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Abstract:  
Statement of problem: It is not known whether endochondral and intramembranous 
bones have distinct biological characteristics. Octacalcium Phosphate (OCP), a 
hydroxyapatite precursor, has been reported to stimulate bone formation after being 
implanted in parietal bone defects of rats.  
Purpose: The present study was designed to investigate the response of endochondral 
and intramembranous bones to OCP implantation and to compare their biological 
characteristics  
Materials and Methods: Full-thickness standardized trephine defects were made in rat 
tibiae and mandibles and synthetic OCP was implanted into the defects. The biologic 
response was examined histologically to identify bone and cartilage formation.  
Results: Both chondrogenesis and osteogenesis were initiated in the tibia, 1 week after 
implantation of OCP and most of the cartilage was replaced by bone at week 2. 
However, the mandible only showed osteogenesis in response to OCP implantation at 
week 2, and no cartilage formation was associated with the osteogenesis. 
Conclusions: According to the results obtained in the present study, endochondral and 
intramembranous bones exhibit different biological responses to OCP implantation in 
rats.  
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INTRODUCTION 
Autogenous bone grafting remains the most 
predictable and proven method for augment-
tation and repair of oral bony defects or 
deficiencies. Recent advances in biomaterials 
have improved the predictability of synthetic 
bone substitutes [1]. Synthetic hydroxyapatite 
(Ca10(PO4)6(OH)2 is one of the most common-
ly used bone graft substitutes [2]. It is not 
known whether endochondral and intramem-

branous bones have distinct biological charac-
teristics in responding to exogenous bone 
growth factors such as transforming growth 
factor-beta (TGF-beta) and bone morpho-
genetic protein (BMP) [3,4]. Joyce et al [5] 
reported that injection of exogenous TGF-beta 
into the subperiosteal region of murine long 
bones can cause both intramembranous and 
endochondral bone formation. However, 
others showed that TGF-beta induces intra-
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membranous bone formation without prior 
formation of cartilage in murine calvaria [6,7]. 
Cellular responses to the stimulating effects of 
TGF-beta on bone formation with or without 
chondrogenesis, appears related to the comm.-
itted phenotype at the site of TGF-beta 
administration [8,9]. Previous investigations 
have not compared the biological response of 
endochondral and intramembranous bone 
forming cells to TGF-beta Hydroxyapatite is 
the prototype for mineral in bone and teeth 
[10,11]. The biological apatite has been 
suggested to be formed via precursor phases, 
such as Octacalcium phosphate [Ca8H2 (PO4)6 
5H2O] [12]. Synthetic octacalcium phosphate 
(OCP) granules have been shown to stimulate 
osteogenesis, when implanted into the sub-
periosteum of mice [13]. Former studies 
indicated that implantation of synthetic 
granules of OCP cause new bone regeneration 
and could eventually be replaced by newly 
formed bone [14,15]. Furthermore, the 
implanted OCP can serve as a core for 
initiating bone formation and if implanted in 
the critical-sized calvarial defects of rats, can 
show an osteoinductive and osteoconduction 
ability [16,17]. OCP unlike TGF-beta is an 
inorganic compound. How OCP stimulates the 
biological activity of skeletal tissue is yet 
unknown. 
The present study was designed to investigate 
the response of endochondral (tibia) and 
intramembranous (mandible) bones to OCP 
implantation and compare their biological 
characteristics. 
 
