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Background: The traditional approach for reduction of frontal sinus fractures is coronal inci-
sion. Inherent complications of the coronal approach include long scar, hair loss, and long
operation time. We describe a simple approach for the reduction of frontal sinus anterior wall
fractures using a suprabrow incision that is commonly used for brow lift.

Methods: From March 2007 to October 2016, the authors identified patients with anterior
wall frontal sinus fractures treated by open reduction through a suprabrow incision. Only
cases with photographic/radiographic documentation and a minimum follow-up of 6 months
were included. The incision line was designed to be at the upper margin of the eyebrow.
Medical records and radiographic data were retrospectively reviewed. Surgical outcomes,
cosmetic results, and complication were assessed. The patient scale of the patient and ob-
server scar assessment scale was used to assess patient satisfaction for incisional scar at
the 6-month follow-up.

Results: Thirty-one patients underwent fracture reduction through a suprabrow approach
during the study period, with a mean follow-up of 41 months. No patients showed any recur-
rent displacement, eyebrow asymmetry, or infection during follow-up. Thirteen patients re-
ported their forehead paresthesia postoperatively, and 12 of them had preoperative symp-
tom. One patient complained of incisional scar and underwent scar revision. All patients
were satisfied with their eyebrow and forehead contour.

Conclusion: The suprabrow approach allowed for an accurate reduction of the fractures in
the anterior wall frontal sinus by providing direct visualization of the fracture. This transcuta-
neous approach can effectively restore forehead contour with acceptable postoperative
complications and patient satisfaction.
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INTRODUCTION

As the frequency of high-speed motor vehicle accidents and vio-
lent instrument-aided assaults rises, the incidence of facial trauma
is increasing [1]. Frontal sinus fractures are less common than
other facial bone fractures, but they comprise 5% to 12% of all

maxillofacial fractures [2,3]. Frontal sinus fractures pose a signifi-
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cant challenge. The proper treatment paradigm has been a center
of debate for many years. Immediate concerns include protection
of intracranial structures, identification of associated injuries, and
control of cerebrospinal fluid leakage. In some of the frontal sinus
fracture that involves only the anterior table, the aesthetic fore-
head contour is an important consideration in repair. Newer,
modified algorithms incorporate these technologic advance-
ments for improved functional and cosmetic results. Several ef-
forts were reported to reduce the potential morbidities of coronal
approach using endoscopic technique [4-7] or transcutaneous ap-

proach [8-12]. These approaches allow adequate visualization of
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the fracture site with acceptable postoperative course, which may
be avoided by use of minimally-invasive techniques.

We describe a simple approach with the aim of minimizing the
complications of a coronal incision and decreasing operation

time, within the boundary of acceptable cosmetic outcomes.

METHODS

From March 2007 to October 2016, the authors identified patients
with closed fractures of anterior wall frontal sinus treated by open
reduction through a suprabrow incision. Open fractures, closed
fractures treated by noninvasive methods, and fractures with
complete naso-frontal duct damage were excluded. In complete
naso-frontal duct obstruction, we chose the bicoronal approach
for the sinus obliteration. For incomplete or absent naso-frontal
duct obstruction, we chose the bicoronal approach in large frac-
ture area over than 40 mmx30 mm (Fig. 1). Only cases with pho-

tographic/radiographic documentation and a minimum follow-

Anterior table
frontal sinus
fracture with

up of 6 months were included. Preoperative and postoperative
computed tomography (CT) scans were obtained with three-di-
mensional reconstruction.

Medical records and radiographic data were retrospectively re-
viewed. Clinical variables that were recorded included patient age,
sex, mechanism of injury, interval time between injury and sur-
gery, operation time, incision length, methods of fixation, associ-
ated fractures, preoperative sensory deficit, and width of frag-
ments. Recorded clinical outcomes were postoperative
complication, additional procedure related to the fracture, fore-
head hypoesthesia, postoperative radiologic assessment of reduc-
tion, eyebrow symmetry and movement, and patient satisfaction
for incisional scar. The postoperative complications that were as-
sessed included wound dehiscence, wound infection, hematoma,
sinusitis, mucocele, and plate migration. Fracture reduction was
evaluated through postoperative axial images of CT scans by com-
paring the reduced and contralateral sides. Patients reported their

subjective assessment of incisional scar at the 6-month follow-up
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Fig. 1. Algorithm of reduction of frontal sinus fractures.
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visit using the patient scale from the patient and observer scar as-
sessment scale (POSAS) [13]. The questionnaire included pain,
itching, color, stiffness, thickness, and irregularity of the scar. Each
of the six parameters were rated from 1 to 10, with 10 as the worst
outcome. The total score consists of adding the scores of each of
the six items (range, 6 to 60). In addition to eyebrow scar, eyebrow
symmetry and movement were assessed with photographic docu-
mentation at the follow-up visit. Bilateral eyebrow position was
measured on the preoperative and postoperative clinical photo-
graphs. Patients with preoperative eyebrow asymmetry were ex-
cluded from the analysis. Eyebrow asymmetry was defined bilater-
ally as more than 2 mm difference of vertical distance from the
interpupillary line to the superior margin of the eyebrow on pho-
tographic evaluation. Photographs were taken with a natural gaze

and at bilateral brow elevation with the forehead wrinkled.

