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Dried bone allograft and orbital fracture reconstruction.
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Abstract
Orbital fracture is a common eye injury related to increasing incidence of accidents. Indications for
surgical intervention include: enophthalmos, diplopia and compromised cosmetic appearance. Orbital
reconstruction procedure requires bone defect exposure and typically repairs with an implant such as:
silicone sheet, Medpore, Titan mesh, bony allograft and other biomaterials. Dried bone grafts can be
safe in terms of sterility, immunity and stability. In this report, we review 17 cases of orbital fractures
repaired with dried bone implants. Postoperative outcomes were good with increased orbital volume
and reduced diplopia. CT scans confirmed long term implant integration into recipients’ orbit. Dried
bone graft allografts should be considered as a safe and inexpensive effective material for orbital
fracture reconstruction.
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Introduction

Materials and Methods

Orbital fracture is a common orbital injury that requires
specific management as it can be a threat to vision, cause of
diplopia and compromised cosmetic appearance. Orbital
fractures are widely referred to as “blow-out” fractures [1-4].
However, they do not always involve only floor fractures and
may be combined with other fractures such as: medial wall,
zygomatico-maxillary complex (ZMC) and Le Fort facial
fractures [5]. Muscular and intermuscular membrane tissue are
trapped into fracture site, causing traction and even limitation
to eye movement with consequent diplopia or double vision.
Orbital enlargement leads to sunken eye (enophthalmos) and/or
downward displaced eye (hypoglobus).

A prospective study of patients undergoing surgical repair for
orbital fractures including: large orbital floor defects, combined
wall fractures and ZMC fractures was undertaken at Hanoi
Medical University and Vietnam National Institute of
Ophthalmology.

Surgery is usually indicated for orbital fractures resulting in
significant enophthalmos and diplopia that fails to resolve and
significant trapping of orbital structures within the fracture.
Management for such fractures is individualized and depends
upon surgical issues such as: timing, approach and requirement
for implants [5].
Implants material selection is based on the size and location of
bone defects, molding ability of implants to fill complex
defects and implant incorporation into tissue [6]. The different
implant materials in use can be grouped into autologous tissue
(bone, cartilage) and alloplastic materials (Titanium mesh,
porous polyethylene, resorbable sheeting) [5]. Autologous bone
has often been preferred for orbital fracture reconstruction
because of its strength and radiopacity. Its popularity has
waned due to lacked pliability and donor site morbidity [6].
This case series reports the outcomes of orbital reconstruction
using dried bone allografts.
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Femur bone was processed based on “Standards for Tissue
Banking. American Association of Tissue Banks (AATB)
(2016)” [7]. The donors were under the age of 60 and free from
HIV, hepatitis and syphilis. The collected bone was washed
with hydroxyperoxite then soaked in solution of antibiotics
(benzylpenicillin 1,000,000 IU and streptomycin sulfate 1 g)
for 30 minutes. The sterilized bone was cut into slices with 3
mm thickness, dried in vacuum at -56°C for 72 hours and resterilized using gamma ray at 25 Gy (Figure 1).

Figure 1. Bone graft preparation.

Orbital and/or maxillofacial fractures were repaired in a
sequence under general anesthesia. First, forced duction test
was performed to assess ocular motility. The orbital rim was
exposed by lateral canthotomy or “swinging eyelid” procedure.
Dissection continued in the subperiosteal plane into the orbit to
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expose orbital fracture defects. Herniated tissue was retracted
from the sinus mucosa back to the orbit or freed to improve
ocular motility. Then, the bone implant was sized and shaped
to cover the fracture rim. Tisseel fibrin glue was used to
immobilize the implant. Forced duction test was performed
again to assure tissue release before closing the wound.

Data showed significant reduction of postoperative diplopia at
primary position. However, at gaze, the rate of diplopia was
still high. This result may be due to late presentation with
preoperative fibrosis which was underestimated during surgery.
Complex muscle and orbital injury may be taken as
undetermined factors leading to unpredictable outcomes.

No nose blowing was recommended to avoid implant
mobilization for at least 2 weeks after surgery. Patients were
treated postoperatively with Unasyn 375 mg – a combination
of Ampicillin and Sulbactam 2 times a day for 3 days. Patients
were observed for diplopia and enophthalmos at 1 week, 1
month and 3 month period. Enophthalmos and diplopia were
assessed using Hertel exophthalmometer and binocular visual
field (BVF) respectively [8].

