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Abstract

Orbital fractures are relatively common midfacial injuries encountered in urban areas. Patients 
usually are seen with periorbitaloedema and restricted eye movements with or without changes in vision. 
A wide range of autogenous materials can be used in the reconstruction of orbital defects including 
bone grafts, cartilages and fascia each having its own strengths and weaknesses. The purpose of this 
paper is to provide a systematic literature review on various autogenous materials used for orbital fl oor 
reconstruction.
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Introduction

Orbital fl oor reconstruction is usually carried out in 
patients with defects caused by facial trauma or tumor 
ablation. Orbital fl oor fractures are relatively common 
midfacial injuries encountered in urban areas [1], and were 
fi rst described by Smith and Regan in 1957 [2]. It can occur as 
a part of zygomatico-maxillary complex fracture (57.4%) or 
as an isolated orbital fl oor fracture-the term coined as ‘blow 
out fracture’ up to 21.4% [3]. These orbital defects when big 
in size may hamper the function of the eye, mostly associated 
with double vision. The goal of surgical repair in orbital fl oor 
fractures is two-fold: to reposition herniated orbital fat and 
tissue back in the orbit; and to reconstruct the traumatic defect 
[4]. The reconstruction should release herniation of orbital 
contents, should avoid enophthalmia, diplopia [5], and should 
prove as a barrier against infection from the antrum [6].

Repair of the orbital fl oor defect is mandatory if the defect 
measures at least 50% of the size of the orbital fl oor bone. 
Two points are to be kept in mind in case of orbital fl oor 
defects, that is identifi cation of cases which needs exploration 
and reconstruction and the other is selection & placement of 
appropriate materials for reconstruction. The ideal implant 
must be nonreactive, provide good structural support, be easily 
positioned, readily available, biocompatible, noncarcinogenic, 
and easy to place in position and free of any potential for 

disease transmission [1,2,4,7]. Reconstruction of the fl oor 
will avoid entrapment of fat as well as herniation of orbital 
fat. Even along with restoration of function; fi nal form, shape 
and volume restoration of bony orbit will provide acceptable 
esthetics [8]. 

Lot of allogenic materials like hydroxyapetite, nylon, 
marlexmesh, porous polythene are in the market which 
are widely used for reconstruction of orbital fl oor, but still 
autogenous bone consider to be the best reconstructive 
material. Multiple autogenous bone grafts can be used for 
orbital fl oor reconstruction ranging from anterior ileac crest, 
clavicular graft, calvarial, antral wall, coronoid process, and 
lateral plate of mandibular ramus, body, lingual cortex and 
parasymphysis of mandible. Despite, autogenous grafts require 
a second surgical procedure to harvest, which may increase the 
morbidity , postoperative discomfort and sometimes loss of 
function related to donar site5,autologous bone grafts remain 
the ‘‘gold standard’’ for orbital fl oor reconstruction [9,10]. 
Benefi ts arise from inherent characteristics that promote 
their use in repairing defects of the orbital fl oor. They provide 
rigidity and molding capacity, vascularity, biocompatibility, 
and minimal immune reactivity [11], Autogenous bone has been 
the important material of choice for the last 30-40 years for the 
reconstruction of orbital blow out fracture. Some investigators 
have advocated the use of rib grafts and tibial grafts [12,13].

The choice of autogenous graft depends on many factors 
including surgical access, the size of the defect to be repaired, 
and donar site morbidity and depending on quality and quantity 
of available bone. While opting for a graft we should also keep 
in mind the basic principles of to harvest bone from areas you 
are familiar and contour of graft should fi t the defect. 
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Autogenous bone grafts are considered the reference 
standard for facial and orbital reconstruction, mainly because 
of their high biocompatibility and low rate of infection, graft 
exposure or displacement. The basic objective of reconstruction 
of orbital defect is to restore orbital volume, function and 
aesthetics [14,15]. Several study showed that the autogenous 
bone graft has been the method of choice in the reconstruction 
of orbital wall defects [16,17]. Although bone grafts have 
osteogeneic, osteoconductive and osteoinductive capacity, they 
are susceptible toresorption. Nevertheless, it is believed to be 
balanced by new bone growth, enabling a good fi nal outcome.

