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Abstract: This review study was aimed to address and evaluate the roles of Fibrinolysis in Enhance Fracture 

Healing, moreover to discuss the evidence based trails discussing this topic. Comprehensive search was conducted 

through; PubMed, the Cochrane Library, and Embase for studies published in English language up to December 

2016, and human and animal subjects, search was performed using the following combination of terms: “Fibrin, 

Fibrinogen, Fibrinolysis, Fracture Healing, Plasminogen”. studies which were discussing the roles of Fibrinolysis 

in Enhance Fracture Healing were included in this review. Evidence reviews in this study showed that, fibrin was 

completely dispensable for long-bone crack fixing, as recovery fractures in fibrinogen-deficient mice were identical 

from those in control animals. Failure to clear fibrin from the fracture site in plasminogen-deficient mice severely 

damaged fracture vascularization, averted bone union, and resulted in durable heterotopic ossification. 

Pharmacological fibrinogen depletion in plasminogen-deficient pets restored a normal pattern of fracture repair 

work and considerably minimal heterotopic ossification. Fibrin is consequently not important for crack repair, yet 

ineffective fibrinolysis lowers endochondral angiogenesis as well as ossification, consequently inhibiting fracture 

repair. 
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1.   INTRODUCTION 

Fractures are among one of the most frequent injuries of the musculoskeletal system. Optimum treatment of fractures 

requires the understanding of the process of bone repair work 
(1)

. The process of bone repair work can be split into three 

overlapping phases: remodeling, inflammation and repair service 
(1)

. Mechanistically, crack repair takes place through 

both intramembranous as well as endochondral ossification, the same organic procedures that occur in bone development 
(2,3)

. In comparison to bone growth, bone development throughout crack repair starts within a greatly different 

microenvironment that develops second to cells injury and hemorrhage. As a result, crack recovery undoubtedly starts 

within or around extravascular fibrin deposits that are dispersed throughout the injury. Previous research studies have 

actually suggested that inherent aspects of the fibrin matrix are essential for starting bone development 
(4)

. Proposed 

molecular devices include the following: (a) working as a reservoir for growth factors as well as vasoactive molecules 

from platelets 
(5)

, (b) advertising influx of mesenchymal and also inflammatory progenitor cells through specific 

integrin/receptor communications, as well as (c) supplying the structural structure for the initial stage of cells repair 

service 
(4,6)

. Thus, the fibrin matrices that create after crack are taken into consideration a vital component of crack repair. 

Most fracture-care methods stress the significance of maintaining the crack hematoma, particularly the fibrin matrix 
(4,7)

. 

Conversely, persistent fibrin deposition or a failing of reliable fibrin clearance from injury areas because of pathologic 

changes in hemostasis is harmful to regular cells fixing 
(8)

. Furthermore, we lately determined that persistent fibrin is a 

driver of pathologic bone disease 
(9)

. Hence, the contribution of fibrin to fracture repair could be both detrimental and also 

encouraging. 
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Over 16 million fractures are treated in the United States every year 
(10)

. Damaged fracture repair, materializing as delayed 

or nonunion, which takes place between 2.5% and 10% of these situations, 
(11,12)

 leads to pain and also loss of function 

and enforces a considerable cost problem on the healthcare system 
(10)

. The most usual comorbidities connected with 

damaged crack repair are excessive weight, diabetic issues, smoking cigarettes, as well as advanced age 
(13,14)

. 

Additionally, these comorbidities are all related to damaged fibrin clearance or fibrinolytic task 
(15)

. 

Fibrosis as well as mark development are components of regular regeneration in the majority of cells, the recovery of 

bone calls for de novo regrowth of cells. Bone regrowth throughout the recovery of cracks takes place in a fashion that is 

analogous to the process that occurs during embryonic advancement and involves two related mechanisms 

intramembranous ossification and also endochondral ossification (Figure 1) 
(16)

 

 

Figure1: Intramembranous and Endochondral Ossification during Fracture Healing 

This review study was aimed to address and evaluate the roles of Fibrinolysis in Enhance Fracture Healing, moreover to 

discuss the evidence based trails discussing this topic. 

