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 Background: Critical size bony defects represent a challenge to oral and maxillofacial 
surgeons. Different modalities and graft types materials have been used, among which 
autogenous bone graft, that  is considered as the gold standard.  Objective: This study 
was done to evaluate the effect of cross-linked Hyaluronic Acid (HA), Bio-Oss and 
their combination in bone healing process in calvarial critical size bony defect in rats. 
Methodology: Ten rats were included in the study and each one had four surgical 
calvarial critical size bone defects. Defect (1) was left to heal spontaneously, defect (2) 
at which (HA) was applied, defect (3) at which Bio-Oss was applied, defect (4) at 
which combination of both grafts were applied in.   Rats were sacrificed after 4weeks, 
post-surgery and specimens were undergone histological evaluation by using light 
microscope.  Results: showed that (HA) and Bio-Oss have enhanced  the osteogenesis 
process, and their combination revealed a marked increase in the amount of new bone 
in the bony defect. Conclusion: histological evaluation  revealed that (HA) and Bio-
Oss bone grafts accelerated the bone healing process similarly when used separately. 
Their influence was more valuable when they were combined together as the bone 
defect appeared completely filled with new healthy bone. The effect of bone graft 
materials on bone healing warrants further exploration.  

 
INTRODUCTION 

 
Bone defects that cannot be healed completely are termed critical-sized defects and can be used to 

test bone grafts for medicine, dentistry, and periodontology. Bone preservation and augmentation is now 
considered the platinum standard for treatment in oral and maxillofacial surgery, through which many bone graft 
materials have been developed aiming to achieve that concept (Bezerra et al., 2012). As for critical bony defect 
many techniques have been developed to substitute the defect; autogenous bone graft as a gold standard 
technique is by far having merits and demerits. Donor site morbidity and the risk of losing the grafted material 
are among the most to be considered. Many bone substitutes have been developed to avoid autogenous graft risk 
factors (Baldini A., et al.,2010). The impact of different materials on bone building has been studied using very 
different experimental designs. Various models, animal types, species, anatomical regions, sizes of the bone 
defect, functional implications, surgical conditions, evaluation periods, and assessment methods and criteria 
have been employed. This diversity of experimental designs makes it difficult to compare the outcomes 
evaluated in different studies. From this point of view, a consistent and standardized testing model is desirable 
to provide a suitable assessment and comparison among the different materials and approaches used for bone 
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building (Hakan et al, 2010). Hyaluronic acid (HA) is a natural polysaccharide from the glycosaminoglycan 
family. The molecule composed of repeated sequence of non-sulfated disaccharide units of N acetylglucosamine 
and D-glucuronic acid (high molecular weight glycosaminoglycan) making it non-immunogenic. It is formed at 
the cell membrane and excreted directly into extracellular matrix which presents its abundant component. It 
participates in many physiological processes as angiogenesis, wound healing and promotes the formation of 
fibroblasts and osteoblasts ( Aslan et al,2006). Non cross-linked Hyaluronic acid has been used as a carrier for 
bone graft, bone morphogenic protein and demineralized bone matrix (Mendes et al ,2008). Hyaluronic acid 
also stimulates the migration and proliferation of endothelial cells, hence accelerates blood vessels formation 
and eventually bone formation ( Slevin , et al 2002). Hyaluroinc acid does have a significant role in fracture 
through stimulation of callus formation (Radomsky et al, 1999). (Martinez-Sanz et al., 2011) synthesized a 
cross-linked hyaluronic acid hydrogel that is used as a carrier for the bone morphogenic proteins-2 in rat 
calvarial model through subperiosteal injection. They concluded that hyaluronic acid hydrogel is excellent 
earner for the bone morphogenic protein-2 and promotes bone augmentation (Martinez-Sanz , 2011). It was 
mentioned that hyaluronic acid hydrogel provides a 3 D space under the periosteum which led to migration and 
differentiation of the stem cells, derived from bone morphogenic protein-2, and formation of mature bone (Park, 
2011). The cross-linked hyaluronic acid Shields the wound area from penetration of bacteria, accelerates wound 
healing, Improves tissue regeneration, increases osteoblasts formation and thereby reducing the time required 
for new bone formation by means of osteo-integration stimulating effects. Also it aids soft tissue healing and 
reduces the risk of infection, thus able to act as a substitute for standard collagen membranes for many 
indications. (Benke et al, 2001). Other reports have suggested the presence of TGF beta and of substantial 
amounts of protein in Bio-Oss and have questioned its position as a biologically inert material and its safety in 
clinical applications Bio-Oss was therefore subjected to a detailed biochemical, histochemical and biophysical 
analysis. Within the limits of the assay conditions, Bio-Oss does not contain protein material to a measurable 
extent.( Benke ,2001) Bio-Oss  promotes infiltration of blood vessels and bone cells and in this manner induces 
ossification. Due to its large internal surface area owed to its pore size (300-1500 µm) and high porosity (70-
75%). Bio-Oss through this composition, acts as a scaffold for bone formation. On the Bio-Oss mesh the 
osteoblasts form a layer at first, then followed by osteoid formation and finally Bio-Oss is covered by lamellar 
bone. As the Bio-Oss material does not contain any protein and antigenic materials thus it's very safe. (Benke et 
al, 2001). 

