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Objective: This study aimed to histologically compare periodontal regeneration of one-wall intrabony
defects treated with open flap debridement, b-tricalcium phosphate (b-TCP), and carbonate apatite
(CO3Ap) in dogs.
Methods: The mandibular third premolars of four beagle dogs were extracted. Twelve weeks after the
extraction, a one-wall bone defect of 4 mm � 5 mm (mesio-distal width � depth) was created on the
distal side of the mandibular second premolar and mesial side of the fourth premolar. Each defect was
randomly allocated to open flap debridement (control group), periodontal regeneration utilizing b-TCP,
or CO3Ap. Eight weeks after the surgery, histologic and histometric analyses were performed.
Results: No ankylosis, infection, or acute inflammation was observed at any of the experimental sites.
Newly formed bone and cementum were observed in all experimental groups. The mineral apposition
rate of the alveolar bone crest was higher in the CO3Ap group than in the control and b-TCP groups. The
ratio of the new bone area was significantly higher in the CO3Ap group than in the control group
(P < 0.05). The bone contact percentage of the residual granules was significantly higher in the CO3Ap
group than in the b-TCP group (P < 0.05).
Conclusion: Although this study has limitations, the findings revealed the safety and efficacy of CO3Ap for
periodontal regeneration in one-wall intrabony defects in dogs, and CO3Ap has a better ability to inte-
grate with bone than b-TCP.
© 2023, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Periodontitis is an inflammatory disease caused by microor-
ganisms. As gingival inflammation develops around the teeth,
attachment loss and bone resorption increase, eventually leading to
tooth loss. Intrabony defects under insufficient periodontal treat-
ment have been reported as a high-risk indicator of tooth loss [1].
Thus, appropriate periodontal treatment and management of
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intrabony defects are important for long term survival of teeth.
Periodontal regeneration therapy has been developed for this
purpose. This procedure is based on the use of biomaterials such as
barrier membranes, bone grafting materials that can support soft
tissue and stabilize blood clots, or a combination of both ap-
proaches. In general, maintaining space for periodontal tissue
regeneration and blood clot stability is easy to achieve in contained
defects, such as three-wall intrabony defects. On the other hand,
the use of biomaterials is recommended for non-contained defects,
such as one- or two-wall intrabony, to maintain the regenerative
space and prevent epithelial migration [2].

Autogenous bone grafts, the gold standard for bone grafting,
exhibit osteogenesis, osteoinductivity, and osteoconductivity. How-
ever, autograft harvesting results in limited volume and requires
other surgical sites. Furthermore, resorption rate of autogenous bone
grafts is fast in general and the volume of periodontal tissue regen-
eration is unpredictable [3]. From this point of view, using alternative
bone graft materials like allogeneic, alloplastic and xenogetic bone
sting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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grafts avoid the need to create a donor site. However, infections,
immunogenic rejection, and the risk of disease transmission remain
problemswith allogeneic and xenogetic bone grafts [4]. To overcome
these problems, various alloplastic bone graft materials, particularly
calcium phosphate ceramics, have been developed for multiple
clinical situations owing to their osteoconduction [5,6]. Hydroxyap-
atite (HA) is a typical bioactive calcium phosphate material for bone
grafting [7,8]. Although HA has excellent biocompatibility, it also
exhibits poor absorption properties, which increases the risk of
secondary infection [9]. b-Tricalcium phosphate (b-TCP) is a repre-
sentative bioactive calcium phosphate material. b-TCP spontane-
ously dissolves via hydrolytic degradation under physiological
conditions [10,11]. The absorption rate of b-TCP is higher than that of
natural bone minerals, indicating that the rate of b-TCP absorption
does not correspond to that of bone formation [12].

It is well known that some parts of natural bone tissue in humans
are constituted by carbonate apatite (CO3Ap), which is replaced both
the hydroxyl and phosphate sites of HAwith carbonate ions [13]. The
absorption properties of CO3Ap are affected by the content ratio of
carbonate ion which reduce crystallinity within the apatite struc-
ture, thereby enhancing bone reformation or turnover. Importantly,
CO3Ap is absorbed only by osteoclastic absorption; therefore, its
absorption rate closely matches that of natural bone [10,14,15]. In
addition, the osteoconductivity of CO3Ap is much higher than that of
HA and b-TCP [10]. In the previous clinical study, the safety and ef-
ficacy of CO3Ap for sinus lift procedure were revealed [16]. Some
paper reported efficacy of CO3Ap in the periodontal regeneration of
three-wall intrabony defect, or in combination with recombinant
human fibroblast growth factor-2 [17,18]. However, as far as author's
knowledge, there is no studies applying CO3Ap alone in one-wall
defect for the periodontal regeneration, or analyzing for mineral-
ized dynamics by the bone histomorphometric analysis. Therefore,
this study aimed to histologically compare periodontal regeneration
of one-wall intrabony defects treated with open flap debridement,
b-TCP, and CO3Ap in dogs.

