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Abstract: The first thing to do before planning the surgical treatment of unilateral defects or
the asymmetry of the facial area is probably establishing adequate mid-plane for comparison
and analysis of the normal and affected side. In such cases, a mirror image can be useful to obtain
customized and optimized mid-plane for specific individuals considering the degree of the defect
and asymmetry. With the concept of the iterative closest point (ICP) algorithm, the surface-based
registration of the initial structure and mirrored structure allow us to generate a mirror plane that
bisects the mid planes of each structure. This mirror plane would improve the quality of pre-operative
evaluation and provide an appropriate start point for the treatment plan with as few errors as
possible. Hence, the aim of this article is to introduce a method to create a mirror plane that can be
assisting in increasing the accuracy of evaluation and analysis so a precise treatment plan would
follow consequently.

Keywords: mirror image; mirror plane; reconstructive surgery; facial asymmetry; iterative closest
point (ICP)

1. Introduction

Surgeons might have a difficult time when they encounter patients who require comprehensive
and reconstructive surgeries due to anatomical asymmetry or large facial defects. [1–3]. For this
reason, there is a rise in interest in establishment of the facial mid-plane with accurate measurement of
asymmetry deviation in the field of oral and maxillofacial surgery [4]. Many techniques have been
introduced in the last few decades to help improve the precision of evaluation and pre-operative surgical
planning; computer tomography, three-dimensional (3D) scanning, CAD/CAM, image processing
software, tissue engineering, and even bio-printing [5]. Among these advances, medical images from
the CT database and commercially available medical image software allow us to construct 3D facial
models of the actual patients. In addition, useful engineering algorithms, such as iterative closest point
(ICP) could extend the utilization of currently growing resources in the medical field by improving
the accuracy and rate of convergence. From this technological advance, virtually mirrored 3D images
of normal anatomic structures can provide an ideal image of desired structure for reconstruction of
the defects or correction of the asymmetries [6,7]. By using these mirror images, surgeons can obtain
a lot of useful information for treatment plans, such as volume, form, location, and dimension measures
of the affected sides [8].

Despite the many advantages of surgical simulation using mirror images, until now, mirror planes
have been mostly produced using facial bone landmarks. It is easy to make mirror planes using
landmarks, but it is difficult to set the exact landmarks. For this reason, an accurate mirror image
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should be created through additional manual manipulation. This manual manipulation process is
time-consuming and requires familiarity with dealing with medical CAD software. Therefore, we
would like to introduce a method to create an easy, fast, and accurate mirror plane.

2. Materials and Methods

2.1. Preparation of 3-Dimensional Skull Model

The 3D skull model was created from facial CT data of randomly selected individuals among patients
who visited the Department of Oral and Maxillofacial Surgery of Kyung Hee University Dental Hospital
between December 2016 and November 2017. Ethical approval was received from the institutional review
board (KHD IRB 1806-2) and written informed consent was obtained from the patient. The datasets
of CT were imported into Mimics as Digital Imaging and Communications in Medicine (DICOM) files.
The DICOM datasets of CT were segmented as the craniofacial regions and reconstructed into 3D skull
models by using Mimics 20.0 software (Materialise LV, Leuven, Belgium).

2.2. Creation of Mirror Plane

Additional medical image software (3-matic®, Materialize NV, Leuven, Belgium) was used to
create the mirror plane, including functions of mirroring and surface-based registration. The creation
of a unilaterally defected skull model was performed on the left side of the temporal area on the skull
(Figure 1A,B). Three points were plotted on the defected skull model according to the commonly used
reference landmarks from recent literature; Nasion, PNS, and Basion [9] (Figure 1C).

Figure 1. Unilateral defect skull model (A). front view (B). top view (C). bottom view with three
reference points; Nasion, PNS, Basion.
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These reference points were connected to establish an initial mirror plane as a temporary mid-plane
to begin the mirroring process (Figure 2A). Reflecting the original defect model by the initial mid-plane
created a mirrored defect mode (Figure 2B). Then, the original skull model and mirror skull model
underwent surface base registration by a conjunctive scale of 5, 1, 0.5, 0.1, 0.05, 0.01, respectively
(Figure 2C).

Figure 2. (A). initial mirror plane (in blue) created from the three reference points. (B). Mirror image of
the original defect model (C). Surface based registration was performed and moved mirror plane was
obtained (in green).
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The three reference points of the mirror model moved along during the registration procedure
and were used to construct a moved mirror plane. Bisecting the initial mid-plane and moved mirror
plane enabled us to achieve a final mirror plane that was customized and optimized for the initial
defect model (Figure 3).

Figure 3. Final mirror plane (in red) was created by bisecting the two planes; initial and moved mirror
planes. Complete reconstruction of the defected areas of each model was achieved after the registration.

3. Results

A final mirror plane was obtained which evenly bisected the initial and mirrored models. Precise
measurements and further treatment plans will be possible for the area to be reconstructed or corrected
by using this final mirror plane.

4. Discussion

Unilateral defects or asymmetrical figures on facial area may result from congenital abnormality,
trauma, or neoplastic lesions. It is essential to set a proper mid-plane to begin evaluation and analysis
for the patients with such facial conditions. Three reference points are usually used to establish
the facial mid-plane; however, the plotting error of the points cannot be neglected in order to carry
out precise evaluation and accurate analysis. There has been an enormous advance in technology
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in the medical field from data collection using computer assisted devices to software enabling 3D
image processes [10–12]. Engineering algorithms, such as ICP could also enhance the application
of currently progressing medical resources by improving precision and rate of overlap. Although
the algorithms are very effective, it could be very challenging to apply them in actual clinical use.
Accordingly, this study attempted to combine the commercially available medical software and concept
of ICP to bring them into practical use at the genuine clinical settings. Taking advantage of these highly
developed current technologies, the mid-plane generated by using mirror images can be a beneficial
solution for the interest in decreasing errors of primary setup. This mirroring technique not only helps
decrease such errors during the initial steps of evaluation and analysis, but also provides an ideal
image of the structure to be reconstructed or reshaped. As a consequence, surgeons can come up
with meticulous treatment plans which are more patient specific and suitable. Traditional free flap
techniques may exhibit limitations of positioning the flaps and bones properly because large defects
and congenital asymmetry can cause dramatic deviations on the normal structures [13]. On the other
hand, reconstruction or asymmetry correction by using computer aided mirror images can allow
the surgeons to overcome such problems and achieve better outcomes. The benefits of using mirror
images are expected to be exceedingly productive when they are combined with bio-printing and even
tissue engineering. In addition, this kind of application of current technologies would lead surgeons to
the next level of oral and maxillofacial surgery, such as the fabrication of bio-reactive scaffolds that can
be an alternative for the traditional free flap surgeries [6,14]. Donor site morbidity would thereby no
longer be an issue, eventually pursuing a decreased duration of surgery and recovery time. Therefore,
this method could help actual users as an appropriate start point to plan comprehensive treatment for
reconstruction or asymmetry correction surgeries in an easier, fast, and accurate way.
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