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INTRODUCTION 

Bone graft materials that are presently used in bone 

defects are autogenous bones, allogeneic bones, 

xenogeneic bones, and alloplastic materials.
[1]

 Ideally, 

the graft material is required to have the ability to 

facilitate osteogenesis, stability when implanted with the 

graft, low risk of infection, ready availability, low 

antigenicity, and a high level of reliability.
[2]

 Autograft is 

considered the gold standard for its biocompatibility, 

capability of osteogenesis, osteoinduction, and 

osteoconduction. However, the use of autografts has 

shown increased treatment time, surgical complications, 

pain and dysfunction at the harvested site, high cost, and 

limited bone availability for the graft.
[3]

 On the other 

hand, allogenic and xenogenic bone graft may lead to 

immunologic reactions, infections, and improper fibrous 

healing.
[4]

 Other studies used growth factors like 

recombinant human bone morphogenetic protein 

(rhBMP), or platelet rich plasma (PRP) with various 

types of bone grafts to enhance and accelerate bone 

regeneration.
[5-7]

 Hyaluronic acid is a high-molecular-

weight non-sulfated glycosaminoglycan present within 

the extracellular matrix. Hyaluronic acid (HA) can 

promote cell migration and differentiation during tissue 

formation and plays an important role in wound 

healing.
[8-10] 

The purpose of this study is to evaluate the 

effect of hyaluronic acid on bone healing in mandibular 

bone defect in the rabbits. 

 

MATERIALS AND METHODS 

Experimental animals 

Ten adult White male rabbits with a mean weight of 2.3 

± 0.42 kg were used as the animal model. Experimental 

protocols were approved by University of Al Andalus 

university Committee of Animal Research. 

 

Surgical procedures  

All surgical procedures were performed under general 

anesthesia with a combination of 35 mg/kg intramuscular 

ketamine  and 5 mg/kg subcutaneous xylazine. Local 

anesthesia, consisting of 2% lidocaine with 1:100,000 

epinephrine was infiltrated into the lateral surface of the 

mandibular body. The surgical site was shaved, prepared 

with 10% povidone-iodine solution, and draped to 

maintain aseptic conditions. A 1.5 dissection was 

performed through the subcutaneous and muscle layers. 

The periosteum was carefully elevated to expose the 

lateral aspect of the mandibular body. Two intra bony 

cavities were made under a constant irrigation of sterile 

saline for each rabbits. The diameter  of each cavity was 

4 mm . One of the cavities was filled with 1% HA gel 

soaked onto a pre-cut absorbable collagen sponge  

(experimental one).While the other cavity was left for 

normal healing (control one) fig(1). The wound was 

closed in layers, using 4-0 Vicryl sutures. Postoperative 

analgesic included buprenorphine (0.3 mg 

intramuscular).
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ABSTRACT 

This study was aimed to assess the effect of hyaluronic acid HA on bone healing in mandibular bone defect in the 

rabbits. Ten adult White male rabbits with a mean weight of 2.3 ± 0.42 kg were used as the animal model. Two 

cavities of 4mm diameter have been created in the lateral surface of the mandible. One of the cavities was filled 

with 1% HA gel soaked onto a pre-cut absorbable collagen sponge (test one), while the other hole was left for 

normal healing (control one). On the 4, 8 weeks, the rabbits have been sacrificed in equal numbers and defective 

regions have been extracted. At 8 weeks, histological analysis of specimens extracted from the cavities with HA 

showed large areas of woven bone contained osteocytes and covered by lining of osteoblasts .On the other hand 

small areas of woven bone and areas of osteoid bone were observed in the control cavities. Hyaluronic acid 

enhances the bone healing regeneration. 
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Figure 1: intraoperative photograph, a: submandibular dissection, b: test and control cavities. 

 

Specimen preparation 

On 4, 8 weeks, the rabbits were grouped into equal 

numbers sacrificed by an intravenous over dose of 

pentobarbital sodium. Bone segments on which 

experiment has been done were extracted and  kept in a 

10% neutral buffered formalin solution for at least 3 

days. The specimens were then decalcified in the formic 

acid solution. When sufficiently soft, tissue samples were 

processed and embedded in paraffin for histological 

examination. Standard 4–5-mm sections were prepared 

and transferred onto slides for each block of tissue. All 

slides were stained with haematoxylin and eosin, and 

evaluated using a light microscope. 

RESULTS 

After 4 weeks 

Histological analysis of specimens extracted from 

cavities treated with HA showed an areas of early bone 

formation in form of osteoid bone trabeculae surrounded 

by osteoblasts separated by marrow spaces, Additionally, 

high vascularity areas and collagen fibers were detected. 

