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Aim: To analyze the movement of anterior teeth by changing the height of the power-arm
and changing the force application points during whole maxillary dentition distalization with
the aid of micro-implants in lingual orthodontics to set a biomechanical reference for
effective clinical use of lingual orthodontic appliance.

Methods: A three-dimensional finite element model of the maxillary teeth with lingual
appliance and the associated support tissue was established. Maxillary dentition with the
force of 200g was distalized using implant as anchorage, then the movement of anterior teeth
was analyzed by changing the length of power-arm (Imm, 3mm, 6mm, 9mm) and by
changing the force location from lingual side to buccal side.

Results: During whole maxillary dentition distalization with aid of the implants in lingual
orthodontics: when the height of power arm was 1mm, the anterior teeth rotated clockwise,
with the increasing of the height of power-arm, the anterior teeth rotated counterclockwise
gradually. When the height of power-arm was 9mm, all anterior teeth rotated counterclock-
wise. Central incisor and lateral incisor rotated counterclockwise and canine rotated clock-
wise when the buccal side force was applied.

Conclusion: With the increase of the height of the power-arm, the movement pattern of the
upper anterior teeth is different. The canine is more sensitive to the height of the power-arm
than the central incisor and the lateral incisor. When the height of the power-arm reaches
9mm, the upper anterior teeth are displayed as crown tipping buccally movement. Compare
with lingual side force, the buccal side force do better in preventing the loss of anterior tooth
torque. If the upper anterior teeth are up-right or lingually tipped before treatment, it is
preferable to use longer power-arm or buccal side traction force. If the anterior teeth are
already tipped buccally, then short power-arm or lingual side force is advised.

Keywords: lingual orthodontic, height of power-arm, movement pattern, 3-D finite element
analysis, anterior teeth, maxillary dentition

Introduction

With the wide application of implant anchorage, orthodontists can win
a considerable number of marginal cases to the ranks of non-extraction therapy
through the overall adduction of upper dentition.'* The position and angle of the
upper and lower anterior teeth play an important role in the beauty of the face, the
normal function of the oral and maxillofacial system and the stability of orthodon-
tics, thus becoming the focus of patients and doctors.*> Therefore, it is necessary to

determine the reasonable position and angle of the upper anterior teeth when
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Figure | (A and B) Three-dimensional finite element model of implant-assisted upper dentition with lingual orthodontists.

developing the orthodontic plan; further, the movement
mode of the upper anterior teeth in the orthodontic process
is designed based on this.° Because of the location of
bracket, the biomechanics of lingual orthodontics are
quite different from those of labial orthodontics.” It has
been reported that the platform switching configuration led
not only to a relative decrease in stress levels compared to
narrow and wide standard configurations, but also to
a notable stress field shift from bone towards the implant
system, potentially resulting in lower crestal bone
overloading.” In this work, we analyze the biomechanical
mechanism by which combined lingual orthodontics and
mini-implant anchorage affect the position of the upper
anterior teeth under overall adduction of upper dentition
when the height of power-arm and the point of force
application are different.

Materials and Methods

Ethical Statement

This study was reviewed and approved by the Capital
Medical University Ethics Committee, and was conducted
in accordance with the Declaration of Helsinki. All parti-
cipants provided their written informed consent prior to
study inclusion.

Sample Collecting

A 25-year-old female patient with maxillary protrusion
who needed to use the implant anchorage to adduct
upper dentition was selected according to the clinical
indications. The dentition is that the teeth are normal and
symmetrically arranged on the dental arch between the
right and the left side.The model was created symmetri-
cally. There was no severe proclination of the incisors. No
hard tissue disease of the teeth was presented and the

periodontal tissue was healthy. Spiral computed tomogra-
phy (CT) was performed after the informed consent was
signed. The DICOM (digital imaging and communication
in medicine) data of the patient’s teeth and alveolar bone
were obtained, and the crosssections were converted into
a three-dimensional mathematical model using MIMICS
(Materialise Interactive Medical Image Control System),
exported to Geomagic Studio, and modified by Solidworks
and 3-matic research. The 3D finite element model of the
upper dentition, including upper dentition, periodontal
ligament, maxilla, lingual appliance, implant, and traction
hook, was established and analyzed with ANSYS
Workbench.

A hyper mesh 0.7 was used for construction of the
finite element model, which was comprised of 1682,386
nodes and 1098,207 elements (Figure 1). A 0.018 inch x
0.025 inch (0.46mm x 0.64mm) stainless steel square wire
was set as lingual straight-wire. A 9mm (floor of the
mouth) high stainless steel power-arm model was con-
structed between the lateral incisor and the canine. The
power-arm extended to the gingiva according to the shape
of palatal vault. Four implant screws were constructed at
8mm from the buccal and palatal sides of the first
and second molars. Relevant literature®™ was referred to
assign value for materials, including the teeth, alveolar
bone, parodontium, and bracket/archwires (Table 1).

