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SYNOPSIS

There are many reports on the induction of new bone with synthetic bone substi-
tutes. However, the histological reaction to scaffold, are still not completely under-
stood. In this study we clarified the the effects on capillary differentiation and the
mechanisms of bioabsorption in coral and artificial hydroxyapatite ceramic bone
(ceramic bone), both of which have porous structures. The micromorphology of
both coral and ceramic bone was observed by SEM, and their compressive
strength was measured. In vitro, normal human dermal fibroblasts and human
umbilical vein endothelial cells were co-cultured with added particles of coral and
ceramic bone in experimental groups. Meanwhile, no particles were added in a
control group. After co-culturing for 14 days, cell proliferation was observed with
DAPI nuclear stain and capillary formation was observed with anti-human CD31
antibodies in the experimental and control groups. Next, in vivo, coral and ceramic
bone particles were implanted in the dorsal subcutaneous tissue of rats, and the
bioabsorption process of the respective particles was observed histologically. The
coral had a porous structure with numerous tubes of 50-300 um in diameter with
interconnection pathways of 50-100 uym, and the ceramic bone had a porous
structure with spherical pores of 100-200 um with interconnection pathways of
15-50 ym. The compressive strength of coral was higher than that of ceramic
bone. In vitro, cell proliferation and formation of capillaries were seen adjacent to
the added coral and ceramic bone particles. In vivo, all the implanted coral and
ceramic bone particles remained after 2 weeks, and many were seen to be en-
closed by granulation tissue. After 4 and 6 weeks, replacement of particles by
granulation tissue and phagocytosis of particles by foreign body giant cells were
observed. At 8 and 12 weeks, many cases of particle disappearance were seen in
the coral group, and coral particles were replaced with fibrous connective tissue. In
the ceramic bone group, there were few cases of particle disappearance. These
findings suggest that the porous structures of both coral and ceramic bone induce
cell proliferation and capillary formation. Coral particles have greater compressive
strength and bioabsorbability than ceramic bone.

Key words: coral, ceramic bone, tissue affinity, capillary differentiation,
bioabsorption
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INTRODUCTION

Bone augmentation is desirable to im-
prove esthetics or occlusal function in
hypoplastic growth of the maxilla or
bone resorption due to periodontal dis-
eases, cystic diseases, tumors, or other
causes. For bone regeneration to occur,
cells (osteoblasts and osteoclasts), os-
teogenic growth factors, and scaffolding
are needed '. Advances in the scaffold
for bone defects require temporal dis-
tribution of the scaffold and cells com-
patible with enhanced bone healing. To
meet functional demands, materials with
desired physical, chemical, and bio-
logical, properties must be selected 2.
Then new bone needs to be induced,
and finally this new bone needs to re-
place the scaffold ®. Physical strength is
needed in scaffolding for bone aug-
mentation to withstand the pressure
from surrounding tissue and to secure
sufficient space for the formation of new
bone *°.

In cases of mandibular reconstruc-
tion or large bone defects from removal
of tumors or cysts, bone defects are
filled with autogenous bone grafts har-
vested from the patients ® 7. Such au-
togenous bone grafts are the most
promising in bone regeneration 8. How-
ever, this method involves a high level of
patient invasiveness and the amount of
bone that can be harvested is limited °.
In place of autogenous bone, therefore,
application of synthetic bone grafts has
been conducted '>'2. Porous, intercon-
nected structures with rough surfaces
are thought to be ideal in the formation
of new bone and the formation of capil-
laries that are needed for bone forma-
tion 1%,

Feng et al. (2012) ' used tubular
B-TCP blocks in large defects in rabbits
and reported that they were effective in

bone regeneration. Mastrogiacomo et al.

(2006) " applied ceramic bone to de-
fects in sheep and reported seeing for-
mation of new bone in interconnection
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pathways. As seen above, there are
many reports on the induction of new
bone with synthetic bone substitutes '®
' However, the histological response to
scaffold, particularly the induction of
differentiation to capillaries that is nec-
essary for new bone formation, and
absorption of materials by the host, are
still not completely understood.

