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Finite Element Analysis for Elastic Modulus of the Periodontal Ligament
in Premolar Regions

Chang Soo Chon’, Han Sung Kim’, June Sung Shim", Young Ho Kim"™

ABSTRACT

In this study, two dimensional and three dimensional finite element models of lower first premolar were
analyzed. The mandibular specimen including a premolar was obtained from a cadaver and scanned with
micro-CT. Finite element method models were reconstructed from CT images at mid-sagittal plane of the tooth.

Most studies have used a wide range of value(0.07~1000MP) for elastic modulus of periodontal ligament. The
elastic modulus of the periodontal ligament was analyzed by finite element method and compared with that of
experiment model. This study indicated that the model without pulp was more suitable than that with pulp in two

dimensional finite element analysis.
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Table 1 Material properties

E(MPa) v Reference
Ex=8E4
Enamel 0.3 | Rees & Jacobsen®
EY,Z=2E4
Dentin 1.5E4 0.31 | Rees & Jacobsen®
Cortical bone| 1.38E4 | 0.26 Vincent’
C Ho
aneetlous 1 345 | 031 Wilson'®
bone
Peri 1
eriodontal | 17 1000] 0.49
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Displacement and elastic modulus
[2D Anisotropic(ym)]
E(MPa) Without pulp
D1 Homo
Verti Hori Verti Hori
50 8.7387 | 10.282 | 17.395 | 20.267
10 13.654 | 17.602 | 28.105 | 38.263
5 19.298 | 22.327 36.271 50.524
1 63.295 | 44.443 | 84.619 | 96.165
0.5 117.78 | 66.014 | 140.77 [ 130.82
Exact elastic modulus and displacement
E(MPa) 3 4 15 30
Displace
26.703 | 24.210 | 24.584 | 24.521
ment(ym)
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Table 2 Displacement and elastic modulus of Table 3 Displacement and elastic modulus of
two-dimensional anisotropic models two-dimensional isotropic models
Displacement and elastic modulus Displacement and elastic modulus
[2D Anisotropic(zm)] [2D Isotropic(ym)]
E(MPa) With pulp E(MPa) With pulp
Dl Homo - DI Homo
Verti Hori Verti Hori Verti Hori Verti Hori
50 10.848 14.502 20.156 25.536 50 8.5366 14.139 17.924 | 24.949
10 17.081 22.066 32,725 | 43.377 10 14.758 21.770 30.497 | 42.873
5 24.152 | 27.231 42.788 55.886 5 21.845 27.028 40.577 55.491
1 78.587 51.572 101.73 102.83 1 76.416 51.572 99.323 102.75
0.5 144.58 74.358 168.39 138.02 0.5 142.44 74.378 166.24 138.01
Exact elastic modulus and displacement Exact elastic modulus and displacement
E(MPa) 5 7 23 61 E(MPa) 4. 7 18 56
Displace | 1 152 | 24499 | 24.866 | 24223 Displace | s 336 | 24248 | 24.597 | 24.182
ment(zm) ment(ym)
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Displacement and elastic modulus Displacement and elastic modulus
[2D Isotropic(um)] [3D Anisotropic(um)]
E(IPa) Without pulp E(MPa) Without pulp
D1 Homo D1 Homo
Verti Hori Verti Hori Verti Hori Verti Hori
50 6.5268 10.274 15.187 | 20.265 50 4.1215 7.9373 5.3270 10.504
10 11.440 | 17.579 | 25895 | 38.261 10 22590 | 8.5649 | 6.9529 | 11.464
5 17.084 | 22296 | 34060 | 50.521 5 6.4900 | 8.9785 | 8.4962 | 12.031
1 61.081 44.403 82.407 | 96.163 1 15.904 11.436 18.555 14.691
0.5 115.56 | 653978 | 138.56 | 130.81 0.5 27.511 | 14225 | 30.347 | 17474
Exact elastic modulus and displacement Exact elastic modulus and displacement
E(iP) 3 4 12 30 E(WP2) 0.6 0.17 0.7 0.2
Displace | ) 489 | 24.176 | 24225 | 24518 Displace | 3 652 | 24.669 | 23.641 | 25.404
ment(ym) ment(ym)
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Table 4 Displacement and elastic modulus of
three-dimensional anisotropic models
Displacement and elastic modulus
[3D Anisotropic(ym)]
E(MPa) With pulp
Dl Homo
Verti Hori Verti Hori
50 4.1677 7.3259 | 9.8747 10.580
10 5.3258 | 739267 | 12.144 11.566
5 6.1548 | 8.3539 [ 13.810 | 12.158
1 16.195 11.103 23.837 15.115
0.5 26.946 14.365 35.590 18.373
Exact elastic modulus and displacement
E(MPa) 0.6 0.2 0.9 0.25
Displace | 1 142 | 24.008 | 25.155 | 24.745
ment(zm)
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