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Late reconstruction of extensive orbital floor fracture
with a patient-specific implant in a bombing victim
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Abstract (J Korean Assoc Oral Maxillofac Surg 2020;46:353-357)

Fractures of the orbital floor and walls are among the most frequent maxillofacial fractures. Virtual three-dimensional (3D) planning and use of patient-

specific implants (PSIs) could improve anatomic and functional outcomes in orbital reconstruction surgery. The presented case was a victim of a ter-

rorist attack involving improvised explosive devices. This 58-year-old female suffered severe wounds caused by a single piece of metal from a bomb,

shattering the left orbital floor and lateral orbital wall. Due to remaining hypotropia of the left eye compared to the right eye, late orbital floor recon-

struction was carried out with a personalised 3D printed titanium implant. We concluded that this technique with PSI appears to be a viable method to

correct complex orbital floor defects. Our research group noted good aesthetic and functional results one year after surgery. Due to the complexity of

the surgery for a major bony defect of the orbital floor, it is important that the surgery be executed by experienced surgeons in the field of maxillofacial

traumatology.
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I. Introduction

Surgical reconstruction of orbital wall and floor defects
is often very challenging due to the complexity of the ana-
tomical region involved and the limited intraoperative view.
Diplopia, enophthalmos, visual acuity disturbance, and infra-
orbital and optical nerve injuries are potential complications
of orbital floor and wall fracture surgery. Reconstruction is
also on a technical level demanding surgeons because it can
result in paraesthesia and esthetical dissatisfaction, especially
when there is a major bony defect of the floor of the orbit, as
in this case. The aim of reconstruction is to restore the orbit
in all three dimensions. The orbital floor can be reconstructed

using a variety of implant materials. Biological materials
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offer the potential advantage of better biocompatibility but
come at the cost of donor-site morbidity. Currently, titanium
reconstruction plates or mesh are the materials of choice due
to their availability, ease of contouring, biocompatibility,
resistance to corrosion, and low susceptibility to infections'.
However, they are not easy to place, especially with deep
orbital fractures. Since 2006, custom-made titanium implants
designed using computer-assisted planning and manufactur-
ing (CAD/CAM) have been used for reconstruction of orbital
fractures.

The objective of the present case report was to illustrate our
methodology to reconstruct complex orbital trauma with a
three-dimensional (3D) printed patient-specific implant (PSI)

in an enucleated orbit.

Il. Case Report

A 58-year-old female was sent to the Department of Oral
and Maxillofacial Surgery at the University Hospitals Leuven
for treatment of a severe orbital trauma, caused by the 2016
Brussels bombings.(Fig. 1) She was at Brussels Airport at
the time the bombs went off. A piece of shrapnel penetrated
the left orbital floor, the left eye, and the sphenoidal bone of
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the lateral orbital wall, with a final position in contact with
the left temporal lobe.(Fig. 2. B) The shrapnel was removed
by a frontotemporal incision, which visualised a metal ob-
ject of two centimetres just medial to the temporal muscle.
(Fig. 2. A) In addition to the orbital lesions, a haemorrhagic
contusion of the frontal and anterior temporal lobe and a per-
forated eardrum on the left side were noted. During the same
procedure, enucleation of the left eye was performed due to
irreparable corneal damage and complete scleral rupture. The
soft tissue laceration was closed, and the nasolacrimal duct

was restored.(Fig. 2. C) An acrylic eye implant was inserted
into the orbit to maintain orbital structural integrity. In the
following months after surgery, enophthalmos and hypotro-
pia of the prosthesis with a deep supratarsal fold of the upper
eyelid were noted, and a computed tomography (CT) scan
showed posterolateral dislocation of the prosthesis with an
inferior position compared with the unharmed eye, an indica-
tion for secondary surgery.(Fig. 3. A) The goal of secondary
reconstruction was to restore symmetrical globe position to

recover aesthetics. The interval between trauma and surgi-
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Brussels attacks
- Shrapnel removal
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closure orbital floor fracture
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No residual major
complaints with good
aesthetical outcome.

Fig. 1. Overview of the overall treatment
flow.
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Fig. 2. Status immediately after the attacks. A. Initial computed tomography image with shattering of orbital bony structures. B. Shrapnel

obtained after surgical removal. C. Facial lacerations.
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Fig. 3. Status just before surgery and
one year after the attacks. A. Interpupil-
lary lines. B. Computed tomography im-
age showing the residual defect of the
orbital floor.
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cal enophthalmos correction was 1.1 years. The extent of the
bone defect was assessed on preoperative CT scans.(Fig. 3. B)