2.   METHODOLOGY 

Comprehensive search was conducted through; PubMed, the Cochrane Library, and Embase for studies published in 

English language up to December 2016, and human and animal subjects, search was performed using the following 

combination of terms: ―Fibrin, Fibrinogen, Fibrinolysis, Fracture Healing, Plasminogen‖. studies which were discussing 

the roles of Fibrinolysis in Enhance Fracture Healing were included in this review. 

3.   RESULTS 

 Molecular aspects of bone fracture and bone healing: 

When there is a fructure in the continuity of the mineralized bone, crack takes place. Bone heals via the development of a 

crack callus, which replicates intramembranous and also endochondral bone formation throughout advancement, rather 

than the scarring procedure that happens primarily in soft tissues. Healing through a callus rather than a scar is seriously 

vital in bone biology because of the biomechanical forces which bone have to withstand to sustain our body. Therefore, 

repaired bone needs to preserve the biomechanical expertise of the previous uninjured bone. Fracture recovery happens in 

a series of overlapping, precisely coordinated phases using the exact same biological process used by the body throughout 

development as well as development; intramembranous bone formation as well as endochondral bone formation 
(19)

. The 

very first stage in the reparative procedure is the inflammatory stage. After fracture, the vessels consisted of within the 
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bone and also bordering muscle end up being disrupted, leading to the formation of a crack hematoma consisting of 

extravagated red blood cells, platelets, and development factors held together within a fibrin matrix (Figure 2). As 

recovery proceeds, monocytes, macrophages, as well as neutrophils attack the damaged location to eliminate the 

hematoma. Concurrently, there is a substantial expansion of mesenchymal progenitor cells that begin to define the shape 

of the crack callus. These cells most likely emanate from both the surrounding muscle and intact periosteum beside the 

crack site 
(20,21)

 (Figure 3). 

 

Figure 2: Histological examination of a fractured femur 1 day post fracture. 

 

Figure 3: Histological examination of a fractured femur 3 days post fracture 
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 The Fibrinolytic System: 

 During fracture in addition to injury of the bone the capillary are interfered with triggering hemorrhage. To avoid 

exsanguination or life threating hemorrhage the bleeding should be stopped by the coagulation system. The coagulation 

system is composed of cells, platelets and plasma proteins all created to potentate the conversion of the propolymer 

fibrinogen right into polymer fibrin, avoiding and creating a clot blood loss. While some fibrin is transferred at the site of 

vessel disturbance throughout injury a bulk of the fibrin is deposited in the extravascular area 
(22)

. Thus the preliminary 

actions of fracture healing are thought to launch around the formation as well as elimination of the fibrin clot. This subject 

will certainly be explored much more in later phases nonetheless to have a much better understanding of the physiologic 

devices involved in the handling of the fibrin matrix throughout fracture recovery it is vital that we first go over the 

fibrinolytic system, which is responsible for the removal of the fibrin embolisms in a procedure referred to as fibrinolysis. 

Impaired fibrinolysis as well as too much fibrin build-up have actually likewise been linked impaired vascular patency as 

well as ingrowth complying with Injury. In preclinical models, clearance of fibrin deposited throughout injury has been 

revealed to be vital for revascularization and angiogenesis complying with injury 
(23, 24)

. Better, fibrin buildup and micro-

vascular obstruction of vessels by fibrin is connected with up law of the fibrinolytic prevention PAI-1. PAI-1 is 

commonly elevated in pathological problem connected with hypofibrinolytic states 
(25)

. Professional research studies of 

patients with damaged fibrinolysis as well as fibrin accumulation reveal that these patients have raised incidence of 

thrombotic vascular occlusion, vascular disease, as well as impaired angiogenesis 
(26, 27)

. With each other these data 

demonstrate the connection in between impaired fibrinolysis and inadequate revascularization. 39 Given that angiogenesis 

is a perquisite for fracture recovery (28,29) which hypofibrinolysis and vascular dysfunction are common to many 

comorbid problems associated with poor crack recovery 
(30)

, it has been hypothesized that a primary root cause of 

postponed union or non-union is impaired angiogenesis. However, none of these researches have been carried out at the 

same time on the exact same patients. 

