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INTRODUCTION

ported. Byloff et al28 designed a Graz implant–supported pendulum appliance. Keleş et al29 used a Keles
slide appliance with osseointegrated palatal implant,
instead of a Nance button. Carano et al30 devised a
distal-jet combined with a miniscrew anchorage system. Karaman et al31 and Gelgör et al32 combined distal force mechanics using a compressed coil spring
with an intraosseous screw. Kircelli et al33 used a pendulum appliance with an intraosseous screw. During
upper molar distal movement, the temporary anchorage devices prevent side effects on anterior anchoring
teeth by eliminating reactive forces from the distal
force appliances. However, the side effects of the distal movement of teeth, such as distal tipping, rotation,
or extrusion, are still unresolved.
The purpose of this report is to introduce a new distal force system that prevents the side effects on the
upper molar caused by conventional distal movement
systems and to demonstrate the effectiveness of this
new system in two clinical cases.

Since the early 1980s, intraoral appliances for distal
molar movement have been introduced to minimize the
need for patient compliance. These include the repelling magnet,1–5 coil springs on a continuous arch wire,6,7
superelastic nickel-titanium arch wires,8 coil springs on
a sectional arch wire (Jones jig,9–13 distal jet,14–16 Keles
slider17,18), and springs in beta titanium alloy (pendulum,19–25 K-loop,26 intraoral bodily molar distalizer27).
Intraoral distal force appliances are designed to apply continuous reciprocal forces on maxillary molars,
which also cause mesial reactive forces on the anterior
anchoring teeth. Thus, anchorage loss, such as upper
protrusion or increased overjet, also occurs. In addition, the distal tipping 10–13,15,16,20–23,25,27 and extrusion10–15,20,23,24,27 of the maxillary first molar have been
reported to occur when molars are moved distally with
a conventional intraoral appliances.
Recently, many studies on distal molar movement
using temporary anchorage devices have been re-
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Case 1
A 27-year-old Korean woman presented with the
chief complaint of severely rotated maxillary canine
teeth. The patient exhibited the straight profile and Angle Class II molar relationship (Figure 1). Arch forms
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ABSTRACT
Recently, many studies have been reported on distal molar movement using temporary anchorage
devices. However, the side effects of distal movement, such as distal tipping, rotation, or extrusion,
are still unsolved. This article describes the use of the lever-arm and mini-implant system for
controlled distal movement of maxillary molars and two clinical cases in which patients were
treated with this system. Mini implants are needed to control the point of force application in the
posterior area with no anchorage loss. When the length of the lever arm and the position of the
mini implant are adjusted, the desired line of action of the distal force is determined with respect
to the center of resistance of maxillary molars. The lever-arm and mini-implant system is useful
not only for absolute anchorage, but also for three-dimensional control during distal movement of
the upper molars.
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of upper and lower arches were tapered and ovoid,
respectively, and an anterior open bite was observed.
There were 7.5-mm and 1.8-mm arch-length discrepancies in the upper and lower arches, respectively.
Cephalometric analysis disclosed a Class II skeletal
relationship and a dolichofacial pattern (Table 1).
Our treatment plan was to use the lever-arm and
mini-implant system for maxillary distal molar movement to correct the Class II molar relationship and to
resolve maxillary crowding.
Because openbite and a hyperdivergent pattern
were observed, the extrusion of the molar during distal
Table 1. Cephalometric Summary
Measurementa

Pretreatment

Skeletal
SNA (⬚)
SNB (⬚)
ANB (⬚)
FMA (⬚)
NPo-FH (⬚)
Dental
U1 to FH (⬚)
FMIA (⬚)
Overbite (mm)
Overjet (mm)
MO-MS (mm)
Soft tissue
Upper lip to E-line (mm)
Lower lip to E-line (mm)

