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[Abstract] Objective To provide a clinical reference by evaluating the precision of virtual surgical planning in two-
jaw orthognathic surgery. Methods Thirty consecutive patients who required two-jaw orthognathic surgery were includ-
ed. A composite skull model was reconstructed using data from spiral computed tomography scan and surface scanning
of the dental arch. LeFort I osteotomy of the maxilla and bilateral sagittal split ramus osteotomy of the mandible were
simulated using Dolphin Imaging 11.7 Premium. Genioplasty was performed if indicated. Virtual plan was then trans-
ferred to operation room using 3D-printed surgical templates. Frankfort horizontal plane (FHP), midfacial plane (perpen-
dicular to the FHP through the nasion), and coronal plane (perpendicular to the FHP through the sella point) were the
selected three symmetry planes.Midpoint of the contact of the maxillary and mandibular central incisors (UI, LI), and

the mesio-buccal cusp of the first maxillary and mandibular molars (U6-R,U6-L, L6-R, L6-L) were the six chosen volu-
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metric landmarks. To calculate the linear difference and overall mean linear difference (mean difference of the distance
between UL, LI, U6-R, U6-L, L6-R, L6-L to FHP, midfacial and coronal plane) between simulated and postoperative
models, the distance between selected landmarks and symmetry planes was measured. To calculate the angular differ-
ence and overall mean angular difference, values of the angles constructed by the occlusal, palatal, and mandibular
plane to FHP and midfacial plane respectively were determined on simulated and postoperative models. Results The
virtual surgical planning was successfully transferred to actual surgery with the help of 3D-printed surgical templates.
All patients were satisfied with the postoperative facial profile and occlusion. The overall mean linear difference was
0.81 mm (0.71 mm for maxilla and 0.91 mm for mandible); and the overall mean angular difference was 0.95° (the mean
angular difference relative to FHP was 1.10°, and that relative to midfacial plane was 0.83°). Conclusion Virtual sur-

gical planning facilitated the diagnosis, treatment planning, and precise bony segments repositioning in two-jaw orthog-

nathic surgery.

[Key words] virtual surgical planning; dento-maxillofacial deformities; —orthognathic surgery; bony segments re-
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a-c: the upper jaw was compacted via Lefort | osteotomy ;
d-e: the final occlusion was achieved after setback of the
mandible by bilateral sagittal split ramus osteotomy

Figure 1  Virtual surgical planning process
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a-c: bone attachments were fixed on the surface of maxilla using miniscrews with the support of the occlusion plate and the

first pair of 3D arms; d: the new 3D position of the maxilla was determined by the occlusion splint and a second pair of 3D

arms, and the final occlusion was determined by the same occlusion splint

Figure 2 Design of a series of surgical guides to help the virtual design transfer to the actual operation

2 BRI FAR AR A B BB B B LT AR

1.4 EASNF R 694 B4

BERE 311 < HIE ELSF- 1] (FHP) | 1 S 1 (2
E T FHP H# i SR ) Feb bR i (2 BF FHP H
SHEUE S CY P

PEFE 6 ARk« b R R ) A R fi
SUCULLLD) PL K B 7R S5 — B 2 i 3 rh i 2k (U6-
R.U6-L.L6-R .L6-L) (K 4),

FE M P T AR RN B S0 AR 5 B8 | o 32k
o 5 A5 I FRSF- TT 22 10]  BEE , JE PAR AR
] A2 1 22 5

MR S ULLLLLU6-R \U6-L.L6-R .
L6-L 43 511 55 BE 51187 181 7 1f A es bR i 2z a) R
B R

