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Investigation on the Effect of the Contact Model Between Dental Implastand Jaw
Bone on the Maximum Stress of Implant Using Finite Element Method

M. R. Niroomand Department of Mechanical Engineering, Payame Nbuversity, Tehran, Iran
F. Jafari Maryaki Department of Mechanical Engineering, Jami Ingitaf Technology, Isfahan, Iran
Abstract

In this paper, effect of the type of contact betwé#ge implant and jaw bone on the maximum stregvaduated using the finite
element method, quantitatively. For this purpo$e, implant and a mandibular cross have been modeledanalyzed with
ABAQUS. Investigation of stress distribution showedt under buccolingual load, the maximum stressis in the neck of the
implant and near the contact with cortical boA&er validation of the initial model, effect of ¢hcontact conditions on the
maximum stress is studied. Contact conditions oheléull osseointegration between the implant arel ibne and a range of
coefficients of friction that usually happens. Resshow that the maximum stress in frictional embtas less than 10% difference
with the maximum stress in full osseointegratiomteot. Therefore, depending on the type of the mdd# osseointegration
conditions can be used to reduce the computatos] or frictional model to enhance the model eacy

Keywords: Dental Implant, Finite Element Method, Friction @&azent, Osseointegration, Stress.

5 )692I<'= D )J48.E8675 G &
9R V+ ' * 3<38. 675 2 lel; 35 R'R _  LG)RA R
dF 9 A8 '& ?EFD( 675 ) 88s VR) 58 # 6 .18
8 I<'= H6C 675 "= 385 A% H*+ &9 4 ' AR DS DD
D HB; 3A% * 88 5R 8 < )R )8
- 675 . C @A+ 4 13( )8 (A7 60\R . < .)R' )8V

‘= f 675 dF 5N ( . H R# 3(

)R . /| A+*R9)_ 6&D 8
196=322C D ) S). 4 '45 ) C

)% ?]& )RaH(H 8R' 3 D(

' 9 675 5 N ()2 8 D 5V6+ 58 S (

D(8 J#1 675 5, 9 I. DR 9R H; 3"8',8 )R 675. |

) )8 g6= 5 4 9 5R AYR4A D( ~(< .)R ' )8
' 8l<4 4 BN h )R 675 R675 3 &8) "8 G 8) .?22C

' #(+ 8 B 675 '= 38 D ($*
675 5 ) 6,8 43 D(& J' 3<H6C! 8 . b2C ?2,S .

D)5 C )AR = "= 38 5 dF 9R 675 \c ' =

niroomand@pnu.ac.ir



<5)725629:;2 D5. &P

) 82¢ 8 BR2[ . 23 H6C =
nXj.L '= =S TS5EDKk |
)8 6 X =S. 23 D O 6
'& 4 E8jH(D (/L "=

b 2)<5)Fa8B22)E /: &P
* E2 2B12) 256 26 #2 256 2Fc9 : 2

M9 2)

[ 8 .| g $#) RaH(yC . R675
5R 8 . ) 675 ! b2C 3 D R
3 D <# B 8 6 x[/ 8*58
$#8H() 2.})R 6 wK FB) 675
Dk ( '& 675 E8H( D 6 Arx
3 Zarb
4 Lekholm
5 Abutment

+ 675 '= 38) ) gR$ 4

" 38-A0C " 8 +LR. ] " rF s

( # UFO' <S 84 3D J
8L '= 675 '( +' '3 D
D +1I ;'. 3 T8I )R '(
+) 5 675 '= 38$ 4

#(+ .*¥ % .. " 38)RY

#( HB = 5 4 3 D J' rF

R u dF B
vV vV vB v+ v8  v($Vv* 22C. ) 8
/v R. 4 43 . H 4 '8 AR

4v 3 2'A . >5) 8 D (

/v 1v v v v(-] 23 D <% ?0

v>5?v0 8C @A+ 4 5% 4 )R 4
Didi # B 8

77 H &
4) C 89=83

N () J# 845,

D # ( (

C C @AA$ ).
yC4 3 Gl ).

