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ABSTRACT 

STUDY OF EFFICACY OF BONE MARROW INJECTION IN DELAYED 

UNION OF FRACTURES OF LOWER LIMB 

 

BACKGROUND: Fracture healing is a complex series of events involving the array 

of biological as well as biomechanical processes. Some, in the setting of an 

unfavourable cellular microenvironment and mechanical instability, some fractures 

unpredictably end up in delayed union or non-union despite interventions with 

internal or external fixation, or cast application.  

 Various variables including the patient and fracture have been attributed for the delay 

in the process of fracture union.  

In view of this, open autologous bone grafting, where bone is harvested and then 

implanted at the site of fracture has been the gold standard method for the treatment 

of delayed union and non-union.  

However, post-operative complications have render this method less favourable. In 

contrast, stem cell therapy have been the choice of treatment in many conditions 

because of their regeneration potential into different cells and tissues. Bone marrow is 

one of the richest sources of these mesenchymal stem cells which act as 

osteoprogenitor cells. It was in 1955 Herzog first demonstrated the use the bone 

marrow injection for healing of fractures.  

Injecting bone marrow rich in osteo-progenitor cells is a simpler procedure having 

lower post-operative complications, lower cost, as well as a shorter hospital stay.  



 XII

This study aims to present the functional outcome of only autologous bone marrow 

injection in the treatment of delayed union of lower limb fractures which were 

previously treated by internal or external fixation, or cast application. 

                            

 

MATERIALS AND METHODS: 

The study is conducted in 30 patients presented with delayed union of long bones to 

Department of Orthopaedic surgery at R.L. JALAPPA HOSPITAL attached to SRI 

DEVARAJ URS medical college, Tamaka, Kolar, during the period of December 

2017 to June 2018. 

Patients with Lower limb long bone fractures with no signs of clinical and 

radiological union after 3 months and age above 18 years were included in the study. 

Patients with bone marrow disease, pathological fractures, and active infection were 

excluded. 

RESULTS: 

In this study the average age of the subject is 40 years, and male: female are 9:1 

53.3% of the fractures involve tibia, 46.7% of the fractures involve femur. The initial 

mode of treatment provided to the patients are IMIL nailing in 76.7%, Plate 

application in 6.7% and external fixation in 16.7% patients. The volume of bone 

marrow injection was 40-60 ml in 60% patients and 60-80 ml in 40% of total patients. 

The average union time is around 18weeks. 16.7% of the patients had union at 2 

months, 36.7% at 4 months, 40% at 6 months and 6.7% had absent union. The results 

are satisfactory in 28 patients and poor in 2 patients. 
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INTERPRETATION AND CONCLUSION:  After our follow up of 30 patients for 

a period of 6 months post bone marrow aspirate injection, we observe that there is 

accelerated bone healing, even in patients with associated co-morbidities. 

 

We also observed that even single dose of unconcentrated bone marrow aspirate 

injection is enough to achieve union. The procedure is simple, cost effective, easily 

reproducible with nil or minimal complications. Even though all of our subjects 

underwent the procedure under spinal anaesthesia, many studies have concluded that 

this procedure can done under local anaesthesia or short general anaesthesia. 

We finally conclude that, the earlier the intervention faster the union and less chances 

of progression to non-union. 

   

   Key words: bone marrow aspirate, delayed union, tibia, femur 
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INTRODUCTION 

 

 Fracture healing includes a complex series of events involving the array of biological 

as well as biomechanical processes. Some, in the setting of an unfavourable cellular 

microenvironment and mechanical instability, some fractures unpredictably end up in delayed 

union or non-union despite interventions with internal / external fixation or cast application.1 

 

Various variables including the patient and fracture have been attributed for the delay 

in the process of fracture union. Different modalities of treatment are available for the 

management of the same. The biological environment has been shown to be affected by 

osteogenic, osteo-conductive and osteo-inductive substances which are collectively present in 

osteo-progenitor cells.2 

 

Goujon followed by McGaw and Harbin, first demonstrated the osteogenic potential 

of these osteoprogenitor cells in bone marrow and thereby, hold the key to the formation as 

well as healing of bone.3,4In view of this, open autologous bone grafting, where bone is 

harvested and then implanted at the site of fracture has been the gold standard method in the 

management of delayed union and non-union.  

 

However, post-operative complications such as pain, hematoma formation, surgical 

site infection and scarring, meralgia paresthetica and gait changes have render this method 

less favourable, not to mention the high cost and also the need for prolonged hospital stay. 

Opening the non-union site where healing is already hampered also contributes to 

devascularisation of fracture fragments. 
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In contrast, stem cell therapy, have been the choice of treatment in many conditions 

because of their regeneration potential into different cells and tissues.5 Bone marrow is one 

among the richest sources of these mesenchymal stem cells which act as osteoprogenitor 

cells.6 It was in 1955 Herzog first demonstrated the use of bone marrow injection for healing 

of fractures.7 

Injecting bone marrow, rich in osteo-progenitor cells is a simpler procedure having, 

lower post-operative complications, cost effective, as well as a shorter hospital stay.  

 

This study is done in an aim to present the functional outcome of only autologous 

bone marrow injection in the treatment of delayed union of fractures of lower limb, which 

were previously treated by internal / external fixation, or cast application. 
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OBJECTIVES 

 

To evaluate the efficacy of bone marrow aspirate injection in delayed union of fractures using 

union scale score with reference to  

a. Rate of healing 

b. Functional and Radiological outcome 

 

TABLE 1: UNION SCALE SCORE8 

Score Mobility Tenderness Radiological features 

0 Frank mobility in both 

planes 

Present No callus at all 

1 Restricted mobility in 

both planes 

Absent Minimum ensheathing callus 

2 Minimum mobility in 

one plane 

Absent Good ensheathing callus and internal callus 

bridging at least two cortices 

3 No mobility at all Absent Good ensheathing callus bridging all 4 cortices 

 

Union scale score includes- 

A. Clinical scoring (tenderness and abnormal mobility) 

B. Radiological scoring (callus formation) 
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HISTORICAL REVIEW 

 

Sporadic use of bone grafts has been described in the oldest medical records, referred 

even in myths and legends, and depicted incenturies old religious arts. Since the first recorded 

bone graft attempt by the Dutch surgeon Job Van Meek’ren, bone grafting has become one of 

the most frequently performed orthopaedic procedures.9 

 Despite advances in operative fixation techniques and the consideration of many 

substances for use as implant or transplant materials, fresh autologous cancellous bone 

remains as the most effective graft material for most clinical situations, and the method of 

open harvesting from iliac crest of pelvis and operative implantation at fracture site remains 

largely unchanged since the classic work of Phemister.10 

McGraw and Harbin were among the first to demonstrate the osteogenic activity of 

bone marrow.3,4 The osteogenic potential of bone marrow is because of stromal and 

endosteal cells of the marrow. As bone marrow is the only tissue that contains an 

abundance of both determined and inducible osteoprogenitor, it is logical graft ofchoice. 
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REVIEW OF LITERATURE 

 

 A study conducted on 8 patients in the year 1990, with primary sarcomas of bone 

who developed delayed unions or non- unions after being treated by resections and 

reconstruction were treated by injection of autologous bone marrow aspirate. Formation 

of new bone was noted in 7 patients, whereas union was achieved in 5 patients.11 

 

A retrospective study done during 1991 in Singapore, reported bone marrow 

injection stimulates early callus formation, sufficient to unite fractures with median time 

of 10 weeks clinically and radiologically by 17 weeks.3 

 

Connolly et al, used marrow injections to treat 20 tibial delayed and nonunions 

with a union rate around 80%. The results showed that the most effective application of 

bone marrow injection,is in the treatment of delayed union so asto prevent the progression 

to non-union.12 

 

A study between 1990 and 2000 which included 60 patients with established 

delayed and nonunion oftibial shaft, concluded that the efficacy is related to high 

concentration of stem cells that will enhance the rate and amount of boneformation.13 

 

After a long- term followup, a study in 2001, which included 72 patients, results 

showed only 4 failures (5.5%) which are encouraging and suggest that percutaneous 

autologous bone marrow injection is found to be a simple solution for complex problem of 

delayed or non-union.14 
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A prospective study conducted around 2003 reported that percutaneous bone 

marrow injection along with demineralised bone matrix helps in acceleration of bone 

healing on an outpatient basis treatment for the delayed and non-union.15 

 

