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Dental biomechanics
Physics of mastication, orthodontics and implantology
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Types of motion

2

translation rotation

translation + rotation

Forces! Torques!

2

Force and torque

å = 0iF
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For rigid bodies: rotation occours if torqu
is present (even without
translation)

Ä

F

-F

F

point of attack

line of action

axis of rotation

lever arm= r ⋅ sina

Torque (t):

F = mg

movement of uniform 
acceleration

(Nm)𝜏 = 𝐹 $ 𝑟 $ sin α

r
a

3

The concept of a lever
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equilibriumÛ and                    

force amplification
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Σ𝐹! = 0 Σ𝜏! = 0

𝜏" = 𝐹" $ 𝑟" $ sin 𝛼
𝜏# = 𝐹# $ 𝑟# $ sin 𝛼

𝜏"= 𝜏#
𝐹" $ 𝑟"= 𝐹# $ 𝑟#

𝐹"
𝐹#
=
𝑟#
𝑟"
, 𝑜𝑟 𝐹# = 𝐹" $

𝑟"
𝑟#

effort       load
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Types of levers
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1. class:

2. class:

3. class:

„effort”„load”

FG

F

G

F

G
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Levers
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Dental levers
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Levers in the human body
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biceps

triceps

gastrocnaemius

F

1. class

F

3. class

F

2. class
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The mandible as a lever
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musculus temporalis anterior

musculus masseter

F

mandible

F

3. class
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Masticatory forces
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300-800 N
100-300 N

10 000 N

(Guinness: human - 4000 N)
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Measuring masticatory forces
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Pressure indicator
film:

piezoelectric sensor:
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sensor

flexible
printed circuit
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Pressure values of mastications
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p £ 300 MPa !
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Torque of mastication
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F

Ä

F
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force
transformation

t

t

t

𝜏 = 𝐹 $ 𝑟
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Consequences of torque
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F

compressive stress

tensile stress

Ä Ä

tensile stress

compressive stress

F
t
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Bone remodeling
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Wolff’s law 1870

Every change in the function of a bone
is followed by certain definite changes
in its internal architecture and its
external conformation.

compressive stressÞ resorption

tensile stressÞ formation

Carter 1988:

tensioncompression

shear

bone

fibrous
tissue

cartilage
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Masticatory forces
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3-5 seconds

F = 100-800 N 

t £ 1 s !

If the force would be constant

≈ hours

7-14 days

pain

tissue damage

loosening of teeth
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Physical bases of 
orthodontics
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20

20
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Tooth movement in orthodontics
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extrusion intrusion bodily movement

tippingrotation

rotation combined

translation

21
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Moving tooth by forces

F = 50 cN ─ 400 cN

F

compressive
stress

tensile
stress

bone growth
(calcification)

bone decay
(decalcifitation)

bone remodellingÞ tooth movement

Mastication:
F = 100-800 N 

t £ 1 s

t = 3-5 s: pain

≈ hours: damage

7-14 days: loosening

F = 1-10 cN

„constant”

Resting forces:

no 
consequence

If it would be constant,

„constant”

Forces used in orthodontics:
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Mechanisms of tooth movements
extrusion intrusion bodily movement

tippingrotation

bone formation

bone decay

translation

rotation translation + 
rotation

Ä

fulcrum
(center of resistance = 

CR)

Ä

fulcrum
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Force couple

Resultant torque:

Any set of forces on a body can be replaced by a single force 
and a single couple.

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

Resultant force:

„couple = torque”

𝜏! = 𝜏" + 𝜏#
𝜏! = 𝐹 % 𝑟" + −𝐹 % 𝑟#
𝜏! = 𝐹 % 𝑟" − 𝑟# = 𝐹 % ∆𝑟

Dr

Ä

F-F

r2

r1

𝐹! = 𝐹 + −𝐹 = 0

24
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Forces required for tooth movements

extrusion: intrusion:

F tF = 0 F tF = 0

single force without torque

Þ translation without
rotation

Ä Ä

Example:

F 

force distribution (!):

F 

F 

dental 
bracket

25
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Rotation:

tc

couple = cSF  = 0 

Couple results in tourqe only
without net force

Þ rotation without translation

Fc

- Fc

example:

tc
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force + couple

Þ translation
without rotation

F tF

Ä

tc

Fc - Fc FF =å
0=åM

translation
only

Bodily
movement:

F tF

Ä By using only one force torque
woud be generated too.

tc =tF (tc /tF = 1) 

Example:

F 

tF
tc
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Tipping:

force couple

rotation

(1 < tF –tc)

controlled tipping:

tipping: :

åF

–

F 

F 

tF – tc

0

translation + rotation–

(tF –tc< 1)0 <tF –tc

tF –tc < 0

F 

Ä
Fc - Fc

tF
tc

St
tc

tF

translation + rotation

28
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Dental brace
Dental braces are elastic bodies, that will recover the elastic energy after
deformation by exerting forces on the teeth („mechanical battery”).

activation: dental application:
deformation

(energy input)
recovery

(stored energy
utilizued)

F F 

deformation

F
loading

force
recovery

F 
F 

activation

application
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Mechanical properties of braclets

e

s

work done = work recovered,

assuming no friction!!

el
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• properties: stiffness, elastic strain recovery, resilience

work done

work
recovered

s

e

pl
as
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! Example:
• polymers
• steel
• Co-Cr alloys
• Ti alloys
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Restoring force
•magnitude? 

• time course?

utilized strain

F

Dl

effective
range

dentis
t

in
 th

e
m

ou
th

Dl

F
dentist

in the mouth

utilized strain
(time of application) (time of application)
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Superelastic materilas

(Nickel-Titanium Naval Ordnance Laboratory)

• Superelastic (pseudoplastic)
• shape memory
• biomechanical compatibility
• biocompatible

Nitinol

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

32
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34

phase diagram of Nitinol

activation (dentist)

force recovery
(on teeth)

heating
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Physical bases of implantology

35

35

Dental implants

36

36
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ImImplant materials

37

metals ceramics metals with ceramic coating

q titanium (Ti)

q titanium alloys (Ti-6Al-4V)
q kCobalt alloys (Co-Cr-Mo)

q aluminium-oxide
q zirconia (zirconium-

dioxide)
q HAP
q bioüglasses
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Tooth vs. implant

38

38

Force transition of implant

39

after integration

concentrated
compression

large torque

Ä

F

r M
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Methods for testing implant stability

40

• Resonant Frequency Analysis (RFA)

40
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• Periotest

41