2. Methods

2.1. Experimental animals

Four healthy 12-month-old male beagle dogs, weighing
10.0e10.9 kg, were used in this study. All dogs were fed a standard
Fig. 1. The surgical procedure used in this study. (a) Before surgical procedure (b) A muco-p
the mandibular bilateral second premolar distal side and fourth premolar mesial side. (d) B
experimental sites. (f) The flap was closed to its original position with single interruptted s
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soft pellet diet and were allowed to drink water freely during the
experiment. The study protocol was approved by the Institutional
Animal Care and Use Committee of Tokyo Medical and Dental
University (approval number A2020-115C).

2.2. Surgical procedure

First, medetomidine hydrochloride (0.05 mL/kg, Domitor®;
Orion Corporation, Espoo, Finland) was administered intramus-
cularly as premedication. General anesthesia was induced by
intravenous injection of sodium thiopental (0.005 mL/kg, Ravo-
nal®; Nipro ES Pharma CO., LTD., Osaka, Japan) under spontaneous
breathing. Lidocaine hydrochloride (2%with 1:80000 epinephrine,
xylocaine®; GC SHOWAYAKUHIN CORPORATION, Tokyo, Japan)
was administered as the local anesthetic. Bilateral mandibular
third premolars were extracted, and the socket was allowed to
heal for 12 weeks. In the second phase, the animals were anes-
thetized as in the first phase. One periodontist (S.F.), with exten-
sive experience in regenerative periodontal surgery, performed all
procedures in this experiment. A mucoperiosteal flap was elevated
(Fig. 1 a,b), and experimental one-wall intrabony defects of
4 � 5 mmwere surgically created on distal side of the mandibular
bilateral second premolar and mesial side of the fourth premolar
(Fig. 1 c,d). Subsequently, the roots were carefully scaled to remove
the root cementum and periodontal ligament, using Gracey cu-
rettes (Hu-Friedy Co., Chicago, IL, USA). After root planing, a
reference notch was created at the apical end of the root surface
using a round bur.

Each defect was randomly allocated to one of the following
treatment groups: open flap debridement (control), b-TCP granules
(OSferion® 150e500 mm granules; Olympus Terumo Biomaterials
Corp., Tokyo, Japan), or CO3Ap granules (Cytrans® 300e600 mm
granules; GC Corporation, Tokyo, Japan) (Fig. 1e); each of bone graft
materials was loaded to the level of an alveolar crest under moderate
pressure. The flap was then closed to its original positionwith single
interruptted sutures (Gore-Tex CV-6 suture; W. L. Gore & Associates,
Inc., Newark, DE, USA) (Fig. 1f). After the surgical procedures, an
antibiotic (Penicillin G®; Meiji Seika Pharma Co., Ltd., Tokyo, Japan)
and analgesic agent (Vetorphale®; Meiji Seika Pharma Co., Ltd.) were
administered intramuscularly. Postoperatively, disinfection was
performed three times each week for 4 weeks using 2% chlorhexi-
dine solution (Hibitane® concentrate; Sumitomo Seiyaku Co., Ltd.,
eriosteal flap was elevated. (c) A surgically created bone defect at the first premolar of
one defects were trimmed to 4 � 5 mm. (e) Grafted CO3Ap at the bone defects in the
utures.



Fig. 2. Overview of the treatment and bone-labeling time course. Tetracycline was injected 1 and 7 days before the surgical procedure. Calcein was similarly administered 2 and 7
days before euthanasia.
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Osaka, Japan) for oral rinse. After 2 weeks of healing, the sutures
were removed. Eight weeks postoperatively, all dogs were eutha-
nized via overdose of sodium thiopental.

