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Abstract This study aimed to evaluate in vivo behavior of
a carbonate apatite (CO3Ap) block fabricated by composi-
tional transformation via a dissolution–precipitation reac-
tion using a calcium hydrogen phosphate dihydrate [DCPD:
CaHPO4·2H2O] block as a precursor. These blocks were
used to reconstruct defects in the femur and tibia of rabbits,
using sintered dense hydroxyapatite (HAp) blocks as the
control. Both the CO3Ap and HAp blocks showed excellent
tissue response and good osteoconductivity. HAp block
maintained its structure even after 24 weeks of implantation,
so no bone replacement of the implant was observed
throughout the post-implantation period in either femoral or
tibial bone defects. In contrast, CO3Ap was resorbed with
increasing time after implantation and replaced with new
bone. The CO3Ap block was resorbed approximately twice
as fast at the metaphysis of the proximal tibia than at the
epiphysis of the distal femur. The CO3Ap block was
resorbed at an approximately linear change over time, with
complete resorption was estimated by extrapolation of data
at approximately 1−1.5 years. Hence, the CO3Ap block
fabricated in this study has potential value as an ideal arti-
ficial bone substitute because of its resorption and sub-
sequent replacement by bone.

Graphical Abstract

1 Introduction

Bone graft materials are necessary during orthopedic sur-
gery, such as for critically sized bone defects or in the
presence of pseudarthrosis. Autogenous bone grafts are still
the gold standard for bone replacement because they have
displayed osteoconduction, osteoinduction, and osteogen-
esis without causing an immunologic response [1–3].
Additional incisions in healthy skin, however, are needed
for that technique [4]. Furthermore, it is difficult to recon-
struct bone tissue in large defects using only autogenous
bone grafts because of the limited amount of available bone.
In such cases, artificial bone substitutes are utilized.

Clinically, hydroxyapatite (HAp) [Ca10(PO4)6(OH)2] has
been commonly used as an artificial bone substitute because
of its excellent tissue response and osteoconductivity [1–3,
5–7]. After implantation in bone defect, however, HAp
remains at the implant site for a long time [1, 8]. Such
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remaining artificial bone substitute, although without
immune function, is associated with a risk of infection [9].
Therefore, a resorbable apatite bone substitute has been
sought. Carbonate apatite [CO3Ap: Ca10-a(CO3)b(PO4)6-
c(OH)2-d] artificial bone substitute [9–15] is closer to natural
bone than HAp because bone apatite also contains carbo-
nate in its apatitic structure [16]. This synthetic CO3Ap
bone substitute has the potential to be an ideal bone sub-
stitute that is gradually replaced by new bone during a bone-
remodeling cycle [9].

A CO3Ap bone substitute can be fabricated by compo-
sitional transformation via a dissolution−precipitation
reaction using a precursor. To date, a calcite (CaCO3) block
[9, 10], a calcium sulfate (CaSO4) block [11, 12], and an α-
tricalcium phosphate (α-TCP) block [13–15] have been
used as precursors for fabricating the CO3Ap block.

Recently, dicalcium phosphate dihydrate [DCPD: CaH-
PO4·2H2O] was found to be a satisfactory precursor for
fabricating the CO3Ap block [17]. The DCPD block can be
fabricated based on the setting reaction of DCPD-forming
cement. In other words, it is easy to create any shape of
DCPD block. DCPD composition includes Ca and PO4 and
is suitably soluble for the dissolution–precipitation reaction.

To date, however, there have been no studies regarding
the in vivo behavior of CO3Ap block fabricated from
DCPD. Also, no comparison study has been performed to
evaluate the rate at which the CO3Ap block has been
replaced by bone at various bone defect sites. In this study,
therefore, CO3Ap block fabricated from DCPD blocks and
sintered HAp were implanted in femoral and tibial bone
defects of rabbits. The sintered HAp block was employed as
a typical, commercially available and non-resorbable bone
substitute. The implants were examined using micro-
computed tomography (CT) up to 24 weeks after implan-
tation in 19 male rabbits.

