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Introduction: Orbital floor fractures are common among mid-face fractures. The general aim of treatment is to restore orbital volume
and anatomy with grafts or reconstructive materials. Malpositioning of the implants and inadequate volume restorations are common
complications of these procedures. The aim of our study is to present the surgical outcomes of orbital reconstruction aided by our algorithm
of patient-specific virtual planning. Materials and Methods: The current study was performed on 77 patients with orbital wall fractures
who were categorized into two groups: Group A — 42 patients (virtual planning) and Group B — 35 patients (traditional approach). Criteria
of analysis included the presence of diplopia postoperatively and duration of surgical procedures. Results: Diplopia was recorded right
after surgery in 16 cases (38.1%) of Group A and in 12 cases (34.3%) of Group B. However, 6 months postreconstruction, residual diplopia
was recorded in 4 cases (9.5%) of Group A and in 12 cases (34.3%) of Group B. Mean operation time in Group A for the patients with
isolated zygoma fracture was 2.23 h; for isolated orbital wall fracture was 1.98 h; and for combined zygoma, orbital wall, and facial bone
fracture was 3.07 h. In Group B, these indexes were 3.47, 2.05, and 3.31 h, respectively. Conclusions: Application of virtual planning
could significantly improve postoperative outcomes in orbital reconstruction. However, application of this technology could be limited by
complicated defects of the orbital walls, which would require complex shape of the implant that might be difficult to be prevent virtually.
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INTRODUCTION Conventionally, it was done by means of clinical evaluation,
function test, and conventional radiology, including computed
tomography (CT) scan. Nevertheless, CT data could be
represented as three-dimensional (3D) imaging, which is hard
to apply in orbital reconstruction cases.

Orbital blow-out fractures are the most common type of
fractures among mid-face and typically are the result of blunt
trauma.!"” Generally, the forces required to break the superior
and lateral walls are greater than one required for thin medial
and inferior walls. Disruption of any of these structures may lead ~ Recent advances in computer technology allows the operator
to expansion of orbital volume and may result in enophthalmos, ~ to manipulate CT scan data and produce patient-specific virtual
diplopia, and impaired ocular mobility.”? The gold standard ~ planning as well as plastic models and customized implant
of orbital wall fracture treatment is surgical reconstruction, ~ materials.”

with fracture site exposure, freeing tissue prolapsed into the

fracture site, and re-approximating of the orbital wall support, o )
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One of the most important issues related to surgical
reconstruction of the orbit is its precise preoperative planning.
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Aim of the current study is to represent surgical outcomes
of orbital reconstruction aided by algorithm of virtual
preoperative planning.

MareriaLs AND METHODS

The current study was performed within 2007-2018
in the Department of Oral and Maxillofacial Surgery
of a medical university on 77 patients with orbital wall
fractures. All patients were categorized into two groups:
Group A—42 patients (operated in 2015-2018 by implementation
of virtual planning protocol) and Group B — 35 patients
(retrospective analysis of patients operated by implementation of
traditional approach in 2007-2017) [Table 1]. From all cases in
41 patients the cause of trauma was home injury, in 24 — traffic
accident, 7 - industrial accident, in 5 — sport injury [Figure 1]

Isolated blow-out fracture was recorded in 32 cases, orbital
walls fracture was associated with fracture of malar bone
and other bones of facial skeleton in 22 cases, isolated malar
bone fracture in 15 cases, orbital wall fracture associated with
fracture of other bones of facial skeleton in 4 cases, and malar
bone fracture associated with fracture of other bones of facial
skeleton in 4 cases [Figure 2].

The method of virtual planning composed from several steps
represented on the following layout:

CT scan data acquired for each patient was uploaded to virtual
planning software (Materialise NV, Leuven, Belgium) and
patient-specific preplanning was done. Virtual workflow was
executed on Intel® Core™ i7-6700K CPU at 4.00 GHz 16.0
GB RAM, 10 GB Video RAM GeForce GTX 760 hardware
[Figure 3].
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Statistical analysis was performed by the means of Microsoft
Excel 2013 and MedCalc Software, Seoul, Republic of
Korea. The main indicator of success of surgical procedure was
considered as the presence or absence of diplopia, as the indicator
of function restoration. Within the current study, one analyzed the
fact of diplopia directly after surgical reconstruction [Table 2]
and 6 months after the procedure [Table 3].

