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Objective: To evaluate the surgical accuracy of positioning the
maxilla in patients with skeletal class II malocclusion using
computer-aided design and computer-aided manufacturing
(CAD/ CAM)-assisted orthognathic surgery.
Materials and Methods: The samples consisted of 10 patients
with skeletal class II malocclusion, whose cone-beam computed
tomographys taken before and immediately after surgery were
available and who underwent bimaxillary orthognathic surgery
by a single surgeon using Le Fort I osteotomy and bilateral
sagittal split ramus osteotomy at the Department of Oral and
Maxillofacial Surgery, Seoul National University Dental Hos-
pital, Seoul, South Korea between January 2018 and December
2019. After virtual surgical planning was performed using the
FACEGIDE system (Korea), surgical cutting guides, inter-
mediate splints, and custom-made titanium mini-plates were
fabricated using CAD/CAM technique. Using 8 landmarks
(anterior nasal spine, point A, #16, #13, contact point between
#11 and #21, #23, #26, posterior nasal spine), the mean dif-
ferences between the virtually planned (Virtual) and actual
postsurgical position of the maxilla (Actual) in the three-di-
mensional coordinates (ΔActual-Virtual) and their mean abso-
lute deviations were investigated.

Results: The mean differences of 8 landmarks were 0.42 mm left
side movement in the transverse coordinate, 0.15 mm forward
movement in the sagittal coordinate and 0.10 mm downward
movement in the vertical coordinate. Their mean absolute de-
viations were 0.98, 0.67, and 0.62 mm in the sagittal, vertical,
and transverse coordinates, respectively.
Conclusions: Since the mean difference was less than 0.5 mm
and the range of error was less than 1.0 mm, CAD/CAM-as-
sisted orthognathic surgery might have a high degree of surgical
accuracy and clinical relevance in the positioning of the maxilla.
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The success of orthognathic surgery is dependent on good
surgical technique as well as accurate surgical planning.1

Conventional surgical planning of orthognathic surgery consists
of cephalometric analysis, mock surgery, face-bow transfer, bite
wax recording, mounting of models into a semi-adjustable ar-
ticulator, and model surgery.1– 4 Although all these steps may
lead to errors in surgical planning, there are several other sources
of incorporating errors as follows: inaccurate transfer of the oc-
clusal plane, discrepancies in natural head position, differences
between the hinge axis and condylar rotation when making the
wafers, complicated and inaccurate measurements of the lines
traced on the rough surfaces of the plaster casts, absence of soft-
tissue parameters, difficulty in diagnosis of occlusal cant and
asymmetry of the facial skeleton.5– 9 The development of com-
puter-aided design and computer-aided manufacturing (CAD/
CAM) technique, which represents a paradigm shift in surgical
planning for orthog-nathic surgery, can allow surgeons to over-
come most of the above-mentioned limitations.10

Virtual planning offers several advantages compared to con-
ventional planning,1 including: (1) A diagnostic evaluation per-
formed on a three-dimensional (3D) virtual model; this diagnostic
tool makes it possible to detect and quantify dental cant, yaw
deformities, and other facial asymmetries. (2) 3D virtual planning
provides the surgeon with the freedom to simulate different sur-
gical procedures to obtain the best possible outcome for the pa-
tient. (3) 3D virtual planning facilitates the evaluation and
correction of centric relation (CR) in the temporomandibular joint
(TMJ). (4) Computer-aided design and computer-aided manu-
facturing technology has made an increase in the predictability of
orthognathic surgeries possible. Nevertheless, achieving a high
level of accuracy remains a major challenge for surgeons.5,11,12
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In previous studies, a difference was noted between planned
and actual maxilla position were found and this may be related to
imperfect condylar seating, which significantly affects mandibular
positioning during surgery, even with classical planning.8,13

Condylar seating significantly affects mandibular positioning and
remains a source of inaccuracy during surgery, which leads to
incorrect positioning of the maxilla. Insufficient seating of the
condylar segments may have caused unintentional changes to the
surgical plan, causing an under-advancement of the jaws.14

Patients with skeletal class II malocclusions, when in the
physiological rest position, place the mandible in a more pro-
trusive position than patients with class I occlusion.15–17 Deng
et al18 showed a positive rate of centric relation-centric occlu-
sion (CO) discrepancy as 92.5% (74 cases) in the group of Angle
class II malocclusion and 10.0% (5 cases) in the group of normal
occlusions (P < 0.001). When patients with class II maloc-
clusions are treated, difficulties may arise as a result of the
difference between CR and the habitual position.19–21 As ac-
curate positioning of the maxilla is affected by condylar seating
and class II patients have significantly higher CR-CO discrep-
ancy we chose this group of patients for our study.

