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Fig 1.2 The resultant (R) of forces (x and y) on the same line of action and direction is R = x + y (@) and the same line of action but in different
directions is R = x + (—y) (b).
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Fig 13 (a) The resultant (R) of the x and y vectors that have the same point of origin is the diagonal of the parallelogram with these vectors used
as the sides. (b) R can also be obtained by drawing a vector parallel to vector y and extending from the tip of vector x, then drawing a line joining
\its tip to the origin of vector x.
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Fig. 1-6 Vector components. A vector can be analyzed by its
components along reference axes.
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Fig 14 7o find the sum of multiple vectors having the same point of
origin, first draw the resultant (R1) of vectors x and y, thus defining

the resultant (R2) of the z and R1 vectors (ie, x + y=R71, Z+ R1 =
R2).

s U clea Ayl ey Ed JG

A gl o IS e g ol e les

¥ (peladl)l pan il ) asilia) oL
NSa 5 Sl




Cpelad

g ill 3550 (e @i g uSlaa ol —y 2 e ladi an )y ol Cpelad G (38 sl p
-y gladll Algi g x gl Ay Ao G Jeasl) b A5 gy pladll ey x



26 Sa ) g lad Juad

A Al Aty e G lsie Gphd an Al 4l S ) a2l el Jiad dal e p

s pladll Al e Ayl sie baghad an ) e g leie G Al 430 oS bladly ¢ ladl

oda Jzdy Adiaall il Sl pen &l o) OLkiuall (5 ) sie (a3 4 L gladl) Gl
) e Ll Ll (g gl 48y Ll



y

Fig 16 The separation of a resultant vector into components on an

x-and y-axis coordinate system.
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Fig. 1-1 Center of resistance. A Center of mass of a free body.
B Frontal, C occlusal, and D mesial views of the center of resistance of a
sinale tooth
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ig. 1-3 Location of the center of resistance depends on the alveolar
one height and root length. A Location of the center of resistance with
iveolar bone loss and B with a shortened root
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Fig. 1-2 Center of resistance for A a two-tooth segment and B a maxilla
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Fig 1-11 The line of action of any force (F) not passing through the

center of resistance creates a moment (M), which is a rotational or

tipping effect on the tooth. According to the formula M = F x d, a mo-
ment is proportional to the magnitude of force and the distance (d)

perpendicular from its line of action to the center of resistance.

Fig 1-12 A force having a line of action passing through the center
of resistance (CRes) causes translation of the tooth. During this move-

ment, the center of resistance moves along the line of action of the
force.
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Fig 1-13 A couple causes an object to rotate around its center of resistance regardless of the point of application, thereby superimposing the
center of resistance (CRes) and the center of rotation (a). Two examples of fixed appliances in which the couple is applied are torque in the
third order (b) and antitip in the second order (c). In calculating the moment (M) of a couple, it is sufficient to multiply the magnitude of one of the

forces (F) by the perpendicular distance (d) between the lines of action of these forces.
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d=10 mm M1 > M2 M1 =M2 M1 < M2

M1 = 1,500 g-mm M1 = 1,500 g-mm M1 = 1,500 g-mm M1 = 1,500 g-mm
F=150g M2 = 900 g-mm M2 = 1,500 g-mm M2 = 2,100 g-mm
M/F = 0:1 . M/F = 6:1 M/F = 10:1 d M/F = 14:1
d Cc

