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Fig. 1. Images of 3D finite element model.
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Fig. 2. CAD images of finite element analysis model(a. anterior view, b. right

lateral view, c. posterior view, d. occlusal view).

o]
=

e

e Y

rlo

stz REe Hedgit. dTaEe] 4L dmm, 2ol

= 10mmZ 3tgon, UAak Alolel Al 0.5mm, UARAE B}

£
L
i
o
oy
O
o
8

3

i



I UARAES] Eo]E= 0.3mmE A A S tHFig.3).

Dental Implant Model

CAD Image Finite Element Model

€«<—— 40mm ——>

Fig. 3. Dental implant image used in the test.

JERES P44 AL FASL VFoR 2mme JFEFO YLF o,
AZY FAZ Imm=z 7AYo UrAs 2% FuHIs ooz How 7}
A3ttt %Y Lekholm¥}t Zarb®e] AZHE F9] FxZ 9 = AT T

of we} 47} gYgoz EHaGE, B AT 1 F type IS 7S
x4 sFetE Atele] 2mm FAE FHS AASISAY. Locator attachment(Zest
Anchors Inc., USA)9] 7242 AEFS AS53Fo] 92, Locator attachment?] 0]

= Ay 9 2mmE AAGTIC

i

O X AS attachment® Denture Cap¥ Replacement MaleS ¥3%rsby, 2 uvjdl

ARG Aote] FFL Ahah ot
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REg Ml 10mm T ddw

A IHTA FAR APHE A95 QEVE T 20mmel Ao A= Fuz
BstAA wESl,



Fig. 4. CAD model images of CC model and CP model.

Ay 27(FFA vdA 2Y)
TAA v A digk vuE 317] & 72 EH(CCEY)Y 5 dZSHE F9
9] Locator attachement® =©°]Z 2mm U AA st 99 Locator attachmentZ

it A e m 3 R (CURY) vl asth(Fig.5).

Fig. 5. CAD model images of CC model and CU model.
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A 3F( A A2 attachment LAF 2F)

Locator attachment®] Replacement Male?] &35 <o} H7] ¢aiA w2 A<}

Locator Implant abutment, Replacement Male, Denture Cap< R titanium &=

AdA P o7 7= v AtE attachment B (CC-0, CP-0, CU-0ORE)S A¥1, 2

WA 23AM mlaste] ®oktt

Table 1. Classification of Models.

CC

CP-0

A model with fixtures on both canine areas and 4mm Locator

attachment.

A model with right 6mm Locator attachment and left 4mm

Locator attachment.

A model with left onebody Locator attachment and fixture on
canine area and right onebody Locator attachment and fixture on

2mm posterior canine area.




3.3l 4 A=z

Fig. 6. Loading condition(Vertical load 100N).
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o] 3o R BT FUdsithE TWAGsotropy), TE9 WP W= HEH F
o HlelgrlE A e (linear elasticity)*?"& 7148491t}

ZF A AEES B4 S (Young' modulus)9t Poisson's ratio 5& A5 o
VIO 21 A} g3 BAXE Fustdrt. AZAE wjA A9} Locator attachment]
A= titanium FH o2 ot LAY A9 Hxle] B4 g A&, I

U FE Akca V9 AT ZANE wsktH(Table2).

2

fiid
i)

Table 2. Mechanical properties of materials.

cortical bone 0.3 13.7
cancellous bone 0.3 1.37
mucosa 037 0.001
Overdenture (resin) 0.35 4.5
titanium alloy 0.34 103
Replacement male (nylon) 0.4 3
Denture cap (stainless steel) 0.283 215

5. 58 &4 T A

Aolel Aol MASRE ¥ F UE $F $UL UF $F SO 4Fae

A S Aol AT vl BEAoF AFRT ¢ 9lE E718#(von Mises stress)E 7|
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A2z

Fata add S £l 2 57189 (von Mises Stress) o2 UEUE FH o] 7}
A= FHo FIr] = EBEIXE BEAFY. JdZHE AYH 9F9 Locator
attachment?] =olo] M H3PS A=Y == oA 8o A7]|9f # X

2 3219 ou A= JENQHFig.14-16).

149 1Z(FE4 HdE 29)

ﬂiH

Bzl 2F FrheklthFig.6). S7F A I FdElA 50.6% 7kt 8
WA E 11.1% 71tk W2 CPEFA 5 Aol A e dZTENA
= VA Z Szl Thei A= Sl AN 34.6%, siHINM 50.6% Hast

9 tH(Table2,3).

Table 3. Maximum von Mises stress of Peri—-implant cortical bone(MPa) on model

CC and model CP.

