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Figure 1. Schematic representation in models

1D =2H1

QA WA dEHE F oA ARSI
TISAHKorea) AlE2] A4 HdlS A838130H, o]
£ 33 o= 5L 217 4.1 mm, Zo]

& ARSI

532



2 =232 AllA Aefsialet. dZzkES] FF 9 Zdo] uf
W e G B B AKE o F S el s S ws 94
TISAHKorea) Al&2] AA] Bd& ARgsIgom, o] SHACHFigure 2).
2 339 PoR S, 27 4.1 mm, 20|
12,0 mm®] LhAFE WjAIAle] A|chFE A 2 # 20| B
& ARSI © 1Y AR Ut AUER o)l F-
T AU HEEE 2mm Fe) 2Bl
ORI ESIRSE| =eke A
o] 573} Carter 5°70] wAZO] FAel| tislo] IE AU SIS Imm FAG] mREo
A ARE Eoje ohea) 2o) 45Re) e e B9
:fL—“:L]—B]—M_‘EEL Tul 2L AFQY 5 Az A * VA O et sfEE ool A
3 Type 1 Type T Type I Type IV 3
”””””””””” (a) Model 1
Type 1 Type I Type II Type IV
(b) Model 2

Figure 2. 3-D Model showing the implant installed in the bone
@ abutment @ implant @ supporting bone
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Table 1. Properties of materials used in the analysis

: Young's modulus o, .
Part Material Poisson's ratio
(GPa)
Abutment Titanium grade ELI 113.8 0.34
Fixture Titanium grade IV 114.0 0.37
Cortical bone 14.0 0.30
Bone

Spongeous bone 1.5 0.30
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°1 6:

¢ F1 : vertical load of 100 N
* F2 : oblique load of 100 N
(30 degrees off of the long axis)

crestal bone near the top of implant
® 2, 5 ! bone around the first thread of implant

® 3, 4 : bone around the bottom of implant

® 1, 2, 3 : lingual side in bucco—lingual section

® 4 5, 6 : buccal side in bucco—lingual section

Figure 3. Measuring points of von Mises stress around the implant
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Table 2. von Mises stresses in type I bone under vertical load
Unit : MPa
1 2 3 4 5 6
Model 1 2.46 1.94 1.42 1.35 2.07 2.54
Model 2 2.67 2.05 1.14 1.16 2.10 2.55
*1, 2, 8, 4, 5, 6 : measuring point
3
25 =
\ >
2 7
[u 15 —e— External - Vedical
% ' — Internal - Yertical
1
05
0

1 2 3 4
measuring point

Figure 4. von Mises stresses in type I bone under vertical load
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Table 3. von Mises stresses in type I bone under buccal oblique load

Unit : MPa
1 2 4 5 6
Model 1 8.85 4,72 1.51 1.12 2.76 4,09
Model 2 10,50 5.58 1.10 0.97 2.28 5.70

*1, 2, 8, 4, 5, 6 : measuring point

—+— Extemal — Ohlique

—=— Internal = Obligue

measuring point

Figure 5. von Mises stresses in type I
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Table 4. von Mises stresses in type II bone under vertical load

Unit : MPa
1 2 3 4 5 6
Model 1 3.87 2.61 1.33 1.36 2.32 4.28
Model 2 4.54 1.73 1.04 0.98 1.81 4,53
*1, 2 3, 4, 5, 6 : measuring point
E
45 —
il l,
35 _ '
5 .
o ok \ —— External - Vertical
b '2 Z Internal - Yerdical
15 —
‘] S— -
05
0
2 3 4 6
measuring point
Figure 6. von Mises stresses in type II bone under vertical load
Table 5. von Mises stresses in type II bone under buccal oblique load
Unit : MPa
1 2 3 4 5 6
Model 1 9.86 4.70 1.28 1.15 3.27 4.71
Model 2 12.56 3.75 0.99 0.81 2.88 4,61
*1, 2, 8, 4, 5, 6 : measuring point
14
12
10
m 8 —— Extemal - Oblique
b g Internal — Oblique
N -
2 \L\__/
0
2 3 4 5 &
measuring point
Figure 7. von Mises stresses in type II bone under buccal obligue load
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Table 6. von Mises stresses in type III bone under vertical load

