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Efficiency of overhanging attachment to induce bodily
movement of mandibular incisor in orthodontic

treatment using finite element analysis
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Figure 1. Use of overhanging attachment. A:Before extraction of #31, B:Teeth movement

with general attachment for 7months, C:Teeth movement with overhanging attachment
for 3months . Root of #32 and #41 became parallel
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1. 29 AFYH GSEIG olu]A] 7|4 3t /o4 L&

AP $3IAA0W 75 Astol BF YO (4, 304)2) 3xHY StobE B AEE ©
S8 PHL 241 olulA|2 0.25 mm A0 2 FEsto] 3R slorE YA AL A
E Qo] (Mimics Research v19.0, materalise, Leuven, Provincie, Belgium)S A8t 7|&

o 21 Holl o2 AAstIet. [20, 23, 24]. 7Hs] d9std, & o 3R CBCT(Cone

Fof 30713fo=2 Adxsto] & AT, AAH 37FA] HHAAQ] 2AHY oJOjX|E ZF &eto]
E ¥z g9 dAFSE st FE A 4= &St (Figure 2A,B), F71= AA| F7dol
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(Figure 2F). T, QI 7|52 olgslo] A2 PEe AXBAA 2 mm FAE N =S
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Figure 2. 3-dimensional finite element creation process in the orthodontic treatment

situation

A: Application of the thread holding value to display the skull shape inverse on the
reconstruction software. B: Indication of the area of each slide in three anatomical planes.
C: Reconstruction of 3D skull shape through 2D images using reconstruction software
and separate maxillary and mandibular bones. D: The process of deriving 3D mandibular
model. E: Definement of the gingiva ,cortical bone, cancellous bone ,and the periodontal

ligament(2mm thick of the gingiva, 0.2mm thick of the periodontal ligament)

2. £YRPYR] L ojEAIUE XY 2 4 L 7
SRaAPRE A met 857t oh2s] BB 2 AgolA 0.5mmet 0.75 mme) 2
A ERIAFAE Aot SHIAYAE 22 SQA 21067 ofulRa AZELo]S
olgste] £ wel 7ho] W, WALRY 5&, Y QnA 7]%5-2(26] ALRsle] RAY 155}

At} (figure 3).
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Figure 3. Establishment of FE models that consider the three conditions of attachment
and the two thickness of the clear aligner. A:Clear aligner without attachment. B:Clear
aligner with general attachment. C:Clear aligner with overhanging attachment. D:0.5mm

thickness clear aligner. E: 0.75mm thickness clear aligner.

Eo| §Ro] w2 Ao oF 3 g ML slol OFAUEI} gk =F (No
Attachment: NA)= T12}3}5c} (Figure 4). QW) ole|x|AEL AA 27 #3olA 77
94 WS 9slo] QBT olElXNES} HAEA ¢S 9B BEL 0.1 mm olge F
o] ZRfstES MAsHe o ul(figure 4C), UYHHQ! ofehA|HEL stob FEAIS] AT Helofg

222 Astact.
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Figure 4. Shape and dimensions of general attachment and overhanging attachment

2

9.5 mm

models. A:General attachment. B:Overhanging attachment. C:Overhanging attachment

design for oral hygiene management .
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g2 &39It Table 1).

Table 1. Six aligner models

Model thickness (mm) attachment
1 0.5 Without attachment
2 0.5 General attachment
3 0.5 Overhanging attachment
4 0.75 Without attachment
5 0.75 General attachment
6 0.75 Overhanging attachment

(A2 ¥ AFRQd) A sS Aot &0} (Figure 5). P A|+= 0.5 mm
SAIE 0.75 mm FA 271R]2 12stEon oEjR|HET gl 749, AubEQl ofEfR|HE

QHSY OfHfR|ME 37HA]E 2fsto] Ale RS F 67FX|S 1L3{5ho] figure 4A-Cot &

o] ]FAQ Alard& 5okt Figure 4A-C= 0.5 mm FA0A] 371A] ofEjA|HE F &
o & Aleg RR2S #5353 Ale RS 75 ¢ 7, CAD 7|9ro] 2R3 [otQ Asiy

|J

2o glsto] ul3 FERE WASIACE Z7to] et Chat U4 WEe ohtzA Z2
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Figure 5. A:3D aligner model design that reflects clear aligners, attachments, hard
tissue(cortical bone, spongy bone), gums and periodontal ligament. A:Model without
attachment. B:model with general attachment. C: model with overhanging attachment.
D:3D model that include all of the component (0.5mm thick clear aligner and overhanging

attachment).

