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INTRODUCTION 

Frontal sinus (FS) fractures usually occur in 
head trauma as a result of great force and record 
for 5–15% of all maxillofacial injuries. Despite the 
relative infrequency, these fractures have enormous 
catastrophic consequences extending from aesthetic 

complications to life-threatening squeal due to 

the proximity to the orbit and the brain. Serious 

complications of FS fractures include cerebrospinal 

fluid (CSF) leak, encephalitis, meningitis, chronic 

sinusitis, brain abscess, occlusion of the drainage 

pathway and mucocele formation (1).
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ABSTRACT
Objectives: To assess the efficacy of the  hydroxyapatite (HA) cement   alone or with 

simvastatin in obliteration of the frontal sinus after trauma as an alternative to the widely used 
autologous abdominal fat.

Patients and Methods: 4 out of 9 patients underwent frontal sinus obliteration with autologous 
abdominal fat (Fat group) and the remaining 5 patients were obliterated with HA cement  
(HA group) where 2 patients out of those 5 patients were obliterated with HA alone and the 
remaining 3 patients of this group were obliterated with HA cement mixed with simvastatin as an 
osteoinductive material. 

 Results: Both the autogenous fat and the HA cement has a comparable results; Fat obliteration 
failed in 1 patient and none of the patients in the HA cement group has acquired any complications 
that necessitates the material removal, no significant difference in the results obtained from the HA 
cement when used alone or when mixed with simvastatin.

Conclusion: HA cement is a promising obliterating material in frontal sinus obliteration 
with comparable results to autogenous fat with the advantages of no donor site morbidity and the 
potential for complete osseointegration. Addition of simvastatin to the HA cement does not seem 
to enhance the obtained results.
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FS fracture management remains a controver-
sial issue with no single algorithm for the choice 
of management, however proper treatment relies 
upon an accurate diagnosis utilizing physical ex-
amination, computed tomography (CT) information 
and the findings of intraoperative exploration. The 
amount and location of fixation and the need for 
obliteration of the nasofrontal duct (NFD) and the 
FS rely upon the anatomy of the fracture in general 
and the degree of involvement of the anterior table 
of the sinus, the NFD and the posterior table in spe-
cific. The most common debate associated with FS 
trauma is the type of material utilized for FS oblit-
eration. Definitive studies on the best, most effica-
cious material do not exist as long-term follow-up 
in patients with FS fractures is hard to achieve (2).

Non displaced or minimally displaced (< 
1-2 mm) isolated anterior  table fractures can be 
managed conservatively with analgesics and local 
wound care, as they rarely lead to functional or 
aesthetic disability, or mucocele development, 
while displaced fractures greater than 1-2 mm 
require surgical intervention to secure intracranial 
contents mainly by obliteration of the NFD and FS, 
restoration of aesthetic and forehead contour, and 
the return of FS function.  Obliteration of the FS 
is currently done using autogenous fat, bone and 
different alloplastic materials (3).

The technique of obliteration with freshly 
harvested abdominal fat dates back to Bergara and 
Tato et al. (4-5). Later Goodale and Montgomery 
established the osteoplastic flap technique with fat 
obliteration as the standard approach for dealing with 
difficult FS fractures. According to Montgomery, 
the complication rate in FS obliteration using fat is 
18%, including wound complications, abdominal 
donor site morbidity, postoperative infections, fat 
necrosis and recurrent chronic sinusitis (6).

The advantages of using synthetic materials in FS 
obliteration are the avoidance of both the donor site 
morbidity and also the prolongation of operation time 
needed to harvest the autograft. Different synthetic 

materials can be utilized as; Glass ionomer cement, 
Proplast, Bioactive Glass, tricalcium phosphate 
and hydroxyapatite (HA) cement (7). In addition 
to its favorable tissue interaction, HA cement can 
be easily shaped and contoured, sets in just 15 
minutes and changes to solid HA in around 4 to 6 
hours (8). Reported utilization of HA cement include, 
dental augmentation, frontal sinus obliteration and 
other cranial defect reconstruction, as it has been 
effectively used to shape and contour different skull 
defects including reconstruction of the fronto-facial 
skeleton (9).