Unit : MPa
1 2 & 4 5 6
Model 1 3.33 0.86 1.61 1.56 3,47 4,08
Model 2 4,00 0.53 1.34 1.26 0.51 5.10

*1, 2, 8, 4, 5, 6 : measuring point

Al 'y
1 // e Extema - Vartical

el
CZL 2 Internal — Yetical

2 : /_/

1 ¥

1 2 3 4 & 53
measuring poirt

Figure 8. von Mises stresses in type III bone under vertical load

Table 7. von Mises stresses in type III bone under buccal oblique load

Unit : MPa
1 2 3 4 5 6
Model 1 10,96 1.45 1.56 1.29 6.41 6.00
Model 2 9,55 0.73 1.22 1.07 0.47 1.68

*1, 2, 8, 4, 5, 6 : measuring point

12
10 \\
8
T \ e —+— Extemnal - Oblique
< \ Internal — Oblique
" [
2 —_—
0
1 2 3 4 =] 53
measuring point

Figure 9. von Mises stresses in type III bone under buccal obligue load
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(Table 9, Figure 11),

Table 8. von Mises stresses in type IV bone under vertical load

Unit : MPa
1 2 3 4 5 6
Model 1 1.00 0.72 2.10 2.17 0.73 1.04
Model 2 1.23 0.71 1.30 1.39 0.75 1.40

*1, 2, 8, 4, 5, 6 . measuring point

N
=X

—e— Extemnal - Verical
Internal — Vertical

o

1 2 3 4
measuring point

Figure 10. von Mises stresses in type IV bone under vertical load
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Table 9. von Mises stresses in type IV bone under buccal oblique load

Unit : MPa
1 2 3 4 5 6
Model 1 3.24 1.83 2.34 1.68 1.07 1.55
Model 2 4,33 2.59 1.38 0.99 1,50 2.80

*1,2, 8, 4, 5, 6 : measuring point

[
45
a4 R\
35
3 i3
Fog \\ o —+— Extermnal - Ohlique
=< A —*— Intemal — Obligue
2 v \
15 £
1 = R
05
0
1 2 3 4 5 5]
measuring point

Figure 11. von Mises stresses in type IV bone under buccal oblique load

Table 10. von Mises stresses in Model 1 under vertical load

Unit : MPa
1 2 3 4 5 6
Type I 2.46 1,94 1,42 1.35 2.07 2.54
Type 1 3.87 2.61 1.33 1.36 2.32 4,28
Type II 3.33 0.86 1.61 1.56 3.47 4,08
Type IV 1,00 0.72 2.10 2.17 0.73 1.04

*1, 2, 3, 4, 5, 6 : measuring point

4.5
i i
3.5( — |
3¢ [
2.5F [ = Type |
e 2H] | |ETypell
L1 — (O Typell
1'?! O Type 1Y
OIS{ I
Lt
0 1 2 3 4 5 &
measuing point

Figure 12. von Mises stresses in Model 1 under vertical load
Heg Uehliglch Welzelxe g 13 B o SERhe VY BelM /R w3kw o B
oAl AL VE oA 2aglon, TeRoA 9 zloli= =A] YUQktHTable 10, Figure 12),
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Table 11. von Mises stresses in Model 1 under buccal oblique load

Unit : MPa
1 2 3 4 5 6
Type 1 8.85 4,72 1.51 1.12 2.76 4.09
Type I 9.86 4.70 1.28 1.15 3.27 4.7
Type 1T 10,96 1.45 1.56 1.29 6.41 6.00
Type IV 3.24 1.83 2.34 1.68 1.07 1.55
*1, 2 3, 4, 5, 6 : measuring point
12
10F7
8{
o Type |
MPa  &r H Type
1K O Type
O Type 1Y
2{
Lol
0= 3 4 6
measuring point
Figure 13. von Mises stresses in Model 1 under buccal oblique load
Table 12. von Mises stresses in Model 2 under vertical load
Unit : MPa
1 2 3 4 5 6
Type I 2.67 2.05 1.14 1.16 2.10 2.55
Type I 4,54 1.73 1,04 0.98 1.81 453
Type II 4,00 0.53 1.34 1.26 0.51 5.10
Type IV 1.23 0.71 1.30 1.39 0.75 1.40
*1, 2, 8, 4, 5, 6 : measuring point
6
5
4] W
[l m Type |
MPa SH B Tope |
2k — O Type 1l
O Type 1Y
1 ( I
Lt
0 3 4 &

