patients
with suspected nasofrontal duct. All patients received usual
preoperative laboratory investigations. Ophthalmological
consultation was done if needed in case of orbital roof
trauma. Patients were examined thoroughly for any cere-
brospinal fluid leakage. All the expected outcomes and
complications were explained to the patients. Antiseptic
shampoo wash for the patients’ hair was done to decrease
incidence of infections. Shaving of a strip of the scalp was
done immediately before surgery. Follow-up is done on
average 374 days after surgery for mesh palpability, and
also for late complications such as mucocele, skin adher-
ence, or thinning.

Fig. 6. In-setting of the other pericranial flap to cover the mesh
applied.

OPERATIVE DETAILS

Bicoronal incision was made as a reliable, esthetically
favorable, and wide exposure approach that provides
excellent access to the frontonasal area and potential
donor sites (temporalis fascia, muscle, pericranial flap);
the conventional scalp-galea flap is dissected anteriorly in
the sub-galeal plane to the level of the supra-orbital rim
to adequately expose the frontal bone. A design of two
pericranial flaps is done (Fig. 1). Each is based on supra-
orbital and supratrochlear bundles on either side with
an average width of 4-5cm at the supraorbital rim and
increasing its width to more than 6cm at the vertex. The
average length of each pericranial flap is 14 cm.

Once the anteriorly based pericranial flaps are designed,
their borders are incised sharply using the superior tempo-
ral lines as lateral limits of dissection. The posterior edge
of the flap is incised in the region of the vertex to provide
adequate flap length 2cm posterior to the initial scalp inci-
sion. A large pericranial flap is then gently elevated from the
underlying calvaria using a blunt periosteal elevator from
posterior to the level beyond the superaorbital rim (Fig. 2),
and then itis divided into two anteriorly based flaps (Fig. 3).

Dealing with the comminuted anterior frontal bone
ensues. Large fragments are preserved, whereas the frag-
mented bony parts are removed. Bony septations within
the sinus are also removed. Next, the mucosa of the fron-
tal sinus is meticulously removed with sharp periosteal
elevators, and methylene blue test is performed to assess
the drainage of the sinus through the naso-frontal duct.
Diagnosis of naso-frontal duct injury necessitates sinus
obliteration of the duct itself with temporalis muscle,
which is easily harvested from the surgical site. The pericra-
nial flap near to the fracture is used for sinus obliteration
(Fig. 4). Native bony fragments are reduced. A titanium
mesh is secured with self-taping screws and then placed on
top, stabilizing the fracture and preserving contour of the
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Fig. 7. Preoperative CT scan showing anterior table frontal sinus fracture (A) and post-reduction CT

images (B).

forehead (Fig. 5). A small bony defect is left at the edge of
the bone grafts so that the pedicle of the pericranial flap
used for sinus obliteration will not be compressed.

The other pericranial flap is rotated 90degrees,
draped over, and anchored to the mesh underneath
(Fig. 6). A suction drain is applied after insetting of scalp
galeal flap, which is then closed in layers. A soft bandage
is applied to the head. Postoperative CT scan thin cuts
with 3D reconstruction are done routinely for all patients
to exclude hardware failure or unjustified bone displace-
ment (Figs. 7, 8). Patients were assessed on a weekly basis
for one month to exclude postoperative complications.
Any contour deformities or skin adherence were noticed
and documented (Fig. 9).

RESULTS

Forty patients (28 men and 12 women) underwent
obliteration and reduction of comminuted anterior wall
frontal sinus. On average, all the patients were operated
on 8 days post trauma. There were no intraoperative inci-
dents. Follow-up for average 373 days after surgery was
done. Parameters for follow-up were forehead contour as
an aesthetic consideration and complications (hardware
extrusions, sinusitis, osteomyelitis, mucopyocele, brain
abscess, and cerebrospinal fluid leak), were all evaluated.
All patients had good function of the superior division
of cranial nerve V examined by light touch and pinprick
sensation. Two patients (5%) suffered from disruption of
minor forehead lacerations on days 6 and 8 respectively,

Fig. 8. A 28-year-old man with comminuted fracture anterior wall frontal sinus with contour deformity
marked with a red arrow. A, Preoperative image. B, Postoperative image.
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Fig. 9. Patient showing depressed forehead before reduction and fixation, and the postoperative out-
come. A, Preoperative photograph. B, Postoperative photograph showing the corrected deformity.

which was allowed to heal by secondary intention and min-
imal scarring. All patients had excellent cosmetic results
as measured by postreduction radiographs, personal and
family perceptions of forehead contour, which was evalu-
ated by a questionnaire about the final aesthetic result in
comparison with the forehead contour before trauma.
There was excellent patient compliance without any com-
plaint of mesh palpability. No late complications such as
mucocele, skin adherence, or thinning occurred in any of
the cases.

DISCUSSION

Frontal sinus trauma is a heated topic because there are
considerable controversies and dispute in the literature
regarding what defines the “appropriate” management.
Treatment principles aimed at restoring the preoperative
frontal contour and facial aesthetics and preventing early
and late postoperative complications are recommended. "’

Forehead contour deformities and hardware palpabil-
ity/extrusion are one of the most distressing complica-
tions after repair of fracture anterior wall frontal sinus.
The optimal material for preventing this complaint has
not yet been delineated. Fat grafting was most frequently
used and, less often, free bone grafts and hydroxyapatite
cement were used.

The interest in periosteal flaps began in the late 1800s
and early 1900s with animal studies regarding the role of
periosteum in bone formation. Wolfe first described the
pericranial flap in 1978, when he used it for coverage of
autogenous bone graft in craniofacial reconstruction.

Owing to its rich vascular supply and undeniable role in
bone formation, the use of pericranial flaps has gained
popularity."!

This axial flap is based on the deep branches of the
supra-orbital and supratrochlear arteries. Venous drain-
age of the flap is by means of the transverse supraorbital
vein.'> 1

In maxillofacial trauma surgery, this flap gives the
opportunity to seal a CSF leak and provides viable tissue
for obliteration of the frontal sinus and the isolation of the
intracranial from the para-nasal environment. Because it is
locally available during the bi-coronal incision, it obviates
the need for other autogenous or allogenic materials.'*'®

Morbidity associated with pericranial flaps is low, and few
complications have been reported. It is imperative to relieve
any bony impingements on the pericranial flap while replac-
ing the bone to prevent compromising its blood supply.'®

The entire flap can be elevated and used to obliter-
ate the frontal sinus or line the anterior cranial fossa, or
it can be sectioned in the midline, while maintaining the
blood supply to each half of the flap, which will give the
advantage of sinus obliteration and prevention of any late
contour abnormality, skin thinning, hardware palpability,
or extrusion.'”

CONCLUSIONS
The pericranial flap is easily harvested and versatile.
Using this flap can give the advantage for both sinus oblit-
eration and coverage of hardware after reduction and fixa-
tion of anterior wall frontal sinus to prevent postoperative



complications which may necessitate reoperation. This
technique is inexpensive, safe, and effective and should
be considered when surgical management of anterior wall
frontal sinus comminuted fractures is performed.
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PATIENT CONSENT
The patient provided written informed consent for the use of
his image.
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