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Table 1. Material properties used in this study

Elastic modulus Poisson’s ratio
cortical bone 13700 Mpa 0.3
trabecular bone 1370 Mpa 0.3
screw 107000 Mpa 0.33
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EdE Sk =

Vertical load 15 degree load(to the left) 30 degree load (to the left)

Figure 3. Stress(von Mises stress) distribution in the cortical bone with flat ended standard implant (3.0mm in diameter,
12mm in length)

E Sk 3k =

Vertical load 15 degree load(to the left) 30 degree load (to the left)

Figure 4. Stress(von Mises stress) distribution in the cortical bone with pointed ended mini implant (3.0mm in diameter,
12mm in length)

Vertical load 15 degree load(to the left) 30 degree load (to the left)

Figure 5. Stress(von Mises stress) distribution in trabecular bone with flat ended standard implant (3.0mm in diameter, 12mm
in lenght)

Vertical load 15 degree load(to the left) 30 degree load (to the left)

Figure 6. Stress(von Mises stress) distribution in trabecular bone with pointed ended mini implant (3.0mm in diameter, 12mm
in length)
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Figure 7. Maximum von Mises stress in the cortical bone Figure 10. Maximum von Mises stress in the trabecular
with vertically loaded mini—implant(x axis: length; mm, bone with vertically loaded mini—implant(x axis: length;

y axis: stress; MPa) mm, y axis: stress; MPa)
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Figure 8. Maximum von Mises stress in the cortical bone Figure 11. Maximum von Mises stress in the trabecular
with 15 degree obliquely loaded mini—implant(x axis: bone with 15 degree obliquely loaded mini—implant(x ax—
length; mm, vy axis: stress; MPa) is! length; mm, y axis: stress; MPa)
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Figure 9. Maximum von Mises stress in the cortical bone Figure 12. Maximum von Mises stress in the trabecular

with 30 degree obliquely loaded mini—implant(x axis: bone with 30 degree obliquely loaded mini—implant(x ax—
length; mm, y axis: stress; MPa) is' length; mm, y axis: stress; MPa)

V. m¢t 282 yhgo] LpehkA7h QbAlel 2 g

=], ol YSTE quo] AAAA AF =

AZTHES] Aol daks = 8312 ZA| o L=

DK
294 0919} oo aglow wpro] A 4 Pl R Fok QEeEel o), A7, il
QLB 2 ) QYERkE Alolo] ofuig A

685



27 ZdLEaL ofel] ket
%E]—24'25'26>_
_IQI_@_O/\U\:HQ o]_g_g]_ Bajo
oA °‘OM~ iy %ﬂé‘}l A
Ao 1o ATl 531 ofel 74 o) Wi
A= g PR F43kmE ofe] 7 v

A7} mAE GRS Aok ol W ] A
ARe o] ARk Favf glome Aed A&
AES TxiQl shed) Qo] f-8si? olejet f3t
QARES ol gslo] YSIE TARlo] 58

o H)R= gk sl BAlsk 4 olq,142627)
), ogh ke aw s o83 Ao 4
e FlEi Fekeamde] Yleksk e
(geometry) 9} Rela} o 473 Alele] A 24
(boundary 52l EAX](material
properties), “12]al 323} ASTE Alo]o] A
(the interface between bone and implant) 47}4]
TEafoF S, 3xg) WS o83 B

condition),

[e)

Mo A Baske S A dl5e
Stk o] Qlont, ARk lge] el sax)

B I AT AR TR el s
ok, W, 224) mele Hlw QA SL Tkl /)
W 27 IRl Aeid, AEdel= AP )
TP, 53] gl AXE on] ek
Qe 8 pug Bashed) ol 2} 9
ZE Alolo] AWS ojulA wely) sy} el
o] Ao = kS -frx:}l‘;*”)_ = A7 gj]g}
AY F ARl

3Lz

%‘—é%‘f 74] il
olefgk A

= Aos RERsial X (linear analysis)©|
obd, AdelA SIS WSl wAE  EA
(non—linear analysis)& AJajafoF ah}iol”,

