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Figure 1. MicronTracker H60 (Claron Technology, Toronto, Canada) and its

driving software

det=el 3k 1A FAE T e vo]aBZEHWA  (MicronTracker
H60, Claron Technology, Toronto, Canada)E& A}t tH(Figure 1). o] A&
kAl A"de F4 FHEtEA 5 e CCD(Charge coupled device)
Zidlgtz2 A Eo] At (Zhou et al., 2008). ¥37} Zo} olFy A7}
golaty A x=ERI} dAdsto] Abgo]l Thsst ARlo]l SQlth. 15Hz

A& (measurement rate) ¥ 0.35mm rms ©JW9 2= 7Rtz B I1Eo]

e

9]t} (Claron Technology, 2008).
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2.1. 7} 2} B4 (camera calibration) 2] 3

Zhelet 2§ AEe WstE gl A9 A v 1elA

SERQIEIZFAE] A”] d=171mm, 7FA 164 wtA 274419 A7 1=105mm<!

N
oX
s

#4712 shete] Aokl Fiel $IXAZTHFigure 2). Aol
AWEA e Amz 2o Mol e 458 A%8 #4 A9E AUtk 19w

AzAtel Al AlFskes RZEd o]l R-Fineg ol&ate] bt RG-S Allstar

J9 ge APS WL siet w3y AT Wit oF, RMS oAE
gorstgieh, Bt 93 e 0xe NS olg3ol AR



2.2. 327] (tracking tool) TJAFQ12] <k

Z el E] op# 1 0} 2
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> €

Pt

'| range of tool tip
a1l e —————= | position 1
=~ | extrapolated
from
| measurements
A4

Xpoint with position Tt
measurément error margin

Figure 2. Design of the tracking tool (MicronTracker Developer’ s Manual

MTC 3.0 November, 2008, Claron Technology o4 2183}
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Figure 3. Implantation of miniscrews as tracking points to the rapid prototype
model (Arrow indicated a miniscrew on maxilla as a three—

dimensional tracking point).

A AYelME oz BF AL AAE FHst BE AR olFA F
HEE Adstel 2 AdE et FARY AdAS Edsiglth olE HlE
7149 Le Fort I &AM Abdel 4 719 7|=de AAsta, Areto] xof
wetde] 5 7R F4E A dAstel 242 7]F A ol miniscrew (Martin co.,
Germany) & A Hs3lth olgjgt 9 719 A& Watd B SANA 3 3]
=78ttt Fhelgtel 239 AgE 1000mm Wel®E A4S, d=80mm
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Vivid 9i(Kornica Minolta, Japan; &%+ =50 p¢m) 2MYES o] &3 d oA
S ATt A8 do]EE Rapidform 2006%((F ofolul 2, Seoul,

Korea)& °lg3tel 3 el A74dd oz Ryoz Wasith. 18 914

o
ox,
o

LIRS S

ot

24 AT dolA A AvelA FAR 944 Wz

shelato] wor.

Figure 4. Miniscrews implanted to the maxillary anterior wall for the
reference points (Arrow indicated a miniscrew for a reference

point above the Le Fort [ osteotomy line).

Figure 5. Tracking points marked on intermediate wafer (Arrow indicated a

notch for tracking of Rt. Maxillary 1% molar ).
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1. 9+ 23

1. 72t By %

Zhlet B 5 A9 At dejwkow HwAl Aase 7 FHumghelA
Bt 93k 70.95%, RMS 22 69.01% %thH(Table 1). B3 324 Agl ex+
FH7] viA F-eelM 82.81 %, F27] HetellM 84.44 % FECE FHAasklYh
AE e A7 FA719 vhA B97F AdEo A2 @S hs o zFelA 7h

2 e tehpge,

Table 1. The range of jitter before and after the camera calibration

marker tip
calibration
X y z 3D X y z 3D
_mean 001 002 007 007 0.04 0.07 037 038
difference
before
RMSE* 0.01 0.01 0.07 0.07 0.04 0.07 0.36 0.35
mean
difference 0.01 0.01 0.06 0.06 0.01 0.06 032 0.32
after
RMSE 0.01 0.01 0.05 0.05 0.01 0.05 0.27 0.26
(N=45, mm)

*RMSE; root square mean error

13



2. 247 tiAele] Q%

FA719 Fes A v 1 Al AL @7 Fn dAgte]l ALsE

A7) Ao AE7t A (Figure 2). d/1=0.61, d=171mm ¢ =3}

4
(it

47000 el 4/l = 0.76 FEE AL FH/1F AEHYLS W RMS oAb

)

