pISSN 2383-5389 / eISSN 2383-8116
http://dx.doi.org/10.18204/JISSiS.2015.2.2.071

Case Report

Journal of International Society for Simulation Surgery 2015;2(2):71-75

Accuracy of Maxillary Segmental Osteotomy using
3D Simulation: A Case Report
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To overcome limitations of conventional diagnosis and planning for orthognathic surgery, surgeons have begun to use 3-dimensional
(3D) virtual simulation to plan complex orthognathic surgery. In many literatures, it has shown that better surgical outcome achieved
with 3D virtual simulation than that with conventional methods. But, there is still lack of data about accuracy of maxillary segmental
surgery with 3D virtual simulation. The purpose of this paper was to report the case of maxillary segmental orthognathic surgery
with 3D virtual simulation and to assess the actual surgical outcome. Though the result was clinically acceptable, discrepancy between
3D simulation and actual surgery was not superior compared with conventional method. The accuracy of 3D simulation surgery and in-
termediate wafer fabrication for maxillary segmental surgery needs to be improved. Advancement in 3D software program and careful

surgical technique will make it more precise and reliable method.
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Introduction

The disharmony of facial skeleton, soft tissue, and dentition
results in dentofacial deformity. To solve this problem, the orthog-
nathic surgery has been used widely. The success of orthogna-
thic surgery depends on exact planning based on precise diag-
nosis and clinical examination, acquisition and analysis of images
determines the surgical process (1). Lateral and posteroanterior
cephalometric radiographs, clinical photographs, anthropomet-
ric measurements, and plaster dental models are traditional
surgical planning methods (2). And traditionally, dental splints
are used with plaster study models. It is an established and ac-
cepted method, but theoretically there are several sources of
error and inaccuracy (3). Simulating the operation on plaster
models is difficult owing to the lack of connection between ceph-
alometric analysis and plaster model surgery. Rotation and
translation of models are insufficiently controlled during mod-
el surgery (4). By virtue of recent advance in 3-dimensional (3D)
imaging technique, clinicians have tried to develop 3D based
diagnosis and operation. Especially, development in the degree

of precision of 3D CT image and 3D printing technique has al-
lowed making accurate patient’s skull, jaw, and dentition 3D
models and performing 3D based diagnosis and wafer fabrica-
tion. The importance of 3D surgical planning increases with the
complexity of the deformity needed to correct it. Computer based
simulation provides the clinician with an opportunity to perform
virtual surgery, increasing the possibility of a successful outcome
with no risk to the patient (5).

The purpose of the present paper is to report accuracy and pre-
dictability of maxillary segmental orthognathic surgery using 3D
based diagnosis, planning and intermediate wafer fabrication.

Case Report

A 23-year-old male patient was referred for orthognathic
surgery with complaints of facial asymmetry. Routine preop-
erative examination was carried out including 3D cone beam
computed tomography(CBCT). Diagnosis and analysis was
performed with reconstructed 3D object of patient’s craniofacial
skeleton. As a result of analysis with Simplant (simplant pro,
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Fig. 1. A 23-year-old male with mandibular progna-
thism and asymmetry before operation. Facial pho-
tographs, intraoral photographs, lateral cephalomet-
ric radiograph and panoramic radiograph.

Fig. 2. Virtual 3D simulation surgery. A: Repositioning of the segmented makxilla according to the STO in a 3D virtual skull model. B: Ro-
tation and setback of mandible according to the STO in a virtual 3D skull model.
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Materials®, Belgium) software, the impression of the patient
was mandibular prognathism and facial asymmetry and we
planned bimaxillary orthognathic surgery including maxillary

segmental osteotomy for maxillary arch expansion and man-
dibular setback (Fig. 1).

After 3D data acquisition using CBCT, the DICOM files
were imported and craniofacial skeleton was reconstructed as
3D object. To make the virtual craniofacial skeleton model with
accurate upper and lower tooth rows, laser scan of each single
model was used. Based on 3 dimensional cephalometric anal-

Fig. 3. Postoperative clinical photographs and ra-
diographs. Mandibular prognathism and asymmetry
were corrected.

