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Abstract: Osteogenesis is one the essential elements of bone regeneration along with the final binding
between host bone and grafting material. Collagen type I (Col) is one of the most widely used bone-
filling biomaterial in present bone tissue engineering. Calcium phosphate bone cements (CPC) have
gained importance in orthopaedics as repair materials for bone defects. A combination of Col/CPC
mixture would probably create a composite with both osteoconductive and osteoinductive properties.
The purpose of this study was to determine the effect of the combination of collagen type I and
calcium phosphate bone cement mixture on healing of rabbit radius segmental defects. 54 adult male
New Zealand white rabbits were used. A segmental bone defect of 10 mm in length was created in
the middle of the right radius shaft. The defects were stabilized with miniplate in control group and
CPC was used to fill the bone defect in group II and a mixture of CPC/Col was used to fill the bone
defect in group III. The animal was evaluated clinically and radiologically in the postoperative period.
Rabbits were sacrificed at 4, 8 and 12 weeks after surgery and evaluated histopathologically.
Differences observed in radiological findings were not significant between groups but differences
observed in histopathological findings were significant between group 3 and groups 1 and 2 and also
was significant between group 2 and group 1. The results of this study show that the mixture of
collagen type I and calcium phosphate bone cement is a good choice for the healing of segmental
bone defects, and provides a more rapid regeneration of bone defects.
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INTRODUCTION

Segmental bone loss due to trauma, infection, tumor resection and even non union results in the vast
demand for replacement and restoration of the function of the lost bone (Shors, 1999. In the clinical setting,
due to disadvantages of autologous bone grafting that include limited supply, persistent pain, nerve damage,
and cosmetic disability at the donor site (Hardouin et al., 2000), bone tissue engineering has been attracting
much attention. This new therapeutic technology induces bone regeneration by employing various growth
factors, osteogenic cells, and biocompatible scaffolds or a combination of these approaches (Langer and
Vacanti, 1993; Petite et al., 2000 and Giannoudis et al., 2005). Many types of bone filling materials have been
developed and have played critical roles in bone repair (Li et al., 2003; Shin et al., 2004; Li et al., 2005 and
Svensson et al., 2005). Collagen is one of the most widely used bone-filling biomaterial in present bone tissue
engineering (Hollinger et al., 1998; Liu et al., 1999 and Geiger ef al., 2003). Collagen is an effective

Corresponding Author: Ghafour Mousavi, Department of Clinical Science, Surgery and Radiology Section, Faculty of
Veterinary Medicine, Islamic Azad University Tabriz Branch Postal code: 1655 Tabriz, Iran
Tel: +984116373339 Fax: +984116373935
E-mail: ghaour mousavi@hotmail.com

5144



Aust. J. Basic & Appl. Sci., 4(10): 5144-5153, 2010

stimulator of osteogenesis (Kinoshita et al., 1999) and it is a biocompatible material that can be tolerated by
the body, the clinical use of heterologous collagen is becoming more widespread (Gungormus and Kaya, 2002).
Collagen type I fulfills some criteria expected of a promoter of bone formation (Bauer and Smith, 2002). It
stimulates osteoblsat proliferation and osteogenic differentiation of bone marrow-derived cells (Masi ef al., 1992
and Kinoshita et al., 1999). It is chemotactic for osteoblasts, fibroblasts and endothelial cells (Palmieri et al.,
2000). Collagen type I has been used for filling empty sockets, periodontal fenestrations and bone defect by
some researchers (Choie et al., 1993 and Gungormus, 2004). Calcium phosphate bone cement used as an
alternative bone substitute (to autograft) in bone grafting (Komaki et al., 2006). It has been reported that
calcium phosphate bone cement has excellent osteoconduction and resorbability when filling the bone defect
(Dong et al., 2002; Ogose et al., 2002; Chazono et al., 2004 and Kondo et al., 2005). With regard to shape,
both block and granular of calcium phosphate have been available; however, some cases have presented
difficulty in filling irregular shaped bone defects (Komaki ef al., 2006). In this study calcium phosphate bone
cement and collagen type I mixture is intended to be suitable for defects of any shape. The objective of this
study was to evaluate the effect of a mixture of calcium phosphate bone cement and type I collagen on bone
healing.

