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A B S T R A C T   

Orbital fractures alone represent 10% up to 25% of all facial fractures, but when they are associated with other 
fractures of the middle-third of the face, their incidence can increase up to 55%. This study aimed to identify 
whether the size of the orbital defect based on the classification by Jaquiéry et al. influenced the resolution of 
post-traumatic complications after orbital wall reconstruction using PRECLUDE®MVP alone or in combination 
with a titanium mesh or autogenous bone graft. Thirty-five orbits were categorized into four groups on the basis 
of the size of the defect and the operative techniques: group 1 contained 16 Jaquiéry class I orbits treated only 
with PRECLUDE®MVP; group 2 included eight class II orbits treated with PRECLUDE®MVP along with autog-
enous bone graft harvested from the calvaria or a titanium mesh; group 3 included five class III orbits and group 
4 included six class IV orbits that were treated the same way as those in group 2. Spearman correlation showed 
that the use PRECLUDE®MVP didn’t improve the post traumatic complications for big orbital defects due to the 
three-dimensional anatomical changes that occurred by neurologic lesions and lipolysis of the orbital contents.   

1. Introduction 

Although orbital fractures alone represent 10%–25% of all facial 
fractures, their incidence can be as high as 55% when they are associated 
with fracture of the zygomatic bone and the naso-orbital-ethmoid 
complex [1–3]. The most frequent fractures are observed in the orbital 
floor and medial wall, which represents a challenge in facial trauma-
tology due to the specific bone structure as well as the difficulty in 
reconstruction [2,4–6]. 

Jaquiéry et al. [7] classified orbital wall fractures into five cate-
gories: (1) orbital floor defects up to 20 mm2 in size; (2) orbital floor 
defects larger than 20 mm2; (3) orbital floor defects with lateral exten-
sion to the infraorbital fissure; (4) orbital floor defects extending to the 
medial wall and larger than 40 mm2 in size; (5) orbital floor and medial 
wall defects extending to the orbital roof. 

The materials used to repair the orbital wall include titanium 
meshes, autogenous bone grafts, and expanded polytetrafluoroethylene 

(e-PTFE) [8]. Titanium has been widely used to repair facial fractures 
and is considered the best option for large defects due to its relatively 
easy handling [9]. Autogenous bone grafts are considered the most 
predictable material in bone reconstruction because of their strength, 
vascular potential, ability to be osteointegrated, as well as a lack of 
immune reactivity [10]. 

The second generation of e-PTFE, which has been used for the 
treatment of dura mater lesions, has also shown suitable results in 
experimental studies on orbital wall repair without early inflammation 
reaction [11,12]. The PRECLUDE®MVP – Gore (WL Gore & Associates, 
Inc. Flagstaff Arizona - USA) is a type of e-PTFE membrane with 0.3-mm 
thickness and with two sides; a “smooth side” and a “textured side.” It 
also shows other properties such as biological and chemical inertness; a 
non-antigenic nature; easy handling and adaptation; and the ability to 
allow the formation of fibrovascular tissue stabilizing the implant in the 
periorbital region, thereby reducing the risk of migration, extrusion, and 
infections [13]. 
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Therefore, the aim of this study was to identify if orbital wall 
reconstruction using PRECLUDE® MVP associated with an autogenous 
bone graft or a titanium mesh is correlated with the persistence of post- 
traumatic complications. 

The hypotheses of this study were as follows:  

- H0 (null hypothesis): There is no correlation between the use of 
PRECLUDE® MVP in orbital wall reconstruction and the persistence 
of post-traumatic complications. 

2. Materials and methods 

2.1. Human subjects 

The present research has been reported in line with Consolidated 
Standards of Reporting Trials (CONSORT) checklist [14] (Fig. 1). Be-
sides, the procedures were in accordance with the Brazilian National 
Research Committee guidelines as well as with the tenets of the Helsinki 
Declaration of 1964 and the study was approved with the number 
2.804.713 by Plataforma Brasil/CONEP. The present research was 
registered at www.researchregistry.com with the following unique 
identifying number (UIN): researchregistry5852 (www.researchregistry 
.com/browse-the-registry#home/?view_2_search=researchregistry 
5852&view_2_page=1). 

2.2. Sample size 

The number of samples for this study was determined using the 
simple size calculation at the website www.calculoamostral.bauru.usp. 
br using 0.99 as coefficient of correlation, a significance level of 5% 
(alpha error), and a power of 80% (beta error) resulting in a minimum of 
5 orbits per group required to perform this study. 