Enophthalmos progression had also been assessed at different
periods, which showed a significant reduction at one week
period. However, with time, this sign increased with lower
degree than at preoperative period (Table 2). Postoperative
complications included entropion (1 case) and mild ectropion
(1 case) that were repaired using retractor advancement
procedure (Figure 2).

Results
Out of 17 patients including 15 males and 2 females aged from
13 to 62, 11 patients (64.7%) complained of diplopia, 2
(11.8%) were concerned about enophthalmos and 4 (23.5%)
worried about cosmetic appearance. 14 cases were admitted 1
month after injury, and only 3 patients came to the hospital less
than 2 weeks after injury. Notably, 2 patients had undergone
previous orbital floor reconstruction. Visual acuity was
functionally good from 20/50 to 20/20 with correction.
Single wall fractures accounted for 35.3% and combined ones
made up 64.7% (Table 1).
Table 1. Distribution by fracture type.
Fracture type

No of eyes

%

Floor

6

35.29

Floor+Medial wall

3

17.65

Floor+ZMC

3

17.65

Floor+Upper wall

2

11.76

Multiple walls

3

17.65

Preoperatively 70.6% of the patients had diplopia in the
primary position and 17.5% in secondary positions of gaze. At
final review 3 months postoperatively, 35.3% of the patients
had diplopia in the primary position and 41.2% in secondary
positions of gaze, 23.5% had no diplopia. Figure 2 presents
details of diplopia at primary position and gaze.

Figure 2. Diplopia incidence at different postoperative period.
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Table 2. Enophthalmos evaluation at post-operative periods.
Time

N (eyes)

Enophthalmos degree (mm)

p

At admission

17

1.28 ± 1.40

p=0.007

1 week

17

0.35 ± 0.70

p=0.004

1 month

17

0.47 ± 0.80

p=0.02

3 month

17

0.76 ± 1.10

p=0.03

Discussion
Orbital bone fracture involves a single or complex combination
of multiple walls. Surgery is the main indication with
unpredictable postoperative outcomes. In the literature, several
classifications of orbital wall fracture have been described
[9-11]. However, this study used the one of Jaquiery et al.
because it implies the large size of bone defect and the ledge
for graft support [7].
In this study, surgical approach was important because it
provided convenient access to defects locating in orbital floor
and/or medial wall. “ Swing eyelid ” was performed with
canthotomy and inferior socket incision which allowed the
approach to both inferior and medial wall fracture site and to
insert the graft material.
Reconstruction of orbital fractures requires the selection of a
wide variety of implants which can be grouped into
autogenous/autologous materials (bone and cartilage) and
alloplastic materials (Titanium mesh, resorbable sheeting, and
porous polyethylene) [12-18]. The consideration for choice
depends on the assessment of patient’s age, size and location of
fractures, cost and availability of materials. Alloplastic
implants are biocompatible, easily trimmed into any desired
shape and can be fixated to bone [16,17]. Recently, resorbable
sheeting is pliable and can be contoured to the orbital defect
[19,20]. However, this is not affordable in a developing
country. The use of dried bone can meet the requirements of
shortening surgical time, biocompatibility and expense. The
implant can be selected based on the thickness needed to
improve enophthalmos in patients with significant orbital
volume insufficiency. The lack of pliability and difficult
molding can be the disadvantages. Studies on iliac bone grafts
have shown bone resorption [13-16]. This study demonstrates
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that the technique is reliable in improving enophthalmos and
hypoblobus. In children with “ green stick ” fractures, thick
dried bone graft may not be a good selection [21].

Conclusion
The study leads to a conclusion that the use of dried bone graft
is acceptable for the repair of the orbital floor defects with
good clinical long-term results.
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Figure 3. Left orbital floor fracture grade 4.A and B. Left upgaze
limitation and binocular visual field (BVF) constriction. C and D. 1
week after bone graft, BVF enlargement and lower eyelid entropion.
E and F. 3 months after bone graft and retractor advancement with
significant BVF recovery.

Diplopia assessment is performed using BVF [8]. This
technique provides a quick assessment allowing a sufficient
visual comparison of field area before and after surgery (Figure
3).

Figure 4. CT scans show graft integration into orbital tissues after 6
months. A and B. Right ZMC fracture and bone graft. C and D. Left
floor fracture and bone graft.

This study evaluated the stability and integration of bone graft
using CT scan at 3 month time after surgery (Figure 4). The
use of fibrin glue and graft with sufficient size was effective to
assure graft stability.
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