4. A2 247 2 A5 57

Table 2. Material properties of the linear conponents of the FE model.

Elastic . , .
Component Poisson s Ratio Reference
Modulus(MPa)
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15t step

Assembly — Central incisor tooth with Aligner (3 different models)

Deactivated condition

= Teeth

= Cortical and cancellous bones
* Gingiva, PDL

Loading condition

= Tooth movement
(deformable position)

* 0.1 mm displacement in
the mesial side

Derive stress of the aligner

<4

Mesial movement
(0.1 mm)

2nd step

Reactivated condition

= Teeth

= Cortical and cancellous bones
* Gingiva, PDL

Loading condition

= 0.1 mm displacement in
the distal side

= Relaxation of stresses in
the aligner

FE Analysis Complete

—

Distal movement
(0.1 mm)

Figure 6.Finite element analysis process of three different orthodontic treatment

models(NA,GA,OA)
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2 0.Ilmm o|Fol$AZS W, Avke LA AA Agst U T, Ave] TUM AAt

ol5, 8l™ols, A& dAtols3 F7dsIA tHFigure 7).

B FEinaltoothposition
8

.

Tipping Rotation Inclination

a b c

Figure 7. Tooth movements before and after loading conditions. A:Tipping. B:axial

rotation. C: buccolingual inclination . Dotted line: before, Solid line: after

294 734l

ofn

0.5mm 710 EWLHRAS ofFJAUE o] AR5 W(NA), A|¢e] 24 Zxlo]
52 0.394° o]9irt. UYIA ofFJAIUE(GA)E 0.389° Yil, ©W{aY OfEjA|UE(OA) HLA]
L 0.377° o]t} (Table 3). OAS A 832 wf] Hr}o]% Zro] NA Hr} 3.08%, GARCT} 4.31%
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iR oz Atk 0.75mm FAY 4L, GA ALA] 0.391°, NAA] 0.39°, OA= 0.38° = U}

2t (Table 3,4). OAS] FYA “dAtolE Zhet= NAW Hrh= 2.81%, GA AFEA] Brb= 2.56%

A Uttt A2apd o2 0.5mm FA 9 0.75mm £ 25, OA AF8A] crown tipping 71

CRIES RS

Table 3. Tooth movements measured for 0.5mm-thick aligner models.

Rotation(6g) Inclination(6y)

Model Tipping(Or)
No attachment 0.394 0.035 0.084
General attachment 0.389 0.013 0.084
Overhanging attachment 0.377 0.007 0.084
Table 4.Tooth movements measured for 0.75mm-thick aligner models.
Model Tipping(Or) Rotation(6R) Inclination(6)
No attachment 0.390 0.034 0.083
General attachment 0.391 0.025 0.085
Overhanging attachment 0.380 0.001 0.083

0.5mm FA A= AZHA] 5 REofA 0.084° ©f H& HAto]go] TSIt (Table 2).

0.75mm FA A= GAOIA 7HF =2 240.085°)0] &7, NAQ} OA= 0.083°0.2 2+

o Zto] ZAE|9Ic} (Table 3.4).
e

NAZ} 0.5mm 9} 0.75mm 2% B =ofA] 7 =2 3]&z7F (zH2F 0.035°, 0.034°)2 LFERY

At} GAE 0.5mm FAOA 0.13° 0.75mm FAo|A 0.025°0]%1ct. OAOA] 7H AHA| §]A
5t99=d], 0.5mm S| AHR|o|A] GAEC} 3]& ko] 80%%il, NA HC} 46.15% It} (Table
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2). 0.75mm FA9] ZFR|o|A= OAoA NA Er} 97.6%, GARTH 96% ZUTH(Table 3,4).

2. Stress distributions
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Figure 8. Finite element analysis results of the stress distributions for the components of
the orthodontic treatment model in the 0.5mm aligner model. The aligner and attachment
were expressed as PVMS values, and the bones(cortical and cancellous) and PDL were

expressed as MPS value.

