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“Current and Future Principles in Orthodontics”
Part 1

— Tooth Autotransplantation for Future Orthodontics -

HEF 201344 A 10 H (7K) 14 : 00 ~ 17 : 00

B%Pr  University of Medicine and Pharmacy at Ho Chi Minh city
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Part 2
- Biology of Hypofunctional teeth -

HEF 2013447 11H (OK)  8:00 ~10:30

BT Petchara Techagampuch room, Somdech-Yha Building, 2nd floor,
Chulalongkorn University, Thailand
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Part 3

- Oral Dysfunction and Brain: is there any relationship? -

HE 2013444 11H (K 13:00 ~16:00

%Pr  Petchara Techagampuch room, Somdech-Yha Building, 2nd floor,
Chulalongkorn University, Thailand
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Current and future principles in Orthodontics

Ho Chi Minh, April 9-12, 2013 2 Ho Chi Minh, April 9-12, 2013

Tx plan - 52/53/63 extraction, 28—12 transplantation
- uprighting Md molars

Ho Chi Minh, April 9-12, 2013 5 Ho Chi Minh, April 9-12, 2013

Active Tx 16M

Ho Chi Minh, April 9-12, 2013 2 Ho Chi Minh, April 9-12, 2013



Post-Tx

Ho Chi Minh, April 9- 3 6 Ho Chi Minh, April 9-12, 2013

Post-retention 4Y6M

Post-Tx

Ho Chi Minh, April 9-12, 2013 8 Ho Chi Minh, April 9-12, 2013

Autotransplantation

-agenesis of teeth
» -lost teeth
-trauma

is one of reliable treatment options
-poor prognosed teeth etc...

In the heart of Tokyo...

To avoid prosthetic treatment

To utilize the extracting tooth by orthodontic
LEEE

To prevent reduction in the teeth number

Involvement of surgical procedure
Extended treatment time

Doubtful prognosis compared to
conventional prosthetic treatment

Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013



45 missing

Ho Chi Minh, April 9-12, 2013

3 years in retention

Ho Chi Minh, April 9-12, 2013 25 Ho Chi Minh, April 9-12, 2013

Complications of autotransplantation

Right after
transplantation Pre Tx (10 m) Post Tx (3 years) 5 years

'q:"" r..'-

iS continuing

Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013



Keys for successful autotransplantation How does ankylosis occur?

Procedure factors

Host factors

Andreasen et al. Endod Dent Traumatol 1995;11:51-58.

] » Occlusal hypofunction

Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013

control recovery

- Occluded group

**:p<0.01 * :p<0.05
B Non-occluded group P ?

- T Mine et al. Angle Orthod 2005;75:545-552
Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013

But, those results were not consistent

120

Healing stage This might because of the unstability
, ' of occlusal contact

More appropriate force
is needed !

control 3 7d 14d

Cellular activity is enhanced after loading

Ho Chi Minh, April 9-12, 2013 Chen et al. J Med Dent Sci. 2005;52:59-64.

20

Ho Chi Minh, April 9-12, 2013



Protocols for autotransplantation

Endodontic Tx

Appropriate mechanical force, which

is provided through : Conventonai
and also in the appropriate timing, A

may promote periodontal healing after

transplantation and prevent ankylosis.

L Orthodontic Tx of transplanted tooth using ISW

Autotransplantation

priming{_ 1

alveolar shaping

Ho Chi Minh, April 9-12, 2013 4 Ho Chi Minh, April 9-12, 2013

Improved super-elastic Ti-Ni alloy wire (LH wire

Light continuous force

— (kg/mm?)
Charateristics

» Shaping memory

On clinic What'’s up

» Arch expansion

» Super elasticity

LsHTmw

Nickel TH-Uh:IIm Wire

Ho Chi Minh, April 9-12, 2013

Case #3

Ho Chi Minh, April 9-12, 2013

» Mx molar distalization
> Mx molar mesialization
» Md molar uprighting

> Mx anterior depression

» Md molar depression

» Application with elastics,

J-hook HG, TAD etc.