Fig 1-16 A change in the M/F ratio applied to the tooth will cause its center of rotation to change its position. In the uncontrolled tipping move-
ment (M/F ratio = 0:1), the center of rotation (CRot) is located very close to the center of resistance (CRes) (a), whereas in controlled tipping (M/F
ratio = 6:1), it is located near the apex (b). In translation (M/F ratio = 10:1), the center of rotation is infinite (ie, there is no rotation) (c). In root move-
ment (M/F ratio = 14:1), this point is located near the crown (d). d, distance; F, force.
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Fig 1-16 A change in the M/F ratio applied to the tooth will cause its center of rotation to change its position. In the uncontrolled tipping move-
ment (M/F ratio = 0:1), the center of rotation (CRot) is located very close to the center of resistance (CRes) (a), whereas in controlled tipping (M/F
ratio = 6:1), it is located near the apex (b). In translation (M/F ratio = 10:1), the center of rotation is infinite (ie, there is no rotation) (c). In root move-
ment (M/F ratio = 14:1), this point is located near the crown (d). d, distance; F, force.
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Fig 1-16 A change in the M/F ratio applied to the tooth will cause its center of rotation to change its position. In the uncontrolled tipping move-
ment (M/F ratio = 0:1), the center of rotation (CRot) is located very close to the center of resistance (CRes) (a), whereas in controlled tipping (M/F
ratio = 6:1), it is located near the apex (b). In translation (M/F ratio = 10:1), the center of rotation is infinite (ie, there is no rotation) (c). In root move-
ment (M/F ratio = 14:1), this point is located near the crown (d). d, distance; F, force.
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Fig 1-12 A force having a line of action passing through the center
of resistance (CRes) causes translation of the tooth. During this move-
ment, the center of resistance moves along the line of action of the
force.
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FIGURE 11-5 A single force acting on the crown of a tooth pro-
duces a center of rotation {open circle) slightly below the center of
resistance. A, If increasingly larger couples are added to the force
in the direction shown in B to D, the center of rotation will be found

at the apex (B), the infinity (C), or the incisal edge (D).

FIGURE 11-4 A couple and a force acting through the center of
resistance. A, A negative couple produces lingual tipping of the
incEor crown. B, A positive couple produces incisor limgual root
mioverment.
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Fig 1-11 The line of action of any force (F) not passing through the

center of resistance creates a moment (M), which is a rotational or

tipping effect on the tooth. According to the formula M = F x d, a mo-
ment is proportional to the magnitude of force and the distance (d)

perpendicular from its line of action to the center of resistance.

Fig 1-12 A force having a line of action passing through the center
of resistance (CRes) causes translation of the tooth. During this move-
ment, the center of resistance moves along the line of action of the
force.
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System 1

M1 = 1,500 g-mm

M1 = 1,500 g-mm
M2 = 1,500 g-mm

Fig 1-17 (a) Because translating an incisor by applying a force that passes directly through the center of resistance is not practical, this move-
ment can be achieved by setting up an equivalent force system on the crown that gives the same result. (b) When a force (F) of 150 g is applied
to the crown, a clockwise moment (M1) of 1,500 g-mm occurs. (c) If this moment is balanced with an equal and opposite moment (M2), only a net
force of 150 g remains in the system. (d) Even though it is applied to the crown, this force causes translation as if it were being applied to the cen-

ter of resistance. d, distance.
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System 1

M1 = 1,500 g-mm

M1 = 1,500 g-mm
M2 = 1,500 g-mm

Fig 1-17 (a) Because translating an incisor by applying a force that passes directly through the center of resistance is not practical, this move-
ment can be achieved by setting up an equivalent force system on the crown that gives the same result. (b) When a force (F) of 150 g is applied
to the crown, a clockwise moment (M1) of 1,500 g-mm occurs. (c) If this moment is balanced with an equal and opposite moment (M2), only a net
force of 150 g remains in the system. (d) Even though it is applied to the crown, this force causes translation as if it were being applied to the cen-

ter of resistance. d, distance.
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d=10 mm M1 > M2 M1 = M2 M1 < M2
M1 = 1,500 g-mm M1 = 1,500 g-mm M1 = 1,500 g-mm M1 = 1,500 g-mm
F=150g M2 = 900 g-mm M2 = 1,500 g-mm M2 = 2,100 g-mm
M/F = 0:1 , MIF=6:1 M/F = 10:1 d M/F =14:1
a C

