





Frankfort Horizontal Plane (FHP), the midfacial plane (a
vertical plane passing through the nasion and perpendicular
to the FHP), and the coronal plane (a vertical plane passing
through the sella point and perpendicular to the FHP).
These reference planes were used for orientation and
measurement in each axis. Ten bone reference points

14,15

were modified from previous studies "~ and created at

the maxilla (Fig. 1) and the mandible (Fig. 2) for 3D analysis:

Figure 1 The reference points of the maxilla. A, A-point; RUC, Right
upper canine root tip; LUC, Left upper canine root tip;

MxR, Right maxillary point; MxL, Left maxillary point

Figure 2 The reference points of the mandible. B, B-point; RLC,
Right lower canine root tip; LLC, Left lower canine root

tin; MR, Right mandibular point; ML, Left mandibular point

- MAXILLA: A, A-point (most posterior midline
point in the concavity of the alveolar bone of the maxilla);
RUC, Right upper canine root tip (root apex of the right upper
canine); LUC, Light upper canine root tip (root apex of the
left upper canine); MxR, Right maxillary point (most convex
point on the alveolar bone of the right upper molar); MxL,
Left maxillary point (most convex point on the alveolar
bone of the right upper molar).

- MANDIBLE: B, B-point (most posterior midline
point in the concavity of the alveolar bone of the mandible);
RLC, Right lower canine root tip (root apex of the right lower
canine); LLC, Left lower canine root tip (root apex of the left
lower canine); MR, Right mandibular point (antero-superior
point of the right mental foramen); ML, Left mandibular
point (antero-superior point of the left mental foramen).

The differences were evaluated by the difference
of the distance from the reference points to the reference
plane on the preoperative 3D virtual planning and postoperative
skeletal 3D model by using the Dolphin program. With ten
reference points multiplied by three different axes (X,
antero-posterior; Y, vertical; Z, medio-lateral), 30 values
were measured pre- and postoperatively for each patient.
These references provided sufficient detail about the
difference in each direction of the jaw position.

Sample size calculation was performed by a
G-power program. Two dependent means comparison
with matched paired t-test was selectively coordinated
with the mean and standard deviation (SD) value of the
previous study."* The calculated total sample size was five
with more than 0.95 power. To determine the reliability of
the measurements, a sample of four patients was randomly
selected and their images were analyzed again after a two-
month interval. The Intra-class Correlation Coefficients
(ICC) were computed to assess the intra-observer reliability
for the measurements. An ICC score of 0.75 or higher was
considered as an acceptable reliability for our quality control
criterion. The ICCs of this study were > 0.9 for all measure-
ments, indicating high consistency and reproducibility.

Statistical analysis was performed by using SPSS
version 22.0 (SPSS Inc., Chicago, IL, USA). Results were
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expressed descriptively as mean values, including standard
deviation of the mean and range. Means of difference in
planned and actual outcomes were compared by the
paired t-test. In addition, subgroup analysis was analyzed
using the independent t-test. A P value of <0.05 was considered
significant. Correlation and regression analysis were performed

depending on the results.

Demographic data

Thirteen patients met the inclusion criteria for
participants, of which four were male and nine were
female with a mean age of 29 years old (ranging from
20 to 54 years old). All the patients were diagnosed with
“facial asymmetry”. There were no eventful complications
during and postoperative surgery in all the patients. Overall
clinical outcomes were satisfied.
Treatment Outcome

The majority of the operation aimed to correct
canting of the maxilla (11 of 13 patients). Nine of the 13

patients underwent correction of the antero-posterior

position of the maxilla. The mean surgical change of the
maxillary position was 3.07 mm in the vertical direction,
1.76 mm in the antero-posterior direction, and 0.31 mm
in the medio-lateral direction.