2.3. Image analysis: micro-computed tomography

A micro-computed tomography system (inspeXio SMX-100CT;
Shimadzu Co., Kyoto, Japan) was used to capture the images at a
voltage of 75 kV and current of 30 mA. The scanned data were
reconstructed into two and three-dimensional images using an
image analysis software (TRI/3D-BON; Ratoc System Engineering
Co., Ltd., Tokyo, Japan).

2.4. Histological analysis

The time-course of the bone labeling was summarized in Fig. 2.
Tetracycline (Tetracycline®; Sigma-Aldrich, St. Louis, MO, USA) was
injected subcutaneously at 20 mg/kg (per kg body weight), and
bone labeling was performed 1 and 7 days before the surgical
procedure. Bone labeling with calcein (CL®; Sigma-Aldrich) was
similarly administered at 20 mg/kg (per kg body weight), subcu-
taneously injected 2 and 7 days before euthanasia. The samples
were fixed in 70% ethanol and stained with Villanueva Bone Stain.
Then, the samples were embedded in methyl methacrylate in a
undecalcified state. Polished sections were prepared at the center
of the defect, as confirmed by micro-computed tomography im-
aging. The sections were observed under an optical microscope (bz-
x700; Keyence, Osaka, Japan). Measurements wereperfoemed us-
ing image processing software (ImageJ v.1.43u; National Institutes
of Health). The following parameters were measured.

(1) Defect width: the distance from the root of the tooth to the
boundary between the new and existing bone.

(2) Defect depth: length at a 4 to 5 ratio of the defect width.
(3) Alveolar bone height: the distance between the apical extent

of the root planing and the coronal extent of the newly
formed alveolar bone along the root surface.

(4) Ratio of alveolar bone height: alveolar bone height/defect
height.

(5) New cementum length: the distance between the apical
extent of the root planing and the coronal extent of the newly
formed cementum on the denuded root surface.

(6) Ratio of new cementum length: new cementum length/
defect height.

(7) Defect area: the area of a parallelogram whose width is the
width of the defect.

(8) Ratio of new bone area: percentage of bone tissue in the
defect area.
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(9) Ratio of residual granules: the percentage area occupied by
residual granules in the defect area.

(10) Bone contact percentage: the percentage of surface of the
residual granules directly contacting to new bone.

The parameters were measured by a single experienced blinded
examiner (M.O.).

2.5. Bone histomorphometric analysis

The sections were observed using the same optical microscope
under the fluorescent light. The measured parameters were as
follows.

(11) Inter-label thickness: width of the calcein-labeled green line
at the alveolar bone crest.

(12) Mineral apposition rate (MAR): inter-label thickness/day.
2.6. Statistical analyses

The mean and standard deviation for each parameter were
calculated for each treatment group using the values obtained from
the animals (n ¼ 4). Tukey's test and Wilcoxon rank-sum test were
used to analyze differences between groups. Statistical significance
was set at p < 0.05. All statistical analyses were performed using
EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), a graphical user interface for R (The R Foundation for Sta-
tistical Computing, Vienna, Austria); it is a modified version of the R
commander designed to add statistical functions frequently used in
biostatistics [19].

3. Results

3.1. Clinical observation

After the surgical procedure, healing progressed without clinical
problems at any site, and no inflammatory findings were observed.
No exposed bone graft substitutes, increased tooth mobility,
infection, or suppuration was observed during the observation
period.

3.2. Micro-computed tomography observations

Three-dimensional images of micro-computed tomography
showed increasing radiopacity in the surgically created defect area
in all experimental groups (Fig. 3 aef). The boundary between the
original bone and the experimental area was indistinct in all



Fig. 3. Micro-computed tomography evaluation. 3D (aec) and 2D (def) micro-computed tomography mesio-distal images revealed bone-like radiopacity within the defects at all
sites. Images were obtained from the (a, d) control, (b, e) b-TCP, and (c, f) CO3Ap groups. Images within the yellow framed area are regions of interest. Scale bars ¼ 5 mm. Residual
CO3Ap granules (white arrows).
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groups, and the alveolar bone was continuous. In the b-TCP and
CO3Ap groups, the created bone defects were almost entirely filled
with bone-like tissue, including residual granules. At the control
site, alveolar bone regeneration was observed, but the defect was
not completely filled with hard tissue and was concaved at the
distal side of the root.
3.3. Histologic observations

Inflammatory cell infiltration and ankylosis were not observed
at any of the experimental sites (Fig. 4 aec).