On the other hand, the control cavities showed a 

formation of dens connective tissues and new blood 

vessels and small areas of osteoid bone trabeculae 

(fig.2).

 

 
Figure 2: histologic analyses of 4 weeks biopsy sample, a:test group, b:control group: (h&e staining, x 100). 

 

After 8 weeks 

Histological analysis of specimens extracted from 

cavities with HA showed al large areas of woven bone 

contained osteocytes and covered by lining of osteoblasts 

and surrounding by a dense connective tissue. On the 

other hand, small areas of woven bone and areas of 

osteoid bone surrounded by connective tissue were 

observed in control cavities (fig.3). 
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Figure 3: histologic analyses of 8 weeks biopsy sample, a: test group, b:control group: (h&e staining, x 100). 

 

DISCUSSION 

This study was aimed to assess the effect of hyaluronic 

acid on bone healing in mandibular bone defect in the 

rabbits. Hyaluronic acid (HA) is one of the essential 

components of extracellular matrix, which plays a 

predominant role in tissue morphogenesis, cell 

migration, differentiation, and adhesion.
[11,12]

 The results 

of Previous studies showed the ability of HA in 

enhancing bone healing experimentally and cynically.
[13-

16]
 In addition, HA has been used as a carrier for 

demineralized bone allograft without reducing its 

effectiveness for sinus lift augmentation.
[17]

 Aslan et 

al.
[14]

 noted that HA stimulated bone healing through 

accelerating the three phases of healing; inflammation, 

proliferation and migration of mesenchymal cells and 

they confirmed that HA needs an osteoconductive 

scaffold to be effective, as their findings showed that 

associating HA with bone grafts improved the rate of 

bone formation in each evaluation period. In the present 

study the Hyaluronic acid is loaded in absorbable 

collagen sponge. Collagen sponges are well-

characterized carrier systems that provide a sustained 

release of biomolecules with a putative role in bone 

regeneration.
[18,19]

 The histological analysis after 8 weeks 

in present study showed an increasing in new bone 

formation compared to untreated bone cavities. This is in 

agreement with previous studies which recorded the 

capacity of HA in supporting the significant bone 

formation when combined with bone marrow stromal 

cell and basic fibroblast growth factors,
[12]

 with 

recombinant human bone morphogenic protein _2.
[13]

 

and with spongiosal bone graft.
[14]

 In addition, it was 

shown that HA with a collagen sponge could stimulate 

improvement of bone formation in bone defects.
[20] 

Mendes et al. revealed that HA could enhance healing in 

tooth sockets by promoting the expression of bone 

morphogenetic protein-2 and osteopontin.
[21] 

Kim et 

al.
[22]

 demonstrated that the use of HA that can promote 

wound healing, it may be beneficial and indicated when 

treating infected sockets. Sasaki & Watanabe
[9]

 showed 

that HA is capable of accelerating new bone formation 

through mesenchymal cell differentiation, in a bone 

marrow ablation model in rat femurs. They were able to 

demonstrate that bone formation had already been 

induced at day 4 after the application of HA. On the 

other, histomorphometric measurements in the study of 

Segari et al
[23]

 revealed that, there was no influence of 

adding HA to CP as adjunctive to osseous tissue healing. 

However, it was suggested that HA has a molecular 

weight-specific and dose-specific mode of action that 

may enhance the osteogenic and osteoinductive 

properties of bone graft materials.
[12] 

 

CONCLUSIONS 

Under the conditions of this study, hyaluronic acid could 

enhance the bone healing regeneration. 

 

REFERENCES 

1. Kim SG, Kim HK, Lim SC. (Combined implantation 

of particulate dentine, plaster of Paris, and a bone 

xenograft (Bio-Oss) for bone regeneration in rats). J 

Craniomaxillofac Surg, 2001; 29: 282-8. 

2. Kim SG, Kim WK, Park JC, Kim HJ.(A 

comparative study of osseointegration of Avana 

implants in a demineralized freezedried bone alone 

or with platelet-rich plasma). J Oral Maxillofac 

Surg, 2002; 60: 1018-25. 

3. Kurz LT, Garfin SR, Booth JR. (Harvesting 

autogenous iliac bone grafts: a review of 

complications and techniques). Spine (Phila Pa 

1976), 1989; 14(12): 1324-31. 

4. Coburn JC, Pandit A. (Development of naturally-

derived biomaterials and optimization of their 

biomechanical properties). Topics Tissue Eng, 2007; 

3: 1 –3 2. 

5. Jung RE, Weber FE, Hammerle CH. (Bone 

morphogenetic protein-2 enhances bone formation 

when delivered by a synthetic matrix containing 

hydroxyapatite / tricalciumphosphate). Clin Oral 

Implants Res, 2008; 19: 188–195. 