We examined the effects on the
host in response to coral and ceramic
bone scaffolding, which meet the needs
for porosity and physical strength, by
clarifying the cell affinity and differentia-
tion into capillaries in vitro and bioab-
sorption in vivo, and demonstrated the
histological response to each of these
scaffoldings.

MATERIALS AND METHODS

1. Materials

Coral (Porites Cylindrica) provided by
Professor Michio Hidaka of the Faculty
of Science, University of the Ryukus,
was immersed in 1 N sodium hydroxide
under vacuum (20 hPa) to eliminate
protein. The artificial ceramic bone used
was porous hydroxyapatite (Neo Bone®,
Covalent Materials Corporation, Tokyo,
Japan). These particles were divided by
size into a small group: 100-300 pm,
medium group: 300-500 um, and large
group: 500-800 pm in the coral and
ceramic bone groups, respectively. After
neutralizing by immersion in 0.01 M
phosphate buffered saline (PBS, pH 7.2),
they were sterilized in an autoclave
(121°C, 20 min, 1.2 atmospheres)

2. Observation of surface micro-
structure

After vapor deposition of platinum and
palladium using an ion coater (lon
Sputter, E-1030, Hitachi, Tokyo, Japan),
the surface micromorphology of the
coral and ceramic bone were observed
with a scanning electron microscope
(SEM, S-4000, Hitachi).
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3. Measurements of compressive
strength

Cylindrical blocks (n=8, 3 mm in di-
ameter and 5 mm in high) of the coral
and ceramic bone were prepared with a
diamond saw (EXACT Appararebau
Gmblt Moiwa, Osaka, Japan). The
compressive strength of both blocks
was measured using a universal testing
machine (Imada Seisakusho Co. Lid,
Aichi, Japan), and converted to units of
MPa from kgf/cm?. Statistical differences
of p>0.05 by two-sided Student’s t-test
were considered significant.

4. Tissue affinity and differentiation
into capillaries in vitro

Normal human dermal fibroblasts
(NHDF) and human umbilical vein en-
dothelial cells (HUVEC) were seeded in

a 24-well plate (Angiogenesis Kit,
IKZ-1000, Kurabo, Osaka, Japan) and
co-cultured in an incubator (TABAI

ESPEC, BNA-1121D, Osaka, Japan) at
37°C in a humidified atmosphere con-
taining 5% CO..

Particles of coral and ceramic bone
(small group: 100-300 pm, medium
group: 300-500 um, large group:
500-800 um) were added as experi-
mental group, while no particles were
added in a control group. After
co-culturing for 14 days, samples were
fixed with 80% ethanol and stained with
DAPI nuclear fluorescent stain (a shield
mounting medium with DAPI, Vector,
Tokyo, Japan). Cell proliferation was
then observed with a fluorescence mi-
croscope (BZ-9000, Keyence, Osaka,
Japan).

After blocking endogenous peroxi-
dase by autoclaving for 15 min at 121°C
in PBS containing 0.3% hydrogen per-
oxide solution, non-specific reactions
were blocked with PBS containing 3%
bovine serum albumin (Dako Cytoma-
tion, Carpinteria, California, USA) for 30
min. Next, co-cultured cells were al-
lowed to react with anti-human CD31
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mouse monoclonal antibodies (Tubule
Staining Kit, Kurabo), a marker of vas-
cular endothelial cells, in a primary re-
action. These cells were secondarily
reacted with alkaline phosphatase-
labeled anti-mouse IgG goat antibody
and colored with 5-bromo-4-chloro-3-
indoxy phosphate/nitro blue terazolium
(BCIP/NBT), or with FITC-labeled anti-
mouse IgG antibodies (polyclonal rabbit,
Dako Cytomation, Giostrup, Denmark).
Anti-human CD31 positive cells were
then observed with a fluorescence mi-
croscope (BZ-9000, Keyence, Osaka,
Japan), and the formation of capillaries
was compared in the experimental and
control groups.