In general, the mean difference of a total of ten
bone positions in the antero-posterior direction was 1.76
+ 2.83 mm, the vertical direction was 2.12 + 1.47 mm, and
the medio-lateral direction was 0.91 + 0.76 mm. Separately,
the mean difference of the maxillary bone positions was
lower than of the mandibular bone positions. To be precise,
the exact value was antero-posterior: vertical: mediolateral =
1.35:1.86: 0.85 mm in the maxilla and 2.16: 2.37: 0.91 mm
in the mandible.

Postoperatively, there was a significant difference
of antero-posterior position at the A-point (P = 0.006)
compared with the planned position. The mean difference
of the antero-posterior position at the A-point was 1.56 +
1.7 mm. The mean differences of the planned and actual
positions of the maxilla and the mandible are shown in

Tables 1 and 2, respectively.

Table 1 The differences of the planned and the actual positions of the maxilla

Planned (mm)

Actual (mm)

Difference (mm)

Variable-Axis P-value
(mean + SD) (mean + SD) (mean + SD)

A-X 422+ 29 40.64 + 3.1 1.56 + 1.7 0.006*
A-Y 2673 +45 26.32 + 5.7 041 +24 0.55
A-Z 0.9+04 0.86 £ 0.7 0.03 £ 0.7 0.86
RUC-X 3527 +33 35.01 +29 025+ 1.6 0.59
RUC-Y 2482 + 4 2487 + 5.4 0.04 + 2.6 0.95
RUC-Z 16.04 + 2 1576 £+ 1.9 0.28 £0.8 0.26
LUC-X 34.4 + 3.2 34.06 + 2.9 034 £2 0.56
LUC-Y 2571 +4.7 2543 + 59 0.28 24 0.68
LUC-Z 1579 £ 1.9 1555+ 1.8 0.2+14 0.62
MxR-X 2198 + 6 2157 £ 5.7 0.4+ 1.7 0.42
MxR-Y 33.07 +53 32.64 +55 042 +£22 0.51
MxR-Z 2873+ 1.8 29.08 + 1.3 034 +1.4 0.41
MxL-X 2096 + 5.3 20.81 £ 5.3 0.14 + 1.8 0.78
MxL-Y 34.38 + 6.1 3335+ 6.1 1.01+25 0.18
MxL-Z 2833+ 1.8 2823+ 23 0.1 +09 0.71

Paired t-test. * Significant at P< .05.
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Table 2 The differences of the planned and the actual positions of the mandible

Planned (mm)

Actual (mm)

Difference (mm)

Variable-Axis P-value
(mean + SD) (mean * SD) (mean + SD)

B-X 39.6 + 6.4 39.06 + 6.2 0.53 £ 2.6 0.48

B-Y 65.2 +5.6 64.09 + 5 1.1+28 0.18

B-Z 1.06 + 1.4 1.07 £ 1.1 0.01 £ 1.1 0.96
RLC-X 34.89 + 6.1 34.47 + 5.6 041+ 27 0.59
RLC-Y 64.52 + 4.3 64.14 + 5.4 0.37 +2.4 0.59
RLC-Z 1473 + 1.3 1429 + 1.9 044 + 1.5 0.32
LLC-X 3458 + 5.9 34.6 + 5.4 0.01+29 0.99
LLCY 65.11+53 64.24 + 6.3 0.87 £ 2.5 0.24
LLC-Z 1457 + 2.1 1447 + 2.1 0.10 £ 1.1 0.77
RM-X 2717+ 6.4 26.79 £ 4.7 0.38 £ 2.6 0.61
RM-Y 67.89 + 4.5 67.12+54 0.76 + 3.2 0.41
RM-Z 226 +2.3 22.05+ 28 05512 0.13
LM-X 2531 +6.3 2531 £ 5.7 0.001 + 3.2 1
LM-Y 69.14 + 59 68.27 + 5.9 0.87£23 0.21
LM-Z 2326 +28 23.64 £ 29 038 +13 0.31

Paired t-test.

