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— Abstract

g FINITE ELEMENT ANALYSIS OF STRESS DISTRIBUTION ACCORDING
TO THE METHOD OF RESTORATION AFTER ROOT CANAL THERAPY

Chung-Sik Lee, D.D.S., Ph.D., Jae-Young Lee, D.D.S,, M.S.D.
Hyo-Sun Cho, D.D.S., M.S.D., Ph.D.
Department of Conservative Dentistry, College of Dentistry,
Seoul National University

Many dentists have been taken an interest in restoration of severly damaged teeth after
endodontic treatment and it is a true that there are lots of studies about it. In these days,
although we have used Para-Post, pins, threaded steel post, cast gold post and core, and
so on, as a method of restoration frequently, it has been in controversy with the effects
of them on the teeth and surrounding periodontal tissue.

In this study, we assume that the crown of the upper 1st premolar was severly damaged,
and after the root canal therapy, two most common types of restoration were carried out 3
1) coronal-radicular amalgam restoration, 2) after setting up the Para-Post, restore with
amalgam core and gold crown.

After restoration, in order to present the concentration of stress at internal portion of
the tooth and the surrounding periodontal tissue, we doveloped a 2-dimensional finite ele-
ment model of labiopalatal section, then loaded forces from 2 long perpendicular to the
lingual incline of buccal ridge an the middle point, parallel to the long direction axis of
tooth at the fossa-were applied.

The analyzed results were as follows :

1. Stress of the normal first premolar was concentrated on the most weakest anatomical
structure, that is, cervical area, and no stress on the bifurcated area of the canal.
2. Crown restoration after root canal therapy causes large stress concentration on the bifur-
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with natural tooth.

ture than restoration using Para-Post.

load.

cated area of the canal. This stress concentration has larger value in case of lateral
movement of mandible, and there are decrease in the stress concentration compared

3. Coronal-radicular amalgam restoration method transports more stress to the tooth struc-
4. There are more stress concentration around Para-Post in the case of lateral movement,

and we have more favo rable result when restored with Para-Post.
5. Generally, stress in the lateral movement is larger than stress in the perpendicular

Key word : Para-Post, coronal-radicular amalgam technique, core, finite element analysis.
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T8 EF £XE FxsEoe. & mde
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2. Coronal-radicular amalgam restoration
(22 2)
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ERE ¢ 3 mm A% Ho|7A o1EpE F
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rnational, New York, N.Y.) & o]-&3tg 1, ¢4
G drill2 2#-& A3 F zinc phosphate

Table 1. Number of element and node of

each model.

Element Node
Model 1 369 354
Model 2 361 348
Model 3 381 371
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Algor(Algor Interactive System, Inc.)AF]
SuperSap finite element analysis TZ1Y
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BY FHALENY o]8E F UEE )
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Table 2. Physical properties applied to each element.

Modulus of Elasticity

Material €, MN/mZ) P0|ssor(\v§ Ratio
Ename | 82,500.0 0.33 (16)°
Dentin 18,600.0 0.31 (17)
Pulp 0. 003 0.45 (13)
Amalgam 69, 000.0 0.35 (17)
Gutta percha 0.69 0.45 (18)
ZPC 22,400.0 0.35 (17)
Parapost 210, 000.0 0.33 (19)
gold 210, 000.0 0.20 (20)

" Numbers 1n parentheses denote references.
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Table 3. von Mises equivalent Stress on A side

Fi F2
Model 1 Mode! 2 Model 3 Mode! 1 Model 2 Mode!l 3
0. 023566 0. 017549 0.015249 0.009%84 0.064597 0. 063141
0.040803  0.029631 0. 025804 0.013506  0.107441 0. 100256
0. 064601 0.062282  0.052181 0.033172  0.166411 0. 144948
0.084153  0.105591  0.090203 0.130330  0.329182  0.211001
0.081075 0.118181 0. 100984 0. 257345 0. 358365 0. 334994
0.060846  0.104953  0.092173 0.350573 0. 442491 0. 428457
0. 051594 0. 105568 0. 092956 0.293813 0.497985 0.475203
0.065114 0. 107562 0.094311 0. 219027 0.524625 0.515275
0.104573  0.096017  0.082225 0.278935  0.371844  0.387680
0.128143 0.111302  0.095163 0.367627  0.321793 0. 324962
Table 4. von Mises equivalent Stress on B side
Foi F 2
Mode! 1 Model 2 Mode! 3 Mode! 1 Model 2 Model 3
0.026850  0.022223  0.130157 0.063363  0.039279  0.113583
0.037723 0. 038619 0. 104484 0. 107009 0. 068806 0.073444
0.040558  0.082011 0. 085547 0.181406  0.103573 0. 093658
0. 034986 0. 145226 0.069139 0. 272640 0.243679 0.113924
0.0189444 0. 158861 0.064140 0. 348282 0.275914 0. 160749
0.034399  0.155643  0.063339 0.418517  0.368012  0.202787
0.031405 0.160026  0.063986 0.358374  0.406536  0.223186
0. 066912 0.158127 0.071145 0. 243386 0.411226 0. 246849
0. 155018 0. 135062 0. 084256 0. 179971 0. 307633 0. 246952
0.226610  0.124908  0.0873961 0.302719  0.222186 0. 188537
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Fig. 1 von Mises Equivalent Stress, —&— Model 1 Fig. 2 von Mises Equivalent Stress,
F1, A side —a— Model 2 F2, A side
—— Model 3
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Fig. 3 von Mises Equivalent Stress, —eo— Model 1 Fig. 4 von Mises Equivalent Stress,
F1, B side —a— Model 2 F2, B side
— — Model 3
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Fig. 5 von Mises Equivalent Stress, —o— Model 1 Fig. 6 von Mises Equivalent Stress,
F1, C side —a— Model 2 F2, C side
—-— Model 3