The presence of diplopia directly after surgical procedure was
noted in 16 cases (38.1%) of Group A, and in 12 cases (34.3%)
of Group B, it could be considered as equivalent of these
parameters. However, these parameters were different in
6-month postreconstruction period; thus, residual diplopia was
found in 4 cases (9.5%) of Group A and in 12 cases (34.3%) of
Group B [Figure 4]. The main causes of diplopia in Group A
were postoperative edema and temporary paresis of oculomotor
muscles, which disappeared over time.

Another parameter was the time of admission to hospital and
timing of surgical reconstruction and the influence of residual
diplopia. Thus, the majority of patients were admitted to hospital
immediately after injury (57.1%), some of patients a month after
injury (31% Group A and 22.9% Group B), and some more than
1 month after injury (11.9% Group A and 20% Group B) [Table 4].

There was no significant difference detected between groups,
thus concluding that timing of surgical reconstruction has no
influence on the results of the current study.

Group A

Group B

EIsolated orbital fracture
@ Orbital+other bones fracture

@ Malar bone fracture
OMalar+other bones fracture
B Orbital+malar+other bones fracture

Figure 1: Distribution of the cause of injury

Figure 2: Distribution of the site of injury

Table 1: Distribution of patients by groups and sex

Groups Number of patients
Male Female Total
n (%) Age n (%) Age n (%) Age
Group A 35 (45.4) 31.1=1.86 (9-57) 7(9.1) 29.7+2.76 (15-36) 42 (54.5) 30.8+1.60 (9-57)
Group B 26 (33.8) 31.241.85 (17-55) 9 (11.7) 39.8+3.79 (26-62) 35 (45.5) 33.4+1.78 (17-62)
Total 61 (79.2) 31.1£1.32 (15-60) 16 (20.8) 35.422.70 (15-62) 77 (100) 32.0+1.19 (9-62)
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The last parameter, which was included in analysis was
duration of surgical procedure and hospitalization time within
groups according to the clinical diagnosis [Table 5].

The mean operation time in Group A for patients with isolated
malar bone fracture was 2.23 h; for patients with isolated orbital
walls fracture was 1.98 h; and for patients with combined
fracture of malar bone, orbital walls, and different bones of
facial skeleton was 3.07 h. In Group B, these indexes were
3.47,2.05, and 3.31 h, respectively. It was also determined that
hospitalization time in Group A for patients with isolated malar
bone fracture was 6.9 days; for patients with isolated orbital walls
fracture was 7.5 days; and for patients with combined fracture of
malar bone, orbital walls, and different bones of facial skeleton
was 10.1 days. In Group B, these indices were 14.2, 8.7, and
16.5 days, respectively [Figure 5].

Table 2: The features of diplopia within investigation
groups directly after surgical reconstruction

Features of diplopia Indexes within groups

Absolute (%) P
A group, n=42 B group, =35

Diplopia is absent 26 (61.9) 23 (65.7) >0.05
Diplopia present in quadrant 16 (38.1) 12 (34.3)

Upper 8(19.0) 9(25.7) >0.05

Upper, central 6 (14.3) - >0.05

Upper, lower 1(24) - >0.05

Upper, medial 1(24) - >0.05

Upper, lateral - 2(5.7) >0.05

Upper, lateral, central - >0.05

Upper, lateral, inferior -
Upper, inferior, central - - -

Lateral, inferior - - _

Importing of CT scan data
into Materialise Mimics 17.0

CT scan of the facial skeleton

As a conclusion, the application of virtual preoperative
planning could significantly reduce operation and
hospitalization time due to less trauma and more predictable
surgical outcomes.

Case presentation 1

A 28-year-old male presented to the department with diplopia
while looking up. On anamnesis, he had blunt trauma over
the right orbit 7 days ago. Clinical evaluation revealed
slight enophthalmos on the right side with limitations of the
movement of right eyeball in the upper quadrant [Figure 6].
CT scan showed isolated blow-out fracture associated
with protrusion of right rectal muscle toward orbital wall
defect [Figure 7].

According to the suggested protocol of preoperative planning,
patient’s CT scan data was used for preplanning and virtual
fabrication of orbital plate [Figure 8].

Surgical procedure was done under general anesthesia;
transconjunctival approach was used. After visualization
of inferior orbital margin, dissection of orbital floor was
performed. Prolapsed periorbital tissues were extracted from
the defect region and titanium orbital plate was placed on the
defect area without any additional corrections. No significant
postoperative complications were recorded. Complete reduction
of enophthalmos and diplopia after 1 month of surgery was
recorded. The eyeball movements were adequate [Figure 9].
Postoperative CT scan showed adequate positioning of orbital
plate both in 2D and 3D views [Figure 10].

