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Stress dissipation characteristics of four implant thread designs evaluated

by 3D finite element modeling

Ok-Hyun Nam", Won-Jae Yu**, Hee-Moon Kyung?
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“Department of Orthodontics, School of Dentistry, Kyungpook National University, Daegu, Republic of Korea

Purpose: The aim was to investigate the effect of implant thread designs on the stress dissipation of the implant. Materials and methods: The threads evaluated in this study
included the V-shaped, buttress, reverse buttress, and square-shaped threads, which were of the same size (depth). Building four different implant/bone complexes each
consisting of an implant with one of the 4 different threads on its cylindrical body (4.1 mm X 10 mm), a force of 100 N was applied onto the top of implant abutment at 30°

with the implant axis. In order to simulate different osseointegration stages at the implant/bone interfaces, a nonlinear contact condition was used to simulate immature
osseointegration and a bonding condition for mature osseointegration states. Results: Stress distribution pattern around the implant differed depending on the osseointegration
states. Stress levels as well as the differences in the stress between the analysis models (with different threads) were higher in the case of the immature osseointegration state.
Both the stress levels and the differences between analysis models became lower at the completely osseointegrated state. Stress dissipation characteristics of the V-shape thread
was in the middle of the four threads in both the immature and mature states of osseointegration. These results indicated that implant thread design may have biomechanical
impact on the implant bed bone until the osseointegration process has been finished. Conclusion: The stress dissipation characteristics of V-shape thread was in the middle of
the four threads in both the immature and mature states of osseointegration. (/ Korean Acad Prosthodont 2015,53:120-7)
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Fig. 1. Dimensions of a cylinder shaped implant body and the four different threads
incorporated into the implant: (A) buttress, (B) V-shaped, (C) reverse buttress, and
(D) square shaped threads (unit: mm).
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Fig. 2. Geometry of the implant and bone: (A) isometric view with the coordinate
system used in this study, (B) antero-posterior view, (C) buccal view, (unit:
mm).
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Table 1. Mechanical properties used in this study (bone and titanium)
Material Young's modulus (GPa) Poisson ratio Strength (MPa) Yield stress (MPa)
Titanium' 102.2 035 - -
Cortical bone'*'” 13.7 72 - 76 (tensile) 60
140 - 170 (compressive)
Cancellous bone'*"”’ 1.37 22 - 28 (tensile) -
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Fig. 3. The von Mises stresses in the interfacial bone around the implants with four
different threads, i. e. (A) buttress, (B) V-shape, (C) reverse buttress and (D) square
threads. Frictional contact conditions were assigned at the entire implant/bone inter-
face using a friction coefficient of 0.3 to simulate immature osseointegration. Cut-
off stress: 20 MPa.
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Fig. 5. The von Mises stress distribution on the buccal surface of marginal
cortical bone around the 4 implant models in an incompletely osseointegrated state.
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Fig. 4. The von Mises stresses in bone around the implants with (A) buttress, (B)
V-shape, (C) reverse buttress and (D) square threads. Bond conditions were
assigned at the entire implant/bone interface to simulate complete osseointegration.
Cut-off stress: 20 MPa.
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Fig. 6. The von Mises stress distribution on the buccal surface of marginal
cortical bone around the 4 implant models in a completely osseointegrated state.

1t Buttressol| ] 713 =31 Square 7$-7} 71 wrgkon,

VA} Bl reverse buttress & -2 57 4 =T 1 v 2kl €4

ol wpz} 2432 o] F7]%& 45 MPa €] 2 Yropx i YA

o] W 20| & 5 MPa o) 2 Zrol 5 th(Fig. 6). o] 7]l A=

Buttress &2 ©] 714 &L,Vz}ﬁg WM o A4S 2 A w

oA Ht JEFE ZHI X& A SE g Hfol = FAID
A=A

-h

123



43 AZRE LAY CiRfele|

olo
r-|u
>
Jm
0x
=2
a2
ot
w
>
rdo
=0
ok
fo
E>
o
1z
re
-

=

ZHHLQZAE QY Z XS o], ZA A BA R

= AT S, A H S o g B A SHE FH frE
(osteoid)o] & =] 31 w2 %(woven bone)e] A XFQ 1D}74] 212

