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Abstract

In this paper the development of a hybrid type artificial root with cementum,
which resembles the mammalian gomphotic tooth is presented. Artificial roots
with a corrugated configuration made of sintered hydroxyapatite were fabricated
and implanted into the jawbone of dogs and Japanese monkeys. These dogs were
separated into two groups during the experiment; 1) The first group was fed with
a soft diet. 2) The second group was fed with a solid diet.

After a fixed period dogs were sacrificed and specimens were recovered.
Histopathological observation by light microscopy as well as by SEM was carried
out. Specimens with a mirror surface were prepared for element analysis using
microanalyzer Kevex 8000. Following results are obtained:

1) Gomphotic artificial roots with cementum were developed in the solid diet

group.

2) Ankylotic artificial roots were obtained in the soft diet group.
3) Differentiation of mesenchymal cells was proved to be controlled by biome-

chanical stimuli.

Key Word: Artificial root, Microanalysis, Ankylosis, Hydroxyapatite, Gom-
photic tooth, Cementum, Biomechanics
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Fig. 19-b Components of artificial root cementum of
Fig.19-a analyzed (by Kevex 8000)

Healthy cementom 2 Healthy cementum 1
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i J
.
wn 00 00 %0 e 7% "o 188 e ” “w

Fig. 20 FTIR patterns of healthy cementum and newly
formed artificial root cementum (12 months)
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Fig. 2 (a)

% " - e Fig. 2 (a) (b)- Gomphotic
Fig. 1 Artificial roots with ankylosis artificial root (16 weeks,
(3 weeks, without loading ) with occlusal loading )

Fig. 2 (b)

Fig. 3 (a) (b)-Epithelial attachment to
the artificial root (16 weeks, with oc-
clusal loading)

AR: artificial root
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Fig. 5 Fibrous tissue with functional ori-
entation (12 weeks, with occlusal loading)

Fig.4 (a) (b)-Fibrous tissue with functional orientation (8 weeks, with
occlusal loading)

Fig. 6 Finite element analyses

(a)-Principal stress trajectory pattern
(b)-Misses equivalent stress distribution pat-
tern

Fig. 7 Schemata of the vehicle system of tooth
(a)-Plane strain state
(b) -Three dimensional state
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Fig. 8 (a) o Fig. 8 (b)

Fig. 8 (a)-SEM of surface of artificial root (12 weeks, with occlusal loading)
(b)-SEM of surface of artificial root (8 weeks, with occlusal loading)
(c)-SEM of surface of artificial root (2 months, with occlusal loading)

i Fat

Fig. 9 Histological finding of the Fig. 10 SEM of cementoblasts on Fig. 11 SEM of attachment of
tissue around artificial root sur- artificial root surface (9 months, calcified tissue upon artificial root

face. Cells in a row (arrow) and with occlusal loading)
angled fibers are observed (6
weeks, with occlusal loading).

surface (9 months)
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AR

Fig. 12 (a)

Fig. 12 (d) Fig. 13
Fig. 12 SEM of calcified cementum with fibers (24
(a)-SEM of calcified cementoblasts (12 months, months, with occlusal loading)

with occlusal loading)

(b) -SEM of calcified cementoblasts (12 months,
with occlusal loading)

(c)-SEM of calcified cementum with fibers (24
months, with occlusal loading) v

(d)-SEM of calcified cementoblasts (12 Months,
with occlusal loading)
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Flg. 15 SEM of decorticated cementum on
R Rr artificial root Fig. 14
FUooaal |
Flg. 14 SEM of surface of artificial root

(6 months, with occlusal loading)

Y10 Tmm WO

Flg 16 Cementum observed by SEM for Flg. 17 The cementum of Fig. 16 detected by microanal-
microanalyzer (24 months, with yzer
occlusal loading)
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£
1

Fig. 18 X ray map, cementum is observed (arrows) (12
months, with occlusal loading )

Fig. 19-a Cementum and cells attaching to
apatite artificial root observed with
polished specimen for microanalyzer
(12 months)

TR e N

Fig. 22 (b) ' Fig. 22 Natural tooth and jawbone for control
of the Fig. 21

Fig. 21 (a)

Fig. 21 (a) (b)-Ankylotic artificial root obtained by stress shiel-
ding of occlusion by crown splint. (24 months, without occlusal
loading)
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Fig. 23 Scanty bone formation around ankylotic
artificial root (12 months, without oc-

clusal loading)

Fig. 25 (b)
Fig. 25 (a) (b)-Histopathological finding of an-

kylotic artificial root after occlusal function, cross
section (12 months, with occlusal loading )

' Fig. 24 (a) : Fig. 24 (b)

Fig. 24

(a) -Finite element analyses of ankylotic artificial root
(b)-Schema of bone remodelling and absorption around an-
kylotic artificial root implanted in mandible with occlusal
functions

Fig. 26 Schema for gomphotic system, formation and
remodeling of bone is continued by repeating biomechani-
chal stimuli (according to the principal stress trajectory
theory)