Protein analysis showed that the content of residual protein of Inter-Oss is relatively lower than that of Bio-
Oss. Based on an equivalency to Bio-Oss in terms of physical and chemical characterization with both higher 
inner surface area and lower residual protein content, the Inter-Oss can be a promising as dental bone grafting 
material in periodontal and maxillofacial surgery. (Antoine et al,2014) 

Reviewing the dental literature nothing was written about mixing (HA) and Bio-OSS material to enhance 
the surgical bony defects. That was the goal behind conducting this research. 

 
Objectives: 

The aim of this study was to examine the histology of bone formation pattern in critical bone defects at 4 
weeks post surgery in (1)non-grafted calvarial defect ,(2)bone defect with cross-linked hyaluronic acid gel (3) 
bone defect with Bio-Oss bone graft and (4) bone defect with combination of hyaluronic acid gel and Bio-Oss. 

  
MATERIALS AND METHODS 

 
Ten mature Wister rats aged 4 months with average weight 200 to 250 gm were included in this study. Each 

one had four calvarial critical bone defects so they are considered as four groups. The vault of the skull for each 
was divided into four quadrants by the following technique:- 

 Surgical procedure 
General anesthesia was achieved. The surgical site was shaved and cleaned with iodine. The surgical 

incision was in L shaped manner deep to the bone and reflection of a full thickness flap was done. A trephine 
bur was used to create a 5 mm defect with a 2 mm depth for all the groups as follows: 

Group 1: control group; the defect will be left to heal spontaneously.  
Group 2: the defect will be filled with Hyadent barrier gel (HA).  
Group 3: the defect will be filled with Bio-Oss graft material.  
Group 4: the defect will be filled with a combination of both (HA) gel and Bio-Oss graft material. 
The rats were euthanized at four weeks post-surgery (figure A). All calvarial specimens were undergone 

histological preparations and subjected for evaluation. The obtained results were collected and the results were 
compared.  
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Fig. (A): 
 

Materials in use:-  
 
1-(Hyadent barrier gel 1.0 ml Bio SCIENCE as cross-linked hyaluronic acid) 
2-(Geistlich Bio-Oss® 0.5g as deproteinized natural bovine bone mineral) 
  

Histological Examination: 
At the end of the experimental period after 4 weeks, the rats were sacrificed under general aneasthesia. The 

rats' heads were decapitated and the vaults of the skulls were separated out and cut into four quarters according 
to the described experiment. The specimens were fixed in 10% buffered formalin followed by demineralization 
and processing into paraffin sections. The sections were stained with heamatoxylin and eosin (H & E), to be 
examined by light microscope and evaluate the process of bone formation in each quarter. (Bashkar, 1990) 

