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Fig 1. Electric diagram of the Calorific Machine® (

and temperature regulating system).
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electrothermodynamic teeth model connected to a heat generating
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Fig 2. Experimental set-up model. A, Experimental teeth were placed in the basal bone component. Circle shows
one of the metal reference markers used for superimposition; B, sticky wax was built up around roots of the ex-
perimental teeth; C, circles were metal balls used for measuring tooth movement.

Fig 3. Schematic drawings of experimental models. A, Pendulum appliance, PD; B, mini-implant supported pendulum
appliance, MPD; C, open-coil spring, SP; D, mini-implant supported open-coil spring, MSP.
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spring, MSP) (Fig 3, D)

A1 aTFR] oF A24T2] Abo] o] 74 & Fol 27
1.6 mm, ZA°] 6 mme] W% -& 7Y U ZFHEORLUS,
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bond™ XT, 3M Unitek, Monrovia, CA, USA) 2.2 #
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@ LE3Y 23X (Open-coil spring, SP) (Fig 3, C) oy
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= =
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Fig 4. Superimposition and measurement using Rapidform 2004™

LSTR85, 53.59275, 22,57087
2, 53.39622, 19.77476
B4207Tmm

. A, Before tooth movement; B, after tooth move-

ment; C, sagittal view of superimposition before and after experiment. Circle shows one of the reference markers
used for superimposition. X axis is the bucco-lingual direction in premolars and molars, and mesio-distal direction
in incisors. Y axis is the occluso-gingival direction. Z axis is the mesio-distal direction in premolars and molars, and
labio-lingual direction in incisors. D, measurement of reference markers are listed in the box.
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O BE Scheffe W& o] &3t

SR e

HX|, AX|, AFX| (Table 1)

THHFHXS A HolA PDY A A
©] 0.38 mm A= M7} otz A1ATFX]
2 031 mm SO E ALEHAoH, o5
2 T3 SAASE fogk Aozt UATH (p
0.05). |29 o] FHS A% ]9]' A1 &TFA| oA 2

A:Lﬁrxi

3l z2fo]l S Bt} A X Ze PDEH SPES &
Ao 2 MPDTZ MSPT& ‘WOE ol &3t}
(p < 0.05).

AldHoll A X #e] FARARKYSF WS
PD2 A &g Al ollA], AX], AX], A%
2| #o] HE&FL 023 mm oW = ZF AR o=
ol gl zpo]= Holx| gkt (p > 0.05). SProllA
xﬂl 28729 A2H2 FEHFT FSolFol o

£ ol Hls] ZA YET p < 0.05).

APFR A A A FHZEF M= AA %
A 14TFX= MSPT-ETH SPol|A] X o] F o]
23S Bon, AX 9} A24TXE MPDTETH
PD-ol| A, MSP:TLEE} SPell Al X o] o] F
ol oA & @S BT (p < 0.05). A&
2| PD, SPollA] S24lolE o]l AA YeRsTh
(@ < 005). AT E SPTelA X AnolF
o] A Yttt (p < 0.05).

=

CHX| (Table 2)

WFHXZ)ANA PDTS AQe Al oA Al
219 SAFS A #e] FS o)Fo] dolwa,
PDoll A= S olFo] dojwth Alul#AE
PDT¥ MPD9] X]#&-2 SP3} MSPwol| H|3l ¢
FZoR o]F3UL (p < 005), AL TS
2 o]E3s3ith

APFR A ALY S A9 H A5, Al
73] & PDTZ MPDollA FAE ST H&
©] 1.36 mm, 0.97 mmZ t}& ol vl3] A YE}
$ou} (p < 0.05), Jﬂ?ﬂé 5= o2 29 44
gt FER ol FaL, ATH Zé%ﬂ&’iﬁ}. A2ty
TX = PDoll A :W?ﬂ—*—ﬂ% FE=ZFS SPT
FrAFEE Aoy (p > 0.05), SP T ‘WU&:
7o stEFol BT (p < 0.05). MPDZOA] A2
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Table 1. Comparison of linear measurements between 4 groups - anchor part (Mean + SD)