Posttreatment

75.3
71.3
4
31.4
87.7

75.3
72.4
2.9
30.2
88.2

110
58.1
⫺1
2.9
25

113.9
54.2
2
4.2
23.5

0.3
0.1

⫺1.1
0

a
MO-Ms is the perpendicular dropped from the mesial cusp of the
maxillary first molar onto the palatal plane.
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movement would lead to the clockwise rotation of the
mandible. Thus, the vertical levels of all the mini-implant heads and lever arms were adjusted to have an
intrusive force applied during distal movement (Figure
2). With elastic chain modules, 150 g force was bilaterally applied from the buccal side, and 300 g force
was applied from the palatal side. In addition, a 0.9mm stainless steel transpalatal arch (TPA) was expanded to correct bilateral upper posterior dental constriction and fixed appliances were bonded on the
mandibular dentition.
After six months a super Class I molar relationship
was achieved. The buccal mini implants were removed, fixed appliances were bonded on the maxillary
dentition, and aligning and leveling were carried out.
To prevent relapse of the distal molar movement and
expansion, a TPA was kept in the mouth, and a mild
force was continuously applied from the palatal mini
implant.
During the distal movement and expansion of the
upper molars, torque control of the upper first molar
was achieved with a TPA and palatal intrusive force.
However, because the palatal intrusive force was not
applied to the upper second molar, there was concern
that the relatively low position of the lingual cusp of
the upper second molar could create possible balancing interference and could result in inadequate settling
of the posterior occlusion. Therefore, during the second stage of the fixed orthodontic therapy, distal extension hooks were bonded to the TPA and lingual
buttons were bonded to lingual side of the upper sec-
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Figure 1. Pretreatment facial and intraoral photographs.
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Figure 3. Posttreatment intraoral photographs.
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Figure 2. Lever-arm and mini-implant system established in maxillary arch. The vertical levels of all the mini-implant heads and lever-arms
were adjusted to have intrusive force applied during distal molar movement.
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The fixed appliances were debonded 14 months after the treatment started. An ideal Class I canine and
molar relationship was achieved with normal overbite
and overjet (Figure 3). On the cephalometric superimposition before and after treatment, 3.4 mm bodily
distal movement and 1.5 mm of intrusion of the maxillary molars were achieved and a slight upward and
forward rotation of mandible was obtained (Figure 4).
Case 2

Figure 4. Superimpositions of cephalometric tracings before and after treatment.

Lever-Arm and Mini-Implant System Construction

ond molars. After the TPA was inserted, an elastic
chain module was put between the hook and the button for intrusion of the palatal cusp of the upper second molar.

As depicted in Figure 9, the first maxillary molars
were banded with a 0.022-inch double combination
tube welded on the buccal side and a 0.032 ⫻ 0.032inch lingual bracket on the palatal side. Also, the maxillary second molars were bonded with a 0.022-inch
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A 26-year-old Korean man presented with the chief
complaint of upper anterior spacing and lip protrusion.
The patient exhibited a convex profile and Angle Class
II division 1 malocclusion (Figure 5). Maxillary right
and left lateral incisors were peg laterals. Maxilla spacing was 6.0 mm, and there was a 3.5-mm arch-length
discrepancy in the mandible; the lower right first molar
was positioned 2.0 mm mesially to the left molar.
Cephalometric analysis disclosed a Class II skeletal
relationship and a mesofacial pattern (Table 2).
Our first treatment plan was extracting the upper first
and lower second premolars. However, the patient refused to have the premolars extracted. Alternatively,
we planned to move the upper molars distally, parallel
to the occlusal plane, and to apply a distal force to the
lower right molar from the buccal side with the leverarm and mini-implant system. The fixed appliances
were bonded to the upper anterior teeth and lower
dentitions, and the molars were moved distally as
mentioned (Figure 6).
After seven months, a super Class I molar relationship was achieved. However, the maxillary first molars
were moved to the distal with a slight distal tipping.
The buccal mini implants were removed and the fixed
appliances were bonded on the upper premolars to
align and level the maxillary dentition. To induce distal
root movement of the tipped upper first molars, a distal
force was applied with the midpalatal mini-implant and
palatal lever-arm system.
The treatment advanced for another eight months
and ended after 15 months of active treatment. After
the treatment, the convex profile was improved, and
satisfactory occlusion was achieved (Figure 7). The
superimposition of cephalometric tracings before and
after treatment showed 3.9 mm of bodily distal movement of the maxillary molars without an increase in the
mandibular plane angle (Figure 8).
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Figure 5. Pretreatment facial and intraoral photographs.
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tube. A 0.032 ⫻ 0.032-inch or 0.9-mm stainless steel
TPA was used as the palatal lever arm. When a 0.9mm stainless steel TPA is used, the portion engaged
in the lingual bracket is ground with a green stone bur

Figure 7. Posttreatment intraoral photographs.
Angle Orthodontist, Vol 78, No 1, 2008

to reduce the diameter of the 0.9-mm stainless steel
wire. The buccal lever arm was made of 0.019 ⫻
0.025-inch stainless steel wire.
The mini implants were inserted manually with a
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Figure 6. Lever-arm and mini-implant system established in upper and lower arch.
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Table 2. Cephalometric Summary
Measurementa
Skeletal
SNA (⬚)
SNB (⬚)
ANB (⬚)
FMA (⬚)
NPo-FH (⬚)

Posttreatment

81.9
77.4
4.5
15.2
91.9

81.6
76.9
4.7
15.5
91.2

127.7
51.3
5.3
7.3
28

116.9
54.2
2.1
3.5
28

4.4
6.9

2.1
5.1
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Dental
U1 to FH (⬚)
FMIA (⬚)
Overbite (mm)
Overjet (mm)
MO-MS (mm)
Soft tissue
Upper lip to E-line (mm)
Lower lip to E-line (mm)

