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Finite element analysis of cylinder type implant placed into regenerated bone
with type IV bone quality

Byung-Ock Kim®, Kug-Sun Hong ", Su-Gwan Kim
Dept. of Periodontics *, Dept. of Oral & Maxillofacial Surgery,

College of Dentistry, Oral Biology Research Institute, Chosun University

Abstract

Stress transfer to the surrounding tissues is one of the factors involved in the design
of dental implants. Unfortunately, insufficient data are available for stress transfer within
the regenerated bone surrounding dental implants.

The purpose of this study was to investigate the concentration of stresses within the
regenerated bone surrounding the implant using three-dimensional finite element stress
analysis method. Stress magnitude and contours within the regenerated bone were
calculated.

The 3.75 X 10-mn implant (3i, USA) was used for this study and was assumed to be
100% osseointegrated, and was placed in mandibular bone and restored with a cast gold
crown. 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 present study used a fine grid model incorporating elements between
165,148 and 253,604 and nodal points between 31,616 and 48877. This study was
simulated loads of 200N at the central fossa (A), at the outside point of the central
fossa with resin filling into screw hole (B), and at the buccal cusp (C), in a vertical and
30° lateral loading, respectively. The results were as follows;

1. In case the regenerated bone (bone quality type IV) was surrounded by bone quality
type I and II, stresses were increased from loading point A to C in vertical loading.
And stresses according to the depth of regenerated bone were distributed along the
implant evenly in loading point A, concentrated on the top of the cylindrical collar

loading point B and C in vertical loading. And, In case the regenerated bone (bone



quality type IV) was surrounded by bone quality type III, stresses were increase from
loading point A to C in vertical loading. And stresses according to the depth of
regenerated bone were distributed along the implant evenly in loading point A, B and C
in vertical loading.
2. In case the regenerated bone (bone quality type IV) was surrounded by bone quality
type I and II, stresses were decreased from loading point A to C in lateral loading.
Stresses according to the depth of regenerated bone were concentrated on the top of the
cylindrical collar in loading point A and B, distributed along the implant evenly in
loading point C in lateral loading. And, In case the regenerated bone (bone quality type
IV) was surrounded by bone quality type III, stresses were decreased from loading point
A to C in lateral loading. And stresses according to the depth of regenerated bone were
distributed along the implant evenly in loading point A, B and C in lateral loading.

In summary, these data indicate that both bone quality surrounding the regenerated
bone adjacent to implant fixture and load direction applied on the prosthesis could
influence concentration of stress within the regenerated bone surrounding the cylindrical

type implant fixture.
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o] AT A5 UZSHE 14 T VI 42 AAE FUolAe &
krts Frlelr] Ysted A7 4 m, 2ol 10 me Osseotite (3i, USA) ¢ A ==
& olgstilvt. dEFE 2 3349 CAD =% Iron CAD Ver
6.0, (IronCAD LLC, USA)E 9] St Ed, L9y A dEHEEE FAow F
- 10 m, 223 HA 2] 20 me 3 Pefot FAF
stAl AAst e, dEVES} = AH 2l A= Fig.
2014 67FA AA o] vt (Fig 2 - 6).

Fig. 1 The two dimensional section Fig. 2 The three dimensional
of the full body geometry of full body

Fig. 3 The three dimensional geometry Fig. 4 The three dimensional geometry of of

first molar resin
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Fig. 5 The dimension of implant screw Fig. 6 The dimension of gold screw

FHYTEFo R QEHE] FHAT platform T 4 m7A, :LE]EL &l
ot %‘?ﬂ%“ﬂrﬁ}lmmﬂ o=z 7 =
Ao MR, AdE F& 4218 19 Y F2= gawﬂ At
2
(]

) w884 299 A

Iron Cadoﬂ A A5t 3D Geometry & ANSYS Program Ver7.0 (Ansys, Inc, USA) &
woltgo] AxE AAsAY. Ax @A 2zl Edd diste] 8 A(element) 9F A A
(node)e] 7t AA W= Al ste] dEAdS 2A STt g F{3Ha A (element)= 8
AH AA¥ 24 (tetra heron element)E AH&3sEA T (Table 1) (Fig. 7).



