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ABSTRACT

Introduction: Several treatment options are available for the optimal treatment for orbital fractures, 
depending on aesthetic and functional results after orbital wall reconstruction. The objective of this study is 
to compare the effect and safety of large orbital fl oor fractures with titanium mesh combined with poly-L-lactic 
acid/polyglycolic acid copolymer implants (Lactosorb®) vs. autologous costochondral graft. A wide range of 
permanent and biodegradable materials have been used successfully for orbital fl oor reconstruction, however 
they present with disadvantages for reconstruction of large defects, even if combined. 

Patients and Methods: A retrospective cohort study of patients from Estado de México, México, with 
access to ISSEMYM health care service, presenting with orbital fl oor fracture treated at Department of Plastic 
& Reconstructive Surgery/Maxillofacial Surgery at ISSEMYM Medical Center Toluca between January 2007 and 
July 2010. Age, sex, etiology, clinical fi ndings, fracture pattern, and treatment modality (Titanium mesh with 
absorbable implant vs. costochondral graft) were considered. Predictor and outcome variables as complications, 
inpatient, trauma- surgery interval, surgical time and donor site pain are considered.

Results: Follow up of 21 patients (12 weeks) 17 male, 4 female, ages 22-63 was made. Enophthalmos, main 
objective of this study, was identifi ed with statistical signifi cance presenting 0% (n=0) post-op Group B patients 
and 30% (n=3) for Group A (p=0.049). Statistical signifi cance was found referring to inpatient days between two 
groups being less for costochondral reconstruction patients (p=0.02). No pain in patients undergoing alloplastic 
surgery. An interesting result was that donor area analogue pain scale for costochondral graft was 2.9/10. 

Conclusion: Surgical outcome and complications where evaluated comparing different materials for orbital 
fl oor reconstruction. Costochondral graft is a suitable choice when orbital reconstruction is indicated.
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INTRODUCTION

Optimal treatment for orbital fractures depends extensively on a complete 
evaluations, determining the extent of the lesion and the beginning of a treatment 
at the optimal time, most orbital fractures are secondary to aggression trauma or 
car accidents, depending on population and place where it happens. Men are more 
frequently affected with this kind of fractures representing 18.3% of all face fractures, 
most of them between 11 and 50 years with a peak 21-30 years. The presentation 
can be as solitaire fractures but 70% of affected patient present a concomitant lesion. 
Approximately 50% present another facial fracture, 22-30 % present eyeball lesions.



Comparative Study of Enophthalmos Treatment with Titanium Mesh Combined with Absorbable Implant vs. Costochondral Graft for Large Orbital 
Defects in Floor Fractures

Published: March 23, 2017 23/29

Surgical indications for orbital fractures are still controversial. Management for 
isolated blowout fractures is directed towards two principal treatable complications: 
eyeball position changes like enophthalmos and hypoglobus, and movement restriction 
secondary to entrapment of inferior rectus muscle [1]. Another indication is diplopia, 
especially when it does not solve after 2 weeks [2]. The most common indication for 
surgical reduction of orbital ϐloor fracture is large defect, deϐined as more than 1 cm2 

[2]. Larger defects are more prone to present enophthalmos if they are not treated, 
additionally any evidence of development of enophthalmos posterior to lesion 
requires intervention. If these lesions are not treated properly, they can cause severe 
aesthetic and functional complications like diplopia. Adequate treatment must provide 
appropriate structural support for orbital content and reestablish volume to restore 
physiological function and aesthetic appearance [1]. In presence of lesions where 
surgery is indicated, this can be performed immediately if patient conditions allow, or 
retarded 1-2 weeks until conditions are optimal [1]. 

