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STRESS ANALYSIS OF ENDODONTICALLY TREATED ANTERIOR TEETH
BY ALVEOLAR BONE HEIGHT AND RESTORATION METHOD

Yeon Jae Lee, D,D,S., Young Gon Cho, D.D.S., Ph.D.
Dept. of Conservatiove Dentistry, College of Dentistry, Chosun University

To study the mechanical behavior depended on the restoration method and alveolar bone height at
endodontically treated teeth, a finite element model was made which was applied by four types of restora-
tion methods and alveolar bone height on upper central incisor and then 1 Kg force was applied on
each model as follows ; 1) 45° diagonal load on incisal edge, 2) 26° diagonal load on lingual surface,
and 3) horizontal load on labial surface.

The author analyzed the displacement and stress of teeth and their supporting tissue by finite element
method according to three type of loading conditions.

The results were as follows -

1. The displacement by restoration method and the stress in dentin was found greater in restoration
without a post than in that with a post.

2, The displacement and stress was found about the same when compared *

A) in Resin model and PFM model applied by restoration method without a post and B) in PRC
model and CPC model applied by restoration method with a post.

3, The lower alveolar bone height was, the greater was the displacement and stress.

4, The lower alveolar bone height was, the greater slightly was the stress of restoration without a
post than in that with a post.

5, The stress in loading condition was the greatest in P1 in dentin and post, and was greatest in
P3 in alveolar hone.

6, In the restoration method without a post, stress concentration in labial dentin was distributed to
a figure of long belt in adjacent part to periodontal ligament, while in restoration method with a
post, it was distributed in adjacent part to post side. And in all types of restoration method stress
concentration in alveolar bone was distributed along the compact bone of labial and lingual surface.
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Fig.5 Finite element model and loads applied.
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(Fig.2).
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Table 1. Mechanical properties of material
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T i
Porcelain 10008102 10 028
Gold alloy 11168462X 10° 033
Resin 1991234 X 10° 030
Gutta percha | 10008X10* 045
Enamel 7111552 10 030
Dentin 17206772X 10 030
ol P
Alveoalr bone | 580179810 030
Gingiva 284288 X 10° 045
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sietalr) $isle] S8 AUl wE RAY
dgeoz BHsld wAdd B/H8EE 3 A7)
AF3te oz =dd EASHUG(Fig. 8).

I, o 2

1. ®i9

3P, P2 & PROA ZZ 1kge BES
bt e A9 N2F ] Yo ojd W}
SIS B A8t dYe FHE
g H%FL 1,008 Fdstd EASAT
(Fig. 6), AOERdA #FE HAFL Table.
29 2.

FEEO wE dNEE A8 B9, post &
28817 %2 B9 (Resin-NBH) # post & 348
WH(CPC-NBH) & 4% u]2 8 27} Resin-NBH



a b o

Fig.6 Diagram of displacement of Resin - NBH model on each loading condition.
a) P1& 71gev b) P28 718&9 o) P3 g 7Hsie
*dotted line : M¥ A solid line : WYX

Table 2. The amount of displacement under each loading condition.

Unit : ym

3%
2 §;§§ Resin PPM PRC CPC

ey NBH | MBH | LBH | NBH | MBH | LBH | NBH | MBH | LBH | NBH | MBH | 1BH

Y 02150274 | 0316| 0221 | 0280 | 0322 0175 | 0221 | 0266 | 0.174 | 0220 | 0264

24.72(‘)6.&X)10.4344.6796.753103793A494.95879%3.4234$77.782

Y0.1500.1960.280.1500.1%0.2%0.1260.1610.1970._1230.1610.1W

Z |3671 | 5552 | 8995|3679 | 5558 | 8998 | 2810 | 4152 | 6917 | 2807 | 4146 | 6916

Y [0063 {0104 | 0.123] 0064 | 0.104 | 0.123| 8055 | 0.091 | 0.120 | 0.053 | 0089 | 0218

Load P3

Z | 4474 | 6679 |10719| 4474 | 6676 | 10712 | 3394 | 4964 | 8823 | 2375 | 4950 | 8218

* Resin
PFM(Porcelain fused to metal Cr.) NBH : 3439 AxF o
PRC(gold post and resin core+PFM) MBH : 333 AT xoldAM 2m o}l H¢
CPC(Casting gold post and core+PFM) LBH: 343Q AXZ ol 4m Pold ¢

a b <

Fig.7 Diagram of displacement of resin model under the horizontal load by
the differential alveolar bone height.

