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Abstract

Aim: Orbital floor fractures are one of the most common
maxillofacial fractures. They account for 10-25% of the total
facial bone fractures. Delayed cases are considered challenges
in orbital floor fractures. The main obstacle is the difficulty
of intraoperative assessment of the fracture defect size be-
cause of fibrous adhesions at the site of fractures. This may
raise the risk of tissue injury and complications. In this study,
we investigated the use of Three-dimensional printing (3DP)
technology in the delayed cases of orbital floor fractures for
proper preoperative assessment of fracture size and minimize
postoperative complications.

Patients and Methods: This prospective study was con-
ducted on 17 cases with delayed orbital floor fractures. All cas-
es were delayed by more than one month, the authors applied
the three-dimensional technique for all cases.

Results: The study included 17 cases, 15 males and 2 fe-
males. The mean age of the included cases was 25.8+7.3 SD
years old. The average delay duration was 5.5+3.7 SD months.
Concha graft was used in 11 cases while 6 cases were managed
by titanium mesh. Enophthalmos was improved in 13 cases
postoperatively. Diplopia was improved in all operated cases.

Conclusion: Using a three-dimensional rapid prototype
skull module aid in the accurate preoperative assessment of or-
bital floor defects and contouring of titanium mesh and plates
used in orbital fracture repair. Additionally, this shortens the
duration of the operation, uses less general anesthetic, and in-
volves less tissue handling and dissection during the procedure,
all of which lead to fewer complications after the procedure.
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Introduction

Orbital floor fractures are one of the most com-
mon maxillofacial fractures. Ten to twenty-five
percent of all facial bone fractures are caused by
them, and up to 70% of orbital fractures are linked
to eye globe injury [1]. The most frequent causes
of orbital floor fractures, particularly in young peo-
ple in their second decade of life, include assault,
sports, and traffic accidents [2].

Orbital floor fractures can be categorized as
pure or impure blowout fractures; pure fractures
are isolated orbital floor fractures, while impure are
also accompanied by orbital rim fractures involv-
ing other adjacent bones (maxillary, zygomatic, na-
so-ethmoidal, or frontal) [3].

Significant complications are common with
these fractures including diplopia, enophthalmos,
infraorbital paresthesia, and even blindness. Cases
with considerable enophthalmos of more than 2ml
and/or diplopia usually need surgical repair of the
orbital floor defect [4]. The main problem in delayed
cases is the difficulty of repair. Most of them have
a degree of bone healing and fibrous adhesions at
the site of fractures with no improvement of com-
plications such as diplopia, enophthalmos, and/or
infraorbital paresthesia. So, in such cases surgical
repair is usually difficult and consumes a prolonged
duration of time [5].

Rapid prototyping, another name for three-di-
mensional printing (3DP) technology, has been
used extensively in many medical specialties, par-
ticularly in plastic, reconstructive, and craniofacial
surgery. Additionally, limb deformity repairs, mi-
crotia reconstructions, and free fibula mandibular
reconstructions all employ 3D printing. This new
method is commonly used because it is much less
expensive, more accessible, and takes less time [6].

In orbital floor reconstruction, (3DP) modules
help in proper preoperative assessment of fracture
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defect size and determine the proper size and shape
of reconstructive materials, leading to short opera-
tion time as there is no need for repeated trimming
and molding of a reconstructive material for more
precise placement. Also, it decreases soft tissue
handling and lessens the formation of orbital ede-
ma [7].

Other benefits of (3DP) modules, they help in
preoperative patient education and communication
between the patient and his surgeon to discuss the
anatomy of the orbital floor, size of the defect, type
of surgical reconstruction materials, and postopera-
tive results and complications [8]. In this study, the
authors investigated the use of three-dimensional
printing (3DP) technology in delayed cases of or-
bital floor fractures for proper preoperative assess-
ment of fracture size and to minimize postoperative
complications.

Patients and Methods

Seventeen patients with delayed orbital floor
fractures were included in our study. All patients
underwent treatment at the Department of Plastic
& Reconstructive Surgery, Mansoura University
between January 2020 and January 2022.