unit; mm
Pendul Mini-implant rted Mini-implant rted
Axis Variable e .uum fnpiat su?po Open-—coil spring D ar.l suI?po
appliance pendulum appliance open—coil spring
Central incisor
X
Incisal tip -0.38 + 0.28° -0.02 + 0.04*" 0.08 + 0.35° 0.03 + 0.02°°
Root apex 006 = 0.11° 0.12 + 0.06° 0.10 = 0.18" 0.08 + 0.06°
Y
Incisal tip -0.16 + 0.12° -0.12 + 0.04° -0.16 + 0.12° -0.08 + 0.03
Root apex -0.19 + 0.14° -0.08 + 0.07° -0.26 + 0.23° -0.11 + 0.06°
7
Incisal tip 0.44 + 0.09° 0.15 + 0.07°¢¢ 034 + 0.17*¢ 0.08 + 0.07%
Root apex 0.45 + 0.06" 0.25 + 0.27*° 0.33 + 0.17%" 0.09 + 0.09
Canine
X
Cusp tip 0.09 + 0.18° 013 + 0.13° 0.21 + 048 0.10 + 0.09°
Root apex -026 + 0.25* 0.06 + 0.10° -0.49 + 0217 0.30 + 0.15%
Y
Cusp tip -0.17 + 0.16" -0.16 + 0.17* -0.10 + 0.08" -0.10 + 0.11°
Root apex -0.65 + 0.35° -0.22 + 0.13* -061 * 046 -0.05 = 0.07°
7
Cusp tip 0.78 + 0.32° 041 + 0.10*" 072 + 0.36° 021 + 0.07°¢
Root apex 023 + 0.18° 0.19 + 0.13° 0.09 + 0.09° 017 + 0.12°
First premolar
X
Buccal cusp tip  -0.31 * 0.22° 0.16 + 0.06° 0.10 + 0.18° 0.11 + 008
Root apex 0.12 + 0.14*° 0.17 + 0.10° -0.62 + 0.29° 0.02 + 0.19°¢¢
Y
Buccal cusp tip 042 + 0.19° -0.14 + 0.10° -0.16 + 0.12° -0.06 + 0.08
Root apex -0.27 + 0.17*° -0.20 + 0.11%¢ -057 + 0.10° -0.12 + 007"
7
Buccal cusp tip 0.60 + 0.15° 027 + 013" 060 + 0.19° 0.23 + 0.09°
Root apex 050 + 0.26° 0.18 + 0.10° -0.32 + 0.06° 017 + 011°
Second premolar
X
Buccal cusp tip  -0.16 + 0.17° 008 + 0.11% -0.12 + 0.22° 0.06 + 0.03°
Root apex 0.02 + 0.13° 0.00 + 0.14° -0.05 + 0.10° 0.05 + 0.14°
Y
Buccal cusp tip  -0.23 + 0.21° -0.02 + 0.09° -0.23 + 0.18" -0.11 + 0.12°
Root apex -0.13 + 0.04* -0.03 + 0.03* -0.32 + 0.15 -0.00 = 0.05¢
7
Buccal cusp tip 0.24 + 0.18* 0.24 + 0.07% 063 + 0.27 0.21 + 0.05>¢¢
Root apex 023 + 0.19° 031 + 0.24° 025 + 0.27° 0.03 + 0.07°

