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The FEM analysis on the loading
positions of implant restoration in tw o
different bone density

Jeong, Sin Young, D.D.S., M.S.D.
Advisor: Prof. Kang, Dong Wan, D.D.S., M.S.D., Ph.D.
Department of Dentistry, Graduate School,

Chosun University

This study was performed to compare the stress distribution pattern in the
crestal cortical bone and cancellous bone using 3-dimensional finite element stress
analysis when 2 different Young’'s modulusthigh modulus, model 1; low modulus,
model 2) of cancellous bone was assumed. For the analysis, a finite element model
was designed to have two square—threaded implants fused together and located at
first and second molar area. Stress distribution was observed when vertical load of
200N was applied at several points on the occlusal surfaces of the implants,
including central fossa, points 1.5mm, 2mm, 3mm and 4mm buccally away from

central fossa, and 1.5mm ligually away from central fossa.
The results were as follows;

1. In both model, the maximum Von-Mises stress in the cortical and cancellous
bone was greater when the load was applied at points 1.5mm and 2mm buccally
away and 1.5mm lingually away from central fossa than other cases.

2. In the cortical bone around first and second molar, model 2 showed greater
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Von-Mises stress than model 1.

3. In the cancellous bone around first and second molar, model 2 showed greater

Von-Mises stress than model 1.

It is concluded that when the occlusal contact is afforded, the distribution of
stress varies depending on the density of cancellous bone and the location of
loading. More favorable stress distribution is expected when the contact load is

applied within the diameter of fixtures.
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Fig. 1. Model 1(Left) and Model 2(Right).

B ATE AT FPosRd = Hew 5 AR & A AR FEe 1
AA Al 1, 20T A B Axw 99 Fel 2 mm FAY AEEE A
ok PR sl = A% Model 1S Type 1(Young’'s modulus @ E 9500 MPa), Model 2
Type 3(Young's modulus : E 1,600 W) & =28 A}t (Fig. 1, 2).
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Feta A8AS Fysted 2ok Qs B4 @A (Young's modulus : E)
2}4 9] H](Poisson’s ratio :y)= A5 A8E Faste] Table 1 o veRWH AT
9o} o] MAAo] wel HAo] SuH HAA RdE FAol} BEAo w7+ 244

S
b

Table 1. Material properties used in this study

Property
Materials
Young’s Modulus(MPa) Possion’s ratio( v)
Cortical bone 13,000 0.30
Cancellous bone ”Il“};fii %3((??5(())(();) 0.30
Titanium(Implant) 115,000 0.35
Composite resin 9,700 0.35
Gold crown(Type 3) 66,600 0.33
Gold screw 98,000 0.45
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Lingual

Fig 4. Measurement points of principal stress



m a4+44

X

M

1 ABFHA #F RolA Az2E 4 39

A #{F AT 200 N9 FAstFo] 7tald o XE A9 Von-Mises stressi
A 12 ol A Model 19 49 #Fa3 15~16 9ol A 2 3H(9.09 Wa)o] LHEFWH o
™, Model 29] A% g 15~16 F¢olA HNg(16.90 Wa)E eRATH A 20+
2ol Al Model 19 2§ a4 15~16 F-9olA H gk (5.76 WS e 2 H, Model
29 A9 Fa 15~16 F-9elA Hdgh(16.41 Wa)E YEFATE (Table 2~3).

sl Fo] A9 Von-Mises stress= A 17X oA Model 19 2% Fud 1 9
ol A (219 WS EFR O™ Model 29 A% Fug 49 13 oA Aoz
(0.84 W)= vebHILE Al 2t Aol A Model 19 4% i 15 F9olA gk
(1.29 W) E YEFR O™, Model 29 A% Fad 1 F9oA Hdgh(0.89 W)E EF
t} (Table 4~5).

A Fo| A HHFEHLE A 1R Tl Model 19 A5 Fugd ARHolA =
o] dojur, Iy 1~2, 16~1 F9olA HAhGFeol LA AT Model 29 7%
Model 13 Zeo] g AF-eelA 4ol dojum, Fax 15~16 F oA H ok
o] AL ATt A 2thFA 9] A% Model 1014 Fas ARgolA ¢hso] doju}

53] Fad 16~1 F-9olA Aol BA AT Model 29 74 9ol = Model 1
of Afet #ol FuH AR A GFol dojun, 53 FuH 15~16 F9elA
Hou g Fo] FAE AT (Table 6, 7).

