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Mesial

Tipping of
the Tooth ()

Rotation of
the Tooth (+)

Palatal i3)

Fig 2. X, Y. Z coordinate system.
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Fig 3. Simulated situations with molar angulation at 0°, 20°
and -20°, respectively.
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Fig 4. Rigid element for application of force and moments.
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Fig 5. Simulated situations with molar rotation at 0°, 20°
and -20°, respectively.
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Fig 7. Stress distribution at the PDL when angulation of the tooth is ~20°.
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Fig 8. Stress distribution at the PDL when angulation of the tooth is +20°.
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Table 1. Tooth movements when forces were applied under various angulations

Al 1.3426E-05 -5.7274E-05 4.2412E-06

A2 3.1745E-06 -1.7279E-06 -2.5092E-07

o° A3l -55129E-06 3.4228E-05 5.3168E-06
A32 5.0614E-06 L3I71IE-05 1.3049E-05

A33 -55007E-06 2.1625E-06 -1.3501E-05

Al -1.9529E-05 -5.8896E-05 8.9025E-06

A2 -3.8800E-06 -2.1535E-06 -9.6518E-08

-20° A3l 1.0879E-05 3.4525E-05 -7.4833E-06
A32 1788E-05 1.7579E-05 1.9449E-05

A33 4.4647E-06 3.1919E-06 -6.3958E-06

Al 4.9673E-05 -6.9472E-05 6.2475E-07

A2 1.0797E-05 -4.6741E-06 —2.2258E-07

+20° A3l -2.2497E-05 4.2607E-05 1.8864E-05
A2 -5.4555E-06 - L.1959E-05 9.6535E-06

A33 -1.7550E-05 1.6065E-06 -2.3379E-05
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Fig 9. Stress distribution at the PDL when rotation of the tooth is -20°.
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Fig 10. Stress distribution at the PDL when rotation of the tooth is +20°.
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Table 2. Tooth movements when forces were applied under various rotations.

Al , 1.3426E-05 -5.72T4E-05 4.2412E-06

A2 3.1745E-06 -1.72719E-06 -2.5002E-07

0° A3l —-55129E-06 3.4228E-05 5.3168E-06

A32 5.0614E-06 1.3171E-05 1.3049E-05

A33 -5.5007E-06 2.1620E-06 -1.3501E-05

Al 5.3312E-05 -71.2404E-05 3.6750E-06

A2 1.5201E-05 -5,2565E-06 1.4632E-06

o A3l -2.4979E-05 4.5414E-05 2.1983E-05

A32 -1.2277TE-06 1.4297E-05 1.2908E-05

A33 -1.539%6E-05 1.9001E-06 -2.1833E-05

Al -2.3168E-05 -5.5964E-05 5.8522E-06

A2 -8.2843E-06 -1.5711E-06 -1.7823E-06

Lo0° A31 1.3361E-05 3.1519E-05 -1.0602E-05

A32 1.3658E-05 1.5241E-05 1.6194E-05

A33 2.3107E-06 2.8983E-06 -7.9427E-06
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Fig 12. Moment generated by molar rotation.
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- ORIGINAL ARTICLE -

Stress distributions at the periodontal ligament and displacements
of the maxillary first molar under various molar angulation and rotation:
Three dimensional finite element study

Dae-Woo Kwon", Woo-Sung Son?, Hoon-Chul Yang®

The purpose of this study was to evaluate the stress distributions at the periodontal ligament
(PDL) and displacements of the maxillary first molar when mesially directed force was applied under
various molar angulations and rotations. A three dimensional finite element modsl of the maxillary
first molar and its periodontal ligament was made. '

Upright position, meslally angulated position by 20° and distally angulated position of the same
degree were simulated to investigate the effect of molar angulation. An anteriorly directed force of
2009, countertioping moment of 1,800gm-mm (9:1 moment/force ratio) and counterrotation mo-
ment of 1,000gm-mm (5:1 moment/force ratio) were applied in each situation.

To evaluate the effect of molar rotation on the stress distribution, mesial-in rotation by 20° and

the same amount of distal-in rotation were simulated. The same force and moments were applied
in each situation.

The results were as follows:

In all situations, there was no significant difference in mesially directed tooth displacement. Also, any
differences in stress distributions could not be found, in other words, there were no different mesial
movements.

Stress distributions and tooth displacement of the 20° mesially angulated situation were very
similar with those of the 20° distal-in rotated situation. The same phenomenon was obserned
hetween the 20° distally angulated situation and 20° mesial-in rotated situation.

When the tooth was mesially angulated, or distal-in rotated, mesially directed force made the
tooth rotate in the coronal plane, with its roots moving buccally, and its crown moving lingually.

When the tooth was distally angulated, or mesial-in rotated, mesially directed force made the
tooth rotate in the coronal plane, with its roots moving lingually, and its crown moving buccally.

When force Is applied to an angulated or rotated molar, the orthodontist should understand that
additional torgue control is needed to prevent unwanted tooth rotation in the coronal plane.
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