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ACCURACY OF DIGITAL MODEL SURGERY FOR ORTHOGNATHIC
SURGERY: A PRECLINICAL EVALUATION

Bong Chul Kim', Won Se Park?, Yon Hee Kang', Choong Kook Yi',
Hyung Suk Yoo?, Suk Jin Kang*, Sang Hwy Lee'
"Department of Oral & Maxillofacial Surgery, “General Dentistry, and *Orthodontics,
College of Dentistry, Yonsei Untversity, ‘Orapix

The accuracy of model surgery is one of important factors which can influence the outcome of orthognath-
ic surgery. To evaluate the accuracy of digitalized model surgery, we tried the model surgery on a software
after transferring the mounted model block into a digital model, and compared the results with that of
classical manual model surgery. We could get the following results, which can be used as good baseline
analysis for the clinical application.

1. We made the 3D scanning of dental model blocks, and mounted on a software. And we performed the
model surgery according to the previously arranged surgical plans, and let the rapid prototyping
machine produce the surgical wafer. All through these process, we could confirm that the digital model
surgery is feasible without difficulties. '

2. The digital model surgery group (Group 2) showed a mean error of 0.0 ~ 0.1mm for moving the maxil-
lary model block to the target position. And Group 1, which was done by manual model surgery, pre-
sented a mean error of 0.1 ~ 1.2mm, which is definitely greater than those of Group 2.

3. Remounted maxillary model block with the wafers produced by digital model surgery from Group 2
showed the less mean error (0.2 to 0.4 mm) than that produced by manual model surgery in Group 1
(0.3 t0 1.4 mm).

From these results, we could confirm that the digital model surgery in Group 2 presented less error than
manual model surgery of Group 1. And the model surgery by digital manipulation is expected to have less
influence from the individual variation or degree of expertness. So the increased accuracy and enhanced
manipulability will serve the digital model surgery as the good candidate for the improvement and replace-
ment of the classical model surgery, if careful preparation works for the clinical adjustment is accompanied.
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Fig. 1. Measurement of model reference point.
Reference point (X axis: anterior-posterior length; Y
axis: transverse width: Z axis: vertical height) of dental
cast model, mounted on model block, was measured
by a height gauge.

(arrow indicates the model block, arrowhead represents
the height gauge)

Fig. 3. Three dimensional digital dental model by Laser
scanning.

The surface Laser scanning of dental cast model
acquired from patient was done by using Orapix®

(Orapix, Seoul, Korea) and three dimensional recon-

struction was made by a software rapidform 2006® to
make the digital dental model.

Table 1. Outlines of Model Surgery Plan

Fig. 2. Coordinate axes and planes used during the
measurement and evaluation of models.

The reference plane was established by setting XY
plane (axial plane) parallel with model Frankfurt plane
and Z axis perpendicular to XY plane. So value X repre-
sented the anterior-posterior length, while value Y for
transverse width and value Z for vertical height for the
reference points of the teeth of dental model.

Fig. 4. Positioning the digital dental model on a cyber
articulator by cyber mounting.

We acquired value X, Y, Z of each reference point of
dental cast mounted on real articulator by facebow
record. With this value X, Y, Z, the cyber mounting of
digital dental model was achieved on virtual articulator.

advancement 2 advancement in antéﬁor—posterlor direction (X) 3 mm
posterior impaction 2 impaction of #16, 26 in vertical dimension (Z) 3 mm
canting correction 2 impaction of only #16 in vertical dimension (Z) 3 mm
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Fig. 5. Status after digital model surgery.

Digital model surgery was done on Rapidform 2006°
and the movement range of digital model was con-
firmed. (blue: before, gray: after, A: virtual articulator)

Fig. 7. Actual wafer produced from digital model
surgery/ rapid prototyping.

Actual wafer was acquired by Rapid Prototyping
Machine, Viper 3% (3D systems, USA).

7kttt (Table 2 #a1).

Oxd 23 $£&¢2 UHEZ deoJH& Rapid
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USA)E B3lA e A AT & e wafer A2
ol g3ldtt (Fig. 6, 7 &%), 28lx vAE 2 79 F
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Fig. 6. Virtual wafer produced after digital model
surgery. After digital model surgery as in Fig. 5, the vir-
tual wafer was created by using changed position of
digital dental model and inter-occlusal relationship.
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Table 2 ean Errors of D|g|tal Model Surgery

CAPX) S icall

#11 mMS 0.6+04 0. 6+O 2 0.1£0.0
dMS 0.0£0.0 0.0x0.0 0.0x£0.0
mMS +mRemount + wafer 0.7+04 0.9+0.3 0.3%£0.0
dScan+dMS+mRemount + wafer 0.3£0.0 0.3+0.1 0.4+0.0

#16 mMS 1.1+£06 0.5+0.2 0.5+0.3
dMS 0.0+0.0 0.0+0.0 0.1+0.0
mMS+mRemount +wafer 1.3+£0.7 0.7£0.1 0.7+£0.3
dScan+dMS+mRemount + wafer 0.4+0.1 0.4+0.1 0.3+0.0

#26 mMS 1.2+0.7 0.4+0.1 0.3+0.1
dMS 0.0£0.0 0.0+0.0 0.1+0.0
mMS +mRemount + wafer 1.41+0.7 0.6x0.0 0.5+0.1
dScan +dMS+mRemount +wafer 0.4+0.1 0.3£0.0 0.2+0.0

(unit; mm)

#11: upper Rt. incisor, #16: upper Rt. 1st molar, #26: upper Lt. 1st molar

mMS(manual model surgery): model surgery done by manual manipulation

dMS(digital model surgery): Model Surgery done by digital manipulation

mMS +mRemount +wafer: total errors measured in anterior-posterior length (X), transverse width (Y), vertical
height(Z), after a manual model surgery, an wafter fabrication and the remounting of maxillary dental model

dScan+dMS+mRemount +wafer: total errors measured

in anterior-posterior length (X), transverse width (Y), vertical

height(Z) after a digital model surgery, an rapid prototyping wafter fabrication and the remounting of maxillary dental
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