Case presentation 2

A 52-year-old male was presented with symptoms of severe
diplopia, significant enophthalmos on the right side, as well
as deformity in the region of right orbito-zygomatic complex

Assessment of pathology in
2D and 3D views

software package

Measurements of
longitidunal and transversal
dimensions of the plate

with/without thinking into
account it's curvature

Bending of titanium orbital

Fabrication of virtual orbital
plate and assesment of it's
position in Materialise
Mimics software

Importing of virtual data into
Materialise matics software
package

Intraoperative instalation of

plate prebent plate

Figure 3: Layout 1 — Algorithm of preoperative virtual planning
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[Figure 11 and 12]. On anamnesis, he had traumatic injury a
month ago and underwent open reduction and internal fixation
in a different hospital.

CT scan showed significant posttraumatic deformity and
dislocation of right malar bone associated with defect of right
orbital floor and prolapse of orbital content toward the defect
region [Figure 13].

The decision of reconstruction of right zygoma-orbital
complex was made. It was preplanned to perform osteotomy
of fractured segments, their repositioning with subsequent
fixation, as well as reconstruction of the right orbital
floor by the means of titanium orbital implant. All
preoperative planning was done according to the suggested
algorithm [Figure 14].

Surgical reconstruction was done under general anesthesia
through subcilliary and suprabrow approaches. First step was
to achieve the access to orbital floor and old hardware, which
was removed. On the next step, tetrapod osteotomy of malar
bone was done. After complete mobilization of malar bone,
it was fixed on its new position according to preoperative
virtual planning measurements. Once malar bone was fixed,
all prolapsed soft tissues were extracted from defect region

% Immediate Post-op 6 month Post-op
100 90,5

Group A Group B Group A Group B

u Presence of diplopia H Absence of diplopia

Figure 4: Comparison of diplopia indexes within groups directly and
6 months after surgical reconstruction

and the pre-bent orbital implant was installed according to the
preoperative virtual planning data [Figure 15].

No significant complications occurred in the postoperative
period. A month after surgical reconstruction, the symptoms
of enophthalmos and diplopia had disappeared. Eyeball
movements as well as facial esthetics were accepted as
reasonable [Figures 16 and 17].

Postoperative CT scan showed positioning of right malar bone
and orbital implant to be adequate [Figure 18].

Discussion

Isolated orbital fractures are encountered in 4%—16% of all
facial fractures, and orbital fractures compose 30%—55% of

Table 3: The features of diplopia within investigation
groups 6 months after surgical reconstruction

Features of diplopia

Indexes within groups

Absolute (%) P
A group, n=42 B group,n=35
Diplopia is absent 38 (90.5) 23 (65.7) <0.05
Diplopia present in quadrant 4(9.5) 12 (34.3)
Upper 3(7.1) 9(25.7) <0.05
Upper, central - - -
Upper, lower - - -
Upper, medial 1(2.4) - >0.05
Upper, lateral - 2(5.7) >0.05
Upper, lateral, central - 1(2.9) >0.05

Upper, lateral, inferior - - -
Upper, inferior, central - - -
Lateral, inferior - - -

Table 4: Timing of surgical reconstruction within groups

Administration to hospital Indexes within groups, absolute (%)

A group,n=42 B group,n=35
Same day 24 (57.1) 20 (57.1)
1 month after injury 13 (31.0) 8(22.9)
More than 1 month after injury 5(11.9) 7 (20.0)

Surgical procedure duration, hours

Orbit

Malar bone Malar Bone,
orbit and

other bones

® Group A ®m Group B

Hospitalization time, days
16,5

Malar bone Orbit Malar Bone,

orbit and other
b

uGroup A uGroup B ones

Figure 5: The indexes of surgical procedure duration within groups according to diagnosis
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Table 5: The indexes of surgical procedure duration and hospitalization time within groups according to clinical diagnosis

Clinical diagnosis

Indexes within groups

A group, n=42

B group, n=35

Duration of procedure, h

Hospitalization time, days

Duration of procedure, h  Hospitalization time, days

Malar bone 2.23+0.17 (1.5-3.33)
Orbit 1.98+0.05 (1.66-2.66)

Malar, orbit and other bones 3.07+0.25 (2.16-5.66)

6.9+1.63 (2-16)
7.541.17 (1-17)
10.1+2.58 (2-40)