 
Results: 

Microscopic examination of the bone defect of control group 4 weeks postoperatively revealed the presence 
of thin irregularly arranged bone trabeculae which were separated by fibrous tissue composed of loosely 
arranged collagen fibers, fibroblasts and dilated blood vessels.  (Figures 1, 2) 

In the experimental groups with hayluronic acid filler (HA), quadrants (2), a moderate amount of newly 
formed highly vascularized bone was found in the defect area. Osteocytes entrapped inside bone trabeculea, 
resting lines, osteoblasts were seen. (Figures 3, 4). 

 In the experimental groups with Bio-Oss, quadrents (3), new bone formation was evident which is partially 
fills the defect .Large areas of bone trabecular segments, resting lines, osteocytes with the presence of red 
marrow spaces, (Figures 5,6). In the experimental groups using combination of (HA) and Bio-Oss quadrents (4), 
the bony defect is seen completely filled with smooth surfaced highly vascularized bone with no oseoclasting 
activity. Osteoblast cells lining bone were evident, with many resting lines as well as osteocytes were seen. 
Dilated blood vessels in the connective tissue were noticed with no evidence of inflammatory cells infiltration. 
No evidence of residual materials used are seen in the defect area. (Figures 7,8,9). 
 

 



146                                                                        Amro bayoumy et al, 2016 
Australian Journal of Basic and Applied Sciences, 10(10) June 2016, Pages: 143-150 

 

 
Fig. 1: photomicrograph of control quadrant (1) after 4 weeks at the bony defect  area  showing formation of 

many small pieces of bone within the connective tissue.   Many osteocytes and resting lines appear. 
H&E (X100). 

 
Fig. 2: Higher magnification of the previous case illustrating dilated blood vessel with red blood cells. Several 

resting (arrow heads) and reversal (arrows) lines together with many osteocytes in the underlying bone.  
. H&E (X200). 

 
 
Fig. 3: photomicrograph of the bony defect with hayluronic acid (quadrant 2) is showing newly formed highly 

vascularized bone trabeculea in different sizes in the defect area. Red marrow appears and connective 
tissue fibers inbetween bone trabeculea with dilated blood vessels. Note osteoblasts bordering bony 
trabeculea (arrows). H&E (X100). 
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Fig. 4: Higher magnification of the previous one illustrating resting lines (arrows) and many osteocytes in the 

bone trabeculae. H&E (X200). 
 

 
Fig. 5: Photomicrograph of quadrant (3) with Bio-Oss, showing partially filled bony defect with various sizes of 

new bone trabeculae.  H&E(X100). 

 
Fig. 6: Higher magnification of the previous case illustrating the partially filled bony defect with fused bony 

segments. Note resting lines (arrows), osteocytes in their lacunae and red marrow spaces. H&E (X200). 
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Fig. 7: Photomicrograph of quadrant (4) using combination of Hyaluronic acid and Bio-Oss showing the bony 

defect is nearly filled with large segments of newly formed bone trabeculea.  Well organized layer of 
osteoblasts appear bordering the surface of bone trabeculae. H&E (X100). 

 

 
Fig. 8: Photomicrograph of higher magnification of the previous picture illustrating; Complete layer of 

osteoblasts lining bone, resting lines (arrows) and many osteocytes inside the bone. H&E (X200). 
 

 
Fig. 9: photomicrograph of another case of quadrant 4:- the bony defect shows highly vascularized connective 

tissue with many dilated blood vessels engorged with RBCs (arrows) inbetween areas of newly formed  
smooth surfaced bone. H&E(X200). 
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Discussion: 
There are many types of bone substitutes that could be used to fill the bony defects. Trying to improve the 

healing process of bony defects, we used the calvarial bone of rats. In this study, we combined two types of well 
known bone substitutes (HA, Bio-Oss).  