According to the origin of bone, it may be divided into 
chondral & mesenchymal forms. In the growth of any long 
bone, chondral bone, is occasioned by cartilaginous growth of 
the epiphysis, which is gradually replaced by new bone from 
the diaphysis. Membranous bone is formed by the replacement 
of a membrane of preexisting condensed mesenchyme. It 
has been observed that membranous grafts are vascularised 
earlier than endochndral grafts [18] and a greater graft volume 
survival with membranousbone as compared to endochondral 
bone has been observed in the craniofacial region (14-10). Zins 
& Whitaker demonstrated in a rabbit model that membranous 
bone grafts revascularised earlier than endochondral bone 
grafts. Thus membranous bone grafts maintain volume and 
lead toresorption [19,20].

Seeing the availability of autogenous grafts we have broadly 
classifi ed autogenus grafts for orbital fl oor reconstruction as-
Here we will discuss various autogenous grafts individually 
which can be used for orbital fl oor reconstruction.

Anterior ileac crest

In 1908, Mauclaire fi rst described the use of the iliac 
bone graft for calvarial reconstruction [21]. The ilium can be 

harvested as cortical, cortico-cancellous, or cancellous bone 
graft and it provides abundant cancellous bone. Autogenous 
bone graft from the anterior ileac crest is a favorable 
reconstruction material because of large quantity of available 
bone. Sculptured segments can be used for onlay, interposition 
or construction in craniomaxillofacial surgery. Large amount 
of coticocancellous bone can be made available from this 
region which can be used in large orbital fl oor defects. Iliac 
corticocancellous grafts are easily incorporated into rigid 
fi xation plates and provide immediate mechanical strength. 
Cortical bone grafts are primarily useful for fi xation-cancellous 
bone grafts are primarily advantageous for osteoinduction [22].

Iliac bone is of endochondral origin and may exhibit 
increased resorption rates compared with bone grafts of 
membranous origin such as calvarium [23]. Kontio [24], 
advocated harvesting grafts from the iliac bone, which is 
considered the preferred site owing to the easy moldability , 
abundance of bone , ability to harvest simultaneously while 
dissecting down the orbital fl oor, and low risk of complications 
Laurie et al. [25], in a combined retrospective and prospective 
study on iliac donor-site morbidity in 60patients found 
moderate postoperative pain ranging from 2 weeks to 2 
months, with an average of 6 weeks in all patients and 10% 
had pain after 2 years. No patients had gait disturbances after 
1 year.

Iliac grafts have the associated risk of peritonitis, pain, 
diffi culty ambulating, and sensation loss [26]. Severalstudies 
concluded that with autogenous bone transplants taken 
from the anterior ileac region resulted in good esthetics and 
functional restoration. But on the other hand it was associated 
with fast unpredictable resorbtion because of more amount of 
cancellous bone. It has been observed that ileac crest undergo 
75% resorption with only a thin shell of cortical bone and 
scant bone remaining. Also it is associated with neurovascular 
injuries, chronic donar site pain and gait disturbance, 

AUTOGENOUS GRAFTS 

 

 

EXTRAORAL                                                                    INTRAORAL 

 

 

                                   1. Cartilaginous grafts                                                                                  1. Maxillary grafts 

      Ex. Nasal cartilage,auricular cartilage                                            ex. From antral wall, maxillary tuberosity 

  2. Bone                                                                                                            2. Mandibular grafts 

Ex. calvarium, fibula, ileac bone, tibia, clavicle                                            ex. Symphysis, ramus, lingual cortex, coronoid process 
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Paresthesia from injury to lateral femoral cutaneous nerves 
and rare occurrence of acetabular fractures. Also harvesting 
graft from this region requires more surgical skills.

Coronoid process

The coronoid process, coronoid meaning ‘crow’, has been 
described as one of the bony processes of the ramus of the 
mandible (Field et al. 1947). Williams et al. (1995), described 
the coronoid process as a fl at triangular process. Triangular 
coronoid processes have been illustrated by Hamilton (1976), 
Romanes (1986) Snell (1986), and Basmaijan et al. (1989). 
Schafer et al. (1890), described the coronoid process as beak 
shaped [27]. Knowledge of the morphological shapes of 
thecoronoid process is useful for the maxillofacial surgeon. 
The coronoid process makes an excellent donor graft site for 
reconstruction of orbital fl oor deformities, (Mintz et al. 1998) 
[28].

Coronoid process is a membranous type of bone which can 
be removed intra-orally without any functional defi ciency 
and facial disfi gurement for reconstruction of orbital fl oor 
deformities [29].Coronoid process has been used in orbital fl oor 
reconstruction and paranasal augmentation [30]. Coronoid 
process offers other advantages of no facial scarring, no 
devitalization of the dentition, ease of access, good medullary 
bone source , adequate quantity for large orbital fl oor defects 
of size upto 27 mm [31]. On the effects of the resection of the 
coronoid process and detachment of the temporal muscle 
on mandibular movement and masticatory function need 
to be considered, Muto and Kanazawa [32], and Choungand 
Kim [30], noted that there was no problem with mandibular 
movement, occlusion or the temporo-mandibular joint after 
resections of the coronoid process and the anterior part of the 
ascending ramus.