AB* . 32)l & &
wc w8 w lw< '=w . w&=8 w675 w8
3vy ( ;c* 8 A% )E8 208 #+
IF24 . b2C3 D ( 95 XH( ?EFB
4v kv v( /v ¥ z ;3 K
Lv'=v',8=8) T! .Ik'= )E8

D #H & c; *[ =

MCC ML
4 256 2 MKL2 Q51 *R 32). & P
<5) MO 9 :;2 MN
p7 =" 675 ' B 8
h nH( 4 3 D ( " { 4 -
D #

1 ABAQUS
2 First Premolar

1ir

675 5 4

Ci<'

noy



S 5C

0.35
\%
'IN.
+ (=]
w L
—~ ]
= &8
d -
=
o = 30°
d >
Gﬁ:
qﬁ
—

- ) S1IA) Xi2) 1A2YZ &P MO2) *E 229: A7 8B&P

8+ wx .83 XYY8 838 23 _ Do
BN o i ( - A ) v8v 6 n =S 8 1 208 -
vadv - v I Dv v() V¥ 58
A+ L2 & & v8v 675 4 a 2< . ES8 ~)

D# B I<' =
V %5R"+9( "+ " )R5 8E8 4 °8) 8

VE8 v8 v+ v8D ) 8'5 ( R& pH(

Mv2Vv. _v ;3 )R5 675 )R.!_ 825 T25U &6
4v % YR9=8)R'5 '8 ( D ( <#G % v5R 3v5RC @ Avv /
D 1 H;'.9R X v+ 3 N Dk (1<t T
D (
=2>2. 8 8# :85 82¢ T25U¢8 .7
W\B7 "
L6 $C V'S € 4
(MP3) ' (GP9
XY Yj Xj L '=
ix Yj Ajo =
XWW Y jx XYn $
njy Yine Pl !
C 8L 'A 8 8 <R R= o N
} D 2?21/ <3 {0~ = :
MO® :;2MN 4 256 2MKL2 A */. & P 8 L )R<88 BE <!)8X4+ (
<5)
A2YZ *R ) X;2) & &
vG v8 R *8"|‘8!_ )-J#8 8+ 8 ' 38' = . (4 9=8 ) #BH 8
v( /v VFM VRS 4v & Hv;'v.9R ] 28" = <84 3 5B'8 #30Q5R
vh v v v V<#?09 %5R" . V $* 222C : +3 8DR 8 )R ST5E' +
D # () 2 R86 R # )8 (
DR $* ?08 H6C yC
I 2)E &!&
W ) .- ! C @A+ 8 + 8
)83 88D bB H;. 2 . 8

D (/9 %SR' .. <#7?0). 4

noc



8u

E 8 R6C (89 . H2 a6CWwW * ©
D # 2 % 8" W ($* ?/ )R'S =
* '= L '= 9 2 G 38 <
JR'5 E ). 89 : ;D<# B 8 675
D ( '& oH( ¢g6= o
N~

©

S, Mises (MPa)

(Avg: 75%)
+8.072¢+01
+7.409¢+01
+6.746¢+01
+6.083¢+01

.»
Ty

K ay

LT
LTI

+5.420e+01
+4.758¢+01
+4.095¢+01
+3.432¢+01
+2.769¢+01
+2.107¢+01
+1.444¢+01
+7.811e+00
+1.183¢+00

-
3
*-

h )

40

Maximum Stress (MPa)

40000 50000 60000 70000 80000 90000 100000

Number of Elements

9: 28/ :58 P EL282BA3 )/-)0123 );8G\2) ]& P

\c 9 LR */'= L ‘= 2<?208 5 =& oH(. FB5R

,JRH( R'= 3 9 I. D s V+ <0 (W 8)1 R'S5 E &89 A<

L
'&
D

D( H;".9 A<

S, Mises (MPa)
(Avg: 75%)
+2.912¢+01
+2.670¢+01
+2.428¢+01
+2.186e+01
+1.944¢+01
+1.702¢+01
+1.460¢+01
+1.218e+01
+9.759¢+00
+7.339¢+00
+4.919¢+00
+2.499¢+00
- +7.880e-02