6. Plachokova AS, Nikolidakis D, Mulder J, Jansen JA, 

Creugers NH. (Effect of platelet-rich plasma on 

bone regeneration in dentistry: a systematic review). 

Clin Oral Implants Res, 2008; 19(6): 539-45. 

7. Yokota K, Ishida O, Sunagawa T, Suzuki O, 

Nakamae A, Ochi M. (Platelet-rich plasma 

accelerated surgical angio-genesis in vascular-



Al Nashar et al.                                                              European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 

 

101 

implanted necrotic bone: an experimental study in 

rabbits). Acta Orthop, 2008;79(1):106-10. 

8. Burd DA, Greco RM, Regauer S, Longaker MT, 

Siebert JW, Garg HG. (Hyaluronan and wound 

healing: a new perspective). Br J Plast Surg, 1991; 

44: 579-584. 

9. Sasaki T, Watanabe C. (Stimulation of 

osteoinduction in bone wound healing by high-

molecular hyaluronic acid). Bone, 1995; 16: 9-15. 

10. Kubler N, Urist MR. (Bone morphogenetic protein-

mediated interaction of periosteum and diaphysis. 

Citric acid and other factors influencing the 

generation of parosteal bone). Clin Orthop Relat 

Res, 1990; 258: 279-294. 

11. Anderson I. (The properties of hyaluronan and its 

role in wound healing). Prof Nurse, 2001; 17(4): 

232-5. 

12. Lisignoli G, Fini M, Giavaresi G, Aldini N, 

Toneguzzi S, Facchini A. (Osteogenesis of large 

segmental radius defects enhanced by βTGF 

activated bone marrow stromal cells grown on non-

woven hyaluronic acid based polymer scaffold) . 

Biomaterials, 2002; 23: 1043-1051. 

13. Hunt DR, Jovanovic SA, Wikesjo UM, Wozney JM, 

Bernard GW. (Hyaluronan supports recombinant 

human bone morphgenetic protein-2 induced bone 

reconstruction of advanced alveolar ridge defects in 

dogs. A pilot study). J Periodontol, 2001; 72(5): 

651-8. 

14. Aslan M, Simsek G, Day E. (The effect of 

hyaluronic acid supplemented bone graft in bon 

healing: experimental study in rabbits). J Biomater 

Appl, 2006; 20(3): 209-20. 

15. Ballini A, Cantore S, Capodiferro S, Grassi F. 

(Esterified hyaluronic acid and autologous bone in 

the surgical correction of the infra-bone defects). Int 

J Med Sci, 2009; 6(2): 65-71. 

16. Baldini A, Zaffe D, Nicolin G. (Bone-defects 

healing by highmolecular hyaluronic acid: 

preliminary results). Ann Stomatol (Roma), 2010; 

1(1): 2-7. 

17. Schwartz Z, Goldstein M, Raviv E, Hirsch A, Ranly 

DM, Boyan BD. (Clinical evaluation of 

demineralized bone allograft in a hyaluronic acid 

carrier for sinus lift augmentation in humans: a 

computed tomography and histomorphometric 

study). Clin Oral Implants Res, 2007; 18(2): 204-11. 

18. Friess W, Uludag H, Foskett, S, Biron R, Sargeant 

C. (Characterization of absorbable collagen sponges 

as rhBMP-2 carriers). International Journal of 

Pharmaceutics, 187: 91–99. 

19. Geiger M, Li RH, Friess W. (Collagen sponges for 

bone regeneration with rhBMP-2). Advanced Drug 

Delivery Reviews, 2003; 55: 1613–1629. 

20. de Brito Bezerra B, Mendes Brazao MA, de Campos 

ML, Casati MZ, Sallum EA, Sallum AW. 

(Association of hyaluronic acid with a collagen 

scaffold may improve bone healing in critical-size 

bone defects). Clin Oral Implants Res, 2012; 23: 

938-942. 

21. Mendes RM, Silva GA, Lima MF, (Sodium 

hyaluronate accelerates the healing process in tooth 

sockets of rats). Arch Oral Biol, 2008; 53: 1155-

1162. 

22. Kim JJ, Song HY, Ben Amara H, Kyung-Rim K, 

Koo KT. (Hyaluronic Acid Improves Bone 

Formation in Extraction Sockets With Chronic 

Pathology: A Pilot Study in Dogs). J Periodontol, 

2016; 87(7): 790-5. 

23. Solchaga LA, Dennis JE, Victor M, Goldberg VM, 

Caplan AI. (Hyaluronic acid-based polymers as cell 

carriers for tissueengineered repair of bone and 

cartilage). J Orthop Res, 1999; 17(2): 205-13. 

 