Mandibular body & Ramus

Different areas of mandible have been used successfully 
in the reconstruction of osseous defects in the oral and 
maxillofacial region [30,32, 33-37]. According to Laskin and 
Edwards [36,38], lateral plate of mandibular ramus is very much 
suitable for orbital fl oor reconstruction, because of the contour 
of the donar site approximating the contour of orbital fl oor 
and rim. Ina study by Güngörmüs et al. [39], on 16 dry skulls, 
the dimensions of the bone grafts obtained from the different 
parts of mandible were evaluated, and it was determined that 
the average dimensions of the graft material obtained from the 
anterior part of the ascending ramus were 37.60 mm× 33.17 
mm × 22.48 mm × 9.15 mm, and12.23 mm at the thickest part 
and 35.10 mm & 19.13mm from the mandibular body region.

Li and Schwartz [35], noted that a mean thickness of 3.6 – 
4.0 mm of medullary bone was found between the inner surface 
of the buccal cortex and the mandibular canal in the region of 
the fi rst and second molars. Mandibular body and ramus are 
the area which provides a large quantity of autogenous bone 
for grafting purpose.

Graft from the lingual plate of the mandible [40], has also 
been used for orbital fl oor reconstruction. However, it does not 

seem to be accessible site to harvest the graft in comparision to 
other sites of mandible.

Mandibular symphyses

Different parts of mandible can be used for orbital fl oor 
defect, however symphysis region is more accessible in 
comparison with other parts of mandible, also there are 
very less chances of neurovascular injuries. This has been 
previously shown by Bagatin [41], who reconstructed 6 
orbital fl oor defects with mandibular symphyseal bone grafts. 
Grafts measuring 2.5 cm by 4cm can be harvested from the 
mandibular symphysis region. Additionally, the contour of the 
bone graft conforms perfectly to the orbital fl oor Graft of this 
dimension would fi nd applicable in the repair of the majority 
of orbital fl oor defects. When bone grafts from the mandible 
[38,40], have been used for the repair of orbital fl oor defects, 
there have been no instances of infection. There should be no 
objection, therefore to harvest a bone graft from contaminated 
oral cavity and placing it in the orbital fl oor.

Montazemetal [42], reported harvesting of the graft, from 
the mandibular symphysis as diffi cult procedure, because of 
concavity of anterior mandible. Intraoral graft from mandibular 
symphysis region is well known for ridge augmentation and 
other reconstruction procedures, but its use for orbital fl oor 
defects is less popular. But this should be preferred for orbital 
fl oor defects because of contour, dimension, local site and slow 
rate of resorption. The cortical plate of mandible is thickest 
at the lower border and is maximal as one approaches the 
midline. Suffi cient bone can be harvested at the lower border. 
The bone from this region can be harvested easily. The inferior 
border of symphyses region is to be left intact and osteotomy 
cut can be made above inferior border for harvesting graft, so 
that chin contour should be left unaffected. The osteotomy 
lines in the mandibular symphysis region can be made with 5 
mm safety margins [39], caudal to the expected position of the 
mandibular dentition

The most likely complications in harvesting the anterior 
part of the ascending ramus, mandibular symphysis and 
mandibular body are potential injuries to the inferior alveolar 
neurovascular bundle, tooth roots and mental foramen. We 
believe that these problems can be minimized if the surgeon 
has a clear understanding of mandibular anatomy.

In a comparative study by Garg et al. [43], in 2014, 20 
patients with orbital fl oor fractures out of which 10 iliac crest 
grafts and 10 mandibular bone grafts were placed. In iliac 
crest group, diplopia got corrected in 6 out of 7 patient (85%), 
enophthalmos in 4 out of 5 patients (80%) and restricted ocular 
movement showed 100% correction and enophtalmos got 
corrected in 5out of 6 patients (83%).No statistically signifi cant 
difference were found between the 2 groups. On the other hand 
more time required for the harvest of iliac graft and mandible 
graft was 30.2+-3.52 min and 16.8+-1.75min respectively.

There is no difference in the ability of mandible and anterior 
iliac crest bone grafts to correct post traumatic deformities. But 
he time and ease of harvest of the graft from mandible was 
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comparatively less & easy. Secondly postop morbidity was low 
and quality and contour of the bone graft was very adaptable 
for the reconstruction of orbital fl oor.