abederoups with different letters are significantly different from each other; X, transverse direction; Y, vertical
direction; 7, sagittal direction.
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Table 2. Comparison of tooth displacement between groups - moving part (Mean + SD)
unit; mm
Mini-implant Mini-implant
Axis Variable Pendulum appliance supported pendulum  Open-coil spring  supported open—coil
appliance spring
First molar
X
Mesiobuccal cusp -1.28 + 0.79° 0.77 + 072 072 + 021 079 + 0.34°
Distobuccal cusp -0.14 + 0.34° 129 + 042" -0.36 + 0.27° -0.03 £ 0.30°
Root apex -067 + 0.19° -061 + 023" 078 + 0.26” 071 + 047
Y
Mesiobuccal cusp -1.36 + 0.19° -097 + 0.22° -025 + 031° 0.23 + 0.10°
Distobuccal cusp -0.29 + 0.13° 0.08 + 0.36™" -021 + 0.32° 042 + 0.09™
Root apex -1.39 + 0.10° -1.09 £ 0.29° -021 + 033 021 + 017
Z
Mesiobuccal cusp -2.63 £ 0.31° -306 + 0.03 -303 + 0.04° -304 + 0.02°
Distobuccal cusp -2.35 = 0.36" -299 + 0.04” -300 + 0.20° -294 + 0.60°
Root apex 1.00 + 020" 0.71 + 0.65° -2.04 £ 066" -222 + 027
Second molar
X
Mesiobuccal cusp 1.24 + 056" 1.99 + 018" -0.18 + 043 0.11 + 038
Distobuccal cusp 1.08 + 056" 156 + 0.39" -0.46 + 0.10 -027 + 031°
Root apex -0.60 + 0.35* -1.00 £ 0.16" -0.27 + 0.31* -026 + 0.18"
Y
Mesiobuccal cusp -041 + 0.45° 0.17 + 0.38"" -0.39 £ 017 055 + 0.117
Distobuccal cusp 0.81 + 0.36° 1.39 + 0.22° 0.06 + 0.17° 1.06 + 0.23*
Root apex -055 + 0.36° -041 + 0.30° -0.18 + 0.26" 051 + 0.89
Z
Mesiobuccal cusp -2.60 £ 0.20° -302 + 0.03 -298 + 0.07° -298 + 0.08
Distobuccal cusp -267 + 027 -2.86 £ 0.19° =290 £ 0.07° -2.83 £ 0,08
Root apex 156 + 0.31° 223 + 041° -0.05 £ 0.09° -1.12 + 0.26°

*P¢ Groups with different letters are significantly different from

7, sagittal direction.

A (22 9 #holl Al PD3 MPD] 3]
AP Yo ATe FA R o] F5gT) SP,
MSPel| A ATt 73] 9] 2|35 LAl o] F o] 3
mm FE=Y wf XZH] YA o] FZFo] 2 mm °]F
ol AT X|ZH o] F T SPE. T} MSP
oA o BT (p < 0.05).
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each other; X, transverse direction; Y, vertical direction;

CH x|l AAIO|S (Table 3, Figs 5 and 6)

A1h+212] PDZ MPDo|A R-MBe| 7%
Foll A ztol7t 3 mm FEE A FAkelse 7t
7+g- o]Fo] dojyta, SP 2 MSPS 1 mm ©]3}
2 Aol Fel 77 olFo] oWt (p < 0.05).
A2tH+x]2] PD MPD2 R-MB2| 723 ol A
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Table 3. Comparison of tooth displacement between groups - evaluation of molar tipping (Mean +

oo X2 HM0|S X SR WE xlof 0|5 Y EIt

SD)
unit; mm

Mini-implant supported

Axis Pendulum appliance

pendulum appliance

: . Mini-implant supported
Open-—coil spring . .
open—coil spring

First molar

Y DB-MB 1.07 £ 0.13° 1.06 £

7z R-MB 363 + 0.15° 377 +
Second molar

Y DB-MB 122 + 0.23° 121

Z R-MB 416 + 0.46° 525 *

0.20"
0.66

0.33"
0.39

004 = 015" 0.18 + 0.08"
1.00 + 0.64° 0.86 = 026"
045 + 0.05° 051 + 0.16°
293 + 007 185 + 0.25°

abed Groups with different letters are significantly different from each other; Y, vertical direction; Z, sagittal direction;

DB, distobuccal cusp; MB, mesiobuccal cusp; R, root apex.

67 E Maxillary first molar
a 1 Maxillary second molar
E°]

5 4
£
8
8 37
Q
(]
T 2-
2
% 4.
N
0' T T T 1
PD MPD SP MSP
Method

Fig 5. Comparisons of Z axis displacement of R-MB
between four groups on molar tipping. PD, Pendulum
appliance; MPD, mini-implant supported pendulum ap-
pliance; SP, open-coil spring; MSP, mini-implant sup-
ported open-coil spring.

zto]7F 3 mm o]/F o2 H|ZEA HAfolFo] dof
W31, SPE 293 mmE FAA] FJAlolFo] Loyt
on, MSP*< 1.85 mm=E SPo| A KT} XA o] %
o 7¥7hE ZdAtolso]l Lottt DB-MBY| Y 7
oAre] zto|= o] gt FAFg Fta HSlomw, PD,
MPD#} SP, MSP Abole] -2]8t =}ol7} &=
Az Yehstt (p < 0.05).