MATERIALS AND METHODS

Investigations using experimental animals were conducted in accordance with the internationally accepted
principles for laboratory animal use and care as found in the United States guidelines (United States National
Institutes for Health publication no. 85-23, revised in 1985), and our Ethical committee on animal care
approved the protocol. Calcium phosphate bone cement consists of powder contained calcium and phosphorous
based ingredients include Ca4(PO4)20 and CaHPO4 and the liquid part is distilled water containing Polyacrylic
Acid and 2-Hydroxyethyl Methacrylate (HEMA) and 2,2,4-Trimethyl Hexamethylene Dicarbonate. Type I
collagen was obtained from MP Biomaterials Co. LLC (France). This is a highly purified sponge type I
collagen extracted from bovine Achilles' tendon through a nondenaturing procedure. Fifty-four New Zealand
24 week old and weighing 3.3-3.5 kg male rabbits were used, and divided into three groups (1, 2 and 3) of
18 animals each, according to the procedure performed. Animals in each group were distributed into three
subgroups of six animals each, according to postoperative follow-up period, of four (subgroup a), eight
(subgroup b) and 12 weeks (subgroup c). All animals were kept in individual cages during the whole
experimental period, under strict hygienic conditions and fed with standard ration for rabbits and water ad
libitum.

Surgical Procedure:

Under intramuscular Diazepam (Zepadic, Diazepam 10mg/2ml, IPDIC-Rasht-Iran, 1mg/kg) premedication,
and intravenous Ketamine hydrochloride (Ketamine 10%, Alfasan, Woerden-Holland, 35mg/kg) and Xylazine
(Xylazin 2%, Alfasan, Worden-Holland, 5mg/kg) general anesthesia, right radius was routinely prepared for
surgery. A 4-cm longitudinal skin incision was made. The space between extensor and flexor muscles groups
was dissected, providing a wide view of radius, of which periosteum was fully dissected. A segmental bone
defect was created in the middle of the radius shaft, 10-mm in length, using a delicate orthopedic motor saw.
In group 1, the bone defect was stabilized with a miniplate and 2 screws and was left empty. In group 2, the
bone defect was filled with calcium phosphate bone cement, for preparation of calcium phosphate bone cement
I mL of the liquid part was mixed into slurry with Igr of the powder part. In group 3, the bone defect was
filled with a mixture of calcium phosphate bone cement and type I collagen, for preparation of this mixture,
1 mL of liquid part of bone cement was mixed with 150 mGr of the sponge type I collagen and lgr of the
powder part of bone cement. The volume of the bone cement in group 2, and mixture of bone cement and
collagen in group 3, was slightly larger than that of the original bone defect. The muscle attachment was
repaired and skin was closed in layers.

Radiological Examination:

Each rabbit was examined by X-ray sequentially at normal, after removing a piece of bone and on 4, 8§,
and 12 weeks. All exposure with a target-to-film distance of 100 cm and an exposure time of 0.10 second at
40 kVp and 1 mA. Conventional X-ray images: the radial segment of the anterior limb was rigorously
maintained at established positions to enable comparisons, and X-ray findings were graded according to their
appearance, namely: 0. total absence of healing; 1. uneven bone neoformation (undetermined healing signs);
2. bone sclerosis and response; 3. partial healing, and; 4. total healing/ remodeling (Wilson et al., 2006).
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Histopathological Examination:

The animals were sacrificialed four, eight and 12 weeks postoperatively, according to the subgroup in each
group, with an intravenous injection of an over dosage of Thiopental sodium, causing a quick and painless
death. The bone defect of right radius was removed, and sunk in 10% formalin buffer during seven days, for
fixation; then, it was decalcified in a water solution of 10% nitric acid during additional 5 days. Each of those
segments were included in paraffin blocks, all specimens were serially sectioned longitudinally at 5-pm
intervals and stained with hematoxylin-eosin (H&E) and Masson's trichrome method for study of structural
characteristics, organic matrix and the bone cells. Results concerning bone failure repair were graded according
to the amount of newly formed bone tissue, as follows: 0. absence of osteoclasts and osteoblasts; 1. minimum
amount of neoformed bone; 2. sparse isles of osteoblasts grouping; 3. more organized osteoblasts grouping and
young bone trabeculas; 4. bone trabeculas interposed with medullary spaces(Wilson ez al., 2006).