686

- A7s, 85 Wilo] ol 27l sle=
7Fehz MY JERES A5l A8sk=tl oA,
AEHom AR = A T 7Fsdel TheiA
et ofefdt vy JETES 1 7] skee 7t
Shz dl loiM PAdel e = vl gl
el A-skarat siSick

Y ERES AEH R AR 5 9leAll
e &2 . Aol wlal EAfekarat 47

3.0mm, Z4o] 12mm¢] flat end=
Feje] ASTE N S FEE

“I'_Z_l_ =
sk

TP )

jzro= vl

Flat endE7A= 7490l = A3l Zorx] =4
HE g Blo] HasATE sl £ 7R 1)
U AZTHES] - AR 25k 9 &2)o] 1
SRR PRI g-fo] S Hrk Bisst &
S 7THE Ty AEHES] udE Fele] 8 2
o] Yo WL 2olE HolR| gokon), Wil
M= flat endE 7= 7490l HIS] Addo=
= o2lo] Wl Ao yEQIT) Ao A
thdo® 7w} Young's modulus7) Ho} S8 2

o)

Roll elshar 7] el e 988 5

=)
2FgAdel) IR

Auk o]t S8 H3o] =474 ok
o3k leis o)) ot 2j=27) BEsE AR o )
1AL Rhek 29 axAle) ofal Sakzo] FAE
ATRH HY °‘~E‘r‘54 2o Herhe 6 7
a5 € ook JESHE Euke] § ¥yv) 7}
A= A 449} ZA 27 RlE ¥ OE

AE 2 Rl e 39 Hilell tiexd= 5

3l A5t Hostelet ATk

U%LEA o)} A7o] kAol mAl= @3
o thelA Block 5 BEATS Ea) A7nct
dolgdvt Fesial sigler), o= hydrox—
yapatite implant 218 § 2F7F A8E ARl &

Aolzz nY JAZPES] %7] BT} TEHs)]
iz ARsble ofEgelet AkmdEnh R
Chun 593} Tada 5% frakas B8 53 2
o7} TasihaL s on o w ALgE
T AY A olgsision® 2] SPA

[e)
mHe

sl

a-

F}E



slo] Agsh7lell= 7<]'°]7]' Aot AlEE
Himmlova S0 My G

gafe] Zo| M—Eﬂr A4 947t T
\:}J‘ sigitk i AqrellMe 7] 88 Wl
Al Ho] gARTi= X—V‘ ﬁffj} 3

srgel S o) A
YR AR RZo] Ha1, &A
Z83h= Aow T

o -
58 F3Lof

o @ﬂ
ol 79| =+

ojZgle &t I:]Z}Oloﬂ
S
wjiolaka A}EEJD% 3_7] OW*éOﬂ A
ek wofAlr), % &
;(]]]f—‘_ Uoslo g ,47\14«>]]A1
A9 4= et 27] oF
3 Hﬁ}{—tﬂ 7}@ %ﬁ}} oolola}ﬂ *Mﬂ

Ol

. %4 Yol uhe
s ATk, skel Wl
o) S Wl b FR axe 488

o PAF =
fEsl] et A ¢
ofsti zaslo} sk, o2 glaiM A7t
g 7P ARn dEdEd TleiAl=
T QS Zo|= Ao ¢] FQ93F
oY, npite} Fapd Fe H79] JERES
AREBhs ARG AEdEo A BAdTEe] A
A3 OIS B8l S 5 828 Fole A
o] tf 8 & gk

=

A

3;1-_
=

Misch 5%, Chun 5", Hansson 5 123
o= olZghe Cz|Qle] 9loir] LA} e} <2
el o] Fagk g gl sigied]
AforlE LA} tlaiRle] Hfl el mjx)i= ek
ol EH—EHH% A5 edoltk o Qi AnE nl

o f%s) & ) Folurk vy O‘i%lf_‘é o

687

ARIGR= ] lolA Pes]
o W} EARle 4 4
ARIshk= Aol ¥ Tag
ZIE g EXo) 3

217

081 A}:Di u}

et

[e]
=x29] 58 ko] A= el
7] $J8ted] 22941 fete andks
H14E B2 (contact non—linear analysm)% /\]5!3

ao] Thgah o Ak Ak

S ) TP 2

i)
;
%
w
2
e
ol
lo,
=
i
juies
¢l
»
1m
il

(e}
R

S o N3] S
2 el o) Fasi Ay

VI Z315d
1. Branemark PI, Hansson BO, Adell R et al.
Osseointegrated implants in the treatment

of the edentulous jaw. Experience from a



10—year period. Scand J Plast Reconstr
Surg Suppl 1977;16:1-13.

