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The utilization of customized three-dimentional (3D) models based on patient's computed tomography (CT) scan data and by assistance of
additive manufacturing/rapid prototyping (AM/RP) techniques for 3D reconstruction is one of the applicable trends for reducing the errors and
time saving during surgeries. In the present study, the methodology of the fabrication of a custom-made 3D model based on converting CT scan
data to standard triangle language (STL) format for a 33-years old male patient who was suffering from an accident trauma was described. The
3D model of the patient’s skull was fabricated and applied in preoperative planning. It was used for designing a comprehensive plan for
rehabilitation of the damaged orbit to restore the appearance and bone reconstruction of the patient. Before fabricating the model, the accuracy
of protocols used in converting CT scan data into STL file was evaluated. Then, the model was fabricated by a fused deposition modeling (FDM)
machine. Using this procedure led to a maximum of 1.4% difference between the virtual model in the software and the fabricated 3D model in
the fracture site. The present technique reduced operation time significantly. In addition, following eight months from the operation, the

treatment approach ensured the patient's fractures healing process.
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Introduction

Additive manufacturing/rapid prototyping (AM/RP), a
technology that has been applied vastly in different aspects of
industry, provides design free form and environmental benefits.
It is defined as the process of combining materials based on
layered manufacturing to fabricate objects from 3-dimensional
(3D) models (1,2). In recent years, combination of image
processing and AM techniques has been utilized as an
appropriate method for 3D reconstruction in medicine and
especially in oral and maxillofacial surgery (3). Not only is
maintaining anatomic uniformity and appearance one of the
vital factors for reconstruction of defects in maxillofacial
diseases; in addition, it restores ocular function (4). In the
conventional approach, in oral and maxillofacial reconstruction,
anthropological analyses of the facial skeleton has to be done
with more invasive methods in order to reach the essential
physical reconstruction of the entire bones. Consequently,
significant contamination of the original bones could occur.
Furthermore, it is widely accepted that shaping plates; for

instance, during the operation in the conventional method,
depends mainly on the sculpting skills of the surgeon. As a result,
it increases the hazard of a second interference; consequently,
causes additional concern for the patients (5). The AM
techniques have been reported to be capable of eliminating such
drawbacks of the conventional maxillofacial surgical procedures
(6). Also, it could reduce the operation time in the conventional
method (7). 3D models, fabricated by AM techniques, are
versatile appliances for diagnosis in congenital malformations,
craniomaxillofacial defects, pathologies and reconstruction.
Other applications are in maxillofacial trauma, orthognathic,
facial asymmetry surgeries, surgical planning, and custom
prosthesis design (8). Using pre-operative 3D model for a
traumatic patient can improve surgical procedures and the
outcomes without any intra-operative complications (9).
Furthermore, it has become progressively more popular by
orthopedic surgeons (10). For instance, it was reported in some
cases, reconstruction in the wrong plane has been done because
of limited surgical fields throughout the surgery of orbital wall
fractures. This is precisely where benefiting from 3D model
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Figure 1. The procedure of converting CT scan data into the final 3D model

shows its role; nonetheless, this model prevents any
malpositioning of implant material (11). In this regard, using
bio-models for reaching predictable outcome was done as an
appropriate method for orbital wall reconstruction by Tang and
his co-workers (12). In addition, AM techniques can be used in
the production of occlusal splints and maxillofacial prosthetics. It
can also get applied in orthodontic treatment for the invisible
appliances  (13).
navigation can be accompanied with computer aided design
(CAD) and 3D model for facial reconstruction (14).

There are different types of AM techniques and the oldest
one, stereolithography, dates back to the late 1980s (15). It was
first applied in maxillofacial surgery by Brix & Lambrecht in
1985 (16). Other techniques include selective laser sintering
(SLS) (17), 3D printing (Binder-Jet) (18), fused deposition
modeling (FDM) (19), direct metal laser sintering (DMLS)
(20), laminated object manufacturing (LOM) (21), and electron
beam melting (EBM) (22). However, The materials which are
used in these techniques; such as, metal powder, ceramic
powder, alloy metals, photopolymer, paper, foil, plastic film
and titanium alloys could be thermoplastics (23).