 Fibrinolysis, fibrin and plasminogen in bone fracture repair:  

Fracture healing relies on the recruitment, proliferation, buildup, and succeeding distinction of mesenchymal progenitor 

cells at the site of the fracture 
(17)

. The interruption of any kind of element in the complicated series of exquisitely 

regulated cellular, molecular, and tissue-related events could result in damaged fracture recovery. In a collection of 

genetic experiments entailing computer mice, Yuasa et alia 
(18)

. lately found that fibrinolysis is a required step in the 

normal healing of a femur fracture. Like various other injuries, crack lead to hemorrhage and the initiation of the 

thickening waterfall, adhered to by the deposition of a fibrin matrix. A long-held theory has recommended that the fibrin 

clot, or "fracture hematoma," stimulates the local inflammatory action and is necessary for the recruitment of 

mesenchymal progenitor cells and the initiation of fracture healing. The outcomes reported in one study 
(18)

 did not sustain 

this theory. In their research study, typical crack recovery happened in mice unable of making fibrinogen. 

Fibrin is deteriorated by plasminogen. To identify whether the assimilation of fibrin is required for normal crack repair 

work, Yuasa et al 
(18)

. produced computer mice that do not generate plasminogen. In wild-type computer mice, fibrin was 

catabolized and also totally absent in calcified cartilage material at the initiation of vascular intrusion, primary bone 

formation, as well as tissue remodeling. Nonetheless, in the computer mice without plasminogen, recurring fibrin 

remained within the cartilage matrix. In these mice, the callus size was normal and also hypertrophic chondrocytes 

produced VEGF, but the private investigators did not observe any type of vascular invasion into the calcified cartilage 

material 
(18)

. Vessels were abundant in the intramembranous bone element of the crack, however no vessels expanded past 

the joint between the intramembranous bone callus as well as the calcified cartilage material callus (Figure 4). 

Persistent fibrin deposition at the crack site impedes fracture healing and is disadvantageous to bone repair service with 

multiple possible mechanisms. Considered that angiogenesis is requisite for osteoblast-mediated matrix mineralization 

during fracture repair service 
(31,32,33)

 which vascular disorder and hypofibrinolysis prevail to numerous comorbid 

conditions related to postponed crack repair work 
(34,35,36,37)

, we proposed that damaged crack repair in Plasminogen mice 

is the result of damaged angiogenesis. Equally as in the growth plate, endochondral angiogenesis in fracture repair service 

is managed by hypertrophic chondrocytes that launch Calcium, phosphate, and vegf-, which direct endothelial and also 

osteoprogenitor cells to develop new blood vessels as well as bone. Hypofibrinolysis in the absence of plasmin(ogen) did 

not impact advancement of chondroid soft-tissue callus or expression of VEGF‑A in hypertrophic chondrocytes, yet 
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instead caused consistent fibrin deposition at the interface in between hypertrophic chondrocytes in soft-tissue callus as 

well as getting into endothelial as well as osteoblastic cells in the leading side of the hard-tissue callus. The certain area of 

fibrin deposition as well as the paucity of extramedullary vasculature that commonly establishes from the shunting of 

blood circulation from the intramedullary vasculature after fracture 
(38)

 sustain the idea that relentless fibrin deposition 

represents a physical obstacle that avoids cellular trafficking and tissue reconstruction. Undoubtedly, such a mechanism is 

strongly supported by our searching for that minimizing fibrinogen prior to fracture in plasminogen-deficient mice partly 

saves endochondral angiogenesis as well as fracture union. Thus, these researches highlight the stringent demand for 

plasmin-mediated fibrinolysis for the recruitment of endothelial as well as osteoblast precursors by hypertrophic 

chondrocytes, thus hindering endochondral angiogenesis as well as ossification. 

Notably, minimizing plasma fibrinogen degrees, and secondarily fibrin deposition, considerably rescues defective crack 

repair work in plasminogen-deficient animals. Reliable depletion of fibrinogen by ASO treatment was confirmed by the 

absence of obvious fibrinogen degrees in plasma and also significant (P = 0.0015) reduction in fibrin deposition within 

crack callus. Fibrinogen ASOs are a practical and reliable approach of lowering fibrinogen expression in regulated 

experimental setups, several factors need to be thought about before considering their scientific energy. Since the half-life 

of distributing fibrinogen is reasonably long 
(39) 

(~ 5 days) and also fibrin is deposited promptly after injury, ASO-based 

interventions would likely be much more relevant for elective surgical procedures compared to for trauma. Since fibrin 

deposition might be relatively dynamic, intervention with ASOs could likewise have healing energy in trauma setups. 

