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Figure 1: Newton's first law
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Figure 2: Action and reaction forces place the system in equilibrium. This is a simplified drawing.
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Figure 3: Simple force with direction and magnitude
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Figure 4: Point of application of forces
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Figure 5: A simple force applied to the bracket of a central incisor. The line of action illustrates the direction of the vector of
force.
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Figure 6: Line of action of forces
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Figure 7: Law of transmissibility of force: F1 and F2 will have the same effect
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1. Centre of Mass: balance
point of a system

Figure 8 : Centre of Mass

S 5,0+ 8 JSa)

(dpouz 8,0) (B0 JWS)) Olss @l 09 8ol ol § ymeim puusd] 018 WS S50 UM (0 858 55 13]

(Ol s 8,580 553 Il s Y do Lt & 5l ) ] e BalLl &l 55T oz ol 5l « Bouial poliia i 958w
L6l psgie s 45T (-SUs Ao Ulo gud @idally lia & (9 USCad))

T o - . ‘

125 Y s ) pedll
(&Lill@}y)&»bb

|::>

Center of Mass of a cube on "
the moon (where there is no
gravity to act on the mass)

Figure 9: Centre of Mass on the moon
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Figure 10: Line of action of a force placed at a distance from the centre of mass
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Figure 11: Localization of the centre of resistance according to several views:
A. Radicular, B: Occlusal. C: Labio-lingual, D.: Mesio-Distal
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VARIABILITY OF THE CENTER OF RESISTANCE IN RELATION TO PERIODONTAL SUPPORT
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Alveolar bone support
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Figure 12: The centre of resistance moves apically when harizontal bone loss accurs.
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Figure 13: Centre of resistance {CR) vs Centre of Mass {Cmass) of a monoradicular tooth
e AU S50 Lolde (CR) deglall 5,0 : 13 JSal
11



Ot ¢ 055w dalishl Sbowdl doglie 51,0 S8 Lxbs dabitio diull g o daslill )] Lasd 0553 Il VL &
Lol sl lls drlsall daslie 550 O o § sl 5550 aslll QLA G55  ddliing

Figure 14: Different centre of resistance positions (if we consider the periodontal support even and normal)
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Figure 15: Forces acting at the centre of resistance result in pure translation
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Figure 16: Centre of resistance for a group of teeth
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Figure 17: When a force is applied to the bracket, the line of force is always at a distance from the centre of resistance
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Figure 18. Parallelogram Rule
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Figure 19: Calculation of the sum of two vectors.
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Figure 20: Extension of the parallelogram.
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Figure 21: Resultant (net) force when forces at 90 degrees
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Figure 22: Method to locate the centre of rotation
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Figure 23: Free body diagram
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Figure 24: Simple force to intrude and retract upper incisor
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Figure 25: Free body diagram and the forces applied from a headgear
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Figure 26: Finding the resultant intrusive and retrusive forces using the right triangle rule
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siha = opposite = B
hypoteneuse -,
cosa = adjacent = C
hypoteneuse o
tana = opposite = B
acdjacent C

Figure 26: Trigonometric calculations
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Figure 28: Translation of the central incisor
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Figure 29: Pure Rotation
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Figure 30: Uncontroliled tipping
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Figure 32: Root movement
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Figure 7: A. Intrusion of an extruded incisor. B. Relative intrusion
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Figire 34:Extrusion of an intruded incisor
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The force F is present at the
center of resistance

Amoment M=Fxdis
created

Figure 35: Moment produced by a force applied at a distance from the centre of resistance

doglall 35,0 (e d3lus dmd dads Wi didall 398l e Weikl pj=ll : 35 JSl

FORCE COUPLE : 4gill Aagajg 6.2

L §05as dos Glilsae (OliwSleiag Olyslae F2 5 F1) 0Ls3 3kl ais Gumys ($lo) B0 pie o dzgdzhl &)
 Jmabie ISty @o-dll iy 03 358l Aogdpe e Gl Jol e
OluSlaieg 5laill @ Oboluce gV (daws d5,> ) LJlEnl OIS oladsy Y F2 9 F1 oLsgall Ol Jlse
s Lalill 5550 (2 ) =5 Y sl pose Gl - pasmdl lgas (0Ll ) Ol Lgsd elIis oLVl &
- (F2 5 F1 o 58] §ubas
ol Bl a8 8l dzgdze O] . Bl dzgdze o 0ds possll A8LSL 0 plall JlezVl p5sll slooy
(36 JSedl) 858l dgazl JLl JLEbl dalydg dooly 08 . () 91) gzl s 58] Gk oy