12.2(50.6%1) 5.3(34.6% )

13




CC: A model with fixtures on both canine areas and 4mm Locator attachment
CP: A model with left fixture on canine area and right fixture on 2mm posterior canine area.
Rt. Side: Right side Lt. Side: Left side

1:increase l: decrease

Table 4. Maximum von Mises stress of Peri—implant cancellous bone(MPa) on

model CC and model CP.

2.0(11.1%1) 0.89(50.6% | )

14

12
‘S 10
[
S 8-

|

% 6 . CcC
bt mCP
5 4

2 .

O .

Rt. Cort. Rt. Cancell. Lt. Cort. Lt. Cancell.

Fig. 7. Graph of von Mises stress on model CC and model CP.

Cort.: cortical bone Cancell.: cancellous bone

AZHE 9o wE Locator attachment® Z+ 4249l Locator abutment,
Replacement Male, Denture Cap®] 53¢ WstE ¥ RH CCRYP v|s] CPEY

oA AZTEVL I YXRF  FolA  Locator abutmentold 13.3%,
14



e}
aS)

Replacement Maleol A 2.5%, Denture CapolA 18.8%¢] <o 7[5t 1,

E7 At x5 FZo|AE A7 BFE QI TH(Tables, Fig.8).

Table 5. Maximum von Mises stress of Locator attachment(MPa) on model CC and

model CP.

-

23.01

Locator 23.01

26.07(13.3% 1) 20.39(11.4% 1)
Abutment

Replacement

Male

Denture Cap 11.61 13.79(18.8%1) 11.61 9.87 (15.0% )

CC&CP

30
25
20 -
15 -
10

uCC
. . [ N
0 -

Rt. Rt. R. Male Rt. D. Cap Lt. Lt. R. Male Lt. D.Cap
Abutment Abutment

stress (MPa)

(S}
I

Fig. 8. Graph of von Mises stress of Locator attachment(MPa) on model CC and

model CP.

Abutment:: Locator Abutment, R.Male: Replacement Male, D.Cap: Denture Cap
15



Locator attachment®] 9= Zo|7l e R (CCRY)Y 3I&E: =Z=o|Z 2mm A A
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st R (CURH)
Locator attachment F$1¢] UZHE FW o] 7lex= 2 o] CCREANA HT}

AN 8.6%, MHZoA 5.6% =7} 991 CURHA =9 Locator

rr
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o
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H
o,
2
e
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e
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JE
©

attachment F-9lol A& 32 =l A

38.9% #t2~3k3ltH(Table6,7, Fig.9).

Table 6. Maximum von Mises stress of Peri-implant cortical bone(MPa) on model

CC and model CU.

8.8(8.6%1) 8.0(1.2%1)

CU: A CC model with right 2mm longer Locator attachment.

Table 7. Maximum von Mises stress of Peri—-implant cancellous bone(MPa) on

model CC and model CU.

1.9(6.6%1) 1.1(38.9% )

16



CC & CU

10

8 .
i
S 6
0 mCC
4] 4 .
g ECP
wn 2 i

O .

Rt. Cort. Rt. Cancell. Lt. Cort. Lt. Cancell.

Fig. 9. Graph of von Mises stress on model CC and model CU.

JZHE Ao wE Locator attachment® 2zt /4842 Locator abutment,
Replacement Male, Denture Capd &=9o] H3lE Ay HH CCEHE I Hluste] CU
2o A Locator attachment’} 2mm T 71 $=9lA Locator Abutmentol A 4.4%,
Replacement Maleol ] 1.3%, Denture CapolA 4.0%2] &2 o] F71831aL, F5ol

ME A H(Table8, Fig.10).

Table 8. Maximum von Mises stress of Locator attachment(MPa) on model CC and

model CU.

-

23.01

Locator 23.01

24.02(4.4%1) 21.36(7.2% )

Replacement

LW EIS




11.61 12.08(4.0%1) 11.61 10.74(7.5% )

CC & CU

30
25
20 -

15 A
ECC
10 acU
5 _ . .
O |

Rt. Rt. R. Male Rt. D. Cap Lt. Lt. R. Male Lt. D.Cap
Abutment Abutment

stress (MPa)

Fig. 10. Graph of von Mises stress of Locator attachment(MPa) on model CC and

model CU.

e
2

] 21 H ¢} Locator Abutment, Replacement Male, Denture Cap2 5< A5 =2

Fo WHE CC-0R¥E CCEHPH vaA] CC-ORFeA JAZeA 6.2% &2
s7heh s Il 5.6%9 eHel S7HF FEHAH(Table9). CPEF ¥ CP-OEF
o] vl A= CP-OR oA -5 dAFolA 5.7%, 5 sldIZolA 5%, 25 7
AT A 3.8%, &= MHIZAA 5.6% o] F718FStHTablel0). CURE I} CU-
Oxg 9] HluoM= CU-ORFAN -5 HAZAA 5.7%, = szl 5.2%,
#H= ddzolA 3.8%, 5 sidzolA 5.5% &2l S7HeFAtHTablelD).
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oM dETE FHIl TheA= S0l SUHES & 4 vk(Fig.1D).

