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Abstract

Finite element stress analysis of prosthesis using wide two
implant versus standard three implant on mandibular posterior
edentulism

Kang, Baek—Myun, D.D.S.

Advisor : Prof. Kay, Kee-Sung, D.D.S., M.S.D., Ph. D.
Department of Dentistry

Graduate School of Chosun University

To reduce the risk of implant failure in the mandibular posterior edentulous region,
wide implant is suggested. But not all patients have the enough edentulous region to
instal the wide implant.

The purpose of this study was to compare the amount and distribution of stress
around the implant fixtures placed in the mandibular molar region, when using the
standard three implant with using the wide two implant.

Two finite element model was designed on the mandibular molar region. One was
designed with the parallel placement of wide two implant fixtures (4.8 mm diameter
x 10 mm length, SSII, Osstem corp.), and the other was designed with the paralel
placement of standard three implant fixtures. (4.1 mm diameter x 10 mm length,
SSII, Osstem corp.)

This study simulated that 200N were applied to the central fossa in a axia
direction, and 200N was applied to the bucca cusp tip in a 30° outward oblique
direction. Von Mises stress values were recorded and compared in the supporting
bone, fixture, and abutment.

The following results have been made based on this study :

1. Stress distribution was more effective in the wide two implants model.

2. The highest stress concentration occurred at the cervical region of the implant
fixture

3. Stress concentrated on the cortical bone rather than lamellar bone.

4. In case of vertical loading condition, stress concentrated on the loaded fixture, but
in oblique loading condition, stress concentrated not only on the loaded fixture but
also on the unloaded fixtures.

The results from numerical analysis concluded that wide two implant were more
effective than standard three implant in the edentulous molar region.
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Fig 1. Internal type fixture & Abutment Fig 2. Finite element model

Table 1. Implant system used in this study (Unit : mm)
Number
Fixture Abutment of
Model Implant
Diameter Length Collar Height
Model 1 4.8 10 2.8 5.5 2
Model 2 41 10 2.8 5.5 3
Table 2. The number of nodes and elements
Number
FE Model
Element Node
Model 1 341,797 249,697
Model 2 415,632 304,068
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Fig 5. loading location and direction Fig 6. Point loading vs distribution
loading
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Fig 7. Boundary condition for this study



B 532 48X (Finite Element Analysis) & F3st=d 23 &A%<l
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2 Fxslo] o] &3}tk (Table 3)
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Table 3. Material Property

Property
Material
Young’ s modulus (MPa) Poisson’ s ratio
Cortical bone 13,700 0.30
Cancellous bone 1,370 0.30
Titanium 115,000 0.33
Gold Crown 100,000 0.35
5. 28 24
B Ao A AFE3F COSMOSWorks 2006 (Solidworks Inc. USA) oA Ak
25 = B I7HA] Y =olA 239 (von Mises stress) & 7|07 2714

ndo] Hgw 4714 % CASEC dla] Agke, AdsF, g4 2 =9 &
XS vl BAET Ay AA 9] Fxe HAdSY AFFE AEst

7] 918 &8 SRAA (fringe plon) & o] &ate] ANE WA AT,

R R A ERE AY BEY g Z4S 9 A el A4
o oaimzel Aaligls wgA el obd 1ysk o] ab(AWE),c.d (@

= A
)2 4712 31 A (reference pomt)E Aota 271 2dl zh7ke] sk CASE
(e}

(a: 25 g4 WAktelA Imm PE'P b: ﬁ% AGA ARl Tmm &
c: A5 A WAl Smm s, d: g5 A ARl Smm s



Model 1 Model 2

Fig 8. Load location and direction in each model.