Statistical Analysis:

The data obtained from the radiological and histopathological were analyzed using SPSS software package
version 13.0 (Chicago, IL) for Microsoft Windows. Data were expressed as mean+=SD. The Mann-Whitney U
test and Kruskals—Wallis test were used to detect a significant difference between groups; statistical significance
was assumed at p 0.05.

Results:

No operative or postoperative complications were encountered. All of the rabbits tolerated surgery well
and survived until the final experimental time. No wound opening or infections were observed. At sacrifice
the macroscopic evaluation revealed maintenance of correct position of sample in the radial site.

Radiological Examination:

The results graded as described above allowed for a subjective qualitative evaluation and corresponding
statistical analysis. The results of the radiologically evaluation showed that in group 1, no bone neoformation
was seen in the defect, within 4 weeks after surgery (grade 0), uneven bone neoformation, characterized by
areas of apparent young bony intercortical callus was observed within eight (grade 1) and 12 (grade 2) weeks,
and 12 weeks after surgery, periosteal callus was not found (Fig 1).

o

Fig. 1: X-ray appearance of operated site in group 1, absence of healing was seen in subgroup la (a),
intercortical callus was observed in subgroup 1b (b), incomplete gap healing was observed in subgroup
lc (c).

In group 2, four weeks after surgery, calcium phosphate bone cement were observed, no bone formation
was seen in the defect (grade 0), 8 weeks after surgery the margins of calcium phosphate cement were unclear
and virtually disappeared, thank to bone remodeling (grade 1). By 12 weeks after surgery most of cement had
disappeared, having been replaced by newly formed bone (grade 1 and 2) but it is not recognition well into
the bone cement (Fig 2).
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Fig. 2: X-ray appearance of operated site in group 2, calcium phosphate bone cement were observed in
subgroup 2a (a), calcium phosphate cement were unclear and virtually disappeared in subgroup 2b (b),
most of cement had disappeared, bone formation is not recognition well into the cement in subgroup
2¢ (¢).

In group 3, calcium phosphate cement and collagen remained in the defect, similar to the finding in group
2, at 4 weeks after surgery bone cement were observed and no bone formation was seen in the defects (grade
0). Some bone neoformation and bone response (grade 1 and 2) was observed inside the gap within 8 weeks.
12 weeks after surgery, most of bone cement had disappeared and were unclear, but only partial bone
formation was recognized (grade 2) (Fig 3).

Fig. 3: X-ray appearance of operated site in group 3, bone cement were observed, no bone formation was
seen in subgroup 3a (a), bone cement were unclear and disappeared in subgroup 3b (b), most of
cement had disappeared, partial bone formation was recognized in subgroup 3c (c).

Differences observed in radiological findings were not significant between groups (p>0.05).
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Histopathological Examination:

The histological examination of sections of all three groups revealed no evidences of severe infection,
inflammation or necrosis of the tissue surrounding the implant. Histopathological evaluation at 4 weeks,
revealed that the gaps in group 1 (subgroup a) were completely filled with connective tissue containing thin
relatively parallel collagen fibers undergoing mineralization and hematogenic cells (grade 1). Unmineralized
bone matrix (osteoid tissue), centers of ossification, immature bone trabecule fragments, mesenchymal cells,
numerous dilated capillaries were noticed. In eight weeks (subgroup b), some osteoblasts (grade 1) could
already be seen, especially at gap periphery, in spite of a very poor osteogenic activity. Ossification had begun
at the edges of the defect. A similar appearance was observed within 12 weeks (subgroup c) (grade 1 and 2),
the holes were completely filled with dense connective tissue containing parallel collagen bundles,
unmineralized osteoid tissue and immature bone trabecular structures with low maturation and many remodeling
marks (Fig 4).

