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ABSTRACT 

 

 The role of platelet-rich plasma (PRP) as a promoter of bone union remains controversial. The purpose 

of this study is to investigate the effect of PRP on non-union femur fracture in a dog. This is a case of a 3 

year old mongrel dog with femur fracture. Following unsuccessful treatment of the fracture with dynamic 

compression plate and external bone fixation, PRP was injected through the skin three times every 10 days in 

the region of the fracture line. 

 One month after the last injection, there was union between the bone fragments. The administration of 

PRP in the event of unsuccessful union between bone fragments stimulates bone union. 
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INTRODUCTION 

Non-union of long tubular bones is a complication that occurs following traumatic fractures. 

This complication is more common in the dog than in the cat. The prevalence of femur non-union 

following trauma in humans is about 2-6% (Tsiridis, E. et al.2007). Prevention of bone non-union is 

considered the best method of dealing with this problem. This can be achieved by restoring the 

anatomical integrity of the bone fragments using internal or external fixation (Sanchez, M. et al. 

2009). Removing the infected necrotic tissue and restoring bone integrity with intramedullary 

fixators is one of the methods for dealing with these complications (Megas P.et al., 2009). However, 

significant part of the complications depend on the clinical condition of the patient. If the defect 

exceeds the critical size, bone grafting for new bone tissue regeneration is indispensable 

(Greenbaum M.et al., 1993; Schlegel KA et al 2004). 

Autogenous bone grafting is considered the gold standard for bone defect filling, despite 

significant problems arising from pain at the donor sites and the limited amount of bone tissue 

obtained from the donor, especially in small dog breeds. The concept of tissue engineering is based 

on three pillars - scaffold, cells and growth factors. Ceramics is used as a tissue engineering 

material because it offers three-dimensional support and serves as a scaffold for cell proliferation, 

cell differentiation and ultimately, for bone recovery. Recently, a new group of resorbable high SSA 

ceramics is being used that is equally effective in terms of osteogenic differentiation (Kasten P. et 

al. 2003) and ectopic bone formation (Kasten P. et al. 2004;  Kasten P. et al. 2005). 

Scaffolds can be combined with mesenchymal stem cells (MSC) and/or growth factors. 

Growth factors affect chemotaxis, differentiation, proliferation, and synthesis activity of bone cell, 

thus regulating physiological remodelling and fracture healing. Numerous growth factors, such as 

bone morphogenetic proteins, platelet derived growth factor, transforming growth factor, and 
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insulin-like growth factors, have stimulatory effects on bone defect repair (Bostrom MP. et al. 

1999). Since PRP can be used alone, it does not pose a risk of transmissible diseases. PRP can 

easily be obtained on the day of surgery by two centrifugation steps from autogenous whole blood 

(Tzioupis C. et al. 2007). 

Recently there has been discussion on the effect of PRP and there is no consensus on the role 

of PRP in bone regeneration (Gandhi A. et al. 2006). 

MATERIAL AND METHODS 

The study was conducted in an 8 year old mongrel dog named Chochka weighing 21 kg. The 

dog was admitted to the clinic on 05.05.2017 for examination and treatment. Based on radiography, 

comminuted femoral fracture of the right limb was diagnosed (Figure 1). Anatomical integrity of 

the bone was restored using internal plate fixation (Figure 2). A few days after surgery, the dog 

started putting weight on the leg. Twenty days after the surgery, the dog became reluctant to put 

weight on the leg. Four months after surgery, the plate was removed and bone ends were curetted. 

Bone fragments were fixed by external fixation, and a Steinman pin was introduced into the 

medullary canal (Figure 3). Five days after the surgical intervention, 10 pulsed electromagnetic 

field procedures were carried out. However, no union of bone fragments was detected by 

radiography, and the dog was still reluctant to put weight on the leg. 

In order to stimulate osteogenesis, 5 ml of PRP were injected percutaneously in the fracture 

line three times every 10 days. Platelet concentration was 1243±145. 
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Method of preparation of PRP 

Double centrifugation method (Perazzi A.et al., 2013) 

The blood was centrifuged for 20 min at 2800 rpm to achieve separation of cell layers. This 

procedure divides the blood into three basic components: red blood cells, platelet rich plasma (PRP) 

and platelet poor plasma (PPP). Each vacutainer yielded approximately 4–5 mL of PRP, 80% of it 

was discarded. 

