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A three-dimensional finite element study on the effect of hydroxyapatite coating thickness on the
stress distribution of the surrounding dental implant-bone interface
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Background and Aims: Hydroxyapatite coating has allocated a special place in dentistry due to its
biocompatibility and bioactivity. The purpose of this study was to evaluate the relation between the
hydroxyapatite thickness and stress distribution by using finite element method.

Materials and Methods: In this paper, the effect of hydroxyapatite coating thickness on dental implants was
studied using finite element method in the range between 0 to 200 microns. A 3D model including one section of
mandible bone was modeled by a thick layer of cortical surrounding dense cancellous and a Nobel Biocare
commercial brand dental implant was simulated and analyzed under static load in the Abaqus software.

Results The diagram of maximum von Mises stress versus coating thickness was plotted for the cancellous and
cortical bones in the range between 0 to 200 microns. The obtained results showed that the magnitude of
maximum von Mises stress of bone decreased as the hydroxyapatite coating thickness increased. Also, the
thickness of coating exhibited smoother stress distribution and milder variations of maximum von Mises stress in
a range between 60 to 120 microns.

Conclusion: In present study, the stress was decreased in the mandible bone where hydroxyapatite coating was
used. This stress reduction leads to a faster stabilization and fixation of implant in the mandible bone. In
concluded that, using hydroxyapatite coating as a biocompatible and bioactive material could play an important
role in bone formation of implant- bone interface.

Key Words: Dental Implant, Hydroxyapatite, Bone
Journal of Dental Medicine-Tehran University of Medical Sciences 2014;27(2):78-83

Sl u“’)?‘l 09,5 ~ Sl Lawdigo 04l — ]l Cariio g ple oKl —plKia Lls —cdls) lise =5 1 ghume Al3e t
Hadi_shirazi@mecheng.iust.ac.ir :Ksq Sl Slis YWFRIYYA & il

YA



www.SID.ir

Downloaded from http://journals.tums.ac.ir/ at 7:45 CEST on Monday June 30th 2014

DD‘)(SMA Lo)_\aau ).«5.596')])“» b.)l)).u.o‘ d)l.lb U»Lo..)élawd‘).‘ol )bwe)y): WLT @59)_\.@ L)’“"'“"?" Ceolus )Jl =33

sAS>

35 any (Sbplin ) (gloag ool b s g ()5l Gy S 4 Sl slacilia] 59y p Cill S pum gla iy 1BAR § Ao
D92 a0 ledl BT 39y 4y S lgsin] (5 @iy bl wSgyn Gide Cwlus Sl awyy ddlas opl jl Gan losly olass]

B oy 390 39350 Slell gy 0 (S0 il (59 3 09Sn Vor B+ 03l 53 bl (S gyum by caslins Sl dlie nl 5 t oy 3 (99
Golos g9 5l s cliesl g ¢ il J&s GBI 3 5,68 ms 4 SO 5l JSiie (ol S8 lgsminl | gllad G ol (sdm dw Jdo . )S
0,5 3BT Sotial (6)138,b cos g (gjlwans woSU l58ls 5 4> Nobel biocare

ol G 4 ol 03,5 ) JI5,65 g (omihul (sl lgsil (sl ygySue Voo B 0jl )3 ider culius —jplogygd (5 diud lages tRAEL
We e o) 0 Ly Cualius puizmad b so ialS S8 lgscinl jple (g8 (i i cusbl (wSg)n Gidgr cualbus i3l b a8 sy olis
IS aled 4y jialey8 A5 Al 3 (S FmMe Sl 9 Jp S LIS @8 95

Prgw Cali g 6yl cel Ji el ppl & cdl jials S8 lgiul 3 i adlae ol 5 el S gy Gide I eslitul L :Lg,ﬁfs\:w. e
Py ot L8 Klg5 o Judiwn) g B jlocn ) o3l lgie 4 coibl S gyhn g I oolitul 39 oo (6 S35 o & gl ) cilse]

o OlgSee by ol dlar 18,5 15 a2 5y50 b oS ol
bulyd g dwdin (VAN 1) ploseinl (i85 50 (Sen 9 3)Sluen
255 o)l gzl —cilooal o ol oleS (1258 9 (o) (S50
Olge dr d9amme ol UL gy 5 Lacadguoms ool 224
s o BLbl slacsl 5 cilial Jlos sl ol o paslis
s

