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— Abstract

STRESS DISTRIBUTION PATTERN OF THE DIFFERENT DIAMETER AND LENGTH OF SHORT
IMPLANTS ACCORDING TO THE BONE QUALITY : 3-D FINITE ELEMENTS ANALYSIS

Han-Koo Kim*, DDS, MSD, Chang-Hyen Kim, DDS, PhD, Sung-Woon Pyo, DDS, PhD
*Department of Implantology, Graduate School of Clinical Dental Science, The Catholic University of Korea,
Department of Oral and Maxillofacial Surgery, College of Medicine, The Catholic Universiry of Korea

The use of short implants has been accepted risky from biomechanical point of view. However, short
implants appear to be a long term viable solution according to recent clinical reports. The purpose of this
study was to investigate the effect of different diameter and length of implant size to the different type of
bone on the load distribution pattern.

Stress analysis was performed using 3-dimensional finite element analysis(3D-FEA). A three-dimension-
al linear elastic model was generated. All implants modeled were of the various diameter($4.0, 4.5, 5.0
and 6.0 mm) and varied in length, at 7.0, 8.5 and 10.0 mm. Each implant was modeled with a titanium
abutment screw and abutment. The implants were seated in a supporting D2 and D4 bone structure con-
sisting of cortical and cancellous bone. An amount of 100 N occlusal load of vertical and 30° angle to axis of
implant and to buccolingual plane were applied.

As a result, the maximum equivalent stress of D2 and D4 bones has been concentrated upper region of
cortical bone. As the width of implant is increased, the equivalent stress is decreased in cancellous bone
and stress was more homogeneously distributed along the implants in all types of bone. The short implant
of diameter 5.0mm, 6.0mm showed effective stress distribution in D2 and D4 bone. The oblique force of
100N generated more concentrated stress on the D2 cortical bone.

Within the limitations of this study, the use of short implant may offer a predictable treatment method in
the vertically restricted sites.

Key words: Finite element analysis, Short implant, Equivalent stress, Stress distribution.
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Fig. 1. Schematic drawing showing osseointegrated implant
embedded in bone(A) and direction and amount of applied
load(B).
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Table 1. Relevant propernes of material used.

E Poisson s
Material - N /mzm2 catio
Titanium grade ELV 113,800 0.34
(Abutment)
Titanium grade IV (fixture) 114,000 0.37
Cortical bone 14,000 0.3
Trabecular bone 1,500 0.3

(E=Young s modulus)
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in D4 bone, respectively.
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Fig. 3. Vertical stress distribution of implants in cancellous bone in equivalent stress. A to D: $4.0, 4.5 5.0 and 6.0 mm in D2
bone, E-H: 4.0, 4.5, 5.0 and 6.0 mm in D4 bone, respectively,
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Fig. 4. Vertical stress distribution of different implant length in equivalent stress. A to C: L7.0, 8.5 and 10 mm in D2 cortical
bone, D to F: L7.0, 8.5 and 10 mm in D4 cortical bone, G to I: L7.0, 8.5 and 10 mm in D2 cancellous bone, J to L: L7.0, 8.5

and 10 mm in D4 cancellous bone, respectively.
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Fig. 5. Oblique stress distribution of implants in cortical bone in equivalent stress. A to D: ¢4.0, 4.5, 5.0 and 6.0 mm in D2 bone,
E-H: ¢4.0, 4.5, 5.0 and 6.0 mm in D4 bone, respectively.
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Fig. 6. Oblique stress distribution of |

bone, E-H: ¢4.0, 45, 5.0 and 6.0 mm in D4 bone, respectively
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Fig. 7. Oblique stress distribution of different implant length in equivalent stress. Ato C: L7.0, 8.5 and 10 mm in D2 cortical bone,

Dto F: L7.0, 8.5 and 10 mm in D4 cortical bone, G to I: L7.0, 8.5 and 10 mm in D2 cancellous bone, J to L: L7.0, 8.5 and 10
mm in D4 cancellous bone, respectively.
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