A study conducted over a period from 2005 to 2006 in fractures with delayed 

union, 37 out of 38 patients had successful union to bone marrow injection with mean 

union time of 14.6 weeks.16 

 

Another study conducted in 2007 which included 28 patients, bone marrow was 

aspirated from the iliac crest and injected into the fracture site, Union was observed in 23 

cases with an average healing time of 12 weeks.8 

 

In a study done in 2009, 50 cases of post-traumatic delayed and non-union 

administered with bone marrow aspirate injection were examined clinically and 

radiographically. It was observed that 90% of the cases hadunion. This technique was found 

to be minimally invasive and is a biological method of bone grafting because it will not 

disturb the vascularity at the fracture site.17 

 

The mesenchymal stem cells in bone marrow aspirate described by a study in 2012, as 

the main key factor in bone healing as they are the progenitor cells to osteoblasts and 

adipocytes which are the main bone cells.18 

 

A retrospective study of the radiographs of 50 patients with delayed and non-union 

published in 2013 showed that percutaneous bone marrow injection accelerates bone healing 

and is a useful procedure in patients who are unfit for general anaesthesia. It was also 

described as a patient- and surgeon-friendly procedure.19 
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In the same year, a study comparing different modalities of management of delayed 

union concluded that multiple bone marrow injections achieved similar results and are 

equally efficacious in fracture healing as bone grafting and platelet rich plasma but at a lower 

cost.2 

 

Similarly, another study done during the same period showed that autogenous bone 

marrow injection significantly accelerates bone healing in 19 out of the 20 patients with non-

union due to biological causes.20 

 

A study done in 2014 showed several factors which decrease the efficacy of 

autologous bone marrow injection namely cigarette smoking, elderly age and open fracture.21 

 

In diabetics, as described by a clinical study done in 2015, proved that those with 

delayed and non-union who were treated with autologous bone marrow concentrate had a 

higher rate of successful union and less complications compared with patients receiving 

autologous bone grafting.22 

 

After a long 8 years of study involving 45 patients with delayed and non-union 

published in the same year showed that early injection of the bone marrow concentrate helps 

in accelerating the bone healing especially in patients with poor tissue coverage and other 

comordities.23 

 

Bone marrow was found to possess high osteogenic potential in a study of 30 patients 

done around the same time and can be an easy substitution for complex problem such as 

delayed union as it can be done on outpatient basis under local anaesthesia with minimal 

morbidity at recipient and donor sites.24 
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After studying 80 patients in 2016, the authors came to a conclusion that a trial of 

percutaneous bone marrow injection should be done in cases of delayed union as bone 

marrow grafting can be done secondarily if the former fails.25 

 

In another study done in the same year, the author reported a study which showed the 

osteoconduction and osteoinduction properties of bone marrow aspirate at the delayed union 

and non-union site.26 

 

A result of a prospective study published in 2017 showed that out of 34 patients, a 

satisfactory response was seen in 78% of delayed union whereas only 40% of non-union 

cases showed good response. Therefore, autologous bone marrow injection was 

recommended before delayed union progresses to non-union.27 

 

             Around same time of the year, a study reported that 16 out of 20 hypertrophic non-

union cases and 6 out of 8 atrophic non-union cases were united after bone marrow injection, 

thereby concluding that as compared to bone grafting, bone marrow injection has the same 

osteo-induction and osteo-conduction properties but with less morbidity.28 

 

In the same year, 50 surgically unfit patients with long bone fractures were divided 

into 2 groups, one treated with cast application alone and the other with cast application and 

percutaneous bone marrow injection. It was found that the group with percutaneous bone 

marrow injection showed accelerated bone healing thereby decreasing the duration of 

immobilisation hence improved rehabilitation.29 
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At around same time, another clinical study has documented the use ofmesenchymal 

stem cells of bone marrow in playing a pivotal role not only in non-union and delayed union, 

but also in the management of acute fracture healing with bone loss.6 

 

In a study done in 2018, the author evaluated 93 patients and concluded that by using 

multiple hole tip needle in bone marrow aspiration, the repeated entry of the donor site can be 

prevented thereby reducing morbidity.30 

 

Recently this year, after a follow up of 15 patients for a period of 1 year post-bone 

marrow injection, the authors reported that it is cost effective, easily reproducible with good 

functional outcome and less complications.31 

 

 In the recent most study published this year, after a long term follow up period of 2-6 

years in patients younger than 18 years, percutaneous autologous bone marrow 

transplantation was concluded to be a simple, effective and safe strategy for the treatment of 

delayed union in long bones of children. Early bone marrow transplantation was shown to 

reduce the need for bone grafting later on, thereby shortening the course of treatment.32 
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RELEVANT ANATOMY 

 

DEVELOPMENT OF BONE33 

Formation of bone is essentially the replacement of connective tissue derived from 

mesenchymal cells, which occur in 2 ways: 

1. Intramembranous bone formation 

2. Endochondral bone formation 

 

Intramembranous bone formation 

 Bones forming from layers of connective tissue are called intramembranous bones. 

 Osteoprogenitor cells will directly differentiate into osteoblasts. 

 Bone matrix is deposited over the surface by the osteoblasts and bone grows in width 

(appositional growth). 

 

Figure 1: Intramembranous ossification33 
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Endochondral bone formation 

 Bones forming by replacing the hyaline cartilage are called endochondral bones. 

 Most of the bones in the body are formed by chondral ossification. 

 In the areas of low oxygen tension chondrocytes hypertrophy, degenerate and calcify. 

 Oxygen tension increases when cartilage is invaded by the proliferation of capillaries 

which is followed by ossification. 

 Chondral ossification in the growth plate helps in the longitudinal growth of the long 

bone. 

 

 Figure 2: Endochondral ossification33 
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BONE 

 Bone is a strong and rigid connective tissue providing support and protection for the 

body. 

 The rigidity of the bone helps in adapting to resist stress, supporting the body and 

providing leverage for the movement. 

 Bone is a highly organized, vascularised, and dense mineralised with matrix of 

organic and inorganic materials. 

 

 

Figure 3: Long bone34 
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MACROSCOPIC ANATOMY OF THE BONE34 

The living bone is white in colour. 

Depending upon the texture, it can be either of the two components: 

a) Ivory (compact bone) 

b) Honey-combed (trabecular or cancellous or spongy bone) 

 

Compact bone 

 Generally limited to outer shell or cortex of the mature bone for providing strength 

and rigid articular surfaces 

 Commonly seen in the diaphysis of long bones 

Cancellous bone 

 Also formed in the cortex, consisting of bony trabeculae, providing strength to the 

cortex while minimizing the weight of the bone 

 It provides strength in compression, so found abundantly in the epiphysis of the long 

bones 

 The trabecular arrangement follows the pressure and tension stress adding to its 

mechanical 

strength
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Figure 4: Illustration of Bone Structure34 

 

MICROSCOPIC ANATOMY OF THE BONE35 

It constitutes of: 

1) Extracellular bone matrix 

2) Specialized cells 

 -Osteoprogenitor cells 

 -Osteoblasts 

 -Osteocytes 

 -Osteoclasts 

 -And other cells 

3) Periosteum, endosteum and marrow 
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Inorganic material 

 Formed by a process initiated by osteoblasts called mineralization. 

 Mineralisation provides the required compression strength to bone. 

 It is made up of inorganic mineral salts – calcium hydroxyappatite [Ca10(PO4)6(OH)2] 

in the microcrystalline form. 

 Bone must be mineralised at least 50% to be visible on the radiograph. 

 

Organic material 

 Most of the organic material is formed by type I collagen 

 The remainder includes non-collagenous proteins, glycoproteins and carbohydrates. 

 Depending on the laminar arrays of the collagen and the cells, bone can be 2 types: 

a)  Woven/Immature bone 

 Random arrangement of collagen and cells. 

 Ex: Initial stages of bone healing. 

b)   Lamellar bone 

 Orderly distribution of collagen and cells. 

 Lamellar bone can be structured either in osteons (compact/cortical bone) or in the 

form of trabeculae which are seen in cancellous/spongy bones. 

Bone matrix 

Inorganic material 
(60-70%) 

Organic material 
(30-40%) 

Water 
(10-20%) 
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Compact bone 

◦ The specialised and basic architectural unit is provided by the osteons (Haversian 

systems) which are parallel to the long axis of bone. 