SelS 2l Slass cilial g Cotll Ss 0 sy
9 0 sximd LSS Couw odle «uibl (a8 g dum 3,15 (clod xS
(e Fw () 93 4o 4S8 Bl (a plusl g Sllge ol
03l ol dgs BB (VW) b @lio 5l gl sl 5 (VVAY)
olse 4 gl o ol (BBl ol ()55l bs 4
el (58 g Syl g Sl lacikel g bggy Jide
oala ! Lacilios) g Lajiay oyl 50 odliiwl 550 (slacSiol g
9 99 (e ol sl Cungd lgoisl Cil] (uSg)aem 295 o0
48 9o el g WS o0 S0 20 1) (SiluplgBel g 08 ilos
g i S Ay Sg2ge sl SIS (9,0 4l
Jols pgdlae (Sutue 5 08 (e dloml ploeinl b (soniitune
(VF) 255 o0

S o slagide Cwebus Jl Jlos @illas (pl | Gaa
Voo e Fo oo lacwbus gy eSee Yoo b o3l cusl]

va

58 Uiy g —ilimy) oles g (6l sl
Olgiusl ail] wSgpame Sl caliay) (0l auS

Y- F/N0 sl Al Y/ F/+0 ks Mol AY/-A/YD 1 Jgeog

CV R

NELaghon @l el (30b plye 4 Sl il
L9 Canljloyen p (sloig Caonl 5l (S50l dinej 40 a8y Cuwd
o=l b asS e Wl 1y ol ddyy iss S8 gzl o (6,45 ,0,8
PO 05y Sl slacdde! 5l edlawl j3 0 Mo 2959
anp oo JUisl o GLb sl 4 it jobo 4 s> |
OlRiagh sl (s el )3 (5 @59 (i p S Omen
09)) E9- 9 dwlin c(\) o o OJ)S u.l> .)95 LY ‘) uL0.0.’xn 9
sk yiall 51 (A) 355k 9= 5 (F-V) S8 Sl bl slac il
Slllas plosl ccl a8 Wil oo lgseinl (a5 mse g 3,5t
slacbol 3 (s @iy p bl ool Gl 8L 5 6l
ol 0153,8 Slss

St ySand g aasaaS ol (Bg) S dgame lall 3L
Asb o i) BlLLI sla sl g el [ i a8 o8l
Libgy ol (gldwdin ¢ i );1 OI}»’@ 99y O 51 ealazwl L
2 o Pl 5 1, S (s5e Lo 5 iliseo slas 351
ardl ol 51,8 adllas 3y90 |y conl dsjmy g i aKislejl Ll
o‘)_A.lb @L&D}B 9 u%bsm lJ U"’9) L)”‘ &S ol )5.5 LY ul.)‘L.v


www.SID.ir

Downloaded from http://journals.tums.ac.ir/ at 7:45 CEST on Monday June 30th 2014

(\\""\\" uquU Y D)Loa:) Y 0)9.))

Od Sloyd (iligy Sless o (Sibj pole olSuisly S50l alore

Syo (SwilSe polss
SwYl Gyaio dy Gaiod opl o ok 48§ )5 4 dlge oled

Solle oled N Jgas ol sl (5,8 Ko 5 3, Skueds ¢ Jas
a3 o oyl 1y dlge

(VF:Y) alg0 (Silse olgd ) Jgoo
&L& Jg.&o

oWwle o o GPay odbo
AN Ve poslis
I ¥ IS8 oy
< I¥) VY ool gl
-IYA 0 TN oy9b HA

owlos Loyl i

M8 L ol 028 gl —cibas] (poles <y sl
by Opgo JolS TN e e Spgo dy gl Siiplgiusl oS 85
48,5 5Ly 00 il MlS” o 4y ole 13l oy s 1 i
33,5 Jlesl /¥ Slasl 5 b S Kl

i bl 9 5,135 ,b
028 Ao Ol den ) S8 gl ol v olbal
b Cudgdome Jdaay 35 SO Jdo (6)LS pdaw 93wl 0
Foo ghaw 390 Cup R 2lAl Ojpe 4 IS slagli
Foxt 90 WIN (5958 S g0 (5L b 48 S )las >
By ol e 4 s a2 )3 W) 4l g JIsSid oS amio )
N (Sl @9y S0 NV AN (lib (o3508 (5950 S ol 0l
10) 15,8 Jloel caasll 2 Nomm Joleo jgleiS S5 4 YV/0F
5 =Y Sl 55 j5an 2 Jlesl g9) (Sl ()15 g0
ol o3l s (o =Y UK )0 caasll 4 odd Jae Jolee £gy0

