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Finite element analysis of the junction between the
regenerated bone adjacent to screw type implant
and its surrounding native bone
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ABSTRACT

Finite element analysis of the junction
between the regenerated bone adjacent to screw
type implant and its surrounding native bone

Kim Seong-Ho

Advisor : Prof. Kim Byung-Ock Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Both loading on the implant itself and the transferred load to the bone
have created an interest in biomechanical researches of oral implant. The
purpose of this study was to investigate the stress gradients at the junction
between the regenerated bone adjacent to screw type implant and its
surrounding native bone using 3-dimensional finite element stress analysis
method.

The 4.1 X 11.5-mm implant (3/ 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 7.0, 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
250,820 and 352,494 and nodal points between 47,978 and 67,471. Two
loading situations were simulated at the central fossa: 200—-N vertical loading
and 200-N 30° lateral loading, respectively. The following conclusions have

been made based on the results of this study:
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1. For the quality of native bone adjacent to the regenerated type |V bone,
the stresses in type |-native bone were higher compared to stresses in

type lll-native bone.
2. Maximum stresses were generated at the junction between the
regenerated bone and its surrounding native bone according to the

increased depth of implant fixture.

3. Stresses generated under vertical loading were higher than that under

lateral loading.

In summary, because stress concentrations can be also influenced by
quality of the surrounding native bone, this have to be considered with care

in making a treatment planning for implant supported prosthesis.
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Fig. 1 The two
dimensional section of
the full body (4 mm
threaded implant system)

Fig. 2 The three
dimensional geometry of
full body.
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a. 1 mm below MB b. 4 mm below MB c. 7 mm below MB

Fig. 3. Junction betwee n th e regenerate done (red color) adjacent to
screw type implant and the native bone (type | or type Ill bone:
light sky blue color). MB: margianl bone.

Fig. 6 The dimension
geometry of first molar geometry of resin of gold screw

2 HTE
1) §3tas wdo] g4

AZVES FH9 YL 3239 CAD =238 Iron CAD  Ver 6.0,
(IronCAD LLC, USA)E o]&3le mdgsigded #3384 8FHm 27w
[AE AHEEIE Y (Table 1).



Table 1. Element and nodule used in this study

node element
0 mm 50,552 264,186
1 mm 48,453 251,688
2 mm 47,978 250,820
3 mm 67,471 352,494
4 mm 60,691 320,670
5 mm 59,996 316,102
6 mm 52,639 274,312
7 mm 52,745 276,470

2) Age 44

FR2AENE APsted Fad Az EYXA @4ASF (Young's
modulus: E)$t o}l ¥] (Poisson’s ration: y)& M#d5"¥o a2 3
zatgor], 2de YA met 2g2FY AL AL E2 VY 2
AZ, AT Ade 138 23, 283 MeEY AZL M3 222 &/

sttt (Table 2).

Table 2. Material properties used in this study (Unit: MPa)
Material Elastic modulus Poisson’s ratio
Oak tree (D1) 12,560 0.3
Needle-leaf tree (D2) 12,400 0.3
Balsa wood (D3) 3,170 0.3
Styroform (D4) 2,550 0.3
TieAlsV 115,000 0.35
Crown 96,000 0.35
Composite resin 9,700 0.35
Abutment screw 115,000 0.35

D: Density

3) stF3xa
3t X de FAS (AH)A 200N 3353 200N2 30 ABAMeHE
< 47 A& (Fig.7).



a: Vertical force b: Lateral force

Fig. 7 Loading condition. a: vertic alforce. b: later alforce. A: Central
fossa
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a) Vertical load b) Lateral load
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a-3) 7 mm below margimal bone b-3) 7 mm below marginal bone

Fig. 8. Maximum value of the Von—Mises stress according to load point
A. Type IV bone extended to 1, 4, and 7 mm below marginal
bone and surrounding native bone with type | bone quality under
the vertical load (a) and lateral load (b), respectively.
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a) Vertical load b) Lateral load
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a-3) 7 mm below marginal bone b-3) 7 mm below marginal bone

Fig. 9. Maximum value of the Von—Mises stre s saccordin g to load
point A. Type IV bone extended to 1, 4, and 7 mm below
marginal bone and surroundi n gnative bone with type Ill bone
quality under the vertic a load (a) and latera |load (b),
respectively .
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