Fig 9. The reference points in supporting bone
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agtee Adstd A b = geol BRI, AUF, B wow
E_:]' H

29 19 A9l 2gA L ATl HAsE §82 v sk e v
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AA} &= A 130 D 91.1 MPa), 59 29 AH%oll= ugAolA g
Ak S0l AdiFy =l nlaiA Fule] §o] WA AT}
ZolA BAsHE Y2 v=qH. (A e Al 73.9 ¢ 32.3 @ 34.1
MPa, AL 38+ Al 202 : 109 : 102 MPa)

BAE dtE Aol 29 29 A b & 83 (202 MPa)o] AL
A stg Alel BEl 19 Fell 74 22§59 (24.6 MPa)o] AR
2919 A97E 29 20 HlaiA g RAke] fEjeh Ao® yERgo,
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AF8E 2 FEAF W o] - STl AA sAAE Agked AS
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Table 4. The maximum von Mises stress of model (unit : MPa)

Model 1 A PL Model 1 B PL Model 2 A PL Model 2 B PL

Crown 7660 6920 7660 5960
Fixture 49.0 130 73.9 202
Abutment 47.6 114 32.3 109
Bone 24.6 91.1 34.1 102

Model 1 A DL Model 1 B DL Model 2 A DL Model 2 B DL

Crown 822 1280 832 969
Fixture 49.2 130 83.6 215
Abutment 47.6 114 32.3 109
Bone 24.7 90.9 341 101

A: Vertical load B: Oblique load PL: Point Loading DL: Distribution Loading

2.50E+08
Modsl 2 Load B
< 2.00E+08 S
1) R
é 1.50E+08 Modﬁl 1 Load~é\ S
é 1.00E+08 Model 2 Load A S ~'-‘-'=
$ 5.00E+07 —
Model 1 Load A \;><‘
0.00E+00 : :
Fix ture Abutment Bone

Fig 10. The maximum von Mises stress in each case
Load A ! vertical load Load B : oblique load



A

Fig 11. Stress distribution of the crown under vertical load

A

Fig 12. Stress distribution of the crown under oblique load

2) AT oA &7 (Table 4, Fig 13,14)

2 1, 2 ¥38] 74 skF Al Buk AAF skE Al 2w ool Ho §F ghol
Uebgth (29 1 — 47.6 114 MPa, 22 2 — 32.3 : 109 MPa) 432 3=
Al FHo gEo] WAshs 9w AT TN Ev WAL stdelA Ak
AL Bk Al ol g Alet Aol Hi= uAb AuielA ol &8 ghel e
=

_10_



Fig 13. Stress distribution of the abutment under vertical load

von Misss (W
l‘ -

Fig 14. Stress distribution of the abutment under oblique load

3) A oA &9 (Table 4, Fig 15,16)

AAA MY S8 P st e BAJlel BE 1,2 9 RFoM A
= HAFE = DA AHE ARkl AFrE s F9elA $He] JFEH= F
3 o, FUARHNA AAF stF] A7t A st Al el vla] ok 2.54)
ol & Hul SHo] AT (22 1 - 49 MPa @ 130 MPa, 2% 2 -
73.9 MPa @ 202 MPa) 3 Y st5 oA 24 29 Ho §9 kol
e 11t 1.54 o) aA EE2HAT(FF dF Al 49 MPA : 73.9 MPa,
73AF &% A1130 MPa @ 202 MPa)

>«m-l;
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PR K.
Fig 17. Stress distribution of bone under vertical load.
a .
Fig 18. Stress distribution of bone under oblique load.
5) H9d Eel gE BT

(1) 4 stzo] 7t3lxl A9 (Table 5, Fig 19,20,21)

stzo] A4 ZhelR FolellAE AdEe] o] slHze] §¥ET 50%~100%
A vebge (29 19 39 - 8.47 MPa : 5.01 MPa, 22 29 H$ -
11.8 MPa : 5.47 MPa) stso] A3 7hfix HoolM= 2d 2(8.47 MPa) 7t
2d1(11.8 MPa)ell Blsll 20% o1’ =4 vebstom, =dl 29 1H 14A b
dellA 7hg & &9 #(11.8 MPa)o] Yersa, 2El 29 3w 1A afdelA]
b A& &9 30(0.56 MPa)o] dErsth shao]l AA shalzl H919] &)
AR e A A ek whae] &8 mh oF 5u) 7heF =4 YEbsh

