CH8X| 2t & 85| X| :vol. 43, No. 1, 2005

D] QJZAE A7) BA T oA 24 sk Aoz LAY
2739] Zpolel] WIH AR Gera A oo Ba

.M B ' S7F2, 375 mmE 7|FOR Y W, 440 4, b

' : 6 mm= A4 wf A7t 8, 35, 61%2) FEHA | &

TR JEIEE It AgA d7d o 7iste] 3t FEsElel solxinh. =R Al F
I PETUE T3 HEAol TN A& #olit stdo] Zhadtn, ATt YEWE Aol
Aot £5& A% BAAA A7 eA 02 AYHm Aol go] BAZe| o] ftu], HAo
Aot YEAE AA| HAEo] #7 WAX B34 #°1A1 emergence profilec] A}¢12:2¢]- *“JWOM
< 71%sE 3] M e ARAEEH A, s T B gAAe R B9 FAV REF A
HolA s Ade] 24 £42 5 e 4 o o]8% & glov], FF) AT = %4:]1—19—
32 AAlo] TAE 1ok @k RAEL X 2 Qe 23s 9ds) AAS FE glo grd

UF7 s golok & wet ohlet MAzd o o] BYT & Yty

ol Agte SEE YA A58 ¥ YEUE BHo §WFoz /Mg E3 EAle A
UEZF M7 ofof gr}? S W ALY EolH, EXH‘% & uPH A P

HENEE AERY 99 o) et Y S wsted A¥E N 299 9 Fo] B
E AL AT ¢ Jon, 32 359 A 1 Ha it ol e FHZT L uE NIEr) dolw
BAE AFEEN gt F§& I JdEAEE 9 ealel Bl Al Aztgk BAE opr|& Aoltt. 3
oF AAHE v Fotd] 24 F1ho] FE3AY 2 2] 41 YEUE A xe AR A, BA
22 e shet AxA AHEE 4 A 29 veEd A, A9etdl] #HstF soz

B 134 & ANE FEIR I e 2erg Rangert 595 ti 29 YEWE shd-& Aejad,
L AU A4 3 emergence profile B8} olzo], Bw¥ T Bg=Q 89l o) 0117]5]
7V olEoiR, W 279 JdEHES-BEH A Tz Atk wekA HIZdle He A7 a4
dr FEF] AZPERT {elE Foltth® w3 E AHEEte] JEWES] AEE I7MTIEE Al
He Ao JSWUEE $7F o2 F Fo|} 28 7h 753 F7ksta Qe ? ~
82 gho} Aol7}t AW, Bho] B A%, 2 53 4% AggE L /R Sle 7=
o] AoiPAY HE YZTAHEES PAY Fox o distd 7HF A3 8B el w3
A 5 okY 1 AR A BT FEude)

2082 A4 FREY 223 Axd W Y

% o £E-E 20024 A3l o) AR A 297,

105



o]e] HollA A3}
o B el
TG o] WYL thekdt st Rt 7he st
BXE B2 A7 dek A9 E 35
Hoz RE FREA BA

HES HA 9 75 Bt AFe=
4=

Al gl AHEE T e dEHEE A
2 4] Fol AiH 3 Jon o] FHRl ¢
A8t g g At A&HT
2dlo)] T3t AJA) A3ty AFETE A5 A
ot FAEA ] dig A7t diFEEE ARk e
AAolth o 74 YERES A, HHES 3
e, 35 Wik WE Fao] B A= ofF nA
& Aol glrt.

ol ¥ AFE s} A1 TAE FE3] Hai
A 7WA 23 A2} F7 (3.75, 5.0, 3.3 mm)F} B
Ao AN A YAt A Ao] thE ¢
5 & 7 AAY ASHEE stetFol 4t
HAES F53ld A 7A] sF2d dtelA 2A
233} 7} TR B SEE R ot 3]

2 AA4Y FReAHeE vig EMEle 4L A
A& B3stE vlot},

M
J>~
nl?L f
o,
o e
30 hY
o o,
Y N
B ﬁ o
oo o S
© dd x L A oyo

e
A
>
>
op

(M oft

&
> I o

1. A7AE o

1.

