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Orthodontic patients cohort (n=540)

Comprehensive treatment with fixed
appliance

Pre-treatment age =18

Consecutive patients completed between
2011-2020

pre, post-treatment CBCT exist

| —
Analysis

Excluded (n=237)

* Low image quality of pre, post-treatment
CBCT (n=17)
* Orthognathic surgery (n=232)

Superimposition of pre/post treatment
CBCT
* Re-orientation: FH plane, MSP

!

Final analysis (n=291)

* Condylar displacement(=1mm) rate

* Condylar resorption analysis

Figure 1. Flow chart of patient inclusion criteria



Table 1. Subject demography

Category Total(N=291)
Gender
Male 96 (33.0%)
Female 195 (67.0%)
Age (Mean:27.7, SD:10.32, Median:24)
18<<30 204 (70.1%)
30<<40 43 (14.8%)
40=<<50 27 (9.3%)
50< 17 (5.8%)
Skeletal classification
Class I, 0<ANB<4 154 (52.9%)
Class II, ANB<0 112 (38.5%)
Class I1I, AND>4 25 (8.6%)
Presence of extraction
Extraction 126 (43.3%)
Non-extraction 165 (56.7%)
TMD history
Yes 102 (35.1%)
No 189 (64.9%)
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Table 2. Definition of landmarks and reference planes

Landmark Definition

Nasion(N) Anterior point on the frontonasal suture in the midsagittal plane

Orbitale(Or) Most inferior point of orbital margin

Porion(Po) Most superior point of the external auditory meatus

Basion(Ba) Most inferior point of the occipital bone

Subspinale(A) Deepest point on the anterior contour of the maxillary alveolar process

Supramentale(B) | Deepest point on the anterior contour of the mandibular alveolar process

Pogonion(Pog) The most anterior point of the chin on the outline of the mandibular
symphysis

Sigmoid notch The deep notch between the condylar and coronoid processes of the
mandible.

Condylar neck | At the level of sigmoid notch, most posterior point of condylar neck

point (CdN)

Gonial posterior | Most posterior point of mandibular angle area

point

(Go post)

Ramus line Tangent line from CdN to mandibular angle

FH plane The plane was constructed by both sides of Or and right of Po

Horizontal Parallel to FH plane through N

reference plane

Midsagittal
reference
(MSR plane)

plane

Perpendicular to FH plane passing through N and Ba

Coronal plane

Perpendicular to FH plane and MSR plane
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Figure 2. 3D rendered skeletal image and anatomic landmarks

11



ah stob BE W9 WAL 3HAF B

WOl Ao el ¥F+= 3D slicer(open—source software, www.slicer.org)

T2 ;WS o] g3y AHEHAAEHT. 3D slicerd segmentation editor ET-olA
A sz AXE HAAste] dAFoR AP & FH artifact AA & FAHE
2498 slo] stel ¥ S STL(Standard Triangle Language) 3202 #7438k ch.
g A st} B¥9 condylar neckg 7]FCo® X®m & e} RS surface
superimpositione Al&3F 3 3D slicer? model to model distance, shape
population viewer =75 ©]&€3] color coded mapl. 2 HHE 3} slot 3HF HIE

ot tH(G.W. Arnett, 2019, Claus JDP, 2019).

uh, A A

A U AFES shekshy] fle) 54 2%H PR 3039 B Hus
steb W wWelge ASASRAT 08179 AR ) AHEE mYTh setuy

HE AEY A @4 Alo] A= 2 Q90 M E chi—square testE ©]-83}¢]

Ago] EA EBAL SPSS(version 23; SPSS, IBM, Chicago, IL, USA)Z

ARGl A o E e 0.06% A

12


http://www.slicer.org/

CdNe] 3x¢ 49l

L

.

o2 e

A
Al

H

m. a3
FEE 2

o)
o)

st

9]

A=rta B, Pogst

L

s

5t

o

12

3

o B A @
om0
g o —
oz o
Z © o o
S ° ® Z
° B <
g oo W
o . ok

Y
o T

K ool 3
o|J N
0 |
o oF )
= = =
o . E 97
o B 9
oz AR %
o = ©
7 7o 2 .
ﬂ g 4 = 3
) m ~ %) )
o B 2 =

o nm;‘_ = 35}
ﬂm Lowoe B

. M Z 4 T

- =

A

o E — 1.|D.

oo o 4 =

ﬂrw” n_AlO m_l mo n,Dv Orc

so ik mm -, ®

o * ® mm or

mo om om oW

o O} e T OB o

B AR B S o

13



1-.