measuring point

Figure 14. von Mises stresses in Model 2 under vertical load

541



S Foldt B9 B A e Hast v, 13 Zolke Hasigle
e g5 HozoAEn dsds e 45 i ! Ale dEEES o]
oA 2 S0l ST W= Bk 1, 19 v WS Bk HAZolA Y M|
ZoM= AAZE] Al ) S2o] HFHUAL % ZoA 2 VE ZollA 2asiom
splom ZpR GEo] sl YIgtEe] Itk THRolA ] ZEgke = 1H] A7t 2] ¢k
FoA 2ol S8 Hlon, 13 ZoM 2ot (Table 12, Figure 14).

T 32| s Holry HAzolk o] St BAES Foftt B 2e THA s
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e = 1Y) Aole A doitKTable 11, AA[Ze Aol A 520l FAFHIUL 5
Figure 13) 25 g0l fasie] dEHE FofA 2]
Table 13. von Mises stresses in Model 2 under buccal oblique load
Unit : MPa
1 2 4 5 6
Type I 10,50 5.58 0.97 2.28 5.70

Type I 12,56 3.75 0.81 2.88 4.61

Type I 9,55 0.73 1,07 0.47 1.68

Type IV 4,33 2.59 0.99 1.50 2.80

*1, 2,8, 4, 5, 6 : measuring point

14

12¢

10¢

wa e

o Type

a¢ O Type IV

o

0= 2 3 6

measuring point
Figure 15. von Mises stresses in Model 2 under buccal obliqgue load
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Figure 15).
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Figure 16. von Mises stresses at point 1 Figure 17. von Mises stresses at point 2
*T . bone type
=\ > vertical load
* O : buccal obligue load
25 25
2 2
15 15
MPa @ External rMPa @ External
1 1
05 05
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Figure 18. von Mises stresses at point 3 Figure 19. von Mises stresses at point 4
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& 5
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Figure 20. von Mises stresses at point 5 Figure 21. von Mises stresses at point 6

543



] e g 2oja nes 1 7
Rl gee
BE F0T 0k F Shph 2 Sl
A % 7] ol SIERES] TEeg A B
< oA "o} P Age ozt T Age] =
S0l e Gon el sherEe ol
S0l g3jo] Q=G 2 A AolefAl2] of
S(slipping) o] ZeH=H =0 Aol Raligt I
Zof® —I—‘ITX}— e flEsA do = Hidle
PIZHES] A714 7I157A] Al Pk e
o] ozt %—LE}E =Y 24, 58

37-39,
o] HAA A2 P} ¢Jmgte ARL o

2]
s i‘ié%fn’%"ﬁ RS 3%01 A

mlo

& B (ol
o,
HNH

r
l

Lo
m o

¢
o

oo
:
D)

N
i)
N
2z
N

<
o=
N
rr
e Heorle

TR

=

12k

O’ |

ox

o

i

I

® Ax o
T 5o

N u

or o2

o~ _la
T
o; llTl

to 2
N

~

O]

.
%l & Qug= 24 422 47

13 M N lo 1o fo o fu
N,
X
12
[
rio
rO
(o]

S Eﬂ = UH—r a8t A 024 At ZPstA] it

Welnberg%%g), Lum 549750) Matsushita 5]
Sy Aol 4 9 3 ol Al ol
LS| . A1 AU 72 321 W) o
EPRS Hojgl=t), & AFolM= I, 1, I3
ZolAe] 3P % st mdo] IAGlo]