)l odli_wl L; S ul}?o.wl iy &P » 09/5\:.‘0 Y"9 YA+ Y-

g dgixe ul.o.“ 009y

e 0‘39)

§3lmdao

ABAQUS 6.10 1581055 jl seama lall bey &) el (sl
odlewl (SIMULIA Corporation, Providence, RI, USA)
alises glacwbus (0 S8 lastiwl 5D ® g5 aSL) > 4,8
Sid plogiwb ol oled romes g bl by
L8 g (s el g 4o ) (L
k8 L (Nobel Biocare, Branemark, Gothenburg, Sweden)
—cibayl poled o 3 a8 c8 )3 ), 8 ealiul 3y90 yie Lo Y/A
3)9—0 093y Jidg el o 485 )13 )d do LSy g0 & sl
N LS g e Lo <Y 10 glas,l L V-3 glaisjed g4 5 oolatul
s (V) o)len g Kong Lo wgs sddiplos! saiod (o oS o i
g dodin ) JS b QBl g ye5 e dlde )3 A5 @i cn ke
o ad o lis 1y adlles jd 0a s 005 HLS & cilios] ol
ol Jold by S ) (ide ©jg0 4 o 3 il
ol ezl Bl bl s e L VO-Y cuobus b IS5,
23,5 gilwand (Sl CT lasdly bl y

= ;l‘?‘;‘“"""j
)

.9 mm

Colnog ! dlasl g Ao -y IS


www.SID.ir

Downloaded from http://journals.tums.ac.ir/ at 7:45 CEST on Monday June 30th 2014

oa‘)'k_f)to Lo')_\,o?u )153 9 d)l)-:-“’ obl)'):'u.ol daLm

e oled o Sl )3 15 @55 Sl Sy hem by Cuolsus Sl )y

Gy 5 Whaily

Sorkp idy blize slacelus Jl ol adlas )
Ol @l B B () 2)90 (S bl 59y iy
89y = Sl S g)hm sy Culbis (il L &S ams
9 JUSs8 slaglyzanl 2 5plecigh i85 dinde Sl Cilial
sl Ol jpleogh G g T USS b (iRl (il
yeg e Voo g (] =V ISC) st S VA iy Canlies
4S8 am e oL @l eiomen a3 o0 L5 ) (0 -V JSS)
4 VIYY MPa 5 FA/YY MPa pslie L jhlacygd (15 o b
A8l e @l o ol 9 S8 laglsil lp oy
Wbl e Gibgy (g Cilen] &S

O955we YA+ Cuolies (]

09550 Yoo Culess (o

U535 3 2ol S Iy ji2laogh G5 j5518 - U5

AN

For 2 Jles! 5,05 (A

\] 90 N.mm
113 N\

Clod bl ay ouwd Jiie Jolro £94m (o
K] (5135 3955 Y IS

S22 oWl
eals oLl VOBAFY 5 alais YYYAS I oty sloll (sl
— il oles Jlasl oo G148 1555 odlitl 5kl las
Ol &l 1S5 4 LS 08 wlal (658> e ploeial
i e Dy il Fon — el ol olily ladl sl
) Gy (g (S5 cilposl s Slabad )3 5 jlude Y gl

w3 oo b b lal sl yss 4 a5

Bl 3an ki 2 a2 g3 b 5ialoyed (A dipdiey 5230 Y Jgia
Oigy (9 Clpey] s )3
Y¥.AsA VOOAFY  AFfY. dalad
olell ol ool
YVa/A YY O YSEIY Cuilyoy)]
\A7A¥ FA/YY YAI¥



www.SID.ir

Downloaded from http://journals.tums.ac.ir/ at 7:45 CEST on Monday June 30th 2014

(\Y"'\\" ULWMU Y D)Loa:) Y 0)9))

Od Sloyd (iligy Sless o (Sibj pole olSuisly S50l alore

ohLSen g Jiang <Li)l5 5 sdel cowd 4 by b adlllas oyl
sl mlio ks (VF)

e (npeS A4S Aok e il gzl Shlesh LIS Ainde
ol > (il g S8 ozl sl plegys GBS dinde
Uidgy Cwlses (0 VAP MPa 4 YF/YY MPa sy 4 adles
Gl oSy 4 Y g 7Y LialS oS sel Cund 4 9,Sue Yoo
23500 o jlamd o ol |y (ol g JIK5568 sl oyl
b odalde (6 5mMe jileed D Ay Slpss VY U S o5k
CLol 48 d) oo oS (e by SiPPSS 4 g b &S
FAY) wil pewlio g ge o3l opl )0 Liubey Cuolbus