25



A

Figure 36: Force couple: example 1
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Figure 37: Moment to force ratio for transiation
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Figure 39: The combination of transiation and rotation to achieve controlled tipping
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Figure 40: Effects of changing the moment to force ratio (M/F)
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Figure 41: incisor retraction using elastic on loop in wire: Result is uncontrolled tipping.
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In order to produce a moment as
well as a force, a bend in the wire is

necessary

2

Figure 42: Producing a moment with a bend in the wire, as well as a force with a loop in the wire
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Figure 43: Resulting movement with bend and loop in wire is incisor retraction (tipping is controlled and minimized)
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Figure 44: Sliding mechanics {in canine retraction) with a round wire of two different diameters

Sxdliea 53 @) jse ells plasials (W glo] & G35V SIS 43591 OLIYI - 44 ISl

Cross-section

"W N
- 3

=

Figure 45: Sliding mechanics (in canine retraction) with a square wire of two different diameters
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®

F1 =-300g F2 = -300g
SM=0 d=10mm
M=F2 xd=-3000g mm
(this is the moment produced by
the force F2 on the crown of the
tooth)
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F1 =-300g F2 = -300g

M1 = 3000g mm M2 = (Mrz2) + 3000g mm
= -(-300g x 10mm) + 3000g mm
= 6000g mm

Figure 47: Calculations involved in determining equivalent force systems for root movement
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Figure 48: The use of mini-implants in canine retraction
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Figure 49: Reciprocal movement in the closure of a diastema

APPLICATIONS : Cilduhill 9.1

Canine Retraction : ULl glayl 94141

glas]l S S o Sy ol « mblsill gl pg s o5 Yol OLl glo) oS elold @8 oo sl ¢, a0l BLe] dol oo

(Bucsly ALS ) TS Leloy) Ll ol
Ol Ll glan] pasiiuy Bow JLbl e L8 . (0Ll glan] eluilliunsey ) WL gleny dusedl OLIY mposs Jol s
o= g5 858 drgdiq oo LYl ASy> duSlee oS - duzsdll dllw Js b (s (ghogll 500 dgrgn 858 ] guasy ol
) oz s gl duSlel) dzgaill ode daiss . gud) Joall Hooell $955 & Jodd 553 ] 605 oo lldly S0l )
LSkl Lzg3hl Lyl Wt S 8polodl 38 el g o ez . (Al ) &SIl og 8l oyl mladll JS g (L3

- Byl Sl s9dnd Gilss 03iz 2l @osas LU s Jmdll s dons ).

Extrusion for CCL and Implant Placement : Cilajjll iSyig g.',j,!j.u.lﬂ alill Jgb g4ji 9+1.2

83035 Loyl 13] St (s,81 Olaass o o5 Lanl LaiSs 0Ll 00s83 oo e3 o o ) Oyod &yl OLadasl] &)
Loluod) Lpoled) Lahill § Wio ) Liduia 3iot) 98 oz elyz] i Lad 556 Y Ul § Lo g (65l gLl U b
oz 2 ol gy o Lo) 095 O 55 g 9] 2 3all O] 5ls 050 O S g s gy el) S8 (Alocd) ol o

cdeyy syl dol e @Bgkl pdss Jol e gsddl gyl plaseial St JL) diw s ¢ pasiiadl g2l Lgadl

38



SUGGESTED READINGS : Aajidg Cilghs 10

Andrews, L. F. (1979). "The straight-wire appliance.” British Journal of Orthodontics 6(3): 125-143.
Antoszewska, J. and N. Kiiclikkeles (2011). Biomechanics of Tooth-Movement: Current Look at
Orthodontic Fundamental, INTECH Open Access Publisher.