5. Bioabsorbability in vivo

Coral and ceramic bone particles (small
group: 100-300 pm, medium group:
300-500 pm, large group: 500-800 um),
respectively, were mixed with propylene
glycol and deaerated in a vacuum (20
hPa). 44 male Wistar rats (5 weeks old)
were then given peritoneal injection of
pentobarbital and local injection of lido-
caine, incisions were made in their
backs, and the particles were implanted
in subcutaneous tissue. Propylene gly-
col alone was also implanted in the
control group. Animals were euthanized
with an overdose of pentobarbital gen-
eral anesthetic at 2, 4, 6, 8, and 12
weeks after implantation. They were
then perfusion fixed with saline and 10%
formalin and the subcutaneous tissue
was removed. Paraffin sections of this
subcutaneous tissue were prepared
following normal procedures, and
stained with hematoxylin and eosin.
Pathological observations of these sec-
tions were made under a light micro-
scope (BX50, Olympus, Tokyo, Japan),
and the processing of these particles by
the body was investigated histologically.
The processing of the particles by gran-
ulation tissue was divided into 3 types:
an encapsulation type in which granula-
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granulation tissue enclosed particle
clusters, an organization type in which
granulation tissue invaded, sequestered,
and replaced particle clusters, and an
encapsulation/organization type. At the
same time, the remaining particle mate-
rial was histologically analyzed accord-
ing to the following 6 levels based on
number of particles and the length of the
major axis of particle clusters: (0) com-
plete disappearance, (1) 1 or 2 particles,
(2) >3 particles, (3) particle clusters of
>1 mm in length, (4) >2 mm length, (5)
>3 mm length. Statistical differentiation
was determined using a two-sided
Mann-Whitney’s U-test. Differences of
P<0.05 were considered significant.
Lymphocytes, macrophages and foreign
body giant cells in the granulation tissue
were also observed, and the degree of
infiltration by foreign body giant cells
was divided into 3 types: (0) no giant cell
infiltration, (1) 1 or 2 giant cells, (2) >3
giant cells on the surface and
interconnection pathways of the parti-
cles.

This animal experiment using rats
was approved by the Animal Experiment
Committee of Osaka Dental University
(No. 13-03001), and performed in ac-
cordance with animal experiment regu-
lations. The number of animals was
minimized, and intraoperative pain was
minimized with the use of anesthesia.

RESULTS

1. Observation of surface micro-
structure

The internal structure of coral showed
porosity with numerous tubes of various
diameters from 50-300 uym. There were
interconnection pathways of 50—100 uym
(Fig. 1a, b). The exoskeleton surface
was covered with rough elevations of
10-20 ym (Fig. 1c). The internal struc-
ture of the ceramic bone was a porous
structure of nearly spherical pores of
100-200 pm, with interconnection
pathways of 15-50 um (Fig. 1d). The
surface was also rough, but not as
rough as the coral (Fig. 1e).

Fig. 1. SEM image of coral and ceramic bone.
ab. Longitudinal image of coral, c. Surface of coral exoskeleton, d. Longitudinal image of ceramic bone,
e. Surface of ceramic bone.
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Fig. 2 Tissue affinity stained with DAPI nuclear stain (blue).
a. Large group of coral (arrow), b. Medium group of coral (arrow), c. Small group of coral (arrow), d. Large group of
ceramic bone (arrow), e. Medium group of ceramic bone (arrow), f. Small group of ceramic bone (arrow), g. Control

group.

Fig.3 Capillary differentiation stained with anti-human CD31 antibody and FITC (green), and BICP/NBT (black).
a. Large group of coral, b. Medium group of coral, ¢; Small group of coral, d. Large group of ceramic bone,
e. Medium group of ceramic bone, f. Small group of ceramic bone, g. Control group.

Fig. 4 Histological image of rat subcutaneous tissue (HE stain) 2 weeks after particles were implanted.

a. Large group of coral (encapsulation), b. Medium group of coral (encapsulation), c. Small group of coral (organiza-
tion), d. Large group of ceramic bone (encapsulation), e. Medium group of ceramic bone (encapsula-
tion/organization), f. Small group of ceramic bone (encapsulation), g. Control group.
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2. Measurements of compressive
strength

The compressive strength of both the
coral and ceramic bone in a dry condi-
tion was 64.3 + 12.5 MPa and 44.8 £ 9.5
MPa respectively, and that of the coral
was significantly higher than that of the
ceramic bone (P<0.05).