a) NBH b) MBH ¢) LBH *dotted line : ¥ 34 solid line : 8%
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RESIN 239 33 P19 tlgt NBH, MBH ¥
LBH¥E ¥H9+ 4.72um, 6.8ym ¥ 10.44ym &
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79 Yehligien X2F Fold @& WHolF ¥
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Zrade A4 $8E AAHY ez &
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’—omax * omin+omax?) € F3#QLH, o€ Fig
9—44 9 $X 89 F7]d wte} Yog =43 3
Aot
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PRC 283 CPCEYLY $HAE & Aol&
Bolx gton], x1=2F ¥old wel CPCEY Y
postol ZEle SUHg¥omA, 99 P14 o
Z}2} NBH, MBH & LBH 2.3 o] 42 -2 80. 1psi,
101psi & 156 psi A& HYL2A AXFE HolJ}
goldezd 57188 A7 AR & F 9T
EF €59 Foldd AFT postFo A¥A
5o o 5713EHAE AL At

a3 4 #4335 Pl P2 & P3E Hd ¢&
8 Y QFFTHAE vagRd JY ¥F
S8 A & 85 Pl 98, Fd FFHAE T
P3¢l 93 713 & $HAE Bola glow, o

" Table 3. Stress in post Unit : psi
Y R A=2Fwol PRC CPC
Stress . NBH MBH LBH NBH MBH LBH

Max. Compressive
stress ~127 | ~158 —189 -128 | -158 | —189
Max. tensile
stress 630 822 112 622 821 112

Load P1 |Max shear
stress 428 581 896 431 583 900
stress 796 101 155 80.1 101 156
Max. Compressive
 stress —o47 | —-124 | -155 | -o48 | —124 | -155
Max. tensile
stress 478 683 985 479 682 984

Load P2 |Max. shear
 stress 324 475 755 24 47.7 760
stress 60.0 825 131 | 601 829 132
Max. Compressive
 stress —-TL7 —952 -132 ~710 —948 -131
Max. tensile v
| stress 104 137 173 104 137 173

Load P2 |Max shear
 stress 369 563 894 372 56.7 899
stress 64.1 9.7 155 _64.6 98.3 156

* PRC(Gold post and resin core-+PFM) NBH : 333 Q AT 39|
CPC(Castin gold post and core+PFM) MBH: BA4H A A= FoldA 2m ol Ay

LBH : 3329 A= woldA 4m Vol 34
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Table 4. Stress in dentin