Surgery

The surgery was performed with the patient in a supine position
under general anesthesia. A line was drawn along the upper mar-
gin of the eyebrow between the both ends of the eyebrow to obtain
an inconspicuous scar (Fig. 2). Eyebrow shape needed to be taken
into account, as there was a slight difference between male and fe-
male eyebrows. The brows are flatter and are lower along the or-
bital rim in males compared with females [14]. After infiltration of
2% lidocaine with epinephrine, an incision was made using a #15
blade, maintaining the blade of the scalpel angled but parallel to
the axis of the follicles to preserve them. Dissection was deepened
to incise orbital orbicularis and frontalis muscles horizontally.
Care was taken not to injure the supratrochlear and supraorbital
nerves, which run below the subcutaneous muscular aponeurotic
system in this surgical field [15-17] (Fig. 3). Meticulous muscle dis-
section was needed in the supraorbital region, as orbicularis and
frontalis muscles are blended, especially in medial attachment. A
periosteal incision with blade was made near the edge of the frac-
ture site and limited subperiosteal dissection was performed to-
wards the edge to preserve the periosteal attachment on the ante-
rior table of the frontal sinus. The fractured segment of the

anterior table of the frontal sinus was then reduced gently by
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pushing with the elevator and bone hook. The sinus mucosa and
periosteum attached to the fractured fragments were preserved to
maintain the reduced position and to avoid flap-to-graft conver-
sion of the fracture segments. After the reduction was confirmed,

fractured bones were fixed using plates and screws (Fig. 3).

METRIC 1]

uliunliududhadn

Fig. 2. Design of skin incision. A line is drawn along the upper mar-
gin of the eyebrow between the both ends of the eyebrow.

Fig. 3. Intraoperative findings. (A) During operation, supratrochlear
and supraorbital nerves were preserved. (B) After reduction of frac-
tured segments, fractured bones were fixed using plates and screws.
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The periosteum was closed to cover an exposed plate or mesh
and to avoid wound infection. The surgical site was irrigated and
skin-incision wounds were carefully closed layer by layer with ab-
sorbable and non-absorbable sutures. Care was taken at this time
to minimize hair-follicle injuries. No pressure dressing or drains
were placed. A CT scan was obtained immediately following sur-
gery to evaluate the operative outcome. To drain the frontal sinus,

the head was slightly elevated for several days after the operation.

Statistics

Descriptive statistics were calculated, including frequencies for
categorical variables and means, standard deviations, and ranges
for continuous variables. The values for the numbers of cases,
area, length, and scores are expressed as original amount and per-
centage to one decimal place. Years, months, days and minutes

were rounded up to the nearest integer numbers.

RESULTS

Patient ages ranged from 13 to 78 years, with a mean age of 32
years. Patient demographics and injury characteristics are sum-
marized in Table 1. Most cases resulted from sports injury, road
traffic accident, physical assault, or some other form of blunt trau-
ma. The locations of fracture were right side in 15 cases, left side in
14 cases, and both side in two cases. The mean fractured area was
676.8+340.8 mm’. Other facial fractures were combined in 14
cases. One case was combined with zygomaticomaxillary com-
plex fracture and nasal bone fracture. One case was combined
with orbital floor blowout fracture and nasal bone fracture. Other
cases were nasal bone fracture (n=9), orbital floor blowout frac-
ture (n=2), and naso-ethmoid-orbital fracture (n=1). Hypoesthesia
on forehead before the operation was noted in 12 patients.
Surgery was performed within 2 weeks of injury in all patients.
Indication of the operation was forehead contour deformity in all
cases. The results of surgery are summarized in Table 2. The mean
operation time was 46+21 minutes. The mean length of surgical
incision was 2.5+0.6 cm. The fixation was performed in 24 cases.