Ho Chi Minh, April 9-12, 2013

Five incisors

Ho Chi Minh, April 9-12, 2013

One-wire technique

» Loading-level control

> Non-invasiveness on
periodontal tissue

> Easy to clean

> Effective tooth
movement

> Less chair-time

> Less pain




Panoramic radiograph

18 erupting

o

-~

46 only distal root remained

Five lower incisors

Ho Chi Minh, April 9-1

Mom A
Faclal Angle Bas a0 aed
Comveuity M am 3

AR plaare a4 a0 "
Manlibubay Plane ma Lt
Voasds seam s

O chusal Plane HAr se e
[ (e I
Lite sal EIT A ¥
i foMandbabir  sa35 071 fesd
ULl ko AT plane s 1m ns
ML (T8
FH 1o S8 1y Im

ENA A asom
SNB W s
ANB TETI wl
UL i 19 plaine waoon
Utin FH [TTR U] 10es
Ul 8N [T TIR R TR
Gondal Amghe b e
Bttt v Bisathon " 54

Ho Chi Minh, April 9-12, 2013

36 missing
(Extracted 6 years ago)

Ho Chi Minh, April 9-1

Mandibular plane angle: 37.5

L1: proclined

Bony defect on the buccal
transplantation tooth

Retrognathia
ANB: 9.1

U1: average

Ho Chi Minh, April 9-12, 2013

Alveolar ridge of 45 area had
sufficient thickness both bucco-
lingually and vertically

» o

Excessive lower incisor had sufficient
root length

Ho Chi Minh, April 9-12, 2013

Ho Chi Minh, April 9-12, 2013

10



Ho Chi Minh, April 9-12, 2013

Case #5

Ho Chi Minh, April 9-12, 2013

After 2Y2M

Ho Chi Minh, April 9-12, 2013

Ho Chi Minh, April 9-12, 2013

27Y10M

11



After autotransplantation

Ho Chi Minh, April 9-12, 2013

Ho Chi Minh, April 9-12, 2013

14M

Ho Chi Minh, April 9-12, 2013

Post-Tx

Ho Chi Minh, April 9-12, 2015‘"

Ho Chi Minh, April 9-12, 2013

Post-Tx

Ho Chi Minh, April 9-12, 2013

12



Post-Tx

Ho Chi Minh, April 9-12, 2013

CT images of transplanted tooth

Ho Chi Minh, April 9-12, 2013

....J- w | -
—
inh, April 912, 2013

Radiographic follow-ups

Before After

Pre-Tx Post-Tx After 2years

transplantation transplantation

Ho Chi Minh, April 9-12, 2013

CT images
Maxilla Mandible

Ho Chi Minh, April 9-12, 2013

Donors Recipients

Incisor(Md) Incisor(Md)
=1 =1

Total: 65 cases

Ho Chi Minh, April 9-12, 2013

13



Ankylosis

occlusion

No occlusion

Total: 52 teeth

Ho Chi Minh, April 9-12, 2013

D
£

"—ﬁ"c’jontics :

Success rate in the literature

92.5%: Jonsson T, AJODO 2004,
93.5%: Arikan F, J Period 2008,

81%: Kvint S, Angle Orthod 2010,
86.8%: Watanabe Y, AJODO 2010,
57.5%: Gonnissen H, OO0O0 2010,
96%: Sugai T, Int J Oral Maxillo 2010,

Ho Chi Minh, April 9-12, 2013

14



Takashi Ono, D.D.S:, Ph.D. Fic o T}
Professor andt Chair

.. Orthodontic Science, Graduate School

: _"kayo Medical and Dental University, Tokyo,
HEDED = =

Ho Chi Minh, April 9-12, 2013

Why do we treat
malocclusion ???7?

Ho Chi Minh, April 9-12, 2013

Ho Chi Minh, April 9-12, 2013

What’s the significance of
orthodontic treatment?

- Improvement/amelioration of malocclusion?
= esthetic, function, rehabilitation, etc...

- Quest for scientific premises
= but only inconsistency was found

- Paradoxically, how come we treat the patient?

Ho Chi Minh, April 9-12, 2013

Ho Chi Minh, April 9-12, 2013

Post-Tx
Occlusal Contact Area 5\4/545-5;2 Occlusal Contact Area Z

Average Occlusal Pressure = 53.8MPa [Average Occlusal Pressure = 40.4MPa
Occlusal Force — @219N» [|Occlusal force

lame:
Jate: 97/11/01 No.000oz
8 20 40
R i.o

Ho Chi Minh, April 9-12, 2013

15



" Pre-Tx
Clinical aspects : . _
Mandibular movement during gum chewing

Increase in
ImIDFOerment occlusal force
0

occlusion

Right

Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013

Post-Tx Clinical
Balanced movement pattern on both sides 1nica aseCtS

Improvement
of

occlusion Changes in
jaw movement

Right

Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013

Biology of Hypofunctional Teeth

Periodontal Ligament

Nerve
Improvement Properties

of » Matrix Metabolism
occlusion )
Gingiva
Bone
Salivary Gland

Biological aspects Muscle

Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013




Canine on working side

Linguo-
buccal
direction

Lingual Buccal
side side

Ho Chi Minh, April 9-12, 2013

Canine stimulation activates the contralateral
temporal muscle

1. Pressure on canine

2. Provoked jaw movement

. ’l Canine: Linguo-buccally directed
8 pressure stimulation

Kamata. J Jpn. Soc.
Stomatognath. Funct.1995;1:281-7.

