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Summary

Background: Craniofacial trauma affects orbital structures in approximately 40% of all cases. Over the years, there has been a marked in-
crease in applying preformed implants for the reconstruction of orbital fractures. Such implants significantly shorten operating times and 
decrease trauma to intraorbital structures during surgery. This study sought to create anatomic models of the bony orbit based on MSCT im-
ages, and use them as templates to form titanium mesh into custom, patient-specific implants for the reconstruction of orbital wall defects. 
Furthermore, the aim was to compare this new technique with a conventional method of treatment.

Material/Methods: A total of 30 patients with facial trauma and orbital fractures were included and divided into 2 groups. The first 
group of 15 subjects was treated with custom implants formed before surgery. The second group of 15 patients had been previously treated 
using a conventional method of manual implant formation during surgery. Both groups underwent ophthalmic evaluation and were sta-
tistically compared.

Results: Significant improvement in all cases was seen after surgery based on ophthalmic examination. There is a statistically significant 
superiority of RP (rapid prototyping) treatment method over CM (conventional method) when the area of diplopic vision (binocular single 
vision loss) and upgaze VVD (vertical visual disparity) reduction are considered.

Conclusions: With this new method of treatment, it is possible to use MSCT imaging to create accurate, individual implants. Such implants 
allow for precise reconstruction of tissue defects and better outcome.
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Background

Although several different surgical approaches have been 
described regarding the repair of orbital floor defects, all of 
these methods results are in a very narrow operating field. 
This makes the process of fitting and aligning implants to 
anatomic landmarks within the orbit time-consuming [1] 
and operator-dependant. In addition to this, the complex 

anatomy of the orbit makes the process of shaping and cut-
ting the titanium mesh very difficult, and it is almost impos-
sible to achieve a “true-to-original” 3-dimensional shape.

Multislice computed tomography can provide accurate im-
ages of the facial skeleton, and is routinely used to image 
trauma of the bony orbit. These images can be reconstructed 
into detailed 3-dimensional images. Nowadays, it is possible 
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to convert these DICOM images into different formats that 
are compatible with software and equipment used for indus-
trial purposes. With this technology, it is possible to make ac-
curate 3-dimensional physical models of very complex struc-
tures in a relatively short space of time. In this study, rapid 
prototyping was used to build accurate physical anatomic 
models of the bony orbit. Such models allow for presurgical 
planning and serve as templates that are used to create indi-
vidual implants. The ideal template would be an exact mod-
el of the orbit that is to undergo reconstruction. However, 
this would only be possible if the patient had a preinjury 
MSCT scan. Trauma of the bony orbits results in changes 
to their dimensions and therefore, they cannot be used for 
this purpose. To achieve accurate templates of the injured 
bony orbit, it is necessary to mirror a 3D model of the unin-
jured contralateral orbit. This results in a 3D model of the 
injured orbit that reflects its premorbid anatomy. This tech-
nique is very effective; however, it must be assumed that an 
innate symmetry of the orbits exists. Although this is a rea-
sonable assumption, there has been no data available in the 
literature to date on this subject [2]. For this reason, it was 
necessary to compare several orbits in patients with no or-
bital pathology to assess their level of symmetry.

To form individual implants for each of the patients treat-
ed, titanium mesh was bent and cut to size using the orbit 
models as templates. This resulted in implants with a 3D 
“true-to-original” shape that best reflected the contours of 
the orbital wall. These models were further used during 
surgery as guides to help identify anatomic landmarks and 
correctly position the implant.

The aim of this study was to present a novel method of or-
bital bone surgery that significantly increases the degree of 
reconstruction precision.

Material and Methods

Orbital symmetry

MSCT studies of the paranasal sinuses were chosen to assess 
the degree of orbital symmetry in subjects with no orbital 
pathology. All studies were performed on a Multi-slice VCT, 
GE Lightspeed 64-slice scanner according to the following 
protocol: 0.6 mm layers, gantry tilt 0°, matrix 512×512. The 

CT data was imported into specialist software [MIMICS, 
Materialize, Belgium] and converted into 3-dimensional 
models of the orbits. These were next exported in STL for-
mat and imported into Geomagic Qualify inspection soft-
ware, which is used in industry to compare reference CAD 
models and scanned data of production parts for quality 
purposes. The left orbit was treated as the reference model 
and mirrored model of the right orbit was compared with 
it. Data were acquired regarding differences between the 2 
models for a maximum deviation range of ±2 mm.