40

QA malol A

B A7 2de et A1oh7R FEo 42
EE A3l dd 2 FE35k= Ae U t
A, e A1NFAE FAHLE 28 cmE ¥
#3d 1 mm 7E9 FAZ AE o AN &2
9 g 3n o8 A 2 AR 72 AE
2 % 712 AEE o] gt E9E Ty F
£ 28 Mgen, o] AW S #5572 BlFo] BE
Zo] A AlE(tracing)stn vlgl Foi@ HF
LHEL 7102 AR & A&t olF EGE
st Aty §3teARdS AAsArt 27
7932 workstation oA Rl HE L2 73
¢l MDT(Mechanical Desktop)S A3l EW
g g3, #8842 Hx (mesh)E #384Z

106

Ate] A8 =2 3321 Hyper Mesh& o] &8t T4
&9t 2} 24 (element)E 8 A3 (node) 2] AZHE
HEf<) tetra hedron element® o] FAEE 3}

: FioMe F6 A8d 2 £X8
ol}7] Y3t 744 2HE {2 AA A (mesh)
AT AEH TN AP el
=9 ANSYS(Version 5.3, Swanson Analysis
System Inc., USA) #3822 B4 T2 S o] &
8l Tris Indigo workstation Aol A a4 T2
£ st

2. &Y

H

o 2/

29 244 (FA 3.75 mm)E YERTFoE I}
, AEHE 33A 9] AAE HL A 1HA
(B4 5.0 mm)% F& AAQ wFA (A7 3.3
mm) 5 5 7K 271& Agsta, Z2elA A
UAle] 717 & 4 7HR] FRE Alste, 253
group 1 , B8 group 2% 3, 23 group 49} 5,
Z 2% 5719] groupe 2 MRt & AT A
£9 group 19 YZHEE A7 3.75 mm, 2°] 10
mm, hex 2.7 mme]3l AF Al FA & 1.7
mme|t}. Group 29 YZAEE F7Z 50 mm,
hex 3.4 mme] 1 AF YAt A7 2.0 mme|t},
Group 39 4EHE= 374 5.0 mm, hex 2.7 mm
ola AtF VA= 4 1.7 mmelt}. Group 4=
27 3.3 mm, hex 2.7 mmo] 1 AF YAl 27
1.7 mme] ™. Group 5& 37 3.3 mm, hex 2.6 mm
ol1 AthFE UAle A4 1.5 mme] FE|E 2ty 3l
t} (Table I, Fig. 1) :

M ok

I

1T o o

Table 1. Characteristics of experimental groups(mm)

Implant Fixture Abutment
Group Screw

diameter hex diameter

1 3.75 2.7 1.7

2 5.0 34 2.0

3 5.0 2.7 1.7

4 3.3 2.7 1.7

5 3.3 2.6 1.5




Group 4

Fig. 1. Schematic representation of implants and
abutment screws.

Fig. 3. Finite element model 1.
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Fig. 2. Solid model 1.

Table II. The number of elements and nodes

Group Element Node

1. 45 858 9,513

2 61,096 12,052

3 52,333 10,617

4 71,325 13,821

5 63,895 12,671
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a) Vertical force at the central fossa, b) Obligue force(30") at the central fossa, ¢) Vertical force at the

buccal cusp

Table III. Material properties

Material : Properties : : :
Young s modulus (MPa) Poisson s ratio

Cortical bone 13,700 0.30

Cancellous bone 1,370 0.30

Titanium 102,195 0.35

Composite resin 12,500 0.35

Gold screw 99,300 0.35

Gold crown 100,000 0.35
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Fig. 5. The reference points in supporting bone.
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Table IV. von Mises stresses on the reference
points in bone at vertical loading (central fossa) (MPa)
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Table V. von Mises stresses on the reference
points in bone at oblique loading (30°) (MPa)

Point  Group 1 Group 2 Group 3 Group 4 Group 5

Point  Group 1 Group 2 Group 3 Group 4 Group 5
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Fig. 6. von Mises stresses on the reference points
in bone at vertical loading (central fossa).
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A 2.60 2.58 298 372 3.64 A 1836 1345 1236 3141 3099
B 1.86 1.56 205 29 3.98 B 2019 1360 1429 3573 4317
C 1.85 1.36 122 212 2.20 C 3.84 317 2.26 5.12 5.29
D 1.77 1.32 1.08  2.07 2.08 D 545  3.86 3.72 637 6.32
E 1.89 1.57 128  2.07 2.03 E 1.94 1.12 0.91 2.63 2.61
F 1.73 143 141 1.99 1.95 F 2.30 2.37 2.31 2.30 2.26
|+Groupl -#-Group 2 A Group 3 -x~Group 4 -+ Group5 {—0—Group| -&-Group 2 -A Group 3 -—<Group 4 ~+Group5
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Reference points

Fig. 7. von Mises stresses on the reference points
in bone at oblique loading (30°).
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fable VI. von Mises stresses on the reference points
in bone at vertical loading (buccal cusp) (MPa)
Point Group 1 Group 2 Group 3 Group4 Group 5
12.01 9.74 871 1920 19.05
7.28 4.07 373 1226 14.03
307 241 18’ 369 385
1.85 1.32 0.96 2.76 2.66
1.90 1.81 1.48 1.92 1.88
1.94 1.34 1.34 242 2.38
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Fig. 8. von Mises stresses on the reference points
in bone at vertical loading (buccal cusp).