AIHE 1A AR ZHEH AUzof 22
o] HFFhe Fd= Holm, L ohF slldel=
a2 2 o] AejA elgith WA 390 5
ol 2 ol A, ERE AL gk 2o
HE7E wotA sfEEeA o] miAlel A -8
F4lo] H7] wjRol, B, At AL 2

s
e
rH
r

S ] 56~108y m A% LRo|u X
Ae Zow Mslsle] Wetge] 713K
AagkEo s BAR|7|AL Qe
3ES- W 10~50¢ m FE=TE 2Foj S
2}7] wjgoleta AzE Qe
vz} AISE QlmetEdy WEs TF4T
AN Nl A

DO
~
>

o e

{z rlo ol

1

tlo o © o

T
T
10

C: olo I‘IF

& 1¥ i

i) rL oo I
:A
Pﬂ
o

=R
g
=2
'r‘
J:’4
ol
i
o
LI
= 9
ol
_Td
ot

o
1

l
lm rl

ES 01:7loP°1 °‘43¥E°ﬂ =2 59 % ks
*M?lml X % o EERt WS opIRirhal
Bl 53] Y UEHE K] HAEE sjefe
7 v7ls £ el ool s wdl
HIES] g =]7] 4190 ol2ek =
HE IR A= w2 S
i stglon], At wY HHEE YIEThE
A& 2N ol 7HA] Feje] Al o
P ST i L e e e et
w3} 304 BrrslEol 7isial w°ﬂ£ F= A

%
il
Jo
H rtﬂﬁ‘: ]

g
\_.

o T Ay

o, Hr S o)F 7t el AS, wekT
Aol 953 A9l A9, wrt e el 24
Sk Sk B ATelA] BRRe] SRk o
2 87} AS 2 By 1R 95 AAS 2
£ 29 20 B oL collar SIS &

S8 7
=
flo
H
oflt
)
=2
2
r>~l
rII
_|>~l

544



M
i
=)
o
2
o
A
=
e
)
£
o
H
ol
)
o
rir
M

(Figure 22~29).
3t Holmes 572 3Ha. 4413
o

ollA] Zrh 52

#
e EL R E e DR

o

HeAZol| AFEH, AgZo] FALSSE 1L 3
HEO| Hirt 23,5 22 s A2 58
%S HOITHL 31911, Clelland 57 AAIA L.
B2 FU3t IR o] Folxl HyofA] ek 9|
o] gee vkm, wige 2k, el s
2 SRRl ByoNe #HdEe S8 =
ek g vigton] w|uge| sk 5718 4
& gee gy Bsih B Apeie
13 =9 4$7F M8 Zof vlste] Z4Hol 2]
£ o] thh Z7KRE Ul uie] el §
< 1y S0l T4 FdE HA=t, o= A4
3 mEo| thEw mael w2 QJEUE HRQlo]
kA Farge] KIR7L sYskA] o] wiEel
o] Al SRl Holr} i Zlom Az}
ot Ty T3 Sl S=o] o \A Ak

T ATE P T4 Hape] = EEo]
wREEQl B3] ofs) B vlAskgel Wy S
glom,” olz Qg vHEgel Y £ES Xt

S &4 25 AASH] Y8l skt 24
319 4= QY Evans”'= gJmetEd] sjiRe A
ZQto] Zatk AZTE AHA Zo] et ol

o] S itk I niAjEdo] HAgThaL
Sict, T3 wAEO] QA= 72~76 MPa,

7%= 140~170 MPa, BHJ8HAI= oF 60MPad]
1, FHEEL 22~28 MPa55,56)2] SIAAESE ZH=
o], Qe k= B9l $2o] 29 MPag |X]

oR=rh Z) v TAS wAlsH) oRerki 619

DO

ou, offl ol TaE Ao 5 EF ol2’t
AE EA Gk

Ty 2 telde o 9
oz desizlon, VY =9 FHE dked] ©
AR AAslo] BERE S AR T =AY

3} 83 30 ARk 25l webd ol

e
p
o
O
o

3 Al celol TS Hek R4S SAshi o)
A7)t ofjel AfFeh QRie A Y9l
S Wy B4 Ten o Be EPE A
o183 A7t BaF A= AREc
v.a B

BYL AERR BRI 5 YA} AF 7
92 9 WEdd FoE 2 g Yme
5 Fopol A7tk sl BHAE 4TS st
of fEH4 WS AL, Aol YzE
I W Sl VIR G st qmue
of Az ANE elEa| 2] Slste] Qe Ay
Fo B AT, BE B0BAPYFOR 100N

