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Abstract

Prominent osteoconductive activity and the biodegradable nature of commercially available beta-tricalcium phosphate (S-TCP,
OSferion™) have been documented in animal experiments. We analyzed four cases of involving grafted OSferion® in human bone with
respect to histological features by routine hematoxylin and eosin staining, silver impregnation, immunohistochemistry and in situ
hybridization. OSferion®™ affords early bioresorption by osteoclasts, vascular invasion of macropores and osteoblastic cell attachment on
the surface on the ceramic surface 14 days after grafting. Prominent bone formation and direct bone connection between preexisting bone
and OSferion®™ were evident 28 days after grafting. Nearly the entire TCP surface was covered by lamellar bone; additionally, active
osteoblastic lining and attachment of the osteoclast-like giant cells were not observed 72 weeks after grafting. Silver impregnation
revealed the presence of collagen fibrils within probable micropores of OSferion®.
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1. Introduction

Numerous basic studies have been demonstrated that
calcium phosphate ceramics are biocompatible, bioactive,
and osteoconductive. A variety of synthetic bone grafts have
been utilized to fill bone defects. Hydroxyapatite (HA),
which is prepared by precipitation and subsequent sintering
at temperatures above 1000 °C, displays a Ca-to-P molar
ratio of 1.67. Beta-tricalcium phosphate (S-TCP), which
possesses stoichimetry similar to amorphous biologic pre-
cursors to bone mineral, exhibits a Ca-to-P molar ratio of
1.5. Calcium phosphate ceramics have been considered for
use as synthetic bone graft substitutes for over 30 years;
furthermore, commercial HA and p-TCP have been exam-
ined in terms of suitability as a as bone substitute in the
clinical setting. Radiological evaluation in clinical investiga-
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tion of implanted HA and TCP in human has revealed
satisfactory osteoconductive qualities in both materials [1,2].
Many reports have suggested that greater extent and faster
rate of bone penetration are correlated with increasing
macroporosity (i.e. pores>50pum in size) in calcium phos-
phate ceramics. Recent experiments indicated that manipula-
tion of the level of microporosity within calcium phosphate
ceramics can lead to acceleration of bone formation and
elevation of the equilibrium volume of bone [1-5].

Highly purified B-TCP (OSferion™ Olympus, Tokyo
Japan) has been manufactured and is currently available as
a potent bone-grafting substitute for clinical use [6—13]. We
recently reported that OSferion®™ is a suitable bone-filling
agent in clinical application [7,9]. Several animal experi-
ments demonstrated satisfactory biocompatibility of OS-
ferion™ since both bioresorption and bone formation
began at an early stage following implantation [10,14,15].
However, histological studies of f-TCP in human samples
are limited [7,11].
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The present investigation describes histological details of
the f-TCP, which were grafted in human bones.

2. Patients, materials and methods

2.1. Implants

We have utilized highly purified f-TCP since 1999. -TCP (OSferion®™
Olympus, Tokyo Japan) (porosity of 75%, from 100 to 500pm in macropore
size with micropore of less than 5Sum, 1050°C sintering temperature,
granules (size 0.5-8.0mm), porous blocks (size 10 x 10 x 10-50 x
10 x 30 mm)) was manufactured in an extraordinary high purity [7].

The HA (Bonfil®, Mitsubishi Materials, Chichibu, Japan) in the form
of porous cubes (porosity of 70%, from 90 to 200 pm in pore size without
micropore, 900°C sintering temperature, granules (sizel.0-5.0 mm),
porous blocks (size 5 x 5 x Smm to 50 x 10 x 10) ) was employed between
1992 and 1998 for the bone filler in large bone defect in orthopedic surgery
in our institute [9]. The spatial dimensions of the blocks and granules
varied according to the shape and size of the bone defect.

2.2. Patients

The clinical findings are summarized in Table 1.The study group was
comprised of our patients with f-TCP and one patient with HA (1 male
and 4 females). Patients ranged in age from 18 to 79 years. Reasons for
histological evaluation of the grafted materials were as follows: osteosynth-
esis for fracture of the affected bones (2 cases), additional wide excision (1),
autopsy (1), and surgery for tumor recurrence (1), respectively.

2.3. Sample preparation

The resected ceramics were fixed in 10% neutral buffered formalin and
decalcified in formic acid and processed for embedding in paraffin in four
cases (Case 1, 3, 4, 5). The specimen in case 2 was immersed in 4%
paraformaldehyde in 0.1 M phosphate buffer and was decalcified with 0.5 M
EDTA 2Na solution for 5 days at room temperature and processed for
embedding in paraffin. Each specimen was stained with routine
hematoxylin and eosin and silver impregnation to detect the collagen
fibers [16]. All specimens and clinical data were evaluated by one surgical
pathologist (H, U) and two orthopedic surgeons (A, O; N, K).
Histological assessment was conducted via discussion of these three
individuals.

2.4. Tartrate-resistant acidic phosphate (TRAP) staining and
immunohistochemistry

To detect osteoclasts, TRAP staining was performed out according to
Burstone’s Azo dye method [15]. Briefly, a mixture of 3mg of naphthol
AS-BI phosphate (Sigma, St. Louis, MO), 18 mg of red violet LB salt
(Sigma, St. Louis, MO) and 2.4mm L(+)-tartaric acid (Wako, Osaka,
Japan) diluted in 0.1 M sodium acetate buffer (pH 5.0) was dropped onto
the deparaffinized sections. These sections were incubated for 50-60 min at
room temperature.

Immunohistochemical staining was conducted with the following
primary antibodies: CD68 (Pan macrophage marker) (KP-1; Dako,
Glostrup, Denmark), alpha-smooth muscle actin (marker for smooth
muscle cells, myofibroblasts and vessels with tunica media) (SMA) (1A4;
Dako), CD34 (endothelium marker) (: Dako), and Cathepsin-K (osteo-
clast marker) (Daiichi Fine Chemical, Takaoka, Japan).

2.5. In situ hybridization

In order to detect the expression of type I collagen mRNA, in situ
hybridization was performed as previously described [15,17].
Mouse COL1A1 cDNA was a gift from Life Science Research Institute
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