65.36%2] v =2 AT d/l = 0.43 FEH O FH 7|5 AFEEE S u&=

1

bt

ot

Eig
H 34.17% HE&EE A

Table 2. Root mean square error changed by modification of tool design

tool design marker tip
d/l dx |** X y z 3D X y z 3D
0.43 42 97 0.01 0.01 0.03 0.03 0.01 0.02 0.08 0.08
0.76 80 105 0.01 0.02 0.06 0.06 0.02 0.03 0.09 0.10
1.62 171 105 0.01 0.02 0.07 0.07 0.04 0.07 0.36 0.37
(N=45, mm)

*d ; distance between tool tip and closed marker

#*] ; distance between markers on longitudinal axis

14



FeddM Fese AL AT BF 10.46%2 A4 A7 SQAH A
A AN FETe T AT AL #el Hd 1.3002 7HA FrtskeloH,
elfelN FdeE I A A @l FHh 5.0000 7HA F7FeRAT Aol
F2 el diste] AL kel Aol wlEste]l AEHE A77 FbetER
AL ghol A E el vA= T AMND 5 vk ol wE Ad gkl skl

ol Ae= FaddolM 1.1406 ¥, ofielM 2.2361 wMi7bA] S7HE 5= Uk

Table 3. The rate of detection failure by the light condition in the operation
room

light on light off

failure rate 10.46 % 0.00 %
(N=115)

Table 4. The range of gain value by different light condition

light condition gain
light on 1.0000
operation room
light off 1.0000 ~ 1.3002
light on 1.0000 ~ 2.5008
OPD Dental chair
light off 2.5000 ~ 5.0000
(N=115)

15
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Table 5. Total registration error of the tracking system after the movement

of rapid prototyping model with 4 reference points and 5 tracking

points
X y z 3D
mean difference 0.14 0.07 0.23 0.28
reference
points

RMSE 0.12 0.11 0.30 0.34

mean difference 0.26 0.24 0.53 0.64

tracking points

RMSE 0.18 0.13 0.43 0.48

(reference points N=4, tracking points N=5, 3 circuits, mm)
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*Point 1 : -33.69792, -30.64054, -883.55265
*Point 2 : -32.74074, -31.191686, -879.75693

* Distance : 3.95316 mm

‘D‘Iéplacernert: 095718, -055112, 3.79573

Figure 7. Fusion of preoperative and postoperative laser—scanned craniofacial
model created by the maxillary Le Fort I surgery and movement

based on the reference points at the proximal maxilla.
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5. w7 el H%
A An, 718 A% A H+ 3.54mm, FAA AT A A 4.24mm9]

A= Bt

Table 6. Total registration and tracking error of the tracking on an orthognathic

surgical case

X y z 3D
mean difference 2.67 1.63 1.66 3.54

reference points
RMSE 1.28 2.97 0.92 3.36
mean difference 2.55 0.39 2.30 4.23

tracking points
RMSE 1.53 0.23 1.67 2.28

(reference points N=6, tracking points N=4, 3 circuits, mm)

Figure 8. Registration of two sets of reference points based on the pre—
operative and post—operative data for the orthognathic surgical

subject.
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Abstract

Three—dimensional position tracking system

for maxillary orthognathic surgery

Ji—Wook Choi

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Sang—Hwy Lee, D.D.S., Ph.D.)

Delicate procedure is very important in orthognathic surgery. A small
alteration of the maxillary position would make in larger changes of the final
result. Although extra—oral and intra—oral measurement had been used for
the measurement of vertical maxillary position, there were limitations in
precise evaluation of the three dimensional changes. Also, the conventional
method for the horizontal changes using the intermediate wafer and the range
of mandibular movement is considered unpredictable due to limitation of the
reproducibility of the centric relation by hand manipulation of the surgeon.

Therefore, author tried to establish the precise three dimensional position
of the maxilla by using the MicronTracker during orthognathic surgery. The

purpose of this study was to evaluate the accuracy and clinical applicability
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of the MicronTracker in precise tracking of maxillary position during

orthognathic surgery. The experimental results are as follows.

1.

Jitter can be decreased by camera calibration, modification of tracking

tool, and camera setting with proper distance to maxilla.

The detection rate of the MicronTracker decreases by light reflection

if the operation light is too bright.

In experiments with rapid prototyping model, total registration errors
of simple positional movement were 0.28mm (reference points) and
0.64mm (tracking points). Total registration error of model surgery

was 0.69*0.47mm.

In  orthognathic surgery, total registration errors  were
1.66mm (reference points) and 4.24mm (tracking points). This error
could be decreased by firm fixation of the patient’s head and by

repeated measurements.

MicronTracker can be an available for the precise tracking of the

maxillary position during orthognathic surgery.

Key word : three—dimesional, position, maxilla, orthognathic surgery, MicronTracker
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