After looking over published literature, we found only
1 study taking concern on class II malocclusion by evaluating
the postsurgical stability performing a counter-clockwise rota-
tional procedure for the maxilla-mandibular complex.22 As did
not clearly show the postoperative accuracy we decided to
continue to do our evaluation.22

Our retrospective cohort study aimed to evaluate the surgical
accuracy of positioning the maxilla in patients with skeletal class II
malocclusion using CAD/CAM-assisted orthognathic surgery.

MATERIALS AND METHODS

Subjects
The samples consisted of 10 patients (4 male and 6 female)

with skeletal class II malocclusion. The median age was
29.3 years, with the youngest 20 years old and the oldest was
44 years old. All these patients underwent bimaxillary orthog-
nathic surgery by a single surgeon using Le Fort I osteotomy
and bilateral sagittal split ramus osteotomy at the Department
of Oral and Maxillofacial Surgery, Seoul National University
Dental Hospital, Seoul, South Korea between January 2018 and
December 2019. The exclusion criteria were (1) patients who
had temporomandibular ankylosis or artificial TMJ, (2) patients
who had a history of orthognathic surgery, and (3) patients who
had a history of facial bone trauma, tumors, or cleft lip and/or
palate. There were no cases of facial asymmetry. This retro-
spective study was reviewed and approved by the Institutional
Review Board (IRB) of the Seoul National University Dental
Hospital, Seoul, Republic of Korea (IRB number ERI20031).

Virtual Surgical Planning and Orthognathic
Surgical Procedures

After cone-beam computed tomography was taken just be-
fore surgery and after presurgical orthodontic treatment, the
facial skeleton and soft tissues were digitally recreated using
digital imaging and communications in medicine (DICOM)
data. Then the digital imaging and communications in medicine
files were converted into stereolithography so that the patient’s
3D skull was generated. The occlusal plaster models were
scanned for the incorporation of dental arches of the maxilla
and mandible into the virtual skull.

With help of 3D and clinical measurements, the virtual surgical
planning was performed by moving and rotating the jaw segments

with the FACEGIDE system (Megagen implant, Daegu, South
Korea, Fig. 1). Among 10 patients, segmentation of the maxilla
into 2 fragments was performed in 3 patients. Then, surgical
cutting guides, intermediate splints, and custom-made titanium
mini-plates were fabricated using CAD/CAM technique (Fig. 2).

The maxilla surgery was the first performed on all 10 pa-
tients. The vertical dimension of the maxilla and the position of
the chin segment were established with intraoperative clinical
measurements. The maxilla was fixed with 4 customized tita-
nium mini-plates and the mandible was fixed with 2 4-hole
customized titanium miniplate.

Recreation of Actual Postsurgical Three-
Dimensional Model

An actual postsurgical 3D model was recreated from post-
operative cone-beam computed tomography taken immediately
after surgery (3rd– 5th postoperative days). The reason was to
avoid possible positional or adaptive relapse or resorption or
remodeling of the TMJ.

Registration of the Maxilla Between Virtually
Planned and Actual Postsurgical Three-
Dimensional Models

The actual postsurgical 3D model was rendered and regis-
tered to the preoperative virtually planned 3D model using the
structures unaffected by surgery (anterior cranial base, zy-
gomatic arches, and forehead).

Parameters for Translational Movements of the
Maxilla to Evaluate the Surgical Accuracy

Using 8 landmarks (anterior nasal spine, posterior nasal
spine, point A, #16, #13, contact point between #11 and
#21, #23, #26), which are explained in Supplementary
Digital Content, Table 1, http://links.lww.com/SCS/D611, the
mean difference between the virtually planned (Virtual)
and actual postsurgical position (Actual) of the maxilla in the

FIGURE 1. The workflow of CAD/CAM-assisted orthognathic surgery using the
FACEGIDE system (Megagene implant system, Korea). CAD/CAM, computer-
aided design and computer-aided manufacturing.

