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Table 1. Nodes and elements.

Model Node Element
model for 5 standard 15770 37979
Implant
model for 3 wide 99954 53474

diameter implant

Fig. 1. Model for 5 standard implants.
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Fig. 2. Model for 3 wide diameter implants.
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Fig. 3. Finite element model for model 1.
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Fig. 4. Finite element model for model 2,3,4.

Table I . Material properties.

Material Young s Poisson’ s
modulus(GPa) ratio
Titanium 103.4 0.35
Type IV Gold 98 0.45
Cortical bone 13.7 0.30
Cancellous bone 1.37 0.30
Resin tooth 2.69 0.35
Composite resin 13.5 0.38
Porcelain 69 0.28
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Fig. 8. Maximum principal stress (compres-
sive stress) on vertical stress.

AN k7
S8 A BE B

FolA shzol 7t 2elol & A ANA 7+
%2 gz ueith & 24 19 $23FAd
24 RANA F 2 $BRE Rtk FelR
Sl mE SURE Pel Aolt gUn
ot g2 Z7)el Aol: wedw, $RAEA &
& gko] 714 Atk



Cortical Cangellous
Framework fixture bone hone
—&—Modet 1|
—T Modet 2
- & -Modet 3
= -~ -Model 4
Q.
2
=
2
e
£
=
a
£
3
-80 L
-90

Cortical Cancellous
Framework fixture bone bane
0
o ~@--Model 1
10 Ely. s e~ Modeet 2
et ’,’7 - -Modet 3
-20 i —0 -Model 4
St
30 -

'

@

o
N

min. principal (MPa)
r
k3

[
~ @
s &
N,
~
P

'
@
=3
L

©
S
1

Fig. 9. Maximum principal stress (compres-
sive stress) on horizontal stress.

Fig. 10. Maximum principal stress (compressive
stress) on oblique stress.
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Fig. 14.
stress.

Displacement of framework on vertical



2.50E-02

2.00E-02

1.50E-02

1.00E-02

displacement {mm)

5.00E-03

|

tixture

0.00E+00

{Omodet 1 mmode) 2 model 3 @model 4]

1.40E-02

1.20E-02 [H

1.00E-02 |

8.00E-03 [~

6.00E-03 [

displacement (mm)
]

4.00E-03 |-

2.00E-03 1~

0.00E+00 = g
t 2 3 4 5

tixture

[Omodel 1 @modet 2 Omode! 3 Mmodel 4]

Fig. 15.
stress.

Displacement of framework on horizontal

R

8% olel

]
=

os]
=
o
=
[4>]
=}
fob]
=
=
Z
()
<
ol
w3
@
2 e
A
Z
flo
oft
o
2
1o
e
w2
9,

Sool & o] YBAETS ALgET 4
WE AFE R 715L AT £ Y
2 ARG 5 Yok AEA
N AN 2 25 F 5 A Roloh 22
NES] A7} 245 A AolA el
al AL & 4 gle Akdeld. wEhM At A
e ‘7;]/\5]_0].54 AestAd o g oty AnE Hol
o g FE hEele @ 4 9 Aol

3¢ A 67he) BER JEHEE o] 83t

r2 . flo 4o
ol ¥ o
=2 o o L8

o
2,

x:x'é‘
]

of ZA\52o| YT Y4ATT BESC %o
oE FlEs) dEdE A4 234 248 Fes
ZA5%0] s HE BAFE de ¢ 4 ok

o]
FA B AFoA ]—""‘-4 w3l Branemark

Novum® 42 v w3to 24 Branemark Novum®

468

. Displacement of framework on oblique
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. Horizontal view of principal stress distribution on the bone in model 1 under vertical load.
. Frontal sectional view of principal stress distribution on the implant in model 1 under ver-

tical load.
Horizontal view of principal stress distribution on the bone in model 2 under vertical load.
Frontal sectional view of principal stress distribution on the implant in model 2 under ver-
tical load.
Horizontal view of principal stress distribution on the bone in model 3 under vertical load.
Frontal sectional view of principal stress distribution on the implant in model 3 under ver-
tical load.