Barlow, M. and K. Kula (2008). "Factors influencing efficiency of sliding mechanics to close extraction
space: a systematic review." Orthodontics & craniofacial research 11(2): 65-73.

Beertsen, W., C. A. McCulloch and J. Sodek (1997). "The periodontal ligament: a unique, multifunctional
connective tissue." Periodontology 2000 13(1): 20-40.

Begg, P. R. (1954). "Stone Age man's dentition: with reference to anatomically correct occlusion, the
etiology of malocclusion, and a technique for its treatment.” American Journal of Orthodontics 40(4):
298-312.

Bridges, T., G. King and A. Mohammed (1988). "The effect of age on tooth movement and
mineraldensity in the alveolar tissues of the rat." American Journal of Orthodontics and Dentofacial
Orthopedics 93(3): 245-250.

Brudvik, P. and P. Rygh (1993). "The initial phase of orthodontic root resorption incident to local
compression of the periodontal ligament." The European Journal of Orthodontics 15(4): 249-263.
Burstone, C. J. (1962). "Rationale of the segmented arch." American Journal of Orthodontics and
Dentofacial Orthopedics 48(11): 805-822.

Burstone, C. J. (2011). "Application of bioengineering to clinical orthodontics." Orthodontics-E-Book:
Current Principles and Technigues: 345.

Burstone, C. J. and H. A. Koenig (1974). "Force systems from an ideal arch." American journal of
orthodontics 65(3): 270-289.

Burstone, C. J. and H. A. Koenig (1988). "Creative wire bending—the force system from step and V
bends."” American Journal of Orthodontics and Dentofacial Orthopedics 93(1): 59-67.

Burstone, C. J. and R. J. Pryputniewicz (1980). "Holographic determination of centers of rotation
produced by orthodontic forces." American journal of orthodontics 77(4): 396-409,

Cahill, D. R. and S. C. Marks (1980). "Tooth eruption: evidence for the central role of the dental follicle."
Journal of Oral Pathology & Medicine 9{4): 189-200.

Cai, Y., X. Yang, B. He and J. Yao (2015). "Finite element method analysis of the periodontal ligament in
mandibular canine movement with transparent tooth correction treatment.” BMC oral health 15(1):
106.

Caputo, M., C. Di Luzio, A. Bellisario, F. Squillace and M. L. Favale (2017). "Evaluation Of The
Effectiveness Of Clear Aligners Therapy In Orthodontic Tooth Movement.”

Castroflorio, T., F. Garino, A. Lazzaro and C. Debernardi (2013). "Upper-incisor root control with
Invisalign appliances.” J Clin Orthod 47(6): 346-351.

Chen, G., F. Teng and T.-M. Xu (2016). "Distalization of the maxillary and mandibular dentitions with
miniscrew anchorage in a patient with moderate Class | bimaxillary dentoalveolar protrusion.” American
Journal of Orthodontics and Dentofacial Orthopedics 149(3): 401-410.

Choy, K., E.-K. Pae, K.-H. Kim, Y. C. Park and C. J. Burstone (2002). "Controlled space closure with a
statically determinate retraction system." The Angle Orthodontist 72(3): 191-198.

Cobo, J., A. Sicilia, J. Arglielles, D. Sudrez and M. Vijande (1993). "Initial stress induced in periodontal
tissue with diverse degrees of bone loss by an orthodontic force: tridimensional analysis by means of the

finite element method." American Journal of Orthodontics and Dentofacial Orthopedics 104(5): 448-454,

39



Cope, J. (2011). "An interview with Jason Cope." Dental Press Journal of Orthodontics 16(2): 36-46.
Epstein, M. B. (2002). Benefits and rationale of differential bracket slot sizes: the use of 0.018-inch and
0.022-inch slot sizes within a single bracket system.

Fiorelli, G., B. Melsen and C. Modica (2001). "Differentiated orthodontic mechanics for dental midline
correction." Journal of clinical orthodontics: JCO 35(4): 239.

Garino, F., T. Castroflorio, S. Daher, S. Ravera, G. Rossini, G. Cugliari and A. Deregibus (2016).
"Effectiveness of composite attachments in controlling upper-molar movement with aligners." ] Clin
Orthod 50(6): 341-347.