The patients’ gender, age, mechanism of trau-
ma, fracture size, orbital soft tissue herniation vol-
ume, preoperative symptoms, surgical intervention
timing, surgical approaches, reconstruction materi-
als, operation length, and postoperative problems
were all examined. The clinical presentation was
combined with computed tomography (CT) images
of the orbit in axial, coronal, and three-dimensional
(3D) perspectives to make the final diagnosis. All
patients were ophthalmologically assessed on the
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day of admission, preoperatively and postopera-
tively.

Clinical indications for surgery include diplo-
pia, enophthalmos, and ocular motility problems,
radiological indications include infraorbital bony
stepping, and size of the defect more than 2cm?2
with orbital soft tissue herniation volume of more
than 1ml 3 in the CT scan. Proper history taking
should include age, gender, time and mode of trau-
ma, past orbital surgeries, and other medical and
surgical histories. Upon examination, 14 patients
had diplopia, 15 had enophthalmos, and 5 had in-
fraorbital paresthesia.

Computer tomography scan (CT) was done in
axial, coronal, and 3D views for all patients. It re-
vealed the site, size, shape of the defect, and vol-
ume of orbital soft tissue herniation.

CT scans were acquired with a layer thickness
of 0.05mm and a region of interest (ROI) resolution
of 512x512, which corresponds to a voxel size of
0.331x0.331x0.5 mm, according to digital imaging
and communications in medicine (DICOM) data.
Hounsfield unit thresholding was used to segment
the skull from DICOM volumetric data using 3D
slicer software (version 4.62, http://www.slicer.
org). Meshmixer, a 3D modeling program (version
3.2, Autodesk, CA, USA), was used to enhance
a 3D skull model that had been first designed in
standard triangle language (STL) format (Fig. 1).
The skull was trimmed to exclude the orbital floor
abnormality. All models were made using 0.178
mm-thick layers of medically engineered acryloni-
trile butadiene styrene, which was sterilized using
low-temperature hydrogen peroxide gas plasma.
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Fig. (1): (A) 3D printing module (STL) file during preparation before printing. (B) 3D printed model with titanium mesh molded to fit the size and

shape of fracture. (C) Intraoperative view showing reconstruction of orbital floor fracture with the previously molded titanium mesh.
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All operations were done under general anes-
thesia. Nine patients were operated on through a
subciliary incision, five patients through a transcon-
junctival incision, and three patients through an ex-
isting wound incision. This study utilized conchal
cartilage graft and titanium mesh for orbital floor
repair. Conchal cartilage was utilized for smaller
defects, while titanium mesh was utilized for larg-
er orbital floor deformities that accounted for over
50% of the orbital floor size. These reconstructive
materials were trimmed and molded to fit the size
and shape of the orbital floor defect according to
the 3D printed module, so it helped in the direct
insertion of reconstructive materials with no need
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for reassessment of orbital floor defect size intraop-
eratively which by its role shortened operation time
(Figs. 2,3). Before wound closure, forced duction
tests were used to ensure no longer entrapment of
orbital muscles through the orbital defect.

Postoperatively, visual acuity and ocular motil-
ity were assessed in all cases. Medical treatment
was prescribed as topical antibiotics eye drops,
anti-edematous drugs, and analgesics till postop-
erative edema subsided through 3-5 days. Postop-
erative CT was performed immediately following
surgery and after 6 months of follow-up.