Maxillary antral wall

In 1966, Kaye [44], introduced the concept of using bone 
from the anterior wall of the maxillary antrum. There are 
distinct advantages to using maxillary antral bone. The bone 
can be readily harvested because it lies in continuity with the 
orbital fl oor defect. This procedure obviates the need for a 
2-team approach which is often required for iliac or rib bone 
graft and therefore decrease operating time. Furthermore, 
the need for 3-poit fi xation and exploration of the maxillary 
buttress neccesiates an intraoral exposure, therefore there is 
no additional morbidity when this donor approach is used.

There are no external incisions or scar with the intraoral 
approach of harvesting the graft. The additional exposure via 
a gingivobuccal incision, can aid in visualisation and reduction 
of the prolapsed orbital content and allow the evacuation of 
blood and debris from the antrum. There are certain limitations 
to the use of this reconstructive technique however. The 
quantity of maxillary bone is limited and lacks the bulk that 
can be provided by other autogenous bone donor sources. Its 
usefulness may also be limited in cases of severely comminuted 
fractures or defects larger than 2.5cm and in the unusual cases 
of hypolastic maxillary antrum [45]. Because of its insuffi cient 
thickness, it is no he method of choice for correcting late 
enophthalmos. The uninvolved contralateral side however may 
still provide an excellent additional source of bone.

The antral wall has smooth contours like the orbital fl oor, 
however, harvesting this site can lead to dysesthesia of the 
infraorbital nerve, and the graft is essentially only cortical 
bone [46]. In a study by Lee et al. [45], 41 patients underwent 
repair of an orbital fractures with maxillary antral bone grafts. 
The size of the defects ranged from 0.5-2cm.There was no door 
site complication with respect to cosmetic deformity, infection 
or rhinosinusitis. In 2caaes persistent enophthalmos resolved 
after secondary reconstruction with cranial bone grafts. The 
quality and contour of the bone graft is very adaptable for the 
reconstruction of orbital fl oor. Same as with mandibular grafts, 
no instance of infection is attributable in harvesting maxillary 
antral graft from contaminated oral cavity. The maxillofacial 
surgeons should therefore consider using this readily available 
source of bone when reconstructing orbital fl oor. According 
to Hammack et al, this may be because of use of preoperative 
and postoperative antibiotics as well as the vascularity in the 
maxillofacial region [47,48].

Calvarial grafts

Marchac [49], and Tessier [50], introduced the use of both 
full thickness and split thickness calvarial bone grafts for orbital 
fracture reconstruction. Calvarial bone can be used in different 
ways: full thickness (bicortical), split thickness (unicortical), 
bone dusts, bone chips or shavings [51]. Tessier described 
the parietal bone as having the most appropriate shape for 
facial application50.Pensler and McCarthy demonstrated the 

consistent adequate thickness of calvarium as 7.45+-1.03.mm 
[52].

Calvarium is an ideal donor site for autogenous bone for 
reconstruction of orbit, nasal region and maxilla and for a 
limited extent over mandible since it is more resistant to 
resorption than endochondral bone. Calvarial bone grafts have 
been favored because of decreased infection and a slower rate 
of resorption. Calvarial graft represents a notable exception 
to the usual rule of late remodelling resorption seen in other 
corticocancellous bone grafts. This is due to diploic vascular 
system of this bone. 

The numerous haversian and volkmann canal network 
of calvarial bone together with its thinness permit an 
early revascularization resulting in enhanced survival of 
osteocompetent cells and osteoblasts. So these grafts show 
little dimensional change during healing. This graft has been 
found to retain their original thickness even after 1 year and 
which had been completely replaced by new bone.

It offers several advantages. The scar is well hidden in the 
hair-bearing cal, and the skull offers a large harvest site for 
grafts of varying geometric proportions. When compared with 
the ilium or rib, cranial bone is one of the most dimensionally 
stable graft materials. The cranial bone graft can be shaped in 
such a way that the concave prominence can be placed into the 
orbital wall defect.

Eran Zunz et al. [53], found that calvarial bone was easier 
to graft, manipulate, mold and fi t to the defect in the orbital 
fl oor. Kim et al. [54], presented a series of 82 orbital fractures 
reconstructed with calvarial bone grafts. No complications, such 
as graft extrusion, infection, signifi cant eyelid malpositioning, 
ectropion, or a noticeable scar developed. They contemplated 
that the orbital bones are shaped to absorb the effect of the 
trauma and to fracture such that they protect the globe, this 
might be another argument to support the use of autologous 
bone grafts and not alloplastic materials and thus preserve the 
protecting mechanism, even if another post -reconstruction 
trauma occurs. 