Fig. 4: Bone healing process in group 1. Filling of the bone defect with mature connective tissue and
intramembraneous ossification is obvious in subgroup la (a), the major part of the defect is filled with
connective tissue and mature bone trabecules in subgroup lc (b).

In group 2, within four weeks (subgroup a), the gap was filled with mature connective tissue that
extensively replaced with immature bone trabeculae and bridged the gap completely and a mineral core which
still as a solid was present (grade 1). In some sites bone cement were present between the newly formed bone
trabeculae or embedded within connective tissue containing differentiated osteoblasts synthesing an osteoid
matrix and bone trabeculae fragment. Many particles detached from the cement were also phagocytosed by
macrophages and giant cells. Within eight weeks (subgroup b) bone formation had begun in the cement. The
major part of the cement was resorbed. The resorbed cement was replaced by bone trabecular structures and
unmineralized osteoid tissue. The bony trabeculac were relatively mature showed lamella-like structures (grade
2). Within 12 weeks (subgroup c), more cement was absorbed and replaced by immature woven bone
trabeculae. Maturation of newly formed bone trabecuale were more prominent at 12 weeks than 8 weeks and
some of them showed lamella-like structures (grade 2 and 3) (Fig 5).

In group 3, four weeks after surgery (subgroup a), newly formed bone originating from the periosteum
and endosteum. New bone formation was lamellar and immature (grade 2). Haversian canals were dilated by
bone resorption and connected with the newly formed bone by cutting cones (grade 3). Some filler collagen
was still interspersed between the newly formed bone. At 8 weeks (subgroup b), most of the defects were
obliterated by new bone formation (grade 3). Woven bones were less and remodeled to lamellar bone (grade
4) and bone trabeculas were thickened. Within 12 weeks (subgroup c), young bone trabeculas incressed in
number and were more evident (grade 4), with many osteoblasts sparsely distributed inside the new calcified
bone matrix and bone neoformation was more compact, with bone trabeculas more organized and calcified,
surrounded by osteoclasts, evidencing remodeling process (grade 4). Bone trabeculas outlined medullary spaces
filled by abundant hematogenic tissue, similar to normal bone (Fig 6).
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Fig. 5: Bone healing process in group 2. Bone cement is observed (arrow), which is covered by connective
tissue. Immature woven bone (arrowhead) surrounds the existing cement in subgroup 2a (a), in
subgroup 2¢ (b) new immature woven bone (arrow) is observed and active osteoblasts (arrowhead)
is present within the spicules.

Fig. 6: Bone healing process in group 3. In subgroup 3a, woven bone (arrow) has occupied the bone defect
with its spongy appearance (a), plumpy osteoblasts (arrows) which have infiltrated within the cement
and collagen mixture are prominent. Some of the osteoblasts (arrowheads) have been caught in
relatively matured trabecules, which forming osteocytes (b), in subgroup 3b, plumpy active osteoblasts
(arrowheads) are numerous within the cement and collagen content. Expanded and differentiated
trabecules have been organized as the haversian systems (arrows) (c), organized trabecules in haversian
systems are arranged in concentric layers with a central duct (arrows) (d), in subgroup 3c, bone
cement and collagen mixture is highly resorbed, bone trabecules are partially organized and compact.
Osteocytes are clearly obvious (arrowheads) (e), haversian systems with concentric layers and dilated
central duct (arrow) along with mature osteocytes are prominent (arrowheads) (f).

