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Fig 1. CAD images of finite element analysis model(a. 3D image, b. right

lateral view, c. posterior view, d. anterior view, e. occlusal view)
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CAD models of various width of buccal residual alveolar ridge

Fig 3. CAD model images of various width of buccal residual alveolar

ridge

Locator Hader bar

Fig 4. Attachment systems connected on

implants
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Dental Implant Model

CAD Image Finite Element Model

<—— 40mm —>

Fig 5. Dental implant image used in the test

3. 74 % #3zx7

o
X
BN
Y
o
)
c
=]
Q.
Q
5
<
o
o
=]
a.
=
o
2
rlo
(<0
ol
12
i
1o
o
>
julsd
o
)
o
(3
ox,
ol
ol
X
52
k
d
ol
ol

Agate HF Asl eMAA Bl tF old ATNE Fuste] 43
% 100N# 2% 50No Astdrh 5 7ot dAE 95 dEdse



/

Vertical load

a\x /_ingual load

C
d

Lingual loa Buc
2 J\ /Ioa

. Mesial load

Distal load

K L - B B = B T LA
o _H% = o > Iy ol oo M 1_1%1 g oo B N o mﬁ T
o ) = el .
RO I ) zﬂf % T T 8T ® oy mw
# Mo ™ R oW # MO m% g Wmo T T g m' aw
I W SRR, VR R = R T T KO T OBR
. b oz X % o F 2B dp . % T oo om %
o = 3 D - oy B8 go w0 T N iy oo - N
) R <= oo o > IMI A_; > o N o N oo Al
o 2} m il & T do o g 70 k o5 ol Ak N
@ B ool WO = X oo do e PO K w B |
s o & = = o < W F T o= CR T oo W W W ® o
o = A g ™ At r N » : )l
9] ~ Ak ,Mo ]T i ol m oF w& oy o B o— m WO LI il
£ — > 0 = x W nT 5 W 3 <o
R TR - o W oy 2R B g o BT
R A T S A mw 5oE e
Z momo%éaﬁﬂ%wﬁaﬁﬂﬂa%.m%i%eﬂ
S I A IS
- g Q@ _@. =) 1N 8 do B . do
- o m o R o jol o o ol -5 Z D S S
[ j— h=1 OW i) EI oﬂo It ZT T L X0
g .. =T ¥ 5 2 oMo g ow g do AR W g
R R ET oW = w5 oo = T o W om
s - = W s T T B2 = wON
S - 8 _ e ~ —  Hp s B o o) n ~
= O o X S o = ¥ L W T o iy . N
2 2 = pal —_ Al 3 % A= N o
SR MJ ] B < oo X & & e l :.L oru EE
EE Sy d G R N TR -
[t © XU _zrl ,OI - 7% 17_.~| m ° a © a = [ 3 T O_o X
Sz X@X T Mo i B o R 3
o T I L & oo LW e N
g u X ™ < T o < T oo = © N
S £ ﬂaa%%ﬁ L R R
- o . 1 I oo 7 _
oo 3 s B © o ,LLf ~ =N M/ﬂ olo K N = 9o
= a m Ly o _ni ™~ =0 nooor o = -
Q Z 0 K i = X ® T % X 0 - N
T a £ o NF = 2 3 o™
© S @ % m 4 2 W o X M8 A A
.m Y S =2 ,/W N H/ N m E Mo z.L_ b7 T oo &o ~ A
Bl 8 9 0 0 _ - ® = KO N
= Ml m® M %y - xEE T o
o0 ol T = No = o 8 do o T oF 5 e = = 9
= TR WO w2 T oE M g W e 4
FoAE R B d F R e T RWOA TN W AR dp



Ho
)
fo
B
i
o
ofo
%
oo
v
Mo
o
=,
~
ul
g
¢
i
Lot
o
oo
it
Lo
N
»
)
>
o
o

Q_'ﬂ
T2 WEolut WeeE ALH o vdHsty W ARols FHsiteE AFE
-4 (linear elasticity) S z2te Aoz 7MAs . 18l dZHE} =9 oA
= Z(complete osseointegration) & 7}4 &} ¢4t}
Zt A AEEY B4 S (Young' modulus)@t Poisson's ratio 58 Adtso o
ToA ALEE EAAE Fastdth JdEFEFE aA-AS Locator®] A thFE
2 3&}a, Hader bare= American Dental Association®] F33&}=
A ME == =4S FAth 2vdx o] A5 @99 24 @S A&

(Table. 1).

Table 1. Mechanical properties of materials

voung MDdUlUS(GPa)

titanium alloy 034 103

type I gold alloy (bar) 03 100
Stainless steel (Metal housing) 0.283 215

mucosa 037 0.001
Owverdenture (resin) 0.35 45
cortical bone 0.3 137
cancellous bone 03 137
plastic rider (bar clip) 0.45 3
plastic cap (locator) 04 3
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Fig 7. von Mises stress distribution of cortical bone on vertical
load(100N)
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Fig 8. von Mises stress distribution of cancellous bone on
vertical load(100N)



it
mm B
Er | dn
mm
=
N
i
i
mm i
+

Fig 9. von Mises stress distribution of cortical bone on lingual
load(50N)

5, Mises

2.0mm

1.5mm

1.0mm

s, vises 5, pises

0.5mm

et

Fig 10. von Mises stress distribution of cancellous bone on
lingual load(50N)

_18_



Width

2.0mm

Saae100

3320100
Saa0-01
308602

1.5mm

2asie0:

1.0mm

36002

0.5mm

bk iy

et

Fig 11. von Mises stress distribution

load(50N)

2.0mm

of cortical bone on buccal

1.5mm

s, Mises.
Give!