Simvastatin is an osteoinductive material that 
can stimulate osteoprogenitor cells proliferation and 
furthermore up – regulate the bone morphogenic 
protein (BMP-2) production by osteoblast, it was 
first mentioned by Mundy et al in 1999 (10). Beside 
its direct effect on bone, statins are additionally 
known for owing other biological properties that 
has a critical role in inducing bone formation as 
angiogenic and anti-inflammatory properties (11). 
It was also concluded that the local application of 
statins were 50–80 times more effective in inducing 
bone formation than if  infused subcutaneously or 
given orally (12).

PATIENTS AND METHODS

This study was performed on patients suffering 
from FS fractures and indicated for surgical inter-
vention. Patients were selected from the outpatient 
clinic of Nasser Institute Hospital. Patients were 
categorized into two groups according to the intend-
ed material to be used for the FS obliteration; group 
I (Autogenous Fat group)  consisted of 4 patients 
where the FS was obliterated with freshly harvest-
ed autogenous abdominal fat, while group II (HA 
group)  consisted of  5 patients where the  FS was 
obliterated with HA cement. In 3 out of 5 patients 
of the HA group, the obliterating HA cement was 
mixed with simvastatin as an osteoinductive mate-
rial.  The healing process and associated postopera-
tive complications to patients of both groups were 
monitored, recorded and compared.
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Surgical procedures for FS obliteration

Standard bicoronal flaps were the favored access 
in all the cases with an exception of one patient 
in each group where access to the frontal bone 
and sinus is carried out through extensive facial 
laceration. All surgeries were performed with the 
same team of surgeons; the bicoronal flap was 
done via a conventional skin flap which is then 
dissected anteriorly in the sub-galeal plane to the 
level of the supraorbital rims to adequately expose 
the frontal bone together with preservation of both 
the supratrochlear and the supraorbital nerves. A 
high-speed oscillating saw was then used to expel 
the anterior table to be stored in normal saline. 
Then remnants of the FS mucosa are meticulously 
removed with diamond drill or cutting bur. The NFD 
was then visualized, fascia was harvested for closing 
the duct and to ensure its proper sealing, fibrin glue 
was added to the fascia. Posterior fractures with 
huge intracranial involvements are cranialized and 
dural tears are repaired if necessary with excluding 
of these patients from the current study (Fig. 1).

Group I:  (Autogenous fat group)

Abdominal fat is harvested by means of a 4 cm 
transverse, midline incision below the umbilicus, 
care was taken to limit the dissection superficial to 
the abdominal muscular fascia. Sufficient amount of 
fat is gained and used to pack the sinus and then the 
wound is closed in a layered fashion (Fig. 2).

Group II:    (HA  group)

The HA cement (Stryker Biotech Europe, 
Montreux, Switzerland) (BoneSource group) was 
acquired by mixing into a paste 5-g units of sterile 
HA powder with nearly 0.3 mL of sterile water per 
gram of powder to obtain a ‘damp and paste like’ 
mixture. In 3 patients of this group the acquired 
paste was mixed with simvastatin as an osteoinduc-
tive material, where the simvastatin powder was 
dissolved in 97% ethanol. Then, the solution was 
applied by a dropper to the HA cement so that a 
0.1mg simvastatin was added for each 14mg OH ce-
ment, afterwards ethanol was left to evaporate com-
pletely (The entire operation was done under totally 
sterile condition). 

Fig. 1 (A): Preoperative 3d CT scan showing frontal bone fracture (B): access to the FS via bicoronal flap
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After the mixture was obtained, silastic sheets 
were cut and set against the periorbita allowing for 
proper contouring of the orbital roof by providing 
an even surface for the cement to dry against and 
so avoiding adhesion of the HA cement against the 
eye, which may prompt fibrosis later on, then the 
sinus was packed with dry gauze to keep the cavity 
dry. The empty frontal sinuses were gradually 
filled while leaving the material to dry for 10 to 15 
minutes.