35

25

(MPa) 33le (198 i Al

15 r

(wm) Cbl nSgyien Gidy Culbss
sl gl (1

50

a6

2
40
38

36 r \

(MPa) j3lo g GiL5 Al

34+

32 r

30
0 20 40 60 80 100 120 140 160 180 200

(hm) bl Soin Side Culis

JB 555 lsin! (@
by Calbud—5alo0igh (A dilen (ke —F JSUd

2 pleygd GRS At 35 g0 sdalie ¥ ISS )3 oS jshailen
OldylF L as aad o gy ol5elS (Sod5 0 S8 lgsctnl plaw
Ol i x5l owizmen (YAFAY) Adl o ollay > aiiS
= Slesl gy Jliie oy b &5 CB)S dons (ylg7 o 0 02l
S 36 Jgl 0gjy 45 33,5 0 3)lg adgl (slaogsy 4 Shus sl
A Ay pow 0g)) S oo Jaod 1500 (sloog)) & Cuws | (gt
oles a olinl laogy 4y cons |y 55 has (15 @98
sl adlaie oy Gl o8 Al e e ol S0k o8 5135 e
g g el adgl slmogs) (bhiis ool o ol)b g oo
Sibge ol b wled jd lgseiul
35555 5 e sloytebyly 5 S5 5 (xdaw (25 Canols 5
gaw p Sl s 4 J5dsS jgas 59, 00 e 4 gy 3)Sles
2 2o B9 58 JiiSeny mired g (b e b wled )3 039
DOA) ol Hloyes g slogss cusnl 51 laseinl —cilia] S e 50
bl muSgyn yide 48 amd e s atiiS lidss
T Sitaigey oSl eyl J556 gyls 1l o) sl o]
lord 5 558 ol o (Ksh (i ¥ i b ceslie Lol
S Ol Oyt 35 ()50 sl eyl (VAN ) wsl oYL
Oider bl > b aaw ) Bygel B jeis 5 Jidgy xdaw
€35 5 Sl S5 ke M5 by & dtunly o Gl Cienl Pl
S9) 1= Dby 593 (Sl Able Ciloms] 3 ol (B3RS
Loyl ales 5 4 A 3b o 55 ISt (sl Sld slacialyey]
(Y1) 355" o)Ll calanl = gy 5o 3 S 59)See bl 5 536
G2 Olgie @ olgin 1) Cll (onSgyhn Hiibg Culbus s
e ¥ S8 0,8 oo 0as )5 else yy 5135,50 sla el )
by GorSen Voo U el iy (dlacelbes (gl jalegsd pis
Shs clio] it el i ¥ S 1 oS jglailen
9 JLK5,58 ool ) juleygd (s apdn ) Lials cel
We 505 )0 Culbeis piomad 30,5 0 (ot (gl
A hales |y (6 5mMe jhrlegyh GRS Aty Ol 9 Sue

2 Gy Calbs sy jileyh AT Ak OlyusS Jidg

AY


www.SID.ir

Downloaded from http://journals.tums.ac.ir/ at 7:45 CEST on Monday June 30th 2014

0315 SMo L jiosme 185 g (gl 0l a0l (o0l

e oled o Sl )3 15 @55 Sl Sy hem by Cuolsus Sl )y

Cald g b cy s il S g)hm 0l 2 0gMe
by 9 S S daghios g Laglgal gaee (iso b )kl
13 i e il 1y o] —Cailyanl olod s 53 oSl
7= bl S g hn by 485, S bl lyS e 4o
Syl (SlS glao S g (b o ene B Sl glacilie]

1- Yang J, Xiang H. A three-dimensional finite element study
on the biomechanical behavior of an FGBM dental implant in
surrounding bone. J Biomech. 2007;40(11):2377-85.

2- Kong L, Liu B, Li D, Song Y, Zhang A, Dand F, et al.
Comparative study of 12 thread shapes of dental implant
designs: a three-dimensional finite element analysis. World J
Model Simul. 2006;2(2):134-40.

3- Atefi E, Mallakzadeh M. Sensitive analysis of length and
diameter of a dental implant with respect to stress distribution
in the bone around implant by using finite element analysis.
16th Iranian Biomed Engineer Conf. Teh Uni. Med Sci.
Abstract No.2. 2010.

