O

10

cLil&ggull (g Auubul gualag
( Asguall Caldill )

Al ASa JS ¢ljg go shijall
Gustavo H. Gameiro

1st Edition
2022

1 dotalal| dasi I : dqa~ ol
e g hasma 1 39S AT ALY Aemne Oladw S AT
LOUan p-(nSat g OLliw™ ) @935 2 AT 93 531,498 (St g Ol @985 (o lalind

Gia3-(ySal g U @555 B poumiby y  Putpodlt Daan 01y e 501 2 53|
Adlal) OMaxtl (658 2 (T 93 pSoma AN AdS / Gded dnal



P QLS daa )5
dame Gletlu + ygSAl
CnSat g Ol @947 (uolalisn !
Aol dan SN g da 5 255l

1AW AdS / G Anel>

+ dcalall das L
i (g hadna 1 giS ) L
il p3- (et g oL | @935 2. AT 93 315978
Gt - (et g LYY @3535 2 yguunid g 3
Adlalt SN (58 2 (9 pSime



ooooooo

sgessveoens

aaaaaa

(6) doadie

(8) calgall cgo

(10) gall olbsi guauyg dgiatll d4jall niilianlg clgal jLial ellin
(22) dailill d4jall oladl yalun dagliall 450 J4iy

32) il gajallg « sgill gje « s9dll aglgi Jal (o cilgal hdd 00 sjaa ¥l ¢
(46 ) louwai cilyilill dial4iall ggéll dalail algi

(60) eyl 5qall ollai deja bgill o] ol dsuti Jiad

et uliall 8g &ll ol kai jL tiAl o dacl uy ligall j S50 glao gl
(64) dyiwll

(84) aysjiaic gighuw yjlgi dreny ot ol ciay jlan ol ol
(94) aslad Jeod ayalgs byitii Jod JS ¢

) elyal bgiill allai s9ang 821l rapydi Jal o jall euall abhas uy

(124) dyppull eliujlon o6 dagdall elyjall ouilgs iliy lagf eaaiug ¥




Introduction (7)

Aboul the author (9)

drug of choice for tooth movement, and it is called force system. (11)

ance constitutes the direction sensor of the resulting movement. (23)

st Lools for generating forces, moments of a force and couples. (33)

‘quivalent force systems produce the same effects. (47)

to force ratio represents the dosage of your force system. (61)

ter of rotation assists in the choice of the appropriate force system for
each type of movement. (65)

ppliance must be in static equilibrium when it is installed. (85)

y activation action generates a deactivation reaction. (95)

e-body diagram Lo assess Lhe feasibilily of your force system. (03)

ile the influence of the exact laws of physics in your clinical practice. (125)
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Introduction

WHY DO WE NEED BIOMECHANICS?

Have you ever met a math teacher who does not understand numbers? An
orchestra conductor who does not master musical rhythms? a doctor who
does not know physiology?

The answer to these questions is obviously NO. No one is able to imagine a
professional who does not comprehend the elementary basics of his practice.

In orthodontics, | believe there is no doubt about the fundamental laws governing

any tooth movement. | am referring to the exact and immutable laws of PHYSICS
and BIOLOGY, which form the pillars of ORTHODONTIC BIOMECHANICS.

Biomechanics is relentless; it is always present in our treatments, both in
successes and failures. Its principles will always govern our treatments, its
definitely not a matter of choice. Our best option, therefore, is to know and

master these principles, so that we can control the outcome of our cases.

ARE YOU IN CHARGE?

The major difference between an "arch changer” and an
orthodontist is the knowledge of biomechanics. While the
former resembles an airplane pilot who only knows how to use
the automatic mode, the latter is the one capable of having full
control of the aircraft in both modes, automatic and manual.

"YOU and not the wire should do the THINKING". Prof. Charles J. Burstone
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I- There is only one drug of choice for
tooth movement, and it is called force
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[- There is only one drug of choice for
tooth movement, and it is called force
system.
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The orthodontic force

FORCE AND ITS ATTRIBUTES

In medical treatments, doctors have to decide among thousands of drugs to
achieve the best results. In orthodontics, we have only one available "drug”:
the orthodontic FORCE. However, we need to control the “dosage” of this drug
in order to get the desirable dental movements. Force magnitude (A), direction
(B) and point of application (C) are some variables that must be manipulated
to achieve an efficient treatment.

The most important parameter of all is the line of action of force,
which in this case can be easily visualized by the spring itself.