3. Tissue affinity and differentiation
into capillary in vitro

In the large, medium and small particle
of the coral experimental group, there
were a few cells with nuclei positive for
DAPI stain in places distant from the
added particles, but proliferation of
DAPI positive cells was observed mostly
around the particles and in contact with
the coral exoskeleton. (Figs. 2a, 2b, 2c).
In the ceramic bone experimental group
as well, there were a few DAPI positive
cells in places distant from the added
particles, but many DAPI positive cells
were observed in contact with particles
in the large, and medium and small
groups (Figs. 2d, 2e, 2f). In the control
group without added particles, uniform
proliferation of DAPI positive cells was
seen on the well plate surfaces (Fig.
29).

In regard to capillary differentiation,
there were fewer anti-human CD31
positive capillaries in places distant from
the added particles in the coral experi-
mental group than in the control group,
but formation of many capillaries was
seen around the particles or in contact
with the particles (Figs. 3a, 3b, 3c). In
the ceramic bone experimental group,
there were fewer anti-human CD31
positive cells than in the control group in
places distant from the added particles,
but formation of many capillaries was
seen around the added particles (Figs.
3d, 3e, 3f). In the control group, uniform
formation of capillaries was observed on
the well plate surfaces (Fig. 3g).

4. Bioabsorbability in vivo
2 weeks after implantation in the coral
experimental group, the implanted par-
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ticles in the large, medium, and small
groups remained, and the encapsulation
type was seen more than the encapsu-
lation/organization type or the organiza-
tion type. Granulation tissues with cap-
illaries, fibroblasts, and mild infiltration of
lymphocytes, macrophages and foreign
body giant cells were observed, but al-
most no neutrophils were seen in the
large, medium, and small groups (Figs.
4a, 4b, 4c, 9, 10, 11). In the ceramic
bone experimental group, the encapsu-
lation type was more common in the
large (50.0%), medium (50.0%), and
small (62.5%) groups, and lymphocyte
and macrophage infiltration was ob-
served (Figs. 4d, 4e, 4f, 9, 10, 11). In the
control group, no marked histological
changes were observed other than mild
capillary enlargement (Fig. 49).

At 4 weeks after implantation, the
organization type was more common in
the large (567.2%), medium (57.2%) and
small (85.8%) groups of the coral ex-
periment group, and reduction of the
area of the particle clusters was seen,
particularly in small group. There was
lymphocyte and macrophage infiltration
in the granulation tissue, in addition to
which infiltration and phagocytosis of
particles by foreign body giant cells was
observed and reduction of the area of
the remaining particle clusters was seen
in the large (26.8%), medium (26.8%),
and small (71.4%) groups (Figs. 5a, 5b,
5¢c, 9, 10, 11). In the ceramic bone ex-
perimental group, the organization type
was increased in the large, medium, and
small groups. In addition to infiltration of
lymphocytes, macrophages and foreign
body giant cells with phagocytosis of
particles in the granulation tissue was
observed (Figs. 5d, 5e, 5f, 9, 10, 11).
The number of cases with reduction of
the area of the remaining particles sta-
tistically increased in the large, medium,
and small groups of the coral group
compared with the respective ceramic
bone experimental group (P<0.05) (Fig.
10).
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Fig. 5 Histological image of rat
subcutaneous tissue (HE stain) 4
 weeks after particles were im-
planted. a. Large group of coral
(encapsulation/organization), b.
Medium group of coral (encap-
sulation/organization), c¢. Small
group of coral (organization), d.
Large group of ceramic bone
(encapsulation/organization), e.
Medium group of ceramic bone
(encapsulation/organization), f.
Small group of ceramic bone
(organization).

Fig. 6 Histological image of rat
subcutaneous tissue (HE stain) 6
weeks after particles were im-
planted. a. Large group of coral
(encapsulation/organization), b.
Medium group of coral (organi-
zation), ¢. Small group of coral
(disappearance), d. Large group
of ceramic bone (encapsula-
tion/organization), e. Medium
group of ceramic bone (organi-
zation), f, Small group of ceramic
bone (organization).

