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ABSTRACT 
 

Introduction: We investigated the effects of adding bone marrow aspirate to bioglass in repair of rabbit calvarial bone defects. 
Methods: In this experiment 4 defects were created in each calvarium of the 9 rabbits, and each calvarium defect separately treated by 
autologous bone marrow mixed with bioglass, bioglass, autologous cancellous bone, and the fourth defect remained without treatment 
as control. Radiological, histological and histomorphological healing process assessed 4, 8 and 12 weeks postoperatively. Results: 
Cancellous bone treatment showed the best results radiographically and histologically. Control group showed the lower numbers. 
Bioglass and bioglass-bone marrow treatments were not enough effective as the cancellous bone treatment during the experiment time 
line. Conclusion: Although combination of bioglass and autologous bone marrow has a better osteoinductive and osteoconductive 
properties than bioglass by itself, but in comparison with autogenous cancellous bone, it still has a weaker and poorer osteoinductive 
and osteoconductive properties. 
 
Keywords: Bone regeneration, bone marrow, Bioglass, cancellous bone, Rabbits. 
 

Introduction  

Bones have complex tissue and highly ordered structures. In 
micro-view they have fewer cells and most of the matrix fills by 
intercellular collagen fibers and strength materials [1]. In 
fractures, bone injuries and many situations, athwart other 
tissues, bones can restore themselves without scar making. But, 
in pathological fractures or large and heavy bone defections, 
recovery and repair of bones were unsuccessful. Infection of the 

bone or the surrounding tissues, lack of blood supply, and 
systemic diseases defect bone healing, and it caused delayed 
bone reunion or ineffectual of bone union [2]. 
Bone defects, caused by trauma or surgically for treatment of 
diseases, are a challenging concern for surgeons. Current 
treatment strategies include implantation of synthetic materials 
and transplantation of natural grafts. Bone grafting is a surgical 
treatment that replaces lost or damaged bones [3]. application of 
bone grafts have effective and accelerating impacts in treatment 
of bone damages [4]. However, limitation of current treatment 
plans have leads researchers to focusing their works for finding 
reliable bone graft donor sites and materials in clinical and 
surgical interventions [5-7].  
Bone grafts have a key role to make a supportive structure in 
treatment of bone damages [8].  Bone grafts act as a scaffold to 
bone reconstruction and filler for bone defects of surgical 
operation or traumas, which named osteocunduction [4]. They 
help osteoblasts to improve their reproduction and separation in 
damaged parts resultred in osteogenesis and osteoinduction, 
respectively [9]. Despite the fact that, basic studies has resulted 
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in the incorporation of several allografts, xenografts, and 
alloplastic materials into the routine methods, until now, in 
most cases autologous bone grafting is considered as the gold 
standard option [5]. In addition, Autologous grafts have no 
adverse immune reactions; so autologous graft in most cases is 
the most effective graft to bone treatment [10]. However, 
application of autologous graft has some disadvantages e.g 
donor site injuries and limited amount of extractable graft [3, 4]. 
To repairing the bone damages, Current researches focuse on 
different natural living grafts and synthetic non-living materials 
such as bone marrow [11], autologous bone slices and parts [12], 
stem cells [13], calcium based materials [14], silica based materials 
[15] etc. The purpose of this study is to describe radiographic and 
histomorphometric results of bioglass, bone marrow and 
bioglass-bone marrow in treatment of calvarial bone defects in 
rabbit.  

Methods: 

Animal model, groups and surgery 
Nine male New Zealand white rabbits (NZWR) whit average 
weight of 2.5 kg were kept in separate cages. There were four 
different treatments in this experiment. The following groups 
were compared: 1) autologous bone marrow mixed with bio-
glass 2) bioglass 3) autologous cancellous bone and 4) control 
empty group (no treatment). The local ethics committee and 
animal welfare approved the design of the experiment. No 
death or complication observed in animals during the study.  
The rabbits were anesthetized by intramuscular injection of 
35mg/kg ketamine (Ketamine 10%, Alfasan, Woerden, 
Holland) and 5 mg/kg xylazine (Xylazine 2%, 10%, Alfasan, 
Woerden, Holland). The anesthesia was continued with 1.5% 
isoflurane (Forane, Aesica Queenborough, Queenborough, 
Kent, UK) after endotracheal intubation and presurgical 
preparation was done for aseptic surgery. A midfrontal skin 
incision was made and the calvarium was exposed using a 
periosteal elevator.  Four circular defects in same shape, 
thickness and a size made in each calvarium of the rabbits using 
a high speed burr (NSK, Nakanishi inc, Kanuma, Japan) with 5 
mm diameter trephine under irrigation with 0.9% sterile saline 
solution. All defects standardized with anatomical landmarks 
that include occipital appendage, craniocaudal suture and 
sagittal suture (Fig. 1).  
Then, Jamshidi biopsy needle used to extract 2 ml bone 
marrow from the greater tubercle of humerus of the same 
rabbit. Furthermore, a hole was created in the same region and 
cancellous bone extracted using a bone curette. Calvarial 
defects separately filled with autologous bone marrow mixed 
with bio-glass (Bioglass®, US Biomaterials, Alachua, FL, USA), 
bioglass, autologous cancellous bone, and the fourth defect 
remained without treatment as control. 
Radiological, histological and histomorphological healing 
process evaluated 4, 8 and 12 weeks postoperatively. For this, 

