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Table 1 - The intrusive and retraction force generated for a diagonal force of
212 grams for different angulations.

between the CRes and the point of force application.
In the described situation the attachment was placed

Degrees Intrusive force Retraction force ..
(grams) (grams) 4.5mm 1nc1s?.1 to tbe CRes. . '
o . o In the sagittal direction the center of resistance is lo-
cated on a line 3mm behind the distal surface of the
5 184864 2111944 . . . . .
maxillary canine, when a vertical force is applied to the
6 22.154 210834 . . . L .
six anterior teeth'. Since the mesiodistal width of the
/ 228428 eroat upper permanent canine in Caucasians is 7.5-8 mm'
8 29.5104 209.9436 the center of resistance lies 10.5-11mm distal to the at-
9 331568 2093924 tachment, in the sagittal direction.
10 36.8032 2087776 Since the retraction force is occlusal to the center
1 404496 2080992 of resistance, a clockwise moment is generated by the
0 440748 2073572 retraction force and the intrusive force is labial to the
= 477 065708 CRes, an anticlockwise moment is generated.
14 512828 2057036 Therefore: _ _
» residual moment = difference between clockwise
15 54.8656 204.7708 . ,
and anticlockwise moments =
16 584272 2037956 .
» 918 g-mm—609 g-mm =309 g-mm per side.
17 619888 2027356 . .
Thus, the total residual moment produced is a
18 69508 2016332 clockwise moment of 309 g-mm per side at an angle
= oHze 200448 of 16°. Tipping of the maxillary anterior teeth may
20 72.504 199.2164 be expected due to the clockwise moment. The mo-
30 106 183592 ment generated for varying lengths of attachment can
40 136.2736 162392 also be calculated.
- oy e — If the point of force application is placed distal to
- 183,592 106 the canine, 4.5 mm occlusal to the CRes, the mtr.u—
sive force passes through the CRes and a clockwise
70 199.2164 72.504 _
moment of 918 g-mm is created because of the retrac-
80 2087776 36,8032 . ,
tion force (Fig 7B).
90 212 0

Residual moment = 918 g-mm — 609 g-mm = 309 g-mm

Figure 7 - A) Calculation of residual moment when the attachment is placed between the lateral incisor and canine. B) Calculation of moment when the attach-
ment is placed distal to the canine.
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Quantification of intrusive/retraction force and moment generated during en-masse retraction of maxillary anterior teeth using mini-implants: A conceptual approach

RESULTS

The amount of 212 grams is the optimum force re-
quired for en-masse intrusion and retraction of anterior
teeth using mini-implants.

However, the resultant forces are optimum when the
direction of force application ranges from 5° to 16°.

A residual moment of 309 g was produced when an
optimum force of 212 g was applied at 16° to the occlu-
sal plane when the attachment was placed between the
lateral incisor and canine.

A residual clockwise moment of 918 g was produced
when an optimum force of 212 g was applied at 16° to
the occlusal plane when the attachment was placed dis-
tal to the canine.

The residual moment generated is definitely
smaller when the attachment is placed between the
lateral incisor and canine, as compared to that placed
distal to the canine.

DISCUSSION

The difterent clinical outcomes encountered during
en-masse retraction using mini-implants can be classi-
fied into three types, depending on the relation between
the point of force application and the center of resistance
of the maxillary anterior teeth.

» Outcome I: The point of force application lies
apical to the center of resistance of the maxillary an-
terior teeth (There are two sub-types, depending on
the relation between the mini-implant and the point
of force application).

» Outcome IA: When the point of force application
1s located apical to the center of resistance of the maxil-
lary anterior teeth and occlusal to the mini-implant, a
counter-clockwise moment is generated along with an
intrusive and retraction component of force (Fig 8A).
This counter-clockwise moment will result in labial
flaring of the teeth, with bite-opening augmenting the
effect of the mild intrusive force component. The mag-
nitude of retraction force component should be suffi-
cient to overcome the flaring of the anterior teeth prior
to retraction.

» Outcome IB: When the point of force application
is apical to the center of resistance and the mini-implant,
alarge counter-clockwise moment is generated, with an
extrusive and retraction component of force (Fig 8B).
The large counter-clockwise moment can cause severe
labial flaring with associated bite opening, which may
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be partly negated by the mild extrusion caused by the
extrusive component of force. Hence only retraction of
teeth can be expected. The retraction force has to over-
come the labial flaring of the teeth to allow them to be
retracted.

» Outcome II: The point of force application lies
on the CRes of the maxillary anterior teeth; if the
point of force application lies on the center of resis-
tance of the maxillary anterior teeth, bodily move-
ment of maxillary anterior teeth occurs (there are the
following three situations, depending on the position
of the mini-implant and the attachment).

» Outcome IIA: If the mini-implant is apical to the
center of resistance, an intrusive and retraction force is
generated, without any moment (Fig 9A). True intru-
sion and translation can be expected.

» Outcome IIB: If the mini-implant is at the level
of center of resistance, only a retraction force is gener-
ated, without any moment (Fig 9B). If the implant is in
the same plane of the center of resistance and the force
passes through the center of resistance, only translation
with no intrusion will take place.

