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ABSTRACT

INTRODUCTION: Computer-assisted preoperative simulation surgery is employed to plan and interact
with the 3D images during the orthognathic procedure. It is useful for positioning and fixation of max-
illa by a plate. We report a case of maxillary retrusion by a bilateral cleft lip and palate, in which a
2-stage orthognathic procedure (maxillary advancement by distraction technique and mandibular set-
back surgery) was performed following a computer-assisted preoperative simulation planning to achieve
the positioning and fixation of the plate. A high accuracy was achieved in the present case.
PRESENTATION OF CASE: A 21-year-old male patient presented to our department with a complaint of
maxillary retrusion following bilateral cleft lip and palate. Computer-assisted preoperative simulation
with 2-stage orthognathic procedure using distraction technique and mandibular setback surgery was
planned.

DISCUSSION: The preoperative planning of the procedure resulted in good aesthetic outcomes. The error
of the maxillary position was less than 1 mm.

CONCLUSION: The implementation of the computer-assisted preoperative simulation for the position-
ing and fixation of plate in 2-stage orthognathic procedure using distraction technique and mandibular
setback surgery yielded good results.

© 2016 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Conventionally, one-stage 2-jaw surgery combined with Le Fort
I osteotomy and mandibular setback surgery is performed to treat
maxillomandibular discrepancies in the cleft lip/palate patients [1].
The maxillary distraction procedure is routinely performed using
the distractors like RED-II system and ziirich pediatric maxillary
distracters, to achieve maxillary bone advancement and soft tissue
lengthening. In case of the patients with mandibular excess (prog-
nathism), an additional mandibular setback surgery is required
to achieve a better aesthetic outcome, occlusal relationship and
stability. However, this procedure necessitate several months for
consolidation.

Abbreviations: 3D, three-dimensional; CT, computed tomography; IMF, inter-
macxillary fixation; CAD/CAM, computer-aided design and manufacture.
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The recent development of computerized three-dimensional
(3D) computed tomography (CT) has simplified the process 3D
planning by incorporating a computer-assisted virtual surgical pro-
cedure, whichis carried out during the real-time surgery procedure.
This 3D planning enables the surgeon to interact with the 3D images
and facilitate the positioning of Maxilla required for the fixation of
the plate [2]. The first application of 3-dimensional (3D) imaging for
the placement of five maxillary marking screws and intermaxillary
fixation of prefabricated occlusal splint using the TBNavis-CMFS
navigation system (Multifunctional Surgical Navigation System,
Shanghai, China) was performed on six adult goats. This process
included simulation surgery and image-guided distraction osteo-
genesis during the preoperative planning stage. This technique
enabled to achieve a desired length of the unilateral mandibular
body (10 mm) with great accuracy. In addition, it developed a pro-
tocol for navigation guided mandibular distraction osteogenesis
procedure [3]. Subsequently, this technique was further enhanced
by other researchers who were able to achieve highly accurate
length and rotational corrections through this procedure [4]. Sun
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Fig. 1. Preoperative planning and simulation using the virtual titanium plate. A: Frontal views before the bone movement; B: Frontal views after the bones movement.

Fig. 2. Preoperative planning and simulation before and after the bone movement.

et al. [5] have also highlighted the importance of muscle pull influ-
encing the postsurgical outcome in maxillomandibular surgery.

Here, we report a case wherein the computer-assisted pre-
operative simulation was carried out prior to the actual surgery
through the2-stage procedure employing distraction technique
and mandibular setback surgery.