2.3. Inclusion & exclusion criteria 

For this study, we included adult patients with trauma in the orbital 
region and orbital wall fractures according to the classification proposed 
by Jaquiéry et al. [7]; no history of allergies or drug use; and no history 
of sinusitis and orbital infection. Patients were excluded if had sequel 
fractures or a history of sinusitis and allergies; if they were smokers or 
had received radiation therapy in the head and neck region; if they were 
children, teenagers, or mentally ill; or if they had associated fractures of 
the roof or lateral wall of the orbit and showed a history of orbital 
surgery. 

Computed tomography (CT) of the orbital region was performed to 
evaluate the patients and measure the orbital defects. To determine the 
size of the orbital defects, the CT images were reconstructed using OsiriX 
software version 4.1.2, 32-bits (OsiriX Foundation, Geneva, 
Switzerland), and the parameters to standardize the distance between 

Fig. 1. CONSORT diagram of the patient allocation by randomization.  
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the slices and slice thickness were based on the study by Pereira et al. 
[15]. Next, using the scale tool, the measurements were obtained using 
the bigger distance in the coronal and sagittal views and expressed in 
mm2. The patients’ fractures were then classified into four categories, as 
reported by Jaquiéry et al. [7]: class 1, orbital floor fractures ranging 
from 10 to 20 mm2; class 2, orbital floor fractures larger than 20 mm2; 
class 3, orbital floor fractures larger than 20 mm2 with lateral extension; 
and class 4, entire orbital floor fracture extending to the medial wall 
with fracture area greater than 40 mm2. 

2.4. Group determination 

Based on these parameters, 35 orbits (31 patients) were selected for 
this study and divided into four groups: 

Group 1: Sixteen class I orbits treated only with PRECLUDE®MVP. 
Group 2: Eight class II orbits treated with PRECLUDE®MVP along 

with a titanium mesh or an autogenous bone graft harvested from the 
calvaria. 

Group 3: Five class III orbits treated with PRECLUDE®MVP along 
with a titanium mesh or an autogenous bone graft harvested from the 
calvaria. 

Group 4: Six class IV orbits treated with PRECLUDE®MVP along with 
a titanium mesh or an autogenous bone graft harvested from the 
calvaria. 

Group 1 was considered the control group because the small defect 
presented as well as in order to identify antral packing due to the rela-
tionship of PRECLUDE® MVP with the sinus cavity. During the period of 
this study, none of the cases presenting class V were verified. 

2.5. Randomization 

A clinical assistant which not involved with this study, drew lots to 
make the choice between the titanium mesh or autogenous bone grafts 
along with PRECLUDE®MVP in orbital wall reconstruction for groups 2, 
3, and 4. 

2.6. Surgical procedure 

The patients underwent surgery from December 2003 to March 
2009, with the operations being performed 3–10 days after the trauma 
based on the modified Burnstine recommendations [16], with periods 
until 10 days being considered early treatment and periods over 14 days 
being considered late treatment. All the patients were treated under 
general anesthesia. The orbital floor procedures were performed by a 
subtarsal approach and the medial wall procedures were performed with 
a combination of subtarsal and coronal approaches. 

Autogenous bone grafts were harvested from the calvaria and the 
PRECLUDE®MVP membranes were placed without any type of fixation, 
and with the textured side facing the maxillary sinus, or the autogenous 
bone graft or the titanium mesh (Fig. 2 and Fig. 3). The follow-up period 
ranged from 1 to 11 years to evaluate post-surgical complications as well 

as the evolution of the cases. 

2.7. Statistical analysis 

The Kolmogorov–Smirnov test was used to indicate the parametric or 
non-parametric distribution of the samples. Because of the non- 
parametric distribution, the correlation of persistent complications 
with defect size was determined by Spearman’s test (SPSS, Statistics for 
Mac, IBM; Armonk, New York). An a priori p-value < 0.05 was used for 
all tests. 