Generally, FDM method is based on depositing of molten
thermoplastic material onto a substrate layer by layer. FDM as
a low-cost 3D printer and a profitable method is employed in
various medical applications (24). As an outstanding example,
it was used for fabricating the region of interest of the maxilla
for the reconstruction of atrophic maxillary arches (25).

orthodontic Moreover, intraoperative

The present technical note explains the technique of
fabrication of 3D model for pre-operative planning, as well as,
investigation of the raw computed tomography (CT) scan data.
It also describes possible errors in the process of converting
raw data into standard triangle language (STL) file. The model
is used in order to reconstruct the patient’s damaged part and,
especially, has a prepared plan for the orbital cavity before
surgery. The aim of this project as a multi-disciplinarycase
involving engineers and anthropologists was fabrication of an
economical custom-made 3D model with an acceptable
accuracy.

Technical note

In this study, a 33 years old male with occupational accident had
multiple traumatic fractures in his facial bones. The patient
suffered from lacerations on his face, facial contour deformity on
the left side and diplopia on binuclear vision. Based on CT scan
images, the orbital rim and floor on the left had comminuted
fractures; the zygomaticofrontal suture and zygomatic bone also
were broke down on the left side of his face. The most
challenging part of facial bones fracture was nasal bone fractures
with a telescopic depressed fracture that could not get fixed by
closed reduction. Thus, the facial soft tissue laceration was
sutured in the emergency operation room, and the treatment of
multiple fractures was decided to be performed later on, when
the patient was stabilized neurosurgically.
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Figure 2. (A) Comparison between raw CT scan data and the final STL file: outcome of the CloudCompare’ software; (B) and histogram of the

intersection between final STL and CT scan data

Preparation of the 3D model for preoperative
planning

Imaging and image processing

Figure 1 shows the procedure of converting CT scan data into the
final 3D model used for the operation planning. As indicated, raw
CT scan data was obtained from CT scan radiography. Images were
acquired from the patient’s head by using a General Electric
Lightspeed VCT 64 Slice CT device (General Electric, Michigan,
United States) with slice increment of 0.625 mm at Alzahra Hospital
(Isfahan, Iran). The peak voltage and the tube current were adjusted
to 100 KVp and 210 mAs, respectively. Following generating STL
format from the images by Mimics 10.1 software (Materialise,
Belgium) and verifying the accuracy and comparing these data to
the raw CT scan data using CloadCompare V2 (version 2.6.1)
software. The outcomes of this comparison showed that there was
an acceptable interface between final STL and the CT scan data
(Figure 2A, B). The mean distance and standard deviation of
calculations for this comparison were 0.223 and 0437 mm,
respectively. Moreover, critical regions (vicinity of the patient's
orbit) had acceptable accuracy (blue regions) and were reliable for
preoperative planning.

The STL file was imported in the slicing software for
generating the required file format for the FDM machine. The
3D model was then fabricated to be used for the operation
planning and during the operation.

Fabrication of the 3D model

After making sure about the final STL file accuracy, its fabrication
was performed. The slicing process was performed by using
XYZware software (version 1.1.34.8, XYZprinting). The model
was then fabricated using XYZ printer. The material was ABS
(white)\which was supplied by XYZ printing. The process
parameters of the machine were layer thickness 0.2 mm and
temperature 260 °C. A manual post-processing of the prepared 3D
model was performed in order to remove the support material

Surgical procedure

Following inducing of general anesthesia, bicronal flap
elevation for improving access to the orbital rim and nasal
bone fractures without a visible scar, accompanied whit
subcilliary, and maxillary vestibular incision. For depressed
nasal septum defect, the cranial bone graft was anticipated
and the orbital rim, as well as, the floor was reconstructed
with plate and screw. In this step, there was a question
whether to use a prosthetic sheet like Medpore for orbital
floor or not. Hence, after the fabrication of the 3D model
with acceptable accuracy, the process of preoperative
planning was commenced by volume rendering. It is worth
mentioning that the entire measurements were performed
by a digital calliper.
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Figure 3. (A) The front view of the virtual 3D model of the patient; (B) asymmetrical patient’s head (black part was generated by the mirroring
technique); (C) volume rendering of 3D; (D) 2D object CT scan (fractured side has less than 10% more volume rather than normal side); (E) and
front view of the patient before the surgery

Rose wax was also used to fill the fractured zones and form
the final reconstructed orbital cavity. Moreover, for the
reconstruction of nasal bone, spectrum photo polymer was
placed in its proper location and formed. Then, it cured by
Bredent Polylux (20). The 3D model was sterilized and used in
the operation room for more plate and prosthetic sheet
formation and for bony distance measurements. Furthermore,
for predicting the size of the graft harvest, which was essential
for the nasal septum reconstruction, photopolymer resin was
used in order to simulate the graft harvest that the surgery team
had decided to cut from the cranial bone of the patient's head
(Figure 4G).