2. Presentation of case

A 21-year-old male patient presented to our department with a
complaint of maxillary retrusion following bilateral cleft lip and
palate. Computer-assisted preoperative simulation with 2-stage
procedure combining maxillary advancement by employing dis-
traction technique and mandibular setback surgery was planned.
The patient was subjected to CT scan of the face using 320-row area
detector CT scanner (Aquilion ONE, Toshiba, Tokyo, Japan), which
acquired CT scans (slice thickness, 0.5 mm) of the maxilla. Based
on the CT data, 3D surface models of the maxilla were constituted
from image processing software (Mimics 16.0; Materialise, Leuven,
Belgium). The cephalometric analysis and 3D planning were done
using simulation software to obtain a normal profile and occlusal
relationship. The 3D inspection and metrology of the maxilla was
constituted using Geomagic Qualify (Geomagic, North Carolina,
USA) and FreeFrom plus 2014 software (Geomagic, North Carolina,

USA). The 3D models were built and superimposed through a fully
automated voxel-wise method using the pre-surgery cranial base
as reference. The 3D scanner (Rexcan DS2, Solutionix, Seoul, Korea)
was used to obtain 3D surface data of the titanium plate (KLS Mar-
tin, Umkirch, Germany). The 3D surface data of titanium plate were
imported to the Freeform Plus software (Rock Hill, USA).

In the preoperative simulation planning; the computer-assisted
bone movement and positioning of the plate were carried out using
3D images (Fig. 1). The virtual Le Fort I osteotomy on the maxilla
and forward movement of the virtual maxillary fragment was car-
ried out using the Freeform Plus software. The hole was created
using the virtual drill at the 3D position as computed by the preop-
erative simulation prior to the bone movement. The displacement
distance between the points before and after the bone movement
(Fig. 1A & B) and distance between the points which superimposed
Lefort titanium plate of 11 mm (right) and 9 mm (left) were calcu-
lated using FreeFrom plus software. (Fig. 2). In the second step, the
mandible was moved backward till the occlusal relationship was
achieved.

During the real-time surgery (1st stage) Lefort type I osteotomy
was carried out and the ziirich pediatric maxillary distractors were
placed. The distractors were adjusted on a day to day basis and
the predetermined advance movement of maxilla was obtained on
the 23rd day. In the 2nd stage (i.e on 23rd day) the distractor was
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Fig. 4. Plate and screw position during the actual surgery. A: Right side views; B: Left side views.

removed and the maxillary bone was fixed using Lefort titanium
plate (one Lefort plates of 9 mm, one Lefort plates of 11 mm and
two Lefort plates). This enabled holding the maxilla at its advanced
position and kept it stable by fixing the titanium plated to the screw
holes created at the pre-designated site. The mandibular setback
surgery (intraoral vertical ramus osteotomy) was performed, which
manipulated the mandible and maxilla to obtain a planned normal
occlusal relationship. The plate and screw position during the actual
surgery and after the completion has been shown in Figs. 3-4.

The accuracy of the simulation results was analyzed using “3D
comparison” with Geomagic Qualify (Rock Hill, USA). The cranial
base and zygomatic arch were used as base to superimpose the
virtual plan and postoperative scan images as the base bone were
unaltered during the surgery. The differences between the virtual
plans and postoperative results are shown in Fig. 5. In Fig. 3A and
B, the arrows show the screw positions prior to the movement of
the bone while the arrows in Fig. 4A and B show the screw posi-
tions after the movement of the bone. The error of the maxillary
position was noted to be less than 1 mm. The preoperative plan-
ning employing a virtual plate was found to be more reliable and
less time consuming. The required time for virtual surgical planning
was about 60 min.

3. Discussion

Distraction osteogenesis is an accepted treatment option in the
complex craniofacial deformities. Patients with congenital defor-
mity and severe trauma often present with complex 3-dimensional
(3D) soft and hard tissue deformities. The surgical intervention in
these patients involves the immediate need for an advanced CT
scan to visualize the vital anatomical structures and measurement
of bony deformities with high accuracy, which is essential for per-

forming a surgery without causing injury to the vital structures
(nerve and vessels). At the same time, the surgeon can simulate
and manipulate the 3D image to facilitate appropriate treatment
planning required to determine the most favourable osteotomy site
that can yield the desired outcome and avoid any complications.

The planning of craniomaxillofacial distraction osteogenesis and
its surgical outcome has become more predictable owing to the
3D simulation [6,7]. However, the computer-assisted planning is
accompanied by several problems including factors that hinder the
generation of the surgical outcomes despite the 3D planning based
on muscular pull and mastication and prebending of the fixator
devices. Therefore, the navigation guided surgery is required for
the craniomaxillofacial deformity correction [8,9].