The force magnitude will depend on the gl
characteristics of the appliances we use. They can SN
be springs, elastics, wires or any agent capable of =
applying a mechanical stimulus to the teeth.

The point of application represents the point of contact of
our appliance with the tooth to be moved. Whenever
possible, this decision is made by the professional.
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Optimal force values

THE SEARCH FOR THE IDEAL FORCE

The classic concept of optimal force was proposed by Scharws in 1932, when
describing that the optimal force would be the one capable of altering tissue
pressure without occluding the blood vessels of the periodontal ligament.
According to him, forces below this level would not induce tooth movement,
whereas forces above this level would provoke areas of tissue necrosis, which
would hamper movement until undermining resorption removes necrotic tissues.

Considering the biological aspect, we have three zones of force values, with
distinct cellular and clinical responses:

FORCE
@ |

Theoretically, the term LIGHT is used for forces that are within the optimal zone range.
However, it is very difficult to establish the real numerical differences between a light and
a heavy force in the clinical practice. For example, if we apply a force considered light,
such as 25g, in a smoother and homogeneous alveolar ligament-bone interface, this force
will probably not cause much damage and tissue strains, being therefore considered LIGHT
from the biological aspect. However, if this same force is applied in @ more irregular and
rough ligament-bone interface, for example, the tissue strains will be larger, leading this
force to be considered HEAVY in this situation.

15
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Interindividual differences

OPTIMAL INDIVIDUALIZED VALUES

It is necessary to understand that the impact of force magnitude on tissue
responses depends on a number of factors, such as type of movement, root size and
morphology, support tissue conditions, local cell population, and the ability of
cellular responses to adapt to these stimuli. These are the main factors that explain
the enormous individual differences we observe in clinical practice, such as varied
pain responses, degree of mobility, speed of movement and root resorption risks.

The interindividual differences are more important than the magnitude of the force.
Take, for example, this classic study on dogs. This research” evaluated the influence of
several magnitudes of force on the amount of dental movement:

: In dog 1, doubling the force did not
mu/ change the amount of movement
200 g /
2/ (100g vs. 200g).
Dogl | P
i 4
4 -
."l/
1 _
o
2 H,-f“‘ / "
L Dog 2 In dog 2, the tooth movement obtained
-4 _f; 50 ¢ 2 « .
YT e | was the same even with the force being
A m OO emana e )
H"‘*’;’d’ : 2009
0 20

T L = increased 4 times (50g vs. 200g).
Dog 2 ( 50 B ) 2

Days

Also notice in this graphic, the enormous difference of movement observed
between dogs 1 and 2, independently of the intensity of the applied force.

"The interindividual differences are more important than the magnitude of the force".

17
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Force's line of action

THE SUPREMACY OF THIS PARAMETER

A professor once taught me that the orthodontist should act as a “line of action
hunter'. | really appreciated this analogy, because this is actually what we do
whenever we want to perform a controlled tooth movement. In order to predict the
resultant tooth movement of any appliance, one of the first questions we should ask
ourselves is: which line of action would induce the movement | want to achieve?

For example, let”s suppose we select 3 distinct application

points, which also establish three different lines of force POINT 3
action in this particular case. Do you think the resulting
movements would be similar? POINT 2
The answer is obviously no. Since we have 3 different lines of

@\ POINT 1

force in each situation (represented by blue, red and green
c:-oils_]_. ‘we can certainly predict three distinct dental movements
according to the chosen line of action.

A\

With the blue coil, we would have a tipping With the red coil, the tooth would  With the green coil, we would

movement in which the crown would move move with minimal change of its cause slight extrusion, and
more than the root, and the tooth would long axis, and without significant greater root movement.

undergo slight intrusion. change in the vertical direction.
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The law of transmissibility

In short, the law of transmissibility states that distinct points of application
along the same line of action of force provoke exactly the same effects.

For example, if instead of inserting your spring directly into the bracket
(Figure A), you decide to create an appliance configuration to apply the force
at a point ahead the previous one, but in the same line of action (Figure B),

your movement will essentially be the same.

~

o_ " 40 DEGREES

OCCLUSAL PLANE

40 DEGREES

Angle of incidence of the force

We can analyze the inclination of the force’s line of action in relation to some

reference plane. If our reference is the occlusal plane, for example, we will see

that the line of action of the force lies at 40 degrees of it in both situations A
and B. This angle can be called the angle of incidence of the force.