The fractured segments were fixed with metal plates in 16 cases

www.e-acfs.org

Table 1. Patient demographics and injury characteristics

Variable Number (%)
Age (yr) 31.9+14.8
Sex
Male 29 (93.5)
Female 2(6.5)
Mechanism of injury
Sports injury 10(32.3
Road traffic accident 7(22.6)
Physical assault 6(19.4)
Falling 2 (6.5
Others 6(19.4)
Sensory nerve injury 12 (38.7)
Fracture characteristics
Location
Right 15(48.4)
Left 14 (45.2)
Both 2(6.5)
Fracture area (mm?) 676.8+340.8
Concurrent facial fractures
Nasal bone 11 (35.5)
Orbital floor blowout 3(9.7)
Zygomaticomaxillary complex 132
Naso-ethmoid-orbit 132
None 17 (54.8)

Values are presented as mean-standard deviation or number (%).

Table 2. Results of surgery

Variable Number (%)
Interval from trauma to surgery (day) 7.1+£3.2
Operation time (min) 46.3+21.0
Incisional length (cm) 2.5+0.6
Fixation material
Metal plate 16 (51.6)
Absorbable plate 2(6.5)
Absorbable mesh plate 6(19.4)
None 7(22.6)
Follow-up period (mo) 41.1£19.3
Complications
Forehead hypoesthesia, postoperatively 132
developed
Hypertrophic scar 13.2)
Total score of patient scale of POSAS (6-60) 9.6+1.6

Values are presented as mean:tstandard deviation or number (%).

POSAS, patientand observer scar assessment scale.

and with absorbable mesh plate in 6 cases. Two cases were fixed
with absorbable plates.

Preoperative CT scans showed no evidence of naso-frontal
duct obstruction in any of the cases. Access to fracture site of the
frontal sinus through the incision was possible in all cases. In two
cases, postoperative assessment of fracture reduction in CT axial
images revealed a 2 mm depression on the edge of fracture seg-
ment compared to anterior wall of contralateral frontal sinus. In

other cases, postoperative CT scans showed adequate reduction
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of displaced bone fragments (Fig, 4).

Follow-up duration ranged from 6 to 60 months, with an aver-
age of 41 months. No complications related to this procedure,
such as uncontrollable sinus bleeding, infection, any recurrent
displacement, and posterior table and brain injuries, were ob-
served. Thirteen patients reported their forehead paresthesia
postoperatively; 12 had the symptom preoperatively and the
symptom developed postoperatively in 1 patient. Other patients
had improvement of the hypoesthesia, however, two patients who
had preoperative numbness of their forehead suffered from con-

tinuous hypoesthesia in long-term follow-up.

Fig. 4. Preoperative and postoperative CT scans. (A, C, E) Preoperative
CT scans showed depressed anterior table of frontal sinus. (B, D, F)
Postoperative CT scans showed restored contour of anterior table of
frontal sinus by open reduction through suprabrow incision. CT, com-
puted tomography.
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Forehead contours were effectively restored in all cases. No pa-
tient required further operation related to contour correction.
Two patients who showed bony depression on postoperative CT
scan had symmetric forehead contours at the follow-up visit. The
cosmetic results of the incisional scar were acceptable. At the
6-month follow-up, all patients were asked to answer the ques-
tionnaire regarding the incisional scar using the POSAS tool. The
mean total scores were 9.6 (range, 7-13). One patient complained
of the incisional scar, and underwent scar revision after 6 months
of frontal sinus reconstruction.

In the evaluation of the eyebrow symmetry and movement,
five patients had preoperative eyebrow asymmetry and so were
excluded from the photographic analysis. All 26 patients achieved
symmetric eyebrow level and movement at postoperative follow-
up (Fig. 5). No patient complained of discomfort in eyebrow eleva-

tion and forehead wrinkle formation.

DISCUSSION

The surgical approach to closed anterior table fractures is contin-
uously evolving. The primary goal is to achieve adequate reduc-
tion of the fracture with restoration of contour. Management
should focus on protection of the intracranial content against ear-
ly and delayed complications, restoration of the upper third facial
contour, and cessation of cerebrospinal fluid. The conventional
surgical approach to the anterior table of the frontal sinus is an
open approach through a coronal incision. For a non-displaced
anterior table, frontal sinus fractures pose a minimal risk of mu-
cocele formation or contour deformity. These non-displaced frac-
tures can be managed expectantly.

The bicoronal approach is the traditional approach for frontal
sinus surgery, especially for obliteration or cranialization. Draw-
backs of the approach include long visible scar, alopecia along the
incision line, injury to the frontal branch of the facial nerve, long
operation time, prolonged hospital stay due to wide area of dissec-
tion and risk for postoperative bleeding [15]. Male patients con-
cerned about alopecia along the long scar prefer the suprabrow in-
cision to the bicoronal incision. In our cases of suprabrow incision,

the incisional scar was aesthetically acceptable for most patients
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Fig. 5. (A-E) Postoperative aesthetic results. A 23-year-old male with left anterior table fracture of the frontal sinus. The reduction of frontal sinus was
performed using the suprabrow incision. At six weeks postoperatively, the forehead contour was restored and the scar was aesthetically acceptable.