With the continuous study of different materials for reconstructive surgery, 
synthetic versus autologous, election of implant and indications are still controversial, 
since they have depended extensively on surgeon’s preference and chosen technique, 
comorbidities of donor area and prices of implants. Classically bone grafts are used, 
however, some new alloplastic materials have demonstrated adequate functionality. 
The ideal material would be one that restores volume, anatomic form, minimal 
absorption, easy placement, minimal or none inϐlammatory reaction, reproducible 
and do not cause morbidity sites. Titanium meshes, porous polyethylene implants and 
even absorbable plates have been used with different success rates from 75-93%. Once 
the material is shaped with adequate size, implant must be placed all over the defect, 
sometimes needing ϐixation, but most of the times are already ϐixed by per-orbital 
tissues, anticipating that edema caused by injury is going to decrease, the procedure 
must contemplate an over correction, if this step is not done, reconstruction is not 
anatomic and it can produce enophthalmos after some weeks [3]. Recently, some 
results have been reported combining both categories of existing implants, permanent 
and absorbable ones, when treating large defects, and with this, getting beneϐits 
from both of them, presenting in some cases enophthalmos as a complication post-
surgery. These results have not been compared using autologous tissues like cartilage 
with large defects; this can serve as a guide to determine which material can be the 
best to diminish the risk of this important complication [3]. Best treatment for post 
reconstruction enophthalmos is prevention at initial procedure [4].

Reported post-surgery complications using absorbable materials alone for 
reconstructive procedures of orbital ϐloor are from 3 to 25 % [5-9] and with synthetic 
materials are from 7.4 to 18% [10,11], this is talking about small defects mostly, 
however, there are reports with complications of 25% using titanium mesh combined 
with Lactosorb in large defects [11]. Combining these two materials prices raise, that 
is why the purpose of this study is to compare results using autologous material versus 
synthetic material plus absorbable implants for the reconstruction of orbital ϐloor with 
large defects, and, determine superiority of costochondral graft making evident the 
improve with complication rates and recurrence of enophthalmos.

PATIENTS AND METHODS

This is a retrospective observational cohort study, comparing between 
independent groups, includes patients operated for elective reconstruction at Plastic 
and Reconstructive Surgery Department of Centro Médico ISSEMYM Toluca, located in 
Metepec, México, between dates January 2007 and July 2014.

Included patients presented large orbital ϐloor fractures (> or = 1.5 x 1.5 cm), 
isolated or in association with other facial fractures and orbital content was herniated to 
maxillary sinus with CT study, also enophthalmos > or = 2 mm with exophthalmometry.
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Patients with eyeball trauma or injury were excluded because procedure was 
contraindicated. Elimination criteria included death of the patient.

Groups were divided as patients with surgery technique that included combination 
of materials (titanium mesh + Lactosorb®) as “Group A”, and patients reconstructed 
only with autologous costochondral graft as “Group B”.

Analyzed data includes sex, age, time between injury and surgery, hospital stay 
days, surgery time, donor site pain and complications including orbital and donor 
site. Donor site pain was inspected with analogue-visual scale from 0-10 points at 
24 h, using same analgesic drugs based on acetaminophen 500 mg every 8 hours per 
os, Ketorolac 30 mg IV every 8 hours and Ropivacaine inϐiltrated during surgery in 
donor site. Follow up was 12 weeks with each patient at day 7, 21 and weeks 6 and 12, 
examining post-surgery enophthalmos, diplopia, eye movement restriction, ectropion 
and surgical scar at donor site. 

For quantitative variables (age, time between injury and surgery, hospital stay days 
and surgical time) average was used, median and standard deviation making analysis 
with Student T. For dichotomus variables, frequency and proportions were used, and 
were analyzed with chi - quare and Fisher test according to every case. Statistical 
signiϐicance was considered with P values < or = 0.05.

RESULTS

This study included 21 patients from those: Group A (10 patients) and Group B 
(11 patients). There was no statistic signiϐicance with demographic variables like age 
(41.6±10.26 vs. 33.1±11.21; p=0.12) (Table 1 and 2). More common cause of trauma 
was aggression (63% vs. 50%; p=0.052), and other less important like car crash and 
falls (Table 3). Male patients were more common in this study (81%) than female 
patients (19%). 