Boundary Conditions and Loading
Methods

A fixed restraint was applied above and behind the
maxillary alveolar bone, so that the maxillary alveolar
bone remained absolutely still when the force was
applied. The contact relationship between teeth and
defined as and the contact

brackets is bonding,
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Table | Elastic Modulus and Poisson’s Ratio of Each Material

Materials Elasticity Modulus Poisson’s
(MPa) Ratio

Teeth 20,000 0.3

Alveolar bone 200 0.3

Parodontium 0.05 0.3

Bracket/archwires | 200,000 0.3

Saliva 30 0.3

relationship between brackets and archwires is defined
as non-separated contact. The archwires can slide along
the grooves and do not separate in the vertical direction.
The calculation results indicate the direction of the
symmetry axis of the arch of the tooth on the occlusal
plane as Y direction, the lip surface of the central
incisor pointing to the tongue surface as + Y, perpendi-
cular to the Y direction on the occlusal plane as
X direction, perpendicular to the XY plane as the
Z direction, and direction from jaw to gingival as + Z.

Methods

The design of the anterior teeth uses the midpoint of the
incisal edge and the apex point as reference points. The
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implant screws are located on the lateral side between the
first and second molars, at 8mm from the plane of the
archwire, and the traction hooks are set to four different
heights of Imm, 3mm, 6mm, and 9mm, respectively.
A recovery force of 200g is applied between the top of
the power-arm and the head of the implant. These are four
operating conditions. The fifth working condition is
a recovery force of 200 g applied between the buccal
implant head and the canine lip of side neck. The initial
distalization trends of the upper anterior teeth under five

conditions were analyzed and compared.

Results
Analysis of the Results of the Four
Working Conditions Under the Lateral

Force

After the force was applied, the distalization cloud dia-
grams of the upper dentition were obtained under four
operating conditions, as shown in Figure 2. The change
of horizontal component ranged from 0.0019 cm to
0.0056 cm under a height of power-arm of Imm
(Figure 2A), similar to that under 3mm (Figure 2B),
6mm (Figure 2C), and 9mm (Figure 2D).

0.0017031
0.0070474 Min
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Figure 2 Distalization cloud diagrams of four working conditions ((A) power-arm Imm; (B) power-arm 3mm; (C) power-arm émm; (D) power-arm 9mm).
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Figure 3 Trend of distalization of central incisor when power-arm height is different. (A) Sagittal distalization change; (B) vertical distalization change (Unit: mm).

Since the direction of force application was sagittal, the
change in the height of the power-arm did not have a great
effect on the change of the horizontal component force.
Therefore, we only studied the changes of the position of
the anterior teeth in the sagittal and vertical directions.

Movement Pattern of the Central Incisor

When the height of power-arm was Imm, in the sagittal
direction, the crown and root of the central incisor were
moved to the lingual side, and the crown distalization was
greater than the root displacement; in the vertical direction,
the crown and root distalization were extended, and the
crown distalization was smaller than the root, indicating
that the central incisor rotated clockwise at this time. With
the increase of the height of power-arm, in the sagittal direc-
tion, the distalization difference between the crown and the
root of the central incisor continuously decreased. When the
height of power-arm increased from 6mm to 9mm, the crown
distalization was less than the root displacement; in the
vertical direction, the displacements of the upper root and
crown were increasing, and the growth trend of the crown
was greater than that of the root, showing that the long axis of
the central incisor rotates counterclockwise. See Figure 3.
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Movement Pattern of Lateral Incisors

When the height of power-arm was Imm, in the sagittal
direction, the crown and root of the lateral incisor were
moved to the lingual side, and the crown distalization was
greater than the root; in the vertical direction, the crown and
root distalization were extended, and the crown distalization
was smaller than the root, suggesting that the lateral incisors
rotated clockwise. With the increase of the height of power-
arm, in the sagittal direction, the difference between the dis-
talization of the lateral incisor crown and the root of the tooth
continued to decrease. When the height of power-arm was
increased from 3mm to 6mm, the crown distalization was less
than the root displacement, and the distalization of the root and
crown in the vertical direction was increasing continuously;
the growth trend of the crown was greater than the root,
indicating that the lateral incisor rotated counterclockwise.
See Figure 4.

