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Fig. 1. schematic drawing of the finite element
model used in this study.
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Fig. 2. Schematic drawing of different implant
thread slope and the pitch in three types of a implant.




Table II Numbgr of element and node in each model

Bone
. Node Element
Single thread type 23,697 155,217
Double thread type 25,819 145,378
Triple thread type 29,623 167,634
#A zRome o3 WEE P8 1A
Forow : 2008 Forcs : 2000 —T’—, %E‘lﬂ%——lﬁ—p’] i}o]—e‘ 7.‘11-—‘?-]51 Z_“]I}\—]I]”."X] 15 %7:]]
o Agoz PR =AGh E3 3 &

Constraints : T, T, T,

Fig. 3. schematic drawing of applied load direction
and finite element model with meshing.
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Fig. 4. Von-Mises stress in the alveolar bone with the
Load 1.
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Fig. 5. Maximum principal stress in the alveolar
bone with the Load 1.
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Fig. 6. Von-Mises stress in the implant with the
Load 1.
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Fig. 7. Maximum principal stress in the implant
with the Load 1.




Table III. von-Mises and Maximum Principal Stress of the Load 1 according to dlfferent implant t

Single Doubleq .
threaded threaded .
screw SCrew-
Bone 12.7 11.7
M ; : . .
von-Moses Stress (N/m) Implant 25.0 23.7 21.0
. o ] Bone 9.22 4.59 4,93
Maximum principal stress(N/mr) Implant 5 43 5 40 5 50
! ! !
i i i
1 i !
|
< |

Fig. 8. Von-Mises stress in the alveolar bone with the
Load 2.

760N/t

Fig. 10. Von-Mises stress in the implant with the
Load 2.
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Fig. 9. Maximum principal stress in the alveolar
bone with the Load 2.
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Fig. 11. Maximum principal stress in the implant with
the Load 2.
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Table IV. von-Mises and Maximum Principal Stress of the Load 2 according to different implant types

- 2 273 25.8
von-Moses Stress{N,/m) 651 76.0 64.1
. .. 26.6 11.8 144
Maximum principal stress(N/m?) Implant 359 31.8 21.5
744 A JERE S B 4 gl o thall 3 Sao] Bo) o] 23 YTk
JSAES] 23k am A4 g A=3 B ATNE FF 82402 898 245
H7) Y8 28 AeE 1289 Fig 113 24 Aol AZAES} T AW AF 1 HAGlE AL

1% Aol 4% 35.9 N/mm?, 2% VAle) A%
31.8 N/mm?, 3& YA A% 21.5 N/mm*E <2t
Ao Z4%E E 4 Tt
A 7HA B9 Atz uhg
482 Table IV A3t}

B2 %A A

e k™

Branemarkel] 23
2o SAfoll A JEH
A Holxu )J\E"
HE= 72U &
s —‘%V—mi %711 EM A
BARE] LA 2 § 7] W Fol o
g4 AA7F ey, A 5‘7]"1] 9
3 {27 A% 71AF 3%, 22ln
= udE 59 g€ dZHE
T3t A3 BARIACE gt} o
AG ZL3l= o g FZRE FEEE
Aste FEA HEL Yokt o 3
AL Feo 434 39 UL
Ffle WHES A2 + de
HogA 32 T 07 35
AE RFopollA de] A3 Ut
(modeling)°] ¢4 35 2 A=
X}-—n—i(’ ==, :,‘LZJG oz 51_;075} /\gzﬂ
o #ol °]%5“31r AA Wk 77 oA &4
3hs AL E7bs ] dal Bt 55 7]
Qi agsﬂg} g EAAR o)A e F2E

3 Jo

)