Alternating medical applications of our searchings for could include improving fibrinolytic activity to boost the 

occurrence of successful crack repair service. Future examinations are needed to establish the professional effectiveness 

of fibrinogen ASOs or different techniques designed to promote fibrinolysis on bone regrowth after either trauma or 

elective orthopedic procedures. 

The incomplete rescue of fracture repair work adhering to ASO-mediated fibrinogen depletion may be due to recurring 

fibrin or feature of plasminogen independent of fibrinolysis activity. While the major role of plasmin in fracture repair 

service seems fibrin clearance on behalf of effective crack callus neovascularization as well as bone formation, our 

research studies do not formally omit that plasmin also supports the seepage of macrophages and also monocytes 
(40)

 that 

phagocytose lethal debris from the site of injury and inhibit the acute inflammatory feedback 
(41)

. Hence, plasmin 

deficiency may subtly prolong the necroinflammatory stage of fracture fixing independently of fibrin deterioration. 

Plasmin activity additionally has been recommended to sustain the launch of development factors vital for wound repair 

service, such as TGF-β 
(42, 43) 

and VEGF 
(44)

. Finally, plasmin may have direct effects on the osteoblast within the fracture 

callus. Inhibition of plasmin hold-ups mineralization as well as differentiation of artificial insemination osteoblast cultures 

expanded in the lack of fibrin 
(45)

, suggesting that plasmin may straight promote maturation of osteoblast forerunners to 

mature osteoblasts during crack fixing. Interestingly, Kawao et al. suggested that bone repair is mostly independent of 

plasminogen-mediated fibrinolytic task 
(46)

. The seeming contradiction with today searchings for could be because of 

differences in the bone-injury model used (a drill opening bone problem) or distinctions in the methods and/or efficiency 

of decreasing distributing fibrinogen levels. While future researches are called for to further discover nonfibrinolytic roles 

of plasmin throughout crack repair work, our information suggest that plasmin activity is, at the very least in part, 

important for fracture fixing, acting by sustaining fibrin clearance. 

Adhering to growth of hard-tissue callus, renovating the callus to the original macroscopic style of the pre-fracture bone 

was likewise significantly delayed in the lack of plasminogen. The improvement of freshly formed bone in fracture callus 

comes to be medically apparent after osseous union throughout the fracture site 
(38)

. Therefore, it is plausible that loss of 

plasminogen activity influences osteoclastogenesis, osteoclast function, and/or osteoclast/osteoblast communications. On 

behalf of this, plasminogen and its concept activators (urokinase-type plasminogen activator, tissue-type plasminogen 

activator [tPA] have been reported to trigger several elements of bone renovation 
(47, 48)

. Nevertheless, exhaustion of 

fibrinogen partly rescued crack union and renovation in the setup of a full shortage of plasminogen, indicating that, 

although plasmin and its activators can be owning the bone remodeling procedure, plasminogen is not vital for bone 

improvement connected with crack repair work. Instead, these data potentially link fibrin as a negative regulatory 

authority of bone remodeling. Initial evaluations recommend that similar numbers of osteoclasts bordered newly formed 

woven bone spicules following fracture in all genotypes assessed (not revealed). Additionally, in researches previously 

reported, regional fibrin deposition within bone cells was discovered to straight promote osteoclastogenesis via 

engagement of CD11b/CD18 on monocytes, consequently causing extreme osteoporosis 
(38,39)

. 
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Figure 4: Impaired Fracture Healing in Plasminogen-Deficient Mice 

4.   CONCLUSION 

Evidence reviews in this study showed that, fibrin was completely dispensable for long-bone crack fixing, as recovery 

fractures in fibrinogen-deficient mice were identical from those in control animals. Failure to clear fibrin from the fracture 

site in plasminogen-deficient mice severely damaged fracture vascularization, averted bone union, and resulted in durable 

heterotopic ossification. Pharmacological fibrinogen depletion in plasminogen-deficient pets restored a normal pattern of 

fracture repair work and considerably minimal heterotopic ossification. Fibrin is consequently not important for crack 

repair, yet ineffective fibrinolysis lowers endochondral angiogenesis as well as ossification, consequently inhibiting 

fracture repair. 