3. Results 

Thirty-one patients with 35 orbital fractures were operated on in the 
present study, with the patients’ ages ranging from 21 to 82 years 
(mean, 43.5 ± 19.0 years). In group 1 the median orbital defect size was 
13.0 mm2, and two cases presented with enophthalmos (5.4%) while 
one case showed persistent diplopia (3.7%) post-trauma, which were 
resolved with treatment using PRECLUDE®MVP alone. Group 2 
included eight orbits with a median orbital defect size of 22.0 mm2. Five 
orbits were treated using a combination of PRECLUDE®MVP and 
autogenous bone graft (13.5%), and three cases (8.1%) were operated 
on using the combination of PRECLUDE®MVP and a titanium mesh. The 
only case of post-traumatic enophthalmos (3.7%) was resolved after the 
surgery. In group 3, the median defect size was 23.0 mm2, and four cases 
(10.8%) were operated on using PRECLUDE®MVP with the titanium 
mesh and one case (3.7%) was operated on using PRECLUDE®MVP with 
an autogenous bone graft. All patients presented with post-traumatic 
diplopia and enophthalmos; however, the treatment could resolve 
them. In group 4, the median defect size was 43.5 mm, and four orbits 
(10.8%) were treated with PRECLUDE®MVP with a titanium mesh 
while two were treated with PRECLUDE®MVP with a bone graft (5.4%). 
Post-traumatic complications were found in all cases, with one case 
(3.7%) showing enophthalmos and five cases (13.5%) showing enoph-
thalmos and diplopia as well. Four patients presented with only post- 
surgical persistent enophthalmos; however, none of the patients com-
plained of this complication, and it was diagnosed based on the clinical 
perception of the surgeon. Two patients reported post-surgical diplopia 
with persistent enophthalmos, but both showed traumatic brain injury 
(TBI), with the diplopia resulting from a neurogenic trauma. 

None of patients who underwent post-surgical follow-up evaluations 
showed occurrence of infection as well as extrusion of the implanted 
membranes, even in group 1, in which the membranes were in contact 
with the maxillary sinuses. The Spearman’s correlation test showed 
statistically significant differences between the orbital defects recon-
structed using PRECLUDE® MVP and the persistence of post-traumatic 
complications (p = 0.001), with the coefficient indicating a moderate 
correlation (rs = 0.657). The results indicate that the bigger the defects 
are, the post traumatic complications tend to persist thus, the use of 
PRECLUDE® MVP didn’t improve the results for big orbital defects. 
With this, the null hypothesis was rejected (Tables 1–4). 

Fig. 2. PRECLUDE®MVP and bone graft. A- CT, coronal section; B- transconjunctival approach and grafting; C- PRECLUDE®MVP on the graft.  
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4. Discussion 

PRECLUDE®MVP is primarily used to repair dura mater lesions, but 
it has been used in experimental models for orbital defects with 
remarkable outcomes [12]. Due to its easy handling and biological 
inertness, the use of this biomaterial can be recommended for orbital 
surgeries. 

Although, the literature [17] recommends the fixation of the 

membrane in order to stabilize it, the biomaterial was not fixed in any 
sample of this study and was only accommodated on the orbital floor or 
on the titanium mesh/autogenous bone graft. In addition, the literature 
also reports complications associated with the use of e-PTFE with antral 
packing, In this study, no antral packing was performed, so this associ-
ation was not evaluated [18,19]. Thus, the use of PRECLUDE® MVP 
alone in orbital floor defects presents suitable results for orbital floor 
defects up to 14 mm2, avoiding extra costs and reducing the duration of 

Fig. 3. PRECLUDE®MVP and titanium mesh. A- CT, coronal section; B- subtarsal approach and positioned titanium mesh, fixed on the infraorbital rim; C- PRE-
CLUDE®MVP on the titanium mesh. 

Table 1 
Patients of group 1 treated with PRECLUDE® MVP alone.  

Patient Age Gender Associated fractures Side Defect size (mm2) Treatment Post-traumatic complication After surgery Follow-up 

1 22 Male Zygomatic and maxilla Left 11 Preclude None None 11 years 
2 21 Male Zygomatic and maxilla Left 13 Preclude None None 1 year and 6 months 
5 57 Female Zygomatic and frontal Left 11 Preclude Enophthalmos None 1 year and 2 months 
6 70 Female Zygomatic and maxilla Right 13 Preclude Diplopia None 11 years 
7 57 Female Zygomatic and maxilla Left 10 Preclude Enophthalmos None 1 year 
9 36 Male Zygomatic and maxilla Left 10 Preclude None None 1 year and 6 months 
10 65 Female Zygomatic and maxilla Left 14 Preclude None None 2 years 
11 75 Female Zygomatic and maxilla Left 12 Preclude None None 1 year and 6 months 
13 24 Male Zygomatic and maxilla Right 13 Preclude None None 1 year and 6 months 
13 24 Male Zygomatic and maxilla Left 14 Preclude None None 1 year and 6 months 
14 71 Female Zygomatic and maxilla Left 11 Preclude None None 1 year 
15 22 Male Zygomatic and maxilla Left 13 Preclude None None 2 years 
19 22 Female Zygomatic and maxilla Left 13 Preclude None None 10 years 
23 45 Male Zygomatic and maxilla Left 13 Preclude None None 2 years 
29 37 Male Zygomatic and maxilla Left 12 Preclude None None 1 year 
31 70 Female Zygomatic and maxilla Left 13 Preclude None None 1 year 