In both groups, the coronal flaps were replaced 
after periosteal suturing, a suction drain was put 
for 24 hours, and irregularities in the forehead 
and the supraorbital region were checked. Skin 
sutures and staples are expelled after 10-14 days. 
The frontal table was replaced and reconstructed as 
ideal as possible and rigidly fixed with miniplates 
and screws if it was appropriate, when it is missing 

or insufficient, either a titanium mesh in group I or 
the viscous HA cement itself in group II was used 
to contour the space previously occupied by the 
anterior table (Fig. 3). 

Follow-up

Postoperative assessment was done both 
clinically and radiographically. The clinical 
assessment included the healing process and any 
associated complications as headache/chronic pain, 
sinusitis and hypoesthesia related to the frontal 
region were recorded at 1 week, 1, 3 and 6 months. 
The radiographic assessment using CT was done 
twice; at 1 week and 6 months postoperatively. 
Statistical analysis of the data was done using SAS 
statistical software (SAS Institute Inc, Cary, NC). 
A t-test with a P-value of less than 0.05 denotes 
clinical significance.

Fig. 2 (A): Autogenous abdominal fat (B): frontal sinus obliteration with fat via existing laceration 

Fig. (3) Anterior table reconstruction with: (A): miniplates (B) titanium mesh (C): HA cement 
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RESULTS

The fat obliteration group included 3 men and 1 
woman, with a mean age of 47.5 years. While all the 
victims of the HA cement group were men with a 
mean age of 42.6. All the patients suffered from road 
traffic accident except 1 patient of group II were a 
work accident was the responsible of his injury. 
Injury of the NFD was found in 1 patient of group 
I and 2 patients of group II. Moderate displacement 
of the anterior table was observed in patients of both 
groups with average dislocations between 2mm and 
5mm with the exception of 1 patient of each group 
where severe displacement with dislocations of 
more than 5mm was observed.

Regarding the postoperative complications; 
they were mostly short-term; moderate swelling 
and pain in nearly all of our patients, the degree of 
postoperative complications that occurred in the 
2 groups was very comparable with no statistical 
significance between the 2 groups (P = 0.7236). 

One patient in group I experienced persistent 
discomfort in the frontal area after the obliteration. 
The discomfort was related to the miniplates used 
for fixation of the anterior table and, thus, the 
plates were removed, there were abdominal wound 
complications in one patient of group I with acute 
postoperative infection requiring wet-to-dry dressing 
changes. Postoperative hematoma was observed in 
only 1 patient of group II and it was resolved with 
conservative, non surgical management. 

Except for the fore-mentioned complications, 
there were no significant symptoms; none of the 
patients suffer from persistent pain or persistent 
neuralgia. No significant esthetic deformities were 
reported by the patients. No hair loss was recorded.

The CT radiologic evaluation at 1 week and 6 
months postoperative recorded the FS obliterations 
and the rate of bone replacement for the obliterating 

materials over time, It was found that successful FS 
obliteration with no volume loss were recorded in 
all the patients except one patient in group I who 
had insufficient FS obliteration. For this patient FS 
re-obliterations were done (Figure 4). In group II 
there were no statistical significance in the amount 
of bone formation between the patients who received 
local simvastatin and those who do not receive this 
osteoinductive material (P = 0.482).  

Fig. (4) Axial CT scan of a patient in group II showing FS 
obliteration after 6 months  

DISCUSSION

The best treatment of FS fractures is 
controversial. This is due to the fact that squeal 
may take numerous years to happen and involve 
intra cranial structures with serious consequences. 
The objective of treatment, on the other hand, are 
well known: Surgery, if indicated should create a 
“safe” sinus and restoring sinus function or remove 
the sinus either by obliteration or cranialization, as 
well as recover good aesthetics (2). Basic principles 
for successful sinus obliteration include: Careful 
removal of all visible mucosa as well as expulsion 
of the inner cortex of the sinus wall, permanent 
occlusion of the NF duct utilizing material that 
forms a strong barrier between the obliterated sinus 
and the nasal cavity (13).
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The cosmetic result was satisfactory in all the 
patients managed with the bicoronal flap; it is 
usually esthetic and faultless. On the other hand 
using a pre-existing laceration was much faster but 
with less esthetic results accomplished. While the 
use of tissue glue with the fascia and then waiting 
for the glue to dry for obliterating the NF duct 
before placing the FS obliterating material might be 
the corner stone for ensuring perfect duct occlusion.