1.0mm

s, mis
Giva

0.5mm

7255004

5iete0s

Fig 12. von Mises stress distribution of cancellous bone
buccal load(50N)

_14_

on



2.0mm

(Avg: 75%)
st

1.5mm

1.0mm

0.5mm

Fig 13. von Mises stress distribution of cortical bone on distal
load(50N)

2.0mm

1.5mm

1.0mm

0.5mm

Fig 14. von Mises stress distribution of cancellous bone on
distal load(50N)
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Table . Maximum von Mises stress on vertical load

LocatoriNon-Spling | _20mm | 1smm | Lomm | _0smm |

Cortical Bone 7.342MPa  7.667MPa 7.906MPa 8.566MPa
Cancellous Bone 0.9619MPa  1.116MPa 1.45MPa 2.054MPa

Cortical Bone 6.451MPa  7.042MPa 7.227MPa 7.8MPa
Cancellous Bone 0.8643MPa  1.071MPa 1.356MPa 1.895MPa

Table M. Maximum von Mises stress on lingual load

Cortical Bone 6.931MPa  7.404MPa  10.4MPa 11.52MPa
Cancellous Bone 0.5964MPa 0.7351MPa 0.7714MPa 1.58MPa

Hader Bar(Splint) _|__20mm ___15mm___10mm__|_0.5mm_|

Cortical Bone 5.951MPa 6.301MPa  8.742MPa 8.908MPa
Cancellous Bone 0.5121MPa 0.6512MPa 0.6622MPa 1.055MPa

Table IV. Maximum von Mises stress on buccal load

Cortical Bone 8997MPa  9454MPa  9.956MPa 13.5MPa
Cancellous Bone 0.614MPa 0.7182MPa  0.7521MPa 1.697MPa

Hader Bar(Splint)_|_2.0mm___15mm_|_10mm__|_05mm |

Cortical Bone 7.725MPa  8.828MPa 9.059MPa 9.552MPa
Cancellous Bone 0.5272MPa 0.6566MPa 0.6674MPa 1.201MPa

Table V. Maximum von Mises stress on distal load

Cortical Bone 6.372MPa 11.38MPa 14.41MPa 14.72MPa
Cancellous Bone 0.5626MPa 0.8MPa 0.9013MPa 2.229MPa

“Hader Bar(spling | 20mm | 15mm | Lomm | 0Smm |

Cortical Bone 5.471MPa 9.67MPa 11.87MPa 12.2MPa
Cancellous Bone 0483MPa  0.6801MPa  0.7426MPa 1.848MPa

Table VI. Maximum von Mises stress on mesial load

Cortical Bone 1408MPa  1544MPa  17.45MPa 18.08MPa
Cancellous Bone 1.198MPa 1.428MPa 1.945MPa 3.913MPa

Cortical Bone 12.09MPa 13.13MPa 14.38MPa 16.02MPa
Cancellous Bone 1.028MPa 1.214MPa 1.602MPa 3.467MPa
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Fig 17. Graph of von Mises stress on various loading conditions

(X axis shows the width of buccal residual bone in millimeters)
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(X axis shows the width of buccal residual bone in millimeters)
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Fig 21. von Mises stress distribution
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Fig 22. von Mises stress distribution on distal load
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Fig 23. Maximum principal stress distribution on lingual load
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Fig 25. Minimum principal stress distribution on lingual load
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Fig 27. von Mises stress distribution of implant fixtures and attachment

systems on vertical load
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ABSTRACT

A Finite Element Analysis of Stress on Peri-implant
Bone Depending on Attachments and Width of Residual
Alveolar Ridge in Implant Overdenture

Wuk-Jae Won
Department of Dentistry

Graduate School, Yonsei University.

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

The purpose of this study was to evaluate stress on peri—-implant bone
depending on attachments and width of residual alveolar ridge in implant
overdenture by means of 3D finite element analysis.

It was assumed that edentulous mandible was restored with two implants
and overdenture. Two implants were placed at canine area. Four
mandibular models were fabricated according to various residual alveolar
buccal bone width, which were 0.5mm, 1.0mm, 1.5mm, 2.0mm. Locator and
Hader bar attachments were used respectively.

The mandible was represented as a layer of 1.0mm cortical bone with a
cancellous hone interior. Mucosa thickness was 2.0mm.

Five types of loads were applied to pyramid on overdenture: 100N of
vertical load and 50N of inclined loads on mesial, distal, lingual, buccal
surface on respectively.

As width of residual alveolar ridge was decreased, peri—-implant bone
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stress was increased in both cortical and cancellous bone regardless of
direction of load and type of attachments. The rate and amount of these
increased stress were greater in Locator overdenture model than in Hader
bar overdenture model.

Regarding direction of load, peri-implant bone stresses were lowest in
vertical load and highest in mesial load. As decreasing width of residual
alveolar ridge, amount of increasing stress was lowest in vertical load and
highest in distal load. In case of splinting the implants, amount of stress
decrease was greater in inclined load than vertical load.

As width of residual alveolar ridge was decreased from 2.0mm to 0.5mm,
rate of increasing stress was highest in 0.bmm of bone width. Upon
splinting the implants, stress in implants was decreased in both loading
side and unloading side.

Based on the results within the limitation of this study, it was confirmed
that attachment systems and width of residual alveolar ridge produced
different stress distribution characteristics. It is desirable for implant
overdenture to use splinting type of attachment to reduce the concentration
of stress on cervical area of implant especially when minimum width of

residual bone is available for implant.

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

peri-implant bone, width of residual alveolar ridge, stress
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