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Abstract: The purpose of reconstruction of an orbital fracture is restoration of normal structure and
volume without visible or functional complications. In a previous study, orbital implants were created
using three-dimensional (3D) printing technology to restore orbital fractures. In the present study,
the authors compared the efficacy of the conventional manual-bending implant and the 3D-printed
standardized implant in order to verify the clinical utility of the fabricated 3D printed orbital implant.
In this single-center, retrospective study, the authors evaluated medical records and 3D-CT scans of
patients with inferomedial orbital fracture. Selected patients were divided into two groups. Group A
underwent surgery with the 3D-printed standardized implant, while group B was treated using a
manual technique to mold and trim the implant. A total of 32 patients was included in this study, 16
in each group. The volume of the preoperative lesion side was significantly different from that of
the normal side or postoperative lesion side within each group. The volume of the postoperative
lesion side was not statistically different from that of the normal side in Group A, but this volume
was significantly different from that of the normal side in Group B. The 3D-printed standardized
implant provides surgical efficacy to restore inferomedial orbital fracture and has superior surgical
outcomes to the manual-bending implant.

Keywords: inferomedial orbital fracture; 3D printed implants; manual bending

1. Introduction

The purpose of reconstruction of an inferomedial orbital fracture is to restore the
normal orbital structure and volume by placing the fractured segment in the premorbid
position [1,2]. However, precise restoration of the delicate anatomy of the orbit is challeng-
ing [3] and can result in serious and visible enophthalmos, globe dystopia, diplopia, or
blindness if sophisticated restoration is not achieved [4–8].

A fractured orbit lacks structural support, and appropriate placement of an implant
can be compromised [9,10]. Traditionally, inorganic orbital implants made of titanium,
polyethylene, and poly lactic acid have been used [11–15]. Those can be manipulated
easily but can lead to above-mentioned complications due to inaccuracy [8] and iatrogenic
injury [3]. Recently, the patient-specific implant (PSI) using three-dimensional (3D)-printing
technology has been introduced. This implant can be elaborately shaped to restore normal
orbital anatomy [2,3,16–25]. However, considering that orbital fracture is a common facial
injury, PSI is high-cost, time-consuming, and requiring additional labors for each procedure.

In a previous study, anatomical restoration of an orbital fracture was attempted
by creating a suitable implant using 3D printing technology [26]. The orbital implant
reproduces the curvature of the inferomedial wall of the orbit using anatomical data from
standardized radiologic images of 100 cadavers.
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In the present study, the authors compared the efficacy of the conventional manual-
bending implant and the 3D-printed standardized implant in clinical practice. The use
of a 3D-printed standardized implant was hypothesized to allow more precise molding
than a conventional implant. The surgical outcomes were evaluated using computed
tomographies to assess the accuracy of implant insertion, the degrees of post-operative
enophthalmos and diplopia, and limitation of the globe movement.

2. Materials and Methods

In this single-center, retrospective study, we evaluated the medical records and 3D CT
scans of patients with inferomedial orbital fracture between May 2017 and October 2019.
The Institutional Review Board of The Catholic Medical Center Office of Human Research
Protection Program approved our study (IRB approval number: KC21RISI0079). For this
type of study, formal consent is not required. The patients were selected according to the
following criteria.

The inclusion criteria were:

a. Diagnosis of unilateral inferomedial orbital fracture with preoperative radiological
evaluation including 3D CT

b. Surgery within two weeks after injury
c. Postoperative evaluation including clinical outcomes and radiological examination

including 3D CT within three months postoperative.

The exclusion criteria were:

a. Single fracture of the medial wall or floor of the orbit
b. No preoperative or postoperative 3D CT scans
c. No postoperative evaluation within three months postoperative
d. Surrounding combined fracture requiring open reduction and internal fixation such

as fracture of the zygomaticomaxillary complex or frontal bone.

Selected patients were divided into two groups. Group A underwent reconstructive
surgery with the purchased 3D-printed standardized implant, while group B was treated
using a manual technique to mold and trim the 0.8mm polyethylene orbital implant.
[Medpor®, Stryker Instruments, Kalamazoo, MI, USA].

2.1. Fabrication of 3D-Printed Orbital Implant

In the previous study, [26] the data from CT images of 100 adult cadavers were
analyzed, and the dimensions of the inferomedial orbital anatomy were reconstituted using
a computer-aided design program, 3-matic (version 14.0, Materialize, Leuven, Belgium) [26].
After the implant design was created and simulated based on CT of 10 adult patients, the
standardized implant [TnR Mesh (Orbital type), T&R Biofab Co., Ltd., Seoul, Korea]
was fabricated at 0.8mm thickness with fused deposition manufacturing 3D printing
technology using 3DX printer [T&R Biofab Co., Ltd., Seoul, Korea]. The biocompatible
polymer, polycaprolactone (PCL), which is non-toxic, absorbable, absorbent, radiolucent,
and semi-rigid with structural stability, was used for this fabrication (Figure 1) [27]. A
100 µm thick PCL fibers were dispensed from the steel nozzle of the head at 100 ◦C and
500 kPa and post-processing was to smooth the edges. It took 3 h to produce one implant,
and after production, it was sterilized with a dose of 25 kGy of Gamma irradiation.
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Figure 1. Graphical abstract of fabrication of 3D-printed orbital implant.