Ideal material for effective obliteration of the FS 
should be accessible at any time and in any amount, 
easy to handle, economical, should not cause a 
foreign-body reaction, maintain a stable size and 
shape over time, easily contoured, allow future 
diagnostic radiography, and be non carcinogenic, 
non allergic, and eliminate disease transmission and 
donor morbidity (14). As evidenced by the data, HA 
cement has shown promising results in many of the 
criteria listed above (9).

Our results confirm the high success rate of 
FS with abdominal fat obliteration with minimum 
postoperative complications as first presented 
in Argentina by Bergara and Itoiz (15), they 
hypothesized that a part of the implanted fat would 
progress toward becoming vascularized and could 
resist postoperative infections, while the portion of 
the graft that did not survive would be gradually 
replaced with fibrous tissue.  Later, FS obliteration 
with abdominal fat was popularized by Goodale 
and Montgomery (16); their study obtained a 
near 100% survival of the fat graft following an 
atraumatic harvesting technique with immediate 
grafting before drying of the graft. 

Also in the same context, Calcaterra and 
Strahan (17)  reported the high success rate of fat 
obliteration to the FS, they declared that 23 of 24 
patients with fat obliteration (after clearing the sinus 
of mucosa and plugging the NF duct with fascia) 
were cured from chronic sinusitis, with no known 
instance of recurrence, Hardy and Montgomery 
(18) also experienced low postoperative complication 
rate after use of fat in FS obliteration similar 

to what we had, they reported autogenous fat 
graft complications in FS surgery in a group of 
250 patients. 208 of those patients required FS 
obliteration with abdominal fat including 25 for 
traumatic causes. Only 13 (6.3%) experienced 
complications associated with the abdominal wound 
(abscess, hematoma and seroma) and 5 patients 
(2.4%) had acute FS wound infection associated 
with fat necrosis.

Unlike our results, R. Weber et al. (19) had 
experienced bad results with the fat obliteration 
of the FS with clinical failure rates of up to 10% 
and long term resorption rates of up to 80%, 
as evaluated by magnetic resonance imaging. 
Costantino et al. (14) first reported the use of HA 
cement in FS obliteration in an experimental model. 
These studies demonstrated the osteoconductive 
properties of the material, its ability to resist 
mucosal ingrowth, and its gradual substitution by 
local bone without loss of HA cement volume, The 
data gathered during this experimental work formed 
the foundation for subsequent human clinical 
trials showing the efficacy and the safety of this 
compound, in addition, the HA cement has a few 
points of interest as an alloplast for craniofacial 
augmentation. HA naturally makes up 60% to 70% 
of bone substance and, unlike numerous other 
alloplastic materials available today, HA do not 
trigger an inflammatory or foreign body response 
because of their high biocompatibility. Their 
osteoconductibility combined with the absence of 
adverse soft tissue response, significantly decreases 
the risk of rejection, also it has been shown that, 
over time, the HA cement is replaced by bone 
without volume loss (14).

A great advantage of the HA cement, and 
dissimilar to autologous materials that require the 
FS table to remain intact, this material is ideal when 
there are deficits from serious injury (20); an item we 
utilized in replacing the anterior table with the HA 
cement only, when the table deemed insufficient and 
the postoperative cosmetic contours of the frontal 
region were noted to be good and accepted by the 
patient.
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Burstein et al.  (21), in their study attributed 
the successful utilization of the HA cement to the 
formation of a periosteal envelope, the watertight 
closure of the wound, and delayed closed drainage 
of the surgical field, believing that these techniques 
maximize the ability of the HA cement to dry and 
solidify.