2 Materials and methods

2.1 Preparation of cylindrical CO3Ap blocks

Cylindrical CO3Ap blocks (6 mm diameter, 4 mm high)
were fabricated via compositional transformation of
cylindrical DCPD blocks, as described elsewhere [17].
First, the DCPD block was fabricated based on the setting
reaction of DCPD forming cement [18−20]. β-TCP [β-
Ca3(PO4)2] (Taihei Chemicals, Osaka, Japan) and mono-
calcium phosphate monohydrate [Ca(H2PO4)2·H2O] (Sigma
Aldrich, St. Louis, MO, USA) powders were mixed with
methanol so the Ca/P molar ratio would be 1.0 (the molar
ratio of DCPD). After the methanol was evaporated, the
powder mixture was placed in a mold followed by a suffi-
cient amount of water to set the block.

Second, composition of the DCPD precursor block was
changed to CO3Ap using compositional transformation via
a dissolution–precipitation reaction. The DCPD block was
immersed in Na2CO3 solution (2 mol/L) at 80 °C for
14 days.

As a typical, commercially available and non-
resorbable bone substitute, a cylindrical HAp block (6
mm diameter, 4 mm high) was prepared using the fol-
lowing procedure. HAp powder (HAP-200; Taihei Che-
micals) was placed in a stainless steel mold and uniaxially
pressed by loading 20 MPa using an oil pressure press
machine (MT-50HD; NPa System, Saitama, Japan). The
obtained, compacted material was then heated in an
electronic furnace (SBV-1515D; Motoyama, Osaka,
Japan) up to 1300 °C at 5 °C/min and then maintained at
this temperature for 6 h, followed by cooling to room
temperature inside the furnace.

2.2 Characterization of specimens

The obtained blocks were subjected to powder X-ray dif-
fractometry (XRD) (D8 Advance; Bruker AXS GmbH,
Karlsruhe, Germany) [CuKα (λ= 0.1542 nm), 40 kV, 40
mA] during continuous scanning from 10° to 40° at 2θ at a
scanning rate of 2°/min. Fourier transform infrared (FT-IR)
spectra were measured with an FT-IR spectrometer (FT/IR-
6200, JASCO, Tokyo, Japan) using KBr method. The
spectral resolution of 4 cm−1 was employed to examine
structural changes.

The surface morphology of the obtained specimens was
evaluated using a scanning electron microscopy (SEM) (S-
3400N; Hitachi High-Technologies, Tokyo, Japan) at 15 kV
accelerating voltage after applying a gold–palladium coat-
ing with a magnetron sputtering machine (MSP-1S;
Vacuum Device Co., Ibaraki, Japan). The specific surface
area (SSA) was measured using the Brunauer-Emmett-
Teller (BET) N2 adsorption method (Gemini 2370; Micro-
meritics, Norcross, GA, USA). The porosity was calculated
using the bulk density of the specimen (dspecimen) and the
theoretical density of HAp (dHAp 3.16 g/cm3) [21], as
shown in [Eq. 1].

Porosity %ð Þ¼dHAp � dspecimen

dHAp
�100 ð1Þ

Carbonate contents were estimated from the mass% of
carbon in the CO3Ap block. A CHN coder (MT-6; Yanako
Analytical Instruments, Kyoto, Japan) was used to analyze
the mass% of carbon.

2.3 Procedure for the animal experiment

A total of 19 Japanese white male rabbits (Japan SLC Inc.,
Hamamatsu, Japan) (age range 19−20 weeks; mean body
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weight 3335± 322 g) were studied. The animals were
housed in the animal center of our institution and main-
tained on a standard diet and water. All experiments fol-
lowed protocols that were approved by the Animal Care and
Use Committee (Approval Number A-27-328-0, issued on
March 16, 2016). The experiments were conducted in
accordance with the Guidelines for Animal Experiments of
our institution, Japanese law (No. 105), and notification No.
6 of the government of Japan.