Subgroup analysis

According to the results, there was a significant
difference at the A-point and all the patients of the present
study had facial asymmetry so that maxillary canting correction
was needed. To find if the degree of the antero-posterior or
the vertical movement of the maxilla affected the post-
operative jaw position, the patients were divided into two
groups. The mean surgical change in the antero-posterior

direction was 1.76 mm and the vertical direction was 3.07 mm,

therefore, 2 and 4 mm were used as cut-off values to divide
the patients for comparison of the mean difference in the
antero-posterior and the vertical directions, respectively.
While the difference in the antero-posterior position of the
maxilla was compared, there was no significant difference
between the two groups (Table 3). Also, no significant differences
were found on the vertical position of the posterior maxilla

between the groups (Table 4).

Table 3 Subgroup analysis of the difference in the antero-posterior (AP) position of the maxilla

n Mean of difference (mm) SD

AP change > 2 mm 3 2.49 1.97
AP change < 2 mm 10 1.56 1.33
P-value 0.35

Independent t-test.

Table 4 Subgroup analysis of the difference in the vertical position of the posterior maxilla

Vertical change n Mean of difference (mm) SD P-value
Right posterior maxilla >4 mm 5 1.37 1.77 0.44
<4 mm 8 2.03 1.23
Left posterior maxilla > 4 mm 5 2.77 2.64 0.25
<4 mm 8 1.5 1.17

Independent t-test.
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Correlation of the difference in the antero-posterior

position at A-point and movement of the maxilla
The difference in the antero-posterior position

at the A-point of the maxilla was the only significant value

of the planned and actual postoperative outcomes. Spearman’s

correlation was used to analyze the relationship between
this difference and the maxillary movement of each direction
(antero-posterior, vertical, and medio-lateral direction).
However, this correlation was not significant (Table 5).

Therefore, no further regression analysis was performed.

Table 5 Correlation of the difference in the antero-posterior position at the A-point (A) and the maxillary movement of each direction

Difference Spearman’s Maxillary movement (mm)
correlation Antero-posterior Vertical Medio-lateral
A-X r 0.27 -0.24 0.06
P value 0.37 0.41 0.84
A-Y r -0.13 -0.04 0.34
P value 0.66 0.9 0.25
A-Z r. 0.25 0.08 -0.30
P value 0.4 0.78 0.31

Discussion

This study evaluated the outcome of two-jaw
surgery that used 3D VSP for surgical planning and surgical
splint fabrication. The position of the maxilla and mandible
were compared between the planned and the six-month
postoperative actual values. Ten references to the bone
anatomy in three dimensions were used, therefore 30
values were compared. There were no significant differences
in any of the values except the antero-posterior position of
the maxillary A-point. Kim et al.™ reported approximately
1.01 £ 0.3 mm error at both the A-point and the anterior
nasal spine (ANS) from the 3D study which was lower than
in the present study (1.56 + 1.7 mm at A-point). This inferred
sensible intraoperative positioning of the anterior maxilla.
Kim et al."* suggested that the A-point and the ANS, including
the posterior nasal spine, are always the site of bone removal
during the surgical procedure, therefore, a large difference
between the planned and the actual outcomes may be
found at these areas.

The present study showed that the mean difference
value of the antero-posterior: the vertical: the mediolateral
was 1.35: 1.86: 0.85 mm in the maxilla and 2.16: 2.37:0.91 mm

in the mandible. This revealed the overall linear difference
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between virtual planning and surgical outcomes of the
maxilla was less than those of the mandible in all directions.
The results were similar with other studies.®>****® Thus, it
may indicate that the use of VSP works better on the
maxilla than on the mandible.” A possible explanation of
the significant difference in the position of the mandible
than the position of the maxilla might be the rotation of
the condylar axis after two-jaw orthognathic surgery."In
addition, it was found that the overall linear difference
in the medio-lateral direction is less than those of other
directions in both the maxilla and the mandible. This was
0.85 mm for the maxilla and 0.91 mm for the mandible. It
was comparable to the study by Zhang et al.’ that showed
the use of VSP was the best control for the deviation from
the midfacial plane.

