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— ABSTRACT —

TWO DIMENSIONAL STRESS ANALYSIS OF ROOT AND
SUPPORTING TISSUES BY VARIOUS POST DESIGN
— Photoelastic and Finite Element Analysis —

#*Sun-Youl Ryy, D.D.S., Ph.D., *Hong-So Yang, D.D.S., Ph.D.,
*#*Kyu-Zong Cho, Ph.D.

*College of Dentistry, Chon-Nam National University
**College of Engineering, Chon-Nam National University

To study the mechanical behaviors of post crown and supporting structures, 6 types of two
dimensional photoelastic and finite models were constructed, 6 types of post were designed
depending on diameter, length and shape.

Force was applied respectively as follows; 1) vertical on the incisal edge, 2) horizontal on
the labial surface and 3) 26° diagonal direction on the lingual surface.

The mechanical behaviors of post crown, abutment tooth, cement layer and supporting
bone were analyzed to investigate the effect of loading condition and post design.

The results were as follows;

Horizontal force produced the extraordinary high stresses in dentin and supporting structures.
2. Maximum stress concentration was observed near the post tip or root apex, and stress con-

centration appeared on the outer border of the alveolar bone.

3. Length of the post didn’t affect the level of stress significantly but it determined the location
of stress concentration.
4. No apparent difference in stress level was generated by the difference of post diameter.

5. Tapered post produced the highest stress concentrations around the post apex, and threaded
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post provided the most desirable distribution of stress at short length.

6. Finite element method was more accurate and reliable stress analysis method than photo-

elastic method.
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|. §8 249 (Finite element method)
k<3

[

) ea md AA
¥$%3% (STAND) =ule Wheeler'” of
23 AEH9 2/3 272 At FAAL A2
o post®: #3 AHE £4 AxtwolA F
Ad Yz A, de IR F
%% post crown®} polycarboxylate cement,
Ao}d, gutta percha, 29 % AZFE
FA8 . postE 2 A 0.9mm, Zo] 6.1mmel
parallel oz slHe Z4E 27 0.3m
7)o] 3.4mne] gutta percha® =A3sdxm, 4
o}A 1} post AbolollE 50ume] cementE ol
A2 A2uhe 0.22me FUE ez 4
Alstgiel. AA 273w F-ol = contrabevel
S Hojsle] AopAl g sidERE BE T 4
U= g st (Fig.1).
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Fig. 1. Cross-sectional view of Dowel Crown and

Supporting structures.
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postol] whsl Z+7he] 22k FEe 4 P—%‘%
2h3tgd oh(Tables 2, 3) (Fig.3).
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Fig. 2. Finite Element Model and Load applied
(STANDARD).
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Table 1. Mechanical properties of material

Materials Young’s mogulus Poiss?n’s
(Kg/cm*“) ratio
Alveolar bone 140,000 0.30
Periodontal memb 507.5 0.45
Dentin 190,000 0.31
Gutta percha 7 0.45
Cement 9,102.5 0.35
Casting gold 760,000 0.33
Table 2. Types of post design
Symbol Type L?:i:l }; Di(z;;nrit)er
STAND parallel 6.10 0.90
LONG parallel 7.65 0.90
SHORT parallel 3.15 0.90
WIDE parallel 6.10 1.95
TAPER 6.2°taper 6.10 0.20-1.95
THREAD threaded 3.15 0.80-1.10

Table 3. Number of elements and nodal points

Nodal point

Types of post Element numbers

numbers
STAND 195 222
LONG 203 230
SHORT 179 206
WIDE 195 222
TAPER 189 216
THREAD 181 208

STANDARD SHORT
?‘_ P— v -]
=! S
Al RS
\
WIDE TAPER THREAD

Fig. 3. Types of Finite Element Models.
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sto] IBM # %€ (IBM 4361/M05, USA)=
AAslgcr, A4 wE, dAde] B% o 2
A &9 B4 Al42l poisson’s ratio® ¢l
A7 7z 849 FEHI Hd Ay 4
233, 3% 3F =279 659 post mul
of a3 Wz Aabg sl o AAE Fei4d
Alg Aztel vl AES] st wAsl H
i FeE A4 F5HY Al A Axke
Heol e 2 Avle s e wd
o ¥ A8l ch(Figs.4-22). =3 Z=z=a 3 )
Boll wAH Hu] $HE £X2 AHelso] ¥
2 Jehglct(Tables 4-7) .