(249 1 9 ZA$ 847 MPa : 1.77 MPa, 22 2 9] A% 9.51 MPa : 2.16 MPa)
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Table 5. The maximum von Mises stress of bone under vertical load  (unit : MPg)
Model 1 Model 1 Model 2 Model 2 Model 2
fixture 1 fixture 2 fixture 1 fixture 2 fixture 3
a 7.4 1.4 9.5 2.2 5.6
b 8.5 1.8 1.2 4.2 7.1
c 5.5 1.7 6.4 2.8 1.1
d 5.0 1.9 5.5 2.6 1.5
1.40E+07
1.20E+07 f
€ 1o /\
- = r'd
@ e \ —&— Model 1 no.1
2 8.00E+06 / - == = Model 1no.2
2 \\\ —a&— Model 2 no.1
2 6.00E+06 - @ - Model 2no.2
s \’Q ~—m - Model 2no.3
S 4.00E+06 —~ O
> : . p S °
2.00E+06 = — ol -
m-" . ——-—---nn
. —--m
w1
0.00E+00
a b c d

Fig 19. The maximum von Mises stress of bone under vertical load (no. :

fixture number)
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van Mises (N/m°2)
1,000e+007
325084005
| 850084005
775084005
7,000&+006
| 52508+005
1‘ - 5.500e+006
| 475084005
| 4.000e+006
3,250e+006

2,5008+005
1,750+006
1,000¢+008

Fig 20. Stress distribution of bone under vertical load in Model 1 (sagittal
section view).

von Hises (H/m'Z)
10004007
l 925000
BS0=4006
7504006
20004006
625024006
550024006
L 475024005
L 400024005
. 325024008

Fig 21. Stress distribution of bone under vertical load in Model 2 (sagittal
section view).

(2) AAF skso] 71alzl 4§ (Table 6, Fig 22, 23, 24)

AL stgol Zhal Rl A9-9 %%‘.’ ol =4 59 4% "ok oF 56 M =
A vebgoh (22 1, a 9 3% 7.36 MPa @ 38.6 MPa) &t%o] &A% 7laizl
el oo A 7}OH;<];<] oro g ol 28 mrh ok 20%% A eyt
om A st HlE Augor Al st wPHoR QI S dAdo]
I3 YA ExFch Model 29 19 14 bAoA 714 =& 38 7H(55.9
MPa)& YEFI Model 22 3¥ 278 cFolA 7 w2 &2 7115 MPa)
o] UtERSETH

Table 6. The maximum von Mises stress of bone under oblique load (unit : MPa)

Model 1 Model 1 Model 2 Model 2 Model 2

Fixture 1 Fixture 2 Fixture 1 Fixture2 Fixture 3
a 38.6 43.1 48.4 33.7 43.5
b 53.4 40.5 55.9 43.7 39.5
c 17.4 17.5 18.0 18.1 15.0
d 26.2 18.7 24.7 17.0 15.5

_‘]5_



Maximum von Mises stress of bone under oblique load

6.00E+07

5.50E+07

5.00E+07 —&— Model 1
= no.1
& 4.50E+07 - -+ - Model 1
% i no.2
g 4 .00E+07 Model 2
: 3.50E+07 no.1
o —@— Model 2
2 3.00E+07 no.2
S 2.50E+07 --m--Model 2
4 no.3

2.00E+07

1.50E+07

1.00E+07

a b c d

Fig 22. The maximum von Mises stress of bone under oblique load ( no.:

fixture number)

Maix: 9.108e+( von Mises (N/m2)

1,0008+007

925064006

| B,5006+006
775064008
7,000e+006

. 6.250¢+006
. 550064006
475064008
4,000e+006

. 3.2506+006

25006+008
1,7506+006
1,000e+006

Fig 23. Stress distribution of bone under oblique load in Model 1 (sagittal

section view).

von Mises (N/m°2)
1,000e+007
l 97504006
85004008
7,7502+006
70004008
BS02+006
L5 E00er00E
475084006
40004008
32504006

250064006
1,750e4008
1,00064006

Fig 24. Stress distribution of bone under oblique load in Model 2 (sagittal

section view).
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