Shatkin TE, Shatkin S, Oppenheimer Al,
Oppenheimer BD. A simplified approach to
immplant  dentistry  with mim  dental
implants. Alpha Omegan 2003;96:7—15.

el Attar MS, el Shazly D, Osman S, el
Domiati S, Salloum MG. Study of the effect
of
temporary abutments in implant overdenture
cases. Implant Dent 1999;8:152—158.

Ahn MR, An KM, Choi JH, Sohn DS.
Immediate loading with mini dental im-—
plants in the fully edentulous mandible.
Implant Dent 2004;13:367—72.

Mazor 7, Steigmann M, Leshem R, Peleg

M Min—implants to reconstruct missing

using mini—transitional implants as

teeth in severe ridge deficiency and small
interdental space: a b—year case series.
Implant Dent 2004;13:336—341.

Balkin BE, Steflik DE, Naval F. Mini—den—
tal implant insertion with the auto—ad—
vance technique for ongoing applications. J
Oral Implantol 2001;27:32—7.

Block MS, Delgado A, Fontenot MG. The
effect of diameter and length of hydrox—
ylapatite—coated dental implants on ulti—
mate pullout force in dog alveolar bone. J
Oral Maxillofac Surg 1990;48:174—8.

Vigolo P, Givani A, Majzoub Z, Cordioli G.
Clinical evaluation of small—diameter im—
plants in single—tooth and multiple—im—
plant restorations: a 7—year retrospective
study. Int J Oral Maxillofac
2004;19:703—7009.

Gapski R, Wang HL, Mascarenhas P, Lang
NP. Critical review of immediate implant
loading. Clin Oral Implants Res 2003;14:
515-27.

Implants

688

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Frost HM: Bone’s mechanostat: a 2003
update. Anat Rec 2003;275A:1081—-1101.
Geng JP, Tan KB, Liu GR. Application of
finite element analysis in implant den—
tistry: a review of the literature. J
Prosthet Dent 85:585—598, 2001.

Weinstein AM, Klawitter JJ, Anand SC,
Schuessler R. Stress analysis of porous
rooted dental implants. J Dent Res 1976;55:
772-777.

Chun HJ, Cheong SY, Han JH et al
Evaluation of design parameters of os—
seointegrated dental implants using finite
element analysis. J Oral Rehabil 2002;29:
565—574.

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—1258.

Prendergast PJ. Finite element models in
tissue mechanics and orthopaedic implant
design. Clin Biomech (Bristol, Avon) 1997;
12:343—366.

Van Oosterwyck H, Duyck J, Vander Sloten
J et al. The influence of bone mechanical
properties and implant fixation upon bone
loading around oral implants. Clin Oral
Implants Res 1998;9:407—418.

o]FA. wAE vy UZHES] 27 kA

S E R B SR AR R

%, ol thekL il A1, 2005
S5 TAS AL A IR e 9]

EHEA 9 A ) ARE SR =
ekl ek, A2, 2001

Sato Y, Wadamoto M, Tsuga K, Teixeira
ER. The effectiveness of element downsizing
on a three—dimensional finite element model
of bone trabeculae in implant biomechanics.



20.

21.

22.

23.

24.

25.

J Oral Rehabil 1999;26:288—291.
M, Hirsch JM, Lekholm T,
Thomsen P. Biological factors contributing

Esposito
to falures of osseointegrated oral im-—
plants(IT). Etiopathogenesis. Eur J Oral Sci
1998;106:721—-64.