A Zol A HARF3HE A 1HFA oA Model 19 A% Fud 15 F9olA Ao
Aol dojupm, iy 9 FHelA Hdistsol HAH AT Model 29 4§ FHA
59 15 F-$ollA Al Fo] dojum, Fug 9 FHelA HditSol R AT A
201729 4§ Model 1914 &= Zug 14 2ol Hdjdge] dojum, Fud 9 7
Yol A HugtZo] HAH AT Model 201 4= F1d 3~4 B oA A= HhaH
o] dojubr, i 9 F-ellA HgFe] AU (Table 8~9).

N

_7_



A#FAANA 15 mm @S A s8] 28T ol A== Von-Mises stress
= Al 1t A ol Model 19 4% i 5~6 F-9olA Hohgh(20.39 Wa)& HHERY
H, Model 29 A% 3 5~6 F-llA Hhg(30.77 Wa)o] A AT Al 20H
T Al A Model 19 4% i 4~5 F-9olA Hogt(12.08 Wa)E EFH™, Model
29 A4 Faud 4~5 F9olA HHg(30.75 Wa)E e (Table 2~3).

sl ol A9 Von-Mises stresse Alth7-A ol A Model 19 ¢ iz 5 Ffol
A H A (.70 W)= YEFWHH, Model 29 4-¢%= i 5 F-9fol A = o gh(1.85 M)
o WAt Al 2th - Aol A Model 19 - a3 5~6 F-9oll A 3 o gk(3.44 M)
E e, Model 29 2% i 4 F9ol A Hohgh(1.71 Wa)e] A= At} (Table

o

HAdF&HY A AdF A 19722 Model 1914+ iy 12~14 F9 oA

Hojl o], g 5~6 F-HolA HgSeo] ZAEAT Model 2014+ FHard 13
9ol A i Age], g 4~5 FolA HogFo] HAsAt A 207X A
odel 1olA & s 13 F-9ellA Hddgoe], s 5~6 F-HolA Hoi=ol
AT Model 2914+ iy 13 F9olA HdidAdo], Fad 4~5 F9 ol A
Ho 5ol YA ATE (Table 6~7).
W A 1A Model 19 49 g 13 F9olA Az HojedAol,
A 99k 7 F-9el A Ao gFo] LAE AT Model 2014 = FaH AR olA QAo
A8k, 538 FHax 5~6 F-HelA Hoil el AT Al 2t T-A 9
Model 1914 &= Fax AR-go A ddnte] EA3tH, 53] Fug 13 E9o0A A
o] Aol Aol MAFATE Model 200 % FHad HAFEYo A AFgo] FEA) 3,
8] i 3~4 F9eA Azl Hodge] LA (Table 8~9).
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Al 1% ol A Model 19 4% Fa3 4~6 F9olA 25 (24.46 Wa)o] “ERLEH,
Model 29 7% iz 5~6 F9olA HAg(E6.64 WS debl. Al 20 -2 o] A
Model 19 49 F31x 4~5 F-9ollA FHohgh(15.27 Wa)E YEFH 2™, Model 29 7
¢ FuH 5 FelA Hdl k(3593 Wa)S YEFRITE (Table 2~3).

SHZ o)A Von-Mises stressi= Al 17X olA Model 18] A% 34 5 F9 ol
A H (711 Wa)E HEFWHE, Model 29 ol i 5 F9ollA FHofgh(2.23

5 et Al 201Xl A Model 19 49 i 5~6 FHolA = ofgh4.45
Wa)& YER™, Model 29 A% iy 4 FHolx Hdgh(2.04 Wa)E e
(Table 4~5).

ALz A HANF8HE A 1t FA oA Model 19 %9 Fa4 12~14 F oA
Hojd o], g 5~6 FHolA HAgFol TAEATH Model 2014 = i 13
TRl A Hojd o], FaH 5~6 FA Hd Y=ol FAAT Al 2 7+A o A
% Model 1ol4 = FFarzl 13 F9folA Hud o], a3 5~6 F9olA Hult=ol
DA s T Model 29 7 -0l = Model 13 #2 FHolA Hd A3 Hof h=o]
LA sk T (Table 6~7).

iAol A H T2 A 1A oA Model 19 4 FHaxd dF9folA A%
v EA sk, g 13 F9eld Aol M AE At Model 29 A -fell=

ool A Ak EAjskw, Al 5~6 FHolA HAil o] A Al 2t
Aol 4 Model 19] 7Z-%oll %= oz Aol A <lavto] EAjstH, i 13 F-9]o
A FH gl o] HASE . Model 29 A $ol%= FHad dF9olA Qgvto] EA s}
H, Fag 3~4 FHel A Hojd o] A s (Table 8~9).