Ho Chi Minh, April 9-12, 2013 27

Normal

Ho Chi Minh, April 9-12, 2013

Linguo-buccal pressure to the working-side canine
induces masticatory muscle reflex

Temporal
muscle

Lingual

Loading

Buccal

Ho Chi Minh, April 9-12, 2013

Improvement
of
occlusion

Biological aspects

Remodeling of
muscle reflex

Ho Chi Minh, April 9-12, 2013

Normal

Immunohistochemistry using PGP 9.5

L4

Electronic microscope

Light microscope

Ho Chi Minh, April 9-12, 2013

17



Hypofunction Threshold for sensitivity is higher in open bite

*

Normal occlusion

Openbite

force threshold
2 = N W & W » W B 9

S

Light microscope Electronic microscope ; 3

Ho Chi Minh, April 9-12, 2013 Muramotolenabpiehlifistolleycor2000;63:36 5480 3 Ho Chi Minh, April 9-12, 2013 Shibasaki et al. Orthod Waves. 2004;63:369-80.

Occlusal hypofuction influences Response properties of PDL mechanoreceptors is
response properties of PDL mechanoreceptors recovered after orthodontic TM

m/s

I~
3
=z

N

o

B
=l
7z

5
o 8
L]
l .
\
|4
Conduction Velocity

1)
[=]
E=
=
o
2
=
=

=)

2]
)

Conduction Velocity
Mechanical Threshold

cont 3d 1w 2w 4w 8w 12w cont 3 1w 2w 4w 8w 12w

~

Experimental groups Experimental groups 0d; 3d. 7d 10d 14d 7d 14d 21d 28d 3d 7d 10d 14dH7d 14d 21d 284
e T J J
Threshold Conduction velocity Cont. Loading  Removal of Loading Loading Removal of Loading

Threshold Conduction Velocity

Nakanishi et al. Angle Orthod. 2004;74:93-9

Seki et al. Jpn J Oral Biol. 2002;44:66-74.

Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013

Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013

18



Ho Chi Minh, April 9-12, 2013

PDL thickness is decreased due to hypofunction

Ho Chi Minh, April 9-12, 2013

Cell Number

Normal

Ho Chi Minh, April 9-12, 2013

1w 3w
Tanaka et al. Orthod Waves.1998;57:180-8.

iNOS expression

=> : pericyte

» : fibroblast
> : macrophage
bar : 100 pm

**P<0.01

Watarai et al J Dent Res.
2004;83:338-42.

Hypofunction Recovery
(7d) (7d)

Post-Tx Post-Retention

RM
LM
RD
LD

Ho Chi Minh, April 9-12, 2013

Blood vessels become irregular due to hypofunction

A\

Ho Chi Minh, April 9-12, 2013 Hayashi et al. Orthod Waves. 2001;60:373-

.
Indian ink perfusion

Occlusal hypofunction causes periodontal atrophy
Q and VEGF/VEGFR inhibition in TM

Normal

Hypofunction

b
t

-

— Distal side

Normal

Hypofunction

— A

Ho Chi Minh, April 9-12, 2013 Usumi-Fujita et al. Angle Orthod. 2013;

19



Alveolar bone loss induced by the orthodontic TM
under hypofunctional conditions

Ho Chi Minh, April 9-12, 2013 Shitano et al. in submission

Activation of hypofunctional teeth

Bite block started [ ‘ .“‘ .J
k 3
L EeR [}

Ho Chi Minh, April 9-12, 2013

” .