Gebeck, T. R. and L. L. Merrifield (1995). "Orthodontic diagnosis and treatment analysis—concepts and
values. Part I." American Journal of Orthodontics and Dentofacial Orthopedics 107(4): 434-443.
Gebeck, T. R. and L. L. Merrifield (1995). "Orthodontic diagnosis and treatment analysis—concepts and
values: part II." American Journal of Orthodontics and Dentofacial Orthopedics 107(5): 541-547.
Geramy, A., K. Tanne, M. Moradi, H. Golshahi and Y. Farajzadeh Jalali (2016). "Finite element analysis of
the convergence of the centers of resistance and rotation in extreme moment-to-force ratios." Int
Orthod 14(2): 161-170.

Geron, S., R. Romano and T. Brosh (2004). "Vertical forces in labial and lingual orthodontics applied on
makxillary incisors—a theoretical approach." The Angle Orthodontist 74(2): 195-201.

Giancotti, A. and A. A. Gianelly (2001). "Three-Dimensional Control in Extraction Cases Using a
Bidimensional Approach." World Journal of Orthodontics 2(2).

Giancotti, A., P. Mozzicato and M. Greco (2012). "En masse retraction of the anterior teeth using a
modified bidimensional technique."” Journal of Clinical Orthodontics 46(5): 267.

Jacobs, R. and D. v. Steenberghe (1994). "Role of periodontal ligament receptors in the tactile function
of teeth: a review." Journal of periodontal research 29(3): 153-167.

Kim, S.-J., J.-W. Kim, T.-H. Choi and K.-J. Lee (2014). "Combined use of miniscrews and continuous arch
for intrusive root movement of incisors in Class Il division 2 with gummy smile." The Angle Orthodontist
84(5): 910-918.

Koenig, H. A. and C. J. Burstone (1989). "Force systems from an ideal arch—large deflection
considerations.” The Angle Orthodontist 59(1): 11-16.

Kojima, Y. and H. Fukui (2014). "A finite element simulation of initial movement, orthodontic movement,
and the centre of resistance of the maxillary teeth connected with an archwire.” European Journal of
Orthodontics 36(3): 255-261.

Krishnan, V. and Z. e. Davidovitch (2006). "Cellular, molecular, and tissue-level reactions to orthodontic
force." American Journal of Orthodontics and Dentofacial Orthopedics 129(4): 469. e461-469. e432.
Kurol, J. and P. Owman-Moll (1998). "Hyalinization and root resorption during early orthodontic tooth
movement in adolescents.” The Angle orthodontist 68(2): 161-166.

Kusy, R. P. and J. C. Tulloch (1986). "Analysis of moment/force ratios in the mechanics of tooth
movement." American Journal of Orthodontics and Dentofacial Orthopedics 90(2): 127-131.

Lavigne, G., J. Kim, C. Valiquette and J. Lund (1987). "Evidence that periodontal pressoreceptors provide
positive feedback to jaw closing muscles during mastication."” Journal of Neurophysiology 58(2): 342-
358.

Lekic, P. and C. McCulloch (1996). "Periodontal ligament cell populations: the central role of fibroblasts
in creating a unique tissue." The Anatomical Record 245(2): 327-341.

Lindauer, S. J. (2001). The basics of orthodontic mechanics. Seminars in Orthodontics, Elsevier.
McCulloch, C. A. and S. Bordin (1991). "Role of fibroblast subpopulations in periodontal physiology and
pathology." Journal of periodontal research 26(3): 144-154.

Mcculloch, C. A., P. Lekic and M. D. Mckee (2000). "Role of physical forces in regulating the form and
function of the periodontal ligament." Periodontology 2000 24{1): 56-72.

Meling, T. R,, J. @degaard and E. @. Meling (1997). "On mechanical properties of square and rectangular
stainless steel wires tested in torsion." American Journal of Orthodontics and Dentofacial Orthopedics
111(3): 310-320.Melsen, B. {1999). "Biological reaction of alveolar bone to orthodontic tooth
movement." The Angle orthodontist 69(2): 151-158.

40