◦ The haversian system consists of central haversian canal surrounded by concentric 

bone lamellae which are intervened by numerous lacunae. 

◦ The oblique channels that is Volkmann's canal which consists of neurovascular 

bundle connect the haversian canals to the medullary cavity and with surface of 

the bone. 

◦ The surface of compact bone is covered by periosteum and the inner surface is 

lined by endosteum except at the articular surfaces and at apophysis. 

 

Cancellous bone 

◦ The space between the trabeculae are filled with bone marrow and blood vessels. 

 

Bone cells 

1) Osteoprogenitor cells 

 Also called as osteogenic cells or pro-osteoblasts. 

 These are from mesenchymal precursor cells which can differentiate into osteoblasts, 

chondroblasts and fibroblasts under appropriate conditions. 

 They divide by mitosis and differentiate into osteoblasts at the fracture site. 

 They are found in the endosteum and cambium layer of periosteum or directly from 

mesenchymal stem cells during intramembranous ossification. 
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 They are of two types: 

◦ Commited osteoprogenitor cells – committed to form bone tissues 

◦ Inducible osteoprogenitor cells – depending on the inducer and the inducing effect 

these cells differentiate into either osteoblasts / chondroblasts or fibroblasts 

 

2) Osteoblasts 

 These are basophilic roughly cuboidal mononuclear cells derived from the 

osteoprogenitor cells when stimulated by bone morphogenic protein (BMP). 

 Osteoblasts form contiguous monolayer over the surface of growing bone. 

 Functions: 

 

These cells are responsible for synthesizing proteins of the bone: 

1. Collagen (mainly type 1) 

2. Non-collagenous proteins or glycoproteins 

3. Osteocalcin and alkaline phosphate – required for bone mineralization 

4. Osteonectin – crystallization of minerals 

5. Osteoprotegerin – restricts osteoclasts differentiation 

 Hormonal regulation of bone resorption via receptors for parathyroid hormone (PTH) 

and calcitriol. 

 As the lifespan of osteoblasts in humans is only 2-3 months, the mediator mechanisms 

will replace the exhausted osteoblasts with new ones during fracture healing. 
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Figure 5: Illustration of Osteoblasts35 

3) Osteocytes 

 They form the major cell type in mature bones. 

 Osteocytes are derived from osteoblasts which lost the ability to divide/secrete new 

matrix after enclosed in the matrix. 

 Lacunae are spaces in which osteocytes rest. 

 Canaliculi are the interconnecting channels with other cells. 

 Function: 

 Act as sensors for mechanical changes in the microenvironment of bone. 

 Helps in inducing bone remodeling. 

4) Osteoclasts 

 Formed by fusion of monocytes. 

 They are multinucleated giant cells with numerous mitochondria and lysosomes. 

 Active osteoclasts have ruffled membrane. 

 Functions: 

 Only cells which can degrade and resorb mineralised bone tissue. 

 Important cells in calcium metabolism. 
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Figure 6: Illustration of Osteoclast35 

Figure 7: H&E stain showing Osteoclast35 

 

Figure 8: Differentiation of Osteoprogenitor cells35 
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5) Reticular cells 

6) Endothelial cells 

7) Fibroblasts 

 

PERIOSTEUM 

 Covers the outer surface of bone 

 It has 2 layers: 

1. External fibrous layer 

2. Internal osteogenic layer (cambium) 

 Cambium layer activation leads to appositional growth 

 

ENDOSTEUM 

 It lines the inner surface and cavities of the bone 

 It has osteogenic potential 

 

 

Figure 9: Microscopy of periosteum35 
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NEUROVASCULAR SUPPLY 

Bone derives its blood supply mainly from 

 Nutrientartery 

 Epiphyseal/metaphyseal arteries 

 Periostealarteries 

 Muscular, ligamentous and capsulararteries 

 

 

Figure 10: Vascular supply of a long bone35 
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REGENERATION OF BONE (FRACTURE HEALING)36 

 The process of fracture healing requires appropriate cells and the genes at appropriate 

location and time. 

 Fracture healing is similar to soft tissue healing except its ability to heal like pre-

fracture state without formation of scar. 

 There are different theories about fracture healing but the most widely accepted was 

proposed by Perren. 

 He described the stages of fracture healing depending on the degree of 

strain/movement. 

 Fracture gap strain    =       Relative change in the fracture gap 

      Original fracture gap 

 Depending on the inter-fragmentary strain the cellular response changes and leads to 

forming different tissues in between the fracture fragments. 

 

Maximum strain        Least strain 

 

Granulation tissue Fibrous Connective tissue Fibrocartilage        Lamellar bone 

 

 

 

 

       

 

 

 

Fracture Healing 

Primary Bone Healing Secondary Bone Healing 

Contact Healing Gap Healing Intramembranous
Ossification 

Endochondral 
Ossification 
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Primary bone healing        

(also known as Direct cortical / Osteonal / Haversian bone healing) 

 Pre-requisites: Absolute stability which is achieved by 

 Anatomical reduction. 

 Inter fragmentory compression. 

 Cutting cones formation by osteoclasts. 

 

1. Contact healing 

 At the site of the contact and compression. 

 Simultaneous bone union and remodeling. 

 Formation of lamellar bone by osteons which directly extends between the fracture 

ends. 

2. Gap healing 

 At the tension site. 

 Bone union and remodelling is sequential. 

 

 

 

 

 

 

 

 

 

Gap filled with new blood vessels

Mesenchymal cells 

Osteoblasts 

Lamellar bone 
(small gap) 

Woven bone 
(large gap) 
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Secondary bone healing37 

1. Intramembranous ossification 

 Bony callus at the periosteum 

2. Endochondral ossification 

 Bridging callus of fibrocartilagenous 

 

Stages of secondary bone healing 

 

From the time of injury       1-7 days     2-3 weeks     3-4 months 

 

Hematoma  Inflammation       Soft callus  Hard callus  Remodelling 

 

 

Figure 11: Continum of fracture healing39 
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Hematoma formation 

 Starts immediately after injury. 

    Fracture 

 

      Bone marrow 

       Structural disruption Periosteum 

      Surrounding muscle 

 

Collection of blood sub periosteally 

(Hematoma) 

Components 

 

 

 

 

 

 

 

Figure 12: Hematoma formation38 

Platelets 
 

Erythrocytes 
 

Immune cells 

Tumor Necrosis Factor-α 
 

Interleukin-6 
 

Interleukin-8 
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Stage of Inflammation 

 Damage to the bone and soft tissue after fracture leads to the disruption of blood 

vessels. 

 The site adjacent to fracture site will be relatively hypoxic leading to local tissue 

necrosis and debris formation. 

 Neutrophils will arrive first and persist for a minimum of 3 hours, followed by other 

cells which help in phagocytosis. 

 Inflammatory stage and fracture healing go side by side rather than as distant steps. 

 

Stage of Soft Callus Formation 

 Before beginning of this stage, there is differentiation of osteoprogenitor cells into 

either chondrocytes or osteoblasts. 

 It generally begins by 3 weeks. 

 Depending on various factors, fibrous tissue and hematoma is replaced by either 

cartilage or osteoid in the callus. 

 Type I and Type II collagen formation help to restore matrix and its stability. 

 

 

 

    

 

Types of Soft Callus 

External bridging/ Periosteal Medullary Inter cortical 
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Figure 13: Stage of Callus38 

Stage of Hard Callus 

 In this stage, cartilage becomes calcified and blood vessels invade the callus. 

 The main cells involved in this are osteoblasts and osteoclasts. 

 Woven bone is deposited by osteoblasts which strengthens the callus. 

 Hard callus mainly consists of type I collagen. 

 

Figure 14: Stage of Hard Callus39 

 

 



  28

Stage of Remodelling 

 In this stage, bone returns to its pre-injury state. 

 Both canalicular architecture and haversian system is restored. 

 This process of remodelling continues for months to years till solid osseous union is 

achieved. 

 Lamellar bone is formed because of communication channels between the osteoblasts 

and osteoclasts along the lines of mechanical stress which follows Wolff's law. 