£)

1
e

re

N
| ]

S
=

S
pS

=]
®

=2 mm

S
P

2>21
1> =0
0> =-1
1>=-2

S
®

x
" E = =» ==

£-2mm

S
=

=}
R

o
x

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

B point Pog B point Pog CdN B point Pog
Transverse AX ( mm) Ant-posterior Ay (mm) Vertical Az ( mm)

Figure 3. Pattern and severity of mandibular displacement after orthodontic treatment in adults.

Table 3. The amount of mandibular displacement after orthodontic treatment in adults

Transverse Ax (mm) Ant-posterior Ay (mm) Vertical Az(mm)

Landmark | Mean(+SD) | Max/Min | Mean(+SD) Max/Min | Mean(£SD) Max/Min

B 0.07(20.696) | 2.33/-2.75 | -0.32(x1.231) | 3.60/-4.05 | -0.18(x1.278) | 3.30/-5.09

Pog 0.01(0.839) | 3.39/-2.34 | -0.02(£1.268) | 4.61/-3.90 | -0.17(£1.165) | 2.97/-4.56

CdN 0.00(=0.410) | 0.95/-0.92 | 0.05(x0.543) | 2.73/-2.76 | 0.01(x0.466) | 1.7/-1.91

AX, (+):lateral / (-):medial / Max: most lateral / Min: most medial displacement
Ay, (+):anterior / (-):posterior / Max: most anterior / Min: most posterior displacement
Az, (+):downward / (-):upward / Max: most downward / Min: most upward displacement

Table 4. The amount of mandibular rotation after orthodontic treatment in adults

Mean(£SD) Max/Min

ARamus line angle(®) -0.09(+1.118) 3.71/-4.65

(+):counterclockwise / (-): clockwise
Max: most counterclockwise / Min: most clockwise rotation
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A5 F9 stof T WY TAE
1749 A F A5 e FF2F 1mmolde] CdNe ¥3, 5 stdaF
A7F AT Fe= 187 o= shef A WS EHES oF 6.2%30H. °lF 5%
(1.7%) & B5elA, 1378 (4.5%)> 45 WS BEdvt 18 F stef 379 A,
oA 27 99 (B1%) 0% AR A WA T 29 s u9E,
% WA F 49o] Y WS W7 wgth sher BT FEME HHA
¢k 3kth(Table 5).
Table 5. The incidence of condylar displacement (>1mm) after orthodontic treatment in adults
AP displacement
CdN (N, %)
Displacement No Yes total
Ant Post
No 273 7 5 285
93.8% 2.5% 1.7% 98.0%
Vertical U 0 0 4 4
Displacement | P 0.0% 0.0% 1.4% 1.4%
€S
(N, %) D 0 2 0 2
own 0.0% 0.6% 0.0% 0.6%
273 9 9
total 93.8% 3.1% 3.1% 291
Ant: anterior displacement / Post: posterior displacement
Up: upward displacement / Down: downward displacement

15



Table 6. The pattern of condylar displacement in adults after orthodontic treatment.

Gender Age Ant Post Up Down Pattern Skeletal Ext TMD hx.
F 24 0 Unilaterl ClI 0 0
F 18 0 Bilateral ClII 0 0
F 21 0 Bilateral ClII 0
F 37 0 Unilateral ClI 0
F 61 0 Unilateral ClII
F 36 0 Bilateral ClII
F 25 0 Bilateral ClI
F 19 0 Bilateral Cl1I
F 21 0 Bilateral Cl1I 0
F 18 0 Bilateral Cl1I 0 (0)
F 19 0 Unilateral Cl1I 0
F 18 0 Unilateral Cll 0
M 26 0 Bilateral Cl1I 0 0
F 39 0 Bilateral Cl1I 0
F 23 0 0 Bilateral cli 0 0
F 25 0 0] Bilateral cli 0 0
F 27 0 0] Bilateral cli 0 0
F 35 0 0 Bilateral Cl1I 0

