
D
s
A
a

N
b

A
A

A

R
H
h
i
r
s
©

K

I

I
t
i
t
i
s
c
a
g
a
t
m
t

h
0

British Journal of Oral and Maxillofacial Surgery 57 (2019) 539–542

Available  online  at  www.sciencedirect.com

ScienceDirect

o  orbital  floor  plates  adequately  protect  against  serious
econdary  injury?
. Zaggut a, M. Perry b,∗

Centre for Cutaneous Research, Blizard Institute, Barts & The London School of Medicine & Dentistry, Queen Mary University of London, UK, 4
ewark Street, London E1 2AT
Northwick Park University Hospital, London, UK

ccepted 11 December 2018
vailable online 16 May 2019

bstract

econstruction of the orbital floor is common in cases of trauma and a variety of alloplastic materials, including titanium, can be used.
owever, we know of no reports about what happens to these materials if there is a second injury to the surgical site. This pilot study on six
uman cadavers (12 orbits) was therefore designed to investigate the possible outcomes should this occur. A “blowout fracture” was created
n each orbit, which was then repaired using a preformed titanium implant. In two orbits, two implants were placed without fixation. The
emaining implants were secured to the anterior orbital floor with a single screw, which was placed laterally or medially. A second impact

ufficient to fracture the zygomaticomaxillary complex was then applied and its effect on the implants noted.

 2019 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

n recent years, surgeons have become increasingly aware of
he importance of precise geometric reconstruction of defects
n the orbital floor, as opposed to “volume correction”, after
rauma.1 To achieve this, many types of flat and contoured
mplants have been tested, including porous polyethelene
heets, bone grafts, thermoplastic inserts, and titanium (pre-
ontoured plates and meshes), each with their own advantages
nd disadvantages.2 Titanium is regarded by many to be a
ood option, and is now widely available.3 It can be adapted
nd trimmed if necessary, and allows fluid to dissipate, and
issue to be incorporated through its perforations.4 Implants
ust, however, be precisely placed and then secured to main-
ain their position.5
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To our knowledge, the durability of titanium and its resis-
ance to further injury is unknown, and further traumatic
isplacement of the zygomaticomaxillary complex (ZMC)
fter placement of an implant could result in several possi-
le outcomes because of its rigidity. It could bend or buckle,
isking a rupture of the globe, or displace posteriorly towards
he orbital apex, injuring the optic and other nerves.6,7 A sec-
ndary injury could also lead to the collapse of the ZMC
nd orbital rim around the fixed implant, and its leading edge
ould impinge on and tear the lower eyelid.8 While these are
he main concerns, the implant could, however, support and
trengthen the ZMC.9

After placement, implants can be secured with one or
ore screws to either the orbital rim or the anterior orbital
oor,10 but the effects of the screws are also unknown. The
ain purpose of this pilot study therefore was to investi-
ate the effects of a second impact on preformed titanium
rbital implants and the surrounding bones, specifically, the
ffects on the entire zygomaticomaxillary-titanium complex

blished by Elsevier Ltd. All rights reserved.
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Fig. 1. Cadaver 1: left zygoma with superomedial displacement of the orbital
plate (blue arrow). Red arrow highlights the fracture.

Fig. 2. Cadaver 1: plate remained in place while the fractured right zygoma
was displaced beneath it. The anterior lateral margin of the plate was slightly
deformed by the secondary impact.
40 A. Zaggut, M. Perry / British Journal of Or

fter application of a force sufficient to displace the cheek. We
ere not able to find out whether the implant supported and

trengthened the ZMC, as the entire complex with the implant
as tested in such a way as to ensure that the fracture was
isplaced completely.

ethod

e used six human “soft-fixed” cadavers: two male and four
emale, aged between 75 and 93 years. The surgical tech-
iques were identical to those used on living patients. Each
rbital floor and medial wall was approached through a ret-
oseptal transconjunctival incision (the simplest approach in
iew of tissue fixation), and the floor of each orbit frac-
ured into the maxillary sinus (approximately 1 ×  1 cm) with

 small blunt osteotome to create a “blowout fracture”. In
ll cases, this was found to be medially sited and along the
nfraorbital nerve, which is common to most simple blowout
ractures. The orbital soft tissues were then carefully raised
nd retracted to define and repair each defect as is normal
ractice. A preformed titanium implant was positioned to
over the orbital defect and secured to the anterior orbital
oor just inside the inferior orbital rim, either with one screw
edially or one screw laterally. The three preformed screw

oles along the anterior edge were removed (as would be done
outinely in vivo) to ensure that the entire implant was within
he orbit with the anterior leading edge lying along the ante-
ior orbital floor inside and below the edge of infraorbital rim.
his prevented the implant from becoming exposed through

he transconjunctival incision.

esults

e placed 12 orbital implants in six cadavers. The orbital
lates that were fixed anterolaterally were displaced en bloc
ogether with the ZMC (Fig. 1). Those that were securely
xed anteromedially tended to remain in place while the ZMC
ollapsed around them (Fig. 2). Plates that were not secured,
r those in which the fracture propagated through the screw
ole (with failed fixation), were displaced separately from the
racture but not en bloc. Comparison of each plate with the
ontrol plate showed that only one plate had been substan-
ially deformed (Figs. 3 and 4). Closer inspection of all the
lates showed that in a few there was only minor deforma-
ion along the medial or anterior lateral edges. The remaining
lates were not affected (Table 1). It should also be noted that
he bone in cadaver 2 (C2) was very strong, and several heavy
lows were required to fracture the ZMC.

