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A root of a tooth is attached to an alveolar bone by a periodontal ligament
(PDL). A PDL is a soft connective tissue consisting of collagen fibres and a matrix
phase with nerve endings and blood vessels. In addition to providing interconnection
for a tooth with its supporting structures, PDL responds to loads that are applied
to it, demonstrating viscoelastic time-dependent properties.

Short-term and long-term (orthodontic) teeth motions can be modelled by a
linear elastic, bilinear elastic, viscoelastic, hyperelastic or multiphase formulation for
the PDL [1]. The same continuous models are used to calculate stress-strain states
of the PDL for various load types; this was implemented in different finite-element
studies. Analytical modelling of elastic and viscoelastic responses of PDLs to loads
applied to the tooth was carried out in particular in a studies [2, 3]. Most important
results for 3-D cases were obtained using circular and elliptic-paraboloid shapes for
the tooth root and PDL surfaces [2–4]. An important feature of the used analytical
model was an approximation of the PDL as an almost incompressible material
with a Poisson’s ratio equal to 0.4–0.49 [5]. In this case, it can be assumed that
maximum deformation of the PDL tissue along a normal to the tooth-root surface
coincides with thickness of the PDL in the same direction. A further development
of the analytical scheme for the almost incompressible PDL proposed by Provatidis
[2] can be implemented for long-term and heavy loads, taking into account time-
dependent and viscoelastic properties of the PDL. The aim of our study is to develop
an analytical model of a viscoelastic PDL with a fractional exponential kernel to
describe evolution of deformation of periodontal tissue and the tooth root movements
with time.

Acknowledgement. The authors acknowledge the support of FP7 IRSES Marie
Curie grant TAMER No 610547.

References
1. Fill T. S., Toogood R. W., Major P. W., Carey J. P. Analytically determined

mechanical properties of, and models for the periodontal ligament: Critical review
of literature. J. Biomech. Vol. 45 (2012), 9–16.

2. Provatidis C. G. An analytical model for stress analysis of a tooth in
translation. Int. J. Eng. Sci. Vol. 39 (2001), 1361–1381.

3. Van Schepdael A., Geris L., Van der Sloten J. Analytical determination
of stress patterns in the periodontal ligament during orthodontic tooth movement.
Med. Eng. Phys. Vol. 35 (2013), 403–410.

4. Haack D. C., Haft E. E. An analysis of stresses in a model of the periodontal
ligament. Int. J. Eng. Sci. Vol. 10 (1972), 1093—1106.

5. Rees J. S., Jacobsen P. H. Elastic modulus of the periodontal ligament.
Biomat. Vol. 18 (1997), 995–999.

1

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by BSU Digital Library

https://core.ac.uk/display/38545835?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