Variables referring to time between trauma and surgery in days (15.9±21.47 vs. 
12.6±9.02; p=0.65) and surgical time in minutes (102.2±54.7 vs. 73±19.4; p=0.063) 
neither were signiϐicant. However, inpatient days (1.36±0.50 vs. 2.0±0.81; p=0.02) 
were statistically signiϐicant being less for costochondral reconstruction patients, one 
patient in Group A presented early enophthalmos after reconstruction, and it was 
corrected during the same stay (Table 3).

Post-surgery pain at donor site evaluated with analogue scale (0-10) at 24 h, showed 
an average of 2.9 +/- 1.13 for group B, no pain for group A. Talking about presenting 
enophthalmos, main objective of this study, it was identiϐied statistical signiϐicance 
presenting 0% (n=0) post op in patients of Group B and 30% (n=3) for Group A 

Table 1: Alloplastic surgery technique “Group A” (n=10).

Patient Years Gender Cause Complication
Surgical 

time 
(min)

Trauma-
Surgery 
interval 
(days)

Inpatient 
(days)

1 55 M Aggression Enophthalmos 120 37 1
2 26 M Car accident None 200 10 2
3 36 F Aggression None 90 12 3
4 27 M Aggression None 50 8 2
5 23 M Aggression None 80 8 3
6 22 M Aggression Malar hematoma 70 9 1
7 30 M Aggression None 60 12 1
8 49 M Drop Ectropion 80 9 2
9 39 F Aggression Enophthalmos 70 16 3

10 24 M Aggression Enophthalmos + ectropion 70 12 2
Follow-up 7, 21 days, 6 and 12 weeks.
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(p=0.049). Other kind of complications were identiϐied with Group B related to donor 
site in 27% (hematoma, dehiscence and infection), and Group A in 10% (ectropion), 
with no statistic signiϐicance (p=0.31) between them. Total number of complications 
in both groups including recurrence of enophthalmos (27% vs. 40%) did not reveal 
statistical difference (p=0.53) (Table 4).

DISCUSSION
Enophthalmos is caused by intraorbital area expansion secondary to fracture or 

atrophy of soft per orbital tissues, although more severe cases result from both. In 
consequence, repairing only augmentation of orbital area and taking it back to original 
size is not an optimal treatment, it also must include steps to increase volume of per 
orbital tissue or reconstruct a smaller orbit. However, to make ϐine adjustments to 
orbital tissue volume and size is difϐicult and is the biggest challenge when treating this 
kind of pathology [7].

Ideal synthetic material should be the one with adequate tensile force and 
structural stability, but at the same time, easy to manage to ϐit into desired shape, to 
have biological compatibility and that allows intravascular growth. Titanium is maybe 
the most used material for orbital ϐloor fracture reconstruction, it provides adequate 
histocompatibility, it can easily be manipulated with an excellent structural support, 
but it is not perfect and it has presented late complications with the use of it. One 
of these complications is setting up adhesions described by Lee and Nunery [12], 
titanium forms a thin oxidized layer with air exposure, and this oxide allows ϐixation 
and proliferation of ϐibroblasts surrounding the implant, inϐlammatory cell adhesion is 
proportional to implant irregularities.

Table 2: Costochondral graft “Group B” (n= 11).

Patient Years Gender Cause Complication Surgical 
time (min)

Trauma-
Surgery 
interval 
(days)

Inpatient 
(days)

Donor 
site pain

1 52 F Drop None 70 7 1 2 of 10
2 38 M Aggression None 105 10 1 3 of 10

3 36 M Car accident Thorax 
hematoma 40 9 1 3 of 10

4 26 M Aggression None 90 80 1 2 of 10
5 22 F Car accident None 150 8 2 4 of 10
6 55 M Drop Thorax wound 240 14 2 5 of 10
7 33 M Aggression None 120 15 1 1 of 10
8 63 M Drop None 60 7 1 3 of 10
9 35 M Aggression None 70 12 1 2 of 10

10 55 M Car accident None 80 8 2 4 of 10
11 43 M Aggression None 100 5 2 3 of 10

Follow-up 7, 21 days, 6 and 12 weeks.

