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Figure 6. Comparison of the maximum compressive stress distributions in periodontal ligaments with 4 mm of bone loss.
Blue color indicates high-stress distribution, and red color indicates low-stress distribution. Each figure refers to the each

loading condition (See also Figure 2).

and F (Table 4). In the lateral incisor, cases B, C, and D
exhibited the greatest amounts of labial tilting. In the
canine, case D exhibited a noticeably greater amount
of labial tilting compared with the other conditions,
because at the distal part of the canine, a retraction
force was not added as only a vertical force was applied
onto the arch. In case F, the hook location was mesial
to the canine and a considerable amount of labial
tilting occurred, but this amount was smaller than that
observed in case D.

Therefore, within the limitations of this study,
minimal labial displacement of the six anterior teeth
was observed when the hook was positioned distal to
the lateral incisor, and the miniscrews were inserted
between the canine and the first premolar (case F). In
this condition, relatively pure intrusion was observed.
This pattern was likely observed because the force was
applied closest to the CR among the six anterior teeth.”
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In other words, these findings imply that the intrusion
method involving the miniscrew on the posterior side of
the canine and the hook on the distal side of the lateral
incisor is effective for achieving relatively pure intrusion
of the six anterior teeth. This result is encouraging,
because treatment will be much more effective if the
six anterior teeth can be simultaneously intruded by a
predictable method. However, in order to intrude only
a single tooth such as the central or lateral incisor,
the application of this method may not be effective.
Particularly when the maxillary anterior teeth are flared
and extruded due to periodontal problems, intrusive
movements should be attempted with bodily movements
or slight linguoversion. In the view of the authors of this
study, additional retraction horizontal force is necessary
in addition to intrusion force passing by the CR, to
achieve pure intrusion of the six maxillary anterior teeth.

When the same force was applied with the six anterior
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teeth being intruded as a segment, the degree of labial
tilting of the anterior teeth increased in all cases as
bone loss increased (Table 3). Moreover, the difference
in tooth displacement was greater when bone loss was
increased from 2 to 4 mm than when it was increased
from 0 to 2 mm in the anterior tooth segment (Table 4).
Furthermore, the difference in labial tilting was much
larger than the difference in intrusion.

A number of studies have investigated the location of
the CR of maxillary anterior teeth.'®* With regard to the
horizontal location of the CR of the anterior teeth, it has
been reported that the CR moves posteriorly as alveolar
bone loss occurs, and that the posterior movement of
the CR increases as alveolar bone loss increases.”® 1t
is likely that because the posterior movement of the
CR was greater as bone loss was increased from 2 to
4 mm than when it was increased from 0 to 2 mm,
the anterior-posterior displacement of teeth would be
greater going from 2 to 4 mm under the same force
vector. This result was likely caused by a decrease in
the alveolar bone support of the anterior part due to
the reduction in alveolar bone, because the teeth and
alveolar bone of the anterior part were tilted anteriorly.

More von Mises stress was concentrated on the tooth
apex area than on the cervical area of the PDL in all
cases. As the displacement of the tooth became larger,
the maximum von Mises stress also exhibited a greater
tendency to increase (Table 5); as in case A when the
movement of the central incisor was sufficiently large,
the maximum von Mises stress was also concentrated on
the central incisor rather than the other teeth. The stress
level was lowest, and the stress was evenly distributed
when the miniscrew was installed on the distal part of
the canine, and the intrusion force was applied on the
distal part of the lateral incisor. When there is bone loss,
the PDL naturally diminishes, so smaller PDL surfaces
should be able to withstand the stress caused by tooth
movement. Therefore, it is physiologically desirable that
lower levels of stress be distributed evenly along the
PDL, to prevent external apical root resorption.””**

The design of this study has some limitations. The
study intended to mathematically visualize the initial
displacement and stress distribution of the PDL during
intrusion using finite element analysis; thus, the results
may not exactly reflect clinical outcomes, which are
influenced by the cumulative effects of continuous
bone reactions and rebounding of the arch wire due to
secondary displacement of the teeth. In other words,
the prediction of ultimate clinical outcomes based on
arithmetic calculations of the initial response should
be avoided. Additionally, due to technical difficulties, it
did not measure the change in the location of the CR
of individual teeth according to the amount of alveolar
bone loss. If the change in the location of the CR was
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quantitatively analyzed, the effect of bone loss on the
tooth displacement pattern under intrusive force could
be more clearly described. Additional limitations of this
study include the constant values that were used for the
physical properties of the tissues (these values would
normally vary clinically due to the histologic process),
and the assumptions that the periodontal membrane
was homogeneous, isotropic, and uniform in thickness.
These limitations could result in differences between
clinical applications and simulation studies. Moreover,
due to individual variation, it is impossible to create a
mathematical model that exactly simulates each case.
Recently, the use of 3D computed tomography (CT)
has increased, and this method could be used to create
individual tooth models that would enable simulations
of the orthodontic tooth movements of each patient.
Furthermore, the combination of 3D CT-assisted
individual models with finite element analysis software
would aid clinical treatment planning.

CONCLUSION

When the same force was applied with the six maxillary
anterior teeth being intruded as a segment, the degree
of labial tilting of the anterior teeth increased in all
cases as bone loss increased. 1t is likely possible to
induce initial tooth displacement that is similar to pure
intrusion when miniscrews are inserted distal to the
maxillary canines and intrusion forces are applied distal
to the lateral incisors. In this condition, the maximum
von Mises stress is relatively evenly distributed across the
central incisor, lateral incisor, and canine regardless of
the amount of alveolar bone loss.
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