The part containing platelets and mononuclear cells was carefully removed using a spinal 

needle attached to a syringe and re-suspended in 2 ml of the remaining plasma. The final solution, 

obtained by mixing the resulting PRP and plasma, was placed in sterile vacutainers and was 

centrifuged at 1300 rpm for 15 min for better separation of the platelet pellets from the supernatant 

layer of PPP. The platelet pellets accumulated at the bottom of the container and the PPP on top. 

The PPP was removed; only the PRP was left in the containers. The platelet pellets were re-

suspended within the remaining plasma with a vortex mixer; the final PRP was drawn up with a 

syringe. 

RESULTS 

In order to stimulate osteogenesis, 5 ml of PRP were injected percutaneously in the fracture 

line three times every 10 days. Platelet concentration was 1243±145. 

Healing was monitored by check-up radiographies 10 days after each administration of PRP. 

Results from check-up radiographies are shown below. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 10 days after the first 

administration of РRP 
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Results show evidence of primary union in the caudal part of the fracture line, ten days after 

the administration of PRP (Figure 4). Ten days after the second administration of PRP, narrowing 

of the fracture line and advanced healing were observed (Figure 5). On the tenth day after the third 

administration, even more advanced healing was observed (Figure 6). 

 

DISCUSSION 

Various factors influence fracture healing. These can be grouped as fracture-related factors: 

open fracture, infection, fracture type; patient-related factors: diabetes mellitus, systemic infection 

and iatrogenic factors: pre-administration of drugs such as non-steroidal anti-inflammatory drugs 

and steroids. 

Clinical and experimental results in literature on the osteogenic potential of PRP are 

controversial. A number of authors have reported beneficial effect of PRP on bone regeneration in 

case reports (Froum SJ et al. 2002; Perazzi A. et al 2013) and experimental studies (Fuerst G. et al. 

2004) while others have found no effect of PRP on bone union. Several reasons that could explain 

the controversial results of clinical and experimental results in PRP administration are given. It is 

assumed that PRP alone cannot induce bone formation but can support osteogenesis in the presence 

of precursor cells (Froum SJ et al 2002; Say F. et all 2014). 

Cancellous bone grafts taken from the iliac crest have osteogenic, osteoinductive and 

osteoconductive properties. They are widely used in clinical practice (Elshaha A. et al 2006). 

As alternative to autologous bone grafting, a number of researchers have reported injecting bone 

marrow, bone morphogenetic protein, PRP and demineralised matrix (Bielecki, T. et al. 2008;  

Braly. H. L. et al. 2013; Calori, G. M. et al. 2008; Raghoebar GM et al 2005). PRP was first used in 

1987 in cardiac surgery to prevent massive blood transfusion (Ferrari, M. et al. 1987). More than 30 

bioactive proteins are present in the platelet alpha granules (Anitua, E. et al. 2004). 

Transforming growth factor beta (TGF) and platelet derived growth factor (PDGF) are growth 

factors that play a major role in fracture healing (Schmitz J. P. et al. 1986). Growth factors activate 

some of the cells that have a major role in tissue repair, provide soft tissue healing and stimulate 

bone regeneration (Lucarelli, E. et al. 2003). 

Figure 6. 10 days after the third 

administration of РRP 
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Bielecki et al., 2008 in one of their studies, have administered a single dose of PRP in 32 

cases of delayed union or non-union fractures. They found union in all cases of delayed union and 

in 65% of the case of non-union of bone fragments. They recommend the use of PRP within 11 

months following surgery. 

Unlike them, we administered PRP three times every 10 days. Following administration, the 

platelets release 70% of the deposited GF within the first 10 minutes and nearly 100% within the 

first 1 hour. Insignificant amount of GF excretion still continues up to the eighth day, till the 

platelets die, since under normal conditions lifespan of platelets is 8-10 days. 

In another study, Calorie et al. 2008 compared the results from two groups of patients with 

surgical revision and administration of PRP or BMP (bone morphogenetic protein). In 120 cases of 

atrophic non-union, complete union was achieved in 86.7% of the patients in the BMP group and 

68.3% of the patients in the PRP group. 

Griffin et al. 2009 analyse the use of PRP in clinical trials and report that the use of PRP is safe but 

no clinical evidence has been found on its beneficial effect when used in acute or delayed union 

fractures. Say F et al., 2014 have administered PRP three times every week in patients with delayed 

union and non-union and found improvement in 75% of the patients in the delayed union group and 

no such for the patients in the non-union group. 