In agreement with the perfect outcomes we 
achieved with HA cement, Costantino and 
Friedman (14) used 6 cats and surgically created 
small cranial defects. These defects were then 
reconstructed utilizing HA cement. The cats were 
sacrificed at 6 and 12 months. The average depth 
of new bone ingrowth after 6 months was 7.3 
mm and 10.8 mm after 12 months. The difference 
was statistically significant, indicating that bone 
growth happened over time. These animal studies 
demonstrated the absence of foreign body reaction, 
infection or fibrous encapsulation. 

On the other hand, and unlike the results we 
got, reports of HA cement use in transtemporal 
surgery and repair of suboccipital craniotomy have 
demonstrated resorption, resulting in failure to 
totally close bony defects (22). This, however, was 
related to hematoma formation; a consequent study 
of 21 patients who had received postoperative drains 
after cranial defect repair revealed no complications 
of HA cement resorption, even when the cement 
was in direct contact with a CSF (23). Also Shindo  
et al. (24) placed HA cement with and without 
a collagen membrane to contain the cement 
underneath the periosteum of the supraorbital ridges 
of dogs. They found no significant decline in the 
height of the implanted material regardless of the 
utilization of the collagen membrane.

Despite the success of the HA cement in FS 
obliteration, the issue of cost in utilizing this 
substance cannot be disregarded. Fattahi et al.(25) 
have published an article questioning the cost-
effectiveness of HA cement in FS obliteration 
compared with fat. As newer bioengineering 

technology rises, one would expect that the overall 
cost of HA cement would decrease.

Good amount of bone formation results 
usually obtained when alloplastic materials as 
an osteoconductive bone substitute is used with 
an osteoinductive material that will induce bone 
formation; thus several studies have been carried 
out to investigate the effect of the osteoinductive 
statins on bone healing and have found positive 
outcomes (26).

Nyan et al. (27) introduced a hypothesis assuming 
that combining an ideal dose of simvastatin 
with a gradually biodegradable bone substitute 
may lead to achieving the best anabolic effect of 
simvastatin together with eliminating the associated 
inflammatory reaction. The dose of simvastatin 
utilized in the present study was based on studies 
performed by Nyan et al. (27) in 2009 and Rojabani 
et al. (28) in 2011, in which they utilized 0.1mg 
simvastatin for each 14mg bone substitute. In the 
present investigation, the simvastatin powder was 
dissolved in ethanol in order to hydrolyse it into 
simvastatin acid that is the medically active form of 
simvastatin (29).

The results of our study supported Nyan’s 
hypothesis that mentioned a non significant 
amount of bone formation when the simvastatin 
was held on  HA carrier, on the other hand, Nyan 
declared that when the simvastatin was held on 
a- or b- Tricalcium phosphate carriers, there were 
a significant amount of bone formation with  
them (27). These outcomes were in line with the 
known different rate of degradability of the three 
carriers. It is obvious to observe that, inspite of 
the great variety of simvastatin doses and carriers 
that were utilized in various investigations that 
assessed the effect of locally applied simvastatin on 
formation of bone in critical sized bone defects, it 
is very evident that the local effect of simvastatin 
is dose and carrier dependent, and what is thought 
to be the ideal dose and carrier have not yet been 
defined.



(2044) Hesham FattouhE.D.J. Vol. 64, No. 3

CONCLUSION

HA is a promising, effective and safe osteocon-
ductive material with a comparable outcomes to the 
abdominal fat in obliterating the FS yet with mini-
mal morbidity, excellent postoperative forehead 
contour and less operating time (no graft harvest-
ing). However simvastatin does not seem to add a 
significant value to the HA cement when added to 
it. On the other hand, autogenous abdominal fat ap-
pears to be more cost effective compared with the 
HA cement.

LIMITATIONS

A problem, which we experienced, was the 
relative rareness of FS fractures, which lead to carry 
this research on a small population. Consequently 
and in order to reach more facts and decision 
parameters concerning the treatment of such 
fractures with these materials, further researches 
with increased case number and follow-up period are 
required. Additionally, further studies are needed to 
monitor the simvastatin impact on bone formation 
in the FS when combined with other carrier other 
than HA cement.
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