Cai et al. 3] performed a navigation-assisted distraction osteo-
genesis in six adult goats, wherein five titanium screws were placed
in the maxillary alveolus as navigation markers, and four inter-
maxillary screws were placed for the intraoperative intermaxillary
fixation (IMF) using the TBNavis-CMFS navigation system (Mul-
tifunctional Surgical Navigation System, Shanghai, China). They
achieved intraoperative registration accuracy within 1 mm and the
hemimandibular mean length was 10.02 mm (range 9.89-10.12).
None showed significant differences between the simulation dis-
traction and postoperative 3D measurements (P>0.05) [3]. This
animal study was a preliminary protocol for the navigation guided
mandibular distraction osteogenesis. Simpson et al. [4] performed
the modified conventional technique in a laboratory using plas-
tic phantoms, and conducted a pilot clinical study involving five
patients, which yielded good outcome in terms of length and
rotational errors (average correction errors of <2° total rotation
and <0.5 mm total lengthening). The study results were clinically
acceptable and not associated with any complications. This was
possible by fixating the distressed bone with a mechanical fixa-
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Fig. 5. Distance maps to visualize the distances between pre- and post-CT scan. A: Left side views; B: Frontal views; C: Right side views.

Fig. 7. Clinical photographs. A. Postoperative photograph; B. Postoperative Right side views.

tor, and carrying out the bone distraction according to the desired
outcome.

Sun et al. [5] conducted a study to investigate the errors in
the computer-aided designing and computer-aided manufacturing
(CAD/CAM) method of unidirectional mandibular distraction osteo-
genesis in six patients with hemifacial microsomia. They found that
the 3-dimensional superimposition of the preoperative simulation,
and postoperative actual models at the end of consolidation had
mean (SD) error between the actual and the predicted height of the
ramus, which was noted to be 0.6 (0.6) mm. In addition, the error
between the actual and predicted intercondylar distance was 8.1
(2.1)mm. A significant difference was noted in the intercondylar
distance between the simulated and actual groups (p=0.00024).
It was concluded that 3-dimensional CT-based planning results in
the actual surgical outcome besides the pull by the lateral pterygoid
muscle and pseudarthrosis. The intercondylar distance decreased
compared with the predicted value. Therefore, the authors recom-
mend the consideration of the various influential factors should
while planning [5].

The computer-assisted surgery allows an intraoperative guid-
ance for osteotomies in addition to the placement of the devices
close to the vital structures [10]. However, the non-specificity of
the tools leads to the lack of precision in the techniques [11].
d’Hauthuille et al. [12] compared two computer assisted surgical
techniques to guide a mandibular distraction osteogenesis pro-
cedure. In addition, they showed that the osteogenesis vector
estimation could be calculated during the procedure and repro-
duced with a higher degree of accuracy utilizing the present
technology (Figs. 6-7).

4. Conclusion

Although both one-stage 1and 2-stage procedure have been
used for the correction in patients with maxillary retrusion by cleft
lip and palate, the authors believe that the computer-assisted pre-
operative simulation for positioning and fixation of plate in 2-stage
procedure combining maxillary advancement by distraction tech-
nique and mandibular setback surgery proves to be highly accurate
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and in agreement with the previous reports. [5,10-12] It has sev-
eral advantages over the conventional orthognathic surgery and
has proved to be superior over them. Satisfactory results of the
procedures with high degree of accuracy and better results make
this procedure a much preferred one over the other. The opera-
tion time in this surgery is much shorter than some orthognathic
procedures. Although the follow-up is more extensive, it is a most
preferred method as it is easier and safer than the other conven-
tional methods. The authors do mention that the finding and long
term follow up data need to be confirmed by larger long-term stud-
ies in future. The conventional orthognathic surgery techniques
tend to have a harmful impact including depression. On the other
hand, Satisfaction with Life Score (SWLS) and quality of life is sig-
nificantly improved in the 2-stage procedure. Although the surgical
treatment initially decreases the level of confidence in patients,
it produces more satisfaction in comparison to the conventional
orthognathic surgery in the long run.
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