=

oL

o,

)

e

a rlr ::I‘ r%
o e —E

ofl o

rok friz)
w12 ro 2

L 4o |
ﬁ 2
=
O
o % ub
B2
U S oo o
P A -
[
o
we e -d

o)
iy
2 o

B A

i,
A=)
m o o
N
S

Hhus
tlo 32

O R A

(r o ol
oy 1%
ok

HUO{
ol 1 W & Y fo

%ﬁzra =

o

ri 1"9 A
o R 4%

ot = 4
we ol
o

_L°,L
1o
M 2
By

487

24
2 7189 1 ¥ 724 (nonhomogeneous), ©) A
(anisotropic), % ¥4 (viscoelastic) ¢ A& ot 22
BARS A3sly] Y% 718 A& S (isotrop-
ic), &9 (linear), B4 (elasticity) = 7F i ¥

oA oz 7Pyt AZAESL oFF el SHE
T2 pas 1908 (28 JZAE md S A

S, W AAE B

stel A8 V5

ALY Aol A2 $8 X nA e 9%
golii] 93te] 9.25 mm HolwHE THAP Ao

2 7P
B AFME 2dy el 71%— AFET F
A OE 23S T AANE, e 84 B
iy

olgste] PENES k2o THAREE
FEAA A S PY AZF AR vEbs
ouh 2 AME 2 ARE BaTlel, WAt
2 Z3zrel S 9 &% F43) doprr) A Y
Bez wwol Az el 2t FHE 2
N x}Ol < Tk ol WA
FANA U}M?} 7 Ao $H WA e
the Blo] ohet AxZ el v 2 A - (fixture
levelel ehdAl B2 AR BARzte] 4%
dolry) YEAY) eI EAZ, 71E A7EH
Aol B2t S-S Thshe BN Roke
k. 71E AFelMe dele Ao wid
FAE T3 A4 e HegEd, o) 2 8

o m\o

é-ﬁ‘ri&



T 2 2 9 35| FAld AEse
Yo} B7] 93 Ao o] AL % "é-u:*} —’F‘X—! "é
o= ods vE & g7 WiFelth av & A
TFANE E0 Adstn 34 SHEEE °L°}E
7] 93t E4o) 1 mm GoAR ZoARY 5

< Fate gl /P 32 o] FHA ‘r’il’ﬂ
(vertica) ol A} 15" 2 &8 & 7};}0%} olu] &=
AEL 7 %207 -1932 N3y o8 51 764 Noj
t}. o]e} Zo] FAlA BlojuA] st5E 71& ol
£ AA FRAAE FF0] B 4 Hhake Bkalo]
7}5]17‘]7‘] G2 HUk ol FAdA Hloid AA}
35 PN A JSHES} HAES A4
s Ur*}—f] 2 Ao 2379 i EAA
Z 7] qEo|th =3 AFHNES A 2Fe| B
oA AW RE gtgo] Jleld i dENET} X2
o o Y= E Adolv T2 g3dso] dF
HET} wX|E & EAE FA A Blold AA} &5
= 71 g o AdA ol 7] W’ﬁ:olq

£ d3AdndA 200 N9 3 35 718t&

AZ2E $YHEX v S ‘3—}"}1‘%—7] A3l
57Me8e BXE HH, 1 VYA A$e AR
o] AlZsle oAl Al 63 (12.7 N/mm®)] Ye}
7] Al Fste] A4 ol 2 W 248 8ol A
A3 ZAEHAAE 15 YA AFAQ $EEXE
Bgon, 2% YAk A 47 WAt Azt
< 180" 93] T XA A ol
Ehte 2E Boln 8o HYAE ot Aad
11.7 N/mm*E B3} 3% WAke] A5 25 WAt
o} 73 8-<F FARH 120" §13AHE 2t AR S
A Fd) g o] WAHHEA AL S wha} HAaE S
t}. o] AL % 35 YALE 2= o] B4 wj Eell
A 2382 10.3 N/mm’Z 2F VAR 971 "ol
e AL B F Uj.