To generate a 3D image, the preoperative CT scan (thin-
section <1 mm) was first imported with the use of Mimics
software (Materialise, Leuven, Belgium).(Fig. 4. A-C) A ste-
reolithographic model of the orbit was produced.(Fig. 4. D,
4. E) A 3D model was then imported into 3-matic software
(Materialise), in which a customized orbital floor reconstruc-
tion plate neatly fit the patient’s anatomic model. Afterward,
the designed orbital floor reconstruction plate was exported
in STL format, and a titanium mesh PSI (Ti6AI4V Grade
23) was 3D-printed by Layerwise (3D Systems, Leuven,
Belgium; as stated by Bertol et al.”). The dimensions of the
designed mesh were 32 mm by 32 mm with a thickness of 0.3

mm.(Fig. 4. B) The goal was to overcorrect the hypotropia to

Late reconstruction of extensive orbital floor fracture with a PSI in a bombing victim

hypertropia of the eye and to use lipofilling to add extra vol-
ume to the infraorbital supra osseous tissues. For soft tissue
correction, overcorrection of the orbital floor was performed.
Preoperatively, there was diminished sensation of the infra-
and supraorbital nerves. During surgery, a subciliary incision
was used to expose the infraorbital rim and the orbital floor.
The surgeon opted to make a small modification in the shape
of the mesh during surgery to obtain an ideal esthetical result.
Consequently, the 3D-printed mesh was inserted into the
bony defect of the floor of the orbit, and fixation occurred
to the inferior orbital rim with surgical loops on stable bony
structures after careful evaluation of the final position of the
eye implant. One year after surgery, the patient experiences
no residual complaints, except mildly diminished sensation
on the left cheek that was present before the reconstructive

Fig. 4. Virtual three-dimensional plan-
ning. A. First version of the customized
orbital floor reconstruction plate. B. Size

of the defect in millimetres. C. Virtual
position of the reconstruction plate on
computed tomography scan. D. The
stereolithographic model with a copy of
the final titanium reconstruction plate. E.
Magnification of the bony defect before
surgery.
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Fig. 5. Status one year after surgery and two years after the attacks. A. Computed tomography (CT) image showing current position of the
patient-specific implant. B. CT image showing current status one year after surgery. C. Interpupillary lines one year after surgery.
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procedure.

Our research group examined the results both on aestheti-
cal outcome, with correction of preoperative hypotropia
(Fig. 5. C), and from a functional point of view. The patient
reported high satisfaction with the acquired result (Table 1),
so no further corrections were planned, although aesthetic
surgical procedures are still possible. The variables in Table
1 are based on a study of de Oliveira et al.’, which used
10 questions to determine patient satisfaction with orbital
implant-supported prostheses. Furthermore, the most recent
radiological images showed a stable position of the orbital
floor implant.(Fig. 5. A, 5. B)

lll. Discussion

Severe orbital fractures with large-area wall defects may
cause substantial cosmetic damage and functional disorders,
including enophthalmos, diplopia, diminished sensation of
the infraorbital nerve, retinal trauma, and loss of vision. One
of the most challenging aspects of orbital reconstruction is
to restore orbital volume. Moreover, late or secondary re-
construction of the orbital region and the midface is more
challenging than primary reconstruction because of distorted
skeletal anatomic landmarks and late soft tissue changes.

Current literature mentions several materials for 3D-print-
ing. Ideal orbital reconstruction implants are biocompatible,
widely available, strong enough to provide orbital support,
easily shaped, and radio-opaque. Autologous harvested bone
is frequently used for restoration of a bony defect. For non-
vascularised bone grafting, for example, both the scapula and
iliac crest offer sufficient conformance, although high rates
of infection and bone resorption are witnessed”’”. However,
donor site morbidity and unsure esthetical outcomes can be

Table 1. Satisfaction of the patient ranging from 0-100, with 100
representing the optimal result

Variable Satisfaction
Appearance 90
Efficiency in retention 90
Conspicuousness of the prostheses 95
Improvement of self-confidence 95
Ease of placement 95
Ease of removal 95
Ease of cleaning 95
No limitations to activities 90
Absence of discomfort 95
Recommendation to others 95

This questionnaire is based on that of de Oliveira et al.” (Clin Implant
Dent Relat Res 2018;20:438-43).
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avoided with 3D-printed implants, leading to improved ana-
tomical precision, patient-specific modelling, and increased
anatomical integrity and aesthetics”.

In this case, a 3D-printed titanium personalised mesh was
designed with a CAD (computer-assisted device)-based tech-
nique. Titanium has some major advantages over other ma-
terials: availability, biocompatibility, resistance to corrosion,
and low susceptibility to infections'. Furthermore, multiple
studies reported that use of individualized constructed tita-
nium orbital mesh plates results in a better aesthetic outcome
compared with standard reconstruction plates, and titanium
mesh is a safe method for orbital floor reconstructions™**".
Computer-assisted preoperative planning by fabricating PSI
shortens operating time and decreases intraoperative implant
manipulation because no additional bending or adjustment of
the implant is needed™"'. Moreover, a PSI can compensate for
bony deficits and irregularities.

The PSI in this case was quite complex to fit correctly due
to the size and shape of the orbital floor defect and the lim-
ited intraoperative view. Furthermore, the delay of one year
between trauma and surgery led to formation of fibrous tissue
which further limited the surgical field. Based on these as-
pects of the surgical procedure, the research group would like
to stress that, if possible, the size of the plate should be mini-
mal. This is based on the findings of Purnell et al."”. Never-
theless, our research group is convinced that personalized 3D
printing shortens operating time. This conclusion is supported
by Zimmerer et al.” and Fan et al.”.

This case of a victim of the Brussels attacks shows that a
good functional and aesthetic result can be achieved with a
3D-printed titanium mesh in a complex orbital floor and wall
defect with reduced operating time. As PSI simplifies recon-
struction of orbital floor and wall defects, it should be con-
sidered a more accurate alternative to manually bent titanium

mesh implants.
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