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Finite element analysis on screw type implant

in the type IV regenerated bone
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ABSTRACT

Finite element analysis on screw type implant

in the type IV regenerated bone

Park Byung—Gi
Advisor: Prof. Kim Byung—Ock, D.D.S. Ph.D
Department of Dentistry

Graduate School of Chosun University

The present study investigated the influence of native bone quality
on the transmission of occlusal forces for endosseous dental
implants. Using the finite element method, the study modeled 4.1-
x 11.5—mm threaded implant (37 USA) placed in a 20 mm in height
and 10 mm in diameter, was assumed to be 100% osseointegrated.
Using ANSYS software revision 6.0, a program was written to
generate a model simulating a cylindrical block section of the
mandible 20 mm in height and 10 mm in diameter. The regenerated
bone (bone quality type IV bone), with 4 mm in width, was made
from the platform of implant to 7 mm apical along the side of implant

A load of 200N was applied at the 3 occlusal surfaces of the
restoration, the central fossa (A), outside point of the central fossa
with resin filling into screw hole (B), and the buccal cusp (C), at a
0 degree and a 30 degrees angle to the vertical axis of the implant,

respectively. The present study used a fine grid model incorporating
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elements between 250,820 and 352,494 and nodal points between
47,978 and 67,471. The results were as follows:

1. The stress values on regenerated bone—implant interface were
influenced by both native bone adjacent to regenerated bone and
loading type on the occlusal surface in the implant.

2. It was found that stresses were more homogeneously distributed
along the side of implant when more spongy bone was present,
regardless of load direction.

3. The higher stresses were generated at the 1 mm and 3 mm

bone—implant interface below marginal bone.

In summary, our investigation indicates choosing the adequate
surgical therapy for the implant to be placed into bone with the good
quality and the adequate occlusal rehabilitation according to bone
quality adjacent to implant fixture need in making a treatment

planning for implant supported prosthesis.
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ol pin implant¥ Z7] % Ao] expanding implant Bt} © FHou
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Fig. 1. Two dimensional section Fig. 2. Three dimensional geometry
of full body of full body

Fig. 3. Three dimensional geometry Fig. 4. Three dimensional geometry
of first molar of resin of first molar
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Fig. 5. Dimension of implant screw

Fig. 6. Dimension of gold screw
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a. 1 mm below MB b. 3mm below MB c¢. 7 mm below MB

Fig. 7. Junction between the regenerated bone (red color) adjacent to
screw type implant and the native bone type 1 or type III bone
(light sky blue color). MB: marginal bone

2. A9

1) §3te A mdo] A

Iron CADOIA EHAEg 3D Geometrys ANSYS Program Ver 7.0 (Ansys,
Inc, USA)E wWolsd ZAAE AAY3IA. A A ztze] 2de o3}
22 (element)9} A (node)e] 47} AA Blolyx @A 3t 4P S 24
a1, fretast 82 MY A 2A4E AMEETh (Table 1) (Fig. 7).



Fig. 8. Three—dimensional finite element model

Table 1. Numbers of node and element

Node Element

Q mm 50,552 264,186

1mm below MB 48,453 251,688
2mm below MB 47,978 250,820
3mm pbelow MB 67,471 352,434
4mm below MB 60,691 320,670
5mm below MB 59,996 316,102
emm below MB 52,639 274,312
7mm below MB 52,745 276,470

MB : marginal bone

i i o
2) B4
TR E o8 SHEAMYE K9 gt §3o 7AH At Hsl

239 ET3FH AL A8 71AF Aol #Ysit= 424 (homogenecity),



< FYP3hed Yo AFe EAXA @4
A% (Young's modulus: E) 9} E 849l H] (Poisson's ratio: v)& AP
222 Fuste o]g3gE, FAL UF Ao W 471A] BEFYY = F

A D12 AR Ex &FUF AF, 24 D2 AQF, =2 D3 Ed4 ¥

AMg T8, 23 D4t 2EEE Ex 7D dd4d ES 22 AfE=E
7HE3ste 47kA] ¥eE TR, Z47te B4 9 dAe AFECA gy
SHEELE 7t (Table 2).
Table 2. Material Properties
Materials Young's Modulus” Possion's Ratio
Type 1 (Oak Tree) 12,560 0.3
Type 2 (Needle-leaf Tree) 12,400 0.3
Type 3 (Balsa Wood) 3,170 0.3
Type 4 (Styroform) 2,550 0.3
TiBAI4V (Implant) 115,000 0.35
Crown 96,600 0.35
Composite Resin 9,700 0.35
Abutment Screw 115,000 0.35
*:  Unit : MPa

e ARE Ad FASC sidste AR AR TE FEAE A
28 FAHRLeH, BHS AR T8 AL dAS Hold vE w99

2 Zge] Awss ¥4, 223 CAE W mT AFss R9old, 7



N

Al

O
|

Lingual

4ol digk &}

= 2. 21 O
[ ],1 N

st ot (Fig. 8)

200N 425153

200N9 30

Buccal

Fig. 9. Loading

b.

condition.

