Types of motion

translation + rotation

Forces! Torques!

translation f rotation

|
Dental biomechanics
Physics of mastication, orthodontics and implantology
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Force and torque
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Types of levers
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Dental levers
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The mandible as a lever

musculus temporalis anterior

A first-class lever
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Applied
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Masticatory forces Measuring masticatorv forces
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Consequences of tdt ue

,compressive stress
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|:'> ‘ tensile stress I:>
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Bone remodeling

Wolff’s law 1870

compressive stress = resorption

tensile stress = formation

Carter 1988:

shear

fibrous
tissue

Every change in the function of a bone . bone

is followed by certain definite changes cartilage |

in its internal architecture and its compression tension

external conformation.
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Physical bases of

orthodontics
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If the force would be constant

3-5seconds [—> pain

= hours ) tissue damage

7-14days /) loosening of teeth
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Tooth movement in orthodontics

extrusion intrusion

N

A .
A q

rotation tipping translation
(\\%/ combined

Moving tooth by forces

21
Mechanisms of tooth movements
translation extrusion intrusion bodily movement
I Q['

| bone formation

| bone decay

rotation rotation translation + tipping
rotation

fulcrum

fulcrum (center of resistance =
CR)

Resting forces: Roices us;d I;gnEOdOZSBS: N Mastication:
= cN— Ci
F=1-10cN F=100-800 N
,constant”
,constant” t<1s
F If it would be constant,
) l
no
consequence \ t=3-55: pain
tensile compressive = hours: damage
stress stress 7-14 days: loosening
bone growth bone decay
(calcification) (decalcifitation)
bone remodelling = tooth movement
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Force couple

Couple: a pair of forces, equal in magnitude, oppositely directed, and displaced by
perpendicular distance.

Resultant force:

F=F+(-F)=0

Resultant torque:

T, =T+ 1,
T =F 1)+ (=F- 1)
. =F-(rp—n)=F-Ar

<

,couple = torque”

Any set of forces on a body can be replaced by a single force
and a single couple.
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Forces required for tooth movements

extrusion: intrusion:

====>>single force without torque

= translation without
rotation

Example: force distribution (!):

dental
bracket
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Bodily
movement:

<(== By using only one force torque
woud be generated too.

. Example:
= translation

without rotation

ZF =F translation
ZM =0 only
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Rotation:

==  Couple results in tourge only
without net force

= rotation without translation

SF=0 couple=c

example:
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Tipping:

force | couple Z F
- \/ 0 Tc == rotation
\/ = F (73 ==> tipping: : translation + rotation
Vi Vv F -7 ==>> controlled tipping:

translation + rotation

0<T-T, (G- T<1)
T-T.<0 (1<T-T)

28

11/29/21



Dental braces are elastic bodies, that will recover the elastic energy after
deformation by exerting forces on the teeth (,,mechanical battery”).

Dental brace %

activation:

F dental application:
deformation recovery
(energy input) (stored energy
utilizued)

loading

7

recovery

deformation

activation

application

Mechanical properties of braclets

® properties: stiffness, elastic strain recovery, resilience
o
Or

work done = work recovered,

assuming no friction!!

elastic region!

work done Example:

® polymers
® steel

plastic region!

work o
recovered Co-Cr alloys

® Tialloys
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Restoring force
® magnitude?
® time course?
F
dentist
—
i inthe mouth :
: -— g
— — Al
utilized strain utilized strain
(time of application) (time of application)
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Superelastic materilas

Ni+Ti Cu+Al+Zn Cu+Al+Ni

Nitinol  (Nickel-Titanium Naval Ordnance Laboratory)

« Superelastic (pseudoplastic)
* shape memory

* biomechanical compatibility

* biocompatible

32
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r phase diagram of Nitinol
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Dental implants

Ph 5|caI bases of implantology

- e —
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ImImplant materials

metals ceramics metals with ceramic coating

O titanium (Ti)

aluminium-oxide

oo

zirconia (zirconium-
dioxide)

HAP

biotiglasses

oo

. Ca¥y (PO,)
- oo o
< hydroxyapatite )
Na
4
-~
0! TiO, 15 HO'
[ ,80,0,8, 2
O titanium alloys (Ti-6Al-4V) E ﬁﬂ% §§§ 5
QO kCobalt alloys (Co-Cr-Mo) E‘ Ti oes 3
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Force transition of mgola nt after integration
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Tooth vs. implant

38

Methods for testing implant stability

® Resonant Frequency Analysis (RFA)

Osstell ISQ

40
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® periotest

Signale des
Beschleunigungs- |
gebers.

Optische
Anzeige des
PERIOTEST-
Wertes.

Akustische

Ausgabe des
PERIOTEST-
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