4

e

4. AF 3 mm FF5 94 B 35 FAA AzxF: 4 S8 X

A#FAANA 3 mm PGS WG FHel FASFol shElE w X E F A9
Von-Mises stress®= Al 1T X oA Model 19 A% Fud 4~6 EHoA Hgk
(38.94 MP2)S e ™, Model 29 A% #F%H 5~6 FHoll ) 7(53.00 W)= L}EFY

At Al 2o 2ol A Model 19 79 s 4~5 Fofoll A Hhgh(25.90 Wa)E e



W, Model 29 7% s 5 F9olA Hhgh(52.82 Wa)E YEFWHTE (Table 2~3).

s HFo A Von-Mises stress= #| 17+ X oA Model 19 A% x5 F 9o
A FHd k(1123 Wa)E YEFHH, Model 29 A fol%= iz 5 F9olA 2 oigh(3.44

S et Al 201Xl A Model 19 49 i 4~6 F9olA Hogh(7.71
W) E YER T, Model 29 74 i 49 6 FolA HdF(3.09 W)E YEFHTH
(Table 4~5).

AdEZo A AT A 1A oA Model 19 4% iy 12~14 F9 el A
H Aol ey iy 5~6 FHAA HoidFo] T AT Model 29 7 -
A 13 FolA HodFe] Yetu, Fad 4~5 FLo A HutEFo] 2
o} A 2l X ol A Model 19 4% a7 13 9 oA HuelAol ey, Fus
5~6 F9olA  HogtFo] HAFTE Model 29 745 a3 13 FHollA HdAA
ol etuH, Fug 5 FHelA HfgFol vetdlltt (Table 6~7).

A EAA HA TS A 1T A oA Model 19 4% iy dFEolA A%
ol EAekH, g 13 F-olA Hud Aol etk Model 29 B fol®= i
Aol A AdAvte] EAst, FuH 5~6 FHoA HdAdAge] yErstth Al 209
2ol A Model 18 7% Al 1of7-A ¢k o] g ARl dAnto] =i, 3
A 13 F9oll A Hdll o] YEFSTE Model 29 A% FHad AFEolA A%
of =AM, i 4~6 F-HolA Hd o] HEtRttt (Table 8~9).

=

2

4 ¢

> X

M

5 A# 35 mm 5 WA FA AF FolA Az

i

et
Ay
)

A BF Aol 35 mm A 5ol FAstFe] ksl dw A= Von-Mises
stress= Al 1t Aol A Model 19 74 -¢ Lzl 5~6 F oA o gh(40.80 W) E
e, Model 29 4% 3 5~6 9ol A (5560 Wa)E HEFWU T Al 2t
ol 4 Model 19 7% Fa4 4~5 F9olA o zk(26.88 Wa)E EFWE, Model 2
o] Ag A 5 FHoll A Hdlgh(54.68 Wa)E UEFWITE (Table 2~3).

S H Fo A Von-Mises stressE A KA A 1 F+A oA Model 19 A% tuH
5 FolA Hh(11.82 W)= YEFHY, Model 29 4% Fug 5 FolA Hgk
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(3.60 WP)Z ‘FEFWTE Al 200 F 1ol A Model 19 49 F3x 4~6 oA gk
(811 W)E YHEFUI ™, Model 29 729 F a3 49 659l A = 3k(3.39 W) & HEFI
t} (Table 4~5).

slHzo A HFEHLe A 1, 2o FA oA A Model 1, 2 25 A3 3 m P Hl
A RSl sk bl AE web Zo] AAwre] EAEGow, HUlAAe] YEE H¢
Y9etAl UEE T (Table 8~9).

!

M7 e F FolA NEEF 4 $Y BE

N
"
A
3

3

el
Ay

ABFAAA 4 mm WA FHol FHstFe] shsid W AL ZelA Von-Mises
stressE& AHEWH A 1 FX oA Model 18] A FHud 4~6 FHolA FHozt
(41.62 Wh)E “EFWH™, Model 29 3% a3 5~6 F-9ol A 2 tHak(57.39 W) E e
Wk Al 2t F Aol A Model 19 4% i 4~5 FHell A H k(2820 Wa)E HE}
W, Model 29 49 #F3ad 5~6 FHolA Hdlgk(56.45 Wa)E YEFWUTE (Table 2,
3).