In the control group, new bone was formed along the root plane
and the crest reached the middle of the planed root surface. This
new bone surface was concave in the defect area (Fig. 4a). On the
other hand, newly formed bone was observed less concave on the
surface in the b-TCP group and the CO3Ap group (Fig. 4 b,c).

In the b-TCP group, various size of residual granules were
observed at all sites. Although a few residual granules were
observed in the newly formed bone, almost all residual granules
were observed in the keratinized gingiva (Fig. 4 b,g). Residual
granules were also observed at all sites in the CO3Ap group. The
number of CO3Ap granules was greater than that in the b-TCP
group. New bone formationwas observed directly on the surface of
the granules without any fibrous tissue. Most CO3Ap granules were
131
entirely buried with new bone; notably, this was not observed in
the b-TCP group (Fig. 4 c,h). Most residual CO3Ap granules were
observed in the newly formed bone, and some granules were
observed in the keratinized gingiva. Osteoid tissues were formed on
the surface of the new bone. Osteoblasts were observed in a line.
Some surfaces of the residual granules were resolved, and
osteoclast-like cells were observed (Fig. 4i).

New cementum was observed in all groups, except in the alve-
olar bone crest of one control sample. Thick new cementum was
observed in the CO3Ap group.

New periodontal ligament were observed at all groups. How-
ever, the density of the fibers was low in the control group and
almost all the fibers were attached to the new bone (Fig. 5a). The
periodontal ligament were inserted only into the new bone, not
into the cementum, at two sites in the b-TCP group (Fig. 5b). Various
degrees of collagen fiber density were observed. In the CO3Ap
group, new periodontal ligaments were inserted into the new bone
and the new cementum (Fig. 5c). Dense fiber was observed,
although the density varied.
3.4. Histological analysis

The results of the histomorphometric measurements are sum-
marized in Table 1. There were no significant differences among the



Fig. 4. Villanueva bone staining overview under natural light (aec) and fluorescence (def) microscopy. Histological observations of the bone defects in the (a, d) control, (b, e) b-TCP,
and (c, f) CO3Ap groups. There was no evidence of infection or acute inflammation in all experimental sites. Higher magnification images (gei) were obtained from (b, c). (g) b-TCP
granules still remained, and new bone formation, and osteoblast cells were not observed around the b-TCP granules directly. Osteoclast-like giant cells (yellow arrowheads) were
observed around the b-TCP granules. (h, i) CO3Ap granules still remained. Some CO3Ap granules were entirely submerged in newly formed bone. Osteoid tissues (white arrowheads)
were formed on the surface of the new bone. Osteoblasts (black arrowheads) were observed in a line. Osteoclast-like giant cells (yellow arrowheads) were observed on the surface
of some CO3Ap granules (i). Higher magnification images (jel) were obtained from the framed area in (def). Inter-label thickness stained by calcein green was measured as the
width between red arrowheads. No fluorescent tetracycline bone labeling was observed in the defect area in all groups. blue arrowheads; notch. NB; new bone. *; residual granules.
(aef) Scale bars ¼ 1 mm. (gel) Scale bars ¼ 100 mm.

Fig. 5. Representative photomicrographs at the alveolar bone crest through the polarized light. Newly formed periodontal ligament for sites receiving (a) control, (b) b-TCP, and (c)
CO3Ap groups. D, dentin; NB, new bone; orange arrowheads, new cementum; pink arrowheads, new periodontal ligaments; scale bars ¼ 100 mm.
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Table 1
Histomorphometric measurements.

Parameter Control b-TCP CO3Ap Statistically significant differences

Ratio of alveolar bone height (%) 31.9 ± 12.5 59.2 ± 18.7 65.3 ± 13.3 NS
Ratio of new cementum (%) 20.0 ± 10.9 23.1 ± 14.1 33.3 ± 10.7 NS
Ratio of new bone area (%) 37.7 ± 11.7 62.1 ± 12.3 76.9 ± 21.4 1 versus 3*

Note: Tukey's test was used. Results are given as mean ± standard deviation.
*P < 0.05 (significant difference); n ¼ 4.
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treatment groups in the ratio of alveolar bone height (ABH) and the
ratio of new cementum length. However, the b-TCP and CO3Ap
groups showed higher values than the control group. There was a
significant difference between the CO3Ap and control groups
regarding the percentage of the new bone area (NBA) (P < 0.05).
Between the b-TCP and control groups, the percentage of NBA was
not reached to the significantly different.