Fig. (2): Male patient 25 years with a history of road traffic accident associated with left orbital floor fracture, inferior orbital wall, and lateral
orbital wall, The patient was admitted 8 months after trauma complaining of enophthalmos and diplopia in upward gaze direction. (A,B) Preoper-
ative inferior and anterior clinical views of the patient showing enophthalmos of the left eye (CP: Corneal plane, MP: Maxillary plane, FP: Frontal
plane). (C) CT scan, coronal view showing fracture of left orbital floor, inferior orbital wall, and lateral orbital wall with soft tissue herniation. (D)
3D printed model with titanium mesh molded to fit the size and shape of the fracture. (E) Intraoperative clinical view with the previously molded tita-
nium mesh. (F,G) Immediately postoperative CT coronal and sagittal views respectively showing reconstruction of the left orbital floor with titanium
mesh without herniation of orbital soft tissue. (H,I) Anterior and inferior clinical views respectively after 6 months showing resolved enophthalmos
and patient no longer complains of diplopia.
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Fig. (3): Male patient 22 years old with a history of road traffic accident associated with left orbital floor fracture, inferior orbital wall, and
lateral orbital wall delayed one month. The patient was admitted to our center one month after trauma complaining of diplopia in an upward gaze
direction. A 3D module was printed, and reconstruction was done by conchal cartilage graft. (A,B) Preoperative anterior and inferior clinical views
of the patient showing no enophthalmos of the left eye (CP: Corneal plane, MP: Maxillary plane, FP: Frontal plane). (C) Coronal CT radiological
showing fracture of left orbital floor and lateral orbital wall with soft tissue herniation. D) Intraoperative clinical view showing left orbital floor
fracture. (E) 3D printed model with conchal cartilage graft molded to fit the size and shape of fracture. (F,G) Postoperative CT coronal and sagittal
views respectively showing repair of the left orbital floor without herniation of orbital soft tissue. (H,I) Anterior and inferior clinical views respec-
tively after 6 months.

Results Six cases had orbital floor fractures in their

The study included 17 cases. Males accounted rlght eye, while elev;n P at.1ents complained of or-
_ : bital floor fractures in their left eye. Road traffic
for 88.2% of cases (n=15), while females account- . . .
ed for 11.8% (n=2) (Table 1). The mean age of the accidents (RTA) (vehicle and motorbike) were the
included cases was 25.82 years old (minimum 10, leading cause of orbital floor fractures in our study,
maximum 36). The peak incidence emerges in the accounting for 76.4% (13/17) of all cases. Violence
2nd decade of life. accounted for 23.7% (4/17) of the patients.
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The average time from trauma to surgical re-
pair was 5.58 months (minimum 1 month and max-
imum 13 months). 64.7% (11 patients) of orbital
floor defects were repaired using a conchal graft,
while 35.3% (6 patients) were treated with titanium
mesh.

Enophthalmos was the most common sign
(88.23%). It was a complaint in 15 patients. It im-
proved in 13 patients postoperatively while 2 pa-
tients still complained. Fourteen patients (82.3%)
complained of diplopia but postoperatively diplo-
pia improved in all operated cases (Table 2). The
third common complaint was infraorbital paresthe-
sia (hypoesthesia, anesthesia, or numbness) in 5
patients (29.4%). Postoperatively, one patient com-
plained of paresthesia while the other 4 patients
improved.

Table (1): Preoperative and postoperative patients’ data.
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The average fracture size on the orbital floor
was 2.35cm2 (minimum Icm2, maximum 4cm?2).
Orbital soft tissue herniation volume ranged from 1
to 2.3ml3, averaging 1.47ml3 (Table 1).

Three types of surgical incisions were used.
Five patients (29.41%) underwent trans-conjuncti-
val incision, while nine patients (52.94%) under-
went subciliary incision, whereas three individuals
(17.65%) used an existing wound incision.

The operative duration ranged from 52 minutes
to 88 minutes (median 68.5 minutes). On review-
ing the 15 consecutive orbital floor reconstructions
with implants in our center without using 3DP,
with 3DP, the operation time was shortened by al-
most 30 minutes because the range of the operative
time was 68 to 125 minutes (median 96.5 minutes)
(Table 1).