&
P " &&
9 :; R 675 ) J#1 H .
"A 8 675 9 2 T5E D R= 675
3 8D )5V 8 2 2H8B" $C
) . 8 (8 &89 2 2 R +
D (' 2 V+ 675
L ‘= 675 A '<9 1. )R 5
D (h XY , «)RH( V 8*/ '=
. H ) J#8C 675 t=& +H(.
675 '# 84 % Yo 8 &
S12) 256 2 8/- ";5-& P D <K/ L ‘= A

)JR' = 675 9 :; 2 2
X4 + "$ C 'A 8 %
5 J $C .Vv 89 2 R

noe



S 5C

. <

) /[E+

no,

9: 28K6 -X:2) 8/- )0123)8G& .7

¥X| Mj | Yp| | Kn| Y | VS
H | Kd | Xg | &4 | X | Kxji U Fo

9
o | ° ° Y . Y of oo Y
cjo | endw <YpY) XY| o [Ye x| x |Y]jp MPaf

"88. G 8
D

(L XXH( K<w 9 2

9: 28Q-b5) ]-)+28/-\2) ]- 2858 P

Hv v v; 9v v, v( Vv G] F 5R
4w w; 9w @ w;w ; sw 4 w %,|jo
3 8v8Dv vO4v %Yl|p v-Yp38 FO
JJevX3v8 FvO 4v vBHv 4 W \|7

) vRHv 6C t=& \|*'A 3 D(8 0

'v,v8Dv(8 vv 4% ?/ \R 8g6=
v C)VRv AR9Rv vG &8. )RH6C 4:

vB EB <c.D5 [/ H 4
UFROVVSVEB FWO4v.'v (8G ) T8
D8 "8/
A)Z &
3v8 V5 dFv 4v ) Jv#l 'Av & 2C 3
@Av+ 4vIlv v8 G 382 0' = 675
*vo v'Hv )Jw# 8vC' 675 . C
Dv(v 2v''W ). 54 D #
gv6= Vv2 v8 V(AO 54 P7 H 4 8
v v;iv & W DY(). (UFO V S
VR ~ vO0 XY. 5 FO4 8 H 4 9
9Rv ?v C'v. Hv 4 ;3 D8
vG v84v3 .' 8 .)RH6C 3 .DR

JWRwv AR9Rw D w5 /w
VR 828 Hv; v).v "8 G 6h .. 8 C
D "8) . BR. J ?0

#2256 28/- ";5-&(P
Haz2 &
675 38 5 dF H6C . HB
($* ). 8
HO; A '<9 . ;
2lpi 9 5R
D

8 Ik' =
2 G 38D #*
Pe W 8S; 4

(h nd+ ¢c8 ?]JcD #

> 54/-)0123):8G ;G &7

¥ = L '= 675

~MPaf ~MPaf MPaf 4

nhn n,Kn *Ypn S;b2C

w C WwRR IR w

wp X,[xx oj|oj i €

e ; 675 9 : ;R '& 8w

$* ). 4 CO."' 5 8D \|* kil+ 80

9 ::;8 54 1 (-] (
D # BS8.

- . )+_
lve v8 222C . ) 8 # (9
LVR v8]vi4v @A+ 3 675 '3ZF8H
9R 6Z H;'. 543 . / D ( H
VW 2) v<vKv/ VEB vQ 8 R
VvV v, V8Hv 4 W 9=83 3 .D(8
4vDv v(v2 v J' rF38 (A0 5
UFWO VvVvS4v5 v8vUFO'8 (AO 5
v(yvC U FVO V VS vO TV5E D (). (
DifXji v( <#G ') 8 WYX Kn38) C
$v* UFVOV vS3 . ! R 8)4 3.
D (h j4+ ¢g6=)R). 4 W D <#

> & &
F 5R

Kong



& @

[1] Natali A., Pavan P., Ruggero A., Evaluation of sdre
induced in peri-implant bone tissue by misfit inlthimplant
prosthesis. Dental Materials, Vol. 22, No. 4, pB83
95, 2006.

