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ABSTRACT 

US FDA1 states non-union as when minimum of 9 months has elapsed since injury and fracture shows no progressive signs of 

healing for 3 months. However, there is no consensus regarding time period for delayed union. Various new non-operative or 

percutaneous methods for treating delayed union and non-union have been described like stem cell therapy,2 bone morphogenic 

protein-2 injection3 at fracture site, platelet rich plasma.4 In our study, bone marrow injection were done at fracture site in cases of 

delayed union, 12 weeks postoperative period for tibia, humerus and femur fracture, and at 8 weeks for both bone forearm fracture. 

A total of 10 patients were selected over a period of 2 years at Dr. D. Y. Patil Hospital, Navi Mumbai. Post injection, the limb was 

immobilized for 7 days followed by joint mobilization and weight bearing as tolerated. Out of 10 patients, 9 showed signs of union 

at 12 weeks post injection with one tibia shaft fracture, which failed to unite and required revision surgery. We recommend bone 

marrow injection for delayed union as a simple and cost-effective technique with good results. 
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INTRODUCTION 

Long bone diaphyseal fractures can be treated using the 

principle of relative stability using locking plates or nailing. 

Humerus and radius-ulna can be fixed using compression 

plating being non-weight bearing bones. Approximately 5% of 

all long bone fracture result in non-union and even more in 

delayed union. The reported incidence of non-union of femoral 

shaft fracture is less than 1% following nailing that tibia shaft 

fracture is 5-10%, humerus shaft fracture 5% following closed 

treatment5 and radius ulna is from 2 to 10%. 

The aim of this study is to recognise clinical and 

radiological signs of aseptic delayed union and subsequent 

outcome following bone marrow injection at fracture site. 
 

MATERIAL AND METHODS 

In our study, delayed union was defined as absence of clinical 

and radiological signs of union after 12 weeks of stable 

fracture fixation without any sign of infection. 

Total 10 patients were selected over a period of 2 years 

between January 2012 to June 2015 who were operated for 

long bone diaphyseal fracture and had persistent pain at 

fracture site or on joint mobilization and unaided weight 

bearing with no radiological sign of secondary (Callus) or 

primary bone healing after 12 weeks from surgery. 
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Inclusion Criteria 

 Age >18 year age. 

 Patients operated for shaft fracture long bone with no sign 

of union at 8-12 weeks follow up. 

 No sign of infection. 
 

Exclusion Criteria 

 Fractures not operated with stable fixation. (Excess 
movement at fracture site). 

 Osteoporotic bone/pathological fracture. 
 Delayed union resulting due to infection at fracture site. 
 Cachexic patient/medical comorbidities resulting in poor 

healing at fracture site. 
 

PROCEDURE 

Patients selected were given spinal anaesthesia. 
After parts preparation, 18G bone marrow aspiration 

needle was used for aspiration from iliac crest 2 cm posterior 
to anterior superior iliac spine. 
 

 

Fig. 1: Bone Marrow Aspiration Needle 
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Fig. 2: Bone Marrow Aspiration from Iliac Crest 

 

A total of 15 cc bone marrow was aspirated and was 

inserted into fracture site under fluoroscopic guidance. Special 

care was taken to follow a zig-zag tract while introducing the 

needle through the soft tissue before reaching the fracture site. 

 

 

Fig. 3: Needle Introduction at Fracture Site 

 

The injection site was sealed by tincture benzoate cotton 

plug. 

Postoperatively, limb was immobilized for 5 days followed 

by active mobilization depending on pain tolerance. 

Patients were followed up every 6 weeks for clinical signs 

of union and check x-rays were taken. 

 

RESULTS 

In our study, there were 3 femur fractures, 3 tibia fractures, 3 

humerus fractures, and 1 radius fracture. All the fractures 

were operated with intramedullary interlocking nail for tibia, 

femur, and humerus and titanium elastic nail for radius-ulna 

fracture. There were no radiological signs of callus formation 

at 8 weeks follow-up x-ray in these patients along with 

tenderness at fracture site on palpation and had painful 

mobilization/weight bearing. 

Bone marrow injection were done at 12 weeks 

postoperative period for tibia, humerus, and femur fracture 

and at 8 weeks for both bone forearm fracture. 

Following bone marrow injection, 9 fractures showed 

callus formation at fracture site at 12 weeks follow-up with 

clinical signs of union i.e. lack of tenderness at fracture site and 

painless joint mobilization and unaided weight bearing walk. 

One tibia fracture went into atrophic non-union for which 

excision of sclerotic bone ends, exchange nailing with iliac 

crest bone grafting was done. 

 

 

Fig. 4: 12 Week Follow-Up Post Marrow Injection 

 

 

Fig. 5: 12 Week Postop 

 

 

Fig. 6: 6 Month Postop (After Bone Marrow Injection) 
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DISCUSSION 

US FDA1 states non-union as when minimum of 9 months has 

elapsed since injury and fracture shows no progressive signs 

of healing for 3 months. However, there is no consensus 

regarding time period for delayed union. In our study, we have 

taken into consideration a period of 8 to 12 weeks to label as 

delayed union if the fracture showed no sign of healing. 

Various new non-operative or percutaneous methods for 

treating delayed union and non-union have been described 

like stem cell therapy,2 bone morphogenic protein-2 injection3 

at fracture site, platelet rich plasma.4 However, the above 

methods are costly and not easily available. Bone marrow 

aspiration and injection on the other hand is simple procedure, 

cheap, and technically easy to perform with good results. 

The only drawbacks, which should be highlighted are 

regarding patient selection, which require marrow injection as 

there is no consensus regarding defining delayed union. Also, 

there is no method to know whether the bone marrow injected 

is retained at the fracture site and for how long. 

Multiple studies by R Sim,6 R Bhargava et al7 Siwach RC et 

al8 show good results of autologous bone marrow aspiration 

not only in delayed union, but also in selected cases of non-

union. 

From our experience, we recommend bone marrow 

injection in selected cases of delayed union with good results. 
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