Median     13.0      

Table 2 
Patients of group 2 treated with the association of PRECLUDE® MVP with autogenous bone graft or titanium meshes.  

Patient Age Gender Associated fracture Side Defect size 
(mm2) 

Treatment Post-traumatic 
complication 

After 
surgery 

Follow-up 

3 48 Female Zygomatic and 
maxilla 

Right 21 Preclude + Bone 
graft 

None None 2 years 

8 39 Male NOE Right 22 Preclude + Bone 
graft 

None None 1 year and 4 
months 

18 48 Male Zygomatic and 
maxilla 

Right 21 Preclude + Bone 
graft 

None None 13 years 

21 54 Male Zygomatic Right 22 Preclude + Bone 
graft 

None None 2 years 

22 82 Female Zygomatic and 
maxilla 

Right 23 Preclude + mesh None None 1 year 

24 32 Male Zygomatic Right 23 Preclude + mesh None None 1 year and 6 
months 

28 42 Female Zygomatic and 
maxilla 

Right 21 Preclude + Bone 
graft 

None None 1 year 

30 33 Male Zygomatic and 
maxilla 

Right 22 Preclude + mesh Enophthalmos None 1 year and 6 
months 

Median     22.0     

NOE: naso-orbital-ethmoid fracture. 
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the surgical procedure. 
Orbital reconstruction is one of the main challenges in facial trau-

matology [2,5,6,20,21]. The changes in orbital volume combined with 
the size of the defect are important factors in the choice of an appro-
priate biomaterial for the reconstruction [1]. The literature reports the 
use of different types of biomaterials as well as their combinations to 
treat orbital fractures [1,2,4]. However, fractures involving both the 
floor and medial wall promote severe sequelae and are the most difficult 
to resolve. These cases require a combination of at least two approaches 
and a surgical team with the knowledge to perform the reconstruction. 
In our study, all defects in groups 3 and 4 were treated by a combination 
of subtarsal and coronal approaches due to the extension of the defects. 
In both groups, a combination of biomaterials was used to reconstruct 
the orbit due to the seriousness of the fractures as well as the loss of 
anatomical dimensions. 

According to Jaquiéry et al. [7], the differences in the orbital defects 
influence in the post-traumatic complications. In the present research, it 
was possible to demonstrate this mainly in group 4, in which the orbital 
floor fractures were combined with medial fractures. The authors 
believe that this can be explained by the severity of the fractures as well 
as TBI. The literature indicates that defects involving more than 50% of 
the orbital wall are associated with a higher risk of post-traumatic 
enophthalmos due to the three-dimensional changes, consistent with 
our study [1]. However, the persistent diplopia in the present study 
occurred due to neurogenic complications. Thus, the null hypothesis was 
rejected. 

The post-surgical outcomes in orbital wall reconstruction are un-
predictable mainly because of the size of the fracture as well as tissue 
fibrosis; loss of fat or its resorption; and injury of the periosteum or 
muscle [22]. The literature indicates that early treatment as well as 
overcorrection can decrease the post-surgical enophthalmos, but the 
clinical course is unpredictable even after following all of these rec-
ommendations [9,23,24]. Despite of the limitations of our study, it was 
possible to demonstrate that bigger the size of the orbital defect, higher 
the incidence of persistent complications such as enophthalmos, even 
after performing overcorrection in treatment. No patients complained 

about persistent enophthalmos, and the complication was diagnosed 
based on the clinical perception of the surgeon. Nevertheless, further 
studies need to be performed in order to identify the ideal orbital wall 
reconstruction biomaterial for major defects as the use of prototyped 
plates. 

In conclusion, the present study demonstrated that the use PRE-
CLUDE®MVP didn’t improve the post traumatic complications for big 
orbital defects due to the three-dimensional anatomical changes that 
occurred by neurologic lesions and lipolysis of the orbital contents. 
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