Fig. 7 Histological image of rat
subcutaneous tissue (HE stain) 8
weeks after particles were im-
planted. a. Large group of coral
(organization), b. Medium group
of coral (organization), c. Small
group of coral (disappearance),
d. Large group of ceramic bone
(organization), e. Medium group
of ceramic bone (organization), f.
Small group of ceramic bone
(organization).

Fig. 8 Histological image of
rat subcutaneous tissue (HE
stain) 12 weeks after particles
were implanted. a. Large group
of coral (disappearance), b.
Medium group of coral (disap-
pearance), c. Small group of
coral (disappearance), d. Large
. group of ceramic bone (or-

b5 ##= ganization), e. Medium group of
} ceramic bone (organization), f.

oo et O I f [
?’-“""‘:F ; N Small group of ceramic bone

(organization).
91

No

\

W
5

"
e

L=t




Ono et al., Histological Reaction to Porous Coral and Ceramic

100% 100% -
@ [] N IR I_I ] f
2 weeks = 2 weeks oo
80% I & 1 ® 1 80% 81—
o1
60% T W =B B *I* oFga 60% Il B B w2
= . - oroalencan
orga’‘encap -
40% N B B 0B 0% B B B 2
ool 1l e b || ||
=24
20 N — B B B 20 ' B B
0% pr T W 0% -
oral Ceramic Coral Ceraric Coral Ceramic Coral Ceramic Coral Ceramic Cnral Ceramu:
Large Medium Small Large Medium
b 100% b 100% -
4 weeks 4 weeks ] 0o
80% T 80% +{ [ — — .
H a1
60% + —&—— ——— — — oA 60% -d— = o2
I orga/encap
a
o m B B R BN 5 8 B 1 e
Hencap
m4
01 gl =Y B B
|—| a5
- | 1l « 101 B0 01
Coral Cerarmc Coral Ceranuc Coral Ceramic Coral Ceramic Coral Ceratmic Caral Ceramic
Large Medium mall Large Medium mall
¢ 100% ¢ 100% ) e s
6 weeks 6 weeks oo
80% & & & & B 80% | [— = 1
] [l 01
60% T & & & = orga G0% — @2
orga/encap
40% + —&—— — —— — — 40% . |3
Hencap
[_E!
20% + —@#—F — — — 20% - )
— (a)
0% “'I'— 5 0% -
oral Ceramic Cord Ceramic Coral Cerarmic Coral Ceramuc Coral Cerammc Coral Ceramic
Large Medium Small Large Medium Small
d 100% d 100% ) ) o
8 weeks 8 weeks | | ‘ | | oo
S0% T & & & 80% 1 e )
|| o1
60% T & & orza 60% 1 [ ] — . o2
orga/encap H
40 T @ & & & B 40% 1 | — m3
Hencap
I [ E!
20 +#—%— & F 8 20% T ] —
5]
0% ; - : 0% -
Coral Cerarnic Coral Ceramic Coral Ceramic Coral Ceramic Coral Ceramic Coral Ceramic
Large edium Small Tledium Small
e 100% e 100% r L T 1
12 weeks 12 weeks 0o
s0% + — — — —— — — 80% - —
a1
g E 5
60% + — —— — ——— — — | Ea 50% - ] -
orgalencap
0% + — — — —— — -~ 40% - |3
Hencap
m4
20% 0 % B W W 20% - T
L_I)
0% Coral Ceramic Coral Ceramic Coral Ceramic 0% Coral Ceramic Coral Ceramic Coral Ceramic
Large Medium Small Large Medium Small

Fig.9 Types of particle processing by granula-
tion tissue (coral and bioceramic bone). a; 2
weeks after implantation of particles (large
group, medium group, and small group). b; 4
weeks, c; 6 weeks, d; 8 weeks, e; 12 weeks.
The processing of the particles was divided
into 3 types: an encapsulation type (encap), an
encapsulation/organization type (orga/encap)
and organization type (orga).