Alolch. Bl o)1 47 %iUHﬂﬂ%ﬂmHPE
7uswﬂﬂm~% 9131 22 alAle] ZweA o] T
7} % 250 A 19 A1 7] 2] 53} immedie loading) 7} o] 7
A2} 5 7 slejo] Falux) &
omw &4 Baxo] A Wk T nAEe] FRE
71 R A2 30 71 JERE oAl &
Fadthe WoA S2e)A Lol AL
ZoE geld Ao B3 A SRE/Z AR Ue 2
f3te] %ol weh 2o 240 u)

Yol st 9 S4o] 2o 2

l

O

oA & A5-E Alelst A4

T 1:13 o,
ﬂl\fl
F—“i

oo o%
e Eg
rﬁ‘ —

ol
i
2,
g+
iin) mﬂ

N
=
0
o,
kS
i
Ho
3
o
=)
o
ol
. i
(O8]
oo
A
oy
-{o
rlr
oy ®
é“.:
UG
o

st
>
3o QL F
[
oo, S
i
)
(m
MR of
X
g
iR
]
o,
0,
bl
i,
2
o, =

2 1‘_>“l|_,
o ffll
=

o
N
N
olf
St
pa)
o
fit
=~
N
ol
£
i)
i)
g
=
\ER
BN
o
o
Y
oo ot |
(g
-

¥O, uh 4N KU O [ ol
N
o olo

o

=)
Fig
o
kS

¢

T,
)
L
Xl
o,
o
rlr
o
r
e
o
M
N
)
Ay
1>
s
>
o

ol I
oo

M IR

=
ol
o
=
o> Mg & O

t i3l
ool 1% HE
it ol O py >
% i o

El

o N o

Ui

o,

ot

2

o,

=

j

>,

o

oX,

2
AR
flo rr

o ofo fll
o
M 0 ox ¥

e

& oo o il

L
rr

M p
|
of
o,
M
fru
ShiA
>

>, [

uj
& (compressive force)o] U 1 7= (shear force) 95
2 7ddd Zojt}. o]d FgE fataindd Ads] 9
841 = Van Oosterwyck -5-°0] 7] & HW HAZHE/Z AW
=1]A8 F }—(nOIﬂmearoontact)E'_Q

S A el W stodof & ot 71?’“ ojgfgo] At %
2 g F2] B4 Wstel tigh A3 Ho|El7} Fdol Bu
] 7(40] 740] x];dzqo] —rZﬂO]Eﬂ ]a} 0]%§ EH—‘?'—-‘?L }\1
FATONER AERAE ALGAA BEAC) WsE
gl Aol RhedalA] Zotith & ATl = AH I 3=
42 vk 2 820507] 1) o), Fig 33} Fg 5e) Zahe 332
olg} & &= gl o 2¢HA] W 2P o] gt hEA & 7HA]A] R
o e 9 REE Ae Adel W JHA vwS
Rl 2 g A e gz,

Elels A2 AZHES} FZ Alo] o] A2 E A 2 0.1
<06 A}o]2) ghol A &¥]o] i A BehE TN D L 5l
AR17 2718 4 B4 H = B0 Tt 01-03 99
o) 4hg A g3 % ST ohA e et B 8]
271} Bl 270 G 0lAA = Sk ez melh &
oA AFA IR A A S = A RE, dH] A A] mpE]

A

A,

p

| _101!

