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Fig.1 Element divisions of standard type fi-
brous tissue attachment artificial root

(5mm in diameter).
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S : standard type (5 mm in diameter)

A : cylinder type (5 mm in diameter)

B : conic type (5 mm in diameter)

C : corrugated molar type 1 (6 mm in diameter)
D : corrugated molar type 2 (6mm indiameter)
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Fig.3 Undecaicified buccal-lingual section of
adult dog, 2 months postop.
Masson-trichrome stain. Marked osteo-
genesis can be observed (arrows).
Occlusal force assumes to be declined
with 45° (arrow).
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Fig.4 Undecalcified sagittal section with tita-
nium artificial root (AR), 7 months

postop, Masson-trichrome stain, UM :
upper molar.
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Fig. 5 Element division of ankylotic cylinder
type hydroxyapatite artificial root
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Table1 Materisls properties (1)
Young’s Poisson’s
modulus (GPa) | ratio

Hydroxyapatite 3.52x10" 0.3
Periodontal membrane 1.583x107° 0.3
Compact bone 1.61x10" 0.3
Sponge bone 3.37X107! 0.3

Table2 Materials properties (2)

Youn% Poisson’s
modulus (GPa) | ratio
Hydroxyapatite 3.52X10! 0.28
Periodontal membrane] 7.14%x10°°* 0.45
Compact bone 1.16x10" 0.3
Sponge bone 5.10x107" 0.3
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Fig.6 FE analysis patterns. From left to right, 6 kgf/mm static loads of 90°, 75°, 60°, and
45° to horizontal plane were set. Upper : Mises equivalent stress distribution pat-

terns. Lower : principal stress distribution patterns.
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Fig.7 FE analysis patterns of loading 45° to
horizontal plane, Left : principal stress

trajectories, Right : Mises equivalent
stress distribution patterns.

Stress intensity was expressed by gra-
dients from red to white (colors were

converted to gradients of black and

white).

red : 100 (MPa) aqua : 40 (MPa)
pink : 85 blue :25
yellow : 70 white : 10

green : 55
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Fig.8 Mises equivalent stress distribution patterns of four different artificial roots

with loading 45° to horizontal plane. Color gradients were same as in Fig. 7.
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Fig.9 Mises equivalent stress distribution patterns of ankylotic cylinder type artificial
roots with static 6kgf/mm loading. Loading inclined by upper left, 30° : right,

75° : lower left, 60°, and right, 45° to horizontal plane.
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Fig.10 FE analysis patterns of ankylotic corrugated standard type artificial root (5 mm in
diameter) with static 6 kgf/mm loading. Left to right, 90°, 75°, 60°, 45° to horizontal
plane, respectively. Upper : Mises equivalent stress distribution patterns. Lower : prin-

cipal stress trajectory patterns.
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Fig.11 Decalcified sagittal specimen of artifi-
cial root (AR) in upper jaw, 4 -month

postop with Masson-trichrome stain. Al-

though deformed, distinct perpendicu-
lar (normal or orthogonal) fibrous (PF)
tissue can be seen.
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Fig.12 Decalcified sagittal section of artificial
root (AR) in lower jaw in adult dog, 6
weeks postop. Thin parallel fibrous lay-
er (TPFL) attaching to root surface
with perpendicular fibers (PF) running
toward the alveolar bone proper (ABP)

can be seen.
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Abstract
This paper deals with numerical analysis of the shape and functional effect of hydroxyapatite
new type artificial roots (the fibrous tissue attachment type) on functioning jawbone with the aid of
the finite element method (FEM). Stress distribution around artificial roots with five different

shapes——a cylinder, a cone, and three corrugated cones—was analyzed and compared in the
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mandibular molar region modelled in the plane strain state. The effect of the loading angles on the

artificial roots was studies also.

The numerical results showed that stress distribution in the jawbone was sensitive to the artifi-
cial root shape, and that the stress stale was mitigated around roots of corrugated configuration of
larger diameter. The principal stress trajectory pattern in the lamina dura around the corrugated
artificial root was oriented either parallel or perpendicular to the root surface. These results were
compared to patterns of bone formation around artificial root in animal experiment specimens. The
osteogenesis in the specimens and the finite element (FE) analysis pattern showed a close correlation.

e
t the site of the moderate stress distribution zene, and bone

x7 11 A
sumed t

was ass ur

Osteogenesis o occu
trabeculae were assumed to appear according to the principal stress trajectories.

To study the functional effect of artificial root, we directed attention to the root-fixation system
to the jawbone, which corresponds to masticatory function. Therefore, we analyze
artificial roots of the same shape by means of FEM, and the results were compared to those of the
fibrous tissue attachment type.

Mises equivalent stress distribution and principal stress distribution patterns were quite differ-

ankvlotic and fibrous tissue attachment type. The latter patterns were appropriate to

1 18 Y arie 1 U

jawbone structures and assumed resembling that of natural tooth system.
Key Words : Artificial root, Finite element method, Hydroxyapatite, Shape effect, Functional
effect.
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