Duyck J, Ronold HJ, Van Oosterwyck H et
al. The influence of static and dynamic
loading on marginal bone reactions around
osseointegrated implants: an animal ex—
perimental study. Clin Oral Implants Res
2001;12:207—218.

Albrektsson T, Wennerberg A. Oral implant
surfaces: Part 2—review focusing on clinical
knowledge of different surfaces. Int J
Prosthodont 2004;17:544—64.

Esposito M, Coulthard P, Thomsen P,
Worthington HV. The role of implant surface
modifications, shape and material on the
success of osseointegrated dental implants.
A Cochrane systematic review. Eur J
Prosthodont Restor Dent 2005;13:15—31.
Holmgren EP, Seckinger RJ, Kilgren LM,
Mante F. Evaluating parameters of os—
seointegrated dental implants using finite
element analysis——a two—dimensional com—
parative study examining the effects of
implant diameter, implant shape, and load
direction. J Oral Implantol 1998;24:80—88.
Hansson S. The implant neck: smooth or
provided with retention elements. A bio—
mechanical approach. Clin Oral Implants
Res 1999;10:394—405.

689

26.

217.

28.

29.

30.

31.

32.

Himmlova L, Dostalova T, Kacovsky A,
Konvickova S. Influence of implant length
and diameter on stress distribution: a finite
element analysis. J Prosthet Dent 2004,
91:20—-5.

Stolk J, Maher SA, Verdonschot N,
Prendergast PJ, Huiskes R. Can finite ele—

ment models detect clinically inferior ce—

mented hip implants? Clin Orthop 2003;
409:138—150.
Tada S, Stegarou R, Kitamura E,

Miyakawa O, Kusakari H. Influence of im—
plant design and bone quality on stress/
strain distribution in bone around implants:
a 3—dimensional finite element analysis. Int
J Oral Maxillofac Implants 2003;18:357—368.
Simon, SR., Orthopaedic basic science.
First Edition, American Academy of Ortho—
paedic Surgeons, 1994.

Barbier L, Vander Sloten J, Krzesinski G,
Schepers E, Van der Perre G. Finite ele—
ment analysis of non—axial versus axial
loading of oral implants in the mandible of
the dog. J Oral Rehabil 1998;25:847—58.
Misch CE.
for the posterior regions of the mouth.
Implant Dent 1999;8:376—386.

Misch CE, Bidez MW, Sharawy MA.
Bioengineered implant for a predetermined

Implant design considerations

bone cellular response to loading forces. A
literature review and case report. J

Periodontol 2001;72:1276—1286.



—Abstract—

Contact non—linear finite element model analysis of
initial stability of mini implant

Hyun—joo Yoon', Ui—Won Jung!, Jong—suk Lee?, Chang—Sung Kim!,
Jung—moon Kim®, Kyoo—Sung Chol, Chong—Kwan Kiml, Sung—ho Choi

1. Department of Periodontology, Oral Science Research
Center, College of Dentistry, Yonsei University

2. G.0.Net Dental Clinic

3. Ortholution Co., Ltd

Mini implants had been used provisionally for the healing period of implants in the beginning. But
it becomes used for the on—going purpose, because it is simple to use, economic and especially suit—
able for the overdenture. But there is few studies about the stability of mini implants, that is most
important factor for the on—going purpose, and particularly the implant parameters affecting the in—
itial stability.

The purpose of this study was to evaluate the stress and the strain distribution pattern of imme—
diate—loaded screw type orthodontic mini—implant and the parameters affecting the initial stability
of immediate—loaded mini—implant. Two dimensional finite element models were made and contact
non—linear finite element analysis was performed. The magnitude and distribution of Von Mises
stresses were evaluated.

The obtained results were as follows:

1. The stress was concentrated on the thread tip of an implant in the cortical bone.
2. The direction of load is the most important factor for the stress distribution in cortical bone.
3. The diameter of an implant is the most important factor for the stress distribution in the tra—

becular bone.

In conclusion, if the horizontal load vector is successfully controlled, mini—implants, which diam—

eter is under 3mm, can be used for the on—going purpose.

Key words : Mini—implant, stress, cortical bone, trabecular bone, contact finite element analysis
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