Rabbits were anesthetized by intramuscular injection of
ketamine-xylazine (35–10 mg/kg). The rear limb was
shaved and then disinfected using isodine. To understand
the effects of the location of bony tissue on the resorption of
CO3Ap and HAp block specimens, we selected two sites for
implantation. The epiphysis of the distal femur and meta-
physis of the proximal tibia were employed because of the
availability of sufficient bone volume and easy surgical
exposure. A medial, longitudinal skin incision was made at
each distal femur, and the medial femoral condyle was
exposed. A 6.1-mm hole was drilled into the epiphysis of
the distal femur, into which the block specimen was inser-
ted. The fascia was then sutured. The next skin incision was
in the proximal tibia. A similar 6.1-mm hole was drilled into
the metaphysis of the proximal tibia and the block specimen
inserted. In all rabbits used, both CO3Ap and HAp blocks
were implanted bilaterally. All rabbits were allowed
unrestrained movement in their cages after recovery from
anesthesia. One rabbit was used for the collecting data for
day 0. Day 0 means that samples with surrounding bone
were collected just after the implantation (n= 1 in each
group). For other implantation periods, the rabbits were
euthanized, in batches, at 4, 12, and 24 weeks after
implantation, and the epiphyses of the distal femurs and
metaphyses of the proximal tibias were harvested (n= 6 in
each group).

2.4 Micro-CT

The excised distal femur and proximal tibia with block
specimens were scanned using micro-CT (Skyscan 1075
KHS; Skyscan, Kontich, Belgium) (source voltage 60 kV,
source current 170 μA, 0.5-mm aluminum filter). The
samples were scanned using the high-resolution mode
(9 μm voxel resolution). Isotropic slice data were obtained
from micro-CT measurements and reconstruction to two-
dimensional images. These slice images were compiled and
analyzed to render three-dimensional (3D) images using
analyzing software. The volume of the residual block spe-
cimen was calculated using a quantitative 3D evaluation
program that had been installed in an analytical personal
computer [22]. Before implantation, the volume of each
block specimen was calculated using its diameter and

height. The resorption rate (%) was calculated using [Eq. 2].

Resorption rate %ð Þ¼100

� volume of residual block specimen
volume of block specimen before implantation

� �
�100

ð2Þ

2.5 Statistical analysis

Resorption rates are expressed as means± SD. The Mann
−Whitney U test was used to assess the difference in the
resorption rates between the CO3Ap and HAp blocks. The
differences in the resorption rates between the femur group
and the tibia group were assessed in the same way. Statis-
tical analyses were performed using JMP Software (version
11.0; SAS Institute, Cary, NC, USA). A probability value of
<0.05 was considered to indicate statistical significance.

3 Results

Figure 1 shows typical photographs of (a) a DCPD block
used as a precursor for fabricating a CO3Ap block, (b) a
CO3Ap block, and (c) an HAp block (used as the control).
As shown, the size of the DCPD and CO3Ap cylindrical
blocks (6 mm diameter, 4 mm high) were the same, indi-
cating that the CO3Ap block fabricated by compositional
transformation via a dissolution–precipitation reaction using
DCPD as a precursor maintained its macroscopic structure.
The DCPD and CO3Ap blocks had opaque bodies, whereas
the HAp block had a relatively translucent body, which is
typical for well-sintered ceramic creations.

Figure 2 shows typical SEM images of (a) a DCPD
block, (b) a CO3Ap block, and (c) an HAp block. The
DCPD block consists of plate-like crystals, whereas the
CO3Ap block consists of small polygon-like crystals. In
both cases, the crystals were interlocked, similar to those in
set gypsum. This structure is typical for products made via a
dissolution−precipitation reaction using a precursor. The
different crystal morphologies indicated that compositional
transformation via the dissolution−precipitation reaction
maintained their macroscopic structure but not their
microstructure. In contrast, sintered HAp showed a typical
surface for sintered ceramic objects. In other words, grains
and grain boundaries were seen on its surface.