S7HEE 2 B3 stFol /beid o AR &
8 :rL e o2 7Rl LTS &Y
T4k & AL ARl B Aol MAH
73’\}7—}01 AN 2E & 2 FEE 2] 9

© T7FEETE A Y e A &
%Eﬂ o & J&s ol WA €k 1R F

Y MRS o] nd ER F3 g5 Bgke
A zZd ZAgste Fd AFEH L 15 WA

HE ¥
SRS,

é

o/

olo

4

é 0(0 J‘hl' :.:,

488

7% 9.22 N/mm?, 2% WAke] 24 4.59 N/mm’, 3
Z JALY] A$ 4.93 N/mm’E, 15 UAR] 397t
A4 A1 22 A w7} 7P Zen 3% Uikl
A$E 2% YA AR o AXE A& EF
et Hol AFEE o] EFF AXE
E 9] 202 X2 nAEe 9F
A 2F WAk ATt g 2 S
e, 3% vty A5 89 glol o AAE A
A9 718717 | AR7) Wi ol B S7t
'5]- 7—] o= A@Z_}%q. ttz‘sl. o]ﬁq]_t—_'oﬂ Z]—_Q_—]._‘E_

roae

Fgelg vl JZUE Sue UAbdo] But
Bl BAE AL 2 5 AT, @A BA A=

Zoll A verd 2k frAlsIA Hl 97888 %]
1 WA A% 543 N/mm?, 2% WAhe] A5
3.40 N/mm’, 3% ‘/}/\}4 7% 5.59 N/mm’Z 3%
UAte] ASo] 4 2 $Fol TAE T 28 YA
BE7r VS Ha 1E UMH Be7 At 2718
Ze AL B F 9ok 9EHE SR A

Uehte Ao Q4889 g dEAET}

T
ol ofa) A= ihaeﬂ% Aete gon 3
) I-gEe] BAshe 9ok e A=

ol Bas] “’3”‘°a°] g ZolBg ¢
ZPEd Jehte $30] 45 AzIde v &
A JdESHES] AMYNE £ Aoz B
olt}, o]d A YAl AAtze] Fole FA
ol VA Aol LT AT EWE 2
gl FAd &9 gtol —"7}‘}‘3}— A& BAFA)
200 N9 15° AL 3458 71e A49 2342 &2
A, X z2Fel VeRd 7?"‘2’—4 AR = 1F AL
‘Q ) 29.2 N/mm?, 2% Ur/‘]-«] —?— 27.3 N/mm?,

U7

3% k9] A% 25.8 N/mm =7t —*ﬂ%]ff
2 37189 Fhol 7“\?421@ °l %0113 e
d ZAgde 28 HNEE HEFH BAH X£ l

45 A A5 DIk 22 Y o
11.8 N/mm’2 7b¢ %3 3% U o 14.4
N/mm?, 12 YA m& 26.6 N/mm*2 7P 27
UEhd e ¥ 5 I

15° A} sge] JEAE 43 FHOEYE
I deldl B T2 g BE T
30l o8l JEAES ﬁqmmu oz B2
7t A ge) MR £4 s3d Agun o 2 <



F&Ho] HAHAUL, o] A$olE A 2T TRH
€ Ao 93] 25 VAL A5l 7 BA v
eyttt 3HH A} skl 98 YZHE] JEhG
T 39S 7 A9, A 57188 A7t 2%
UAle] 4% 76.0 N/mn’Z 7V 24 Vel 1&
YAk 79 65.1 N/mm?, 3% UAte] A% 64.1
N/mm*2 71 BiA Y-S & 5 digh =i
YEAEE X229 vlg] wj$- A A=} o

€8 gol ARG d= E AL glE Aoz B
ol A& X2Fd Jehte 5 o] A&5E
& Az Y.

ol AREL FEH HY 1Z WEgE 2F
7 3% YA} g8 B2aas) WM E it
I BEEA R 3% AR AAbze] AXE 22
2 83 83 Fhol
o] =3 A% =0 E2@ A3} der &
o AAAE AA3ele 2 YEAE 9 04
Ao A =gl B Ao2 AT A Yol
A A ZREE $4 T ol2n o2 A et
A hFe] A2, YARbe] 2o pitch 7] A,
VARt 7 5 QEER WS sttt o d&
WHE alale] Azl #et SR Fo| B AF
© otz E3d vt glof, Atz Aol7t SHER
o X G¥E B Ay A3 Aolrt g
< = F AU FF w2 A GatA Atz gl
ojq HA<] 73’\}7—?" ArRIA], VAR jAie} A
Alztzte] AX &3} (coupling effect), 2T 1 & F
AArze] 23 Foll diste] o] B A7) dad
Aol Az},