iscussion
e conducted this study to answer an important question
egarding the placement of orbital plates: what happens if a Fig. 3. The removed orbital plate from Fig. 1 with deformed lateral edge.
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Fig. 4. The orbital plate from Fig. 2 was retrieved and placed on a normal
plate for comparison. The deformed anterior lateral edge can be seen. There
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as also a minor degree of deformation along the medial edge. b
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able 1
rbital plates after secondary injury to zygomaticomaxillary complex (ZMC).

adaver (C) Side Screw position 

1 Left Lateral screw with moderate
displacement of zygomatic bone

1 Right Medial screw with moderate
displacement of zygomatic bone

2 Left Lateral screw, moderate
displacement of zygoma

2 Right Medial screw, ZMC fracture with
fracture line passing through screw
hole

3 Left Plate not fixed, moderately displaced
zygoma

3 Right Plate not fixed, moderately displaced
zygoma.
Plate not deformed

4 Left Medial screw, ZMC fracture with
fracture line passing medial to screw

4 Right Middle screw, fractured zygoma with
fracture passing through screw

5 Left Lateral screw, ZMC fracture with
fracture passing through screw hole

5 Right Medial screw, zygomatic fracture 

6 Left Fixation with single screw along
medial rim, zygoma displaced
medially

6 Right Fixation with single screw along
lateral rim, fracture plate complex
displaced medially
Maxillofacial Surgery 57 (2019) 539–542 541

atient with a previously repaired orbital fracture is injured
n the cheek a second time? The answer could have several
mplications, which include the future design and choice of
mplant materials, consent, and advice for patients. Men and
omen who take part in contact sports professionally (such

s rugby and mixed martial arts) may need to be counselled
ccordingly in view of their predisposition to sustain such
njuries.11,12

There are a number of limitations in this study. The
adavers were not fresh but had been preserved (albeit very
ecently), so the supporting effects and resilience of the soft
issues were, to some extent, affected. Any cushioning effect
f the globe was also negated because of its partial deflation.
o attempt to counteract this, the retrobulbar tissues were

ightly packed with fat to reproduce some support so, while
his study cannot be used to draw any firm conclusions, we
id note a few interesting findings.

The position of the retaining screw seemed to have some

earing on the displacement of the implant. When the screw
as placed laterally, the ZMC and implant tended to move

ogether, and the implant slid medially and upwards along

Direction of displacement Deformation of plate

Plate and zygoma displaced medially
as single unit, with medial wall of the
plate shifted along medial orbital
wall, resulting in obvious gap

Not deformed

Plates remained in situ resulting in
anterior lateral edge of plate standing
proud of inferior orbital rim laterally

Potential impingement
into lower eyelid, anterior
lateral edge of plate also
buckled but reminder of
plate unchanged

Both plate and zygoma displaced
medially and posteriorly

Not deformed

Entire fracture complex displaced
medially taking plate with it, and
resulting in displacement along
medial wall

Not deformed

Anterior leading edge of the plate
over-riding inferior orbital rim,
potential impingement on lower
eyelid

Not deformed

Anterior leading edge of the plate
over-riding inferior orbital rim,
potential impingement on lower
eyelid

Not deformed

Entire fracture plate complex
displaced medially

Not deformed

Fracture plate complex displaced
medially

Not deformed

Fracture complex plus plate
displaced medially

Not deformed

Plate unchanged in position Not deformed
Plate rotated around medial screw,
eyelid potentially impinged

Not deformed

Second fracture through screw hole Not deformed
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11. Bathgate A, Best JP, Craig G, et al. A prospective study of injuries to
elite Australian rugby union players. Br J Sports Med 2002;36:265–9.

12. Zagelbaum BM, Starkey C, Hersh PS, et al. The National Basketball
Association eye injury study. Arch Ophthalmol 1995;113:749–52.
42 A. Zaggut, M. Perry / British Journal of Or

he medial orbital wall and lifted away from the orbital floor
Fig. 1). This would, in theory, reduce the orbital volume
nd potentially raise the pressures within the eye and orbital
ontents. When the screw was placed medially, the implant
ended to remain in its normal position while the zygoma col-
apsed below it (Fig. 2), potentially placing the lower eyelid
t risk. In all cases except one, the implant seemed to retain its
riginal shape, or at least undergo only minimal change. The
ssue as to whether the implants provided structural support
o the ZMC and prevented its collapse could not be settled by
his study, as we intended to test each “repair” to destruction
nd ensure that the ZMC collapsed completely.

Hypothetically, a repaired “metal floor” could prevent a
urther blowout fracture, whether it resulted from a buccal
r hydraulic mechanism. The geometry of a closely fitting
mplant might therefore, in theory, provide a buttress-type
ffect if the implant is secured to the orbital rim. Whether
hese theoretical mechanical effects would also occur with
ther implants is unknown. One would imagine that the more
igid an implant is, the more likely this is to occur. For
xample, orbital repair using a thin flexible sheet of polydiox-
none (PDS) would presumably offer no structural resistance
gainst a second impact, but this of course, is speculative.

This study provides information that can help us when
btaining consent. While the data and conclusions are by
o means robust, it seems that titanium implants retain their
hape and do not buckle. Nevertheless, when a strong enough
orce is applied they can displace, although the positioning
f the screws seems to give some control over this. The next
ogical step is to compare implants of different materials and
esigns, together with multiple points of fixation, to attempt
o minimise displacement and limit the risk of injury.
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