Fig. 7 Three—-dimensional finite element model

Table 1. Number of node and element

node element
0 mm 31616 165148
imm below 43723 224816
2mm below 41810 217808
3mm below 47021 244446
4mm below 46723 243952
5mm below 39760 208018
emm below 48877 253604
7mm below 48088 252102
2) EAA
fret A g oget SHEMULE Bdo gestel FHe XA ALkE 93 2F e
LA 5AS ARY 7AA 5o ddstvbe #AA  (homogenecity), A5 542 3
wekow FdstttE A (isotropy), 7E9 WEol W= Ag&d e wHstn
! A% @A (linear elasticity) & 2tE Aoz 7HA sttt

23] 0¥ FARAENES FAsed Bed Ame B
o
=

Q
©] ¥] (Poisson’s ratio: V)&= A18Fe] A}

s, AL U g2 744 BEW Y = 24 DI AR == 9ZF R 4
A, 24 D2e Ahe, 242 D32 Al @AM 86 #d Dds AHEE B FRY
& dog WAES e QAR stAEe] A FHE FRE Y, 47 B4 2 A
o AFH Qs LAEFE Fr1G (Table 2).



Table 2. Material Property (Unit : MPa)

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

TisAlsV (Implant) 115,000 0.35

Crown 96,600 0.35

Composite Resin 9,700 0.35

Abutment Screw 115,000 0.35
3) s==x4

o] AFANME HFA T FFels shsxA A AF? FAHL A= A AT E
A FEAE HAFEY stzo] 7telxE A Ay Hste] #HFAE Hold vz vk
99 gudgded dlEste stex4d B, 28i @FuTol ddste skexd Co 200N
o] FA3FI 200N 30° AR ES 47 AEsl=E skt (Fig. 8).




Fig. 8 Loading condition. a: 3 loading points of loading condition A, B, C: b. Axial force
applied each loading condition A, B, C : ¢. Lateral force applied each loading condition
A, B, C.



AT s 953 JEFE 1A4A FHd VI 4z A48 ddAY 87
F%e e et A 4 m, 2] 10 me) Osseotite (3i, USA) ¢} A4S =&
E W5 o]gant stexdor AFL A SAlekd gt F9, BHE A# T4
ool A= AHE JFE A FEAE HAFHA skl stelAE e HEtr] 5k
Hx& Blojdh vtz vp F9jo] gugtdd sfdsts 59, Lol CHE FS5uF A
e F9 2 200N $=28kE 3 200N 30° AAtskse 247 e e sy
D FA st 7 459 Y8 E (Table 3, Fig. 9 - 10)

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
type 1 type II type III
A B C A B C A B C

m below MB 5178 13.134 | 31.023 5141 13.019 30.74 3.352 7112 15.96

Regenerated type
IV bone

m below MB 5.39 12455 | 28.233 5.346 12325 27.923 3.632 8.058 18.285

m below MB 5.299 9.282 | 19.526 5.257 9.188 19.317 3.831 7.695 17.372

m below MB 5.445 8.902 | 20.177 5.399 8.806 20.188 3.913 9.434 21.33

m below MB 5.041 7489 | 15.293 5.001 7.415 15.299 3.679 7.13 16.027

S| O DD

m below MB 5.641 7421 | 18.017 5.59 7.427 18.023 4.137 8.323 18725

7 m below MB 4.953 7224 | 17503 4911 7.23 17.508 4.023 8.1 18172

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.

_10_



=
o
ikl
S
oo
o
o
1o
ik
il
at
ith|
&
_|>’i
(o3 rg
o
o
_0|L

Table 4. Maximum value of the Von—-Mises stress according to load points and

surrounding bone quality under the lateral load. (unit: MPa)

Surrounding bone quality
type 1 type II type III
A B C A B C A B C

m below MB | 30509 | 23509 | 95632 | 30.237 | 23.305 | 9466 | 16.095 | 12.661 | 5893
m below MB | 30301 | 24.001 11523 | 29975 | 23797 11415 | 1948 | 16.324 | 6912
m below MB | 22642 | 18426 | 10147 | 22.396 | 18.229 |10.049 | 16.721 | 13.266 | 6.573
m below MB | 19256 | 16078 | 9.876 | 19.038 | 15.899 | 9773 | 18.413 | 14.526 | 6.937
m below MB | 156936 | 13578 | 9288 | 156942 | 13432 | 9191 | 16635 | 131 | 6408
m below MB | 17860 | 13938 | 8937 | 17.873 | 13943 | 8844 | 18504 | 14.638 | 6.956

7 m below MB | 19589 | 156251 | 822 | 19.993 | 15.255 | 814 | 20.047 | 15.792 | 7.198
MB: marginal bone, A:! at the central fossa, B: at the outside point of the central fossa

Regenerated type
IV bone

S| O | DD |

with resin filling into screw hole, C: at the buccal cusp.
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