U A AT 2 25 5 - UL U6-R \U6-L
5300 5 0 B SF- 1  T HS E RT R 1hZ 1) R S Y

A2 S N AR AR AR M 25 L LT L6-
R L6-L 4351 55 WE F-F- T 1 - 1 e IR T 22 [8]
PR R P 18 2 5

e TN R YT U TR T 1 RS
HIE -~ T R T - TR ) £ BE A, SR R AU
TR N EL A5 Y 2 [] 1) £ B 22 5
1.5 HFEHHT

fifi FH SPSS 12.0 fiZAS (SPSS, Chicago, L, SA ) 43
BT AT B, R FH X ¢ 6z 36 43 A 60 B A 114 R 41
(75 SR 7 B 2 1) ) 22 5, G 3 7K - D R o =
0.05,

2 & R
2.1 EARER
1E 3D RYVIMBEF A A HT BT, EHLFAR



b

OB &fwBE 2020FE 1H $28% F1H

Journal of Prevention and Treatment for Stomatological Diseases Vol.28 No.l Jan. 2020  http://www.kqjbfz.com - 33 -

bone attachments

a: the surgical templates consisted of three parts: a occlusion splint, two pairs of 3D arms, and a pair of bone attachments; b-c: bone attachments

were fixed on the surface of maxilla using mini screws with the support of the occlusion plate and the first pair of 3D arms; d: LeFort | osteotomy

and impaction of the upper jaw were then performed according to the indication line of the bone attachments; e: the occlusion splint and a sec-

ond pair of 3D arms were used to determine the new 3D position of the maxilla; f: subsequently, bilateral sagittal split ramus osteotomy of the

mandible was performed and the final occlusion was determined by the occlusion splint

Figure 3 A series of surgical templates were fabricated by rapid prototyping technology to support the intraoperative translation

of the virtual plan to actual surgery
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a: symmetry planes, FHP: Frankfort horizontal plane; MFP: midfacial plane; CP:
coronal plane

b: landmarks: Ul: midpoint of the contact of the maxillary central incisors; LI:
midpoint of the contact of the mandibular central incisors; U6-R & U6-1L: the
mesio-buccal cusp of the first maxillary molars; L6-R & L6-L: the mesio-buccal
cusp of the first mandibular molars.

Figure 4 The symmetry planes and landmarks on the surface of the

skull
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a-c: the facial profile before sur-
gery; d-f: the facial profile after
surgery; g: the comparison of fi-
nal occlusion before and after
surgery; h-j: panoramic and ceph-
alometric images before surgery;
k-m: panoramic and cephalomet-
ric images after surgery
Figure 5 Images of

representative patient
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Table 1 Quantitative results of linear differences between virtually simulated and actual postoperative models X +s,mm

Difference in the Difference in the distance Difference in the distance

Landmarks t P t P t P
distance to FHP to midfacial plane to coronal plane

Ul 0.7+0.3 0.282  0.780 0.4 +0.1 0.694 0.493 0.8 +04 0.491 0.627

LI 1.1 £0.5 0.464  0.646 0.5+0.3 0.076 0.940 1.0+04 0.997 0.327

U6-R 0.8 +04 0.029  0.977 0.6 +0.2 0.487 0.630 09+03 0.739 0.466

ve-L 0.7+0.3 0.893  0.379 0.5+0.2 0.667 0.510 1.0+ 0.5 0.234 0.817

L6-R 1.0+04 0.572 0.572 0.7+0.3 1.364 0.183 1.1 £0.6 1.808 0.081

L6-1 1.2 +0.5 0.298 0.768 0.6 +0.3 2.717 0.011 1.0+ 0.5 0.419 0.678

R2 BT AR RN AR T 2 5] 14 £ JBE 22 S 5 i LA 2R

Table 2 Quantitative comparison of angular differences between virtually simulated and actual postoperative models xxs,°
Symmetry planes Angular difference relative to FHP ; P Angular difference relative to midfacial plane t P
Occlusal plane 1.1+0.6 1.078  0.290 0.9+0.4 0.019 0985
Palatal plane 0.8+0.3 0.665  0.511 0.6+0.2 0.952  0.349
Mandibular plane 1.3+0.6 0.930  0.360 1.0+0.6 1.550  0.132
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