Case Age in Chr(.mic.i ty Mode of  Side of D'efe.c t Herniatign Material .. Durationiof
number Sex years period in trauma  fracture  SIZ€ én volurr13e in used Incision surgery in
months cm ml minutes
1 Male 10 12 RTA Left 4 23 Mesh  Subciliary 56
2 Female 21 5 RTA Right 2 1.5 Graft  Subciliary 66
3 Male 25 RTA Left 3 1.6 Mesh  Subciliary 52
4 Male 22 1 RTA Left 2 1.3 Graft  Existing wound incision 76
5 Male 18 3 RTA Left 3 1.5 Mesh  Transconjunctival 88
6 Male 32 2 Violence  Right 1 1.2 Graft  Transconjunctival 69
7 Male 16 5 Violence  Left 1 1.1 Graft  Subciliary 68
8 Male 36 8 RTA Right 2 1 Graft  Subciliary 63
9 Male 30 6 RTA Right 4 2.1 Mesh  Subciliary 78
10 Female 26 10 RTA Left 2 12 Graft ~ Transconjunctival 77
11 Male 28 13 RTA Left 3 1.6 Graft  Subciliary 74
12 Male 20 1 RTA Left 4 1.9 Mesh  Existing wound incision 59
13 Male 30 5 RTA Right 1 1.5 Graft  Subciliary 58
14 Male 35 2 RTA Left 2 13 Graft  Subciliary 65
15 Male 36 6 RTA Left 1 1.1 Graft  Transconjunctival 69
16 Male 26 7 Violence  Left 1.6 Mesh  Transconjunctival 68
17 Male 28 1 Violence  Right 2 12 Graft  Existing wound incision 78
Table (2): Preoperative and postoperative clinical symptoms Discussion

and signs.

Preoperative Postoperative symptoms and signs

symptoms and signs (after 6 months)

Diplopia (n=14) Improved (n=14)  Not improved (n=0)

Enophthalmos (n=15) Improved (n=13)  Not improved (n=2)

Infraorbital paresthesia
(n=5)

Improved (n=4) Not improved (n=1)

N:Number.

Orbital trauma is one of the most common max-
illofacial fractures of surgical importance because
it impairs ocular mobility and visual acuity [9]. Re-
storing the orbit’s original volume and form, repo-
sitioning its contents, and regaining ocular mobility
are the goals of managing the orbital floor fracture
[10,11].

Surgical treatment of orbital floor fractures
should be performed without delay to avoid com-
plications such as diplopia, enophthalmos, inappro-
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priate fracture healing, and dystopia [12]. Causes of
delay may be unfit patients for general anesthesia
or patients refusing surgery at the time of trauma
Since swelling frequently conceals enophthal-
mos so many cases may be delayed for weeks or
months. This was in line with a study that reported
a retrospective examination of 46 patients by Wen-
juan Lu et al. At an average of 5.3 months after Or-
bital-Zygomatic-Maxillary injury; the main causes
of delay were because little is known about the sig-
nificance or limitations of the condition in various
health centers, also Orbital-Zygomatic-Maxillary
fractures are often linked to injuries to the brain,
heart, or other important organs that need immedi-
ate treatment to stabilize vital signs [13].

There are numerous uses for three-dimension-
al technologies in the medical industry. In plastic
reconstructive surgery, 3DP-driven surgical appli-
cations are becoming more widespread [14]. Uti-
lizing 3D printing to restore orbital fractures may
enhance the result and optimize the functional and
aesthetic restoration of the traumatized orbits [15].

Seventeen patients were included in our study.
All patients were delayed from one month to 13
months. All cases were complaining of unilateral
orbital floor fractures, with 11 patients with left or-
bital floor fractures and 6 patients with right orbital
floor fractures. All cases were managed using the
STL model 3D printed.

Fifteen cases were males while females repre-
sented two cases, this is explained by the fact that
men constitute the main working force in our so-
ciety with increased violence rates between males
than females. This supports the statistics of Gosau
that reported one hundred forty-eight (78.3%) men,
and 41 (21.7%) women were recorded; thus, the
gender distribution was 3.6:1 [16].

The cases’ average age ranged from 10 to 36
years old, with a mean of 25.82 years, and inci-
dence peaks in the second decade. Car and motor-
bike road traffic accidents (RTAs) accounted for
76.4% (13/17) of all instances. Unlike the Venugo-
pal study, violent attack was the primary cause of
orbital floor fractures (29.6%), followed by traffic
accidents (25.1%) [17].