C, b: Axial force

Lateral force applied each loading condition

a-

9
9

loading

applied each

points

load

of

ing

A,

loading
condition
B, C.

condition

A, B,

A,
C,

B,



I. A+23

o] dFE YAHY UEJFE (B 4.1 mn, Zeo] 11.5 mm, Osseotite 3j
UsSA)7F IvE e 2z A" Sud AH" 23S ol &3 A¥d
Vg9 & 4 mm Fog AYY Aoz AAsHed ALY 2L 441
d, 18, 28x 1189 AdE2 24989 =S dAsg 282 37+
A FEAANAN FASRESH BAEES 71 F ANE 23 ERE Apold

[e)

2 $43e Bedt ge Ao

bt

D FAsge M 349 SHEE

(1) ARD 1vE Fo] 187 18 = =AU F+

AAE VE o] 187 18 == Eeml Afele €8 77 &
A veldth 9EJE RFEY 7HA A M SHS AR T4
stolA REH IFFAE FE5F AF 2 (Table 3, Fig. 9), BEHE 5
wg wat AAE 29 Zolrt Ao met S AaHE BFE UE
wot AEHE Y 1/2 ¥919 vig FEAS dEhdoh I3y, AdE
1 mst 3 m Y FHelME ez o] JFHE FdE HeiEth
ARE Zol 1 7% 11 P9 AAE=E B/ 349 $HEEE A2 74

S b 19 B2 Sedel 29T AN
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(@ ABY Bo| MY 2AZ SHAA A5

AR IVE Jo] 183 11y =2 /A AFel vlstd 1T F2
2 EYMR BSE &Y IVt XA FAE ¢S JUERth 4
E BFEY 7HA stEHel sted $EHE A#E T
2 FEFZF AF ST (Table 3, Fig. 10), YZIHE SHE n=t ANE =
9] Zol7t Aol wet $¥L2 FTHANLE EEXHE FEFE UEWL 1
2, MAE 3 m PLolA e glo] kel WL K
9 242 AU A+AHY ATk wsts Bolx gt

o

frtad

o

=2

=

s

o

=
4w
T
do

Table 3. Maximum value of the Von—Mises stress according to load
points and surrounding bone quality under the vertical load
(unit: MPa)

Surrounding bone quality

Regenerated bone

(Type V) Type 1 Type O Type I
A B C A B C A B ]
0 mm 7.235 19.636 47.397 7.194 1951 47.093 4.324 9.709 22.679

1 mm below MB  7.525 10.352 46.078 7.462 19.168 45.633 4.145 9.61 22.466
2 mm below MB  3.539 10.017 24.261 3.502 9.918 24.02 3.986 9.634 22.532
3 mm below MB  7.557 17.036 37.788 7.557 17.036 37.788 4.097 10.711 25.02
4 mm below MB  3.902 8.241 20.564 3.875 8248 20.572 4.087 9.237 21.473
5 mm below MB  4.498 9.387 23.174 4.466 9.394 23.18 404 924 2149
6 mm below MB 418 8513 21.035 4.151 8518 21.04 404 924 2149
7 mm below MB  3.211 9.343 22985 3.191 9.348 22989 4.09 10.058 23.395

MB : Marginal bone, A:! at the central fossa, B: at the outside point
of the central fossa with resin filling into screw hole, C: at the

buccal cusp

..12_
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2) 30" AAREL A A 8

(1) AL VY 2ol 1387 I3 =2 A B+
AP VY Zo] 183 ¥ T2 N Aol $8 377 #4)
A vetth 9EFE RFES 371A sERC JHE S A# F4
steld FE IFFAZ FEFE ZiHE FEFES vEhllen (Table 4,
Fig. 11), 9EFE FH& ot AYE F9 Zol7t Ao wet 382
HEe AFE deloy dEHE A 1/2 F9) b3 FAAE JE
HAE 1 mot 3 maty FHNME ddFHez 8o JF5H

i & o)
R
(J
L)
L

(2) AR 1vY o] MF9 A2 XYL B+

ARE VE o] 183 T8 22 SR B9 vlstel I 39 ==
A BEE 49 A7F @A #ad e dEEth 9F
€9 37k dFHel A S8 AR TSN FH aFERAR
F2rE AaHglen (Table 4, Fig. 12), 4SRE S9& U=t AL
29 o7t ool met $He FrHe FFE HEhloy IwHo=s
FA4¢ vetdch a2y AdF 3 m shgelM Sl glel ok
7b Holu 183 T3 42 S ZAH Avd Hshs Holx o
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Table 4. Maximum value of the Von—Mises stress according to load
points and surrounding bone quality under the lateral load (unit:

MPa)

Regenerated bone

Surrounding bone quality

(Type V) Type 1 Type 11 Type M

A B C A B C A B C
0 mm 43.334 32.366 10.627 43.087 32.19 10583 22.764 1762 7.276
1 mm below MB  44.067 33.62 12.831 43.645 33.304 12.733 20.795 16.123 6.91
2 mm below MB  20.362 15.81 6.892 20.157 15653 6.828  21.016 16.324 6.876
3 mm below MB  39.037 30.8 14546 39.037 30.8 14546 24359 18.863 7.773
4 mm below MB  21.187 1629 7.195 21.197 16299 7.135 22321 17.255 7.379
5 mm below MB  22.348 17.151 7.188  22.353 17.157 7.13 22844 17.739 7.427
6 mm below MB 21,704 16.686 6.732  21.707 16.69 6.679  22.006 17.091 7.165
7 mm below MB 21435 16,53 6.633 21437 16.533 6.636  21.619 16.819 7.39%

MB: marginal bone, A: at the central fossa, B:
the central fossa with resin filling into

buccal cusp.

_14_
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