Table 3: Results.
Year of age 41.6±10.26 33.1±11.21 0.12

Cause (aggression) 7/11 (63) 5/10 (50) 0.052
Trauma-Surgery interval days 15.9±21.47 12.6±9.02 0.65

Surgical time (min) 102.2±54.7 73 ± 19.4 0.063
Inpatient (days) 1.36±0.50 2 ± 0.81 0.02

Table 4: Complications.
Presenting Enophthalmos 0/11 (0) 3/10 (30) 0.049

Others 3/11 (27)* 1/10 (10)** 0.31
Overall complications 3/11 (27) 4/10 (40) 0.53

Donor site pain (EVA 0-10) 2.9 ± 1.13  
 

* Hematoma, dehiscence and infection** Ectropion
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Through the years, different synthetic materials and autologous tissue have 
been used for treatment of these kind of fractures, with subsequent beneϐits and 
disadvantages, however, until now, there is no consensus about which is the best 
material for orbital ϐloor reconstruction considering volume too [5,13,14].

It is evident that larger defect reconstruction requires implants with better 
resistance and rigidity for better structural support for orbital content. Talking about 
autologous materials, it has been used bone: skull graft, iliac crest graft; cartilage: nasal 
septum, ribs, auricular; however this materials present disadvantages like donor site 
morbidity, absorption rate, limited quantity, augmented procedure time and difϐiculty 
to shape it to the desired form, however they are more resistant to infections, no 
rejection and with good support and volume results [15].

Alloplastic materials are subdivided in permanent and absorbable. Permanent 
implants like hydroxyapatite, porous polyethylene and metals like titanium, have 
been associated to complications related to foreign body reaction, causing infection, 
extrusion, migration, eyeball movements restriction and consequent diplopia. 
Advantages like less surgery timing, limitless quantity and easy manipulation 
[6,10,16,17]. 

Polylactic-L acid is hydrophobic and degradation resistant, meanwhile polyglycolic 
acid is hydrophilic and is quickly absorbed; combinations of these two kind of 
absorbable materials as unique and results in copolymer PLLA-PGA 82%/18% 
(Lactosorb). This copolymer has enough absorbable strength and characteristics with 
minimal foreign body reaction. Its mechanical strength lasts between two and three 
months and complete reabsorption until 9-15 months. Reabsorption is by hydrolysis, 
and this is other advantage because it does not produce inϐlammatory reaction [8,18-
21].

There is published evidence about efϐiciency and security of the use of Lactosorb 
with face bones and it has been used successfully for reconstruction of defects in orbital 
ϐloor from small to medium sizes [21]. Other absorbable materials have been used with 
success but the common limitation of these materials is the risk of developing late 
enophthalmos because of the lack of adequate support of orbital content with large 
defects. Several experimented authors do not recommend its use with defects larger 
than 2x2 cm larger defects or when orbital volume is altered, it is recommended a rigid 
permanent implant like titanium mesh or cartilage [20].

Combination of permanent rigid implant like titanium and absorbable material like 
Lactosorb seems ideal for reconstruction of large defects in ϐloor defects. Combining 
these two materials the advantages of both are also summed up, and deϐiciencies are 
corrected. Titanium provides structural stability and adequate support for orbital 
content and Lactosorb absorbable implant minimizes risk of adhesion syndrome and 
its sequels, however it does not provides adequate volume if needed [22].

Patients who developed post-surgical enophthalmos after use of combination of 
both materials were also the same patients that had enophthalmos before surgery, 
these had to be re-operated to correct enophthalmos. Common denominator for these 
3 cases was incomplete cover of the defect and incorrect placement of titanium mesh, 
and in one patient it was necessary placement of costochondral graft for solution of 
enophthalmos.