Active Tx 1y9m

[ 4

Retention started

Ho Chi Minh, April 9-12, 2013

preevg

Ho Chi Minh, April 9-12, 2013

Active Tx OM

"‘t-{

8

A TE
leveling

Ho Chi Minh, April 9-12, 2013

Superimposition on palatal plane at ANS

r

Superimposition on SN plane at S

Pre-Tx  25y1m
— PostTx 27ysém __

Ho Chi Minh, April 9-12, 2013

85

20



Disorganization of gingiva in hypofunctional condition

——

Post-Tx

(The mproved “uper-elastic Ti-Ni Alloy 'ire) Ishida et al. Angle Orthod. — F N oTnction
2008;78:1015-22. 2 = Normal

.05

Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013

Occlusal hypofunction reduces

N Ellar and alveolar bone Volume Occlusal hypofunction induces changes in

microstructure of the alveolar bone

o

Tmim

Control Hypofunction

Honda et al. Orhtod Waves. 2012;70:143-50.
Shimomoto et al. J Dent Res. 2007;86:47-51.

Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12, 2013

Occlusal hypofunction and AQP5 expression and

, gland Biology of Hypofunctional Teeth

Periodontal Ligament

Nerve

Properties

Matrix Metabolism

Pulp

Gingiva

Bone

Salivary Gland
Muscle

Mizumachi-Kubono et al. Arch Oral Biol. 2012;57:877-83.

Ho Chi Minh, April 9-12, 2013 99 Ho Chi Minh, April 9-12, 2013




Muscle Fiber

Current and future principles in Orthodontics

Biology of
Hypofunctional teeth

Takashi Ono, D.D.S., Ph.D.

Professor and Chair

Orthodontic Science, Graduate School
Tokyo Medical and Dental University, Tokyo,
Japan

Ho Chi Minh, April 9-12, 2013

Muscle spindles are modified by hypofunction

Santiwong et al. Arch Oral Biol. 2002;47:227-37.

22



Current and future principles in Orthodontics

e

Oral Dysfunction and Brain
. is there any relationship?

Takashi Ono, D.D.S., Ph.D.

Professor and Chair

Ortho Science, Graduate School

Tokyo Medical and Bental University, Tokyo, Japan

Ho Chi Minh, April 9-12, 2013

2

Orofacial d tion and malocclu

Ho Chi Minh, A

the oral organs are not
independent,
but are involved in the
whole system

it is important that
to see the "mountain”,
"tree”.

Ho Chi Minh, April

What is “Orthodontics” ?

A scientific field to study craniofacial &
oropharyngeal dysfunction related to
malocclusion

Ho Chi Minh, April 9-12, 2013

Occlusion vs. function

Mx protrusion, facial deformity
c chewing disorder
widened Md arch, etc.
Abnormal swallowing open bite,
etc.

Cleft lip/palate
speech disorder

Close relationship with the tongue

(the bi multifuncti rge

Ho Chi Minh, April 9-12,

Functional control by the CNS

Static Dynamic

mastication

respiration swallowing

speech

23



XII motoneuron

»

NG NGy iE

5 \\\; 4 L G
) AN AN

ol

73

ray et al,, Neuroscience 1988
Ho Chi Minh, Apr o Chi Minh, April 9-

When the jav
V Mes V motor QEEEEEEI
nucleus nucleus

B o e b

Servo mechanism

muscle

spindle

Respiratory pattern generator Oral'respiration

(brainstem) . T ® Jaw-tongue reflex: JTR

> |
Pt GYTIE A W Y. I

o Chi Minh, 2 6 o Chi Minh, Apri

Respiratory pattern generator
(brainstem)
u 1
Hypoglossal motoneurons
(XII Mns) ‘
= = W « N > functional MRI (fMRI)

GG muscle Jaw-closing muscles
(protruding _— > MRI movie

inhibition

excitation

Yy -

Ho Chi Minh, April 9-12, 2013 O X 5 Ho Chi Minh, Aprl SE20203 il L 25




imaging

Principles of fMRI

> Blood Oxygenation Level Dependent (BOLD) e

What is the preferred chewing side?

Mastication is not performed equally on both sides of
the dentition; instead, unilateral chewing occurs in
about 70% of consecutive chewing cycles (Mioche et
al, 2002 )

L 4

preferred chewing side: PCS

L)

imaging method

Acquisition & analysis of fMRI data

time

Ho Chi Minh, 4

PCS & tongue motor control

Primary somatosel y cortex (SM1) Left PCS Right PCS

LeftPCS | Right PCS

* p % —

o Chi Minh, April 9-12, 2013

PCS-dependent activation pattern of S1

contralateral

ipsilateral

25



tion/clenching

Occlusion and systemic function Tasks and activated regions

Clenching+

Brain Gripping(CG)