Figure 3 shows the powder XRD patterns of (a) DCPD
block used as a precursor for CO3Ap block fabrication, (b)
CO3Ap block, and (c) HAp blocks. XRD patterns of (d)
DCPD and (e) HAp are shown for comparison. XRD ana-
lysis demonstrated clearly that DCPD block completely
transformed to a pure CO3Ap block without by-products.
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Peaks of CO3Ap were broad, indicating that CO3Ap with
low crystallinity was formed. In contrast, sintered HAp
showed sharp peaks, indicating high-crystallinity apatite. In
this case as well, all peaks were attributed to HAp. The
difference in crystallinity was based on the temperature
needed for its fabrication. CO3Ap block was fabricated at
80 °C in aqueous solution, whereas sintered HAp was fab-
ricated at 1300 °C.

Figure 4 shows the FT-IR spectra for the (a) DCPD block
used as a precursor for CO3Ap block fabrication, (b)
CO3Ap blocks, and (c) HAp blocks. The FT-IR spectra of
(d) DCPD and (e) HAp are shown for comparison. FT-IR
spectra also confirmed a DCPD block transformed to a
CO3Ap block. The peaks at 567, 606, 1042, and 1092 cm−1

are assigned to PO4
3− groups [23]; those at 875, 1418, and

1474 cm−1 are assigned to CO3
2− groups [24]; and peaks at

640 cm−1 are assigned to OH− groups [23]. PO4
3− groups

were observed for all DCPD, CO3Ap, and HAp specimens,
whereas CO3

2− groups were observed only for the CO3Ap

Fig. 2 Typical scanning electron microscopy (SEM) micrographs of a DCPD block, b CO3Ap block, and c HAp block

Fig. 3 Powder X-ray diffractometry (XRD) patterns of a DCPD block,
b CO3Ap block, c HAp block. XRD patterns of d DCPD powder and e
HAp powder were used for comparison

Fig. 1 Typical photographs of a a dicalcium phosphate dehydrate (DCPD) block used as a precursor for fabrication of a carbonate apatite (CO3Ap)
block, b CO3Ap block and c sintered hydroxyapatite (HAp) block (used as a control)
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specimens. OH− groups were observed for HAp but not for
CO3Ap specimens. The peak positions of CO3

2− groups
and absence of an OH− group imply that the obtained
CO3Ap is similar to an AB-type carbonated apatite that has
been reported in our previous paper [17]. In short, CO3

2−

ions were substituted at both OH− and PO4
3− sites in the

apatite crystal lattice and some of CO3
2− ions were

adsorped on the surface of CO3Ap crystal [16, 24, 25]. The
broad peaks at 1647 cm−1 were relevant to H2O. No peak

near 1647 cm−1 was observed from the HAp specimen
because it was sintered at 1300 °C.

Table 1 summarizes the SSA, total porosity, and carbo-
nate contents of the CO3Ap and HAp blocks. The porosity
and SSA of the CO3Ap block were significantly higher than
those of the HAp block. The CO3Ap block contained
approximately 16 wt% CO3

2− groups, whereas the HAp
block was free of these groups. CO3Ap block has an SSA of
approximately 22 cm2/g, whereas that of the HAp block is
very small. In other words, the value could not be measured
based on the BET analysis. The porosity of the CO3Ap
block was approximately 49%, which is approximately 10
times larger than that of the HAp block. This porosity is
consistent with the SEM observation shown in Fig. 2.