Autologous tissues were ϐirst materials used for orbital reconstruction and are still 
been used. These include a second surgical site, which increases patient mobility and 
requires in most of them an augmented surgical time to take graft. Some of these tissues 
are limited in quantity and have a variable absorption range with time. Absorption is 
non-predictable and late enophthalmos potential are the arguments more criticized 
with the use of autologous materials, particularly bone grafts and a cartilage grafts 
[23].
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Autologous bone grafts have been Gold standard for making a frame in the 
reconstruction of facial bone and orbital wall fractures. Advantages represented are: 
good infection resistance, substitution for host bone, absence of rejection risk and low 
extrusion risk. However reabsorption and consequent volume reduction is the main 
enquiry after some time [23].Actually, skull bone seems to be the best option for orbital 
wall reconstruction, but iliac bone is still the preferred location.

Autologous grafts from iliac bone are an appropriate material for reconstruction 
and there’s plenty of it, but it has augmented volume and it has to be reduced and 
the reabsorption rate is unpredictable. Tridimensional management and exact graft 
placement is extremely difϐicult and because of the reabsorption rate is high, it has to 
be overcorrected to allow for remodelation [23].

A lot of post traumatic enophthalmos cases, all of the orbital tissues, including optic 
nerve, eyeball and its muscles are displaced to posterior, and in consequence a more 
difϐicult treatment. To relocate these tissues to its original position, it is necessary 
to make the procedure in the posterior section of equator plane of eyeball and then 
move all tissues to an anterior situation. Placement of grafts with a solid consistence 
at a deep posterior position of equator eyeball plane increases the risk of augmented 
pressure on the eye and even optical nerve. Comparing, when cartilage graft is used, 
this can easily be molded into desired shape, reducing posterior area and adjusting to 
ϐit optimal orbital volume and ϐilling area in multiple directions, maintaining tissue 
inside the orbit in balance without producing diplopia [7].

Placing costochondral graft in sunken areas and at an augmented size orbit, not 
only recreates an original size orbit but also produces increase in atrophied soft tissue, 
with ϐine volume adjustments with cartilage used to ϐill orbit, it’s easier to adjust grade 
of eyeball projection minimizing the inϐluence of graft material with eyeball and optical 
nerve [7].

Range of reabsorption in post-surgical graft tissue, talking about different kinds of 
autologous bone, is higher for iliac bone and recurrence is frequent. There are reports 
that recommend skull bone external plate with low reabsorption rate, but molding it 
into desired shape is difϐicult. Costochondral graft has a very low reabsorption range, 
and like skull bone, it has the effect of maintaining post-surgical eyeball position after 
being displaced into an anterior direction [7].

Complications reported for costochondral donor site are 5-20 % including 
pneumothorax, thoracic deformity, thoracic scoliosis and pathologic scar. Between 
the cases presented in this study, only one presented infected hematoma with wound 
dehiscence that was solved with drainage, wound cleaning and closure.

CONCLUSION

In this study we can substantiate that costochondral graft applied to large defects 
of orbital ϐloor is superior to the combination of two alloplastic materials (titanium 
mesh + Lactosorb®), restoring orbital volume and producing adequate solution of 
enophthalmos with no recurrence and no restriction to eyeball movements, neither 
diplopia nor other orbital complication. Prices to use both alloplastic materials is 
eliminated without increasing hospital stay or surgical time prices in patients treated 
with autologous technique, although it’s not necessary, we recommend two surgical 
teams, one for costochondral graft and other for orbital ϐloor reconstruction, this will 
reduce surgical time. There was no need to re operate any of the costochondral graft 
group cases, however, donor site morbidity and complications do exist, but they can 
be avoided with careful technique. Pain was bearable in every patient with combined 
analgesic drugs without the need of opioids or increasing hospital stay. With this study 
we recommend to use costochondral graft technique as ϐirst option for large orbital 



Comparative Study of Enophthalmos Treatment with Titanium Mesh Combined with Absorbable Implant vs. Costochondral Graft for Large Orbital 
Defects in Floor Fractures

Published: March 23, 2017 28/29

ϐloor defects reconstruction, this technique not only reconstructs defect, but also, 
restores adequate orbital volume. We considered that a prospective randomized study 
must be done with more patients and with only one surgeon involved to reduce bias 
and have a better sustentation of the obtained results.
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