each times, three rabbits were euthanized and harvested 
calvarium prepared for radiography immediately. 

Radiological investigation: 
Post mortem, using an autopsy bone saw each calvarium 
separated by four cut; each contains the frontal and parietal 
bones and includes created defect. radiographical image were 
taken in the dorso-ventral views of the bones. Radiographs 
were compared subjectively and quantified based on graded 
scaling. So, number 1 gives to the third or lesser; number 2 
gives to third to the two-thirds and number 2 gives to two-
thirds to full defect (hole) filling. Moreover, to quantifying the 
radiological results of the treated area unity, number 1 gives to 
completely osteogenic differentiation, number 2 gives to 
muffled osteogenic differentiation and number 3 gives to loss 
ofosteogenic differentiation. Also, densitometric evaluation of 
radiographs was examined by use of a stepped aluminum 
phantom with specified thickness as an index in each 
radiographs and image processing software (ImageJ, ImageJ 
Developers, National Institute of Health, USA). Furthermore, 
number 1 gives to the almost radiolucent defects, number 2 
gives to till one-half the normal bone density and number 3 
gives to almost equal with the normal bone density in defected 
area, to quantifying the radiological results of the treated area 
bone opacity. 

Histological and histomorphological healing 

process evaluation 

After radiography; bones fixed in 10% formalin (Merck Inc, 
Germany) for 10 days. The samples are transferred to solution 
containing 20% formic acid (Merck Inc, Germany) for 72 hours 
to decalcification process. Then for neutralization bones treated 
by 20% lithium carbonate (Merck Inc, Germany) solution in 5 
minutes, and using microtome device bone sections prepared, 
coded (with India ink) and set for dehydration and clearing 
process. Afterward of serial dehydration, the marked bone 
sections placed into the paraffin blocks. From paraffin blocks 
belong to each defect, 25 - 30 cutting (perpendicular to cranial 
vault) with 5 µm diameter prepared, also stained with 
Hematoxylin and Eosin (H & E) method, and after that samples 
was evaluated by light microscope. 
Bone formation percentage and the remaining biomaterial 
percentage are quantitative variables that were measured. And 
all prepared sections of any defect were photographed by a 
digital camera at magnification X40. For those assessments, 
image processing of resulting images (in JPEG format) 
implemented by Sigma Scan Pro 5 (Systat Software Inc.) 
software. 

Statistical analyses 
Statistical analysis was performed using SPSS 16 software (IBM 
Corp, New York, USA) and Tukey test was used for 
comparisons using a confidence level of P < 0.05 to determine 
the significance of differences. 
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Result: 

Radiological results: 
Defects treated by cancellous bone treatment showed the best 
results in all the times. Also control showed the lower numbers 
and bioglass and bioglass-bone marrow treatments were not 
enough effective as the cancellous bone treatment during the 
experiment time line (Figure 2 and Table I). 
As the results shown in Table I, defect unity of the bone that 
treated by cancellous bone and also control showed the lowest 
numbers in all the times, in fact they show not significant unity 
to the surrounding bones. In the other hand, bioglass and 
bioglass-bone marrow treatments showed the promising results. 
However, bioglass-bone marrow treatment showed the best 
scores during the weeks of the experiment. 
As Bone opacity mostly caused by mineral content and 
concentrations, so Increased in bone opacity is associated with 
increased mineralization or new bone productions [16]. As a 
result and based on the declared data in Table I, defect opacity 
treated by cancellous bone had the best results in all the 
intervals. Also control showed the lower numbers and bioglass 
and bioglass and bone marrow treatments not enough effective 
as well as the cancellous bone treatment during the experiment. 
But that cannot be seen, bioglass-bone marrow treatment 
always showed promising results and a little lower than results 
of cancellous bone treatment. 