FIGURE 2. (A) Example of surgical cutting guide placed on the occlusal surface
of the maxillary teeth, (B) Example of customized titanium plate after fixation
of the maxilla.

Alqussair et al Journal of Craniofacial Surgery � Volume 33, Number 5, July/August 2022

1480 Copyright © 2021 by Mutaz B. Habal, MD

Copyright © 2021 Mutaz B. Habal, MD. All rights reserved.

http://links.lww.com/SCS/D611


3D-coordinates (ΔActual-Virtual in the sagittal, transverse,
and vertical coordinates) were calculated to measure the surgical
accuracy of positioning the maxilla in terms of the vector. A
positive value means that the maxilla was displaced forward,
upward, or to the right side. A negative value means that the
maxilla was displaced backward, downward, or to the left side. A
mean difference less than 1 mm was considered as accurate and
accuracy rate was calculated by number of accurate movements
divided by number of all movement multiplied by 100. Examples
of the virtually planned and actual postsurgical 3D models and
their superimposition are shown in Figure 3. Besides, the mean of
absolute deviation was calculated to see how much the range of
error was possible in the 3D-coordinates.

RESULTS
All the surgeries were completed successfully using our
FACEGIDE system. All the patients achieved good final oc-
clusion with postoperative elastic traction. There was no sign of
abnormal bleeding, breakage of the custom plates, or any dif-
ficulty in using the FACEGIDE system.

The mean differences of 8 landmarks between the virtually
planned and actual postsurgical position of the maxilla in the 3D-
coordinates (ΔActual-Virtual) were 0.42 mm left side movement in
the transverse coordinate (X), 0.15 mm forward movement in the
sagittal coordinate (Z), and 0.10 mm downward movement in the
vertical coordinate (Y), in descending order (Supplementary Dig-
ital Content, Table 2, http://links.lww.com/SCS/D612). These
values indicated the CAD/CAM-assisted orthognathic surgery
might have a high degree of surgical accuracy of positioning the
maxilla in patients with skeletal class II malocclusion.

Their mean absolute deviations were 0.88 mm in the sagittal
coordinate (Z), 0.67 mm in the vertical coordinate (Y), and
0.62 mm in the transverse coordinate (X), in descending order
(Supplementary Digital Content, Table 2, http://links.lww.com/
SCS/D612). Since the range of error was less than 1 mm in the
3D-coordinates, it can be stated the CAD/CAM-assisted or-
thognathic surgery might have clinical relevance.

The mean differences and absolute deviations of each point
in all patients are labeled in Figure 4.

DISCUSSION
In a previous study by Choi et al, to find out the precise ac-
curacy rate according to the surgical movement type of the
maxilla maxillary setback showed a tendency toward lower
accuracy and overcorrection than maxillary advancement.23

Also, the maxillary impaction showed a tendency toward lower
accuracy and overcorrection than the maxillary elongation.

These findings mean that precise control of the backward and
upward movements, which are the most applied in class II or-
thognathic surgery, of the maxilla was more difficult than the
forward and downward movements.

Previously conducted studies evaluated the accuracy of Le
Fort I maxillary osteotomy using conventionally planned sur-
geries with respect to the presurgical prediction.24–6 The accu-
racy of their conventionally planned surgeries was lower than
that found in our investigation, including 43%,25 26%,26 and
20%24 were within 1 mm of the predicted position. Although in
our study, 74% within 1 mm of prediction. By comparing these
we can confirm that a 3D planned orthognathic surgery is more
accurate than conventionally planned ones.

Furthermore, other studies were done to evaluate the accuracy
of maxilla positioning using 3D printed wafer only without using
3D surgical guides or customized osteosynthesis plates.14,27–29

They reported the mean of linear difference in the 3 axes as:
X (0.1 ± 0.7 mm), Y (–0.6 ± 1.3 mm), and Z (–0.5 ± 1.3 mm),
X (– 0.31 ± 1.41 mm), Y (– 0.05 ± 1.37 mm),29 and Z (– 0.39 ±
2.38 mm),14 X(–0.46 mm), Y (–0.45 mm), and Z (0.29 mm).27 As
we see even wafer-only controlled surgeries had relatively accurate
results but as Mulier et al29 said that the inter-maxillary wafer only
controls surgical movements in the sagittal and transverse plane,
the vertical maxillary repositioning is more challenging. However,
looking at the values of the Z axis evaluation in these studies, the
average value shows a low value, but the error range is much
larger. This is thought to be because condyle positioning during

FIGURE 3. (A) Virtually planned position of the maxilla; (B) Actual postsurgical
position of the maxilla; (C) Actual-Virtual, Superimposition model of virtually
planned maxilla with actual maxilla position.