 The disorganized woven bone is removed by cutting cones formed by osteoclasts 

followed by organized lamellar bone formation by osteoblasts around central blood 

vessels. 
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Figure 15: Different stages of callus38 
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THE BIOLOGY OF FRACTURE HEALING40,41 

As mentioned above, fracture healing is a remarkable process as it is very similar to soft 

tissue healing except its ability to heal like pre-fracture state without the formation of scar. 

Instead of fibrous proliferation, granulation tissue grows in bone healing which differentiates 

into various bone cells, ultimately forming bone. 

 

Traditionally, osteoblasts were assumed to play the main role in healing of fracture. 

However, recent advances have elucidated this process and concluded that there are more 

factors involved. Fracture healing is a series of interrelated and interdependent events which 

involve multiple cells performing specific functions in each stage, playing various roles in 

neovascularisation, fibroproliferation along with bone and cartilage formation. 

 

It is interesting to note, however, that healing can occur without fracture. In pathological 

conditions such as Paget’s disease, myositis ossificans, myelofibrosis or in physiological 

growth plates of bones, growth and proliferation similar to fracture healing occur without 

fracture being the primary initiator. 

 

Osteoinduction, Osteoconduction and Osteogenesis: 

Osteoinduction, the first step in fracture healing, as the name suggests, is the stage 

where mesenchymal cells are induced to differentiate into a variety of cells which then 

proliferate and secrete chemical substances which forms a cycle by further stimulating the 

undifferentiated mesenchymal cells to participate in differentiation. This continues 

throughout fracture healing. 
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The osteoinducing factors are various growth factors such as transforming growth 

factor, bone morphogenetic proteins (BMP), fibroblast growth factor (FGF), platelet-

derived growth factor (PDGF) and insulin-like growth factor (IGF). Cytokines, 

prostaglandins and multiple hormones similarly play contributing roles in osteoinduction. 

 

The transforming growth factor is a part of a superfamily of growth factors, consisting 

a total of 34members. It acts on serine/threonine kinase cell wallreceptors which functions 

to promote the proliferation and differentiation of the mesenchymal precursors into bone 

cells such as osteoblasts, osteoclasts, andchondrocytes. It also stimulates endochondral and 

intramembranous bone formation and induces osteoblasts to synthesize cartilage-specific 

proteoglycans and type IIcollagen. 

 

BMP is a group of osteoinductive proteins which were first isolated from 

demineralised bone matrix. It was found to induce mesenchymal cell differentiation in 

bones. Of worth mentioning is the BMP-3, also known as osteogenin, is a potent inducer 

of mesenchymal tissue differentiation into bone cells and promoter of endochondral 

ossification. BMP-2 and BMP-7 on the other hand induce endochondral bone formation 

especially in segmentaldefects, whereas BMP-1 functionally cleaves the carboxyl 

terminals of pro-collages I, II and III. These BMPs regulate extracellular matrix 

production and follow a dose: responseratio. 

 

FGFs are divided based on chemical forms into FGF-1 (acidic) and FGF-2 (basic). 

Their functions are to amplify the proliferation of bone cells such as osteoblasts and 

chondrocytes and the formation of callus. FGF-2 also promotes neovascularisation. 

 

	



  32

 PDGF is formed as dimer of PDGF-A andPDGF-B which increases bone cell 

proliferation (Eg: osteoblasts) and ultimately increases the synthesis of type I collagen. 

They also serve as a mitogen for mesenchymal cells. A subcategory of PDGF-B, known as 

PDGF-BB, has been found to stimulate the proliferation of osteoclasts, thereby increasing 

bone resorption. 

 

IGFs are synthesised in various tissues. IGF-I is synthesised by hepatocytes, 

stimulated by growth hormone. Collectively, IGFs function to increase bone matrix and 

collagen synthesis and inhibit collagen degradation in bones. They also stimulate the 

proliferation ofosteoblasts. 

 

Cytokines, which include Interleukins (IL) 1, 4, 6 and 11, granulocyte colony 

stimulating factors and tumour necrosis factor, of which IL-1 is the most potent, mainly 

functions to stimulate bone resorption. Notably, the production of IL-1 and IL-6 is 

decreased in the presence of estrogen and it was proved that reduced estrogen is the main 

cause of post-menopausal bone resorption. 

 

On the other hand, the effect of prostaglandins and leukotrienes, were found to be 

species-dependent and their overall effects in humans remain unknown. Some studies 

suggest that prostaglandins especially the class E series stimulatethe formation of bone by 

osteoblasts and iinhibit the activity of osteoclasts. Leukotrienes also stimulate formation of 

bone by osteoblasts, however they also stimulate the formation of resorption pits by 

osteoclasts. 
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The various hormones implicated in fracture healing are estrogen which amplifies 

fracture healing, thyroid hormones which induce bone resorption by osteoclasts, 

glucocorticoids which raise parathyroid hormone levels hinder the calcium absorption and 

thereby stimulating resorption of bone by osteoclasts. Finally, growth hormone stimulates 

and acclerates callus formation via IGF-1. 

 

Various vascular factors play a role in the regulation of new blood vessels formation 

at the fracture site. Metalloproteinase’s firstly degrade bones and cartilage to allow the 

invasion of blood vessels near the fracture site, followed by the growth of new blood 

vessels in the site mediated by vascular endothelial growth factors and angiogenic factors. 

 

Osteoconduction is the process where scaffold of the matrix is formed, which serves 

as base, on which bone cells synthesize callus and then bone. This is important for the 

formation of bridging callus between fracture fragments followed by its mineralisation in a 

systematic way. 

Osteogenicpotential (osteogenesis) is the ability to provide osteoprogenitor cells 

which can differentiate into osteoblasts and osteocytes during bone formation. 

 

Autografts have osteoinductive, osteoconductive and osteogenetic potential, in 

contrast, allograft have only osteoinductive and osteoconductive properties.  
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DEFINITIONS42 

Delayed Union 

It is when fracture healing has not progressed at the expected rate for the specific fracture 

type and fracture site for the particular bone (usually between 3 to 6 months). 

 

Non- Union 

US - FDA defines non-union as “established when a minimum of9 months has elapsed 

since fracture, with no progressive radiological signs of healing for 3 consecutive 

months”. 
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CAUSES OF DELAYED UNION AND NON-UNION 

The causes of delayed and non-union were described by Crues and Buck Walter in 4 groups 

of variables. 

 

INJURYVARIABLES 

 Openfractures 

 Severity (high velocity)ofinjury 

 Intra-articularfracture 

 Segmentalfracture 

 Soft tissueinterposition 

 

PATIENT VARIABLES 

 Age (elderly) 

 Nutrition (poor) 

 Systemic hormones (PTH, 

estrogen) 

 Nicotine usage 

 

 

TISSUE VARIABLES 

 Form of bone(cortical) 

 Bone necrosis 

 Bone diseases 

 Infection 

 

 

TREATMENT VARIABLES 

 Improper apposition of 

fracturefragments 

 Loading and increased 

micromotion 

 Unstable fracture fixation 
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BONE MARROW35 

The skeletally mature adults have two types of bone marrow: 

 Yellow marrow filled with adipose tissue 

 Red bone marrow which is hematopoietically active 

The stem cells in the active bone marrow are pluripotent in nature and are capable 

to differentiate into any cell lineage. The colony forming units of fibroblasts in bone 

marrow were proved to have the pluripotency, thereby differentiating into 

osteoprogrenitor cells. 

The ability of the mesenchymal stem cells to differentiate into bone producing 

cells has been utilized therapeutically to accelerate fracture healing. The concentration 

of these osteoblastic progenitor cells is higher in iliac crest compared to tibia and 

calcaneum. 

Bone marrow aspirate has osteoinductive property where it augments the 

differentiation of osteoprogenitor cells, as well as osteoconductive property by which 

a scaffold is laid down for bone formation by the differentiated osteoprogenitor cells. 

 

 

 

 

 

 

 

 



  37

MATERIAL AND METHODS 

 

Source of data: 

The study is conducted in 30 cases presented with delayed union of long bones of lower 

limb to Department of Orthopaedic surgery in R.L.JALAPPA HOSPITAL, attached to 

SRI DEVARAJ URS MEDICAL COLLEGE, Tamaka, Kolar, during the period of 

December 2017 to June 2018. 

