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occlusal load: 100N

\

DSSA4525
abutment

cortical
bone ™
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cancellous
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preload: 0, 200, 400, 600, 800N
(a)

Fig. 1. Geometry model used in this study. (a) Submerged implant (DSFR4310) with DSSA45625

abutment placed in the mandibular bone of 14 mm in length is subject to a occlusal load of

100N. (b) Sectional view: mandibular bone of 8.6 mm in width together with other important
dimensional data. (unit: mm)
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Table I. Mechanical properties (bone

and implant materials)

Young Modulus

Tensile yield stress

Material (GPa) Poisson ratio Strength (MPa) (MPa)
Titanium (cp) 105 0.34 660 590
Titanium alloy 113 0.342 860 795
, 72-76 (tensile)
Cortical bone 13.7 0.3 . 60
140-170 (compressive)
Cancellous bone 1.37 0.3 22-28 (tensile) -
Type IV Gold™ 95 0.3 4569 381.7
dof] e YSTE A2 oy Zo 8 B
EE AT oY 20T YFTHE F4
el P50 2 30% FAS 2hs 100N 27]9]
| f s A He] st Fakatgla, ofof g
plane o - )
J2=—7.0 $9 &4 A3= Fig. 3 - Fig. 79 2+z Yeh)
lingu ATt
X Fig. 3 - Fig. 7 2t a4 2dlol] sl =83 ¢]
A7t H& xy @9 (Fig. 2) oIA9 8 B ¥
. L or, 223 Hrlol AHEH S it ABY
plane o - .
2=7.0 E w7 whako] £-¥(radial stress, orr) &2 AT F
drde] Zhg-ehe wEF 100Ne] E2 s
st 9E 8-S Hrke] fs A9 s
Qo] BRFL gF] o \Ro1 VA4S Sl&)zF
Boundary conditions: Ux=Uy=Uz=0 at E]- s° 61} J‘%é = SHOH ° E_:]'g] }\ozﬂ—g}\jl]- O]-?‘j}%"
z=7.0 and z=—7.0 plane S ZH7; 430 MPa & A3l o, o] & Hloju}
©ogoe sheraa W e ekl

Fig. 2. Typical finite element mesh model with
the coordinate system used in the

present study.
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(a) (b)

Fig. 3. For preload=0 case. Radial stress distribution across the abutment, implant fixture and bone
under an occlusal load of 100N applied at the top surface of abutment at 30 degree with
respect to implant axis. (a) Overall stress distribution at the z=0 plane, (b) Stress band. (c¢)
Stresses at the cervical bone. Point A and Point B are 0.1mm away from implant wall.
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Fig. 4. For preload=200N case. Radial stress distribution across the abutment, implant fixture and
bone under an occlusal load of 100N applied at the top surface of abutment at 30 degree with
respect to implant axis. (a) Overall stress distribution at the z=0 plane, (b) Stress band, (c)
Stresses at the cervical bone.
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Fig. 5. For preload=400N case. Radial stress distribution across the abutment, implant fixture and
bone under an occlusal load of 100N applied at the top surface of abutment at 30 degree with

respect to implant axis. (a) Overall stress distribution at the z=0 plane, (b) Stress band, (c)
Stresses at the cervical bone.
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@ (b) (c)

Fig. 6. For preload=600N case. Radial stress distribution across the abutment, implant fixture and
bone under an occlusal load of 100N applied at the top surface of abutment at 30 degree with

respect to implant axis. (a) Overall stress distribution at the z=0 plane, (b) Stress band, (c)
Stresses at the cervical bone.
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Stress band
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(©

Fig. 7. For preload=800N case. Radial stress distribution across the abutment, implant fixture and
bone under an occlusal load of 100N applied at the top surface of abutment at 30 degree
with respect to implant axis. (a) Overall stress distribution at the z=0 plane, (b) Stress band,

(c) Stresses at the cervical bone.
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-10.0

Stress (MPa)

-20.0

300 L.\.\.\.

400 +——— Preload (N)
o | 200 | 400 600 800
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|-#-PointB| -2833 | -30.03 | 3175 -33.46 -35.18

Fig. 8. Variation of stresses on the cervical
cortical bone calculated at Point A and
Point B near the implant which is under
an obliquely acting load of 100N, and
subject to varying preloads. of up to
800N.
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Effect of Implant Preload on the Marginal Bone Stresses Studied by

Three Dimensional Finite Element Aanalysis

Hyo-Jun Nam, Kwang-Hun Jo
Department of Dentistry Graduate School, Kyungpook National University Daegu, Korea

This study is to assess the effect of preload level on the stress development at the marginal cortical bone surrounding
implant neck.

A finite element model was created for a single implant placed in the lower jaw bone. An external load of 100N was
applied on the top of abutment at 30 degree with the implant axis in lingo-buccal direction. Five different preloads, i.e.
0, 200, 400, 600, 800N were applied to the abutment stem to investigate if and/or how the preload affects on the marginal
bone stress.

Differences in the marginal bone stress were recorded depending on the level of preload. On the other hand, the tensile
stress on the marginal cortical bone decreased in models of higher preload.

Preloads between abutment/fixture can increase compressive stresses in the marginal cortical bone although the amount
may be insignificant as compared to those generated by functional forces.

Key words: abutment, fixture, implant, marginal bone, preload, stress development
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