Differences observed in histopathological findings were significant between group 3 and groups 1 and 2
(»<0.05) and also was significant between group 2 and group 1 (p<0.05).
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Discussion:

An ideal bone graft substitute should have osteoconductive, osteoinductive and osteogenic properties.
Autogenous bone graft is the gold standard among the graft materials because it provides all of these properties
(Finkemeier, 2002 and Ozturk et al., 2006). Autogenous bone graft has been the implant of choice for most
of the orthopaedic procedures. However, autogenous and allogenic bone grafts have several limitations, such
as donor-site infection, pain, and disease transfer (Bauer and Muschler, 2000 and Ozturk et al., 2006). Because
of these limitations, biosynthetic bone graft substitutes are being investigated. As a result, some investigators
used mixtures of synthetic scaffolding biomaterials and osteoinductive organic agents to achieve better results
(Ozturk et al., 2006). Calcium phosphate cements are new generation bone substitutes, with potential clinical
applications in orthopaedics. CPC have become materials of choice for bone repair, because of their
biocompatibility and osteoconductivity. The cement can be shaped into any complicated geometry or filled into
any intricate cavity, within its setting period. It can adapt to the bone cavity, offering a good fixation and
optimum tissue biomaterial contact necessary for stimulating bone ingrowth (Komath et al., 2000). The most
notable outcome of the histological analysis is the replacement of CPC by new bone, as the healing process
progresses. This is the osteoconductive property, an ideal requirement for a bone substitute which provides
better strength to the healing site (Driessens ef al., 1998 and Fernandez et al., 2006) but it seems resorption
of calcium phosphate cement takes a relatively long time (Ozturk e al., 2006). Type I collagen, the major
structural protein of natural bone, has been shown to enhance proliferation and differentiation of osteoblasts
(Zambonin and Grano, 1995). CPC is an osteoconductive material being used as a bone graft substitute, and
type I collagen is an osteoinductive material and a combination of these would probably create a composite
with both osteoconductive and osteoinductive properties. The results achieved in this investigation indicate that
this mixture really stimulates a favorable reaction of long bones and the best fracture healing was observed
in the mixture of CPC/Col group. There were significantly differences between the CPC and control group also.
The osteoconductivity of the CPC promotes bone healing and helps in regaining the strength of the defect site
faster. The addition of type I collagen creates better conditions for bone formation, the increased osteogenesis
may well be attributable to the stimulatory effect of collagen on local cells involved in bone regeneration such
as osetoblasts, mesenchymal progenitor cells and endothelial cells (Masi et al., 1992; Kinoshita et al., 1999;
Palmieri et al., 2000 and Fuerst et al., 2004). Our findings were found to be similar to some of the earlier
studies. Indeed, both collagen type I and CPC were found to enhance osteoblast differentiation (Xie et al.,
2004), but combined together, they were shown to accelerate osteogenesis (Nascimento er al, 2007). A
composite matrix when embedded with human-like osteoblast cells showed better osteoconductive properties
compared to monolithic calcium phosphate and produced calcification of identical bone matrix (Ozturk et al.,
2006). In addition, collagen and calcium phosphate composites proved to be biocompatible both in humans and
in animals (Scabbia and Trombelli, 2004; Komaki et al., 2006 and Nascimento et al., 2007). These composites
also behaved mechanically in a superior way to the individual components. The ductile properties of collagen
help to increase the poor fracture toughness of calcium phosphate (Nascimento et al., 2007). The addition of
a calcium phosphate compound to collagen sheets gave higher stability, increased the resistance to three-
dimensional swelling compared to the collage reference and enhanced their mechanical ‘wet’ properties
(Yamauchi et al., 2004). Komaki and et al. showed that segmental bone defects were healed with cortical bone
12 weeks after implantation of the complex of B-TCP granules and 5% collagen with rthFGF-2. They showed
that the resorption of B-TCP is important for bone formation (Komaki ., 2006). Rammelt and et al. showed
that the addition of collagen to Hydroxyapatite implants can induce ossification processes in an early stage and
provides a better prerequisite for remodelling in the interface region (Rmmelt ez al., 2004). Chen and et al.
showed that a better bone induction effect using a collagen-binding domain to develop a collagen-based BMP-2
targeting system for homogenous bone repair in the in vivo experiments (Chen et al., 2007). As a result, we
consider that mixture of collagen type I and calcium phosphate bone cement is a good choice for the healing
of segmental bone defects, and provides a more rapid regeneration of bone defects.
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