V. &

=2
[

E el siste °J Fejof w}'a} E2
ﬂ:r“’ﬂ’ﬂt %‘é“ﬂ*E I/P‘Vﬂ—/] 74*}401
€8 X viAe d¥%S HAEdA §9
FA Tral?& VAt 73/‘}2}2 Aot 7] 93,
Type 1, 1% YAl YA (single thread type: A}
7} 3.8°): Type 2, 2& YA} YA (double thread
type: BAZY 7.77); Type 3, 3% YA YAKA
(triple thread type: A} 11.57)9] Al 714 ZAL

$319l 27kl 2

489

2+g 74 Rd3E B3 344
Aol o2 22 A3E BT
1. YA & 47t S7HESE g8
A 57182 (von-Mises stress)] 2.
€5 ¢ 5 U0
2. AzxFo g3k A AFH 7 dE
PEQ] FHo & JgS v Yorg 2T
o &3l AHd F= A7) v B2
F2A 315 Alddlvk AL 8t Alell 2& WAzt 7}
2 A3 ggo 2 35 YA 15 WAl ol
2 2% VA A7t M 2 ARE B
ol e A#E FFW 1F JMETE 257 3
Z a7t $89 gy HelM e $esiA|E, 3
Z YAAE Aatge] AW R z2Eo| A8t <
&8 gkol 2318 F7I8te ZAAtzo] A Ak
o] B3 A3t Heg & 9 BAe 4
Aztgo2A JZRE £7 AR IA =3<] €
A& ¢+ At

3 8aor B

ey
717} 4

l->—.~

rk

ADET

1. Branemark PI. Osseointegration and its
experimental background. J Prosthet Dent
1983;50:399-410.

2. Adell R, Lekholm U, Rockler B, Branemark
PI. A 15 year study of osseointegrated im-
plants in the treatment of the edentulous
jaws. Int J Oral Surg 1981:6:387-416.

3. Skalak R. Biomechanical consideration
in osseointegrated prosthesis. J Prosth
Dent 1983;49:843-848.

4. Holmes DC, Grigsby WR, Goel VK, Keller
JC. Comparison of stress transmission
in the IMZ implant system with poly-
oxymethylene or titanium intramobile el-
ement: a finite element stress analysis. Int
J Oral Maxillofac Implants 1992:7:450-8.

5. Brunski JB. Biomaterial and biomechan-
ics in dental implant design. Int J Oral
Maxillofac implants 1988:3:85-97.

6. Rangert B, Jemt T, Joerneus L. Forces and



10.

11.

12.

13.

moments on Brnemark implants. Int J Oral
Maxillofac Implants 1989:4:241-247.

. Holmgren EP, Seckinger RJ, Kilgren LM.

Evaluating parameter of osseointergrated
dental implant using finite element analy-
sis a two-demensional comparative study
examining the effect of implant diameter,
implant shape and load direction. J Oral
Implantology 1998:14:80-88.

. Howshaw SJ, Brunski JB, Cochran GVB.

Mechanical loading of Branemark im-
plants affects interfacial bone modeling and
remodeling. J Oral Maxillofac Surg
1994;9:345-360.

. Isidor F. Loss of osseointergration caused

by occlusal load of oral implants. A clini-
cal and radiographic study in monkeys. Clin
Oral Implant Res 1996:7:143-152.
Rieger MR, Adams WK, Kinzel GL. A fi-
nite element survey of eleven endosseous
implants. J Prosthet Dent 1990:63:457-
465.

Siegele D, Soltesz U. Numerical investi-
gation of the influence of the implant
shape on stress distribution in the jaw bone.
Int J Oral Maxillofac implants 1989:4:333-
340.