To avoid individual variations, and for accurate results, a comparison was done between the four quarters in 
the same rat. From surgical point of view: Bio-Oss added consistency and stability to the barrier gel which is 
important to achieve the best results. (Benke, 2001) Many scaffolds have been used for barrier gel as gel foam, 
in this study bio-Oss graft material was the scaffold of choice. (Benke, 2001) and (Antoine et al, 2014). 

In the current study, only few small bone specules are found in the critical defect after one month in the first 
quarter which was allowed to heal without adding any supportive material. This is supported by (Hakan, 2010) 
who stated that critical-sized bone defects cannot be healed completely and can be used to test bone grafts for 
medicine, dentistry, and periodontology. The second quarter with (HA) showed a moderate amount of new bone 
trabeculea in the bony defect. (HA) was also recommended by (Aslan, 2006) who stated that it participates in 
many physiological processes ,angiogenesis, wound healing and promotes the formation of fibroblasts and 
osteoblasts .In accordance to (Slevin et al, 2002)  and (Radomsky et al, 1999),   Hyaluronic acid also stimulates 
the migration and proliferation of endothelial cells, hence accelerates blood vessels formation and eventually 
bone formation  as it showed in the present study by dilated blood vessels engorged with RBCs and the presence 
of resting lines inside newly formed bone trabeculae lined with osteoblasts. In addition it was stated that( HA) 
had a significant role in fracture through stimulation of callus formation , and could be used as a BMP-2 carrier 
and can promote bone augmentation for potential orthopedic applications (Martinez-Sanz et al, 2011). It was 
also said by (Park, 2011)  that HA hydrogels has a specific function in acting as a  source of cells, controlling 
release of growth factors, and causing integration with surrounding tissue to replace damaged cartilage or 
support new tissue formation. Our results is well supported by the work of (ELkarargy, 2013) in his 
histomorphometric study who concluded that the use of hydroxyapatite / beta tricalcium phosphate with 
hyaluronic acid appears to be more efficient in osteoconduction when compared with hydroxyapatite / beta 
tricalcium phosphate a lone and could be promising strategy for preserving alveolar sockets. 

By using Bio-oss, initiation of new highly vascularized bone was evident in the bony defect; this also was 
in agreement with (Benke et al, 2001) who stated that the natural bovine bone substitute Bio-Oss is usefull in 
periodontal and maxillofacial surgery to fill bone defects and permit re-ossification. Also it is a biologically 
inert material and it is safe in clinical applications  

Our findings is also in agreement with (Araujo et al, 2001) and (Benke, 2001)  who said that  deproteinized 
natural bovine bone mineral (Bio-Oss) which is used in oral &maxillofacial surgery to fill the bony defects, due 
to its porosity and large surface area, represents a very good scaffold that allows formation of new bone. The 
present study revealed that osteogenesis process accompanied with application of (HA) was as good as Bio-Oss 
material. The present study revealed that osteogenesis process enhanced by application of (HA) was as good as 
Bio-Oss material. 

The use of combination of( HA) and Bio-Oss graft materials  in the current study , revealed the best results 
as the critical defect appeared completely filled with newly formed smooth surfaced bone, lined with 
osteoblasts, several resting lines showed as well as osteocytes. Dilated blood vessels engorged with RBCs 
appeared in the connective tissue. The absence of inflammatory cell infiltration suggested good biocompatibility 
of (HA) and Bio-Oss material. 

In conclusion the clinical use of testing materials (Hyaluronic acid and Bio-Oss) after experimental tests is 
of great importance for the success of surgical operations using critical-size defects. Histological results are 
useful for better understanding the graft biomaterial and recipient bone interaction, as well as the fate of the used 
materials. The current study revealed that there is no difference in the new formed bone inside the bone defects 
when (HA) and Bio-Oss were used separately. Their combination is highly recommended in the defects of bone 
by their induction of osteogenensis process. This study confirms the osteoconductivity of the combination of 
hyaluronic acid and Bio-Oss materials.  

Further studies should be conducted with regard to the benefits of using combination of (HA) and Bio-Oss 
clinically in the coming future. 
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