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Abstract The purpose of this study was to compare the anchorage effect of the osseointegrated implant
connected on the second premolar with different alveolar bone loss using the finite element analysis. Four models
with the implant and four models without the implant were constructed. Four levels of alveolar bone loss (0, 2,
4 and 6 mm) were studied. The model with the implant was consisted of two maxillary second premolars, their
associated periodontal ligament and alveolar bones, palatal bone, palatal implant and transpalatal arch. The model
without the implant was used to compare with the model with the implant. The horizontal force (mesial 5N,
palatal 1N) was loaded at the buccal bracket of each second premolar. The stress in the periodontal ligament,
implant and surrounding bone were calculated. The results showed that the palatal implant could significantly
reduce von Mises stress (maximum von Mises stress was reduced from 29.63% to 44.30% with the alveolar bone
loss from zero mm to six mm) and make stress even distribution in the periodontal ligament. The stress in
the implant and surrounding bone was very low. These results suggested that palatal implant is a good tool to
enhance the anchorage of teeth with alveolar bone loss.
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1. Introduction

0O The percentage of adult patients who seek
orthodontic treatment has increased significantly
in recent decades'® These patients often have
bone loss in posterior teeth, which is often used as
anchorage teeth. Excessive orthodontic force with
advanced periodontal bone loss may traumatize the
periodontium, and increased apical pressure because
reduced bony support may contribute to apical root
resorption®t Additional anchorage aid is often required
for the posterior teeth with alveolar bone loss (ABL).

0O Routinely, headgears, transpalatal arches (TPAs)
and Nance appliances are used to enhance anchorage
during clinic treatment. However, many patients
rejected headgear wear because of social and esthetic
concerns and the success of this treatment depends
entirely on patient cooperation®. In most studies on
TPAs* and Nance appliance® ¢ anchorage loss was
unavoidable.

O Implants, as a means of enhancing orthodontic
anchorage, are gaining increased importance in
orthodontic treatment because of the limitations and
acceptance problems of conventional intraoral or
extraoral anchorage aids”® The median O sagittal
region of the hard palate® ™ was described as a suitable
location for implant placement because orthodontic
patients generally have a complete dentition. This
region is surgically very well accessible and offers
excellent peri 0 implant conditions due to the attached
mucosa. Palatal implant is often used to connect
with the second premolar by a transpalatal arch to
increase anchorage as shown in Fig. 1. There are
some clinical studies® *®“showed that a palatal implant
could offer enough anchorage effect. However, the
alveolar condition of anchorage teeth was not well
documented. The implant anchorage eJect on the teeth
with ABL has not been sufficiently explored. Hence
there is a necessity to explore what occurred when the
implant was used as an anchorage on the teeth with
different ABL. As we know, an anchorage is related
to periodontal stress''”; the anchorage elect of palatal
implant can be explained by the redistribution of the
periodontal ligament (PDL) stress of the natural teeth
connected with the palatal implant.

Fig. 1. Palatal implant used as an orthodontic anchorage
in the clinic. The second maxillary premolars were
anchored by the implant through the transpalatal
arch.

O Finite element analysis (FEA) has been increasingly
used for the prediction of the elects of stress on the
tissues in orthodontics. FEA is a mathematical method
in which the shape of complex geometric objects and
their physical properties are computer constructed.
Physical interactions of various component of the
model are then calculated in terms of stress and
strain.

0 The purpose of this study was to analyze
the anchorage effect of the palatal implant by
investigating periodontal stresses when the second
premolar at diCerent levels of alvelor bones loss.

2. Material and method

2.1 Model

2.1.1 Models with the implant: Model 1-4

O Model 1(Fig. 2A) was composed of two maxillary
premolars, PDL, alveolar bone, palatal implant, palatal
bone, bracket, band, and TPA. The maxillary second
premolar was created by manually designing the tooth
according to dimension and morphology found in a
standard dental anatomy textbook®t The outmost
boundary of the tooth was first defined and sectioning
the tooth into cross-sections created the third
dimension. The tooth was reconstructed by inputting
three-dimensional coordinates, defining the shape of
the tooth into the Unigraphics NX 1.0 (Unigraphic
solutions Inc.2002 California). Next the PDL, alveolar
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