Holmes DC, Loftus JT. Influence of bone
quality on stress distribution of endosseous
implants. J Oral Implantology 1997;23
;104-111.

Bergam B. Evaluation of results of treat-
ment with osseointegrated implant by
the Swedish National Board of Health
and Welfare. J Prosthet Dent 1983:50:114-
120.

14.

15.

16.

17.

18.

19.

20.

21.

Bidez MW, Chen Y, Mcloughlin SW,
English CE. Finite element analysis of four-
abutment harder bar design. Implant
Dentistry 1993:2:171-176.

Bouchers L, Reichart P. Three-dimen-
sional stress distribution around a dental
implant at different stages of interface de-
velopment. J Dent Res 1983:62:155-159.
Bodine RL, Mothammed CI. Histologic
studies of a human mandible supporting an
implant denture. J Prosthet Dent 1969:
21:203-15.

Albrektsson T, Jacobsson M. Bone-metal
interface in osseointegration. J Prosthet
Dent 1987;57:597-607.

Budd TW, Nagahara K, Bielat KL,
Meenaghan MA, Schaaf NG. Visualization
and initial characterization of the titani-
um boundary of the bone-implant interface
of osseointegrated implants. Int J Oral
Maxillofac Implants 1992:7:151-60.
Papavasiliou G, Kamposiora P, Bayne
SC, Felton DA. Three-dimentional finite
element analysis of stress-distribution
around single tooth implants as a function
of bony support, prothesis type, and load-
ing during function. J Prothet Dent 1996;
76:633-640.

Rieger MR, Adams WK, Kinzel GL, Brose
MO. Alternative materials for three en-
dosseous implants. J Prothet Dent 1989;
61:717-723.

Rieger MR, Mayberry M, Brose MO.
Finite element analysis of six endosseous
implants. J Prothet Dent 1990:63:671-
676.

Reprint request to:

Mong-Sook Vang, D.D.S., Ph.D.
Department of Prosthodontics, College of Dentistry, Chonnam National University
8, Hak-1-dong, Dong-ku, Gwangju, 501-757, Korea
msvang@chonnam.ac.kr

490



ABSTRACT

THREE-DIMENTIONAL FINITE ELEMENT ANALYSIS OF STRESS
DISTRIBUTION FOR DIFFERENT IMPLANT THREAD SLOPE

Young-Hun Seo, D.D.S., Mong-Sook Vang, D.D.S., Ph.D., Hong-So Yang, D.D.S., Ph.D.,
Sang-Won Park, D.D.S, Ph.D., Ha-Ok Park, D.D.S., Ph.D., Hyun-Pil Lim, D.D.S.

Department of Prosthodontics, College of Dentistry, Chonnam University

Statement of problem: The screws of dental implant, having various thread types, can be
categorized into different classes by their geometrical form, and each type transmits dissimilar
amount and form of stress to alveolar bone.

Purpose: The purpose of this study was to find an inclination angle of the screw thread that
is favorable in distributing the stresses to alveolar bone.

Material and methods: In this study, We used three dimensional finite element analysis with
modeling having three types of thread inclination angles and fixed pitch-0.8 mm (single thread
type with 3.8" inclination, double thread type with 7.7 inclination, triple thread type with 11.5°
inclination).

Results: The results obtained from this study were as follows:

1. When the number of thread increased, the amount of Von-Mises stress was reduced since

the generated stress was effectively distributed.

2. Since the maximum principal stress affects on the alveolar bone can influence deeply on the
longevity of the implants when comparing the magnitude of the maximum principal stress
double thread had least amount of stress. This shows that the double thread screw gave best
result.

Conclusion: In conclusion, double, and triple thread screws were found to be more effective
on distribution of the stress than the single thread screws. But, increasing in the thread inclination
angle such as triple thread screw relate on the magnitude of the maximum principal stress affect-
ing on the alveolar bone can become problematic. Thus, effective combination of thread number
and thread inclination angle can help prolonging the longevity of implant.

Key words : Implant thread slope, Stress distribution
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