AAl (Table 4, Fig 7)

A, AT 135d 24 PDTS P
ol H]3||, MSP& SPoll H|3l] % ]o}; P 74]
el o3k AfolE Bt (p < 0.05). A=) o}
AR M= olebE th2A PD¥ MPD9

_CL
.
j|

67 [ Maxillary first molar
€ ] Maxillary second molar
E°]

5 41
IS
3
8 3
Q.
n
S 2-
2
x
m 1 -ﬁ ﬂ
>—
0 | B =l
PD MPD SP MSP

Method

Fig 6. Comparisons of Y axis displacement of DB-MB
between four groups on molar tipping. PD, Pendulum
appliance; MPD, mini-implant supported pendulum ap-
pliance; SP, open-coil spring; MSP, mini-implant sup-
ported open-coil spring.

23 24 A7t gle AoE YeEidY @ >
0.05).
TE
© ATE 7 TR FAF AT A E
Ze zhdA AR F, AL, 20X 2 3 mm
Wol EAIZ S Wl X|obe] 27] o] Fd S AAA
23L& Fa ok o]d X|otelE

]_
76;1]0] %Eﬂ-ﬂ Dﬂ/\]ZOZI o O]%‘S‘}-O:]
1 BRAIE o153
obd CTHG] €% 3744
:rLI:ﬂ—HJ_J z]—;ﬂ =1 Elr_a_

%‘El AA = Aol o] FAIFH R

;(4;(

0;
12
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Table 4. Comparison of anchor loss ratio between four groups (Mean + SD)

unit; %

Mini—-implant supported

Mini—implant supported

Tooth Pendulum appliance . Open-—coil spring . ,
pendulum appliance open—coil spring

Incisor 1440 + 2.91° 459 + 1.92"¢ 998 + 4.05™ 253 + 208
Canine 2219 + 4.86" 1175 + 2.14* 1855 + 7.90° 664 + 1.97°
Ist premolar 1858 + 3.15° 819 + 317 1657 + 3.81° 723 + 228

2nd premolar 853 + 559*" 722 + 1.70° 1691 + 534" 6.32 + 1.27°

¢ Groups with different letters are significantly different from each other.

30 - 1 Incisor
I Canine
25 4 Bl First premolar
_ Il Second premolar
= 201
17
2 151
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Koy
2 10
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0 T T T
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Method

Fig 7. Comparisons of anchor loss between four
groups. PD, Pendulum appliance; MPD, mini-implant
supported pendulum appliance; SP, open-coil spring;
MSP, mini-implant supported open-coil spring.
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ORIGINAL ARTICLE

Three dimensional analysis of tooth movement using different

types of maxillary molar distalization appliances

Su-Jin Kim, DDS, MSD,* Youn-Sic Chun, DDS, MSD, PhD,” Sang-Hyuk Jung, MD, PhD,
Sun-Hyung Park, DDS, MSD, PhD*

Objective: The purpose of this study was to compare the three dimensional changes of tooth movement using
four different types of maxillary molar distalization appliances; pendulum appliance (PD), mini-implant supported
pendulum appliance (MPD), stainless steel open coil spring (SP) and mini-implant supported stainless steel open
coil spring (MSP). Methods: These experiments were performed using the Calorific machine® which can simulate
dynamic tooth movement. Computed tomography (CT) images of the experimental model were taken before and
after tooth movement in 1 mm thicknesses and reconstructed into a three dimensional model using V-works
4.0™. These reconstructed images were superimposed using Rapidform 2004™ and the direction and amount
of tooth movement were measured. Results: The mean reciprocal anchor loss ratio at the first premolar was 17
- 19% for the PD and SP groups. The appliances using mini-implants (MPD or MSP) resulted in less anchorage
loss (7 - 8%). On application of a pendulum appliance or MPD, distalization was obtained by tipping rather than
by bodily movement. Furthermore, the maxillary second molar tipped distally and bucally. But on application of
MSP, distalization was achieved almost by bodily movement. Conclusions: Regarding tooth movement patterns
during molar distalization, stainless steel open coil spring with indirect skeletal anchorage was relatively superior
to other methods. (Korean J Orthod 2008;38(6):376-387)

Key words: Molar distalization, Mini-implant, Indirect anchorage, Calorific machine
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