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Fig. 1. Schematic diagram for an EZ plus
implant and alveolar bone complex
shown together with the axis system
and important geometric dimensions.
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Crestal cortical bone
modeled by four
different meshes

presented in Fig 3
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Fig. 2. Axisymmetric finite element model.
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S

(c} mesh_3 (d} mesh 4

Fig. 3. Finite element meshes of 4 models magnified for cervical regions:
(a) d=0.83mm, (b) d=0.16mm, (¢) d=0.076mm, (d) d=0.038mm. In each of the four mesh
models, six stress monitoring points (C1 to C6) were assigned at the exact same geometrical

points with the interval of 0.16mm. For computational efficiency soft tissues are not included
in the entire f.e. analysis.
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Material properties of bone and titanium®®

Table 1.

Tensile yield stress
(MPa)

Strength (MPa)

Poisson
ratio

Young Modulus (GPa)

Material

0.35

1022

Titanium

72-76 (tensile)
140-170 (compressive)

60

0.3

13.7

Cortical bone

22-28 (tensile)

0.3

1.37

Cancellous bone

0.3

95

Gold (type 4)
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3-PRNCPL. STRESS
VIEW :-3.050E407
RANGE: 1186010,

(Band % 1.0E7)
0.1188
1E-04

EMRC-NISA/DISPLAY
AUG/16/07 22:36:3L
v ROTX

0.0
(S toeoceses = 1, ex-SeMETRIC ANGLE = 0.00 A« Y

Fig. 4. Maximum compressive stresses in
mesh_1 model subject to 100N vertical
load.
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EilEEEE ) Ay

Fig. 5. Maximum compressive stresses in
mesh_2 model subject to 100N vertical
load.
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DISPLAY III - GEOMETRY MODELING SYSTEN ( 10.0.0 ) PRE/POST MODULE

3-PRNCPL. STRESS

VIEW :-3.0362+07
RANGE: 1188955

(Bang » 1.0E7)

EVRC-NISA/DISFLAY

AUG/16/07 22:42:09
v

Fig. 6. Maximum compressive stresses in
mesh_3 model subject to 100N vertical
load.

DISPLAY ITT - GEOWETRY MODELING SYSTEM ( 10.0.0 ) PRE/POST MODULE S_PRIEPL. STREES

VIEW :-3.191E407
RANGE: 1188853 .
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1.000
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AUG/16/07 22:44:32

[0 Lo cass s = 1, exISYWMETRIC ANGLE = 0.00 A« RO

Fig. 7. Maximum compressive stresses in
mesh_4 model subject to 100N vertical
load.

Mesh Dependency of the Peak Stresses

305 MPa

2RiMED 246MPa
226mPa

Peak nodal stress (MPa)

0.038 0.075 015 03

Element size (mm)

Fig. 8. Comparison of the peak stresses
recorded at ‘S’ points in each of the
four mesh models.
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Table . Calculated nodal stresses (principal stress lll, unit: MPa)

Locations
Model
S Cl C2 C3 C4 C5 C6
Mesh_1 22.6 12.5 493 5.57 424 3.75 3.04
Mesh_2 24.6 8.74 6.43 527 4.38 3.68 3.07
Mesh_3 259 9.26 6.59 5.27 4.38 3.68 3.07
Mesh_4 30.5 9.19 6.52 5.24 4.37 3.67 3.06
Estimation of the peak stress Z]l{f 001:)\&0] ?;%%Eq %mg %Ev'ﬂ %E ngH
; £ AHAEG. YR 54 YSVES 2ol
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: i A elM e JELES & Alolol] =27} B4
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0 015 03 045 06 075 09 - . - =
Distance from implant wall (mm) .‘:'17_':] 6]-7‘" \iﬂp:]fcﬂ»oq 7] 6]-6]—;‘(:} %olﬁol Ell—vé‘ozl
Atk 3 A% A4 SHPFe] Ly
Fig. 10. Comparison of the peak stresses I o)z wx) Mg ZakEs 2He oA
recorded at the sharp notch ('S’ AfA oz 2 cko] FlEo| Q]ZIJERHE =
;Zgﬁsn:r;dzlgé 3) in each of the four 2 AgEgs AL on)a o|o] wa 24 =
' & g¥o] fruh JBAEL 2ol 43 y)
o] Ze =AFYol WidFur FRBY
=2 4 =R _\ﬂz‘ﬂ— 22 J= 3 )\}o] gF 2= olq_
- Ho = T BT To 2 T M.
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£ 77 el %l o, Fig. 1094 ©] & H mEQlon, ot AZgEe 28 Alo] =, A}
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sre] B2 AW, B YRibe] olfe] ol gAhHYo ABFES Aot WAF
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Investigation of the Regression Analysis Method for
a Quantitative Evaluation of Implant Crestal Bone Stresses

Woo-Shik Kim, Kwang-Hun Jo, Kyu-Bok Lee
Department of Prosthodontics, School of Dentistry, Kyungpook National University

In this study, the regression analysis method was tested for the estimation of peak stress at stress concentration area
in the cervical bone. Submerge type EZ plus implant (Megagen. Daegu, Korea), 4.1 mm in cervical diameter and 9.6 mm
in endosseous length, were axisymmetrically modelled together with surrounding alveolar bone of which the width was 10
mm. Vertical force of 100 N was applied to a head of crown above 8.5 mm from the outer surface of the cortical bone.
Four different mesh models were composed of differently sized elements in vicinity of sharp corners, and they include 6
stress monitoring points that are located in the same geometrical points regardless of the differences in the meshes. Primary
consideration was given to the stresses in the cortical bone surrounding the implant neck. The results showed that virtually
all the stresses were concentrated in the cortical bone regardless of mesh designs. The peak stresses were successfully
calculated by a regression analysis in a stable manner, as far as the mesh is designed to represent the acute gradient of
stresses near the sharp corner.
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