Table 9. Maximum von Mises stress of peri—implant bone(MPa) on model CC and

model CC-0.

- 8.6(6.2%1) 1.9(5.6%1) 8.6(6.2%1) 1.9.6%1)

CC-0 : A model with onebody Locator attachments and fixtures on both canine areas.

Table 10. Maximum von Mises stress of peri—-implant bone(MPa) on model CP and

model CP-0.

- 12.965.7%1) 2.165%1) 5.5(3.8%1) 0.94(.6%1)

CP-0 : A model with left onebody Locator attachment and fixture on canine area and right onebody

Locator attachment and fixture on 2mm posterior canine area.

Table 11. Maximum von Mises stress of peri—implant bone(MPa) on model CU and

model CU-0.

- 9.3(5.7%) 2.0(5.2%) 8.3(3.8%) 1.16(5.5%)

CU-0 : A CC-0 model with right 2mm longer onebody Locator attachment and fixture.
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Rt. Cort. Rt. Cancell. Lt. Cort. Lt. Cancell.

Fig. 11. Graph of von Mises stress on model CC, CC-0, CP, CP-0, CU, CU-0.
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Fig. 12. Distribution of stress in the peri—implant bone in model CC, CP, CU. The

red color means the concentration of stress.

20



i~
v

CU
Fig. 13. Magification of marginal portion of right side implant(CC, CP, CU). The

red color means the concentration of stress.
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ABSTRACT

The effects of the asymmetry of implant position on stress
distribution in mandibular implant retained overdenture : A

Finite Element Analysis

Sang—-Hoon Lee
Department of Dentistry
Graduate School, Yonsei University

(Directed by Professor Dong-Hoo Han, DDS, MSD, Ph.D.)

High success rate has been reported for edentulous patients using two implant-—
retained overdenture. However, in clinical situations, the symmetrically positioned
left and right implants may not be available to improve the stability of the
overdenture and sufficient data regarding such situations are not widely available.
Thus, the purpose of this study was to evaluate the effects of two asymmetrically
placed implants and symmetrical locater attachment height on the peri—implant
bone by means of finite element analysis.

In this study, experimental models to simulate completely edentulous
mandibular bone with two implants placed on mandibular canine region were used
for finite element analysis. Buccolingual width of alveolar ridge was set as 8mm,
allowing 2mm residual bone buccolingually when 4mm-diameter—-implants were

placed. Cortical bone was assumed to be lmm thick and the rest of bone was
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assumed to be composed of cancellous bone. 2mm thick mucous membrane was
allowed between the denture base and mandibular bone and 10mm thick resin
plate, which corresponds to overdenture was designed. The model with 4mm x
10mm implants placed on the mandibular canines in parallel with each other at the
same height along with a locator attachments placed 2mm above the mucous
membrane was regarded as a standard model. In experiment 1, compared to the
standard model, the right implant was placed 2 mm distal to the original
position(horizontal asymmetry model); In experiment 2, the height of right side
locator attachment was extended by 2mm compared to the standard
model(vertical asymmetry model); In experiment 3, the integral model was
fabricated with the fixture, locator abutments, replacement males, and denture
caps which were prepared with the same materials as the implant body, was
compared under the same conditions as experiments 1 and 2 in order to assess

the effect of replacement males in locator attachment.

From the result of finite element analysis, it was observed that the stress
exerted on the peri—-implant bone of the horizontal asymmetry model increased
more in both cortical and cancellous bone. Also, more stress was identified on the
peri—implant bone of the vertical asymmetry model. For the model with locator
attachments and implant fixture manufactured with the same materials as the
implant body, approximately 3-6% elevated stress was observed in the peri-
implant bone. In all model cases, the order of the highest stress concentration to
lowest on surrounding bone of implant were: locator attachment, cortical bone,

and cancellous bone respectively. In the standard model, the stress exerted on
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peri—-implant bone was focused rather distally to the actual load bearing area,
where as in both horizontal and vertical asymmetry models stress from peri—

implant bone was focused more medially.

Within the limitation of this study, it can be concluded that when two implant-
retained overdenture is designed for edentulous patients, it is advantageous to
place locator attachments in bilateral symmetry at the same height and

horizontally symmetrical position for balanced stress distribution.

Key words: Implant, overdenture, attachment, finite element analysis, peri—

implant bone, asymmetry of implant position, stress
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