2.2. Clinical Application

Inferomedial orbital fracture diagnoses were confirmed on CT or during surgery.
Surgery was performed via a subciliary and transcaruncular approach as previously de-
scribed [26]. In group A, the standardized 3D-printed implant was applied, while a
hand-manipulated orbital implant composed of porous polyethylene was used in group
B. To analyze the outcome, the symptoms were evaluated before and after surgery, and
orbital volume was measured using CT at 3 days and 2 months after surgery (Figure 2).
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inferomedial fracture. (A) Preoperative CT. (B) At three months postoperative. (C) The implant
outline is indicated by a yellow dotted line.
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2.3. Statistical Analyses

For continuous variables presenting a Gaussian distribution, the mean and SD were
used for description, the difference between groups was compared using unpaired t-test,
and the repeated-measured one-way ANOVA was used to compare the three measures.
For nominal variables, fractions in percentages were calculated, and Fisher’s exact test and
Chi-square test were used for comparison. A p-value less than 0.05 indicated a statistically
significant difference.

3. Results

A total of 32 patients was included in this study, 16 in each group. The baseline
characteristics and demographic data of the patients are summarized in Table 1. The
groups had no differences in age, sex, lesion side, cause of trauma, operational delay,
interval of CT, and follow-up period at the outpatient clinic.

Table 1. The baseline characteristics and demographic data of the patients.

Group A Group B p Value

Age, year 34.1 ± 16.5 34.6 ± 17.3 0.926
Sex 0.433

Male 13/16 (81.3%) 10/16 (62.5%)
Female 3/16 (18.8%) 6/16 (37.5%)

Lesion side 0.716
Rt. 5/16 (31.3%) 7/16 (43.8%)
Lt. 11/16 (68.8%) 9/16 (56.3%)

Cause 0.399
Fall down 5/16 (31.3%) 2/16 (12.5%)
Assault 9/16 (56.3%) 9/16 (56.3%)
Accidental bump 2/16 (12.5%) 4/16 (25.0%)
Traffic accident 0/16 (0.0%) 1/16 (6.3%)

Operation delay, day 7.6 ± 3.1 7.9 ± 2.9 0.773
Interval of CT, day 69.6 ± 49.0 69.5 ± 48.9 0.994
OPD F/U, month 5.1 ± 3.3 5.4 ± 5.5 0.881
Pre-operative symptoms

>0.999
Diplopia 2/16 (12.5%) 2/16 (12.5%)
Discomfort 3/16 (18.8%) 2/16 (12.5%)
Exophthalmos 0/16 (0%) 0/16 (0%)

Post-operative symptoms

>0.999
Diplopia 1/16 (6.3%) 1/16 (6.3%)
Discomfort 0/16 (0%) 0/16 (0%)
Exophthalmos 0/16 (0%) 0/16 (0%)

The mean volumes (cm3) of the normal side, preoperative lesion side, and postoper-
ative lesion side of group A were 21.6 ± 2.2, 23.9 ± 2.1, and 21.9 ± 2.1, respectively, and
those of group B were 20.6 ± 3.1, 23.1 ± 3.6, and 21.4 ± 3.2. No variable was statistically
different between groups (Table 2).

Table 2. Surgical outcomes: comparison of group A and group B. (V0: orbital volume of the normal
side; Vpre: preoperative orbital volume of the lesion side; Vpost: postoperative orbital volume of the
lesion side).

Volume (cm3) Group A Group B p-Value

V0 21.6 ± 2.2 20.6 ± 3.1 0.336
Vpre 23.9 ± 2.1 23.1 ± 3.6 0.420
Vpost 21.9 ± 2.1 21.4 ± 3.2 0.628

The volume of the preoperative lesion side was significantly different from the volume
of the normal side or postoperative lesion side within each group. The volume of the
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postoperative lesion side was not statistically different from the volume of the normal side
in Group A, but this volume was significantly different from the volume of the normal side
in Group B. (Table 3 and Figure 3)

Table 3. Surgical outcomes: comparison of variables within each group. (V0: orbital volume of
the normal side; Vpre: preoperative orbital volume of the lesion side; Vpost: postoperative orbital
volume of the lesion side). **** p-value is significant at the 0.0001 level. *** p-value is significant at the
0.001 level.