. Horizontal view of principal stress distribution on the bone in model 4 under vertical load.
. Frontal sectional view of principal stress distribution on the implant in model 4 under ver-

tical load.

. Horizontal view of principal stress distribution on the bone in model 1 under horizontal load.
10.

Frontal sectional view of principal stress distribution on the implant in model 1 under hor-
izontal load.

Horizontal view of principal stress distribution on the bone in model 2 under horizontal load.
Frontal sectional view of principal stress distribution on the implant in model 2 under hor-
izontal load.

Horizontal view of principal stress distribution on the bone in model 3 under horizontal load.
Frontal sectional view of principal stress distribution on the implant in model 3 under hor-
izontal load.

Horizontal view of principal stress distribution on the bone in model 4 under horizontal load.
Frontal sectional view of principal stress distribution on the implant in model 4 under hor-
izontal load. .
Horizontal view of principal stress distribution on the bone in model 1 under oblique load.
Frontal sectional view of principal stress distribution on the implant in model 1 under oblique
load.

Horizontal view of principal stress distribution on the bone in model 2 under oblique load.
Frontal sectional view of principal stress distribution on the implant in model 2 under oblique
load.

Horizontal view of principal stress distribution on the bone in model 3 under oblique load.
Frontal sectional view of principal stress distribution on the implant in model 3 under oblique
load.

Horizontal view of principal stress distribution on the bone in model 4 under oblique load.
Frontal sectional view of principal stress distribution on the implant in model 4 under oblique
load.
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ABSTRACT

THREE DIMENSIONAL FINITE ELEMENT ANALYSIS OF BRANEMARK
NOVUM® IMMEDIATE IMPLANT PROSTHODONTIC PROTOCOL

Woo-Young Kim, D.D.S, Yung-Soo Kim, D.D.S., M.S.D., Ph.D., M.Sc.(0.S.U.)
Kyung-Soo Jang, D.D.S., M.S.D., Ph.D., Chang-Whe Kim, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, College of Dentistry, Seoul National University.

Since the treatment of edentulous patients with osseointegrated implant was first introduced
more than 30 years ago, implant therapy has become one of the most important dental treatment
modalities today. Based on the previous experience and knowledge, Branemark Novum® proto-
col was introduced with the concept of simplifying surgical and prosthetic technique and reduc-
ing healing time recently. This protocol recommends the installation of three 5Smm wide diame-
ter fixtures in anterior mandible and the prefabricated titanium bars for superstructure fabrication.

This study was designed to analyze the stress distribution at fixture and superstructure area
according to changes of fixture number, diameter and superstructure materials. Four 3-dimen-
sional finite element models were fabricated.

Model 1 — 5 standard fixtures (13mm long and 3.75mm in diameter)

& superstucture consisted of type IV gold alloy and resin

Model 2 — 3 wide diameter fixtures (13mm long and 5.0mm in diameter)

& superstucture consisted of type [V gold alloy and resin
Model 3 — 3 wide diameter fixtures (13mm long and 5.0mm in diameter)
& superstucture consisted of titanium and resin
Model 4 — 3 wide diameter fixtures (13mm long and 5.0mm in diameter)
& superstucture consisted of titanium and porcelain

A 150N occlusal force was applied on the 1st molar of each model in 3 directions - vertical(90"),
horizontal(0°) and oblique(120°). After analyzing the stresses and displacements, following re-
sults were obtained.

1. There were no significant difference in stress distribution among experimental models .

2. Model 2.3,4 showed less amount of compressive stress than that of model 1. However, ten-

sile stress was similar.

3. Veneer material with a high modulus of elasticity demonstrated less stress accumulation in

the superstructure.

Within the limits of this study, Branemark Novum® protocol demonstrated comparable biomechanical
properties to conventional protocol.

Key words : Branemark Novum®, Osseointegrated implant. Finite element analysis, Immediate load-
ing
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