Sl ZFo - Von-Mises stressES A3 B A 1t FA oA Model 18] 2%
5 F9elA Hdgk(12.10 Wa)E Ve, Model 29 72§ FHud 5 F9oA
(377 Wa)E ERHUTE Al 20l F XA Model 19] 4% Faid 5~6 F-9ollA Aozt
(850 Mr)E YEFUI™, Model 29 4% 49 6 F oA Hd (339 W)= YERWY
(Table 4~5).

ol HAF&HL Al 1, 2l F X oA Model 1, 27} & Al
02 15 mm, 2 mm, 3 mm, 35 mme°l 5] FAHIS A tFo] glo] AFR
EAE R e, HdAAY F9%= FdetA vt o, Al 2t Al A Y H g
o] i 5~67 13 F-ol A YESTE (Table 8~9).
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7AW L5 mm AE WA 26 #F RolA AxT 4 39 X
A#FANA 15 mm AZFow WA Pl FA%F] A W ABE A

Von-Mises stresst= Al 1t oA Model 19] 4% a3 12~14 FHoA ozt
(18.83 M) & “EFWH ™, Model 29 45 323 15~16 F9oll A =gk (28.35 W) E 1}
B Atk Al 20 Aol A Model 19 74 FFaid 13~14 F el A H o gh(13.23 M) E
el ™, Model 29 749 #3134 13 oA FHhzk(29.17 Wa)E e T (Table 2
~3).

s HZo A Von-Mises stressE AHHH A 1 XA Model 18] A% Fad
13 B9olA HzH6.08 WP)S YEFU Y, Model 29 ¢ Fud 13 F9olA Hdzt
(1.88 W)= eEbWTh, Al 207X ol A Model 19 2% #Fuxd 13 oA A3k

(4.49 Wpa)E YEFWN Y, Model 29 7% Farx 13 F9olA Az (1.76 W) S eI
(Table 4~5).

A"zl HFEHS Al 1Al A Model 19 4§ FHad 5~6 F 9 elA
Hojl ol vEbUM, A 13~149 15~16 FH A Hdih=o] YERS T Model
291 A% Fy 5 Bl HAdAdAol yEuy, Fax 15~16 FHA A A=
o] YEbRkt Al 2ol A Model 19 745 Fasd 4~5 Fofoll A HhdA o] e
uo, Fad 13~149 15~16 FH oA H 4ol et Model 29 74§ s
5 FHelA HuAdAol veu, Fud 15~16 FHolAM HUAFol ek
(Table 6~7).

ol e A5 2> Al 1Al Model 19 7% iz 5 FHolM A
ol ey, Faud 9 F-HelM HWd=ol yEls v Model 29 4
133} 15 F-9 oA o 14 o] ‘/‘rE‘r‘JrB%, Fax 9 FHelM HdFol dEsy. Al 2
2ol A Model 19 4 Fax AF9elA At vebdy, Fad 4~5 5ol
A Al Al YErs T Model 29 %ol Faugd ARl AT yerds,

13 FHelA Aol yErst (Table 8~9).

N
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Table 2. Von-Mises Stress(MPa) of the cortical bone on the Model 1

Load 1st Molar 2nd Molar

Position  Min. Point Max. Point  Mini. Point Max  Point
1 5.78 13 9.09 15~16 213 6~7 576 15~16
2 3.83 10~11 2039 5~6 1.76 9~10 12.08 4~5
3 495 10, 15~16 2446 4~6 212 9~10, 16~1 1527 4~5
4 889 9~10, 16~1 3894 4~6 2.29 16~1 2590 4~5
5 940 9~10, 16~1 40.80 5~6 234 9~10, 16~1 2688 4~5
6 990 9~10, 16~1 4162 4~6 232 9~10, 16~1 2820 4~5
7 336 2~3, 78 1883 12~14 0.78 8~9 1323 13~14

Table 3. Von-Mises Stress(MPa) of the cortical bone on the Model 2

Load 1st Molar 2nd Molar

Position Mini Point Max Max. Mini. Point Max. Point
1 9.85 8~9 1690 15~16 9.93 8~9 16.41 15~16
2 3.13 13 30.77  5~6 3.12 13 3075 4~5
3 484 10~11, 14~15 3664 5~6 5.00 10~11, 14~15 35.93 5)
4 8.77 10 53.00 5~6 9.09 10 52.82 5
5 9.17 10 55.60 5~6 9.63 10 54.68 5)
6 9.81 10 5739 5~6  10.11 9~10 56.45 5~6
7 3.35 4~6 2835 15~16  3.40 4~6 29.17 13
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Table 4. Von—-Mises Stress(MPa) of the cancellous bone on the Model 1