The success criteria to evaluate the accuracy was
set as 2 mm for the linear difference, and 4° for the angular
difference in most publications.*'*** In this study, the
mean linear difference in all directions were below 2 mm,
which indicated that VSP was an accurate and reproducible
tool for treatment planning in 2-jaw orthognathic surgery.

Unfortunately, ansular differences were not included in



this study. Nevertheless, Kogou et al.'® suggested that
the changes in distance were larger than the changes in
angle measurement. Thus, the 3D angle measurement
was less effective in actual outcome evaluation.

Treatment outcomes of the utilization of VSP in
two-jaw orthognathic surgery should include both accuracy
and stability. Therefore, a study should compare the
preoperative data with immediate, including long-term
data after surgery. Nonetheless, numerous publications
evaluated the planned positions compared with the
actual position immediately after surgery or before
orthodontic movement.*"! These provided the results
about accuracy, but these lacked stable information.
Kim et al."* and Kogou et al." evaluated accuracy and
stability after orthognathic surgery using 3D planning by
comparing plans with early and long-term outcomes. They
reported that VSP offered the predicted position of the
jaws. Additionally, only minimal change was observed
between early and long-term outcomes, this referred to
the stability of the maxillary and mandibular positions.
Because of these stable positions, some studies reported
the results in longer periods without immediate or early
postoperative data.'*" They also reported that using VVSP
is reliable for diagnosis, planning, and manufacture of
surgical splints using 3D printing technology. Our study
showed the actual treatment outcomes at six-month
postoperatively, and the results were concordant with
those previous studies.

Landmark identification or reference selection
was also an important factor equal to measurement
technique. Reference markings on dental structures such
as cusp tips were convenient and reproducible. However,
dental reference is not reliable in a long-term study
because the tooth positions are changed by orthodontic
treatment at all time points. Bone references are preferable.'
This study also measured the differences on the bone at
the canine root tip. Presurgical orthodontic adjustments
usually created a sufficient incisor overjet, corrected the

tooth discrepancy and aided in providing a solid class |

canine relationship at surgery and in the final outcome.”
The canine should be minimally affected by post surgical
orthodontic movement when the class | canine relationship
was achieved. However, they still might be influenced by
orthodontic treatment. Therefore, most reference points of
the present study used the bone references that were
negligibly affected by orthodontic movement, so the pre-and
postoperative data were compared at the identical landmarks.

All the patients in this study presented with
facial asymmetry, an accurate correction was extremely
challenging. Furthermore, most of their surgical planning
was maxillary canting correction. The correction of the
maxillary position is the foundation of two-jaw orthognathic
surgery. Failure to do so can lead to poor aesthetic results
and remaining facial asymmetry. The accurate presurgical
analysis, planning, and surgical technique are required
for successful outcomes when the facial asymmetry has
been addressed.” The results of this study demonstrated
that the vertical changes were not significantly different
between planned and actual outcome at six months after
surgery. Also, the more vertical change was not provided
the more difference of these values. The results implied
that the VSP is one of the well-developed instruments to
obtain the satisfactory results for facial asymmetry correction.

The limitation of this study was the availability
of CBCT scans. To date, it is not a standard follow up tool
for postoperative orthognathic surgery patients. Therefore,
it is difficult to perform a prospective study and to gain
a large number of study participants. Because of limited
resources, the methodology of the present research is
mostly dependent on the available CBCT and virtual 3D
program in each particular research center. Hence, until
a standard 3D-cephalometric analysis is developed, it
would be difficult to create a well-constructed research
project or accumulate identical information to perform a
meta-analysis study. Prospective studies including series
CBCT scan and standard pre- and postoperative 3D
cephalometric analysis should be further investigated

to provide more reliable outcomes.
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Conclusion

Regarding the results of the present study, 3D
imaging and VSP was a reliable method for two-jaw or-
thognathic surgery and provided acceptable treatment
outcomes. However, the antero-posterior position at the
A-point of the maxilla was a sensible position. Further
studies should be performed to gain additional data and

amend the limitations of the present study.
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