 

Method of collection of data: 

Inclusion criteria: 

Patients with 

1.  Lower limb long bone fractures with no signs of clinical and radiological 

union after 3 months 

       2. Age above 18 years 

 

Exclusion criteria: 

1. Patients with 

a. Bone marrow disease 

b. Pathological fractures 

c. Active infection 

2. Patients refusal 
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Materials: 

Mentioned below are the materials utilized for harvesting of bone marrow and its 

instillation. 

 

Instruments: 

 Salah bone marrow aspiration needles with stiletto of sizes 14-16G 

 16-18G wide bore needles 

 Disposable syringes of capacities 10mL and 20mL 

 

 

Figure 16: INSTRUMENTS 

 

Pre-operative preparation: 

Both donor and recipient sites are prepared aseptically. 
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Pre-medication: 

A stat dose of Inj. Cefotaxime 1gm after test dose is given. 

 

Operative details: 

a)Position of the patient: 

Patient is in supine position. In order to stabilize the back, a sand bag is placed under 

the gluteal region. In this position, the donor site is made prominent which provides 

ease for the entry of needle through iliac crest. Risk of damaging pelvic organs would 

also be minimized. In the same way, a sand bag is also placed under the recipient site 

for stabilization. 

 

b)Procedure in detail 

Under Spinal anaesthesia, both donor and recipient sites are draped following the 

aseptic principles. Under C-arm guidance, the fracture site is localized. 2 needles 

(16G or 18G) are inserted into the fracture site, being visualized anteroposteriorly and 

mediolaterally. 

The bone marrow needle is inserted about 3cm posterior to the anterior superior iliac 

spine at the centre of the broadest portion of iliac crest. The needle is inserted up to 

the guard, followed by readjustment to a higher point and further insertion with 

rotatory thrust is done. This is repeated until 2-3cm of the needle has been inserted. 

The depth of the needle ensures sufficient bone marrow that is being harvested. 

Finally, the stiletto is removed and a 20cc non-heparinised syringe is attached to the 

needle. 

Now that the needle is in position, aspiration of bone marrow is done by simultaneous 

retraction of syringe plunger and needle rotation to prevent back filling of venous 
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blood. Bone marrow of about 40-80mL depending on need at recipient site is 

aspirated and injected. Following aspiration and injection, sterile dressings are applied 

at both the donor and recipient sites. 

Post-procedure, a single dose of Inj. Cefotaxime 1gm is administered. Patient’s vitals 

and general well being are monitored until recovery from anesthesia. 

 

 

Figure 17: POSITION OF PATIENT 



  41

 

Figure 18: BONE MARROW ASPIRATION SITE (ANTERIOR ILLIAC 

CREST) 

 

Figure 19: C-ARM IMAGE 



  42

 

Figure 20: C-ARM IMAGE 

 

Figure 21: INTRA OPERATIVE (A) 
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Figure 22: INTRA OPERATIVE (B) 
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Figure 23:INTRAOPERATIVE (C) 
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Figure 24: INTRAOPERATIVE (2) 

 

Figure 25: INTRAOPERATIVE (2A) 
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Figure 26: INTRAOPERATIVE (2B) 

 

Figure 27: INTRAOPERATIVE (2C) 
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FIGURE 28: INTAOPERATIVE (2D) 

 

c)Follow up 

Patients are followed up at 2nd, 4th, and 6th month both clinically and radiologically 

using union grade score. Patients are advised to avoid medications like NSAIDs that 

may hinder bone healing. 
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SAMPLING PROCEDURE 

All patients with delayed union fractures of lower limb who satisfied the inclusion 

criteria were taken up for the study.  

A thorough history and clinical examination was done after taking informed consent. 

Ethical committee approval was taken for the study. 

 

The following investigations were done pre operatively for pre-anaesthetic evaluation  

 Complete haemogram. 

 Bleeding time and clotting time. 

 Random blood sugar. 

 Blood urea and serum creatinine. 

 X-ray of the bone involved (antero-posterior and lateral views). 
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STATISTICAL METHOD 
 
 
Descriptive statistics 
 
 
The descriptive statistical procedure is useful to describe basic and simple features 

with graphic analysis of the data. Univariate analysis, a type of descriptive study 

in which histograms are used to describe the distribution of central tendency and 

the dispersion of a single variable. 

The present study is purely a descriptive observational study and the observations 

are tabulated and presented in the form of bar diagrams. Hence, statistical analysis 

is not necessary. 
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OBSERVATIONS 

 

In this series, 30 cases with delayed union of fractures of the lower limb admitted at  

R.L.JALAPPA hospital attached to Sri Devaraj Urs Medical College between December 

2016 and June 2018 were injected with autologous bone marrow aspirate at delayed 

union sites and the following observations are done. 

 

AGE DISTRIBUTION 

TABLE: 2  

Age Total no. of patients Percentage 

<30 10 33.3% 

30-39 7 23.3% 

40-49 7 23.3% 

>50 6 20% 

 

The average age of the subject is 40 years. The youngest being 23years and oldest being 

80years. 

 

 

CHART 1:BAR DIAGRAM SHOWING AGE DISTRIBUTION  
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GENDER DISTRIBUTION 

TABLE:3 

Sex Total no. of patients Percentage 

Male 27 90% 

Female 3 10% 

 

Most of the subjects in the study are males with male: female ratio at 9:1 

 

 

CHART 2: BAR DIAGRAM SHOWING GENDER DISTRIBUTION  
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BONE INVOLVED AND SITE OF FRACTURE 

TABLE:4  
 

Site Total no. of
Cases 

Percentage 

Proximal 1/3rd 1 3.3% 

Middle 1/3rd 7 23.3% 

Tibia 

Distal 1/3rd 8 26.7% 

Proximal 1/3rd 2 6.7% 

Middle 1/3rd 8 26.7% 

Femur 

Distal 1/3rd 4 13.3% 

 
In this study, 53.3% of the fractures involve tibia, out of which 3.3% over proximal 

1/3rd, 23.3% over middle 1/3rd and 26.7% over distal 1/3rd. 46.7% of the fractures 

involve femur, out of which 6.7% over proximal 1/3rd, 26.7% over middle 1/3rd and 

13.3% over distal 1/3rd. 

 

CHART 3: BAR DIAGRAM SHOWING BONE INVOLVED AND SITE OF 

FRACTURE 
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TYPE OF FRACTURE 

TABLE: 5 

Type Total no. of patients Percentage 

Simple 23 76.7% 

Compound 7 23.3% 

In the study, 76.7% of fractures were of simple type and 23.3% of compound type. 

 

 

CHART 4: BAR DIAGRAM SHOWING DISTRIBUTION OF TYPE OF FRACTURE 
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PATTERN OF FRACTURE 

TABLE: 6 

Pattern Total no. of patients Percentage 

Transverse 4 13.3% 

Oblique 3 10% 

Spiral 1 3.3% 

Comminuted 20 66.7% 

Segmental 2 6.7% 

In the study, the patterns of fracture are as follows: 13.3% transverse, 10% oblique, 3.3% 

spiral, 66.7% comminuted and 6.7% segmental. 

 

CHART 5: BAR DIAGRAM SHOWING DISTRIBUTION OF PATTERN OF 

FRACTURE 
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TIME OF VISIT AFTER FRACTURE 

TABLE: 7 

Time Total no. of patients Percentage 

Less than 4 months 15 50% 

4-5 months 14 46.7% 

5 months or more 1 3.3% 

Among the subjects, 50% came for first visit at less than 4 months following fracture, 46.7% 

between 4 to 5 months and 3.3% at 5 months or more. 

 

CHART 6: BAR DIAGRAM SHOWING TIME OF VISIT AFTER FRACTURE 

 

 



  56

INITIAL MODE OF TREATMENT 

TABLE: 8  

Mode Total no. of patients Percentage 

IMIL Nailing 23 76.7% Internal 

Plate 2 6.7% 

External 5 16.7% 

The initial mode of treatment provided to the patients are IMIL nailing in 76.7%, Plate 

application in 6.7% and external fixation in 16.7% patients 

 

CHART 7: BAR DIAGRAM SHOWING DISTRIBUTION OF INITIAL MODE OF 

TREATMENT OF FRACTURE 
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VOLUME OF BONE MARROW ASPIRATE INJECTED 

TABLE: 9 

Volume(ml) Total no. of patients Percentage 

40-60 18 60% 

61-80 12 40% 

 

Among the volume of bone marrow aspirate injected, 60% of the patients were 40-60mL and 

40% were 60-80mL. 