2 7RIS

e TN AR BARE S 7
ul geizlo] S71ioln AAIEE Al EEe W
Holgo] QRS W WelEHTt R SRS
Helow, I, I, ¥ &k s S/t &
Aol ARz Aol Fd s=o] HeE= FY

o]z

Eof oA 4o} S¥S Hldl Ve =
= Hide] Beks walct

=g 1, 2 Wl mEe] SV Srtek
AZeMe] G2 IR el o] 5
Hastelon], wy 7te] ula AJ shgef it
ol Aol AR MAZeINE 29 2,
e 1 1o WAsks S0l wolil, &
A EH et sEhE ol

olet £ AkS FHiE & uf Wt geret 24

J

rd
o)

2 4zl rlo B

ol
o

545



2 9IIME vAAIe} cho] Aeiet YaE o
AR9le] S W B4, o W ST A
2 o]g3t A7/t Wasichn A=t

VI, B 2u

1. Holmes DC, Grigsby WR, Goel VK, Keller
JC., Comparison of stress transmission in
the IMZ

methylene or titanium intramobile element:

implant system with polyoxy—

a finite element stress analysis, Int J Oral
Maxillofac Implants 1992;7(4):450—458.

2. Misch CE, Bidez MW,
occlusion: a
Compendium 1994;15(11):1330,
passim; quiz 1344, Review,

3. Le Gall MG, Lauret JF, Saadoun AP,
Mastication forces
surface, Pract Periodontics Aesthet Dent
1994;6(9):37—46; quiz 48,

4, Weinberg LA, Reduction of implant loading

Implant—protected
rationale,
1332, 1334

biomechanical

and implant—bearing

with therapeutic biomechanics, Implant
Dent 1998;7(4):277—285.
5. Richter EJ, In vivo vertical forces on

implants, Int J Oral Maxillofac Implants
1995;10(1):99-108,

6. Lekholm U, Zarb GA, Branemark PI
Albrektson T, Tissue—integrated prosthe—
ses: osseointegration in clinical dentistry,

Quintessence publishing, 1985;1-35,

7. Zarb GA, Schmitt A, Implant prosthodontic

treatment options for the edentulous
patient, J Oral Rehabil 1995;2:661-671,
Review,

8. Jaffin RA, Berman C, The excessive loss of
Branemark fixtures in type IV bone: a
5—year analysis, J Periodontol 1991;62:2—4,

9. Bass SL, Triplett RG. The effects of pre—
operative resorption and jaw anatomy on

implant success, A report of 303 cases,

10.

11,

12,

13.

14,

15,

16.

546

Clin Oral Implants Res 1991;2(4):193—198,
Hutton JE, Heath MR, Chai JY, Harnett J,
Jemt T, Johns RB, Factors related to suc—
cess and failure rates at 3—year follow—up
in a multicenter study of overdentures
supported by Branemark implants, Int J
Oral Maxillofac Implants 1995;10:33—42,
Friberg B, Jemt T, Lekholm U, Early fail—
ures in 4,641 consecutively placed Branem—
ark dental implants: a study from stage 1
surgery to the connection of completed
prostheses, Int J Oral Maxillofac Implants
1991;6:142-146,

Truhlar RS, Morris HF, Ochi S, Winkler S,
Second stage failure related to bone quality
in patients receiving endosseous dental
implants, KICRG interim report No, 7,
Dental implant research goup.
Implant Dent 1994;3:252—-255,

Hun KB, Lee SH, Chang IT, Yang JH, Shin
SW., An analysis of stress distribution

clinical

around the implant according to the bone
quality and Dbite force: finite element
method, Acad Prosthodont
2001,39:391-409,

Higuchi KW, Folmer T, Kultje C. Implant

survival rates in partially edentulous pa-—

J  Korean

tients: a 3—year prospective multicenter
study, J Oral Maxillofac Surg 1995;53:
264—-268,

Jemt T, Lekholm U, Implant treatment in
edentulous maxilla: a 5—year follow—up
report on patients with different degrees of
jaw resorption, Int J Oral Maxilofac
Implants 1995;10:303—311,

van Steenberg D, Klinge B, Linden U,
Garpland C,

Periodontal indices around natural and ti—

Quirynen M, Herrmann I,

tanium abutments: a longitudinal multi—

center study. J Periodontol 1993;64:538—541,



17.

