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Mechanics of tooth movement produced by quad-helix appliance

: Finite element simulation

Abstract

The quad-helix is a typical appliance used to slowly expand the maxillary
dentition. The patterns of tooth movement produced by various activation types
have not been fully understood. This study used the finite element method to
examine the mechanics of tooth movement in four types of activation.
In the finite element models, the quad-helix was assumed to be an elastic beam,
and the teeth and the alveolar bone were assumed to be rigid bodies. The tooth
moved in the same direction as that in the initial movement, which was produced
by elastic deformation of the periodontal ligament. By repeating displacement
of the alveolar socket, long-term movement of the tooth was simulated. Two
types of activation, parallel and fan-shaped, were assumed. In each type, both
sides and one-side activations were assumed. In these activations, the force
system just after activation and the movement pattern after a sufficient length of
time were calculated.
In the long-term movement, the dentition was expanded in parallel or in a fan-
shaped depending on the activation shape. The molar moved bodily, and the
canine and the premolars tipped buccally. When the quad-helix was activated on
one side of the dentition, the canine and the premolars on the activation side were
expanded more than those on the opposite side. However, the molars of both
sides were expanded by about the same amount.

Based on the simulation results, movement patterns produced by the quad-
helix were clarified. In addition, differences in movement pattern due to the
activation shapes, and their mechanics ,were clarified.
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