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Effect of Implant Length on Bone Stresses
Using 3D Finite Element Analysis

Mhd Luai Morad*

Abstract

Introduction: Occlusion and biomechanics are very important considerations , which affect implant-
supported prosthetics design . Finite Elements Analysis is a valuable method to analyze stresses around
implants. The purpose of this research is to study the effect of implant length on bone stresses around
implants, and and to comparing their values with the maximum bone-accepted values .

Materials & Methods: geometric data for lower jaw, dental implant, abutment, and the screw wrer
inserted to a computer. Cosmos software was used in order to conduct finite element analysis. Then we
applied a static force, which was 80 Kg vertically.

Results: The results of this research are as follows:

1. The stresses were concentrated in the crest of alveolar bone, and they were decreased along the
implant length.

2. The highest stress value was in the node 3785 (74.974 «-15.791 « -381.26), which was 418.31 kg/cm®.
Conclusion: We studied stresses in the bone around implants by finite element analysis. we applied a static
force 80 Kg vertically which represented the avarege bite force value in human . The results showed that
stresses were concentrated around the implants in the crest of alveolar bone. And The results showed that
most stress value was kg/cm? 418.31, which was less than the value accepted kg/cm? 750-1130 . Therefore,
we can use dental implants safely if we apply the protocols correctly.

Key Words: Dental implants — Finite Element Analysis — Stresses.

* Fixed Prosthodontics Department, Faculty of Dentistry, Damascus University.
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Material Characteristics alsall (alsa
peslial) o3t Ayl alsdd) : (1) Jsand)

Component Name: deyll
Material Name: Titanium
Property Name Value
Elastic modulus 107873150000.000000

(Kg/em?)
Poisson's ratio 0.350000
Shear modulus 79000000171.365005
(Kg/cm?)

@Al alsall Al 38l Galgdd) :(2) Jgaadl
Material Name: ol alasll
Property Name Value

Elastic modulus (Kg/cm?) | 13140911000.000000
Poisson's ratio 0.300000
Shear modulus (Kg/cm?) 79000000171.365005

sl
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cadily cala¥) AN dggiiadl yualiall Jilaty (alall
andy cdiall iy (@l Goaay GAlly) Bl
ae ild jualiall e oS 2e I Jaud) Slall -4
paic 142664 yalisll sacy Gaic 25767 il
alaally deledlly dey3l Aliadl JISEY) cubaels o
Jalas (e 52l JSI 4881 gall 4808 0al ailiadll (o)
38 by ((Bijall Jsaadl B3y Gulsy daaiy Ayl
G5 i gt ay 48 80 Jolad dunjide AL
ol dga cwilS Cela)Y) dihie B ol die el
g5 ol ek 18y auile daleall o dpsec
Al i)y Al e paie J8 G @lleal)
B algal e oY Ay jnall Aadll lemsen b))

.1 750-1130 Kg/cm® sas ¢alaell aleaty

Cudil) g daleally i) ds )3l C.U.u : (2) Jead)