REFERENCES 

[1] Claes L, Recknagel S, Ignatius A. Fracture healing under healthy and inflammatory conditions. Nat Rev Rheumatol. 

2012;8: 133–143. doi: 10.1038/nrrheum.2012.1.  

[2] Yuasa M, et al. The temporal and spatial development of vascularity in a healing displaced fracture. Bone. 

2014;67:208–221. doi: 10.1016/j.bone.2014.07.002.  

[3] Gerstenfeld LC, Cullinane DM, Barnes GL, Graves DT, Einhorn TA. Fracture healing as a post-natal developmental 

process: molecular, spatial, and temporal aspects of its regulation. J Cell Biochem. 2003;88(5):873–884. doi: 

10.1002/jcb.10435. 

[4] Rockwood CA, Green DP, Bucholz RW. Rockwood and Green’s Fractures In Adults. Philadelphia, Pennsylvania, 

USA: Wolters Kluwer Health/Lippincott Williams & Wilkins; 2010. 

[5] Anitua E, Andia I, Ardanza B, Nurden P, Nurden AT. Autologous platelets as a source of proteins for healing and 

tissue regeneration. Thromb Haemost. 2004;91(1):4–15.  



International Journal of Healthcare Sciences    ISSN 2348-5728 (Online) 
Vol. 4, Issue 2, pp: (1650-1658), Month: October 2016 - March 2017, Available at: www.researchpublish.com 

 

   Page | 1656  
Research Publish Journals 

[6] Kolar P, et al. The early fracture hematoma and its potential role in fracture healing. Tissue Eng Part B Rev. 

2010;16(4):427–434. doi: 10.1089/ten.teb.2009.0687.  

[7] Key JA, Conwell HE. The Management Of Fractures, Dislocations, And Sprains. St. Louis, Missouri, USA: The 

C.V. Mosby Company; 1946. 

[8] Bugge TH, et al. Urokinase-type plasminogen activator is effective in fibrin clearance in the absence of its receptor 

or tissue-type plasminogen activator. Proc Natl Acad Sci U S A. 1996;93(12):5899–5904. doi: 10.1073/pnas. 

93.12.5899.  

[9] Cole HA, et al. Fibrin accumulation secondary to loss of plasmin-mediated fibrinolysis drives inflammatory 

osteoporosis in mice. Arthritis Rheumatol. 2014;66(8):2222–2233. doi: 10.1002/art.38639.  

[10] Gunnar BJ, et al. United States Bone and Joint Initiative: The Burden of Musculoskeletal Diseases in the United 

States. 2nd ed. Park Ridge, Illinois, USA: American Academy of Orthopaedic Surgeons; 2011. 

[11] Einhorn TA. Enhancement of fracture-healing. J Bone Joint Surg Am. 1995;77(6):940–956.  

[12] Ebraheim NA, Martin A, Sochacki KR, Liu J. Nonunion of distal femoral fractures: a systematic review. Orthop 

Surg. 2013;5(1):46–50. doi: 10.1111/os.12017.  

[13] Cobb TK, Gabrielsen TA, Campbell DC, 2nd, Wallrichs SL, Ilstrup DM. Cigarette smoking and nonunion after 

ankle arthrodesis. Foot Ankle Int. 1994;15(2):64–67.  

[14] Macey LR, Kana SM, Jingushi S, Terek RM, Borretos J, Bolander ME. Defects of early fracture-healing in 

experimental diabetes. J Bone Joint Surg Am. 1989;71(5):722–733.  

[15] Gruber R, Koch H, Doll BA, Tegtmeier F, Einhorn TA, Hollinger JO. Fracture healing in the elderly patient. Exp 

Gerontol. 2006;41(11):1080–1093. doi: 10.1016/j.exger.2006.09.008.  

[16] Grimes R, Jepsen KJ, Fitch JL, Einhorn TA, Gerstenfeld LC. The transcriptome of fracture healing defines 

mechanisms of coordination of skeletal and vascular development during endochondral bone formation. J Bone 

Miner Res. 2011;26:2597–609. 

