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ABSTRACT

Dr. Thaer Osman* , Dr. samer suliman*

Eng. Basem Ammar#* *

This study evaluates the biomechanical effects and mechanical
distribution of various PEEK-based implant types, comparing them
with titanium implants using finite element analysis (FEA). The
analysis examined the maximum Von Mises Stress distribution and
Total Deformation values within the implant, in addition to structural
safety indicators related to yield strength. The biological assessment
included analyzing the behavior of the peri—-implant bone tissue by
studying Maximum Principal Strain and Maximum Principal Stress as
direct indicators of bone mechanical stimulation and the potential for
bone resorption under oblique loading conditions.

The results indicate that the difference in the modulus of elasticity and
stiffness between titanium and PEEK directly influences the pattern
of stress distribution and the safety factor. The high stiffness of
titanium leads to greater localized stress concentrations under oblique
loading, whereas polymeric materials (PEEK) provide a more uniform
stress distribution, albeit at the expense of a lower overall yield
strength compared to titanium. Furthermore, the difference in the
modulus of elasticity between the materials not only affects the stress
values within the implant but is also directly reflected in the amount
of strain generated in the surrounding bone. Less stiff materials lead

to increased bone mechanical stimulation, while stiffer materials
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contribute to reduced deformations, with a distinct difference in the
expected bone response level under high loads.

This study highlights the importance of advancing dental implants
through the use of polymeric materials, which enhance the
mechanical properties and biomechanical behavior of these implants.
Despite certain limitations regarding loading or the use of static forces,
these findings provide valuable insights into the biomechanical
performance and mechanical distribution of PEEK implants, thereby

supporting clinical applications and future research endeavors.

Keywords: Dental implant — Biomechanical analysis — PEEK — FEA.
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600[N] 808.01 | 280.76 | 65.25%
750[N] 1020.00 | 351.39 | 65.55%
900[N] 1237.20 | 416.25 | 66.36%
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de)y IS Glog 8553al) (sl B (o ded JS e (FOS) L) Ualas o rnse 4520

Al ey Cpe

4,1.«4.”/

Force Titanium | PEEK | 4ygiall

100/N] 5.12 2.33 | 57.30%

150[N] 3.50 1.51 | 59.23%

200[N] 2.67 1.11 | 60.59%

250[IN] 2.12 0.88 | 60.59%

300[N] 1.75 0.72 | 60.21%

400[N] 1.29 0.53 | 59.55%

500[N] 1.02 0.42 | 58.87%

600[N] 0.84 0.35 | 57.68%

750IN] 0.67 0.27 | 57.31%

900([N] 0.55 0.23 | 56.29%
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A Static Structural
Equivalent Stress [von Mises)
Equivalent an-Mises) Stress
]

2640172026 19

1.3269¢8 Max
1.1797e8
1.032568
8852587
7.3502¢7
5.008e7
4435767
2.9634e7
1.4911e7
1.8822e5 Min

A: Static Structural
Equivalent Stress fon Mises)
Type: Equivalent von-Mises) Stress
Unit: Pa

Time: 10
2B/01/2006 16:23

4569607 Max
406287
555597
504517
2.5422e7
2.0354e7
1528507
1.0216e7
5.1479e6
79366 Min

oo

A: Stalic Structural

Equivalent Stress (Vo Mises)
Type: Equivalent [uon-Mises) Stress
Unit: Pa

Time: 10

28/01/2026 19:24

3.8948¢8 Max
3.462368
3.0299¢8
2.5974e8
2164968
1.7325¢8
1.3e8
8.675507
2350967
2.6253e5 Min

-

A: static Structural

Equivalent Stress [von Mises)
Type: Equivalent fron-Mises] Stress
Unit: Pa

Time: 10

2870172026 19:28
1237269 Max
109999
9.6257e8
8.2524e8
65758
5.5057e8
413238
2.759¢8
1385668
1.2288¢6 Min

bl dey )l daalaeY1 VO Mises Stress i :5J<4

st e cpadl Ll e (100, 300, 900N) e

A: Static Structural

Equivalent Stress (Von Mises)
Type: Equivalent (von-Mises) Stress
Unit: Pa

28/01/2026 18:29

1.4893e8 Max
1279668
111998
9.6027e7
5.0059e7
6409167
48123e7
3.2155¢7
1616767
2.1912¢5 Min

