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Abstract

Hyperelastic constitutive equations for nonlinear deformation of the periodontal ligament were 
investigated. The parameters in the strain energy potentials were obtained from experimental data for uniaxial
and shear responses of the human periodontal ligament.  The hyperelastic constitutive equations based on two
strain energy potentials was also compared with the linear elastic equation, which is recently reported. The
best fitted parameters in the strain energy potentials was applied to finite element program (ABAQUS) to 
simulate special orthodontic treatment of a mandibular canine.
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Fig. 3 Boundary and loading conditions of a
mandibular canine for finite element analysisFig. 1 Anatomical structure of the tooth
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Table 1 Linear elastic material parameters of the tooth 
and the periodontal ligament(1)

E [MPa] ν

Tooth 20,000 0.30

0.8 (Min)
PDL

68.9 (Max)
0.49
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Table 2 The correlation coefficient between theoretical results by two strain energy potentials and experimental data

Correlation Coefficient, R 

Normal 0.99995
Ogden Model (N=3) 

Shear 0.92695

Normal 0.37310
Yeoh Model

Shear 0.75868

Table 3  Material parameters for the Ogden strain energy potential of the periodontal ligament

iα iµ  [MPa] iD  [MPa-1]

24.8871 µ -9.93056 1D 0

25.0 µ 6.15053 2D 0

24.6997 µ 3.79562 3D 0

Table 4  Material parameters for the Yeoh strain energy potential of the periodontal ligament
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(a)  (b)  E=0.8  E=68.9 MPa
 Fig. 7 (c)  (d)  Ogden  Yeoh

.

(Osteoclast) (Cell-Free Zone)

.(1)  -0.3 MPa

. ,

.

Table 5  Displacement data of a mandibular canine with elastic and hyperelastic behavior of the periodontal 
ligament

Position x∆ y∆ z∆ [mm]  [mm]  [mm]

P1 1.3045E-03 -8.1004E-04 -1.6370E-04

P2 5.4143E-04 -4.6705E-04 -4.7374E-05
Elastic

(E=0.8 MPa) 
P3 -3.4767E-04 -6.0174E-05 -3.3224E-05

P1 1.3641E-04 -1.4021E-04 -4.9292E-06

P2 1.9088E-05 -1.9768E-05 1.3251E-07
Elastic

(E=68.9 MPa)
P3 -5.8348E-09 -7.4141E-08 -5.6214E-07

P1 2.8303E-05 -2.8906E-05 -7.9959E-07

P2 1.3236E-06 -8.8518E-07 -3.9924E-08Ogden

P3 -4.4252E-13 -1.1541E-13 2.9889E-14

P1 2.8304E-05 -2.8910E-05 -7.9990E-07

P2 1.3224E-06 -8.8619E-07 -3.9714E-08Yeoh

P3 -3.6681E-13 -7.6921E-14 2.1333E-14

Fig. 6 Minimum principal stress contour of the
periodontal ligament of a mandibular canine by
using various elastic and hyperelastic
constitutive equations for the periodontal
ligament; (a) E=0.8 MPa, (b) E=68.9 MPa, (c)
the Ogden and (d) the Yeoh strain energy
potential

Fig. 5 Measuring points for finite element analysis of
a mandibular canine 
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Fig. 7 Minimum principal strain contour of the
periodontal ligament of a mandibular canine by
using various elastic and hyperelastic
constitutive equations for the periodontal
ligament; (a) E=0.8 MPa, (b) E=68.9 MPa, (c)
the Ogden and (d) the Yeoh strain energy
potential

Fig. 8 Minimum principal stress contour of the
periodontal ligament of a mandibular canine
by using various elastic and hyperelastic
constitutive equations for the periodontal
ligament; (a) E=0.8 MPa, (b)E=68.9 MPa, (c)
the Ogden and (d) the Yeoh strain energy
potential
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