3.47£0.69 (2-6), P >0.05
2.05+0.17 (1.5-4), P>0.05
3.3120.44 (2-7), P>0.05

14.2+3.17 (1-23), P,<0.05
8.7£1.54 (2-21), P,>0.05
16.5+1.87 (8-30), P,<0.01

Figure 8: The algorithm of virtual planning: (a) Importing of computed
tomography scan data to Materialise Mimics 17.0 software and cropping
of the region of interest; (b) acquiring of perimeter and reference lines;
(c) fabrication of virtual template based on this lines; (d) assessment
of positioning of virtual template related to facial skeleton in three-
dimensional; (e) assessment of positioning of virtual template related to
facial skeleton in two-dimensional; (f) measurement of longitudinal and
transversal dimensions of template with taking into account its curvature

Figure 7: Computed tomography scan of the patient: Inferior orbital wall
fracture and protrusion of orbital components toward defect

Figure 9: Eyeball movements a month after surgery

zygomatic complex and naso-orbital-ethmoid fractures.>* The
gold standard in the treatment of orbital walls fractures includes
restoration of anatomical volume and shape of the orbital
cavity with simultaneous resuspension of prolapsed orbital
content and liberation of entrapped orbital musculature. This
prevents posttraumatic enophthalmos, eye motility restriction,
and consequent diplopia.l'®!"!l Surgical approaches to orbital
walls typically include transcutaneous, transconjunctival, and
endoscopic approaches.!'?!

Generally, the aim of orbital reconstruction is to restore orbital
volume and support orbital content by means of different
implants. These implants usually include bone, cartilage,
titanium, and resorbable mesh.”! The surgical outcomes
depend on two basic factors: (1) identity of the shape of orbital
implant to anatomy of orbit that should be reconstructed
and (2) accuracy of positioning of orbital implant related to
adjacent anatomical structures. First factor can be achieved by
implementation of different technologies, such as preformed
orbital plates (MatrixORBITAL™ MatrixMIDFACE,
DePuySynthes), rapid prototyping (RP) and fabrication of
patient-specific plastic models of the skull, and customized
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Figure 12: Clinical evaluation of the patient: Significant deformity of right
zygoma-orbital complex and significant R-side enophthalmos

Figure 14: The algorithm of virtual planning: (a) virtual osteotomy of
right malar bone; (b) mirroring of opposite site; (c) virtual fabrication
of orbital implant; (d) positioning of virtual implant; (e) measurement
of longitudinal and transversal dimensions of template with taking into
account its curvature; (f) virtual repositioning of osteotomized malar bone
and registration of anatomical landmarks

fracture and protrusion of orbital components toward defect; dislocation
of the right malar bone

'é_,k ‘1 ; i
Figure 15: Surgical reconstruction: (a) detection and removal of old
hardware; (b) installation of orbital implant

orbital implant fabrication as well.['*!¥1 However, these
methods have some technical limitations. Thus, application
of standard prebent orbital plates could be associated with
some degree of inaccuracy; implementation RP technology
is time-consuming but important in cases of acute trauma;
and usage of patient-specific implants usually is costly and
requires time for fabrication. As opposed to listed technologies,
suggested virtual computer simulation and virtual bending of
orbital plates require less time and could be used for prebending
of standard implants. Thus, the usage of standard orbital plates
in Group B lead led to residual diplopia in 12 cases (34.3%) as
compared to 4 cases (9.5%) in Group A. On the other hand, time
that is required for RP model fabrication and implant adaptation
on the average is 3 days as compared to few hours that is
required for virtual simulation and virtual implant bending.

Accuracy of implant positioning could be achieved by
implementation of intraoperative navigation systems.
Nevertheless, usage of intraoperative navigation could be
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Figure 18: Postoperative computed tomography scan: Adequate position
of malar bone and orbital implant

associated with technical difficulties; the surgeon should switch
his attention from operating field to 2D monitor of navigation
system.[””] Moreover, navigation systems are costly and thus
could be equipped in relatively limited clinics. Suggested
virtual measurements of anatomical landmarks of the orbit and
relation of the plate to these landmarks could be reasonable
alternative to such navigation systems. Moreover, this approach
could reduce time of procedure. Thus, operation time for the
patients with isolated orbital walls fracture in Group A was
1.98 h while the same parameter in Group B was 2.05 that is
relatively more.

CoNcCLUSIONS

Application of virtual planning could significantly improve
postoperative outcomes in orbital reconstruction. However,
application of this technology could be limited by complicated
defects of the orbital walls, which requires complex shape of
the implant, which might be difficult to prevent virtually.
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