Fig 1-16 A change in the M/F ratio applied to the tooth will cause its center of rotation to change its position. In the uncontrolled tipping move-
ment (M/F ratio = 0:1), the center of rotation (CRot) is located very close to the center of resistance (CRes) (a), whereas in controlled tipping (M/F

ratio = 6:1), it is located near the apex (b). In translation (M/F ratio = 10:1), the center of rotation is infinite (ie, there is no rotation) (c). In root move-
ment (M/F ratio = 14:1), this point is located near the crown (d). d, distance; F, force.
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Fig 1-16 A change in the M/F ratio applied to the tooth will cause its center of rotation to change its position. In the uncontrolled tipping move-
ment (M/F ratio = 0:1), the center of rotation (CRot) is located very close to the center of resistance (CRes) (a), whereas in controlled tipping (M/F
ratio = 6:1), it is located near the apex (b). In translation (M/F ratio = 10:1), the center of rotation is infinite (ie, there is no rotation) (c). In root move-
ment (M/F ratio = 14:1), this point is located near the crown (d). d, distance; F, force.
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Fig 1.18 The type of tooth movement in the sagittal direction in Fig 1-17 is also valid in the transverse direc-
tion. The only difference is that a couple (antirotation) is applied in the first order. d, distance; F, force.
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Fig 1.19 For the same moment (M), the force applied to the wings of the brackets decreases as the width increases. Because the distance (d)
on the wide bracket is larger (3.4 mm) (a) than that of the narrow bracket (2 mm) (b), the force is low. In torque (c), the magnitude of force on the
bracket wings is high because the distance (0.63 mm) is very small.



O¥s (torque 4dall ALY third-order couple Calill (s siwall da 3 Guki DA p

sle dadad) 5l i i Tas A8 a interbracket distance 3_salall 8 4l dilual

daial et 0 Lo ) LV aa) a4 138z V40) JSG 58S ST g 5 ualall alia
el ALY vie i A Al ¢ jealal




\J

M = 1,500 g-mm M = 1,500 g-mm
d = 3.4 mm d=2mm (I?=(1),:gon?r-nmm
F1 = 441 F2 = 7 i

a 41g b £ =720 " F3=2,381g

Fig 1.19 For the same moment (M), the force applied to the wings of the brackets decreases as the width increases. Because the distance (d)
on the wide bracket is larger (3.4 mm) (a) than that of the narrow bracket (2 mm) (b), the force is low. In torque (c), the magnitude of force on the
bracket wings is high because the distance (0.63 mm) is very small.



il acall 38 ae ) 358\ A e Ao

pe Al Al alhall (5 fla g Hodall JSS g 2ae 5 Jsha ol daslaadl S e adiny p

alaal) 388 wa (81 ULkl daglall S pe L3 duse sdall pualdii [ sdall (alaicl 8 p
Yoo O8G0 daslaadl S pe ol ety aclall sl

OS] A Jsa ISl agoad Wle (a5 Gl jall dalles die (ald JS5) age 128 p
A i Lzl 358\ o ) it (8 1 Y e gliall 3S a5 5 _aladl (o d8lsall



a b c

Fig 1-20 In the case of alveolar bone loss (a), the center of resistance (CRes) moves apically, thus the distance (d) increases (b). For translation,
the M/F ratio should also be increased. Clinically, it is better to reduce the force (F) to control tooth movement. This is particularly important in adults

who may have alveolar bone loss owing to periodontal disease. In the case of root resorption (c), the center of resistance moves occlusally. (Reprinted

with permission from Braun et al.'®)
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Loss of alveolar support Moment multiplying factor to Force multiplying factor to
for offset increase (mm) compensate for offset increase compensate

0

1.06 0.94

2 1.13 0.89

3 1.19 0.84

4 1.25 0.80

5 1.32 0.76

*Reprinted with permission from Braun et al.™
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