Table 1. Comparison of the distance between reference planes and each point

Vertical AP Trans

Simulation(A) 51.43 22.23 30.15

Mx. Rt. PostOp.(B) 49.44 23.81 31.04

A B-A -1.99 1.58 0.89

Simulation 51.11 22.97 30.13

Mx. Lt. PostOp 49.08 24.69 29.78

A B-A -2.03 1.72 —-0.35

Simulation 34.29 0.49 0.85

A point PostOp 34.85 0.56 0.36

A B-A 0.56 0.07 —0.49

Simulation 56.91 4.5 0.96

Upper incisor PostOp 58.56 2.88 0.96
A B-A 1.65 -1.62 0

Mx. Rt. & Lt.: Mesio-buccal cusp tip of maxillary 1st molar, A point: A point of maxilla, Upper incisior: Mid-point of central incisiors
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ysis, segmentation and movement of maxilla was planned and
performed in software (Fig. 2). Using CAD/CAM program
with mandible and moved maxilla image, virtual intermediate
splint was designed and fabricated with 3D printing to transfer
3D virtual treatment plan to patient.

Routine bimaxillary orthognathic surgery was carried out.
After the operation, facial morphology and occlusion were im-
proved (Fig. 3). Superimposition between preoperative virtual
3D simulation model and postoperative 3D model from CT data
taken at 1 month after surgery was done and position of maxilla
was analyzed. Reference planes(Mid-sagittal plane, Frankfort
horizontal plane, Coronal plane) and points (maxillary Ist mo-
lar cusp tip, A point, maxillary dental midline point) were pre-
sented. Distance between each plane and point was measured
to compare the result of 3D virtual simulation and actual opera-
tion. Maxilla was repositioned more superiorly and posteriorly
than simulation surgery but discrepancy at each point was less
than 2.0 mm except vertical change of left maxillary 1st molar.
Especially, horizontal discrepancy was less than 1.0 mm (Table 1).

Discussion

The success of orthognathic surgery depends on the surgical
technique and the accuracy of the surgical plan. Virtual planning
combined with computer-aided surgery are rapidly emerging
and increasingly important area of research (6). One of the im-
portant advantages of 3D virtual planning compared with tradi-
tional treatment planning of orthognathic surgery is that the
clinician has more information on the patient’s anatomy dur-
ing planning. And 3D virtual planning helps clinicians to fo-
cus on 3D facial harmonization rather than on facial profile. It is
a powerful tool for communication because clinicians can vi-
sualize the treatment plan of the patient with single anatomic
model including hard and soft tissues and teeth (7).

In this case, the patient was diagnosed with 3D dimensional
analysis and the intermediate splint was fabricated with 3D vir-
tual simulation and CAD/CAM technique. Though it affects lit-
tle in the point of function and esthetics, the discrepancy between
3D virtual simulation and result of actual surgery was more than
1 mm especially on canting correction and anteroposterior
movement. The precision of imaging of the occlusal surfaces,
streak artefacts by metal restorations, errors in the progress like
fusion of images, reconstruction of 3D objects and surgical fac-
tors could be the reasons of discrepancy. The success criterion
remains a difference of maximum 2 mm between the virtual
planned surgery and the actual surgical outcome (8).

In cases of complicated surgery, conventional manual model
surgery requires many laboratory based steps. These steps are
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time consuming and have possibility of errors in each step. Com-
pared with conventional methods, 3D surgical planning and 3D
fabrication of surgical splint have some advantages; splint can be
made without plaster dental models and intermediate 3D surgi-
cal splints can incorporate more accurately the treatment plan.
But, we need software to process CT DICOM files for virtual
model, scanner for dentition, stereographic image, CAD/CAM
software, and 3D printer for 3D virtual analysis (9). It is needed
several new tools compared with conventional methods, so the
cost has increased. Several studies have shown the accuracy of
3D virtual fabricated splint rather than conventional surgical
splint (2, 4, 10, 11), but it can be still challenging to achieve pre-
cision intraoperatively when complex translation and rotation-
al movements are performed in all three planes (12). And 3D
surgical splints for segmental surgery are still very demanding
in 3D virtual approach, because virtual occlusal definition of the
segmented jaws is still very difficult (7).

As mentioned above, 3D based planning and fabrication of
splint for maxillary segmental orthognathic surgery resulted
in acceptable clinical outcome in this case, but still had shown
discrepancy in detail movements. Virtual planning appears to
be an accurate and reproducible method for treatment plan-
ning that can be reliably transferred to the patient by means of
surgical splints. And for clinicians, it is possible to simulate
virtual surgery several times. With more study and advancement
in 3D software and careful surgical approach, virtual planning
could be more accurate and reliable method even in maxillary

segmental surgery.
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