» Outcome IIC: If the mini-implant is occlusal to
the center of resistance, an extrusive and retraction force
1s generated, without any moment (Fig 9C). True ex-
trusion and translation will occur.

» Outcome III: The point of force application lies
occlusal to the CRes of the maxillary anterior teeth
(there are the following three types, depending on the
relation between the mini-implant and the point of
force application).

» Outcome IIIA: If the point of force application is
occlusal to the mini-implant and the center of resistance
of the maxillary anterior teeth and apical to the base arch-
wire, an intrusive and retraction force is generated along
with a clockwise moment (Fig 10A). This will result in
lingual tipping of the teeth, with bite deepening. Howev-
er, this may be negated by the intrusive force component.
Therefore, only retraction of the teeth will be attained.

Outcome IIIB: If the point of force application
lies apical to the mini-implant and occlusal to the
center of resistance of the maxillary anterior teeth,
but apical to the occlusal plane, an extrusive and re-
traction force along with a clockwise moment is gen-
erated (Fig 10B). This extrusive force along with a
clockwise moment can cause bite deepening in the
anterior region during retraction.
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Figure 8 - A) Outcome IA: The point of force application is located apical to the CRes of the maxillary anterior teeth but occlusal to the mini-implant. B) Out-
come |B: The point of force application is located apical to the CRes of the maxillary anterior teeth and also apical to the mini-implant.
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Figure 9 - A) Outcome IIA: The point of force application lies on the CRes of the maxillary anterior teeth occlusal to the mini-implant. B) Outcome 1IB: The point
of force application lies on the CRes of the maxillary anterior teeth at the level of the mini-implant. C) Outcome IIC: The point of force application lies on the

CRes of the maxillary anterior teeth apical to the mini-implant.

» Outcome IIIC: If the point of force application is at
the level of the occlusal plane and occlusal to the center of
resistance of the maxillary anterior teeth, a large clockwise
moment is generated. A greater intrusive force is generated
along with a retraction force (Fig 10C).

Since the point of force application is far away from
the CRes of the maxillary anterior teeth, a greater
clockwise moment is generated. However, the intru-
sive force may not be sufficient to completely negate
the bite deepening tendency that may occur due to the
clockwise moment, and bite deepening may occur. Ap-
plication of force closer to the center of resistance of the
maxillary anterior teeth will reduce the moment. This is
often beneficial. Hence, Outcome IIIC may not be ap-
propriate from a biomechanical stand point.

Thus, it can be inferred that if a greater intrusive
force component is desired, the force should be applied
away from the occlusal plane, and vice versa. If a greater
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retraction force component is required, applied force
should be placed closer to the occlusal plane, and vice
versa. It can be stated that pure translation and true in-
trusion or extrusion of the teeth can be attained only for
the configuration in Outcome II. In Outcomes I and
I, tipping is expected to occur depending on the mag-
nitude of moment generated. The clinician can adjust
the force magnitude according to the intended type of
orthodontic movement.

A number of studies”®'® have been done on the
center of resistance of the maxillary anterior teeth,
and a large variability in the position of the center of
resistance was recorded over time, even for the same
tooth. As a result, close monitoring of the dental
movement 1s required.

This study in its entirety is a theoretical one and is
based on well-known mathematical and physical for-
mulae. Application of these situations in clinical practice
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Figure 10 - A) Outcome IlIA: The point of force application lies occlusal to the mini-implant and the CRes of the maxillary anterior teeth. B) Outcome llIB: The
point of force application lies apical to the mini-implant occlusal to the CRes of the maxillary anterior teeth. C) Outcome IlIC: The point of force application lies
occlusal to the mini-implant but away from the CRes of maxillary anterior teeth slightly occlusal to the base archwire.

depends on a number of factors like variability in the po-
sition of center of resistance, bone heights, root lengths,
patient biology, root surface area, binding friction, etc.
It would be much more relevant to the practicing or-
thodontist to apply the basic biomechanical principles
mentioned in this study to calculate the forces/moments
prior to the commencement of treatment.

The length and position of the attachment is impor-
tant in determining the magnitude of moment gener-
ated. The length of attachment can be limited by the
depth of the vestibule, as a relatively long attachment
can cause soft tissue irritation and ulceration. It is better
to place the attachment between the lateral incisor and
canine as lesser residual forces are produced, in com-
parison to that placed distal to the canine.

It is to be noted that all the mechanics discussed
above are for statically determinate system. If the same
principles are applied during en-masse retraction on a
continuous archwire, a change in the inclination of the
occlusal plane can occur because of the moments pro-
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duced. When retraction using mini-implants in done
on a continuous archwire, it may not be possible to ac-
curately predict the magnitude of force generated and its
effect on the dentition.

CONCLUSION

1. Optimum force for en-masse intrusion and retrac-
tion using mini-implants 1s 212¢g per side.

2. Forces applied at an angle of 5° to 16 to the occlu-
sal plane produces force components within the physi-
ologic limit.

3. An attachment placed between the lateral incisor
and the canine result in lesser residual moments and is
therefore a better biomechanically efficient system.

4. Different clinical outcomes will result depending
on the height of the mini-implant and the length of the
attachment, which will generate an intrusive/extrusive
and retraction component of force along with a clock-
wise or counter-clockwise moment, depending on its
relation to the center of resistance of the anterior teeth.
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