Pretreatment

MO-Ms is the perpendicular dropped from the mesial cusp of the
maxillary first molar onto the palatal plane.
a

screwdriver under local anesthesia directly through the
mucosa without any flap dissection. The positions of
the mini implants and the buccal and palatal lever
arms were determined by referring to the lateral cephalogram and the maxillary model.
Biomechanics
It is almost impossible to apply direct orthodontic
force to the center of resistance of the tooth. A simple
and effective method for translation is to apply two
forces at some distance from the center of resistance.
If the resultant force passes through the center of resistance, bodily movement is acquired. By applying
one force on the crown from the buccal side and applying the other force on the root apex level from the
palatal side, the resultant force may pass through the
center of resistance and cause no rotational movement.
Following this principle, lever-arm and mini-implant
systems were constructed on the buccal and palatal
sides to produce a desirable distal force (Figure 9). If
the buccal and palatal distal force passes through the
center of resistance of the molar and is parallel to the
occlusal plane, bodily movement is obtained (Figure
9A). As shown in Figure 9B, the bodily movement accompanying intrusion was achieved by adjusting the
length of the lever arms and the position of the mini
implants on the buccal and palatal sides. Because the
forces are applied from both the buccal and palatal
sides, it facilitates the rotational control of the molar
during distal movement (Figure 9C).
DISCUSSION
Conventional intraoral distal movement appliances
have several defects. First, in the sagittal plane, the

Figure 8. Superimpositions of cephalometric tracings before and after treatment.

anchor unit, such as a palatal wire frame connecting
the first and second premolars or acrylic coverage,
cannot perfectly prevent reciprocal mesial force, thus
causing anchorage loss and intraoral mucosa irritation.
Also, distal tipping of the maxillary first molar occurs.
Second, in the vertical plane, most intraoral distal
movement appliances have a tendency to extrude the
maxillary molars, thus increasing the mandibular plane
Angle Orthodontist, Vol 78, No 1, 2008
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angle.10–15,20,23,24,27 Third, in the transverse plane, the
force is applied from the buccal or palatal side, inducing rotation of the molars. In addition, it is difficult to
appropriately cope with the situation when the molars
need to be expanded.
Recently, many studies28–33 of distal molar forces using temporary anchorage devices such as palatal implants, intraosseous screws, or miniscrews have been
reported to compensate for the weak points of conventional intraoral distal force appliances. In these
studies, temporary anchorage devices are combined
with conventional intraoral appliances or are used directly to avoid anchorage loss during distal upper molar movement. Although these devices may provide
absolute anchorage, it is challenging to obtain an ideal
force system.
The weaknesses of aforementioned distal force appliances can be overcome with the use of the leverarm and mini-implant system. With the lever-arm and
mini-implant system, both absolute anchorage and an
ideal force system are achievable during distal movement. First, in the sagittal plane, the force is applied
directly to the molar without the reciprocal force, thus
eliminating the possibility of the anchorage loss of premolars and anterior teeth. Also, because the net force
passes through the center of resistance of the upper
molar, bodily movement can be acquired. Second, in
the vertical plane, a desirable force direction is feasible
by adjusting the buccal and palatal heights of the lever
arms and mini implants, thus producing simultaneous
distal and intrusive movement. Third, in the transverse
plane, the rotational control and, if necessary, the expansion of molars are simultaneously acquired by using a 0.032 ⫻ 0.032-inch or 0.9-mm stainless steel
TPA and applying force from both the buccal and palatal sides during distal movement.
In the patient described in case 1, who demonstrated a dolichofacial pattern, the heights of the buccal
and palatal lever arms and mini implants were controlled to induce both distal movement and intrusion of
the upper molars. Approximately 3.4 mm bodily distal
movement and 1.5 mm of intrusion of the upper molars
were obtained and a slight upward and forward rotation of the mandible was achieved because intrusion
of the upper molars.
In the patient described in case 2, who demonstrated a mesofacial pattern, the lever arm and mini implant system was adjusted to have the resultant distal
force pass at the midroot region of the upper molars.
However, the maxillary molars were moved distally
with a slight distal tipping. The distal tipping of the upper molars was corrected by a palatal lever-arm and
mini-implant system that can apply the distal force
above the center of resistance of the upper molars
without prolonging the treatment duration.
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Figure 9. Diagram of the lever-arm and mini-implant system for upper molar distal movement. LAb indicated buccal lever-arm; LAp,
palatal lever arm; MIb, buccal mini-implant; MIp, palatal mini-implant;
LADFb, line of action of the distal force on the buccal side; LADFp,
line of action of the distal force on the palatal side; LADFr, resultant
line of action of the distal forces on the buccal and palatal sides;
and CR, center of resistance of the upper molars. (A) The resultant
line of action of the distal forces on the buccal and palatal sides
passes through the center of resistance of the upper molars and is
parallel to the occlusal plane. (B) The resultant line of action of the
distal forces on the buccal and palatal sides passes through the
center of resistance of the upper molars with an intrusive component. (C) Application of the distal force on both the buccal and palatal
sides facilitates the rotational control of the upper molar during distal
movement.
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CONCLUSION
• The mini implant, in conjunction with a lever arm,
can be used to control the point of force application
and produce the desirable three-dimensional control
of molars during distal molar movement.
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