The results of the histological analysis of residual granules
measurements are summarized in Table 2. There were no signifi-
cant differences between the b-TCP and CO3Ap groups regarding
the ratio of the residual granules area. However, the CO3Ap group
showed higher values than the b-TCP group. Therewas a significant
difference between the CO3Ap and b-TCP groups regarding the
bone contact percentage (P < 0.05).
3.5. Bone histomorphometric analysis

The results of the bone histomorphometric analysis are sum-
marized in Table 3. Bone histomorphometric measurements
revealed the MAR values were 3.14 ± 0.46 mm/day, 4.82 ± 1.11 mm/
day, and 5.13 ± 1.23 mm/day in the control, b-TCP, and CO3Ap
groups, respectively (Fig. 4 jel). There was no significant difference
in the MAR of the alveolar crest between the b-TCP and CO3Ap
groups. However, the b-TCP and CO3Ap groups showed higher
values than the control group. No fluorescent tetracycline bone
labeling was observed in all groups.
4. Discussion

This preclinical study showed that CO3Ap was safe and effective
bone graft substitutes for periodontal regeneration in one-wall
intrabony defect. Histomorphometric analysis revealed that the
ratio of the new bone area was significantly higher in the CO3Ap
group than in the control group. Additionally, the bone contact
percentage of the residual granules was significantly higher in the
CO3Ap group than in the b-TCP group. The favorable outcomes in
terms of MAR were observed in the CO3Ap and b-TCP groups
compared to the control group. These findings indicate that the
CO3Ap has great potential in periodontal regeneration and might
have superior osteoconductivity compare to the b-TCP.

In this study, periodontal tissue regenerationwas observed in all
groups, and no inflammatory or infectious findings were observed.
Although encupsled residual granules were observed in keratinized
gingiva, there was no inflammatory cell infiltration around the
Table 2
Histological analysis of residual granule measurements.

Parameter b-TCP CO3Ap

Ratio of residual granules (%) 2.4 ± 4.7 12.2 ± 10.3
Bone contact percentage (%) 10.5 ± 9.5 62.5 ± 21.3*

Note: Wilcoxon rank-sum test was used. Results are given as mean ± standard
deviation.
*P < 0.05 (significant difference); n ¼ 4.
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granules, suggesting that the material has excellent biocompati-
bility in vivo.

The CO3Ap and b-TCP groups showed greater percentages of
ABH and NBA than the control group. There were no significant
differences in the percentage of ABH among the experimental
groups in terms of the ABH ratio. However, there were significant
differences between the CO3Ap and control groups in the ratio of
NBA. These findings are supported by the previous studies
demonstrating that bone grafts may maintain sufficient space and
blood clot stability, and prevent flap collapse in non-contained
defects [2,20,21].

It has been reported that the enhanced osteogenic ability of
CO3Ap is caused by the release of calcium ions, which can bind to
the cell membrane via G protein-coupled receptors to activate the
extracellular signal-related kinase pathway [22,23]. Furthermore, a
much higher osteoconductivity of CO3Apwas reported compared to
that of b-TCP [10]. These reports are consistent with our study. In
the point of view, there was a significant difference in the bone
contact percentage between the CO3Ap and control groups. There
were also significant differences in the NBA percentage between
the CO3Ap and control groups, but not between the b-TCP and
control groups.

In the present study, the ratio of new cementum was higher in
the CO3Ap group than in the b-TCP group. However, no significant
differences were observed between the groups. This may be
because calcium ions promote cementogenesis and recruit STRO-1-
positive mesenchymal periodontal ligament cells to undergo
cementoblast differentiation and mineralization [24].

Regarding with the ratio of residual granules, it was higher in
the CO3Ap group than in the b-TCP group, although no significant
differences were observed. b-TCP has higher solubility in physio-
logical saline [25]. CO3Ap is stable in physiological saline, and is
absorbed only by osteoclasts; therefore, its absorption rate is
slower than that of b-TCP [10,14,15]. This may be due to the smaller
size of b-TCP granules and their absorption rate in vivo [26,27].
Indeed, osteoclast-like giant cells were observed around the both
particles of b-TCP and CO3Ap (Fig. 4 g,i).