4- Rubin PJ, Rakotomanana RL, Leyvarz PF, Zysset PK,
Curnier A, Heegaard JH. Frictional interface micromotions and
anisotropis stress distribution in a femoral total hip component.
J Biomech. 1993;26(6):725-39.

5- Moreo P, Perez MA, Garcia-Aznar JM, Doblare M.
Modelling the mechanical behavior of living bony interfaces.
Comp Method Appl Mech Engineer. 2007;196(35):3300-14.

6- Dammak M, Shirazi-Adl A, Zukor DJ. Analysis of
cementless implants using interface  nonlinear friction:
experimental and finite element studies. J < Biomech.
1997;30(2):121-9.

7- Weinans HH. Mechanically induced bone adaptions around
orthopedic implants. Gegevens Koninklijke Bibliotheek.
Netherland. 1991;Chaps 2,.5.

8- Kayabasi O, Yuzbasioglu E, Erzincanli F. Static, dynamic
and fatigue behaviors of dental implant using finite element
method. Adv Eng Softw. 2006;37(10):649-58.

9- O’Mahony AM, Williams JL, Spencer P. Anisotropic
elasticity of cortical and cancellous bone in the posterior
mandible increases peri-implant stress and strain under oblique
loading. Clin Oral Implants Res. 2001;12(6):648-57.

10- Meyer U, Vollmer D, Runte C, Bourauel C, Joos U. Bone
loading pattern around implants in average and atrophic
edentulous maxillae: a finite-element
J Craniomaxillofac Surg. 2001;29(2):100-5.

11- Nayat AK. Hydroxyapatite Synthesis Methodologies: An
Overview. Inter J] ChemTech Research. 2010;2(2):903-7.

analysis.

AY

S 5 Al
Db b Shos slacdel o pibe e cilies] duglie

Cpl] (aSgphen sy 45w o Lt Sl g am
ol Blybl gl 3 Calisl P cont el (iS5 gals oyl
20,5 o Cilsal 5,80 3 5 pladl yloj al SolisS aisyd o

&b
12- Cengiz B, Gokce Y, Yildiz N, Aktas Z, Calimli A.
Synthesis and characterization of hydroxyapatite nanoparticles.
Colloids and Surfaces A:
Aspect.2008;322(1):29-33:

13- Herliansyah M, Hamdi M, Ektessabi A, Wildan M, Toque
J. The influence of sintering temperature on the properties of

Physicochem Eng

compacted bovine hydroxyapatite. Mater Sci Engin.
2009;29(5):1674-80.

14- Zhang C, Leng Y, Chen J. Elastic and plastic behavior of
plasma-sprayed hydroxyapatite coatings on a Ti-6Al-4V
substrate. Biomater. 2001;22(11):1357-63.

15- Faegh S. Mechanism of load transfer along the bone-dental
implant interface. Field of Mechanics and Design.Thesis NO
MA 02115 The Department of Mechanical and Industrial
Engineering. Northeastern University. Boston. Massachusetts
2009.

16- Jiang W, Wang W, Shi x, Chen HZ, Zou W, Guo Z et al.
The effects of hydroxyapatite coatings on stress distribution
near the dental implant-bone interface. Appl Surf Sci.
2008;255(2):273-5.

17- Omidi S, Bahmani M, Shafiei N. Finite element analysis of
an ultra-fine grained Titanium dental implant covered by
different thicknesses of hydroxyapatite layer. Ind J Dent.
2013;4(1):1-4.

18- Mancini CE, Berndt CC, Sun L, Kucuk A. Porosity
determinations in thermally sprayed hydroxyapatite coatings. J
Mat. Sci. 2001;36(16):3891-96.

19- Sun L, Berndt C.C, Gross K.A, Kucuk A. Materials
fundamental and clinical performance of plasma-sprayed
hydroxyapatite  coatings. J  Biomed Mater Res.
2001;58(5):570-92.

20- Tsui C, Doyle C, Clyne T. Plasma sprayed hydroxyapatite
coatings on titanium substrates Partl: Mechanical properties
and residual stress levels. Biomater.1998;19(22):2015-29.

21- Farnoush H, Aghazadeh Mohandesi J, Haghshenas
Moztarzadeh ~ F.  Modification  of
electrophoretically deposited nano-hydroxyapatite coatings by

Fatmehsari D,

wire brushing on Ti—6Al-4V substrates. Ceram Inter.
2012;38(6):4885-93.


www.SID.ir