There was no asymmetry in eyebrow height and movement.

(mean POSAS total score 9.6). Also, there was no impairment in
eyebrow elevation and asymmetry.

Using endoscopic procedure in repair of frontal sinus fracture
was first described by Graham and Spring [4] in 1996. After that,
several studies were documented using endoscopic technique
with minimal frontal scars and avoidance of morbidities associat-
ed with coronal flap [5-7]. However, this endoscopic technique
has disadvantages of limited field of view and steep learning
curve.

Several transcutaneous approaches were reported and had dis-
tinctive advantages and disadvantages. Using a small peri-brow
incision [9] or a slit incision [10], aesthetic results were better than
other surgical approaches but rigid internal fixation was impossi-
ble. Through a frontalis rhytid forehead incision [11], satistactory

forehead contour and fracture reduction were achieved with aes-
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thetically favorable scar appearance. However, this incision is not
applicable to young patients whose frontalis rhyid is not visible.
Subbrow approach has advantages similar to our suprabrow ap-
proach in regard to direct visualization of the fracture site and in-
conspicuous scar [12]. Our suprabrow approach has an extensive
visualization of the fracture and enables an accurate reduction
and rigid fixation because the incision located much closer to the
frontal sinus than subbrow approach. Contrary to other transcu-
taneous approaches, our suprabrow technique has advantages of
direct visualization of fractured site, possibility of rigid fixation,
and aesthetically acceptable scars.

Although this transcutaneous approach does not require tech-
nical complexity for facial surgeons, anatomical variations need
to be taken into account, since neural and vascular structures un-

derneath the skin incision could interfere with fracture reduction.
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In the brow and glabella area, supratrochlear and supraorbital
vessels and nerves exit the orbit. The supratrochlear artery is at the
vertical line from medial canthus with slightly medial deviation.
At the level of the brow, the artery passes deep to the orbicularis
and frontalis [14]. Approximately 15 to 25 mm above the orbital
rim, the artery traverses the frontalis and orbicularis to enter the
subcutaneous plane [14]. Although there is some variation in the
exit point of supraorbital nerve [16], this point of emergence is ap-
proximately 25 to 30 mm from the midline. The nerve then di-
vides into a superficial (medial) and a deep (lateral) branch. The
supraorbital artery emerge from the orbit through the supraorbit-
al notch approximately 32 mm lateral to midline, generally corre-
sponding to a vertical line from the medial limbus [17].

The mean size of frontal sinus measured in a prior study was
68 mm for latero-lateral and 39 mm for supero-inferior distances
[18]. Although both frontal sinuses are not symmetric in most
cases, patients with unilateral fracture can be managed with a
transcutaneous incision in a case with fracture width less than 40
mm. Presently in the two bilateral fractures, the fracture segments
were not so extensive that would cross the glabella midline. Skin
incision extending over medial border of eyebrow should be
avoided for aesthetic reasons. Instead, the bicoronal approach is

preferable in extensive bilateral frontal sinus fractures.

In our experience, the suprabrow incision is best suited for
simple depressed unilateral or bilateral fractures of the anterior
table with few fragments. Also, the suprabrow incision is used in a
direct brow lift with or without excess skin excision for patients
with brow ptosis (Fig. 6). Brow ptosis can be corrected simultane-
ous with fracture reduction through this incision. Patients who
have preoperative eyebrow symmetry can benefit from this ap-
proach that combines frontal sinus reconstruction and direct
brow lift.

The major drawback of this incision is the inability to confi-
dently evaluate thorough forehead contour intraoperatively,
which is possible for the elevated bicoronal flap. Furthermore, rig-
id fixation is not feasible through this incision when the fracture is
comminuted and wide. In this situation, the anterior wall is obtu-
rated with absorbable mesh plate tailored to fit the fracture pat-
tern. This can prevent from forehead depression, as in our cases.
When selected for the appropriate candidate, the suprabrow ap-
proach may greatly decrease operative time, recovery time, blood
loss, and risk of alopecia. As with all retrospective studies, there is
an inherent bias compared with prospective studies.

In conclusion, direct transcutaneous approach through curve-
linear incision along superior border of eyebrow provides accurate

reduction of anterior wall frontal sinus fractures. This approach

Fig. 6. Patient with brow ptosis. (A) Patient with brow ptosis on both sides. (B) After direct brow lift with suprabrow incision, the location of the eye-

brow was improved (2 weeks postoperatively).
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can effectively restore the forehead contour, while allowing ac-
ceptable postoperative complications and patient satisfaction.
Traumatized patients, especially older patients who want to re-
ceive a brow lifting surgery combined with operation for frontal
fracture under one time of general anesthesia, can benefit from

this approach.
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