Figure 5 shows the micro-CT images (side view of the
cylindrical block) of the CO3Ap blocks (a−d) and HAp
blocks (e−h) immediately after implantation (day 0) (a, e)
and at 4 (b, f), 12 (c, g), and 24 (d, h) weeks after
implantation in the rabbits’ distal femurs. HAp maintained
its structure even at 24 weeks after the operation. In other

Table 1 Specific surface area (SSA), porosity, and carbonate contents
of CO3Ap and HAp blocks used in this study

SSA (cm2/g) Porosity (%) CO2 contents (mol%)

CO3Ap block 22.4± 1.2 49.1± 1.9 15.8± 0.9

HAp block u.d* 4.7± 0.1 0

*SSA value of HAp block was undetectable (u.d.) due to below the
detection limit

Fig. 4 Fourier transform infrared (FT-IR) spectra of a DCPD block, b
CO3Ap block, and c HAp block. FT-IR spectra of d DCPD powder
and e HAp powder were used for comparison

Fig. 5 Micro-computed tomography (CT) images (side view of the cylindrical block) of CO3Ap blocks (a−d) and HAp blocks (e−h) immediately
after implantation (day 0) (a, e) and at 4 (b, f), 12 (c, g), and 24 (d, h) weeks after implantation in the rabbits’ distal femurs

J Mater Sci: Mater Med (2017) 28:85 Page 5 of 11 85



words, there was no sign of resorption in the case of sin-
tered HAp.

CO3Ap block showed less opacity than the HAp block
throughout the experimental period. In contrast to the HAp
block, the size of the CO3Ap block decreased with
increasing time after implantation. At 4 weeks after
implantation, the CO3Ap block basically maintained its
structure, although the edge of the CO3Ap block inside the
bone became rounded, indicating that the area was being
resorbed and replaced with bone. At 12 weeks after
implantation, there was much more resorption and repla-
cement than was seen at 4 weeks. All of the CO3Ap edges
had become rounded. In addition, other surfaces were being
resorbed and replaced with bone. As a result, the CO3Ap
block, which had had a rectangular shape had become more
rounded. At 24 weeks after implantation, there was even
more resorption of the CO3Ap block, and more of it had
been replaced with bone. Resorption of the CO3Ap block
and its replacement with bone seemed to be accelerated
when compared with that at the initial stage.

Figure 6 summarizes the micro-CT sagittal images of the
rabbits’ distal femurs from a top view of the cylindrical
block. Gaps were observed between bone and both the HAp
and CO3Ap blocks at this stage. At 4 weeks, bone had
grown to contact the surface of the CO3Ap, whereas the gap
between the HAp block and bone remained, although it had

decreased. At 12 and 24 weeks, the CO3Ap block had
decreased in size, whereas the size of the HAp remained the
same even at 24 weeks.

Resorption of the CO3Ap block is seen more clearly
when the sample’s structure is picked up from the sur-
rounding bone, as shown in Fig. 7. The CO3Ap block
became smaller along with the increasing duration of the
implantation period whereas the size of the HAp block was
the same during the whole experimental period.

Figure 8 shows micro-CT images (side view of the
cylindrical block) of the CO3Ap (a−d) and HAp (e−h)
blocks just after implantation (day 0) (a, e) and at weeks 4
(b, f), 12 (c, g), and 24 (d, h) after implantation in the
rabbits’ proximal tibias.

Similar to the result for implantation of the HAp block at
the femoral bone defect, HAp maintained its structure at
24 weeks postoperatively, even when the HAp block was
implanted in the tibial bone defect. In other words, there
were no signs of resorption in the case of sintered HAp.

In contrast to the HAp block, when the CO3Ap block
was implanted at the tibial defect, its size decreased with the
increasing implantation period. At 4 weeks after implanta-
tion, the CO3Ap block basically maintained its structure.
However, the edge of the CO3Ap block inside the bone had
become rounded, indicating that the area was being resor-
bed and replaced with bone. At 12 weeks after implantation,

Fig. 6 Micro-CT sagittal images of the rabbits’ distal femurs from a top view of the CO3Ap blocks (a−d) and HAp blocks (e−h) immediately after
implantation (day 0) (a, e) and at 4 (b, f), 12 (c, g), and 24 (d, h) weeks after implantation in rabbits’ distal femurs
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resorption and replacement with bone had proceeded in
much larger quantities than at 4 weeks. All of the edge of
the CO3Ap had become rounded. In addition to the edge of
the CO3Ap block, other surfaces were resorbed and

replaced with bone at this stage. As a result, the CO3Ap
block, which had been rectangular, was becoming increas-
ingly rounded. At 24 weeks after implantation, there was
more resorption of the CO3Ap block and replacement with