Histomorphometrical analysis and 

histomorphological analysis  
As the results shown in Table II, cancellous bone treatment 
showed the best bone regeneration percentage in all the times; 
after 4 weeks of the treatments, cancellous bone are 5 time 
more effective than the control in bone regeneration and 
healing of the rabbits. Also control showed the lower numbers 
and bioglass and bioglass-bone marrow treatments not enough 
effective as well as the cancellous bone treatment during the 
experiment. Moreover, those efficiency ranks of the treatments 
in bone regeneration were unalterable after 8 and 12 weeks of 
the test. 
After 4 weeks, in control defect (hole) samples, limited bone 
growth and immature woven bone trabeculae observed. In the 
center place of healing (defect center) immature woven bone 
trabeculae was quite thin and narrow, also scattered multiple 
limited foci of osteoid formation observed (Fig. 3, part A). In 
the control defects after 8 weeks, in defect area and also 
between bones trabeculae, the relatively mature connective 
tissue with small blood vessels, abundant connective cells and 
less inflammatory cells were completely visible. In that stage of 
healing intensity of the inflammatory response reduced and, the 
size and thickness of trabeculae was expanded; moreover of that 
the mineralization had begun (Fig. 3, part B). After 12 weeks in 
conrol group bone formation was better than 4 and 8 weeks. 
(Fig. 3, part C). 

After 4 weeks, in bioglass treated defect samples, apparently 
25% of the bioglass absorbed and surrounded by mononuclear 
phagocytic cells (monocytes or macrophages), 
polymorphonuclear cells and connective tissue. Bone growth 
and early woven bone trabeculae observed. That woven bone 
trabeculae was quite thin and narrow; but many bone 
trabeculae particularly mineralized and also, so similar to the 
osteoid (Fig. 4, part A). In the bioglass treated defects after 8 
weeks, half of the bioglass absorbed. In the defect area and also 
between bones trabeculae, the relatively mature connective 
tissue with limited blood vessels, abundant connective cells and 
less inflammatory cells were completely visible. In that stage of 
healing intensity of the inflammatory response reduced and, the 
size and thickness of trabeculae was expanded; moreover, the 
created trabecula surrounded by giant and activate osteoblasts 
(Fig. 4, part B). After 12 weeks, bioglass reduced, , mature 
spicules changing to the lamellar bone formation with visible 
haversian systems or bone marrow cavities, and also bone 
induction was better than weeks 4 and 8 (Fig. 4, part C). 
After 4 weeks, in autogenic cancellous bone treated defect 
group, new trabecular bone formation   In the cener of defect 
was determined. (Fig. 5, part A). After 8 weeks of treatment, 
New bone trabeculae was thicker and larger than in 4 weeks; 
(Fig. 5, part B). After 12 weeks, there was ditinct complete 
new bone formation in the defect (Fig. 5, part C). 
After 4 weeks, in bioglass-bone marrow treated defect samples, 
histo-pathological overview seems between bioglass treated 
defects and autogenic cancellous bone treated defects; but 
mostly look like bioglass treated defects. Bone growth and early 
woven bone trabeculae also observed.  (Fig. 6, part A). The 
woven bone trabeculae were quite thin and narrow, moreover 
of that, some of the bone trabeculae particularly mineralized. 
After 8 weeks, half of the bioglass absorbed and observable 
changes similar to the same time stage of bioglass treated 
defects (Fig. 6, part B); Also, respectively after 12 weeks of the 
experiment (Fig. 6, part C). 

Discussion: 

The hypothesis for this study was that bone marrow aspirate 
promotes bone healing in a critical size calvarial defect on 
Bioglass scaffold. The data show that the addition of bone 
marrow had a significantly positive effect on bone healing, both 
radiographically and histologically. However, the effect was not 
as similar as cancelous bone graft. 
Early studies have shown that autologous graft, especially 
autogenous bone-grafting are more effective in most situations 
[17-19]. Generally, the successful autogenic bone grafting depends 
on the rapid reproduction and survival of the bone cells, 
conditions at the receiving tissue, type of chosen graft or grafts, 
graft treatment, and the graft forming during the surgery 
method. Fresh autologous graft capable to support new bone 
growth in four ways: induction, genesis, conduction, and 
integration. Although some grafts may not have all of these 
characteristic, but they can be clinically effective [2, 20]. 
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Previous studies reported the ability of bioglass to promote 
bone healing [21, 22]. In addition, some reports have shown that 
after implanting of bone scaffolds and substitutes, the bone 
density and healing are significantly greater when they are used 
in combination with bone marrow aspirate [23-25]. Bone marrow 
aspirate contains different type of cells especially mesenchymal 
stem cells [26]. 
Recent studies revealed Mesenchymal stem cells especially 
those derived from bone marrow, promote bone healing [27-30]. 
Common sources of obtaining mesenchymal stem cells are: 
Cultivation of these cells, peripheral blood and autogenous 
bone graft. As cultivation of Bone marrow needs special 
facilities, take prolonged time and has extra expenses for 
patients, bone marrow aspirates could be a suitable and 
available source of these cells [31] Furthermore, Bone marrow 
aspirate contains a higher percentage of mesenchymal stem cells 
than peripheral blood [26]. In addition, it is less invasive than 
harvesting of autogenous bone graft, is relatively easy with less 
pain and does not involve significant risks of complications [32]. 
In our study defected calvarium of 9 rabbits treated by 
autologous bone marrow mixed with bioglass, autologous 
cancellous bone, and bioglass. Radiological, histological and 
histomorphological investigations of healing process that 
evaluated after 4, 8 and 12 weeks of treatments showed that, 
the used osteo-grafts were effective. Weitao et al. [33] studied 
two different osteo-grafts, autologous iliac crest bone particles 
and injectable calcium phosphate cement. They also mentioned 
that the autogenous graft has better effects on bone healing in 
rabbits. Moreover, the grafts include autogenous wounded 
body parts were more effective than others. Kang et al. [19] 