Al ye B

20204le — JsY) 2aall = & sDUls aalid) slaall maall aglall Biied dasls Alae

S5l cpellh deyilly sl mha e
dihic g gl Gubi ddhie 8 aball Clilgay)
Lddl 5 a8y deyl) (3ie ddlaie b (ol ¢ AL alaal) A
peaeLuay Eazhil R Eskitascioglu, G e <lly &
Gie Jsa & hlgaY) e ol aad) G 15T ol
Chaiie b g5 Adausiall clalgay) Gl L 44 a3l
& Sy Laall GlalgaY) Jads Led Lyl de)ll Jsha
Aol dok (o dleal) af Cuallis 5 cde)3ll 553
eyl sk (e ae 7 Jsb ey 4pliie i S5
Mohamed | 5 Eazhil R xe Gl L 1
Jsb 33l & ) FEA clulyy el gl agae s
Choun J 1y «clalgay) (aldl) L)) 535 3 dey3)
Slgal) e ) (8 Lge hsa Ao )3l Jsha a3 ol 435
O Lovie Jamall Gl alie 8 algiall ady) )
Glalp e ciilg A OO Gaa Yol ilay
&b sl G 1S () agaacluss Himmlova L,
ol haall o8 (4 Galisdl ) gam 4ol dsb
Baball Jola e
Jui- lulys %eadlays Eduardo coluhys ae L) LS
ae oaBln Chlgay) a8 G 8 %4, Ting Hsu
Ay oo Wby cdlid) L L de )il Joha 3 5ol
Y oanpss leay) 585 & I 63 S. Vidya Bhat
Sl BERY) agn Ly M aleyl Jb an iy
Al ¢ Plshuly hasde Gn Aol e A
N B R SR BT\ TR EG NN e i
& cail U N Dias FJ, etal. auhs g cadlis) LS
GhlgaY) s o sl dalal s dc)3) ki
G bl sl Ay Pledsh s plaall e
<3 3785 saiall & oIS dea) el (ao Jsaal)
ke (S5 ¢ -381.26 ¢« -15.791 74.974 i)
A pral) dalll e Ao s ¢ Kglom?418.31 sleaY)
750- kglom? sas calaall alasty 3 slea) laie eV
(Uil Cldialse Gaa 43 Jaill (Say 3 ey ¢ 1130
3 3 Mea) f aam ¥ Aaiia) uladls 2g0al) e
. alaall Lalsial sy

cldedl o cligay) J$5 g « (3) Jsa

S ) Lpuabling ¢ giall Al clalgal) S5 (4) JSa
de,3 sk

pll a5 i) ealial) et JS2 e Ll

Pl Lo shaall )l

Aadlly (Gl dilaie o olead dpdd) o ol il o

. 418.31 kglem’® . YY)

550 (e ddlaia (8 eadl ) o (aia] culS e

23.491 kglem® & Lol daglly de 3

s eyl Joh e Lapys b)) o Galln o

dsb e e 7 dsb 2 lead (J Apliie ol A

ey

DALl -1

yaatl AGs dipl dpgiiall jualial)l Qs Ay

o aidl aball 3 Wiy clleay)l e

Gaa el Ay fe Hle Wy CilSy (il

Jalai s ¢ 4S80 Addad) 5l cilK 3 Al adaal)

Aagac Bsall Aysly cuilSy cola ) Adkaie & 3l i


https://www.ncbi.nlm.nih.gov/pubmed/?term=Eazhil%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28032053
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eazhil%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28032053
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vidya%20Bhat%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26199508
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vidya%20Bhat%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26199508

Al A dygial) jealial) Julat aladinly dpaliell clalgaY) ¢35 8 @le)3l) Jsh il

ad O paag Cadis clepil) s Aul) alaall b
sl i) v culS dey3 Jea BSA cllea)
taa 7 Jsb 253 da Ao )3l Jsb e cuaidlsg L)
i Gan $3L05 5 A liie sleaY) ad S ae 7 J) das
£5 & @b el Aol Johu ae 7 dad 2 4
Aad o 7 e Y iyl Jsk oIS Laga g
oalaal aill il Janally el b 555 LS Loa
Gl Y ) Al spaall gaia clalgadl
onal e Aagee (gl culS Jla b alaall alaial
b Ol il ey s Wiy A3l Lok

Aagal) Ladell e eyl sl Jla

tluagilly clalitiuy)

Jshy ae 7 dad () i Auhall o34 3gaa (yaua
OSis el bl af g5 Lna dad o eyl
i Ly adl) il ¢ AL alaal) A 8 53S0
20y ShaleaY) af s Lad ¢ ae 7 Jsha ) Jseasl
piny st llans Lo ¢ Loty Lad 4yliie o8 7 ded
o haleaY) s Cngr gk cleyy ehal dalal
c o3l Jsh e alaal