18,

19.

20,

21,

22,

23,

24,

295,

Jemt T, Laney WR, Harris D, Henry PJ,
Krogh PH Jr, G, Zarb GA,

Herrmann I, Osseointegrated implants for

Polizzi

single tooth replacement, A 1—year report
form a multicenter prospective study, Int J
Oral Maxillofac Implants 1991;6:29—36,
Levine RA, Clem DS 3rd, Wilson TG Jr,
Higginbottom F, Saunders SL, A multi—
center retrospective analysis of ITI implant
system used for single—tooth replacements:
Preliminary results at six or more months
of loading, Int J Oral Maxillofac Implants
1997:12;237-242,

Norton MR, An in vitro evaluation of the
strength of an internal conical interface
compared to a butt joint interface in im—
plant design, Clin Oral Res
1997;8:290—298,

Norton MR, Assessment of cold welding

Implants

properties of internal conical interface two
commercially available implant system, J
Prosthet Dent 1999;81:159—166,

Norton MR,

strength of the conical implant—to—abut—

In vitro evaluation of the

ment joint in two commercially available
implant systems, J Prosthet Dent 2000;83:
567-571,

Sutter F, Webber HP, Sorensen J, Belser U,
The new restorative concept of the ITI den—
tal implant system: design and engineering,
Int J Periodont Rest Dent 1993;13:409—431,
Sutter F, Schroeder A, Buser DA, The new
concept of ITI hollow—cylinder and hol—
low—screw implants : Part [. Engineering
and design, Int J Oral Maxillofac Implants
1988;3:161-172,

Lavelle CL, Wedgewood D, Love WB, Some
advances in endosseous implant, J Oral
Rehabil 1981;8:319—-333,

QA T, oY, RALLY YR, 5T

26,

217,

28,

29,

30.

31,

32,

33.

34,

39,

36.

37,

547

AL 1993;47-85,
DS,
Addison wesley, 1987;1-49,

Geng JP, Tan KB, Liu GR., Application of

finite element analysis in implant den—

Burnet Finite element analysis,

tistry: a review of the literature, J
Prosthet Dent 2001;85(6):585—598,

Beat R, Mechanics of the implant—abutment
connection, An 8—degree taper compared to
a butt joint connection, Int J Oral
Maxillofac Implants 2000;15:519—-526,
oflAY, o]Et Fhel stotEel AdEe] &
oF A E3rele} 1964;7:817-830,

Carter TB, Frost DE, Tucher MR, Juniga
JR. Cortical thickness in human mandibles:
clinical relevance to the sagittal split ra—
osteotomy, Int J Adult Orthod
Orthognath Surg 1991;6:257—-260,

Holmes DC, Loftus JT. Influence of bone
quality on stress distribution for endosseous
implant, J Oral Impl 1997;23:104—111,

P, Rao W, Bone
Clinical —histomorphometric
Clin Oral Implants Res 1999;10:1-7,

Carter DR, Schwab GH, Spengler DM,
Tensile fracture of cancellous bone, Acta
Orthop Scand 1980,51:733-710,

o]okzl, oFAlS. Ble) AZEHE Bicortification
o] SeEART] P HFLAAEAL AT,
A& =, 1996;1-31,

Jung JW, Lee CH, The effect of the differ—

ence of the implant fixture and abutment

mus

Trisi classification:

comparison,

diameter for stress distribution, J Korean
Acad Prosthodont 2004;42:583—596,
Hoshaw SJ, Brunski JB, Cochran GVB,
Mechanical loading of Br nemark implants
affects interfacial bone modeling and
remodeling, Int J Oral Maxillofac Implants
1994;9:345-360,

Lee JW, Lee CH, Jo KH, Finite element



38,

39,

40,

41,

42,

43,

44,

45,

46.