U

_‘4

124

20125 06714 01 991 2 WslA)7]0 $27] 5ol A
= Yot 92 91230l 54w, Aot -

2% ol = vl - ml ] Slet. ol 91
A5 2R ey e YL vhAS gt Fash

o

E

B T |
e Me

H=59 FH 2 AGEh= A S, a8 vpEA S ke
Sfate] 1A AR JEAEZ Aol AL 598
3l AEE & Pl BTk

.‘_1

i

:|o
(N

2 o]k o] 2 G0l AT AR TRl o
o BAsb e A2 el (R o)1 B
of fﬁd A A-&-= o] 67MPa =21 d] H] 3], 100Nof| ] gt
-60MPath 8] 2(Fig 5) =L A3 2 334 913140
b ek et o417 Qe HRgE el 2
Aol SIk Ya ] 7oA LALTo] wiek
of] & & gk 2}o] 7} A 1L, reverse buttress 2} square LA}
AR e 0] OMPav 2] ThE T LA A5
4. ol A352e) Y3} 2RI, ol 1] A2 o
Selo] W st A19490] 218 Aol 47 &
0] 10- 15 MPa 3 =2 F2 LpARAIS] u]c) #418] S9He V-
A% ALk 719, 9 0] o) S S0MPa ] 2 4% 1}
ARte] S ol B2 (Fig 5), 3-8 ol $HE = 7ol = o
8] Felgk Ao s Hridnh 2y o] Aol A9 3
5 257 £22717) A2 el Ad 2HE 4 gleme
EREEPE T I E RIS PP P

7

S
:i

1o o O gl PN
ox oo ¥, K l“1°

—lo ) m\o mov o

Y

P o 2 > i Wi olo
o Hif

KR
o
A=

é—iﬁ—aOﬂH %E:M 71
(Fig 59} 6 1] 7). LAPAbel) w2 -2 2jo] = Aol Ak o] 4 2
Fr2 s aA A = uf% 0] 50 - 60 MPaz. WA}, T
w2} 10 MPa W 9] €] 2ol S B.§1 0V KFig. 5), Fig. 601 E.¢1 n}o}
o] 2 7)== 45 MPa ] 9] 2 ol 1 UAFAIZE Aho] = 5
MPa g == Zolxitt. -2 g5 7)ol = F/ 38 v &0l 4
HeHol e 7401‘:& A8 S EohE 9 o ¢

o] F2gh, &2 Arizko] Yo} 7 YA o] ]
A A== x]— 0] B0l = LJAFAFo] 23 Boako] 1] x| = o

e v AR olehs A< vl gtk o Az ol

%E% &l dial B4, VAT tkel Aol 7} -3 o mlA]
Fgo] A7 BHS Had o] A 5w} Balait),

F

*E‘ AT} Yu 5he] AHE F3etH JETE Yafibe] F
°f 7l '1t FH *‘Wl 7W A3 0] Fe = ZHadin
4 959 DoAlof ol2e) Ay s & 5 9

%ﬂ”ﬂﬂ%ﬁﬂ@ﬁﬂ—av&ﬂ%

A5k 2530 A= DA F
ﬂdﬂﬁﬁi%ﬁﬂﬁvﬂﬁl%Vfl
CARIET B et 45 8 BN &
5443 Y B PG 0B R (F 5. F 2

b
rie,
Job
T
o

N [

Ean

% ol o fff . i ofo
o _1
JZ o

Mr
2 OPN

Cetx| st Aets|x] 63H 2%, 2016 48



HEH - 7N - 23

e

Mo

o] TR oprletE SFH 2P 7|3t Fof I35} 91Fo|
The Wabitel vla) vitka o vhE QS HE

AeH s S/HES ol E
o]d SAZA 7AW gt
6). ¢ EAFAAPAFI u T ] AT = RFALE &
gol 23& Fol Bk lolng, FUEs} va i zo)
FAIG 7 Foll B AAE a2 A-857] o Hrh o] 4.8
HZof o &F ALY F 9F (bone compaction) -4 2} 1of] u}
B 27 el o o Folonr oyl S E
7t 22E Reld.

2=

= ATE ol dtellA A7 54l ol B
VAR GARel tel] 22 g eA 12 a 22l ¢R
¥ o] F T ol A T2 3] WpAHbuttress %, reverse buttress 3
square®)7he] S ZAY 540& Hl A el Sl ek
I, A7) WS el M BEe] 2RS0T

L 272 AF DA A At 2 84k 5ol 2fo] 7}

Aot & Ato] 7} 10 MPa W 9] 2 Z4] @9k, V-2
Labike] S8 24 54 & 4% At S A =T
2.27F &= SN E AR 2 S At 549 Ao

Zhuimletitt ol AT A o2 SR AE ol & ol Fdlle
4% WPt k) st ajol 7} A A3
A4S

ol

ORCID

Won-Jae Yu http://orcid.org/0000-0002-6953-3011

References

1. Albrektsson T, Branemark PI, Hansson HA, Lindstrom J.
Osseointegrated titanium implants. Requirements for ensuring
a long-lasting, direct bone-to-implant anchorage in man. Acta Orthop
Scand 1981;52:155-70.