Fig.10 Remaining particle material (coral
and ceramic bone). a; 2 weeks after im-
plantation of particles (large group, me-
dium group, and small group). b; 4 weeks,
c; 6 weeks, d; 8 weeks, e; 12 weeks * Dif-
ferences of P<0.05 were considered sig-
nificant.
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After 6 weeks, the organization type
was more common in the large (75.0%),
medium (66.7%), and small (100%)
groups of the coral experimental group.
Particle clusters were fractured into
sections, and many foreign body giant
cells were observed on the particle sur-
faces and interconnection pathways.
Reduction of the area of the remaining
particle clusters was seen, and there
were cases of complete disappearance
in the medium (25.0%) and small
(25.0%) groups (Figs. 6a, 6b, 6¢, 9, 10,
11). In the ceramic bone experimental
group, the organization type also in-
creased in the large (57.1%), medium
(85.7%), and small (83.3%) groups, and
many foreign body giant cells were ob-
served in the particle interconnection
pathways, but there were no cases of
complete disappearance (Figs. 6d, 6e,
6f, 9, 10, 11). The number of cases with
reduction of the area or complete dis-
appearance of particles statistically in-
creased in large, medium, and small
coral groups of the coral group com-
pared with the respective ceramic bone
group (P<0.05) (Fig. 10).

After 8 weeks, the organization type
was seen in all cases of the coral ex-
perimental group, and the particle clus-
ters were replaced by fibrous connective
tissue consisting mainly of collagen fi-
bers. There were a number of cases in
which complete disappearance in-
creased in the large (33.3%), medium

(50.0%), and small (80.0%) groups (Figs.

7a, 7b, 7c, 9, 10, 11). In the ceramic
bone experimental group, nearly all
cases were organization type. Foreign
body giant cells increased in the inter-
connection pathways and reduction in
the area of the remaining particles was
seen. However, there were no cases
with complete disappearance in the
large, medium and small groups (Figs.
7d, 7e, 7f, 9, 10, 11). The number of
cases with reduction of the area of the
remaining particles and complete dis-
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of P<0.05 were considered significant.
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appearance statistically increased in the
large, medium, and small groups of
coral group compared with the respec-
tive ceramic bone experimental group
(P<0.05) (Fig. 10).

After 12 weeks, many cases in
which complete disappearance of parti-
cles had been observed in the large
(70.0%) medium (77.8%) and small
(88.9%) groups showed replacement
with well-developed collagen fibers
(scarring) and disappearance of mac-
rophages and foreign body giant cells
(Figs. 8a, 8b, 8¢, 9, 10, 11). In the ce-
ramic bone experimental group, all
cases were the organization type and
particle cluster area reduction was seen,
with some cases of complete disap-
pearance in the small group (14.2%).
However, there were no cases of com-
plete disappearance in the medium or
large groups (Figs. 8d, 8e, 8f, 9, 10, 11).
The number of cases with reduction of
the area of the remaining particles and
complete disappearance statistically
increased in the large, medium, and
small groups of coral group compared
with the respective ceramic bone ex-
perimental group (P<0.05) (Fig. 10).

DISCUSSION

The internal structure of coral has been
shown to be porous with numerous
tubes of 50-300 um diameter. Its exo-
skeleton surface is covered with rough
elevations. The internal structure of ce-
ramic bone is porous with spherical
pores of 100-200 pm. Porosity in-
creases the surface area of a substance
and is suitable for cell proliferation.
Considering cell size, a pore size of 210
pUm is needed. In the formation of capil-
laries, pore sizes of 2100 uym are ideal,
while in bone formation pore sizes of
50—250 um are ideal™. This kind of cell
proliferation cannot be expected with
pore sizes of <10 um, but such materials
implanted in the body can be applied as
drug delivery systems for bone growth
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factors such as fibroblast growth factor
(FGF) and bone morphogenetic protein
(BMP) 20, 21.

In the formation of new bone, the
surface structure of substances in con-
tact with cells should ideally be rough.
Greater induction of newly formed bone
can be expected with rough than
smooth titanium surfaces in the jaw, and
for that reason acid-etching or sand
blasting is used to give roughness to the
surfaces of dental implants ?2. Thus, cell
proliferation and differentiation can be
expected with the rough surface of coral.
The surface of the coral exoskeletons
used in this study was covered with in-
numerable rough protuberances of
10-20 pym. The surface of the ceramic
bone was smoother than that of the
rough coral.