344



Fig. 7 von Mises Equivalent Stress, —o— Model 1 Fig. 8 von Mises Equivalent Stress,
F1, D side —m— Model 2 F2, D side
—i—  Model 3

Fig. 9 von Mises Equivalent Stress, —&— Model 1 Fig. 10 von Mises Equivaient Stress,
F1, E side —m— Model 2 F2, E side
—&— Model 3

0 ——p——4 +——t—tt— 0 §

1.2 3 4 5 6 7 8 9 10 11 12 13 1t 2 3 4 6 6 7 8 9 10 11 12

Fig. 11 von Mises Equivalent Stress, —&— Buccal Fig. 12 von Mises Equivalent Stress,
F1, Parapost —a— Palatal F2, Parapost
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Table 5. von Mises equivalent Stress on C side

F 1 F2
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
0. 000000 0.026473 0.019847 0.000003 0.016092 0. 023204
0.000000 0.033387  0.026596 0.000004  0.055752  0.045978
0.000000 0.069322  0.058361 0.000003 0.181614  0.092232
0.000000 0.098631  0.084670 0.000002 0.310568 0. 192602
0.000000 0.097597  0.078158 0.000002 0.231119  0.269161
0.000000 0.098267  0.077540 0.000002  0.135540  0.215968
0.000000 0.108953  0.088349 0.000002 0. 148701 0. 170230
0.000000 0.105718  0.088917 0.000002  0.177051 0. 200328
0.000000 0.103984  0.081455 0. 000001 0.260883  0.228305
0.000000 0.105929 0. 052454 0. 000001 0.179075  0.130217
0.000000 0.106494  0.048830 0.000002 0.119637  0.092151
0. 000000 0. 105515 0. 045235 0. 000002 0. 090709 0. 068144
0.000000 0.099798  0.043966 0.000002 0.068754  0.054518
0.000000 0.119369  0.0438594 0.000002 0.115407  0.086757
0.000000 0.137436  0.059658 0.000003 0.173436 0.137774
0.000000 0.091452  0.086763 0.000003  0.095570 0. 159040
0.000000 0.038027  0.109683 0.000004 0.026930  0.165246
0.000000  0.024421 0.137023 0.000003 0.022854  0.152626
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Table 6. von Mises equivalent Stress on D side

F 1 F 2
Mode! 1 Mode! 2 Model 3 Model 1 Mode! 2 Mode! 3
0.405303 0.183495 0.176214 2. 309921 1.439573 1. 473840
0.373761 0.123432 0.118361 1.787247 1. 028057 1.050418
0.338677 0.096513  0.092447 1. 485257 0. 887804 0.898370
0.410418 0.112661 0.105914 1.559778 1.038983 1.035120
0.404575 0.113354 0.106977 1.529974 1. 197117 1. 106262
0.155295 0.051303 0.050684 0.562334 0.661823  0.654063
0.077880 0.038146 0.033013 0. 304034 0.620118 0.613003
0.072672 0.021783  0.023835 0.455676  0.569983  0.564466
Table 7. von Mises equivalent Stress on E side
F1 F 2
Mode!l 1 Model 2 Model 3 Model 1 Model 2 Model 3
0.649886 0.290689  0.194253 1. 391181 0. 988404 0.873773
0.564061 0.186682 0.126664 0.991637 0. 638650 0.583330
0.682976 0.173444 0.119363 0. 903461 0. 605471 0. 568662
0.559345 0.222416 0. 153201 0. 870867 0. 764091 0.713172
0.694073 0.240549 0.165182 0. 864369 0. 852903 0. 790681
0.264335 0.132592  0.095361 0.283138 0.518889 0. 490539
0.142626 0.101367 0.076842 0. 476001 0. 437455 0. 425515
0.201722 0.065361 0.050615 1.000918 0.353195 0. 352832
Table 8. von Mises equivalent Stress
on both side of Parapost
F 1 F2
Buccal side Palatal side Buccal side Palatal side
0. 152626 0.152626 0. 130157 0. 113583
0. 169802 0.197829 0.171572 0.206218
0. 199202 0. 192444 0. 176503 0. 361057
0. 208198 0. 202887 0. 205439 0.498163
0. 210240 0. 197779 0. 235007 0. 607591
0. 214982 0. 186853 0.254834 0.671772
0. 218960 0. 179839 0. 265279 0.687013
0. 224903 0. 183181 0.274281 0. 608360
0. 198299 0.244813 0.271791 0.517345
0. 247030 0.362199 0. 268516 0. 384379
0. 268087 0. 408389 0. 245726 0. 288660
0. 256793 0. 375476 0. 288726 0. 250323
0. 314262 0. 267940
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