A Static Structural

Equivalent Stress tvon Mises)
Type: Equivalent von-hises] Stress
Unit: Pa

Time: 10

B/01/2026 18:39

4162568 Max
3700965
3.239368
2777665
231628
1,858
1.3908e8
2.3114e7
4695167
7.8884e5 Min

PEEK ic)3l dulacY) VOn Mises Stress »i :6 sl
s e gsall )bl e (100, 300, 900N) e
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de)3) Jala (Total Deformation) 4.<h 4a)3y)

pil Al ) Al ol pdigall (o Aggiiall pualiall Qa8 alaad) Zal3Y) dusdpy a8
paidy Jheatll e i) I gl Hlaie (Sl 3 A8LLY) Jleal) cind ey ol
Jua) dilaie die (g5 S 7 ) Crgan Adlaials V) SalSall haayl e JYadd
el el e Dl Lpalsig dlgal) cadlia) 50 43)lh pand LS L o - aliall

85l ol ae alaall Aal3Y) 8 daliiiae 30l °45 Aysly Jile Jaead cand il el
Jalatl) Jlas (pan ok (ppe ol ) 5y Laa c2)sall 2ead OOON Y 100 (s Al
e 26.57HM (s Aaly) Ciagl G cCalad) ol G o sulial) Aoy e G (gl
Lgyall Jalan (e dailil) Ll L@idia (uSay Lea (900N e 241.28um 1) 100N

giyall

38.38Hm iy ) ¢ g paall dgall (p AS5lS0e Aal) ad el PEEK jelil (il 3
g yall Jalae (alissl ) (g3ar Lo 545 Q00N xic 364.11um ) caeii)ly 100N e

L) Jaail) cin ol 3l ) 533 Len ¢l &5 lia
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Oo Ji Gl (e Ssall gaead ZaliYl a8 iy ((100-300N) sl sausdll Jlaall) ic g
e G5y L s ((600-900N) Axiipall Jlaal) die aall 138 <ijslas Laiy «150um

5Usall b e a LS cillall dindis Jilal) Jpenill daula

& danmsall Jlea¥l aie dug el cile 30 M saals dalaeY) A2V ad Jiay 5 Jsaal

2d 52
Luwulll
Force Titanium | PEEK | dipialf
JdAl
100/N] 26.57 38.38 -
44.48%
150/N] 39.80 56.77 -
42.62%
200[N] 53.05 75.31 -
41.98%
250[N] 66.30 93.83 -
41.52%
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300[N] 79.58 112.30 -
41.11%
400[N] 106.29 | 148.41 -
39.63%
300[N] 132.99 | 184.04 -
38.39%
600[N] 159.87 | 219.48 -
37.29%
750/N] 200.42 | 272.30 -
35.86%
900[N] 241.28 | 364.11 -
50.91%
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TOTAL DEFORMATION

== Titanium PEEK

400.00
<
S 30000
S .
E -
S § 200.00
Q —~
¥ 100.00
S

0.00 e
\ Yo Y Yo Yo ¢ o 1 Yo q
Force
[N]

ralind) eill Aaglgl) Aylaiuy) 2

pbiall B aBie¥) Jladiy) e
i) o 35 eyl dom (gataell ganill Fomglpnd) TN sl Gl 6
Ll A€l Gyl aal (Maximum Principal Strain)  ale¥l )l
gl Al Gyt ) Sl ) e o Dbl Ddse i Cum i)
b (Frost’s Mechanostat Hypothesis z il Gy cdada sl Jlaal) cons dalaall

2% L calaall J€& sale) bl (1000-3000 pe) cpae BUad Cpaca Y lai)
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Ll Jay 285 ¢ adiml) pusill Jo i) aleaialls S50 Jpaatl) jlad ) eV e leasy)
Alatiad e 3 Lae cpmplall Al saleialy SN sl e alaell 58 glaty Lo

J16] o shspusil] alaad) gaill 33t e Yy adiad) (aliaia)

zila & (FEA) s20mall jualiall Judas cadlay Al Zoall Zpoaall byl sl s

eobinll aill agdondl Guatll G Dt ST i Jlai) dpaal e o) cle))
i 8 Aaaiisall gl (ailiad CA) die Lagad (il 251<0 dga) Cilpbsa 1)lia
luhall el (JEd) Juw Je cdtdadl 58l Jlams Jreatill dglys calaleall §f cile 3l
saley Ajlie gpiill olaall 3 el claail g a8l PEEK (Jie dpadsd) dsall o
e caa il Jls gl gand ST ClSin s JEE) ) s Laa cdliall ol
oy % Lo sag Adlall e asslinll ae S L Ule 3 (stress shielding)