1A

el (B Lale Al 6 dagiid) jualial) (st Say
dy cdgalall Alead) clipbally colaladiny) el

Chlga¥! S5 b dey3l Job Ll duhal aliessi)
References aalyall

1. Misch, C.E. Dental Implant Prosthetics. ELSEVIER MOSBY. (2015)

2. Simon, U. ; Augat, P. ; Ignatius, A. ; Claes, L. Influence of the stiffness of bone defect implants on the
mechanical conditions at the interface — a finite element analysis with contact. Journal of Biomechanics , 2003 ,
36, 1079-1086 .

3. Ishigaki, S. ; Nakano, T. ;Yamada, SH. ; Nakamura, T. ; Takashima, F. Biomechanical stress in bone
surrounding an implant under simulated chewing .

4. Clin. Oral Impl. Res, 2003, 14 , 97-102.

5. Eskitascioglu, G. ; Usumez, A. ; Sevimay, M. ;Soykan, E. ;and Unsal, E. The influence of occlusal loading
location on stresses transferred to implant-supported prostheses and supporting bone: A three dimensional finite
element study . J Prosthet Dent, 2004 , 91, 144-150 .

6. John M.Powers , John C. Wataha Dental materials properties and manipulation

7. ELSEVIER MOSBY. (2016)

8. Eazhil R, Swaminathan SV, Gunaseelan M , Kannan GV , Alagesan C. Impact of implant diameter and
length on stress distribution in osseointegrated implants: A 3D FEA study J Int Soc Prev Community Dent. 2016
Nov-Dec

9. Mohamed I.EI-AnwaraMohamed M.EI-Zawahryb A three dimensional finite element study on dental implant
design Journal of Genetic Engineering and Biotechnology Volume 9, Issue 1, 2011, Pages 77-82

10.Himmlova L, et al. Influence of implant length and diameter on stress distribution: a finite element analysis.
J Prosthet Dent. 2004.

11.Eduardo Anitua, , Raul Tapia, Felipe Luzuriaga. Influence of Implant Length, Diameter, and Geometry on
Stress Distribution: A Finite Element Analysis VVolume 30, Issue 1 ,January/February 2010 ,Pages 89-95

12. The international journal of periodontics & restorative dentistry.

13.Jui-Ting Hsu, Aaron Yu-Jen Wu, Lih-Jyh Fuh and Heng-Li HuangEmail

14.Effects of implant length and 3D bone-to-implant contact on initial stabilities of dental implant: a
microcomputed tomography study BMC Oral HealthBMC series — open, inclusive and trusted 201717:132

15. S. Vidya Bhat, Priyanka Premkumar, and K. Kamalakanth Shenoy Stress Distribution Around Single Short
Dental Implants: A Finite Element Study J Indian Prosthodont Soc. 2014 Dec; 14(Suppl 1): 161-167.

16.N Dias FJ, et al. Short implants versus bone augmentation in combination with standard-length implants in
posterior atrophic partially edentulous mandibles: systematic review and meta-analysis with the Bayesian
approach. Int J Oral Maxillofac Surg. 2018.

:2018/07/08 :&uall 29,5 g
-2018/09/30 : yisll al g Gyl


https://www.ncbi.nlm.nih.gov/pubmed/?term=Eazhil%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28032053
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swaminathan%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=28032053
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gunaseelan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28032053
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kannan%20GV%5BAuthor%5D&cauthor=true&cauthor_uid=28032053
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alagesan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28032053
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eazhil%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28032053
https://www.sciencedirect.com/science/article/pii/S1687157X11000084#!
https://www.sciencedirect.com/science/article/pii/S1687157X11000084#!
https://www.sciencedirect.com/science/journal/1687157X/9/1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vidya%20Bhat%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26199508
https://www.ncbi.nlm.nih.gov/pubmed/?term=Premkumar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26199508
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamalakanth%20Shenoy%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26199508
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4502034/