Unit : psi
“:&‘iio] Resin PFM PRC CPC
Stress NBH [MBH | LBH | NBH | MBH | LBH | NBH | MBH | LBH | NBH | MBH | LBH
Max. Compressive
Mas. tensile =l 1= = = = - ~ = = = = =
|6 1 130 1 188 1 9431 130 | 0 § 65! 757 } 118 | 635 ] 759 ! 118
Load Pt | Max shear
sirese M1l 1 4] 113 ) 148 1 566 ) 0| 100} S64 1 697 | 109 |
Max. Compressive
Mas teosile = = = = = = = = = - = =
| atregs 36 112 171 ; 740 112 171 | 609 § 102 } 448 | 600 | 102 |
Load P2 | Max shear
Equivalent
e - Hal szl 1l 21 s3] 14| 06) 5741 9331 406 | 571 | 8 |
Mas tensile N = = = N N = = St e =
Load P1 mjﬁ;___ms__lm__m_m__m__m__m__.ms 127 | 766 { 126 |
wm 379 N8 81 583 919 213 0 203 212 389 | 90
* . 687 1 105 | 166 | 600 ) 105 | 166 1 488 | &3 1 130 | 486 ) a0 | 110 |
PFM(Porcekain fused to metal Cr.) NBH : 343Q =¥ ¥9)
PRC(Gold post and resin core+PFM) MBH: 3438 A=F ¥olofr] 2m YBolW ¢
LPC(Casting gold post and core+PFM) LBH: A3 A=F EololM dmm ol F¢
Table 5. Stress in alveolar bone
Unit : psi
<ad R
NzF@el Resin PFM PRC CPC’
Stress NBH |MBH | LBH | NBH | MBH | LBH | NBH | MBH | LBH | NBH | MBH | LBH
Max. Compressive R
| strees =811 - | —-163] 9611 -13] —164 | —0¢4 ] ~113 | —162 | 43| —113 | —161 |
Mas. tensile '
sress 753 | 90| 10| 79| 976 13 | w36 ) 7| 8| @35 | m7 | wms |
Load P1 | Max shesr
| stress AL7 1 S00 ] ‘7-_1._512_._1“;_._.1‘5-1 | 569 1 738 | 460 | 569 | 787
Equivalest
stex 742 | 903 | 133 | 0| o15] 14 ! e21] 102 | 133 | s20 | 102 | 132 |
Max. Compressive
I siress 88811161167} ~806| ~117] —168 | —865] 103 | ~150 | —856 ] —103 | —150 |
Mas. tensile
| streas 776} 95 | e} 744 | 994 | 144 ] 859 | 108 | 142§ 860 ] 108 | 142
Load P2 | Maxx. shear .
siress 419 536 %60 21 539 762 | 421 | 524 66 21 524 68
Equivalent
e 77| o671 137 | 7511 964 | 137 ] 750 934 ] 124 | 71 | 930 | 124 |
Max Compressive
Mnm —~886 | —114 | ~160 } —834 | —114 | —~161 | —100 | —126 | —160 | —100 | —126 { —169
| strens 890 131 193 100 132 193 02 | 121 13 102 121 173
Load P1 |Max shear
| siress 1) 08| &73| 475 | 13 ] &7 | 01| 612 | 6| 401 ]| 612 829 |
Equivalent
840 109 157 845 110 158 875 109 147 874 109 148
# Resin
PFM(Porcekiin fused to metal Cr.) NBH : 333U =& Fol
PRC(Gold post and resin core+PFM) MBH: 343 A ol 2m Pold A4

CPC(Casting gold post and core+PFM) LBH : 3330 A& ¥l 4m %ol 3¢
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Fig. 8 Range of Equivalent stress magnitudes depicted in Fig. 9-44
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Fig. 15 Resin-LBH-P1

Fig. 18 PPM-NBH-P1

Fig. 10 Resin-NBH-P2

Fig. 13 Resin-MBH-P2

Fig. 19 PPM-NBH-P2
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Fig. 11 Resin-NBH-P3

- Fig. 14 Resin-MBH-P3

Fig. 17 Resin-LBH-P3

Fig. 20 PPM-NBH-P3



Fig. 21 PFM-MBH-P1 Fig. 22 PFM-MBH-P2 Fig. 23 PFM-MBH-P3

Fig. 24 PFM-LBH-P1 Fig. 25 PFM-LBH-P2 Fig. 26 PFM-LBH-P3

" Fig. 27 PRC-NBH-P1 Fig. 28 PRC-NBH-P2 Fig. 29 PRC-NBH-P3

Fig. 30 PRC-MBH-P1 Fig. 31 PRC-MBH-P2 Fig. 32 PRC-MBH-P3
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Fig. 33 PRC-LBH-P1 Fxg 34 PRC-LBH-P2 Fig. 35 PRC-LBH-P3

Fig. 36 CPC-NBH-P1 Fig. 37 CPC-NBH-P2

Fig. 39 CPC-MBH-P1 Fig. 40 CPC-MBH-P2 Fig. 41 CPC-MBH-P3

Fig. 42 CPC-LBH-P1 Fig. 43 CPC-LBH-P2 Fig. 44 CPC-LBH-P3
150