Series of 25 reconstructions that compared calvarial and iliac 
bone grafts, by Siddique and Mathog [55], failed to demonstrate 
a signifi cant difference between the two types of bone grafts 
and stated that both were good for orbital reconstruction in 
their series [1]. They stated that calvarial bone undergoes less 
resorption than endochondral (iliac crest) bone and might 
possibly cause less residual enophthalmus. No complications 
were noted at the calvarial and mandibular graft harvest site. 
Zheng et al. [56], evaluated the effects of autogenous calvarial 
bone grafts on treatment of patients with defect of orbital fl oor 
from facial trauma.34 patients with orbital fl oor fracture were 
reconstructed by calvarial bone grafts. These grafts produces 
less donor site morbidity compared with other sites, non-
visible scar as the incision is placed within the hair-bearing 
skin and the conjunctiva.

In a retrospective study of Iiankovan et al. [51], 222 patients 
were treated by using calvarial bone graft for orbital fl oor 
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reconstruction out of which 13 developed complications of 
dural tears. All patients with dural tears were children in whom 
full thickness bone grafts were harvested. Kline and Wolfe 
reported his experience of 1000 patients with split-calvarial 
bone grafting. No patients developed neurologic damage [57].

A big disadvantage, however, is limited amount of 
available bone &the limited malleability of the calvarial bone, 
which makes restoration of correct anatomic situation of 
the orbit diffi cult&bone may easily fracture. Precise thicken 
of the calvarial graft is diffi cult to achieve when treating 
enophthalmos. Postop evaluation of the donor sites has revealed 
diminished strength upto50% in the area of calvarial bone graft 
harvest. Also harvesting graft from this region requires good 
surgical skills to prevent violation of dura and intracerebral 
haematoma. General risks for donor site include infection, 
hematoma and injury to healthy tissue, bony defect, additional 
scar, loss of hair growth, and possible need for drains [57], dural 
tears, subarachnoid hemorrhage, intracranial hematomas, and 
neurologic defi cits [58]. Furthermore, harvesting autologous 
bone increases operative time. Counterpart to bone’s intrinsic 
strength is its diffi culty in contouring to desired shape and 
size. This obstacle is harvest site dependent [59]. Certain donor 
sites including mandibular symphysis and calvarium are better 
molded [60].

Grafts from other parts of the body other than facial bones 
can also be used for orbital fl oor reconstruction, however the 
procedure will be too invasive for the patient.

Cartilage grafts

The predominant sources for cartilaginous grafting are 
auricular concha and nasal septum [61,62]. Characteristics 
of cartilage include a low anaerobic metabolism and relative 
vascularity. This combination allows cartilage grafts to survive 
with a minimal requirement for oxygen perfusion, thereby 
improving graft viability and reducing resorption rates 
compared with bone grafts [63]. Autologous cartilage grafts 
have a favorable application in orbital fl oor reconstruction 
owing to ease of access, malleability, and reliable support 
without evidence of resorption [64].

Auricular cartilages can be very well used for orbital fl oor 
bow out defects because of suitable size and easy harvesting. 
Conchal cartilage graft was used to span small orbital fl oor 
defects up to 2x2mm26.The use of auricular cartilage has wide 
application for small orbital fl oor defects. The conchal grafts are 
easy to harvest. It provides an optimal support function for the 
globe with minimum donor site morbidity. A graft of adequate 
size ensures adequate stability as well it provides adequate 
support to the orbital contents and literature suggests that 
this graft has very minimal donar site morbidity. Because the 
harvested graft is cartilage so it requires minimal remodelling. 
This graft is suitable for small size defects. Simplicity and 
speed of grafting is another point which favour its use as a 
graft material for fl oor reconstructions. Because it is near the 
fi eld of repair, harvest can be performed without change in 
patient position.

Compared with nasal septum, auricular cartilage is 
anatomically better suited. This is secondary to its natural 
curve. It allows an improved inset in the inferior orbit. 
Although nasal septal grafts have a completely hidden scar, 
donor-site scars for auricular cartilage can be hidden with the 
posterior approach [65]. It advantages over other autogenous 
grafts include having a shape similar to the orbital fl oor, ease 
of harvest, malleability and limited morbidity at the donor site 
[3].

Conclusion

 In determining the use of a particular reconstruction 
material, often the surgeons experience & comfort lays a major 
role. Although autogenous grafts require a second surgical 
procedure which increases donor site morbidity, however they 
have been appropriate material for repairing orbital defects.
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