MATERIALS AND METHODS 
Animals 
The sample consisted of forty 5- to 6-week-old 
male Sprague Dawley rats weighing from 125 
to 150 gm. All animals were obtained from the 
Animal Research Center of Pasteur Institute 
(Tehran, Iran) and kept under a standard light-
dark schedule and relative humidity. Stock diet 
and tap water were available ad libitum. All 

procedures were approved by the Animal 
Research Committee of Tehran University of 
Medical Sciences. 
Preparation of Implants 
OCP was prepared according to the method 
described by Legeros [18]. In brief, 250 ml of 
0.04 M calcium acetate solution [Ca 
(CH3CO2)2 H2O] was slowly added to 250 ml 
of 0.04 M sodium acid phosphate solution 
[NaH2PO4.2H2O] over a period of one hour, 
while being stirred at 400 rpm at 67.5°C. 
Ground granules of OCP between 32 and 48 
mesh (particle size: 300–500 µm) were used 
for implantation. The sieved granules were 
sterilized by being heated at 120°C for 2 hrs 
and were subsequently implanted. Previous 
studies have shown that heat does not affect 
physical properties such as crystalline struc-
ture or the specific surface area of the OCP 
granules [13]. 
Experimental Periods 
The rats were divided into two groups of 20 
animals each: tibia bone group and mandibular 
bone group. Five rats from each group were 
sacrificed and tissues were fixed at 7, 14, 21 
and 28 days after the OCP implantation or 
sham operations. 
Implantation Procedure 
The animals were anesthetized with an 
intraperitoneal injection of ketamine chlorhyd-
rate (KetholarTM) at a dose of 60-mg/kg-body 
weight, supplemented by ether inhalation. In 
the mandibular bone group, a 15-mm long 
horizontal incision was made aseptically in the 
submental triangle just posterior to the 
symphysis. This was followed by reflection of 
skin, musculature and periosteum in order to 
expose the mandible. A full-thickness trephine 
defect, 3 mm in diameter, was prepared bilate-
rally near the superior ridge of the mandible 
between the incisor and first molar. In the tibia 
bone group, a 15-mm long vertical incision 
was created bilaterally, in the medial surface 
of the tibia, under aseptic conditions. The skin, 
musculature, and periosteum were then 
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reflected, exposing the tibia. Full-thickness 
trephine defects, 3 mm in diameter, were made 
in the mid-diaphyseal portion of the tibia. A 3-
mm trephine bur was used to create the defects 
under constant irrigation with sterile normal 
saline to prevent overheating of the bone 
edges. For practical reasons and for the sake of 
systematization, the right defect was used to 
test the osteopromotive substance and implan-
ted with 6 mg of OCP granules and surgically 
covered. A similar procedure was followed in 
the left defect without implantation. The perio-
steum and muscles were sutured in place using 
catgut 4-0 (Ethicon), and the skin was sutured 
with silk 4-0 (Ethicon). Post-operative antibio-
tics (Terramycin, Tokyo, Japan) were adminis-
tered intraperitoneally at the time of surgery. 
The rats were reinstated in their individual 
cages and observed until full recovery. 
Tissue Preparation 
All animals were anesthetized by intraperi-
toneal injection of ketamin chlorhydrate (60 
mg/kg body weight). They were then fixed 
with 4% paraformaldehyde in 0.1 M 
phosphate-buffer saline (PBS, pH 7.4) by 
perfusion through the heart. The implants were 
resected together with the surrounding bone 
and tissues and kept in the same fixative 
overnight at 4°C. All specimens were 
decalcified in a mixture of 10% formic acid, 
2.9% citric acid and 1.8% trisodium citrate  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: H&E stained Photomicrograph (×200) of treated 
tibia on day 7, Both chondrogenesis (C) and osteo-
genesis (B) were seen around the OCP particles (*). 

dehydrate. The samples were dehydrated in a 
graded series of ethanol and embedded in 
paraffin according to previous investigations 
[12]. Serial sections with a thickness of 5-µm 
were cut and stained with hematoxyline/eosin 
(H&E) and alcian blue. Sections were studied 
under a light microscope (Olympus AX-800).  
 