Comparisons p-Value

Group A
V0 vs. Vpre <0.0001 ****
V0 vs. Vpost 0.2219

Vpre vs. Vpost <0.0001 ****
Group B

V0 vs. Vpre <0.0001 ****
V0 vs. Vpost 0.0003 ***

Vpre vs. Vpost 0.0004 ***
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Figure 3. Analysis of orbital volume of the normal side and the preoperative and postoperative lesion sides in computed
tomography. (V0: orbital volume of the normal side; Vpre: preoperative orbital volume of the lesion side; Vpost: postop-
rative orbital volume of the lesion side). (A) In group (A), according to repeated measures one-way ANOVA, V0 and
Vpost were similar, but differences between V0 and Vpre as between Vpre and Vpost were significant (p < 0.05). (B) 95%
confidence intervals of group (A) using repeated measures one-way ANOVA. (C) In group (B), according to repeated
measures one-way ANOVA, all variables were significantly different (p < 0.05). (D) 95% confidence intervals of group B
using repeated measures one-way ANOVA.
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None of these patients had exophthalmos preoperatively or postoperatively. Three of
16 patients in group A had ocular discomfort before surgery, but the discomfort resolved
after surgery. Two of 16 patients in group B had ocular discomfort before surgery, but the
discomfort resolved after surgery. Two of 16 patients in group A complained of diplopia
before surgery, but only one complained of this after surgery. In group B patients, two of
16 complained of diplopia before surgery, but only one complained of this after surgery
(Table 1).

4. Discussion

According to our results, the 3D-printed standardized orbital implant has a more
efficient outcome than the conventional manual-bending implant. The volume of the
postoperative lesion side was not statistically different from the volume of the normal side
in Group A, while those volumes were significantly different in Group B (p-value < 0.05).
Considering that the normal, preoperative, and postoperative side orbital volumes of both
groups were not statistically different, as shown in Table 2, the surgical result of group A
is superior.

The precise restoration of the fractured orbital structure is important. The restoration
requires not only accurate reformation of the orbit but also the appropriate spatial posi-
tioning of the globe [16]. However, restoration of the premorbid bony contour [3,16] is
challenging and can result in enophthalmos, dystopia, diplopia, and blindness [4–8]. Even
a small change in orbital volume can cause significant enophthalmos [28–31].

While the 3D-printed implant is made of PCL, the manual-bending implant is made
of polyethylene. PCL, which is approved by the US Food and Drug Administration for use
as a medical implant, is a non-toxic, biocompatible, and bio-degradable polymer [27,32].
Polyethylene is a highly stable and flexible material for facial implants and exhibits rapid
ingrowth of tissue with collagen deposition and resistance to infection [33]. The most
obvious difference between the two materials is that PCL is absorbable and polyethylene
is non-absorbable. However, absorbable and non-absorbable implants in orbital wall
reconstruction produce similar results in long-term follow-up [34,35]. Therefore, the
disparity in results according to the absorbable characteristics of implant materials was
excluded in the present study.

Historically, organic autologous implants made of calvarium or cartilage have been
introduced in reconstruction of orbital fracture [36]. In addition, inorganic implants includ-
ing those of titanium, polyethylene, and poly lactic acid have been used [11–15]. Inorganic
implants can be manipulated easily but can lead to complications including diplopia,
exophthalmos, enophthalmos, or limited ocular movement due to inaccuracy [8]. Addi-
tionally possible is iatrogenic injury to the surrounding tissue due to repeated insertion
and withdrawal of the implant to obtain the suitable contour [3].

Recently, the PSI using 3D-printing technology has been introduced. This implant
can be elaborately shaped to restore normal orbital anatomy at the fracture site [2,3,16–25].
Rapid prototyping (RP) has high applicability because it creates a complex model similar
to a normal orbit. RP is used as a template to bend a customized implant made of a
polymer such as titanium, [2,3,24,25] because differences between both orbital volumes and
contours are clinically minor. [37] PSI is created by computer-aided design and milled by
computer-numerical-control from a titanium alloy block [23,38]. However, considering that
orbital fracture is a common facial injury, RP and PSI are high-cost and time-consuming.
Additional engineers are required to apply the software necessary to produce a customized
product for each procedure.

In a previous study, [26] the authors described the creation of a standardized 3D-
printed implant. Orbital data obtained by 3D CT at an interval 1 mm from 100 adult
cadavers, 50 males with a mean age of 50.4 years (range: 21–60) and 50 females with a mean
age of 54.3 years (range: 27–60). The cadavers were limited to those presumed not to cause
bone abnormalities due to the cause of death and its complications. In addition, when a
metal component by dental treatment was present in the tooth, it was extracted. Then,
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orbital data were averaged and used to create 3D-printed implants. The implant design
was suitable for a simulation test on 10 adult patients. The 3D-printed implant, which was
initially 1.15 mm, now is being fabricated using 0.8-mm-thick polycaprolactone. This is a
ready-made standardized implant with precise anatomical contour with no additional cost,
time, and labor. Eventually, the standardized implant offers a bridging strategy until the
in-housing printing technology of PSI is applicable in the clinical environment.

This study attempted to achieve accurate restoration of the orbital cavity using a
standardized 3D printing implant. This might be a satisfactory bridging strategy until
technological advancement allows in-house printing of PSI.

The limitations of the present study are that it has a retrospective design, not a
randomized controlled trial. And the exact measurement point of orbital volume cannot be
defined. Additionally, the number of participating patients was small.

5. Conclusions

The 3D-printed standardized implant provides surgical efficacy to restore inferomedial
orbital fracture. It presents superior surgical outcomes to the manual-bending implant and
offers a pass-through strategy until the in-housing printing technology of PSI is applicable
in the common clinical environment.
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