 

 

CHART 8: BAR DIAGRAM SHOWING VOLUME OF BONE MARROW ASPIRATE 

INJECTION 
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TIME OF CALLUS APPEARANCE ON X-RAY 

TABLE: 10 

Time Total no. of patients Percentage 

2 months 18 60% 

4 months 10 33.3% 

6 months 2 6.7% 

 

60% of the subjects have developed callus which was detected on X-ray at 2 months, 33.3% 

at 4 months and 6.7% at 6 months after bone marrow injection. 

 

 

CHART 9: BAR DIAGRAM SHOWING TIME OF CALLUS APPEARANCE ON X-

RAY 
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CLINICAL SCORING (OF UNION SCALE) 

TABLE: 11 

Score Total no. of patients Percentage 

6-7 27 90% 

4-5 1 3.3% 

Less than 4 2 6.7% 

 

A total of 90% of the subjects were clinically scored as 6 to 7, 3.3% were scored between 4 to 

5 and 6.7% were scored less than 4. 

 

 

CHART 10: BAR DIAGRAM SHOWING DISTRIBUTION OF CLINICAL SCORING 

 

 

 



  60

RADIOLOGICAL SCORING (OF UNION SCALE) 

TABLE: 12 

Score Total no. of patients Percentage 

3 27 90% 

2 1 3.3% 

1 2 6.7% 

 

In the study, 90% of the patients were given radiological score 3, 3.3% were given score 2 

and 6.7% were given score 1. 

 

CHART 11: BAR DIAGRAM SHOWING DISTRIBUTION OF RADIOLOGICAL 

SCORING 
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TIME OF FRACTURE UNION 

TABLE: 13 

Time (months) Total no. of patients Percentage 

2 5 16.7% 

4 11 36.7% 

6 12 40% 

Absent 2 6.7% 

 

16.7% of the patients had union at 2 months, 36.7% at 4 months, 40% at 6 months and 6.7% 

had absent union. 

 

 

CHART 12: BAR DIAGRAM SHOWING DISTRIBUTION OF TIME OF 

FRACTURE UNION 
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UNION SCALE GRADING 

TABLE: 14 

Grade Total no. of patients Percentage 

7 27 90% 

5-6 1 3.3% 

Less than 5 2 6.7% 

 

In this study, 90% of the patients had union of grade 7, 3.3% between 5 to 6 and 6.7% were 

grade less than 5. 

 

 

CHART 13: BAR DIAGRAM SHOWING DISTRIBUTION OF UNION SCALE 

GRADING 
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OUTCOME 

TABLE: 15 

Outcome Total no. of patients Percentage 

Good 27 90% 

Fair 1 3.3% 

Poor 2 6.7% 

 

In this study, 90% of the patients had good outcome, 3.3% had fair outcome and 6.7% had 

poor outcome. 

 

 

CHART 14: BAR DIAGRAM SHOWING THE DISTRIBUTION OF OUTCOME 
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X RAYS 
CASE 1 
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CASE 2 
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CASE 3 
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DISCUSSION 

 Most of the delayed unions in the long bones are treated by various ways 

like bone stimulators i.e. ultrasonic or pulsed electromagnetic waves, Platelet rich 

plasma(PRP) injections, bone marrow injection, bone grafts, and bone graft 

substitutes. This study is performed to know the effectiveness of the bone marrow 

injection and the outcome in the delayed unions.40 

 For proper and adequate bone healing, re-establishment of the biology at the 

fracture site is necessary. It is proposed as diamond concept by Giannoudis, which 

includes “cell recruiting molecules, bone matrix, osteogenic cells and vascularity.”43 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  68

AGE DISTRIBUTION 

In the present study the mean age is 40 years which is similar to other studies. 

TABLE: 16 

Authors Year Mean age (years) 

Sim et al44 1992 38 

Connolly et al12 1999 34 

Siwach et al14 2001 41.2 

Helio15 2003 42 

Subash Y31 2018 44.2 

Elsattar et al45 2014 37.6 

Braly H L et al46 2013 40.1 

Willkins et al47 2003 42 

UpadhyayS et al48 2016 39.5 

Present study 2018 40 
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GENDER DISTRIBUTION 

In our study, the male to female ratio is 9:1 similar to study done by Sim et al. 

TABLE: 17 

Authors Year Male Female 

Sahu30 2018 67 (70.5%) 28 (28.5%) 

Braly H L et al46 2013 7 (63.6%) 4 (36.3%) 

Helio15 2003 37 (56.1%) 29 (43.9%) 

Sim et al44 1992 9 (90%) 1 (10%) 

Elsattar et al45 2014 16 (80%) 4 (20%) 

UpadhyayS et al48 2016 6 (75%) 2 (25%) 

Present study 2018 27 (90%) 3 (10%) 
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BONE INVOLVED 

In this study, 53.3% of the cases involved tibia, while 46.7% of the cases involved 

femur which is comparable to other studies. 

TABLE: 18 

Authors Year Femur Tibia 

Denver15 2003 16 (23.2%) 36 (52.2%) 

Elsattar et al45 2014 6 (30%) 14 (70%) 

Bhutia24 2015 4 (13.3%) 23 (76.7%) 

Nazar25 2016 18 (22.5%) 42 (52.5%) 

Abdelghany49 2007 4 (30.8%) 9 (69.2%) 

Konde et al28 2017 5 (18%) 20 (72%) 

Peter R F50 2018 21 (34.4%) 40 (65.6%) 

Present study 2018 14 (46.7%) 16 (53.3%) 
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SITE OF FRACTURE 

In this study, 10% of the fractures involved proximal 1/3rd, 50% involved middle 1/3rd 

and 40% involved distal 1/3rd which is comparable to other studies. 

TABLE: 19 

Authors Year Proximal 1/3rd Middle 1/3rd Distal 1/3rd

Upadhyay S et al48 2016 2 (25%) 3 (37.5%) 3 (37.5%) 

Present study 2018 3 (10%) 15(50%) 12(40%) 

 

 

TYPE OF FRACTURE 

In our study, 76.7% of the fractures are of simple type while 23.3% are of compound type 

which is comparable to other studies. 

TABLE: 20 

Authors Year Simple Compound 

Braly H L et al46 2013 7 (63.6%) 4 (36.3%) 

Bhutia24 2015 14 (46.7%) 16 (53.3%) 

Sahu30 2018 80 (86%) 13 (14%) 

Helio15 2003 30 (52.6%) 27 (47.4%) 

Sim et al44 1992 4 (36.3%) 7 (63.6%) 

Elsattar et al45 2014 12 (60%) 8 (40%) 

Present study 2018 23 (76.7%) 7 (23.3%) 
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PATTERN OF FRACTURE 

In our study we observed, transverse pattern constitutes 13.3%, oblique  10%, spiral 3.3%, 

comminuted 66.7% and segmental 6.7% which is different than the study done by Sahu as the 

subjects in this present study mostly consists of younger patients involved in road traffic 

accidents. 

TABLE: 21 

Authors Year Linear Comminuted Segmental 

Sahu30 2018 67 (73%) 23 (26%) 2 (1%) 

Present study 2018 8 (26.6%) 20 (66.7%) 2 (6.7%) 

 

INITIAL MODE OF TREATMENT 

We have noticed in our study, initial modalities of management are Intra medullary 

interlocking (IMIL) nailing (76.7%), plate (6.7%) and external (16.7%) which is 

comparable to other studies. 

TABLE: 22 

Authors Year Internal fixation External fixation 

Konde et al28 2017 IMIL Nailing - 18 (72%) 

Plate - 4 (16%) 

3 (12%) 

Peter R F50 2018 IMIL Nailing - 35(63.6%) 

Plate - 12 (21.8%)  

8 (14.5%) 

Present study 2018 IMIL Nailing - 23 (76.7%) 

Plate - 2 (6.7%) 

Supracutaneous LCP - 4 (13.4%) 

Illizarov - 1 (3.3%) 

 

. 
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TIME FOR UNION 

In our study, average time of fracture union is 18 weeks which is comparable to other studies. 