Fig. 8 Micro-CT images (side view of the cylindrical block) of the CO3Ap blocks (a−d) and HAp blocks (e−h) just after implantation (day 0) (a,
e) and at 4 (b, f), 12 (c, g), and 24 (d, h) weeks after implantation in the rabbits’ proximal tibias

Fig. 7 Three-dimensional images of the residual volume of the CO3Ap blocks (a−d) and HAp blocks (e−h) immediately after implantation (day
0) (a, e) and at 4 (b, f), 12 (c, g), and 24 (d, h) weeks after implantation in rabbits’ distal femurs
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bone than had been seen at 12 weeks. That is, resorption of
the CO3Ap block and its replacement with bone seemed to
have accelerated when compared with the initial stage.

Figure 9 summarizes micro-CT sagittal images (from top
view of a cylindrical block) when the sample was implanted
in rabbits’ tibial bone defects. A gap was observed between
the block and bone at this stage for both HAp and CO3Ap
blocks. At 4 weeks, however, the bone was in contact with
the surface of the CO3Ap block, whereas the gap between
the HAp block and bone remained although it had
decreased somewhat. At 12 and 24 weeks, the CO3Ap block
had become smaller linearly with the increasing duration of
the implantation period. In contrast, the HAp was the same
size even at 24 weeks.

Figure 10 shows the images of the remaining tibial
CO3Ap and HAp blocks at 24 weeks after implantation.
Similar to the results when implanted in the femur, CO3Ap
block became smaller with the increasing implantation
period whereas the size of the HAp block was the same
during the whole experimental period. Resorption of the
CO3Ap block was faster at the tibial bone defects than at the
femoral bone defects.

Figure 11 shows the resorption rates for the CO3Ap and
HAp blocks implanted at different sites. Resorption of the
CO3Ap showed an approximately linear change with pas-
sing time regardless of the implantation site. Interestingly,
the resorption rate of the CO3Ap block in the proximal tibia
was significantly faster than that in the distal femur

throughout the post-implantation period. In contrast, the
HAp block showed almost no resorption during the post-
implantation period regardless of the implantation site.

Resorption of the CO3Ap block prepared from a DCPD
precursor block showed an approximately linear change
throughout the post-implantation period, as shown in
Fig. 11.

4 Discussion

Purpose of this study is to evaluate the osteoconductivity
and resorbability of CO3Ap block fabricated from DCPD
block in two different implantation sites (rabbit femoral and
tibial defects) by the evaluation using micro-CT. Since we
would like to compare the ability of the obtained CO3Ap
block to clinically used HAp bone substitutes, a sintered
HAp was chosen as a control in this experiment.

Both CO3Ap and HAp showed good osteoconductivity
indicated by micro-CT analysis after 4 weeks implantation
(Figs. 5, 6, 8 and 9) regardless of the implantation site. An
initial osteoconductivity of CO3Ap in femur seemed to be
higher than that of HAp because the surrounding bone had
grown to contact the edge of CO3Ap block whereas the gap
between HAp and surrounding bone was remained (Figs. 5
and 6). However, in tibia, the surrounding bone had grown
to contact both CO3Ap and HAp. For making discussion on
osteoconductivity more in detail, a histological evaluation

Fig. 9 Micro-CT sagittal images of the rabbits’ proximal tibias from a top view of the CO3Ap (a−d) blocks and HAp blocks (e−h) immediately
after implantation (day 0) (a, e) and at 4 (b, f), 12 (c, g), and 24 (d, h) weeks after implantation in rabbits’ proximal tibias
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in each implantation period must be necessary. Therefore,
we will perform the histological evaluation in the near
future.