In this study, there were no significant differences in the ABH,
new cementum, and the ratio of residual granules. However, there
were tendencies toward higher ratios in the CO3Ap group than in
the others. The results were based on a small number of experi-
mental animals (four beagle dogs). Further standardized studies,
including a larger number of experimental animals, are needed to
clarify the characteristics of CO3Ap.

Regarding bone formation, there are some previous studies re-
ported that CO3Ap for guided bone regeneration revealed favorable
bone formation [28]. One of these studies, CO3Ap might affect not
only bone formation but also new cementum and new periodontal
ligament formation. Previous studies have reported that in peri-
odontal tissues, owing to carbonate and calcium ion effects, the use
of CO3Ap resulted in enhanced promotion of osteoclast migration
and osteoblast differentiation and more significant bone formation
compared to deproteinized bovine bone mineral (DBBM) and b-TCP
in canine three-wall intrabony defects [28,29]. These promising
results are broadly consistent with the present findings showing



Table 3
Bone histomorphometric analysis.

Parameter Control b-TCP CO3Ap Statistically
significant
differences

MAR (mm/day) 3.14 ± 0.46 4.82 ± 1.11 5.13 ± 1.23 NS

Note: Tukey's test was used. Results are given as mean ± standard deviation.
n ¼ 4.
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mature osteogenesis and osteoclast recruitment around residual
CO3Ap granules that exhibit higher osteoconductivity than b-TCP
[18].

In an attempt to better understand histomorphometric findings,
tetracycline and calcein were used as a fluorescent reagent to
measure bone formation activity in this study. It is well known that
tetracycline and calcein are labeled and appeared under fluores-
cence microscopy as yellow and green line, respectively. Quanti-
tative assessment of bone formation using double labellings
between different time points were performed. In other words, the
width between the labels corresponded to the thickness of the
formed bone during this period. In this study, fluorescent tetracy-
cline bone labellings were not observed in the defect area in all
groups. The labellings could be observed in the area of the original
bone, however, most of themwere not clear enough to calculate the
width between them. It indicated that bone metabolism might be
normally quite low in large animals such a beagle dog. Additionally,
this finding might be also derived from the different bone forma-
tion activity between the alveolar bone and other bony parts of the
body.

In contrast, calcein bone labellings were cleary observed in all
groups. Bone formation activity was apparently promoted by the
periodontal surgery. The CO3Ap and b-TCP groups showed greater
MAR values than the control group, although there were no sta-
tistically significant differences. This finding might indicate that
bone grafting leads to bone regeneration in the entire defect. This
may be because periodontal tissue regeneration is reinforced by
bone graft materials. This is supported by previous reports that
bone graft material stabilized a space for tissue regeneration, blood
clots, and the flap position in non-contained defects [2,20,21].

In the previous reports, Sato [17] and Shirakata [18] compared
the regenerative ability of CO3Ap to that of DBBM. DBBM is
composed of low-absorbable demineralized bovine bone and is
recommended for its biocompatibility and new bone formation
properties [30]. DBBM is known for its slower degradation rate; it
requiresmore time for bone replacement comparedwith b-TCP and
CO3Ap. In the present study, we did not directly compare CO3Ap
with DBBM. It is necessary to conduct further studies comparing
these in the future.

We must consider that the present study was conducted in
young, healthy beagle dogs, which heal faster than humans, and in
an acute model in which periodontal defects were created surgi-
cally, rather than in a chronic model, under conditions in which
healing was likely to occur [31,32].

In this study, we conducted only bone grafting, without using a
growth factor or a barrier membrane, to evaluate the ability of the
graft materials. However, bone graft materials are rarely used alone
for periodontal tissue regeneration therapy for one-wall intrabony
defects; they are commonly used with growth factors and mem-
branes [33]. DBBM has been reported to be more effective than
CO3Ap or b-TCP when used in combination with recombinant hu-
man fibroblast growth factor-2 [18]. Reports on CO3Ap in combi-
nation with recombinant human fibroblast growth factor-2 are still
limited, and combinations with other materials have not been
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reported. Therefore, further studies are warranted. Other stan-
dardized experimental and human studies are required to deter-
mine whether the results of this study are consistent with clinical
findings in patients with periodontal disease.

5. Conclusion

Although this study has limitations, the findings revealed the
safety and efficacy of CO3Ap for periodontal regeneration in one-
wall intrabony defects in dogs, and CO3Ap might have a better
ability to integrate with bone than b-TCP.
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