CONCLUSION 

In conclusion, complete bone union was achieved in this study. Although the study was pilot, 

we can conclude that PRP injections can be administered in patients with non-union fractures. 

REFERENCES 
 

1. Abarrategi A., Moreno-Vicente C., Martínez-Vázquez F. J’. “Biological properties of solid 

free form designed ceramic scaffolds with bmp-2: in vitro and in vivo evaluation,” PLoS 

ONE, vol. 7, no. 3, Article ID e34117, 2012.   

2. Anitua, E., Andia, I., Ardanza, B., Nurden, P., Nurden, A. T.: Autologous platelets as a 

source of proteins for healing and tissue regeneration. Thromb. Haemost., 91: 4–15, 2004. 

3. Bielecki, T., Gazdzik, T. S., Szczepanski, T.: Benefit of percutaneous injection of 

autologous platelet-leukocyte-rich gel in patients with delayed union and nonunion. Eur. 

Surg. Res., 40:289–296, 2008. 

4. Bostrom MP, Saleh KJ, Einhorn TA. Osteoinductive growth factors in preclinical fracture 

and long bone defects models. Orthop Clin North Am 1999;30: 647–58. 

5. Braly. H. L., O‘Connor, D. P., Brinker , M. R.: Percutaneousautologous bone  marrow 

injection in the treatment of distal meta-diaphyseal tibial nonunions and delayed unions. J. 

Orthop.Trauma, 27: 527–533, 2013. 

6. Calori, G. M., Tagliabue, L., Gala, L., D’Imperzano , M., Peretti, G., Albisetti, W.: 

Application of rhBMP-7 and platelet-rich plasma in the treatment of long bone non-unions: 

a prospective randomised clinical study on 120 patients. Injury, 39: 1391–1402, 2008. 

7. Elshaha A., Correction of craniofacial skeleton contour defects using bioactive glass 

particles,” Egyptian Journal of Plastic and Reconstructive Surgery, vol. 30, no. 2, pp. 113–

119, 2006. 



TRADITION AND MODERNITY IN VETERINARY MEDICINE 

Online First 

Published online: June 1, 2018 

B. Aminkov et al., APPLICATION OF PLATELET-RICH PLASMA IN NONUNION … 

 https://scij-tmvm.com | e-ISSN 2534-9341 

6 

8. Ferrari, M., Zia, S., Valbonesi, M., Henriquet, F., Venere, G., Spagnolo, S., Grasso, M. A., 

Panzani, I. A new technique for hemodilution, preparation of autologous platelet-rich 

plasma and intraoperative blood salvage in cardiac surgery. Int. J. Artif. Organs, 10: 47–50, 

1987. 

9. Froum SJ, Wallace SS, Tarnow DP. Effect of platelet-rich plasma on bone growth and 

osseointegration in human maxillary sinus grafts: three bilateral case reports. Int J 

Periodontics Restor Dent. 2002;22:45e53. 

10. Fuerst G, Gruber R, Tangl S. Effects of fibrin sealant protein concentrate with and without 

platelet-released growth factors on bony healing of cortical mandibular defects. An 

experimental study in minipigs. Clin Oral Implants Res. 2004;15:301-307 

11. Gandhi A, Dumas C, O’Connor JP, Parsons JR, Lin SS. The effects of local platelet rich 

plasma delivery on diabetic fracture healing. Bone 2006;38(4): 540–6. 

12. Greenbaum M. A., Kanat I. O. Current concepts in bone healing. Review of the 

literature, Journal of the American Podiatric Medical Association, vol. 83, no. 3, pp. 123–

129, 1993.   

13. Griffin Riffin, X. L., Smith, C. M., Costa , M. L.: The clinical use of platelet-rich plasma in 

the promotion of bone healing: a systematic review. Injury, 2009, 40: 158–162 

14. Kanthan SR, Kavitha G, Addi S, Choon DS, Kamarul T. Platelet-rich plasma (PRP) 

enhances bone healing in non-united critical-sized defects: a preliminary study involving 

rabbit models. Injury. 2011;42(8):782–9.  