18/291(6.2%) 9 9 4 2 13/18 14/18 11/18 10/18
(3.1%) (3.1%) (1.4%) (0.6%) (Bilateral) (C11D) (Ext)
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Table 7. Clinical factors associated with the incidence of condylar displacement(>1mm)

Category Total discl)(igggr?ént Inc(i(%,)nce p-value
Total 291 18
Gender
Male 96 1 1.0%
Female 195 17 8.7% proon
Age
18<<30 204 13 6.4%
30<<40 43 4 9.3%
P=0.473
40<<50 27 0 0.0%
50< 17 1 5.9%
Skeletal classification
Class I 154 4 2.6%"
Class II 112 14 12.5%% P=0.002
Class III 25 0 0.0%°"
Presence of extraction
Extraction 126 11 8.7%
Non-extraction 165 7 4.2% PO
TMD history
Yes 102 10 9.8%
No 189 8 4.2% P00

* chi-square test
ab different letters mean significant differences (p<0.05)
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Figure 4. The pattern and classification of mandibular displacement using

3-dimensioanl superimposed segmented mandibles
A, Anterior displacement. B, Posterior displacement
White: Pre-treatment mandible model

Yellow: Post-treatment mandible model

Blue arrow: indicate displacement and rotation of mandible

20



7N

#301

Figure 4. The pattern and classification of mandibular displacement using
3-dimensioanl superimposed segmented mandibles

C, Posterior displacement. D, Posterior - superior displacement
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ABSTRACT

3—dimensional changes of
the condylar region after
comprehensive orthodontic treatment in

adults

Hosik Jang, D.D.S.
Department of Dentistry
The Graduate School of Yonsei University

(Directed by Prof. Chooryung J. Chung, D.D.S., M.S.D., Ph. D.)

The positional relationship between maxilla and mandible greatly influence the
occlusion, function and esthetics of the craniofacial region. Displacement or
unexpected changes of the mandibular position, especially posterior displacement
of the mandible during or after orthodontic treatment may induce negative effects

on the overall treatment outcome as well as the long—term stability.

With the recent advancement of Cone—beam computed tomography (CBCT)
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imaging and three—dimensional superimposition methods, positional changes of
the mandible as well as the regional morphologic condylar changes following
orthodontic treatment can now be visualized three dimensionally. While and
average displacement of condyles after various orthodontic treatment is
reportedly limited to less than 1 mm, continuous observation is recommended for
ones with unexpected condylar displacement exceeding 1 mm due to the
possibility of occlusal instability or temporomandibular joint disorders. However,
the information of the overall incidence among orthodontic patients or associated
risk factors associated unexpected posterior displacement of the mandible is

limited making it difficult to clinically predict or to distinguish its possibilities.

Therefore, the aim of this study was to evaluated the incidence of unexpected
condylar displacement in adult orthodontic patients and to identified the

displacement pattern and clinical risk factors associated with the changes.

Pre and post—treatment CBCT sets of 291 adults(age over 18) orthodontic
patient cohort who underwent comprehensive orthodontic treatment were three —
dimensionally superimposed and evaluated. The incidence of excessive condylar
displacement (>1mm) after orthodontic treatment and its pattern were
investigated along with the association with clinical factors such as gender, age,

extraction, skeletal relationship and temporomandibular joint disorder history.

The results were as follows.
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1. The incidence rate of unexpected condylar displacement (over 1 mm) among

adult orthodontic patients was 6.2% (18/291).

2. The incidence of unexpected condylar displacement occurred more frequently
in females(8.7%) than males(1.0%), and in Skeletal Class II malocclusion

(12.5%) than in Skeletal I (2.6%) or III (0.0%) malocclusion (p<0.05).

3. Age, extraction, or the pretreatment history of TMD was not associated with

the incidence of unexpected condylar displacement after orthodontic treatment.

4. Significant condylar resorption was not noted for ones with unexpected

condylar displacement.

Key words: condylar displacement, incidence, condylar resorption, adult,

orthodontic treatment, outcome
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