RESULTS 
Tibia 
Both chondrogenesis and osteogenesis were 
initiated around the OCP particles, near the 
defect margin of the tibia, 1 week after 
implantation (Fig.1). Cartilage matrix was 
identified by alcian blue staining (Fig.2). New 
bone formation was observed at the margin of 
the defect and between the implanted OCP. No 
cartilage was seen in the defect at week 2. An 
inflammatory cell infiltration was observed at 
the implantation sites and the OCP implant 
was surrounded by multinucleated giant cells 
(MNGCs). In week 3, newly formed bone 
filled the defects and directly surrounded the 
implanted OCP. Less inflammatory cell infilt-
ration was observed as compared to week 2. 
Osteoblasts were seen on newly formed bone 
in the defect and some of the implanted OCP 
was surrounded by MNGCs (Fig.3). In week 4, 
the bone matrix became more compact 
compared to week 3 and was barely 
distinguishable from the host bone, whereas 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Photomicrograph of treated tibia on day 7; 
Cartilage matrix (C) identified by alcian blue staining 
(×200).
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Fig. 3: H&E stained Photomicrograph (×200) of treated 
tibia on day 21; newly formed bone (nb) was observed 
between the OCP particles (*). Osteoblasts (short 
arrows) were seen on newly formed bone. OCP particles 
were surrounded by multinucleated giant cells (arrow 
heads). 
 
the remaining OCP in the defect seemed to be 
decreased (Fig.4). In the control groups, the 
defects were mostly filled with fibrous 
connective tissue, and bone formation was 
observed near the margin of the bone defects. 
Inflammatory cell infiltration was observed at 
week 2 and had declined at week 4 (Fig.5). 
Mandible 
Implantation of OCP showed inflammatory 
cell infiltration. The space occupied by the 
OCP implants was recognized by the organic 
matrices accumulated on OCP, which re-
mained after decalcification of the specimen. 
Neither osteogenesis nor chondrogenesis was 

 
 
 
 
 
 
 
 
 
 

Fig. 4: Photomicrograph of treated tibia on day 28; the 
OCP particle (*) is enclosed in the newly formed bone 
(nb). The newly formed bone is indistinguishable from 
the host bone (HB), due to maturation (H&E stain; 
original magnification, ×200). 

observed in response to OCP implantation at 
week 1. Osteogenesis was initiated either from 
the defect margin or on the implanted OCP, 
away from the margin and no chondrogenesis 
was identified by week 2. Osteoblasts were 
seen on newly formed bone around the 
implanted OCP and the defect margin (Fig.6). 
An inflammatory cell infiltration was observed 
and the OCP implant was surrounded by 
MNGCs as was found the tibia. At week 3, 
new bone formation was noticed at the margin 
of defect and on the implanted OCP. Newly 
formed bone without intervening cellular 
components surrounded the remaining OCP in 
the defect but OCP was not found in the 

 
 
 
 
 
 
 
 
 
 
 
Fig. 5: H&E stained photomicrograph of untreated tibia 
on day 28; The defects are mostly filled with fibrous 
connective tissue. New bone formation (nb) is observed 
near the margins of the bone (×200). 

 
 
 
 
 
 
 
 
 
 
 
Fig. 6: H&E stained photomicrograph of treated 
mandible on day 14: New bone (nb) is formed near the 
defect margin and on the implanted OCP particle (*) 
away from the margin (×200).  
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connective tissue. At week 4, the defect was 
almost filled with newly formed bone along 
with remaining OCP, and was barely distin-
guishable from the host bone (Fig.7). 
 