[17] Worthley DL, Churchill M, Compton JT, et al. Gremlin 1 identifies a skeletal stem cell with bone, cartilage, and 

reticular stromal potential. Cell. 2015;160:269–84.  

[18] Yuasa M, Mignemi NA, Nyman JS, et al. Fibrinolysis is essential for fracture repair and prevention of heterotopic 

ossification. J Clin Invest. 2015;125:3117–31. 

[19] Gerstenfeld LC, Cullinane DM, Barnes GL, Graves DT, and Einhorn TA. Fracture healing as a post-natal 

developmental process: molecular, spatial, and temporal aspects of its regulation. Journal of cellular biochemistry. 

2003;88(5):873-84.  

[20] Zhang X, Xie C, Lin AS, Ito H, Awad H, Lieberman JR, Rubery PT, Schwarz EM, O'Keefe RJ, and Guldberg RE. 

Periosteal progenitor cell fate in segmental cortical bone graft transplantations: implications for functional tissue 

engineering. Journal of bone and mineral research : the official journal of the American Society for Bone and 

Mineral Research. 2005;20(12):2124-37. 

[21] Nakahara H, Bruder SP, Haynesworth SE, Holecek JJ, Baber MA, Goldberg VM, and Caplan AI. Bone and cartilage 

formation in diffusion chambers by subcultured cells derived from the periosteum. Bone. 1990;11(3):181-8 

[22] Heppenstall RB, Goodwin CW, Brighton CT. Fracture healing in the presence of chronic hypoxia. The Journal of 

bone and joint surgery American volume. 1976;58(8):1153-6.  

[23] Thompson WD, Harvey JA, Kazmi MA, Stout AJ. Fibrinolysis and angiogenesis in wound healing. The Journal of 

pathology. 1991;165(4):311-8. doi: 10.1002/path.1711650406. PubMed PMID: 1723752. 43  

[24] Ling Q, Jacovina AT, Deora A, Febbraio M, Simantov R, Silverstein RL, Hempstead B, Mark WH, Hajjar KA. 

Annexin II regulates fibrin homeostasis and neoangiogenesis in vivo. J Clin Invest. 2004;113(1):38-48.  



International Journal of Healthcare Sciences    ISSN 2348-5728 (Online) 
Vol. 4, Issue 2, pp: (1650-1658), Month: October 2016 - March 2017, Available at: www.researchpublish.com 

 

   Page | 1657  
Research Publish Journals 

[25] Zhang ZG, Chopp M, Goussev A, Lu D, Morris D, Tsang W, Powers C, Ho KL. Cerebral microvascular obstruction 

by fibrin is associated with upregulation of PAI- 1 acutely after onset of focal embolic ischemia in rats. The Journal 

of neuroscience : the official journal of the Society for Neuroscience. 1999;19(24):10898-907.  

[26] Lisman T, de Groot PG, Meijers JC, Rosendaal FR. Reduced plasma fibrinolytic potential is a risk factor for venous 

thrombosis. Blood. 2005;105(3):1102-5.  

[27] Meltzer ME, Bol L, Rosendaal FR, Lisman T, Cannegieter SC. Hypofibrinolysis as a risk factor for recurrent venous 

thrombosis; results of the LETS follow-up study. Journal of thrombosis and haemostasis : JTH. 2010;8(3):605-7.  

[28] Harper J, Klagsbrun M. Cartilage to bone--angiogenesis leads the way. Nature medicine. 1999;5(6):617-8. Epub 

1999/06/17.  

[29] Brookes M, Landon DN. The Juxta-Epiphysial Vessels in the Long Bones of Foetal Rats. J Bone Joint Surg Br. 

1964;46:336-45.  

[30] Kobayashi T, Selig MK, Torrekens S, Roth SI, Mackem S, Carmeliet G, Kronenberg HM. Osteoblast precursors, but 

not mature osteoblasts, move into developing and fractured bones along with invading blood vessels. Dev Cell.  

[31] Beamer B, Hettrich C, Lane J. Vascular endothelial growth factor: an essential component of angiogenesis and 

fracture healing. HSS J. 2010;6(1):85–94. doi: 10.1007/s11420-009-9129-4.  