2. ZetAM e (Photoelastic stress analysis)
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HelE 9sled gutta percha &2 B4)sty
o, FEe4 2d =9 2wl s5i= 23bg)
Bk =Yg Aely] $iste] Hekad Alew
1/4 inch 579} 229] epoxy resinzt(EP-10,
Riken Co, Japan)$ A}23}ch. poste] 2
e FelpRoz, oA} z2Ee Yu
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ol Hzko] S =& A3 A cksrgl o
A A AR e Ak AU
a8k 3p] $stod odolut 3p=d} gheio)
AHA B=F Folk 7. dAnde &
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7+ P1, P39 qldko 7 Bkg, P2 wlgke 3
sh4e A a7 9 she] 3kge) A3E
A7z B9 Plelt 10kge] 352 7}3)
Aok (Fig.2). diffused light® 2o g 33
H3tdl, 1/4 wave plate 2% 9 analyzerz
TA = 9 #H3r] (Model PA-420, Rei-
ken Co., Japan)& o]&3}o] 28 Rl okal
= st ob(Figs.23-41) ﬁﬂﬂriﬂ FAt
<+ Hd FEYa A4 FLH Hal Acghg
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S
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i 2.609 3% A Az (Table 5). 2 315 (P1)oll o3 obd o) FHE

’F »1011 oJd Al 4= post s} Ahy- sich A £ ool vlmz ni FHELZTE Holn
F4o} AEghio] FHo] W =gl (Figs. ot post«} Zol7} A (LONGH), 42
5-10), F%Hel ofdlA 1= postsiul A rhiol (WIDEg)) 74 f-oll = Abopd o] pu} Aoy F
AR AL Fuifeh o] 2% diubre Hell < E—HM Frlslez gejd S$HELE
postalghiol &8 FHF dA-L AHY 4 9l ZA #HeE &+ Aok FHGE (P2
o (Figs.11-16) .P3 tF 2 P2 3s}5ol wls| %2 poste] Aol7} HE& AL M= 2 A
Wako] b2 33 R ofA vl eu < (LONGH) 7} o #rejd $H+29dE 2
o 2717} 2gkeh(Figs.17-22) . olz glew, poste] Hols} & 7+ post

Table 4. Maximum principal and shear stresses in post . )
(unit: Kg/em*®)

post design
STAND LONG SHORT WIDE TAPER THREAD

load & stress

max. com. stress -0.486 -0.524 -0.486 -0.487 -0.577 -0.486
Pl max. ten. stress 0.201 0.201 0.202 0.201 0.201 0.201

max. shr. stress 1.359 1.359 1.359 1.358 0.973 1.359

max. com. stress -0.709 -0.737 -0.796 -0.907 -0.706 -0.457
P2 max. ten. stress 2.235 2.004 2.241 2.059 4.268 1.325

max. shr. stress 2.768 2.229 2.080 1.855 5.063 2.376

max. com. stress -0.295 -0.453 -0.208 -0.316 -0.365 -0.209
P3  max. ten. stress 0.766 0.321 0.323 0.400 0.289

max. shr. stress 1.085 0.960 0.810 0.841 1.966 0.760.

Table 5. Maximum principal and shear stresses in dentin

(unit: kg/ cmz)

post design
STAND LONG SHORT WIDE TAPER THREAD
load & stress
max. com. stress -0.194 -0.265 -0.129 -0.157 -0.330 -0.132
Pl max. ten. stress 0.215 0.379 0.082 0.305 0.196 0.084
max. shr. stress 0.728 0.880 1.359 0.596 0.669 0.454
max. com. stress -0.544 -0.464 -0.926 -0.671 -1.164 -0.918
P2 max. ten. stress 2.673 2.282 2.623 2.423 1.946 2.179
max. shr. stress 2.189 1.968 2.361 2.201 1.986 1.705
max. com. stress -0.333 -0.291 -0.231 -0.322 -0.731 -0.310
P3 max. ten. stress 0.761 0.913 0.655 0.920 0.678 0.515
max. shr. stress 1.306 1.395 0.813 1.128 1.228 0.727
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ASE #4853 TRl 5
983 4490 FYHoz
vehd Afeta & 4 gl $3 85 A
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oz postEalaeldel $4 AFwsl
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BalsE LEA FARAF]7] wliel FHA
€3 $ZE Holn gty WIDEFL A& %
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BAZA 22 ¥ doo] EAEA UE
218 S 2E 2A = ok (Figs.14, 15)
P13 P3ol 9Jsj4l+= poste] ZHol7} =
SHORT# o]t} THREAD# A 747 o
2ol WAlsiglovt P2o] od Anhg
SHORTH ] 714 & &8 #& 2ich