DISCUSSION 
The present study was designed to investigate 
how endochondral (tibia) and intramembra-
nous bones (mandible) respond to OCP, 
implanted into a trephine defect of the same 
recipient (5-6 week old rats). OCP implant-
tation induced both cartilage and bone 
formation in the tibia. However, only bone 
formation was stimulated and no cartilage 
formation was seen in the mandible. In 
addition, the tibia responded to OCP implan-
tation to show cartilage and bone formation 1 
week after implantation, whereas the mandible 
did not respond until the second week.  
The current investigation demonstrates the 
distinct characteristics of the biological 
response to OCP implantation between endo-
chondral and intramembranous bones in terms 
of stimulation of cartilage and bone formation 
as well as their approximate timing. 
Previous studies suggested that endochondral 
bone matrix contains osteoinductive factors to 
induce endochondral ossification. This is in 
contrast to intramembranous bone matrix, 
which can induce only intramembranous ossi-
fication without chondrogenesis [8,19]. Osteo-
genic cells from endochondral bones such as 
the tibia and femur have been suggested to 
have different properties compared to those 
from intramembranous bones such as the 
calvarium and mandible [3,11,20-24].  
Distinct osteoinductive factors in bone matrix 
and/or difference in cell properties may 
contribute to the different biological responses 
to OCP observed in endochondral and intra-
membranous bones. These responses include 
simultaneous stimulation of osteogenesis and 
chondrogenesis, and their timing. 
Different factors in the microenvironment 
including oxygen supply from the vasculature  

 
 
 
 
 
 
 
 
 
 
Fig. 7: Photomicrograph of treated mandible on day 28: 
Implanted OCP particle (*) is surrounded by newly 
formed bone (nb). Short arrows show the margin of the 
bone defect and host bone. H&E stain; original 
magnification ×200. 

[25], or mechanical stimulation exerted by the 
surrounding muscles [26] could affect the 
phenotype expression of the osteogenic cells at 
the implantation sites of endochondral and 
intramembranous bones. 
Taniguchi et al [27] found that injection of 
TGF-beta into the outer periosteum of rat 
parietal bones induced only osteogenesis in 
neonates, but both chondrogenesis and osteo-
genesis in adults. How osteogenic cells 
respond to OCP implantation may depend on 
the age of the recipient.  
OCP was shown to be converted to apatitic 
crystals when implanted in the subperiosteal 
region of mouse calvaria by 10 days [12,13]. 
The glycoconjugates accumulated on the 
converted apatite (recognized by maclura 
pomifera agglutinin (MPA) lectin), are can-
didates for bone stimulating factors following 
OCP implantation [13]. The MPA binding 
glycoconjugates may also be involved in 
osteogenesis and/or chondrogenesis, initiated 
by OCP implantation in rat endochondral and 
intramembranous bones. The ability of OCP to 
enhance the activity of skeletal tissues, appears 
to be comparable to that of TGF-beta or 
prostaglandin E1 (PGE1) [13,28]. Bioactive 
factors, such as TGF-beta and PGE1, in 
surrounding tissues or tissue fluids may 
accumulate on OCP or the converted apatite, 
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so that they could be released to work on the 
osteogenic cells as OCP or apatite are decayed 
in the tissues. Biochemical analysis of the 
organic matrices accumulated on OCP or the 
converted apatite will be required to identify 
the factor(s) that can activate skeletal tissues.   
The fate of the implanted OCP is not known. 
Some OCP implants were observed to be 
surrounded directly by newly formed bone. 
The implants may be resorbed by the MNGCs 
after being exposed by the remodeling process 
of the surrounding bone [15]. Previous studies 
showed that the MNGCs, which surround the 
implanted OCP, share ultrastructural features 
of osteoclasts, and the MNGCs could resorb 
the implanted OCP [29].  
In the present study, the implants decreased 
with time, but still remained up to the 4th 
week after implantation. It is possible that they 
might be further resorbed with time. 
 
CONCLUSION 
The present study demonstrates that OCP is an 
inorganic compound that stimulates osteogene-
sis in both endochondral and intramembranous 
bones. It could be used as an effective bone 
substitute for augmentation of the alveolar 
ridge or for filling bony defects, such as that 
left after cystectomy or a tooth socket after 
extraction. Further studies are suggested in 
order to assess the feasibility of this material 
for clinical use in various aspects of oral and 
maxillofacial surgery. 
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