It is quite essential to mention that mirroring the technique
was not used for calculation of the amount of fractured site in
the patient's head. There were numbers of large regions of the
mirrored side deviating from the actually fractured side.
Therefore, due to the asymmetrical form of the patient’s head,
mirroring technique was not a proper method to estimate the
increase in the orbital cavity. As a substitution, multiple slicing
was applied in Mimics in order to virtually fill the orbital
cavity with an appropriate amount of material. In addition, in
order to increase the level of uniformity between both fractured
and normal cavities, numbers of measurements were
performed to determine the amount of plates and their form
before surgery.

Follow-up

The patient was monitored for eight months, and after this
period; the status of the reconstructed zones was investigated
using CT scan images. For a better understanding of the quality
of the applied protocol, the data from last comparison between
pre- and post-surgical CT scan was done based on determining
the mean absolute difference of data (29). Therefore, firstly, the
data from both groups were transferred to CloudCompare” and
then moved in order to make the same coordinate system. After
this step, CAD mesh inspection was performed. The results are
shown in Error! Reference source not found.H. The results
showed appropriate reconstruction near the fractured sites.

Discussion

In the present patient, pre-fabricated 3D model was utilized and
volume measurements was performed to account the volume
differences between the right (normal side) and left (fractured
side) orbital cavity. One of the main trends used for volume
rendering is mirroring technique. It is used to generate the CAD
model of the damaged bone based on another healthy site of the
face (7). As an illustration, Saldarriaga et al, utilized this
technique in the manufacturing of customized implant for a
patient with skull hole (28).
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Figure 4. (A) Virtual measurement of the fractured side; (B) measurement of the distance between outer most surfaces of the formed plate;
(C) the fractured bone and formed plate on the 3D model; (D) recreation of the damaged part with rose wax: front view; (E) side view; (F)
reconstruction of the nasal septum via wax; (G) reconstruction of the nasal septum via photopolymer; (H) and comparison between pre- and
post-surgery CT scan data as well as the front view of the patient after eight months

Figure 3A shows the fractured (white) and normal (green)
sides of the skull. The normal side was mirrored to form the
hypothetical shape of the fractured side, as shown in Figure 3B
by black colour. Due to the asymmetrical problem, the
volumetric calculation was done as indicated in Figure 3C. 2D
object CT scan of the skull, as well as, the front view of the
patient before the surgery, (Figures 3D and 3E).

After estimating the fractured volume in the orbital cavity, it
was concluded that the increase in the orbital cavity volume is
less than ten percent. Therefore, no prosthetic sheet was needed
for orbital floor reconstruction.

Figure 4A indicates one of the measurements at the bottom
of the orbital cavity that was used for cutting and forming the
plate. After this step, the distance between the outer surface of
the formed plate and the fractured bone was measured (Figure
4B). Then, data was compared by the software data analysis to
ensure correct reduction and facial bone contour formation. The
maximum difference between the virtual model in the software
and real 3D fabricated model was about 1.4%. Figure 4C shows
the last formed plate on the 3D model. The depth of the wax at
different locations was compared with the model data. The
results revealed a proper match between the digital data and the
model (Figure 4D and E). Similar procedure was used for the
nasal septum modification (Figure 4F).

Conclusion

The pre-fabricated 3D model helped the surgeons to reduce
the surgery time significantly and the results of the surgery
demonstrated successful application of an accurate 3D
printing method to be used in fabricating pre-operative
models.

The proposed protocol could globally get recognized as a
novel and simple protocol, in the field of maxillofacial
surgery. Nonetheless, this protocol could be used worldwide
because of using FDM technique, also because of checking the
data accuracy before printing. As a matter of fact, by
comparing the final data with initial data from CT scan in this
new protocol, we could fabricate a unique 3D model with
quite sufficient accuracy.
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