Study group

A total of thirty patients who had sustained facial injuries 
and orbital fractures were included in the study, and divid-
ed into 2 groups. Each case consisted of either an isolated 
orbital floor fracture or such a fracture constituted part of a 
larger trauma pathology. The first group of 15 subjects was 
treated with custom implants formed before surgery (presur-
gical stage). The second group consisted of 15 patients who 
had been previously treated using a conventional method 

Figure 1.  Symmetry of the human orbits. The degree of symmetry 
tolerance was divided into classes: 80% of data points are in 
the range ±0.5 mm, and 90% in range ±0.75 mm

Figure 2.  (A) Coronal MPR of retrobulbar area before individual 
implant application. The patient was previously treated for a 
fracture of the right orbit. The increased volume of the orbit 
was not corrected by bone graft situated on lower wall. (B) 
Coronal MPR at the level of the eye globe; thin bone graft 
between the globe and lower orbital wall; right orbit has 
increased volume. (C) Virtual model. (D) Physical model 
with formed custom titanium implant which corrected 
the contour of the lateral and lower walls. (E) Position 
of implant – intrasurgical view. (F) Post-operational 
3D CT showing position of the implant in the orbit. (G) 
Coronal MPR of retrobulbar area after individual implant 
application. Globe position has shifted superiorly, medially 
and anteriorly. (F) Coronal MPR; the correction of globe 
position is less directly below the globe and the insertion of 
lower rectus muscle.
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of manual implant formation during surgery. All patients in 
the custom implant group had a CT study performed that 
was later converted into a virtual model of the bony orbit 
and a physical model was later produced.

The ethics committee at the Medical University of Lodz ap-
proved the procedures for this study, which was conduct-
ed in accordance with the principles set by the Helsinki 
Convention. Informed consent was obtained from all par-
ticipants.

CT scanning protocol for anatomic models

Multislice VCT, GE Lightspeed 64-slice scanner, 0.6 mm lay-
ers, gantry tilt 0°, and matrix 512×512 was performed for all 
patients on the day of admission to hospital.

CT data processing, virtual model creation, and physical 
model production was done by rapid prototyping

The CT studies were evaluated and the area of interest i.e. 
both orbital cavities and the surrounding bone structures were 
assessed. CT data were imported into MIMICS and 3D virtu-
al models were created. The unaffected orbit was mirrored 
onto the contralateral side i.e. the injured orbit. Such mod-
els contained numerous pseudoforamina which is typical for 
CT studies because of the very thin bone structures of the or-
bit. In order to create rigid physical models that would be stiff 
enough to be used as templates, all the empty spaces (air) sur-
rounded the mirrored orbits in the virtual models were filled 
in. This resulted in virtual models of the orbit that were sur-
rounded by hard tissue only. The resulting physical models 
were much more rigid than if they had been built containing 
hollow structures i.e. maxillary and ethmoid sinuses. Next, 
the virtual model data were converted to STL format and sol-
id physical models were created from polyacrylic resin using 
a 3D photopolymer technique [Objet Geometries, Israel].

Presurgical stage

A simple protocol for forming the titanium mesh was es-
tablished. A 0.4-mm – thick titanium mesh was used to pre-
pare reconstructive plates for orbital wall reconstruction. 
The surgeon cut to size and formed an implant based on 

clinical symptoms, data from CT scans, and shape of the 
orbital walls in the physical model. The aim was to precise-
ly cover the area of bone defect and produce a supporting 
structure for the globe. Careful attention was paid to omit 
anatomic structures such as the lacrimal sac.

Surgical procedure

Under general anaesthesia, transconjunctival approach was 
used in all patients and revision of lower orbital wall was 
performed. Herniated tissue was reduced to restore proper 
positioning of the intraorbital structures. Bone fragments 
were reduced if possible. The pre-bent titanium mesh was 
positioned, and the globe was supported on this. Passive 
movement of the globe was evaluated at the end of the sur-
gical procedure.

Postsurgical follow-up

Ophthalmic examination was used to assess eye globe motil-
ity and binocular single vision test. MSCT studies to evaluate 
the position of intraorbital implants were performed 2 weeks 
after surgery for both groups and compared statistically.

results

Orbital symmetry analysis showed that a high degree of sym-
metry exists between individual bony orbits. An example 
of such an analysis is shown in Figure 1. In this case, more 
than 16000 data points were analyzed for the 2 orbits. In 
each corresponding model, symmetrical points were estab-
lished, and the distance between them was recorded. The 
average positive deviation was 0.216 mm, average negative 
deviation was –0.332 mm, while the average standard devi-
ation was 0.417 mm. The figure below shows the deviation 
distribution for a maximum range of ±2 mm. In this analy-
sis, 80% of the data points were within the range ±0.5 mm 
and 90% were in the range ±0.75 mm.