FIGURE 4. (A) Chart labels the mean differences between the predicted and
actual postsurgical position of the maxilla in the 3D-coordinates (ΔActual-
Virtual) of each point. A positive value means that the maxilla was displaced
forward, upward, or to the right side. A negative value means that the maxilla
was displaced backward, downward, or to the left side, (B) Chart labels the
absolute deviations between the predicted and actual postsurgical position of
the maxilla in the 3D-coordinates (ΔActual-Virtual) of each point. 3D, three-
dimensional.
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surgery is not easy because class II malocclusion patients have a
tendency to CO-CR discrepancy. However, in our study, by
double checking using 3D printed wafer and customized plate, not
only the mean error in the Z axis of the maxillary segment was
small, but the error range was also much smaller than that re-
ported in previous studies. Therefore, the application of
3D-printed surgical guides and patient-specific osteosynthesis
plates could improve the limitations encountered with the wafer
only technique. Accuracy correlated negatively with increased
surgical complexity, particularly posterior differential impactions
of the maxilla.24 Furthermore, in skeletal class II patients after
performing a counter-clockwise rotational procedure, it showed
that the maxilla also had a clockwise rotation tendency.22

In order to eliminate any sort of additional devices for po-
sitioning of the maxilla, some authors did their study on 3D
surgical guides and customized osteosynthesis plates but ex-
cluded the use of intermaxillary wafer.30 Brunso et al reached
71.2% of the postoperative bone surface within 1 mm for the
maxilla. Where is showed 84.09% of discrepancies being below
1 mm.31 However, Li et al reported mean differences in the
maxillary dental arch midline (0.32 ± 0.34 mm),30 Heufelder
et al reported the absolute mean difference in the 3 axes: X (0.30
± 0.95 mm), Y (0.33 ± 1.22 mm), and Z (0.72 ± 2.0 mm).32

Although in our study, we reached 74% within 1 mm of pre-
diction of the mean differences in the 3 axes: X (0.42 ± 0.62
mm), Y (0.10 ± 0.67 mm), and Z (0.15 ± 0.88 mm). In addition
to these, in a previous study by Kim et al, which used the same
system (FACEGIDE) as we are, the mean distance difference at
all reference points between Tv and T1 was (1.01 ± 0.3 mm).33

As we reached similarly high accuracy and had a narrower
range of error, this means that these findings suggested more
acceptable accuracy of the transfer of the virtual planning
evento the skeletal class II patients.

The cutting guides, used in our study, were easy to position
and rarely have a poor adaptation to the bone surface. This
allowed correct and accurate osteotomy and facilitates bone
repositioning. The use of bone-surface guides and 1 arm on the
cusp of the teeth, improved their stability as mentioned in other
studies.34,35 Moreover, the predetermination of screw hole lo-
cations allows the choice of the thickest bone to achieve greater
screw locking and the passive adaptation and stability of the
customized fixation plates.33 Surgical time is reduced since there
is no need to bend plate or do intraoperative measures to check
bone repositioning as stated by others.11,32

As there is great variability in the techniques used in the
precision evaluation methods and the data presented by differ-
ent studies, in our study, the accuracy was evaluated through
linear analysis, so that the discrepancies between the virtual and
postoperative planning models were evaluated three-dimen-
sionally, in the 3 axes of movement of the maxilla, X (transverse
coordinate), and Y (vertical coordinate), and Z (sagittal coor-
dinate), following a standardization recommendation proposed
by Gaber et al (2017) for assessments of surgical accuracy.

CONCLUSIONS
Since the mean difference was less than 0.5 mm and the range of
error was less than 1.0 mm, CAD/CAM-assisted orthognathic
surgery might have a high degree of surgical accuracy and
clinical relevance in the positioning of the maxilla even in pa-
tients with skeletal class II malocclusion.
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