compare the bone regeneration potential of two grafts, cultured 
allogeneic bone marrow and of autologous bone marrow loaded 
onto allogeneic cancellous bone. And that was in agreement 
with Kang et al. [19] findings. Also the graft was has more 
histological similarities (autologous cancellous bone) showed 
the best results of healing. In earlier study, Saad et al. [17] used 
the rabbit model for radiographic and histological evaluation of 
bone reconstruction using a calcium phosphate graft and when 
loaded with autogenous bone marrow-derived. So their results 
showed that fact. The results cleared that, defects treated by 
bioglass-bone marrow showed better healing signs than bone 
marrow treated sites; but almost all their of healing results were 
lower than defects treated by autologous cancellous bone. 
These results could be caused by these facts; firstly, bioglass-
bone marrow treatment has more histological similarities than 
bone marrow treatment [17], in the other hand, it has less 
autogenous parts than autologous cancellous bone treatment [33]. 
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Figure 1. Standardized holes in calvarium of the rabbit. 

 
Figure 2. Representative radiographs 4 (A), 8 (B) and 12 (C) 

weeks after surgery. Cancellous bone is shown as "*”, Bioglass-
bone Marrow as "+”, Bioglass as "#" and "-" is control. 

 
Figure 3. Defect recovery of control after 4 weeks (A), 8 

weeks (B) and 12 weeks (C). 

 
Figure 4. Defect recovery of bioglass treated defects after 4 

weeks (A), 8 weeks (B) and 12 weeks(C). 

 
Figure 5. Defect recovery of cancellous bone treated defects 

after 4 weeks (A), 8 weeks (B) and 12 weeks (C) 

 

 
Figure 6. Defect recovery of bioglass-bone marrow treated 

defects after 4 weeks (A), 8 weeks (B) and 12 weeks (C). 

Table 1: Quantified data of radiological observations 

Time after 
treatment 

4 Week 8 Week 12 Week 

Treatments C CB B BBM C CB B BBM C CB B BBM 

Hole filling 1d 2a 1.3c 1.6b 1.3 c 2.6 a 1.3 c 2 b 1.6 d 3 a 2 c 2.3 b 

Unity of 

treated area 
0 c 0 c 1.3 b 1.6a 0 c 0 c 1.6 b 2 a 0 c 0 c 2 b 2.3 a 

Opacity 1 d 2.3 a 1.3 c 1.6 b 1.3 d 2.6 a 1.6 c 2.3 b 1.6 d 3 a 2 c 2.6 b 

C: Control, CB: Cancellous Bone treatment, B: Bioglass treatment, BBM: Bioglass and 
Bone Marrow treatment. Subscripted alphabet showed significant differences those 
outcomes of One-way ANOVA in SPSS 16, P < 0.05 

Table 2: effect of treatments on bone regeneration 
percentage 

 CB BBM  B C 

After 4 Weeks 52.74±4.45a 29.83±5.63b  22.35±2.67c 10.69±3.13d 

After 8 Weeks 69.28±6.20 a 49.25±4.71 b  33.37±5.23 c 22.62±2.39 d 

After 12 Weeks 89.36±3.38 a 74.97±5.22 b  56.81±3.95 c 31.49±4.15 d 

CB: Cancellous Bone treatment, BM: Bioglass- Bone Marrow treatment, B: Bioglass 
treatment, C: Control. Data are average of bone regeneration percentage ± SD. 
Subscripted alphabet showed significant differences those outcomes of One-way 
ANOVA in SPSS 16, P < 0.05 