Significant improvement in all cases was observed after surgery 
based on ophthalmic examination (Table 1). Owing to the 
fact that P value for the t test is less than.05, there is a statisti-
cally significant superiority of RP treatment method over CM 

Figure 3.  Loss of binocular single vision (0=best; 1=worst) in both 
patients groups [treated with individual implant – RP, 
and conventional method – CM] before and after surgical 
treatment.

Figure 4.  Post-operational residual eyeball motility restriction (n 
– number of patients, RP – treatment with individual 
implants, CM – conventional method of treatment).
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when the area of diplopic vision (Figure 3) and upgaze VVD 
reduction (Figure 4) are considered at 95.0% confidence level. 
Correction of VVD in downgaze and primary position in early 
results are the same for both methods of treatment, however 
a greater improvement for primary position was demonstrat-
ed after application of individual implants (Figure 2, Table1).

discussion

Craniofacial trauma affects orbital structures in approximate-
ly 40% of all cases [3]. Many orbital cavity fractures occur me-
dial to the infraorbital groove and canal and are commonly 
combined with fractures of the medial wall [4–6]. Such trau-
ma affects the bony structures and results in changes in the 
orbital dimensions. This alters the position and function of 
intraorbital contents and leads to serious complications such 
as diplopia, enophthalmos, and visual acuity disturbances 
[6]. Surgical repair of orbits and restoration of the preinju-
ry anatomy is frequently necessary to prevent these complica-
tions from developing [7]. Multiple surgical approaches have 
been described in literature (transconjunctival, subciliary, 
transcutaneous), and different types of materials have been 
used for reconstruction (bone, cartilage, titanium, resorbable 
mesh) [3,8–11]. Many studies have been published on this 
subject, and different methods have been demonstrated to 
repair these defects [3,7,12,13]. Nevertheless, these injuries 
still continue to be some of the most complex and demand-
ing reconstructive challenges in maxillofacial surgery [2].

Multislice computed tomography can provide accurate im-
ages of the facial skeleton and is used routinely to image 
trauma of the bony orbit. These images can be reconstruct-
ed into detailed 3-dimensional images. It is nowadays possi-
ble to convert these DICOM images into different formats 
that are compatible with software and equipment used for 
industrial purposes. Rapid prototyping is a technology that 
became commercially available in the mid 1980s and was al-
most instantly adopted by the car manufacturing and aero-
space industries. With this technology, it is possible to make 
accurate, 3-dimensional, physical models of very complex 
structures in a relatively short space of time. As a result of 
this, the use of rapid prototyping soon became very popu-
lar in many different and varied industries.

This paper demonstrates the results of an uncomplicated meth-
od of creating very precise orbital wall implants, which can be 
successfully used in daily maxillofacial practice and prevent 
complications developing due to changes in orbital dimen-
sions. The use of the mirroring technique is very effective as 
it provides a means of creating an accurate replica of a bony 

orbit. Our preliminary studies have shown the orbits to have 
a high degree of symmetry. This suggests that is justifiable to 
the use of the mirroring technique and that it is the meth-
od of choice to create an accurate model of an injured orbit.

A review of the advantages and disadvantages should be the 
starting point of a discussion regarding this treatment meth-
od. The disadvantages are the length of time required to 
build models, need for cooperation between a number of 
people in different locations (radiology department, surgi-
cal ward, IT services, hospital management, rapid prototyp-
ing service provider), and the difficulty of using this method 
in panfacial fractures-problem of indentifying stable orbital 
margins [before surgery] for virtual planning of the model 
and establishing accurate placement of the pre-bent plates. 
On the other hand greater accuracy, straightforward plan-
ning and model construction, better understanding of orbit-
al injury morphology, shortened operation time, decreased 
number of attempts at positioning implant in the orbital cav-
ity and assessing the shape and fit, excellent technique for 
large wall defects, favorable method for retreatment, mod-
el available to surgeon during operation, and low costs are 
undeniably the advantages of this method [14].

It is necessary to apply this method to a larger population of 
patients. It is also essential to acquire accurate data regard-
ing the level of precision achieved in reconstructing the or-
bital walls and the dimensions of the bony orbit. To do this, 
repeat MSCT studies will have to be done. However, due to 
the high radiation doses involved, this is not immediately 
possible and will be performed over time.

conclusions

This study has shown a new method of orbital bone sur-
gery that improves the precision of reconstruction and re-
sults in better functional outcome. With this new method 
of treatment, it is possible to use MSCT imaging to create 
accurate, individual implants. Such implants allow for pre-
cise reconstruction of tissue defects and better outcome in 
patients with orbital wall fractures. The use of the mirror-
ing technique is justifiable because preliminary results in-
dicate a high degree symmetry for the bony orbits.
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