2. Friberg B, Jemt T, Lekholm U. Early failures in 4,641 consec-
utively placed Branemark dental implants: a study from stage 1
surgery to the connection of completed prostheses. Int J Oral
Maxillofac Implants 1991;6:142-6.

3. Javed F, Ahmed HB, Crespi R, Romanos GE. Role of primary
stability for successful osseointegration of dental implants:
Factors of influence and evaluation. Interv Med Appl Sci
2013;5:162-7.

4. Kim SH, Kim S, Lee KW, Han DH. The effects of local factors
on the survival of dental implants: A 19 year retrospective
study. J Korean Acad Prosthodont 2010;48:28-40.

5. Meredith N. Assessment of implant stability as a prognostic de-
terminant. Int J Prosthodont 1998;11:491-501.

6. Misch CE. Dental implant prosthetics. St. Louis, Mosby; 2005.

Cehx| st Aets(x] 63H 2%, 2016 48

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

p. 322-47.

Chun HJ, Cheong SY, Han JH, Heo SJ, Chung JP, Rhyu IC, Choi
YC, Baik HK, Ku Y, Kim MH. Evaluation of design parameters
of osseointegrated dental implants using finite element analysis.
J Oral Rehabil 2002;29:565-74.

Kong L, Hu K, Li D, Song Y, Yang J, Wu Z, Liu B. Evaluation
of the cylinder implant thread height and width: a 3-dimensional
finite element analysis. Int ] Oral Maxillofac Implants 2008;23:65-
74.

Seo YH, Vang MS, Yang HS, Park SW, Park HO, Lim HP. Three-
dimentional finite element analysis of stress distribution for
different implant thread slope. J Korean Acad Prosthodont
2007;45:482-91.

Hansson S, Werke M. The implant thread as a retention element
in cortical bone: the effect of thread size and thread profile: a
finite element study. J Biomech 2003;36:1247-58.

Geng JP, Ma QS, Xu W, Tan KB, Liu GR. Finite element
analysis of four thread-form configurations in a stepped screw
implant. J Oral Rehabil 2004;31:233-9.

Esposito M, Thomsen P, Ericson LE, Lekholm U. Histopathologic
observations on early oral implant failures. Int J Oral Maxillofac
Implants 1999;14:798-810.

Raghavendra S, Wood MC, Taylor TD. Early wound healing around
endosseous implants: a review of the literature. Int J Oral
Maxillofac Implants 2005;20:425-31.

Yu WIJ, Ha SJ, Cho JH. Effects of implant thread profile on
insertion stress generation in cortical bone studied by dynamic
finite element simulation. J Korean Acad Prosthodont 2014;52:279-
86.

Schwitalla AD, Abou-Emara M2, Spintig T, Lackmann J2,
Miiller WD3. Finite element analysis of the biomechanical ef-
fects of PEEK dental implants on the peri-implant bone. J
Biomech 2015;48:1-7.

Van Oosterwyck H, Duyck J, Vander Sloten J, Van der Perre G,
De Cooman M, Lievens S, Puers R, Naert I. The influence of bone
mechanical properties and implant fixation upon bone loading
around oral implants. Clin Oral Implants Res 1998;9:407-18.
Sevimay M, Turhan F, Kiligarslan MA, Eskitascioglu G. Three-
dimensional finite element analysis of the effect of different bone
quality on stress distribution in an implant-supported crown. J
Prosthet Dent 2005;93:227-34.

Papavasiliou G, Kamposiora P, Bayne SC, Felton DA. 3D-
FEA of osseointegration percentages and patterns on implant-bone
interfacial stresses. J Dent 1997;25:485-91.

Huang HL, Hsu JT, Fuh LJ, Tu MG, Ko CC, Shen YW. Bone stress
and interfacial sliding analysis of implant designs on an imme-
diately loaded maxillary implant: a non-linear finite element study.
J Dent 2008;36:409-17.

Mellal A, Wiskott HW, Botsis J, Scherrer SS, Belser UC.
Stimulating effect of implant loading on surrounding bone.
Comparison of three numerical models and validation by in
vivo data. Clin Oral Implants Res 2004;15:239-48.