[32] Gerber HP, Vu TH, Ryan AM, Kowalski J, Werb Z, Ferrara N. VEGF couples hypertrophic cartilage remodeling, 

ossification and angiogenesis during endochondral bone formation. Nat Med. 1999;5(6):623–628. doi: 

10.1038/9467.  

[33] Harper J, Klagsbrun M. Cartilage to bone — angiogenesis leads the way. Nat Med. 1999;5(6):617–618. doi: 

10.1038/9460. 

[34] Cobb TK, Gabrielsen TA, Campbell DC, 2nd, Wallrichs SL, Ilstrup DM. Cigarette smoking and nonunion after 

ankle arthrodesis. Foot Ankle Int. 1994;15(2):64–67.  

[35] Macey LR, Kana SM, Jingushi S, Terek RM, Borretos J, Bolander ME. Defects of early fracture-healing in 

experimental diabetes. J Bone Joint Surg Am. 1989;71(5):722–733.  

[36] Gruber R, Koch H, Doll BA, Tegtmeier F, Einhorn TA, Hollinger JO. Fracture healing in the elderly patient. Exp 

Gerontol. 2006;41(11):1080–1093.  

[37] Kline AJ, Gruen GS, Pape HC, Tarkin IS, Irrgang JJ, Wukich DK. Early complications following the operative 

treatment of pilon fractures with and without diabetes. Foot Ankle Int. 2009;30(11):1042–1047.  

[38] Rodriguez EK, et al. Predictive factors of distal femoral fracture nonunion after lateral locked plating: a retrospective 

multicenter case-control study of 283 fractures. Injury. 2014;45(3):554–559. doi: 10.1016/j.injury.2013.10.042. 

[39] Yuasa M, et al. The temporal and spatial development of vascularity in a healing displaced fracture. Bone. 

2014;67:208–221. 

[40] Hammond JD, Verel D. Observations on the distribution and biological half-life of human fibrinogen. Br J 

Haematol. 1959;5:431–438. 

[41] Wu AC, Raggatt LJ, Alexander KA, Pettit AR. Unraveling macrophage contributions to bone repair. Bonekey Rep. 

2013;2:373.  

[42] Khalil N, Corne S, Whitman C, Yacyshyn H. Plasmin regulates the activation of cell-associated latent TGF-β 1 

secreted by rat alveolar macrophages after in vivo bleomycin injury. Am J Respir Cell Mol Biol. 1996;15(2):252–

259. doi: 10.1165/ajrcmb.15.2.8703482.  

[43] Yee JA, Yan L, Dominguez JC, Allan EH, Martin TJ. Plasminogen-dependent activation of latent transforming 

growth factor beta (TGF β) by growing cultures of osteoblast-like cells. J Cell Physiol. 1993;157(3):528–534. doi: 

10.1002/jcp.1041570312.  



International Journal of Healthcare Sciences    ISSN 2348-5728 (Online) 
Vol. 4, Issue 2, pp: (1650-1658), Month: October 2016 - March 2017, Available at: www.researchpublish.com 

 

   Page | 1658  
Research Publish Journals 

[44] Roth D, et al. Plasmin modulates vascular endothelial growth factor-A-mediated angiogenesis during wound repair. 

Am J Pathol. 2006;168(2):670–684. doi: 10.2353/ajpath.2006.050372.  

[45] Schoenecker J, et al. 2010 Young Investigator Award winner: Therapeutic aprotinin stimulates osteoblast 

proliferation but inhibits differentiation and bone matrix mineralization. Spine. 2010;35(9):1008–1016.  

[46] Kawao N, et al. Plasminogen plays a crucial role in bone repair. J Bone Miner Res. 2013;28(7):1561–1574. doi: 

10.1002/jbmr.1921.  

[47] Daci E, Udagawa N, Martin TJ, Bouillon R, Carmeliet G. The role of the plasminogen system in bone resorption in 

vitro. J Bone Miner Res. 1999;14(6):946–952.  

[48] Everts V, et al. Plasminogen activators are involved in the degradation of bone by osteoclasts. Bone. 

2008;43(5):915–920. doi: 10.1016/j.bone.2008.07.004. 