TABLE: 23 

Authors Year Average Time of Union 

Braly H L et al46 2013 17 weeks 

Singh et al2 2013 16 weeks 

Subash Y31 2018 13.4 weeks 

Sim et al44 1992 17 weeks 

Hernigou et al51 2005 12 weeks 

Bhargava et al8 2007 12 weeks 

Nazar25 2016 16 weeks 

Rahimnia et al26 2016 12 weeks 

Konde et al28 2017 20 weeks 

Present study 2018 18 weeks 
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DURATION OF INITIAL VISIT 

In this study, the average time of visit after initial fracture management is about 4 months, 

which is comparable to other studies. 

TABLE: 24 

Authors Year Average time of first visit 

Sim et al44 1992 4 months (17 weeks) 

Denver15 2003 21 months 

Bhargava et al8 2007 14-30 weeks 

Present study 2018 4 months 

 

 

AMOUNT OF ASPIRATE INJECTED 

In the present study, theamount of bone marrow aspirate injected is between 40-80ml 

which is comparable to other studies. 

TABLE: 25 

Authors Year Volume of BM aspirate(ml) 

Braly H L et al46 2013 40-80 

Sharma D et al29 2017 50-60 

Sim et al44 1992 50-200 

Bhargava et al8 2007 50-90 

Present study 2018 40-80 
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TIME OF APPEARANCE OF CALLUS 

In the present study, the average time of callus seen on X-ray is 12 weeks which is similar to a 

study by Upadhyay S et al. 

TABLE: 26 

Authors Year Time of Callus seen on X-ray 

Upadhyay Set al48 2016 12 week 

Wani H19 2013 21 weeks 

Present study 2018 12 weeks 

 

 

 

UNION SCALE GRADING 

In the present study, the clinical scoring at the end of 6 months follow up are 90% with 6-7 

score, 3.3% with 4-5 score and 6.7% with less than 4 score. The radiological scoring is 90% 

with score 3, 3.3% with score 2 and 6.7% with score 1. Based on clinical and radiological 

scoring, the union scale grading is derived, which is comparable to other study. 

TABLE: 26 

Author Year Union Scale Grading 

Bhargava R8 2007 6-7: 23 (82.1%) 

Less than 6: 5 (27.9%) 

Present study 2018 6-7: 27 (90%) 

Less than 6: 3 (10%) 
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FINAL OUTCOME 

In the present study, the final outcome is 93.3% which is comparable to other studies. 

TABLE: 28 

Authors Year Outcome 

Sim et al44 1992 9/11 (81.8%) 

Bhargava et al8 2007 25/28 (89.3%) 

Elsattar et al45 2014 16/20 (80%) 

Connolly et al12 1991 18/20 (90%) 

Sahu30 2018 82/93 (88%) 

Singh et al2 2013 10/12 (83.3%) 

Thua et al52 2015 10/10 (100%) 

Hernigou et al51 2006 88.3% 

Sugaya et al53 2014 76% 

Present study 2018 28/30 (93.3%) 
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                       ANAESTHESIA AND DURATION OF PROCEDURE 

 

All the patients underwent this procedure under spinal anaesthesia and the mean duration of 

the procedure is around 30 minutes which is comparable to other studies. 

 

COMPLICATIONS 

 

No complications were noted during our study, even though 2 patients complained pain at 

donor site, which subsided with oral analgesics within 48 hours. Published literature also 

concluded that there are almost nil complications associated with this procedure. 
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CONCLUSION 

            Fracture healing is a diverse process which needs to be addressed depending 

on various variables related to patient, injury, tissue and treatment. Any imbalance in 

these variables will disturb the biology of bone healing leading to delayed union. 

 

            With increased high velocity and open injuries especially in the younger 

population, there is an increase in incidence of comminuted fractures which often go 

for delayed or non-union even after aggressive management. Even though the gold 

standard for the treatment of delayed or non-union is bone grafting, there is always an 

associated morbidity with the procedure. 

 

             After our short term follow up of 30 cases for a period of 6 months post bone 

marrow aspirate injection, we could observe that there is accelerated bone healing, 

even in patients with associated co-morbidities. 

 

            We also observed that even single dose of unconcentrated bone marrow 

aspirate injection is enough to achieve union. The procedure is simple, cost effective, 

easily reproducible with no or minimal complications. Even though all of our 

subjects underwent the procedure under spinal anaesthesia, many studies have 

concluded that this procedure can done under local anaesthesia or short general 

anaesthesia on OPD basis. We preferred non heparinized syringes as the time interval 

between aspiration and injecting at the delayed union site is very short. 
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We finally conclude that, the earlier the intervention in delayed union faster the union 

and less chances of progression to non-union. 

Although bone marrow aspirate injection at the delayed union of fractures of lower 

limb is found to be effective in our study, there are limitations from our observations, 

i.e. small sample size, inclusion of only lower limb fracture delayed unions which 

needs to be addressed. 
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SUMMARY 

 In our study,30 cases of delayed unions of long bones of lower limb after a 

follow up of 6 months by clinical and radiological, observations are tabulated and 

evaluated the outcome. 

The mean age of subjects is about 40 years with predominance of males as indicated 

by the mode of injury as high velocity road traffic accidents. Tibia is the most 

commonly involved bone and internal fixation is the preferred initial fixation in many 

subjects.  

All the cases are done under spinal anaesthesia and an average of 66.6 ml of bone 

marrow aspirate was injected. The average rate of union is around 18 weeks after 

bone marrow aspirate injection. No complications were observed during our period of 

study indicating the safety of this procedure. The post-operative stay is just for 24 

hours and the success rate in our study is 93% which indicates the effectiveness. 
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ANNEXURES 

PROFORMA 

 

NAME:      IP NUMBER: 

AGE:       DOA: 

SEX:           DOP: 

ADDRESS:     

 DOD: 

OCCUPATION: 

INFORMANT: 

 

HISTORY 

 PRESENTING COMPLAINTS 

1.PAIN 
2.SWELLING 
3.DEFORMITY 
4. RESTRICTION OF MOVEMENTS  
 

 ASSOCIATED INJURIES 

 

 PAST HISTORY 

MODE OF FRACTURE FIXATION PREVIOUSLY 

 INTERNAL FIXATION 

 EXTERNAL FIXATION 

 CAST APPLICATION 

 

 FAMILY HISTORY 

 

 PERSONAL HISTORY 

SOCIOECONOMIC STATUS 

DIET 

APPETITE &SLEEP    

BOWEL/BLADDER 
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EXAMINATION 

 

 GENERAL PHYSICAL EXAMINATION 

1. BUILT: 

2. NOURISHMENT: WELL         MODERATE          POOR 

3. WEIGHT: 

4. PALLOR   EDEMA  CYANOSIS  ICTERUS  LYMPHADENOPATHY 

 

5. VITALS 

 PR: 

 BP: 

 RR: 

 TEMP: 

 

 SYSTEMIC EXAMINATION 

CVS: 

 

 

RS: 

 

 

 

PA: 

 

 

 

CNS: 

 

 

 LOCAL EXAMINATION 

 SIDE AFFECTED:   R   L 
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SITE OF OLD FRACTURE 

   PROXIMAL1/3rd  MIDDLE 1/3rd DISTAL 1/3rd 

THIGH 

LEG 

 

 

DEFORMITY/SINUS 

THIGH 

 LEG 

 

TENDERNESS 

 THIGH 

 LEG 

 

ABNORMAL MOBILITY AT FRACTURE SITE 

 

RESTRICTION OF MOVEMENTS 

 HIP 

 KNEE 

 ANKLE 

 

SHORTENING 

 THIGH 

 LEG 

 

 

DISTAL NEUROLOGICAL DEFICITS   YES  NO 

DISTAL VASCULAR DEFICITS    YES  NO 

 

 

INVESTIGATIONS  

BLOOD: Haemoglobin    TC 

ESR     DC 
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RBS     Blood urea  

S. creatinine    HIV 

HbsAg     Sodium 

Potassium 

 

X-RAY:  

 

 

DIAGNOSIS 

 

 

MANAGEMEMT 

SURGICAL MANAGEMENT 

 DURATION BETWEEN INITIAL SURGERY AND PRESENT 

PROCEDURE: 

 ANAESTHESIA 

 GENERALPROCEDURE 

 AMOUNT OF BONEMARROW ASPIRATE INJECTED 

 DURATIONOFSURGERY 

 

POST-OPERATIVE MANAGEMENT 

a) ANTIBIOTICS   INTRAVENOUS  ORAL 

b) WOUND INSPECTION AND DRESSING 
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ANNEXURE-II 

PATIENT/ SUBSTITUTE DECISION MAKER INFORMATION SHEET 

 

Title of the study: “EFFICACY OF THE BONE MARROW INJECTION FOR 

DELAYED UNION OF FRACTURES OF LOWER LIMB”. 

