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Abstract: The use of synthetic bioactive materials opens new possibilities for clinical applications. A 
combination of bone powder and nano-hydroxyapatite/calcium sulfate mixture would probably create a 
composite which will be both osteoconductive and osteoinductive properties. This study was to 
determine the effect of the combination of spongy rib bone powder mixed with nano-
hydroxyapatite/calcium sulfate on healing experimentally induced defect in rabbit radial bone. 18 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 radial shaft and was stabilized with a miniplate of 4 screws in all rabbits. The 
defects were left as such in control group (6 rabbits) but spongy bone powder was used to fill the bone 
defect in group II (6 rabbits) and a mixture of nano-hydroxyapatite/calcium sulfate with spongy rib 
bone powder in group III (6 rabbits). Rabbits were evaluated clinically and were sacrificed for 
mechanical property at the end of one month and three months using 3 rabbits in each group. There was 
a significant increase in compression properties of radial bone in group III in 1st and 3rd months as 
compared to other two groups (I, II). The biomechanical testing showed 384.6±22.1N was breaking 
point for normal bone and 92.6 ±14.8N in group (I) and 302.6±16.8 N, in group (II) and 367.4 ±26.6 N 
for group (III) recorded in 3 months duration. The results of this study show that the mixture of spongy 
bone with that of nano-hydroxyapatite/calcium sulfate  is good choice for the healing of segmental 
bone defects, as increased and attained almost normal mechanical property or tensile strength  that of 
normal one. 
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INTRODUCTION 

 
 Segmental bone loss or non-union results in the vast demand for new bone to replace and restore the 
function of the lost bone (Bauer and Muschler, 2000). The filling of osseous defects after trauma, infection, non-
union or tumor resection still represents a major problem in orthopedic surgery. Due to the limited availability 
and donor site morbidity of bone auto grafts, risk of possible immune responses and other unavoidable 
complications, synthetic bioactive materials which are ideal for bone substitute include biocompatibility, 
biodegradability, ability to provide structural support  and ease to use in clinical practice being highly advocated 
(Petite et al., 2000). Osteogenesis, osteoinduction and osteoconduction are three essential elements of bone 
regeneration along with the final bonding between host bone and grafting material (Banwart et al., 1995). A 
number of materials such as metals, metals alloys, collagen and carbon-based materials. Polymers, ceramics and 
composites of the above materials have been recommended to fill and reconstruct bone defects (Bauer and 
Smith, 2002), but none of them shown to be ideal. However metals are being widely used for major load-bearing 
orthopedic applications (Cowley and Anderson, 1983). Several non metallic materials have been proposed for 
construction of bone but none of them found to be suitable for wide application in clinical conditions 
(Nascimento et al., 2007). Although autogenous bone grafts are still considered the golden bone grafts are 
widely used but beside that several ceramic biomaterials have been developed as synthetic bone substitutes, thus 
challenging their supremacy (Cowley and Anderson, 1983). In this study mixture of spongy rib bone powder 
with that of nano-hydroxyapatite/calcium sulfate is intended to be suitable for defects of any shape. The 
objective of this investigation was to evaluate the effect of this mixture on bone healing and its mechanical 
property. 

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 
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Institutes for Health Publication no. 85-23, revised in 1985) and our Ethical committee on animal care approved 
the protocol. 
Eighteen New Zealand 24 week old and weighing 3.3-3.5 kg male rabbits were used, and divided into three 
groups (I, II and III) of 6   rabbits each, according to the procedure performed. Animals in each group were 
subdivided into two subgroups of three rabbits for one month and three months duration. All rabbits were kept 
in individual cage during the whole experimental period, under strict hygienic conditions and fed with standard 
ration for rabbits and water ad labium. 
 The procedure of calcium sulfate/autogenous bone powder mixture has been schematically illustrated in 
Figure 1. 
(Figure No.1 : Cutting bone  into pieces—Boiling in water for 5 hrs—Refluxing in methyl acetate for 24 
hrs==firing at 1000oc—Milling to powder<60 mesh—Mixing with Calcium Sulfate  at 50:50 ratio==ready for 
implanting). 
 
Surgical Procedure: 
 Under intramuscular Diazepam (1mg/kg) premedication and intravenous Ketamine hydrochloride 
(35mg/kg) and Xylazine (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 radial bone, a segmental bone defect was created in the middle of the radius shaft, 10-
mm in length, using a delicate orthopedic motor saw and defect was stabilized with a miniplate having 4 screws. 
In group I, the defect was left empty, whereas in group II, the bone defect was filled with spongy rib bone 
powder paste, for preparation of paste 1 mL of the gentamicin liquid was mixed into slurry with 1gr of the 
powder part. In group III, the bone defect was filled with a mixture of powder with nano-hydroxyapatite /calium 
sulfate and the paste prepared as in former group. 
 
Post Operative Care: 
 Antibiotics (penicillin G procaine 40000 IU/kg IM, bid), dexamethasone (0.6 mg/kg, IM), vitamin 
B.complex (0.2 mg/kg, IM) and analgesic such as Tramadol hydrochloride (5 mg/kg, IM, bid) were 
administered for 3 post-operative days. 
 