The results obtained by the micro-CT analysis clearly
demonstrated that the CO3Ap block prepared from a DCPD
precursor block was gradually resorbed in the rabbit’s bony
defect, whereas the sintered HAp block showed no sign of
resorption throughout of post-implantation period. It is
thought that the difference in resorption between the CO3Ap

and HAp blocks must be due to the different degrees of
SSA, porosity, and carbonate content of each specimen as
shown in Table 1.

Resorption of the CO3Ap block prepared from a DCPD
precursor block showed an approximately linear change
throughout the post-implantation period, as shown in
Fig. 11. At 24 weeks after implantation, resorption rate of
the CO3Ap block at tibia and femur were about 50% and
34%, respectively. By extrapolation of the results, we esti-
mated that it would take approximately 48 weeks (1 year) in
tibia and 72 weeks (1.5 year) in femur to resorb the CO3Ap
block completely. This resorption is probably due to the
osteoclasts, not physical dissolution. It is because, among
the calcium phosphates, apatite (including carbonate apa-
tite) is the most thermodynamically stable phase [9]. In fact,
we previously reported that CO3Ap granules (prepared from
the CaCO3 precursor [9]) and CO3Ap granules (derived
from the CaSO4 precursor [12]) were resorbed by osteo-
clasts and gradually replaced to create new bone. Therefore,
we found that CO3Ap fabricated through a dissolution
−precipitation reaction can be resorbed in a bony defect
regardless of differences in the precursors. Although various
precursors are available for fabricating CO3Ap bone sub-
stitute, the resorption rate for CO3Ap when using the dis-
solution−precipitation reaction is thought to be affected by
the difference in the precursor’s solubility. The HAp block
fabricated using an α-TCP precursor block showed greater
porosity than that fabricated using a β-TCP precursor block,

Fig. 10 Three-dimensional images of the residual volume of the CO3Ap blocks (a−d) and HAp blocks (e−h) immediately after implantation (day
0) (a, e) and at 4 (b, f), 12 (c, g), and 24 (d, h) weeks after implantation in rabbits’ proximal tibias

Fig. 11 Resorption rate (%) for the CO3Ap and HAp blocks implanted
in different sites of bony tissue (femur and tibia)
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depending on their precursor’s solubility [26]. Because
osteoclastic resorption may be affected by the porosity of
the CO3Ap block, the effect of the precursor’s difference in
resorption of the CO3Ap block must be examined as the
next research target using the same size specimen but pre-
pared from different precursors, such as CaCO3, CaSO4,
and α-TCP.

The results obtained in this in vivo evaluation by micro-CT
clearly demonstrated that resorption of the CO3Ap block was
affected by the implantation site. As shown in Figs. 5−11, the
metaphyseal site on the proximal tibia showed greater
resorption of the CO3Ap blocks than the epiphyseal site on
the distal femur, suggesting higher osteoclastic activity at the
metaphysis. Blood vessel development is greater at the
metaphysis than at the epiphysis [27], suggesting that the
larger blood supply may contribute to the existence of more
osteoclasts and thus greater resorption of the CO3Ap block. It
might be one of the reasons for the different resorption levels
of the CO3Ap block between the epiphyseal site of the distal
femur and the metaphyseal site of the proximal tibia. Further
histologic data for confirming new bone formation and the
activities of various cells are necessary to understand the
detailed mechanism. Either way, CO3Ap blocks showed far
better resorption than HAp blocks.

5 Conclusions

A CO3Ap block prepared from a DCPD precursor block
showed good resorption in bone tissue, whereas the sintered
HAp block showed almost no resorption 6 months after
implantation. The resorption rate of the CO3Ap block was
faster at the metaphysis of the proximal tibia than at the
epiphysis of the distal femur. Based on our results, complete
resorption for a disk-shaped CO3Ap block (6 mm diameter,
4 mm high) was estimated to be approximately 1−1.5 years.
Resorption of a CO3Ap block was probably achieved by
osteoclasts although it should be confirmed by the histolo-
gical evaluation in the future.
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