OAZoA 7MY =2 A0 £&=(maximum principal stress) gfo] Uelydch OA 2H2
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YR A7 A4S mAEA 20 £5(maximum principal stress) 3fo]

otF T} (Figure 10c). H]25H4 A ZolL}b &]2, R|ZQITHOJAE A7} F/HL42 stress

ol ARTHOA Tk A|Q], Figure 8, 9, 10, d-f). 0.5mm,0.75mm T/ ZFoj|A ZFX]Q} oEfR]

GAZ} OA¥C} o] 71t} (Figure 8, 9, 10a, 10b). 2.5 wdlofx] EH WA AR

o

2 (Peak von Mises stress)?t 2 X|ZZ3} PDL2 MPS o=z

Al
=]

LHERE X391t of 2|t £-23(Maximum principal stress) to] 7H}

L= o

Hi
rlo
b

o
=

A

=

=
=3

rO

Bojaict (Figure 8,9).
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Figure 9. Finite element analysis results of the stress distribution for the component of

the orthodontic treatment model in the 0.75mm aligner models. The aligner and
attachment were expressed as Peak Von misses values, and the bones (cortical and

cancellous) and PDL were expressed as maximum primary stress values.
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A PVMS values of the Attachment B PVMS values of the Aligner

[MPa] ™ General attachment  ®mOverhanging attachment [MPaj No attachment u General attachment
3500 ®m Overhanging attachment
3000 100
2500 80
2000 60
1500 0
1000 4
500 20
0 0
0.5 mm 0.75 mm 0.5 mm 0.75 mm
C MPS values of the Cortical bone D MPS values of the Cancellous bone
No attachment = General attachment No attachment = General attachment
[MPa] g Overhanging attachment [MPa] Overhanging attachment
120 12.5
118
12.0
116
114 115
112
11.0
110
108 10.5
0.5 mm 0.75 mm 0.5 mm 0.75 mm
E MPS values of the Gingiva F MPS values of the PDL
No attachment ® General attachment No attachment ® General attachment
[MPa] wQverhanging attachment [MPa] @ Qverhanging attachment
14 108
1.38 106
104
1.36 102
1.34 100
132 98
96
1.3 94
1.28 92
0.5 mm 0.75 mm 0.5 mm 0.75 mm

Figure 10. Peak von Mises stress(PVMS) values measured in the aligner and attachment,
and MPS values measured in the cortical bone, cancellous bone, gingiva, and PDL for the
both 0.5-mm and 0.75-mm-thick models. A:Attachment. B:Aligner. C:cortical bone.

D:cancellous bone. E: gingiva. F: PDL .
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Figure 11. Overhanging attachment case. A: Before correction. B: Application of

overhanging attachment. C: Clear aligner with overhanging attachment. D: After

correction. Black triangle disappeared.
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Efficiency of overhanging attachment to induce bodily movement of

mandibular incisor in orthodontic treatment using finite element analysis

Kyung-Jae, Hong
Department of Dentistry, college of Medicine, University of Ulsan

Orthodontic treatment using clear aligner has become the preferred choice for
malocclusions for most adult patients. because of it's esthetic appeal and conveniency.
However, limitations exist for aligner teeth movement such as bodily movement or root
movement. Composite attachments on the tooth surface are intended to enable active
control of tooth movement. However, unintended tooth movement still occur. In this study,
we present an effective attachment design of an attachment that can efficiently induce
tooth movement by comparing and analyzing the movement and rotation of teeth between
a general attachment and an overhanging attachment.

1. Materials and methods
The 3D finite element models were constructed from CBCT data and used to analyze the
mesial displacement of the central incisor using 0.5mm and 0.75mm thick aligners
without an attachment but with general and overhanging attachments.

2. Results
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Our results show that the aligner with the overhanging attachment can effectively reduce
crown tipping and prevent axial rotation for an intended mesial displacement of the
central incisor.

3. Conclusions
The overhanging attachment is more effective to enable mandibular incisor bodily

movement with the clear aligner.

Keywords :clear aligner, overhanging attachment, finite element analysis, bodily

movement, mandibular incisor
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