170455l dagmal) dualaall Aylaind] 40l

Jile Jaead ot Al oda & adae) aniyl) Qi1 i s cclld (e ULl

s el gy (PEEK ¢pp0it) destiodl dsall (s s (558 Jlava sans °45 dliy
G (520 a3 (g il 138 Ky 3 caliall m gl guall Blaial) o slisy Apanal) itiil) Lay)l
3gan sad Wyslad o agtemdll Saiatll il e gl aliall 3 Alaasd) Y Lead)

a5 b o525 Msall (o Agyal) Jalaa b CURY) JlieY) iy cllyg ol Jaeadl
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S alaal) QS sale) iV Lda) i 3 acluy Lo s caliall-ie )3l dgals e deal

Appad) Jlal) cias Al wilsall 8 djiall adiall (aliaieY)

Maximum Principal) alae¥) il Qi) sl saaadl jualiall Jidad ekl

o sall sl Jlae (s °45 Ayl Jile sand can e )3l Tamall alaall 4 (Strain
el ppen b Jeall gl ae Jleil) ad d dsaaly dagyn ol (2Js0a))
el JlaitY) Aoy dadad) 34l oy Al 40d ADle o Laliall pa eyl
O pll Congli 3 cJpanl) iy pan e Jladil o Gl pnlil de)) Cla Cua
Sl il PEEK ekl il 35 900N xic 8603.4pe s 100N xic 755.52ue
canii)ls 100N 2 1171.2p aaeY) syl Jlasy) G cilS Cam caialy ISy il

60530l b g sn LS 900N sic 22239pe ) Juail Ly

Gin Tamall (gl alaall dilaie 8 Laamse oS5 Jaidll adaal) ol of Jasl
s oo 28 Blaliall olaily Ly asil) Caaiid) Loty oJa gDl (pa g1 clilly ey )

A: static Structural /) y

Maximum Principal Elastic Strain

A Static Structural Type: Maximum Principal Elastic Strain - Az Static Structural
Maximum Principal Elastic Strain Unit: mfm Maximum Principal Elastic Strain
Type: Maxdmum Principal Elastic Strain Time: 10 4 Type: Maximum Principal Elastic Strain
Unit: it 290172026 0%:35 = Unit: m/m
Time: 10 = Time: 1
29/001/2006 037 0.005125 Max —_— 2500172026 0933
00045551 ==
0.0017039 Max 000353 — 0.015292 Max
00015142 LE
00034154
e i
0.000%452 g‘gfjg:é 0.0086034
000075552 ' 00068812
00011359
000056585 oouses 00051589
000037618 ] 00034367
00001865 -38787e-6 Min 00017144
-3.169e-6 Min -7.7938e-6 Min
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PEEK ie,3 4k Maximum Principal Strain » :7Js:)
S5 e cnadl ) L) e (100, 300, 900N) e

oris ) Jranill cant ggaall Jleal) JUE) Bhalie pe oblaiy haai say ¢(3ill

eyl Jals slgay) ad AL S5 Y olsall gl Jelae AT o ) il o2a
Al JAY) Mal) 525 Cam cdapmall alaall b gl Jladdy) laie e Byl uSasy s
clasil (g aall 8 A oY) sl peust (in G cplaall (SISl Gl 5alyy )

Ardipall Jlaal) cnt dnd iall dpadiand) LlaiaV) (sgiune b gl A as
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A: Static Structural

Maximum Prircipal Elastic Strain
Type: Maximum Principal Elastic Strain
Unit; mém

Timne: 10

28/01/2026 09:42

0.0017658 Max
0.0015676
0.001368
Q0011712
0.00097306
0.00077457
0.00057668
0.0003765
0.00013031
-1.78746-5 Min

A Static Structural

Maxdimum Principal Elastic Strain
Type: Maximum Principal Elastic Strain
Unit mfm

Tire: 10

23/01/2026 2137

0.011866 Max
0.010533
0.0092006
0.0078677
0.0065349
0.005202
0.0038691
0.0025363
0.0012034
-0.00012941 Min

A Static Structural

Wiaimurn Principal Elastic Strain
Type: Maximum Frincipal Elastic Strain
Unit: mim

Time: 10

230172026 20:55

A

y.

