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A Biomechanical Study of Orthodontic Forces Generated by
Thermoplastic Orthodontic Appliance using CAD/CAM system
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Abstract: An aesthetic orthodontic treatment using the 3D CAD/CAM system (Invisalign®,
Align Technology, Inc, Santa Clara, CA) was introduced to the orthodontic community in
1999. This appliance is said to be virtually invisible and removable. Because the patient’s
request for a more aesthetic orthodontic treatment has become stronger, this appliance is
gaining popularity and we have many patients using this product. However, the mechanical
condition of this appliance doesn’t make clear and unexpected teeth movements differing
from the simulation is often seen. This study aims to analyze the mechanical conditions
under this appliance. We present an integrated approach to investigate the mechanical
behaviour under this treatment by using three 6-axis sensors and teeth crown models. We
used cylindrical teeth models and enlarged teeth models that are made by rapid prototyping
as teeth crown models. We confirmed clinical experience of unexpected teeth movement

under this treatment by this experiment.
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Fig. 2 Unexpected medial inclination at 1st

molar and 2nd premolar.
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Fig. 3 Manufacturing process of the appliances.

Fig. 4 Support apphance for the unexpected
movements at 1st molar and 2nd premolar.
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Fig. 5 Schematic diagram of measurement device.
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Fig. 6 Forces and torques measured by the device.
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(a) A case of cylindrical teeth.  (b) A case of enlarged teeth.

Fig. 7 Measurement devices with different crown

models.

(a) A case of cylindrical teeth.  (b) A case of enlarged teeth.

Fig. 8 Thermoplastic appliance for the device.
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Fig. 9 Measured forces and torques.

(Misalignment in X = 1.0mm, thickness = 0.5mm)
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Fig. 10 Measured forces and torques.
(Misalignment in X = 1.0mm, thickness = 1.0mm)
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Fig. 11 Measured forces and torques.

(Misalignment in Y = —1.0mm, thickness = 0.5mm)



18 7k B BEERMINA A A T =7 AR 14(2008)14-19

3.3 MAREERZA-ER

ARG IEZEE DSBS 5 S IREE O T RBIR A1
[ZOWTHFET 572, K0 EERTITVIRESE L
CHER MR 2 T2 R AT o 7o, LR s
FU TR T FIETER L (K122H) .

1) ESARIREI - IS - Ko 2.5 5 KR
Bl (XS tt=y v o) B~ AT m T
—HAXHBCT (2baxFx 77 )R
24t ScanXmate- A130SS940) & FH T
i 7577

2) X # CT B2 5 ORI % H

3) A —)LE

4) Ty R7ua k¥ A 7 (Stratasys Inc.
T H &A% Prodigy Plus) % W CTHLER
AR A B

5) 7w K7 nm h¥ AV 7RO L
L, M4 CERR

FREDHE 3 AT v T T T A — VT,

NEh 1oV OELED 50mm THDHZ EEEE
LR 5 B/ oMY S 52mm (ZHLK S
NaFEEEH L, ZOMOERIIZ SV T A
UAREE O CTHAR L7, BUE L 7o iR il %
R LA > TR U ICE AT, X 13
Rk E BIE LT oWk E Lz, £ LT,
BRI ET e O JEARIA TR Y A AR L. Sensor
1 % X #l 5 M2 -2.0mm ATICEN S B FHEEBRET
277,
HBRBLUER

PER MR 2 N 72 1.0mm 50O F25R A G E 3
[EDNFAE T D JIRREORERE R 21X 14 12”7,
PR 2 F T2 SEBRARG SR &[RRI, LS/ T
Sensor 1 D /)5fRAE (RE) (X Fx 7205 T
2 Y Y oF— A2 b My H58R< AL Tz,
I HIZRFET XX, Sensor 0, 2 DIFHET] Fx &
F—AL MMy OREXSNZENELTZZ ETH D,
=R D[R — TR D FIFEALTR 2 F 7[R AR 0D 52 BR
Tl Sensor 0, 2 IZBWVWTCTZDOENE LT
TEERBET DL, AFBIEEEICK DR
WEERRIIKGFET D ENRERIND, Thbb,
Hi)HE (Sensor 0) 35X VKM (Sensor 2) Dif
HEHFXEE—A L MMy 2T 5L WTILd
FOIR CREREZRLTEY, ZOZ b
Bl O X 5 2 R AR OB X R D K D e
MEEEORKR O L0 B ENEZHR ZITROT
WEDThDH, AEEIETIETIE, BEAT—V T
& OBENERE A eI L & 4RI 250um
FRECRHE LT\ 5, UL, WdEEEIIEE4 T
b | I K> TBEOM T E T RTHZ

ENUETHD MBI ND, S HIZHRIZRE
TR S EIRIBRRIC S NFIREMEAFT 5 2 &
WYRSh, ABMHTLITETH D,

CT image of Tooth model
m Extraction of model surface

w

2 9
4 ¥

Scale adjustment

Rapid prototyping

Fig. 12 Processes of making enlarged teeth models.

Fig. 13 Measurement device with enlarged teeth

models.
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Fig. 14 Measured forces and torques.

(Misalignment in X = —2.0mm, thickness = 1.0mm)
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