w30
_}J_, [/
)
Fa
_&

o oo rlo

3) cemento] L8 R IZ
P29l 3 =5ol o3 71 B& L=
AR Prolojs) A oo

post HElo]od Aol TAPERF S
cement & JjollA 7 & kG| W
93 ohgoe g SHORTE, THREADFH o] &+
ololerm LONGHo|A 7 & Axt 53
S wolch(Table 6). <8 =ZAE =
Zo| 7|AFol A Hold 5 Fhadte FAol

e
—u

[ ]
slevt 443 984t TAPERY,
SHORT¥, THREADY ¥ STAND%o|

Foel §3 AT Bl
TAPER#e] Aty &

post &}d} Hgl¥
s LIRS

+HE 2.

4) =¥ &Y XL

poste] o] o34 ’E}"V‘ Hel g7
o]z} wAEa olo] AL Hel =T
S 27 BE el HET WAE X2
Heow E£3] stFe Wil welk & Aol E X
o] Folch(Figs.5, 11, 17). & A o] 7}3)
A e AZe FUAv AzE 7 Al
ojokgt §He] WA= eyt 3 P2el
o) g| A4 4-13w, P30l a4 2-5uje] &
ol ‘%’%'3}9&5} FHeo] o3 i ¥
#.2 xz=Fo|4 bending momentE =F |
2] 8}A| 5101 Fwia 22 FL95 et Ao
2k wlo] Yoz vrhyko(Figs.11-16).

Table 8. Average and maximum shear stresses in cement

(unit: Kg/ cmz)

post design
STAND LONG SHORT WIDE TAPER THREAD

load & stress
Pl  avg. shr. stress 0.110 0.097 0.149 0.076 0.132 0.103

max. shr. stress 0.390 0.350 0.495 0.433 0.337 0.273
P2 avg. shr. stress 0.456 0.460 0.644 0.345 0.817 0.578

max. shr. stress 0.888 0.885 0.881 0.937 3.088 1.144
P3  avg. shr. stress 0.226 0.200 0.333 0.189 0.299 0.239

max. shr. stress 0.566 0.462 0.618 0.541 1.233 0.448
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Table 7. Maximum principal and shear stresses in alveolar bone

(unit: Kg/cm2)

post design
STAND LONG SHORT WIDE TAPER THREAD

load & stress

max. com. stress -0.075 -0.107 -0.057 -0.077 -0.075 -0.057
Pl  max. ten. stress 0.424 0.518 0.303 0.427 0.422 0.309

max. shr. stress 0.454 0.568 0.437 0.511 0.508 0.440

max. com. stress -0.687 -0.632 -0.758 -0.660 -0.645 -0.761
P2 max. ten. stress 2.189 2.220 2.065 2.184 2.178 2.106

max. shr. stress 2.488 2.322 2.387 2.467 2.358 2.431

max. com. stress -0.288 -0.332 -0.255 -0.288 -0.292 -0.261
P3  max. ten. stress 0.896 0.893 0.851 0.888 0.773 0.808

max. shr. stress 1.006 0.965 0.971 0.999 1.002 0.987

) g39el 3H¥E

Plol 10kgsl 4+ 8%& 7Hstel poste] 3
wpyol Qg Aebdel FARE 139 $7
o] A7 AT ATl AHE A=T

del 33el 0t Ao w RS

15} o] S0l nylch(Fig.24). Pobare
= skgdl HaFE posts] Fhyel AR

Apold W Rof 3apA o]  FEo] wlA Wd
Hola Hope] & A=2FE ¥ cortical
bone$ uwtel o] ¥Ale) 53 Ao & FHo
ukAl skqd ok (Fig.25) . P3¢] 5kg 8hgoll osl4l
L poste] Fofiol a7 59 Aobd W
of 1a+e], zelx & A=2F A3 AT 2
o}Adol 3ake] F-H b wASIAct. &
AzF 1S ol 8ake ¥ S0l
2z 549l o} (Fig.26) .