Load 1st Molar 2nd Molar
position Mini. Point Max  Point Mini. Point Max Point
1 1.62 4~5, 5~6 2.19 1 0.52 5~6 1.29 15
2 0.91 10~11 5.70 5 1.011 9~10 3.44 5~6
3 147 10~11, 15~16  7.11 5 1.431 9~10 445 5~6
4 268 9~10, 16~1 11.23 5 2.85 9~10 771 4~5, 5~6
5) 284  9~10, 16~1 11.82 5) 3.05 9~10 811 4~5,5~6
6 301 9-~10, 16~1 12.10 5 3.22 9~10 8.50 5~6
7 1.23 2~3, 7~6 6.08 13 163 77~84 449 13
Table 5. Von-Mises Stress(MPa) of the cancellous bone on the Model 2
Load 1st Molar 2nd Molar
position Mini Point Max. Point  Mini. Point Max Point
1 0.44 9 0.84 4,13 0.44 9 0.89 1
2 0.25 10~11 1.85 5 0.29 10~11 1.71 4
3 0.35 10~11 2.23 5 0.35 10 2.04
4 0.67 10, 16 3.44 5 0.64 9~10 3.10
5 0.70 9~10 3.60 5 0.68 9~10 3.24 ,
6 0.73 9~10, 16 3.77 5 0.72 9~10 3.39 ,
7 0.35 7~8 1.88 13 0.27 7~38 1.76 13
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Table 6. Principal Stress(MPa) of the cortical bone on the Model 1

Load 1st Molar 2nd Molar

position Tensile Max Compression Max Tensile Max Compression Max

all points 16~1

1 all points 1-2’16

1
2 95~16 12~14 1~9516~1 5~6 95~165 13 1~95155~1 5~6

3 95~165 12~14 1~-95165~1 5~6 95~165 13 1~95165~1 5~6

4 9-1 12~14 1~9 5~6 8~165 13 1~-8165~1 5~6

5) 9-1 12~14 1~-9 5o~6 95~165 13 1~95165~1 5~6

6 9-1 12~14 1~-9 °o~6 9~165 13 1~9165~1 5~6
13~14, 13~14,

7 24~77 5~6 1~2575~1 2~85 45 1~-285~1

15~16 15~16

Table 7. Principal Stress(MPa) of the cortical bone on the Mode 2

Load 1st Molar 2nd Molar

position Tensile Max Compression Max Tensile Max Compression Max

1 all point 15~16 all point 15~16
2  115~145 13 1~115145~1 4~5 115~145 13 1~115145~1 4~5
3 115~145 13 1~115145~1 5~6 105~155 13 1~105155~1 5~6
4  95~165 13 1~95165~1 4~5 95~165 13 1~95165~1 5

5 95~165 13 1~95165~1 4~5 95~165 13 1~95165~1 5~6
6 95~165 13 1~95165~1 4~5 95~165 13 1~95165~1 5~6

7 35~65 5 1~3565~1 15~16 35~65 5 1~-3565~1 15~16

_15_



Table 8. Principal Stress(MPa) of the cancellous bone on the Model 1

Load 1st Molar 2nd Molar

position Tensile Max. Compression Max. Tensile Max Compression Max

35~7513 |5 1-3575~13. o 35~5510. 14 |_s555 105 g

1 5~1 5 5-16

2 1792100 g 95~10 97 all points 13
3 all points 13 all points 13
4 all points 13 all points 13
5 all points 13~14 all points 12-13
6 all points 13 all points 13
7 278895 5 198595 9 all points 4-5

~1

Table 9. Principal Stress(MPa) of the cancellous bone on the Model 2

Load 1st Molar 2nd Molar
position Tensile Max Compression Max Tensile Max Compression Max.

1 0=> 515 85~95 9 ¢ 3~4  85~95 9
2 all points 5-6 all points 3~4

3 all points 5-6 all points 3~4

4 all points 5-6 all points 4~6

5 all points 5-6 all points 4~6

6 all points 5-6 all points 5~6, 13

7 6=/ 13,15 75~95 9 all points 13
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Load A-Model 1 Load A-Model 2

Load B-Model 1 Load B-Model 2

Load C-Model 1 Load C-Model 2

_17_



Load D-Model 1 Load D-Model 2

Load E-Model 1 Load E-Model 2

Load F-Model 1 Load F-Model 2
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Load G-Model 1 Load G-Model 2

Fig. 5. Buccolingual sectional view of models.
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Fig. 6. Stress pattern & maximum principle stress on the cortical bone.
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