Physical strength is needed in
scaffolding material for bone augmenta-
tion. The compressive strength of the
coral (64.3 MPa) was greater than that
of the ceramic bone (44.8 MPa). More-
over, the strength of the both coral and
ceramic bone was greater than that of
human cancellous bone (2-7 MPa) % or
B-TCP (2-3 MPa) ?*. It was thought that
both coral and ceramic bone were use-
ful scaffold for bone augmentation. In
places distant from the added particles
of coral or ceramic bone, the co-culture
cell number was smaller than in the
control group. However, increases in
cell number were seen in places of
contact with these particles. From this it
is thought that coral and ceramic bone
have tissue affinity, and induce cell pro-
liferation.

Similarly, in places separated from
these particles there was little capillary
formation, while much formation was
observed in contact with the particles.
Nishikawa et al. (2011) ?° described the
chemical features of coral, in which cal-
cium ions of coral particles are released
in acidic solutions, while in alkaline so-
lutions calcium ions in the solution are
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deposited on the surface of the particles.

Calcium ions are needed in the differen-
tiation of vascular endothelial cells into
capillaries %, and in culture solution with
added coral particles the calcium con-
centration decreases in places distant
from the particles, whereas the calcium
concentration might be high near the
particles or in places contacting the par-
ticles. Thus, it is thought that differentia-
tion into capillaries was induced near
the particles. Capillaries are a compo-
nent of the granulation tissue which is
necessary to process the scaffold and to
form new bone.

When large, medium, and small
particles of coral and ceramic bone were
implanted into rat subcutaneous tissue,
capillary proliferation, macrophage and
lymphocyte infiltration around particle
clusters, and encapsulation by granula-
tion tissue were seen at 2 weeks after
implantation. Foreign bodies smaller
than about 3 pm are phagocytosed by
neutrophils, and those smaller than
about 10 pm are phagocytosed by
macrophages ?"*?%. The lymphocyte in-
filtration in these coral and ceramic bone
particles was not strong. Thus, the par-
ticle processing seems to be
non-specific phagocytosis, so that there
would be no allergic reaction with use of
these materials as a scaffold 2°. At 4
weeks after implantation, there were
many cases of organization type with
invasion of granulation tissue and frac-
tioning of particle clusters in the coral
group, and many cases of encapsula-
tion type with the particle clusters en-
closed by granulation tissue in the large
and medium of ceramic bone group. A
greater decrease in the area of particle
clusters was seen in the organization
type than in the encapsulation type.
From 4 to 6 weeks, foreign body giant
cells appeared on the surface and in
interconnection pathways of particles in
the coral and ceramic bone experimen-
tal groups. These are foreign body giant
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cells that form fused macrophages in
response to foreign bodies larger than
macrophages *°, and they are thought to
have phagocytosed the particles, which
are resolved by nitric oxide in macro-
phages *'. From 8 to 12 weeks after im-
plantation, the area of particle clusters
decreased in the coral group, and at the
same time the diameter of particles
phagocytosed by foreign body giant
cells became smaller. There were many
cases of complete particle disappear-
ance in the coral group, and replace-
ment with fibrous connective tissue
containing mild capillary formation. In
the ceramic bone group, there were
cases in which particles disappeared in
the small particle group, but none in the
medium or large groups. The above
demonstrates that coral particles are
easier for the host to process than ce-
ramic bone.

CONCLUSIONS

This study of the histological reaction to
porous coral and ceramic bone as a
scaffold material revealed the following.
1. Coral has a porous structure with
pore size of 50-300 um; ceramic bone
also has a porous structure, with pore
sizes of 100-200 pm. 2. Both coral and
ceramic bone have tissue affinity and
induce cell proliferation and capillary
differentiation. 3. Both coral and ceramic
bone are bioabsorbable with granulation
tissue, and particles of these materials
are phagocytosed by foreign body giant
cells. 4. The time for disappearance of
particles is shorter with coral particles
than with ceramic bone particles.
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