Table VII. von Mises stresses at A point in bone (MPa)

Vertical force{ )

Vertical force( )

Group (central fossa) Oblique force(30°) (buccal cusp)
1 2.60 18.36 12.01
2 2.58 13.50 9.74
3 2.98 12.36 8.71
4 3.72 31.41 19.20
5 3.64 30.99 19.05




Table VIII. von Mises stresses at B point in bone (MPa)

Vertical force(]) . o Vertical force(1)
G Obl. fi 30
roup (central fossa) ique force(30°) (buccal cusp)
1 1.86 20.91 7.28
2 1.56 13.60 4.07
3 2.05 14.29 3.73
4 2.96 35.74 12.26
5 2.98 43.17 14.03
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Fig. 9. von Mises stresses at A point.
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Fig. 10. von Mises stresses at B point.
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Fig. 11. Principal stresses on the reference points in bone at vertical loading (central fossa).
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Fig. 12. Principal stresses on the reference points in bone at oblique loading (central fossa).
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Fig. 13. Principal stresses on the reference points in bone at the vertical loading (buccal cusp).
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Table IX. Maximum von Mises stresses in crown~
fixture combinations(MPa)

Group Vertical Force  Oblique Force Vertical Force
{central fossa) (30°) {buccal cusp)
1 49.36 ;128,66 © 7474
2 60.51 82.44 59.15
3( 68.88 82.39 74.51
4 64.93 188.96 118.70
5 55.23 24414 122.18
250 —+-0bllque Force(30 °
= 225 ~M-Vertical force(central
2 200 —aVarto frsethusan)
Y cue)
g 150
@« 125
2 100
é 7 A\/él:‘—\‘_ﬂ
c 50 L .
2

Group 1 Group 2 Group 3 Group 4 Group 5

Fig. 14. Maximum von Mises stresses in crown-
fixture combinations.
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Table X. Maximum von Mises stresses in abut-
ment screws (MPa)

Grou VerticalForce ~ ObliqueForce  VerticalForce
(central fossa) {30°) (buccal cusp)
1 15.61 62.44 38.11
2 12.17 31.20 21.36
3 11.85 30.25 21.46
4 21.92 104.10 65.60
5 19.48 80.14 51.60
180
5 D
£ a0 - et toraateantra
\-3’ 120 tonsa)
2 100
.80
g 60
i a0 \_/\
g 2wf _ Te—
’ .
Group 1 Group 2 Group 3 Group 4 Group 5

Fig. 15. Maximum von Mises stresses in abutment
SCrews.
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ABSTRACT

THREE-DIMENSIONAL FINITE ELEMENT STRESS ANALYSIS
OF SINGLE IMPLANT RESTORATION USING DIFFERENT FIXTURE
AND ABUTMENT SCREW DIAMETERS

Joo-Hong Kwon, D.D.S., M.S.D., Min-Ho Choi, D.D.S., M.S.D.,
Yu-Lee Kim, D.D.S., M.8.D., Ph.D., Hye-Won Cho, D.D.S., M.S.D., Ph.D.

Dept. of Prosthodontics, College of Dentistry, Wonkwang University

Statement of problem. As the effects of the various diameters of fixture and abutment screw
on stress distribution was not yet examined, this study focused on the different design of single
implant restoration using three dimensional finite element analysis.

Purpose. This study was to compare five different fixture-abutment combinations for single
implant supported restorations with different fixture and abutment screw diameters.

Material & methods. The five kinds of finite element models were designed by 3 diameter
fixtures (©3.3, 3.75, 5.0 mm) with 3 different abutment screws (@ 1.5, 1.7, 2.0 mm). The crown
for mandibular first molar was made using UCLA abutment according to Wheeler s anatomy. 244
N was applied at the central fossa with two different loading directions, vertically and oblique-
ly (30°) and at the buccal cusp vertically. Maximum von Mises stresses were recorded and com~
pared in the supporting bone, crowns, fixtures, and abutment screws.

Results.

1. The stresses in supporting bone and implant-abutment structure under oblique loading were
greater than those under vertical or offset loading. The stresses under vertical loading were the
least among 3 loading conditions regardless of the implant and abutment screw diameters.

2. The stresses in the narrow implants were greater than the wider implants. The narrow implant
with narrow abutment screw showed highest stresses in the lingual crest, but the narrow implant
with standard abutment screw showed highest stress in abutment screw.

3. The stresses of abutment screws were influenced by the diameter of fixtures and loading con-
ditions. The wide implants showed least difference between two different abutment screw diam-
eters.

Conclusions. The wide implants showed lesser stresses than the natrrow implants and affect-
ed least by the different abutment screw diameters. The narrow implants with standard abut-
ment screw showed highest stresses in the lingual bony crest under oblique loading.

Key words : Wide fixture, Narrow fixture, Abutment screw diameter, Finite element analysis
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