Movement Pattern of Canine

When the height of power-arm was Imm, in the sagittal
direction, the crown and root of the canine were moved to
the lingual side, and the crown distalization was greater than
the root; in the vertical direction, the crown and root

1 3 6 9
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Figure 4 Trend of distalization of lateral incisors with different hook heights. (A) Sagittal distalization change; (B) vertical distalization change (Unit: mm).
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Figure 5 Trend of canine distalization when power-arm height is different. (A) Sagittal distalization change; (B) vertical distalization change (Unit: mm).

distalization were extended, and the crown distalization was
less than the root, indicating that the movement of the canine
was the slipping movement of the crown and tongue, and
clockwise rotation occurred. With the increase of the height
of power-arm, in the sagittal direction, the difference between
the distalization of the crown and the root of the central
incisor continuously decreased. When the height of power-
arm increased from lmm to 3mm, the crown distalization
was less than the root displacement. In the vertical direction,
the distalization of the root and crown of the tooth continu-
ously decreased, and the decreasing tendency of the crown
was less than that of the tooth root. At this time, the canine lip
tilted counterclockwise. When the height of power-arm
increased from 3mm to 9mm, the difference between the
distalization of the root and the tooth continued to decrease,
and the canine was more lip tilted, as shown in —Figure 5.

Analysis of Buccal Force Results
The buccal force was applied to obtain the distalization
cloud diagram of the upper dentition, as shown in Figure 6.
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Figure 6 Cloud diagram of traction on the lip side.

Distalization Pattern of Central Incisor

Sagittal upward, the central incisor distalization was posi-
tive, the crown distalization was less than the root displa-
cement, the crown roots were elongated vertically upward,
and the crown distalization was slightly greater than the
root, appearing as counterclockwise rotation.

Distalization Pattern of Lateral Incisor

Sagittal upward, the lateral incisor distalization was posi-
tive, the crown distalization was less than the root displa-
cement, and the crown roots were elongated vertically
upwards, the crown distalization was slightly larger than
the root, and it appeared as counterclockwise rotation.

Distalization Pattern of Canine

Sagittal upward, the canine distalization was positive, the
crown distalization was greater than the root displacement,
and the crown roots were elongated vertically upward, and
the crown distalization was greater than the root displace-
ment, appearing as clockwise rotation. See Figure 7.
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Figure 7 Trend of upper anterior teeth distalization when traction is on the lip side. (A) Sagittal distalization change; (B) vertical distalization change (Unit: mm).

Discussion
Compared with labial orthodontics, lingual orthodontics
has the advantages of invisibility, beauty, and preserving

posterior anchorage.'®!!

However, the use of lingual
appliance to adduct the anterior teeth easily results in
torque loss.'? This adverse effect can be reduced by chan-
ging the height of power-arm and the position of the force
applied in conjunction with the application of the implant
anchorage. Hedayati Z uses the finite element analysis
method to analyze the control method of the anterior
tooth torque by changing the position of the implant nail.
Hedayati believes that the higher the implant screw, the
less likely it is to lose the anterior torque.'® Tominaga's
research shows that increasing the height of the traction
hook and matching the position of the implant nail can
achieve root control movement during the retraction of the
anterior teeth.'*

In this study, a finite element model of lingual ortho-
dontics combined with implanted adduction of upper den-
tition was established. By changing the height of the
extraction, the movement of the upper anterior teeth was
analyzed, indicating that increasing the height of power-
arm can effectively prevent loss of front teeth torque.

With the increase in the height of the traction hook, the
changes in the movement of the upper anterior teeth are
not consistent. The canine is more sensitive to changes in
the height of power-arm than the central and lateral inci-
sors. But when power-arm height is 9mm, the upper front
teeth appear to rotate counterclockwise. This is roughly
consistent with the results of previous studies.”'>'¢

Some scholars have also conducted research on the posi-
tion of the traction hook. Through finite element analysis,
Feng believes that the traction hook placed in the distal
canine is not conducive to the control of the anterior torque
and the width of the dental arch. If it is placed between the
canine and the lateral incisor It will be better, but also

requires additional control.? This study added applying trac-
tion to the labial neck, and found that labial force can better
prevent anterior teeth torque loss than lingual force. It is
worth noting that the force applied on the labial side of the
canine can cause the tongue of the canine to tilt, which can be
attributed to the traction being too concentrated on the
canine. This phenomenon prompts us to avoid excessive
force when adducting the upper dentition as a whole.
Meanwhile the use of stiffer archwires makes the traction
more evenly distributed.

There are still some limitations in this study. In order to
clarify the in-depth mechanism of changes in the movement of
the anterior teeth, studying and summarizing the stress distri-
bution and size of periodontal ligament are of great impor-
tance, which will be our key research direction in the future.

In summary, during the overall adduction of the upper
dentition, the longer the traction hook, the less likely it is
to lose the anchorage of the anterior teeth. At the same
time, no matter what kind of force is used, a great stress
concentration will be formed in the canine area, resulting
in the elongation and tongue tilt of the canine. Therefore, it
is recommended to use light and harder archwires to con-
trol the width between the canines at the same time to
avoid the occurrence of the above phenomenon.

Disclosure
The authors report no conflicts of interest in this work.
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