47,

analysis of stress distribution with load
transfer characteristics of the implant/bone
interface, J Korean Acad
Dentistry 2003;22:48—56,

Papavasiliou G, Kamposiora P, Bayne SC,

of Implant

Felton DA, Three—dimensional finite ele—
ment analysis of stress—distribution around
single tooth implants as a function of bony
support, prosthesis type, and loading dur—
ing function, J Prosthet Dent 1996;76(6):
633—640,

Han CH, Chun HJ, Jung SY, Studies of os—
seointegrated stress

implant—models on

distribution, J Korean Academy Protho
2000,38:526—542,

Rangert B, Jemt T, Jorneus L, Forced and
moments on Branemark implants, Int J
Oral Maxillofac Implants 1989;4:241-247,
Rangert B, Krogh PHJ, Langer B,

Roekel NB, Bending overload and implant

van

fracture: A retrospective clinical analysis, Int
J Oral Maxillofac Implants 1995;17:326—334,
Rangert B, Enouard F, Arnoux JP, Sarment
DP. Load factor control for implants in the
posterior partially edentulous segment, Int
J Oral Maxillofac Implants 1997;12:360—370,
Muhlemann R, Sabdir LS, Rakeitsak KH,
Tooth mobility: Its cause and significance,
J Periodontol 1965;36:148—157,

van Steenberg D, Tissue interaction in oral
and maxillofacial reconstruction, Elsevier
1986,31—-45,

Parfitt GS, Measurement of the physiolo—
logic mobility of individual teeth in an ax—
ial direction, J Dent Res 1960;39:608—618,
Weinberg LA, Force distribution in splinted
anterior teeth, Oral Surg Oral Med Oral
Pathol 1957;10:484—494,

Weinberg LA, Force distribution in splinted
posterior teeth, Oral Surg Oral Med Oral
Pathol 1957;10:1268—-1276,

48.

49,

50,

o1,

92,

93,

o4,

95,

6.

o,

58,

548

Weinberg LA, The biomechanics of force
distribution in implant—supported
prostheses, Int J Oral Maxillofac Implants
1993;8:19-31,

Lum LB, Osier JF, Load transfer from en—
dosteal implants to supporting bone: An
analysis using statics, Part one:. Horizontal
loading, J Oral Implantol 1992;18:343—348,
Lum LB, A biomechanical rationale for the
use of short implants, J Oral Implantol
1991;17:126—-131,

Matsushita Y, Kithoh M, Mizuta K, Ikeda
FEM

analysis of hydroxyapatite implants: diam—

H, Suetsugu T. Two—dimensional

eter effects on stress distribution, J Oral
Implantol 1990;16:6—11,

Hansson S, Implant—abutment interface:
biomechanical study of flat top versus
conical, Clin Implant Dent Relat Res
2000;2:33—41,

Hur JK, Kay KS, Jung JH, Finite element
stress analysis of implant prosthesis ac—
cording to connection types of im-—
plant—abutment, J Korean Acad Prosthodont
2005;43:544—-561,

Clelland NL, Lee JK, Bimbenet OC, Gilat A,
Use of an axisymmetric finite element
method to compare maxillary bone varia—
bles for a loaded implant, J Prosthodont
1993;2:183-189,

Evans FG, Mechanical properties of bone,
Springfield: Charles C Thomas, 1973;83—94:
123161,

Yamada H, Strength of biological materials,
Huntington: RE Krieger, 1973:19-75,
Martin AD, McCulloch RG, Bone dynamics:
stress, strain and fracture, J Sports Sci
1987;5:155-163,

Smith EL, Raab DM, Osteoporosis and
physical activity, Acta Med Scand 1986;711

(suppl):149—-156,



Figure 22,

Figure 23,

Figure 24,

Figure 25,

Figure 26,

Figure 27,

Figure 28,

Figure 29,

NTI HE
von Mises stresses in type I bone
(a) Model 1 (b) Model 2

von Mises stresses in type I bone
(a) Model 1 (b) Model 2

von Mises stresses in type II bone
(a) Model 1 (b) Model 2

von Mises stresses in type II bone
(a) Model 1 (b) Model 2

von Mises stresses in type II bone
(a) Model 1 (b) Model 2

von Mises stresses in type II bone
(a) Model 1 (b) Model 2

von Mises stresses in type IV bone
(a) Model 1 (b) Model 2

von Mises stresses in type IV bone
(a) Model 1 (b) Model 2

549

a3

under vertical load

under buccal oblique load

under vertical load

under buccal oblique load

under vertical load

under buccal oblique load

under vertical load

under buccal oblique load



NEE (1)