Spinal cord

By clenching./.
Better miotor
= performance

Ho Chi Minh, Ay

Activation of the cerebellum [ Oral function and brain:
- mastication & clenching

ved'in the ch

pond
Elgle]
formance

through the CNS

Orthodontic treatment

strengthen the 1

aw e submitted
Ho Chi Minh, April 9-12, 2013 Ho Chi Minh, April 9-12,

Swallowing

Is the tongue crib effective for open bite? Low-threshold reflex is inhibited during swallowing

Suppression of Jaw-opening lingual nerve stimulation
and Trigemino-hypoglossal Reflexes

during Swallowing in the Cat
Genioglossus Styloglossus
T.Ono', Y. Ishiwata!, T. Kuroda!, and Y. Nakamura** . -

:> Both reflexes are inhi

eflexes during

Ho Chi Minh, Apr



entation

Swallowing pattern generator
(brainstem) . S ' Pre-Tx

8y8m

Su ession suppression — suppression

aw opening reflex

After pa

Ho Chi Minh, April 9-12, 2

Oral function and brain:
swallowing

v Reflexive activity evaked by low-threshold lingual a nts were
suppressed during swallowing paralysis

swallowing a
perturbations from peripheral afferent im

Ho Chi Minh, April 9-12, 2013 63 Ho Chi Minh, April 9-12,

Speech impairment in CLP Role of the lips in speech

Cleft lip and palate (CLP) v’ Lips are rich in mechanoreceptors (Stohr and Pentruch,
a 1979)

v’ Afferents from the lips project to a wider area of cortical
\ . representation somatosensory homunculus than do those
Post-surgical p 0 . of other areas of the body (Penfield and Boldrey, 1937)
°

Scarred hp and p
- -
@ ‘ ¥’ Receptors in the upper lip encode
" o site-specific, precise

somatosensory information
(Mogliner et al, 1994)

an important role in

Ho Chi Minh, April 9-12,

27



Role of the lips in speech in CLP )
Hypothesis

n of in

v’ Development of sounds with anterior pla from that in non-CLP

articulation (e.g., /pa/) is delayed in CLP (O'Gara and
Logemann, 1988)

Lip motor
v’ Adaptation to impaired articulators in CLP subjects through fepf;'esematloﬂ
novel strategies that use limited perioral structures and
function may be associated with restructuring neural
network (Riecker et al, 2002)

Cortical activation in bilabial plosive

> Bilat vation of the SM1in all CLP subjects

ion of SM1i

» Greater activ
had been perfc

brain

sub 3

o Chi Minh, Ap Ho Chi Minh, Apr

Hypothesis

ortical activation

BCLP

(sub 3}

BCLP
(sub 4)




Differential articulato

Ho Chi Minh, A

How to m

Ho Chi Minh,

Non-CLP

re the temporal change of tongue

MRI movie with tooth visualization

Speech

shape

Ho Chi Minh, Apr

v |t seel
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Functional control by the PNS

Periodontal
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Case presentation
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iOVD and muscle spindles: short-term effects
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Role of muscle spindles and occlusal vertical dimension

» Several reports indicate that jaw-muscle spindles, which are
sensitive to muscle length and changes therein, would be
responsible for the perception of jaw position and opening
magnitude (Brill and Tryde, 1974; Zhang et al., 2003)

» Changes in the occlusal vertical dimension (OVD) are often
associated with certain syndromes, such as TMDs (Christensen,
1970) and headache (Hellsing, 1990)

» The perturbation of a habituated OVD may have such a strong

effect on the entire body that even symptoms of tinnitus and
vertigo will appear (e.g., Costen, 1936)

Case presentation

Post-Tx
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Ho Chi Minh, April 9-12,
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Short-term changes in responses of muscle spindles

Primary Secondary

Primary Secondary
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Case presentation Case presentation
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Changes in EMG activity of the anterior temporal iOVD induces cortical plasticity
(@elgiiye] iOVD

rimary motor cortex

Ho Chi Minh, April 9-12, 2013

From our recent study ...

The purpose of the study was to clarify the
relationship between difficulty of
pronunciation and habituati
(eg, wearing retainers)

v Getting to feel easie
would be the result of
articulation with retainers

Ho Chi Minh, 3 9 Ho Chi Minh, April
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Results: behavioral study Results: fMRI stud

~ ) I ) ) Overt vs Covert speaking with retainers
Self-evaluation of Difficulty in Articula

VAS score
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Overt speaking
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Current and future principles in Orthodontics
T — (—

Orofacial dysfunction and brain

Correlated!

Mouth/jaws ; =3 ; .
¢ - e e e
Thank you for.y@ur attention
tono.ols@tma.acip
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