This study involves the administration of autologous bone marrow aspirate at the site 

of delayed union to accelerate bone healing. The objective of this study is to assess 

the Efficacy of the bone marrow injection for delayed union of fractures of lower 

limb. 

 

Purpose of the research:  

Before opting for the invasive procedure like bone grafting, simple, cost effective and  

 

Type of Research Intervention: This study will involve injection of bone marrow 

aspirate at delayed union fracture site 

 

Procedures and Protocol: After obtaining the consent, under spinal anaesthesia, 

bone marrow aspiration is done from the anterior iliac crest and injected at delayed 

union site under C-arm guidance. One dose of antibiotic pre operatively and one dose 

post operatively will be given.post procedure follow up will be done at 2, 4 and 6 

months both clinically and radiologically using Union scale grading.  

 

Risk and benefit: Bone marrow injection for the delayed union is a proven 

procedure for delayed union.  
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Reimbursements: You will not be given money or gifts to take part in this research. 

Confidentiality: We will not be sharing the identity of the participant. The 

information we collect from you will be kept confidential and only researchers 

involved in this project will have access to it. 

 

Right to Refuse or Withdraw: You do not have to take part in this research if you 

do not wish to do so and you can refuse to participate. 

 

Whom to Contact: If you have any questions you may ask us now or later, even 

after the study has started, you may contact the following persons: 

For more information: 
1. Dr Madamanchi harsha           2.   Dr Nazeer B S 

 Post Graduate Student        Professor 

Department of Orthopaedics                               Department of Orthopaedics 

Sri Devaraj Urs Medical College,    Sri DevarajUrs Medical College, 

Tamaka, Kolar.      Tamaka, Kolar. 

Mobile – 9494107272     

Email – harshavignan1@gmail.com     
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ANNEXURE-III 

INFORMED CONSENT FORM 

Name of the Institution: Sri Devaraj Urs Academy of Higher Education and Research 

Title of the study: “EFFICACY OF BONE MARROW INJECTION IN DELAYED 

UNION OF FRACTURES OF LOWER LIMB”. 

Name of the Investigators: Dr. Madamanchi Harsha and Dr. Nazeer B S 

Name of Participant / Patients substitute decision maker: 

 

The following has been explained to me: 

1. Patient will be evaluated prior to surgery. 

2. The study requires routine investigations like complete haemogram, bleeding 

time, clotting time, random blood sugar, serum electrolytes, renal function tests, 

chest radiograph and ECG. No special investigations are needed. 

3. After consent, under spinal anaesthesia every patient will receive bone marrow 

aspirate from the anterior iliac crest as per the requirement at the delayed union 

site. 

4. Patient will be given stat dose of antibiotic pre post operatively 

5. Every patient will be followed up at every 2,4,6 months both clinically and 

radiologically using Union scale grading score. 

 

I give my consent to participate in the foresaid study and authorize the collection and 

disclosure of my personal information as outlined in this consent form. 

 

I understand that I remain free to withdraw from this study at any time and this will 

not change my future care. I have read and received a copy of this consent form. 
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I understand the information provided in this document and I have had the 

opportunity to ask questions. 

 

Participant/ substitute decision maker’s signature: 

Date: 

Witness name and signature:    

1.                                                                                        Date: 

2.                                                                                        Date: 

Investigator obtaining consent form & his/her signature: 

Date: 

For any clarification you are free to contact the Investigator: 

 

Principal Investigators 

Dr. Madamanchi Harsha ( Mobile 9494107272 ) 

Dr. Nazeer B S 

A copy of this informed consent form has been provided to the participant. 
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KEY TO MASTER CHART 

 

M    Male 

F    Female 

A    Proximal third fracture 

B    Middle third fracture 

C    Distal third fracture 

IMIL   Intramedullary interlocking nail 

LCP   Locking compression plate 

PFN   Proximal femoral nail 

S.S WIRE   Stainless steel wire 

T2DM   Type 2 diabetes mellitus 

HTN           Hypertension 



MASTER CHART

M
ob
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ty

T
en

de
rn
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1 35 M 447914 Femur C Closed Comminuted IMIL 3 80 2 3 1 3 7 4 Nil Nil Good

2 35 M 447914 Tibia B Closed Segmental IMIL 3 60 2 3 1 3 7 4 Nil Nil Good

3 45 F 274556 Femur A Closed Comminuted PFN 4 80 4 3 1 3 7 6 Nil Nil Good

4 45 M 425974 Femur C Closed Comminuted IMIL 3.5 80 2 3 1 3 7 4 Nil Nil Good

5 55 M 336587 Femur B Closed Transverse IMIL 4.5 80 4 3 1 3 7 6 T2DM Nil Good

6 25 M 223307 Femur B Closed Transverse IMIL 4 60 2 3 1 3 7 4 Nil Nil Good

7 37 M 374249 Femur B Closed Oblique IMIL 3.5 80 2 3 1 3 7 2 Nil Nil Good

8 50 M 578258 Tibia C Open Comminuted Supracutaneous LCP 3 60 4 3 1 3 7 6 Nil Nil Good

9 37 F 291941 Femur B Closed Comminuted IMIL + S.S. wiring 4 80 2 3 1 3 7 4 Nil Nil Good

10 45 M 454430 Tibia C Closed Transverse IMIL 3.5 60 2 3 1 3 7 2 Nil Nil Good

11 33 M 322525 Tibia B Closed Comminuted LCP 4 60 2 3 1 3 7 4 Nil Nil Good

12 45 M 360779 Femur B Closed Transverse IMIL 4 80 4 3 0 2 5 6 Nil Nil Fair

13 25 M 384663 Femur C Closed Comminuted IMIL 3.5 60 2 3 1 3 7 2 Nil Nil Good

14 27 M 519498 Both bone leg C Open Comminuted Supracutaneous LCP 3 60 4 3 1 3 7 6 Nil Nil Good

15 44 M 472281 Femur A Closed Comminuted PFN 4.5 80 6 3 0 1 4 Absent Nil Nil Poor
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MASTER CHART

16 25 M 463412 Femur B Closed Comminuted IMIL 3 80 2 3 1 3 7 4 Nil Nil Good

T2DM

HTN

18 28 M 523363 Tibia B Closed Segmental IMIL 3 60 2 3 1 3 7 4 Nil Nil Good

19 28 M 523363 Tibia B Closed Oblique IMIL 3 60 2 3 1 3 7 2 Nil Nil Good

20 45 M 266026 Tibia C Open Comminuted IMIL 5 60 6 3 0 1 4 Absent Smoker Nil Poor

21 24 M 566496 Femur B Closed Spiral IMIL 4.5 80 2 3 1 3 7 6 Nil Nil Good

T2DM

HTN

23 80 M 428950 Femur IT and B Closed Comminuted ITLong PFN 3.5 80 2 3 1 3 7 4 HTN Nil Good

24 48 M 416584 Both bones legB Closed Comminuted IMIL 3.5 40 2 3 1 3 7 2 T2DM Nil Good

25 60 M 292442 Tibia B Closed Comminuted IMIL 4 60 2 3 1 3 7 4 Nil Nil Good

26 30 M 422645 Tibia B Closed Oblique IMIL 3 60 2 3 1 3 7 4 Nil Nil Good

27 26 M 509880 Tibia C Open Comminuted Supracutaneous LCP 4.5 60 4 3 1 3 7 6 Nil Nil Good

28 30 M 262398 Tibia C Open Comminuted Supracutaneous LCP 4.5 60 4 3 1 3 7 6 Nil Nil Good

29 23 M 481881 Femur C Closed Comminuted IMIL 4 40 2 3 1 3 7 6 Nil Nil Good

30 23 M 481881 Tibia C Open Comminuted Illizarov 4 60 4 3 1 3 7 6 Nil Nil Good

6 Nil Good3 1 3 7LCP 3.5 60 4Tibia A Closed Comminuted22 63 F 333935

7 6 Nil Good4 3 1 3Comminuted Supracutaneous LCP 4 8017 70 M 294175 Both bone leg C Open