[2] Natali A., Carniel E., Pavan P., Modelling of
mandible bone properties in the numerical analgtisral
implant biomechanics. Computer Methods and Progriams
Biomedicine, Vol. 100, No. 2, pp. 158-65, 2010.

[3] Natali A, Cranial E., Pavan P., Constitutive mdiahgj -
of inelastic behaviour of cortical bone. Medicalgireering

& Physics, Vol. 30, No. 7, pp. 905-912, 2008.

[4] Staden R, Guan H, Loo Y, Johnson N, Meredith N.,
stress evaluation of dental implant wall thicknessng
numerical technigues. Applied Osseointegration Rebe
Vol. 6, pp. 39- 47, 2008.

[5] Abuhussein H, Pagni G, Rebaudi A, Wang HL, The
effect of thread pattern upon implant Osseo intégra
Clinical Oral Implants Research, Vol. 21, No. 2, jj29-
136, 2010.

[6] Kong L., Zhao Y., Hu K., Li D., Zhou H., Wu Z., Liu

B., Selection Of the implant thread pitch for opim
biomechanical properties: A three-dimensional enit
element analysis. Advances in Engineering Softws(,
40, No. 7, 474-4788, 2009.

[71 Lekholm U., Zarb G. A., Patient selection and
preparation. In: Braemark P-l, Zarb GA, Albrektsson
editors. Tissue-integrated prostheses: osseoirtagra
inclinical dentistry, Quintessence, Chicago, 1985.

[8] Wang X, Masse DB, Leng H, Hess KP, Ross RD,
Roeder RK, Detection of trabecular bone microdantage
micro-computed tomography. Journal of Biomechanics,
Vol. 40, pp 3397-403, 2007.

[9] Achour T., Merdji A., Bachir Bouiadjra B., Serier,B
Djebbar N., Stress distribution indental implantthwi
elastomeric stress barrier. Materials & Design,.\3d, pp.
282-290, 2011.

[10] Kitamura E., Stegaroiu R., Nomura S., Miyakawa O.,
In uence of marginal bone resorption on stress atban
implant a three-dimensional nite element analysisurnal

of Oral Rehabilitation, Vol. 32, pp.179-286, 2005.

[11] Duyck J., Ranold H., Van Oosterwyck H., Naert I.,
Vander Sloten J., Ellingsen J., The in uence oftistand
dynamic loading on marginal bone reactions around
osseointegrated implants: an animal experimentadlyst
Clinical Oral Implants Research, Vol. 12, pp. 208-2001.
[12] Giannuzzi L., Phifer D., Giannuzzi N., Capuano M.,
Two-dimensional and 3dimensional analysis of boeretal
implant interfaces with the use of focusedion beama
electron microscopy. Journal of Oral and Maxilloéc
Surgury, Vol. 65, pp.737-47, 2007.

[13] Chang C., Chen C., Huang C., Hsu M., Finite element
analysis of the dental implant using a topologyiroation
method. Medical Engineering & physics, Vol. 34, pp9—
1008, 2012.

[14] Guan H., Staden R., Johnson N., Loo Y., Dynamic
modelling and simulation of dental implant insemtio
process-A finite element study. Finite elem. Anglygol.

47, pp. 886-897, 2011.

[15] Norton M., Marginal bone levels at single tooth
implants with a conical xture design. The in uenasf
surface macro- and microstructure. Clinical Oraplants
Research, Vol. 9, pp. 91-9, 1998.

[16] Duyck J., Rnold H., Van Oosterwyck H., Naert I.,
Vander Sloten J., Ellingsen J., The in uence oftistand
dynamic loading on marginal bone reactions around
osseointegrated implants: an animal experimentadlyst
Clinical Oral Implants Research, Vol. 12, pp. 208-2001.
[17] Benaissa A., Chikh B., Meddah H., Merdji A., s
Bachir Bouiadjra A.. Effects of overloading in nieation

on the mechanical behaviour of dental implants.evals &
Design, Vol. 47, pp. 210-217, 2013.

1r

675 5 4

Ci<'=

ney