Rubin PJ, Rakotomanana RL, Leyvraz PF, Zysset PK, Curnier
A, Heegaard JH. Frictional interface micromotions and anisotrop-
ic stress distribution in a femoral total hip component. J Biomech
1993;26:725-39.

126



428 RN - 23]

[t

e

Mo

4% UERIE LA CIRfolol 84 SHof et 3xtel RE225A o7

22. Albrektsson T, Berglundh T, Lindhe J. Osseointegration: Historic
background and current concepts. In Lindhe J, Karring T, Lang
NP (eds). Clinical periodontology and implant dentistry. Oxford;
Blackwell Munksgaard; 2003. p. 809-20.

23. Davies JE. Mechanisms of endosseous integration. Int J
Prosthodont 1998;11:391-401.

24. Viceconti M, Muccini R, Bernakiewicz M, Baleani M, Cristofolini
L. Large-sliding contact elements accurately predict levels of bone-
implant micromotion relevant to osseointegration. J Biomech
2000;33:1611-8.

25. Wehner T, Penzkofer R, Augat P, Claes L, Simon U. Improvement
of the shear fixation stability of intramedullary nailing, Clin Biomech
(Bristol, Avon) 2011;26:147-51.

26. Bardyn T, Gédet P, Hallermann W, Biichler P. Prediction of den-
tal implant torque with a fast and automatic finite element
analysis: a pilot study. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2010;109:594-603.

126

217.

28.

29.

30.

31.

Lin D, Li Q, Li W, Ichim I, Swain M. Evaluation of dental
implant induced bone remodelling by using a 2D finite element
model. Proceedings of the Sth Australasian Congress on Applied
Mechanics (ACAM 2007). 2007 Dec 10-12, Brisbane; Australia;
p- 301-6.

Atieh MA, Shahmiri RA. Evaluation of optimal taper of immediately
loaded wide-diameter implants: a finite element analysis. J
Oral Implantol 2013;39:123-32.

Frost HM. Bone's mechanostat: a 2003 update. Anat Rec A Discov
Mol Cell Evol Biol 2003;275:1081-101.

Geng JP, Ma QS, Xu W, Tan KB, Liu GR. Finite element
analysis of four thread-form configurations in a stepped screw
implant. J Oral Rehabil 2004;31:233-9.

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

Cetx| st Aets|x] 63H 2%, 2016 48



ORIGINAL ARTICLE

ok
o]
<0

]

R -

la

Bl
ofr

3 (buttress 3, reverse

=2

.

7HEA AR VA AR

g

DE

SHA

[}

ol S

E

=

©] 10 mm)el] o] A ATl A 2§

N2 o e A8 B (o
butress 3, square?g )] LbAF:
2} 30

ol Q1 E ez A

ZUE #
%

9. 0]
=
T
-
A

3]
h=
o
H

1=}

FS Tk & o) 5 3ol 100N2]
_/[:
AZHE/Z AW

1]

A el nhet debd

2}
T

zzgdos A%
B2 540 F6
A

g42C

A
ESkS
=

X
=
-

SHETL g i E
=1
=
=

= =

9|

~ B IS

H

[°)
A
o
=
o
=

(bonding) Z71

H|

=

Pl

contact 271 (v}

n R

G T
K E M
FR R
= B

3
F=9 (0

~

o e

) N
[E -]
=0 —_~

o <
A
o N
AR
ok oy
Gl Mo Mo
|

)

FEE T U
oA gRE o F A A7

=2
L
hu

LR Bl A1) Aol
o] g

SEEE

\=]

n
g
I

A

2
)= E o O =
B B2 Efae

<RI A R

127

e,

23

E]

@ ol 2 Felololel s A= sielol A ATV e 30 JFNF 2ol ¥ 2o wpeh
ol g3 9]

© 2015 ) 3123 23

=

9

2015 4

=

3] %] 2015;53:120-7)
Ao HsE|x| 63 2

1

o

5t

o

J

* WA AL LA
700-705 )7 57 BT 2 2177 7 5] S ) 2huf 8 3] 2}
053-600-7651: e-mail, wonjaeyu@knu.ac.kr

2¢9 249

rl