Diplopia was present in 14 cases and resolved
in all cases postoperatively within 3 months. Five
patients only complained of infraorbital paresthe-
sia. Four improved while one patient complained of
numbness in the infraorbital region (Table 2). This
high improvement rate was due to proper preop-
erative assessment of fracture size and soft tissue
herniation volume by CT radiology and remodeling
of 3D models according to CT dimensions. These
findings were consistent with research by Farag Al-
lah et al., that concluded that 60% of cases (3 pa-

tients from each group). After one week of surgical
intervention, diplopia was present in 50% of cases,
all patients’ diplopia had disappeared a month af-
ter surgery [18]. Hossal et al., agreed that surgically
repairing blowout fractures within two weeks of
trauma can reduce the incidence of persistent di-
plopia. That diplopia improves from a few weeks
to months after surgery [19].

The most concerning consequence after orbital
wall fractures and OZM fractures is enophthalmos
[20]. The most prevalent cause of enophthalmos is
an increase in the size of the bony orbit due to or-
bital wall defects or the displacement of shattered
segments [21]. The herniated orbital tissue may fall
into the maxillary or ethmoidal sinuses or become
lodged in the broken crack. Fan et al., determined
orbital volume using computer-aided 3D orbital
measurements and verified the linear relationship
between orbital volume increment and enophthal-
mos degree so the quantity of implanted materials
needed for the procedure can be estimated from the
difference between the preoperative orbital vol-
umes of the affected and unaffected sides [22].

Fifteen cases were complaining of enophthal-
mos. It was improved in 13 patients. Only two
patients managed with conchal cartilage graft still
complained of enophthalmos. After 6 months they
had revision surgery and surgically repaired by ti-
tanium meshes. Enophthalmos had been improved,
according to Kozakiewicz, M. and his group, since
the pre-shaped orbital floor implants had a more
precise “true-to original” shape that more closely
matched the original shape of the broken bone [23].

Cases with defect sizes of more than 2.5cm?2
were managed by titanium mesh or double conchal
cartilage. Conchal cartilage transplants were used
to treat cases with orbital floor abnormalities small-
er than 2.5cm2 . This was supported by Potter et al.
study. They preferred the usage of titanium mesh as
they are available, biocompatible, easy intraopera-
tive contouring, and rigid fixation [24].

Applying 3D printing assists in determining
the appropriate size and form of reconstructive
materials. Fibrosis and challenging dissection sur-
rounding the important components posed the most
obstacle in delayed cases, three-dimensional print-
ing’s primary purpose was not to aid in the mold-
ing of artificial material used for reconstruction
but rather than the precise preoperative evaluation
of fracture defect size and form and choosing the
proper reconstructive material size and form. The
current study did not include reconstruction of the
orbital floor using bone graft and it was supported
by Chang et al., study due to bone graft complica-
tions such as cranial encephalitis or iliac bone os-
teomyelitis according to donor site used for bone
graft also difficult remodeling of bone graft accord-
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ing to orbital floor defect [25]. To fix the volumetric
expansion and seal the orbital wall flaw, materials
like HDPE and titanium mesh were employed. In
certain instances, orbital wall fractures could be
treated without the need for implant fixation. In
addition, Nam et al. [21] implanted porous polyeth-
ylene or hydroxyapatite in 405 individuals without
fixation and observed no bleeding, migration, or
extrusion.

Authors preferred subciliary incision over
transconjunctival in most cases as it provided us
with better visualization of the surgical field, espe-
cially in cases with orbital floor fractures associat-
ed with other zygomaticomaxillary fractures while
Lim and his team preferred transconjunctival inci-
sion in their study as it is more cosmetic [26].

The three-dimensional implant had a great ben-
efit in shortening the time of surgery. The average
time of our seventeen surgeries was 68.47 minutes
which is shorter than the average time of previ-
ous surgeries without 3DP modules by nearly 30
minutes. This was in accordance with research by
Weadock et al., that found that, prior to the use of
3D-printed molds, the average surgical duration
was 93.3 minutes. With a range of 36 to 57 minutes,
the average surgical time is 48.3 minutes [27].

Conclusion:

Based on the study’s findings, it is possible to
conclude that using a three-dimensional rapid pro-
totype skull module aid in the accurate preopera-
tive assessment of orbital floor defects. Additional-
ly, this shortens the duration of the operation, uses
less general anesthetic, and involves less tissue
handling and dissection during the procedure, all
of which lead to fewer complications after the pro-
cedure.
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