108 (pa)
2000
183
1867
1500
Rk
— 187
— 10
— 083
0867
0500
033

0167

0.000

Figure 22, (a) Figure 22. (b)

108 (pa)
2000
183
1867
1500
__REc]
— 157
— 10
— 083
0867
0500
033

0167

0.000

Figure 23. (a) Figure 23. (b)

108 (pa)
2000
183
1867
1500
__REc]
— 187
— 10
— 083
0867
0500
033

0167

0.000

Figure 24. (a) Figure 24. (b)

550



NIEE (1)

108 (pa)
2000
183
1867
1500
Rk
— 1187
— 1
— 083
0867
0500
033
0167

0.000

Figure 25. (a) Figure 25. (b)

108 (pa)
2000
183
1867
1500
Rk
— 1187
— 1
— 083
0867
0500
033
0167

0.000

Figure 26. (a) Figure 26. (b)

108 (pa)
2000
183
1867
1500
Rk
— 187
— 1
— 083
0867
0500
033
0167

0.000

Figure 27. (a) Figure 27. (b)

551



NSRS ()

108 (pa)
2000
183
1867
1500
Rk
— 1157
— 1
— 083
0867
0500
033

0167

0.000

Figure 28. (a) Figure 28. (b)

108 (pa)
2000
183
1867
1500
Rk
— 1157
— 10
— 083
0867
0500
033

0167

0.000

Figure 29. (a) Figure 29. (b)

552



—Abstract-

Study on the stress distribution depending on the
bone type and implant abutment connection by finite
element analysis

Hyun—Soo Park, Sung—Bin Lim, Chin—Hyung Chung, Ki—Seok Hong

Department of Periodontology, College of Dentistry, Dan—Kook University

Oral implants must fulfill certain criteria arising from special demands of function, which include
biocompatibility, adequate mechanical strength, optimum soft and hard tissue integration, and
transmission of functional forces to bone within physiological limits, And one of the critical elements
influencing the long—term uncompromise functioning of oral implants is load distribution at the im—
plant—bone interface, Factors that affect the load transfer at the bone—implant interface include the
type of loading, material properties of the implant and prosthesis, implant geometry, surface struc—
ture, quality and quantity of the surrounding bone, and nature of the bone—implant interface, To
understand the biomechanical behavior of dental implants, validation of stress and strain measure—
ments is required, The finite element analysis (FEA) has been applied to the dental implant field to
predict stress distribution patterns in the implant—bone interface by comparison of various implant
designs, This method offers the advantage of solving complex structural problems by dividing them
into smaller and simpler interrelated sections by using mathematical techniques,

The purpose of this study was to evaluate the stresses induced around the implants in bone using
FEA,

A 3D FEA computer software (SOLIDWORKS 2004, DASSO SYSTEM, France) was used for the
analysis of clinical simulations, Two types (external and internal) of implants of 4,1 mm diameter,
12,0 mm length were buried in 4 types of bone modeled, Vertical and oblique forces of 100N were
applied on the center of the abutment, and the values of von Mises equivalent stress at the im—

plant—bone interface were computed,
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The results showed that von Mises stresses at the marginal bone were higher under oblique load
than under vertical load, and the stresses were higher at the lingual marginal bone than at the buc—
cal marginal bone under oblique load, Under vertical and oblique load, the stress in type I, I, II
bone was found to be the highest at the marginal bone and the lowest at the bone around apical
portions of implant, Higher stresses occurred at the top of the crestal region and lower stresses oc—
curred near the tip of the implant with greater thickness of the cortical shell while high stresses
surrounded the fixture apex for type IV. The stresses in the crestal region were higher in Model 2
than in Model 1, the stresses near the tip of the implant were higher in Model 1 than Model 2, and

Model 2 showed more effective stress distribution than Model 1.2)

Key words : stress distribution, bone type, implant abutment connection
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