15. Kasten P, Luginbuhl R, Vogel J, Niemeyer P, Weiss S, van Griensven M, et al. [Induction of 

bone tissue on different biomaterials: an in vitro and a pilot in vivo study in the SCID 

mouse]. Z Orthop Ihre Grenzgeb 2004;142(4):467–75. 

16. Kasten P, LuginbuЁ hl R, van Griensven M, Barkhausen T, Krettek C, Bohner M, et al. 

Comparison of human bone marrow stromal cells seeded on calcium deficient 

hydroxyapatite, Я-tricalcium phosphate and demineralized bone matrix. Biomaterials 

2003;24(15):2593–603. 

17. Kasten P, Vogel J, Luginbuhl R, Niemeyer P, Tonak M, Lorenz H. Ectopic bone formation 

associated with mesenchymal stem cells in a resorbable Calcium deficient hydroxyapatite 

carrier. Biomaterials 2005;26/29:5879–89. 

18. Logeart-Avramoglou D., Anagnostou F., Bizios R.,  Petite H. Engineering bone: challenges 

and obstacles, Journal of Cellular and Molecular Medicine, vol. 9, no. 1, pp. 72–84, 2005.  

19. Lucarelli, E., Beccheroni, A., Donati, D., Sangiorgi, L., Cenacchi, A., Del Vento, A. M., 

Meotti, C., Bertoja, A. Z., Giardino, R., Fornasari, P. M., Mercuri, M., Picci, P. Platelet-

derived growth factors enhance proliferation of human stromal stem cells. Biomaterials, 24: 

3095–3100, 2003. 

20. Megas P, Syggelos SA, Kontakis G, Giannakopoulos A, Skouteris G, Lambiris E. 

Intramedullary nailing for the treatment of aseptic femoral shaft non-unions after plating 

failure: effectiveness and timing.Injury. 2009, 40(7):732–7. 



TRADITION AND MODERNITY IN VETERINARY MEDICINE 

Online First 

Published online: June 1, 2018 

B. Aminkov et al., APPLICATION OF PLATELET-RICH PLASMA IN NONUNION … 

 https://scij-tmvm.com | e-ISSN 2534-9341 

7 

21. Perazzi A, Busetto R, Martinello T. Description of a double centrifugation tube method for 

concentrating canine platelets. BMC Veterinary Research. 2013;9:146. doi:10.1186/1746-

6148-9-146. 

22. Raghoebar GM, Schortinghuis J, Liem RS. Does platelet-rich plasma promote remodeling 

of autologous bone grafts used for augmentation of the maxillary sinus floor? Clin Oral 

Implants Res. 2005;16:349-356. 

23. Sanchez, M., Anitua, E., Cugat, R., Azofra, J., Guadilla, J., Seijas, R., Andia, I. Nonunions 

treated with autologous preparation rich in growth factors. J. Orthop. Trauma, 23: 52–59, 

2009 

24. Santolini E, West R, Giannoudis PV. Risk factors for long bone fracture non-union: a 

stratification approach based on the level of the existing scientific evidence. Injury. 2015, 

46 (Suppl 8):S8–S19. 

25. Say  F., Türkeli E., Bülbül  M. Is Platelet-Rich Plasma Injection an Effective Choice in 

Cases of Non-Union? Acta Chirurgiae Orthopaedicae et Traumatologiae Čechosl ., 81, 

2014, p. 340–345 

26. Schlegel KA, Donath K, Rupprecht S. De novo bone formation using bovine collagen and 

platelet-rich plasma. Biomaterials. 2004, 25:5387e5393. 

27. Schmitz J. P., and Hollinger J. O. The critical size defect as an experimental model for 

craniomandibulofacial nonunions, Clinical Orthopaedics and Related Research, vol. 205, pp. 

299–308, 1986.  

28. Tsiridis, E., Upadhyay, N., Giannoudis, P. Molecular aspects of fracture healing: which are 

the important molecules? Injury, 38: 11–25, 2007. 

29. Tzioupis C., Giannoudis PV. Prevalence of long-bone non-unions. Injury. 2007, 38 (Suppl 

2):S3–9 

30. Wiltfang J, Kloss FR, Kessler P, Nkenke E, Schultze-Mosgau S, Zimmermann R. Effects of 

platelet-rich plasma on bone healing in combination with autogenous bone and bone 

substitutes in critical-size defects. Clin Oral Implants Res 2004, 15(2):187–93. 

 

 