2) LONG3e] &3 22

Ploj] 5kge] &-%5& sisled EFFel w3l
2 aze Foey YT gl vk A
Ae o1oick(Fig.27). P20l 3kg, P3el 5kge
a}Fo] HatEl AdlolA AzEah Aot e

2o st 22 el ExY3 vkt
2 post ah MmE Felel Aebdulel 13t
[o]
o

B A ZEo] wAlskE Aol Aozt A
(Fig.28) .

3) SHORTHS & E2

AzF e 2uExe ke Pl P2,

P304 77t $F Yo} LONGE 7} =f-¢
Abstgler. o Aebd W &8 FEE
2 postF¢eol] Faslo] P2o] o3 A=A
el Aobd ol 23], post shul Hhy
Aol 12y FH3571 A5k ok (Fig.
31). P30l 9oy = +5F A=Az post s
Az AetAl ulio] ¥ ¥ AHAF
A& Bo] Folch(Fig.32).

4) WIDEg 9| 3¢t 2

Azl e ok g3 whariAR gh&H
o] FlElAE Fo AzET YL wel o F
e 71§ AF S HAFdn AT
Fgr o7t HA o] Lxs: Ut
Aol o] L¥ Hxi= P1, P2, P37zt
A 373 fAstgl et Aot el FAs oF
o} post s} ey F99o §H FAF kel
%z ) 4 o} (Figs.33-35) .
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< WIDE# 3} v]s=3819l o} post sh} Ak
F9e] Aol oFeo] wobA S o] ¥ =iz
o] Aebd WE FAlslE Aol =gio}(Figs.
36-38).

6) THREAD3 ] Lejypz

Plol s st e 3ol A=
(Fig.39). P21} P3¢ 3}Fo= SHORTH
£ 227} vlstged, o avsh 4 F
i threade] =& F-9lolA 1-2i4e] 3 o] o
Aot o HWe 9z d& B4k sk
(Figs. 40, 41).
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¥ Aol /JOM 4°Lo}ﬂi 04 7loll XA Fo] A
o Ay ds 5343 F2REE Wdd &
Z 2t gko] st Al = wekat Al YA A
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Fig. 4 Ranges of shear stress.

Fig.5 Shear stress distribution of FEM model, STAND(P1).

Fig. 6. Shear stress distribution of FEM model, LONG(P1).

Fig. 7 Shear stress distribution of FEM model, SHORT(P1).

Fig. 8 Shear stress distribution of FEM model, WIDE(P1).
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Fig.
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. Shear stress distribution of FEM model, TAPER(P1).
10. Shear stress distribution of FEM model, THREAD(P1).
11.  Shear stress distribution of FEM model, STAND(P2).
12. Shear stress distribution of FEM model, LONG(P2).
13. Shear stress distribution of FEM model, SHORT(P2).
14, Shear stress distribution of FEM model, WIDE(P2)

15. Shear stress distribution of FEM model, TAPER(P2).
16. Shear stress distribution of FEM model, THREAD(P2).
17. Shear stress distribution of FEM model, STAND(P3).
18. Shear stress distribution of FEM model, LONG(P3).
19. Shear stress distribution of FEM model, SHORT(P3).
20. Shear stress distribution of FEM model, WIDE(P3).
21. Shear stress distribution of FEM model, TAPER(P3).
22. Shear stress distribution of FEM model, THREAD(P3).
23. Fringe ordérs of photoclastic photography.
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patterns, STAND(P1), 10kg load.
patterns, STAND(P2), 3kg load.
patterns, STAND(P3), 5kg load.
patterns, LONG(P1), 5kg load.
patterns, LONG(P2), 3kg load.
patterns, LONG(P3), Skg load.
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