0.04952 Max
0.039%08
0.034563
0.025619
0024775
08731
00487
00096431
0.004599
-0.00044505 Min

PEEK ic,) 3 dwlac) Maximum Principal Strain »3 :8 i)
G5 e Gadl U oladl Ga (100, 300, 900N) i

Force

Titanium

PEEK

100[N]

755.52

1171.20

-55.02%

150[N]

1134.30

1706.10

-50.41%

200[N]

1513.90

2771.10

-83.04%

250[N]

1894.40

3863.90

103.96%
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300[N] 2275.60 | 5050.40 -
121.94%
400[N] 3037.60 | 7451.60 -
145.31%
300[N] 3800.90 | 9978.30 -
162.52%
600[N] 4567.00 | 13674.00 -
199.41%
750/N] 5721.40 | 17318.00 -
202.69%
900[N] 8603.40 | 22239.00 -
158.49%

il o (he Aad S die PE aals Dpalae V) iyl alac V) JlaiV) ad mia sy 6Jsan])

Al Sley 3 e Aoy JS ey 3555l
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plinl (A iyl ealicY) algay)
Lusdl alial & (Maximum Principal Stress) _ale'l iyl slgal) dilas 3
dgpsaall e Jlal) il st adaall ol @lglu il ile L8olSe Dydige eyl
2 sale alaal) (Y Dlats Aipa Alai 8 alaall g ety T 5 25 ad el ey 3)
s alae) il lgaY) Ay ol coailly A3jlie 22l lalga Auslua STy L
abaal) Sl sale) Cllee at ol el coliiinll ooy ALl jpdil deede S

il (gl akaal) 8 Laps ¥ cdadipall Agalgay) il b slalid) 8

Tob 58 e ey 745 Al Jile Jaead Cint el ot Alga) Jilas il
psliill z3gat Ja g prall zilaill aran b daliiia doagyni 33l (100-900N) o
100N xic 8.45MPa (s aiil) Cangl i 3 ¢Jpanill Cilygine Calide ye dlga) ad S
Adlall dam alaall ) Ladll claleaY) Ul Jils e Jay lee <900 xie 75.87MPa

alall Fni ol

0o oaae Y1 il algaY) adi)) Cum ad) 2l el il PEEK ekl (Jiladll 3

ST Jaa JEl ) yei W Q00N xie 324.48MPa ) iss 100 xie 13.08MPa

e 358 50l e gysl) alaal) )
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poslil) e )5 4 e PEEK (14 48 slaall dgiud) cile 311 (8 Jladi¥) g dlgadl Sulal) g sil) Al ja
L3 gaaall pualind) 48y jh aladiialy

Clillly de 3l iy Tamall (gl alaall Ailaie 3 el dleadl alial) gl iS5
Sl AT we o5l Jaad g e (Blaliall olatly oy (il pe cdag DA e (Y]
Sl 0 Les ¢ calaall ol (e S0 O Ao giall 2l CulS LS L i) Jpanill st Jaall

Lpadsdl Asall 3 Ly pall Jalao (mlind) o ) it ity lmim g IS aleaY) K5 o
MAXIMUM PRINCIPAL STRESS

=—@—Titanium == PEEK

350.00
300.00
250.00
200.00
150.00
100.00

50.00

MAXIMUM PRINCIPAL STRESS
(MPA)

0.00

pball ) Jstiall ol aleay) jlade e
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rlaliingy)

Aladl b Jealall gl g€l il 2S)5n Corgs 2l AEDE Haady Aiplay Aubyall 538 el a

Algay) e aaad 8 aslad) Jaledl 2 duey 3 salad) & 50 Jalea of il cjelal 1
pill il osulial) Jaa Cum ol alaall Y Jsiid) Jlaadls alae) i)l
i PEEK xa Jagale S5 adill Cunii)) (ua & cdilladl)

alaal) Jeatdl Ayl spaall i) PEEK 4 alae¥) i)l sleay) ad jslas -2
Jaeatll Jajd lalie 5l Jlaial s Lea cdadipall Jlea) aie a8l) algay gyl
sl 45)l8e paua sl

() Clallly Ae )3l Biny Tamal) (gl alaall 8 st algadl alaall adll i€ ya —3
sale Llaa) ety LSl ban Y1 il Jia Jla) deeatll of S Laa

) digha (saleaY) anll ey Baatll loleaY) Sy Wl Gaas

t&luagil)

Buaall e Jiien 8 assliall ey oo A Lppad ) cile 3l slasid —1

Al aalsd (puad 8 PEEK cile)y e il dul =3
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