Compressive Pressure Analysis: 
 All mechanical testing were performed using a Zwick/Roell 2005 with a crosshead speed of 0.01 mm/s. A 
load-distance curve was recorded to obtain the mechanical properties (Figure 1). Load bearing was obtained 
with maximum load recorded of the linear portion of the load-distance curve. The mechanical properties of the 
normal radial bone were measured to provide reference values. Three specimens were tested for each condition, 
and data were represented as mean±standard deviations (SD). Statistical analysis was carried out on the load 
bearing data using one way analysis of variance with the software program SPSS for Windows, version 9 (SPSS 
Inc., Chicago, IL, USA). P<0.05 was considered to be statistically significant. Tukey HSD multiple comparison 
testing was used to determine the significance of the deviations in the mechanical property of each sample for 
different times.  

 
 
Fig. 1: Typical load- distance curve for mechanical properties of specimen. 

 
 (The green line is principle but the mechanical engineer determines & analysis graph with Mat lab software 
and red line is Customized Functions with State) 
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RESULTS AND DISCUSSIONS 
 

 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 defect site. 
 There was a significant increase in compression properties of radial bone in group III in 1st and 3rd months 
as compared to other two groups I, II. The biomechanical testing showed 384.6±22.1N was breaking point for 
normal bone and 92.6±14.8N in group I and 302.6±16.8 N in group II and 367.4±26.6 N for group III recorded 
in 3 months duration.  The  results  of  this  study  show that the mixture of spongy bone with that of nano-
hydroxyapatite /calcium sulphate is good choice for the healing of  segmental bone defects, as increased and 
attained almost normal mechanical property or tensile strength  that of normal one. 
 
Table 1: Load bearing of normal, groups I, II and III (Mean ± SD) 

Time of implantation 
Load bearing (N) 

Normal Group I Group II Group III 
1 months   384.6±22.1 67.3±16.7 174.2±22.8 194.7±14.5 
3 months 384.6±22.1 92.6±14.8 302.6±16.8 367.4±26.6 

 

 
 
Fig. 2: Result of Load bearing of normal, group I, II and III at 1and 3 months after implantation. 

 
Discussion: 
 Bone grafts are often necessary to provide support, fill voids, and enhance biologic repair of skeletal 
defects. Strategies for the development of biological substitutes capable of mimicking the natural environment 
aim to provide the key components which play a pivotal role in the repair of the bone (Nandi et al., 2008). 
Autogenous bone graft has been the implant of choice for most of the orthopedic procedures. However, 
autogenous and allogenic bone grafts have several limitations, such as donor-site infection, pain, disease transfer 
and inadequate availability and inappropriate form (Petite et al., 2000), 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 (Driessens et al., 
1998). The Bone cements beside bioactive materials are new generation for bone substitutes, with potential 
clinical applications in orthopedics. These materials can be shaped into any complicated geometry or filled into 
any intricate cavity offering a good fixation and tissue biomaterial contact necessary for stimulating bone in 
growth (Zambonin and Grano, 1995). The osteoconductive property of fillers is an ideal requirement for a bone 
substitute which provides better strength to the healing site (Al-Munajjed and O`Brien, 2009). Bone powder an 
osteoinductive material being used as a bone graft substitute, and combination with nano-
hydroxyapatite/calcium sulfate would probably create a composite with potentiated 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 group III. There were significantly differences between the 
mixtures of bone powder with that of nano hydroxyapatite /calcium sulfate compared to control group. The 
osteoconductive of the of this mixture promotes bone healing and helps in regaining the strength of the defect 
site faster.  The addition of nano-hydroxyapatite creates better conditions for bone formation; the increased 
osteogenesis may well be attributable to the stimulatory effect of nano-hydroxyapatite /calcium sulfate on local 
cells involved in bone regeneration such as osteoblasts, mesenchymal progenitor cells and endothelial cells 
(Nascimento et al., 2007; Al-Munajjed and O`Brien, 2009; Eslaminejad et al., 2011). Our findings were found 
to be similar to some of the earlier studies. Indeed, both of bone powder and its mixture with nano-
hydroxyapatite/calcium sulfate were found to enhance osteoblast differentiation (Al-Munajjed et al., 2009). In 



Aust. J. Basic & Appl. Sci., 5(9): 1617-1621, 2011 

 

addition, bone powder with nano hydro apatite composites proved to be biocompatible both in humans and in 
animals (Ozturk et al., 2006).These composites also behaved mechanically in a superior way to the individual 
components. The ductile properties of nano-hydroxyapatite /calcium sulfate help to increase the poor fracture 
toughness (Harvey et al., 2010; Ghosh et al., 2004). The addition of nano-hydroxyapatite/calcium sulfate gave 
higher stability, increased the resistance to three-dimensional swelling compared to the control and spongy bone 
powder alone reference and enhanced their mechanical ‘wet’ properties (Eid et al., 2001; Yeni et al., 2004). 
 As results, we consider that mixture of spongy bone powder mixed with hydro apatite and is a good choice 
for the healing of segmental bone defects, and provides a more rapid regeneration with almost normal 
mechanical property of bone defects (Landis, 1995; Orr et al., 2001). The cancellous rib bone with and without 
combination of nano-hydroxyapatite /calcium sulfate ad jointly mixed with the host bone which indicated that 
the nano bio composite has excellent bioactivity and can be used to pack into bone defect. 
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