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ABSTRACT 

Objective: The objective of the study is to radiologically ascertain bone union following percutaneous autologous bone 
marrow aspirate injection in the management of delayed union and non-union fractures of femur. 
Study design: Case series. 
Duration and place of Study: Department of Orthopedics, Combined Military Hospital, Rawalpindi Pakistan, from Jan to Jun 
2019. 
Methodology: Forty-two (42) patients of fracture femur who fulfilled the inclusion criteria were enrolled in the study. Fresh 
radiographs of affected side were performed to document cases of delayed union and nonunion. 50ml of bone marrow 
aspirate from iliac crest was injected at fracture site. Results were evaluated after 12 weeks with the help of radiographs to see 
radiological union of bone. 
Results: A total of 42 patients were included in the study. 37(88.09%) were males and 5(11.9%) were females between the ages 
of 18 and 60 years. The mean age of patients was calculated to be 34.80±11.17 years. Radiological union was achieved in 
32(76.19%) patients. 
Conclusion: Radiological assessment shows percutaneous injection of bone marrow as a safe procedure with bone healing in 
12 weeks in patients with non-union or delayed union. 
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INTRODUCTION 

Issues of delayed and non-union of fractures of 
long bones are a nightmare for the orthopedic 
surgeons despite revolutionary advancements which 
have taken this field by storm. Bhargava et al. mentions 
the use of autologous bone grafting from cancellous 
bone for the stimulation of skeletal repair dating fifty 
years back.1 The benefits stand recognized for more 
than a century now. Albeit, this surgical bone 
harvesting with fracture site implantation is not 
without complications. According to Boyd, “bone 
marrow is primarily a second wounding procedure in 
which surgeon hopes that the response of the body 
will be more favorable than the response following the 
original injury”.  

Use of bone marrow as an osteogenic source 
without surgical intervention is a novel technique. It 
has shown promising results of 90 % radiological 
union in 12 weeks in femoral delayed as well as 
nonunion. 

Use of percutaneous bone marrow injection in the 

outdoor setting can have multifaceted advantages viz a 
viz reduced inpatient waiting times for surgery, 
reduced stress and a significant drop in off work 
period leading to early return to activities of daily 
living. 

METHODOLOGY 

The study was carried out at Department of 
Orthopedics Combined Military Hospital, Rawalpindi 
Pakistan from January to June 2019. Permission was 
taken from the Ethical committee of the hospital (Ltr 
no. 17/11/19). 

Inclsuion Criteria: Patients of either gender between 
the ages of eighteen (18) and sixty (60) years who had 
closed femoral diaphysial fractures with delayed or 
non-union, were inlcuded. 

Exclusion Criteria: Patients with vascular or nerve 
injury, skin and soft tissue infections, infective non-
union, pregnancy or previous history of bone grafting 
were not included in the study. 

Written consent was obtained from the enrolled 
patients after explaining the procedure, risks and 
benefits in the language they understood. Demo-
graphic data including hospital number, name, gender, 
address and phone number were noted. Radiographs 
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of affected side were performed in anteroposterior and 
lateral projections including hip and knee joints. These 
were blindly reported by the Department of Radiology 
All patients were kept nil per oral 6 hours before the 
injection/procedure. They were given a single dose of 
preoperative 2nd generation cephalosporin. After all 
necessary aseptic measures, site of delayed or non-
union were localized under image intensifier. Bone 
marrow aspiration was done from the iliac crest. 50ml 
then injected at recipient fracture area using technique 
described by Hernigou. All procedures were per-
formed by the same team. Post operatively comp-
ression bandage was applied for two days. Patients 
were encouraged to bear full weight after the 
procedure.  

Patients were followed up in outpatient depart-
ment. Fresh radiographs were taken. Results of 
procedure were evaluated at the end of 12 weeks after 
procedure. The patients were considered to have 
radiological union of the fracture when there was a 
radiographic evidence of cortical bone or bone 
trabeculae crossing the site of the fractured bone. Age, 
delayed and non-union were addressed using strati-
fication. All this information was collected through 
specially designed proforma. 

The data was analyzed using SPSS 20. Mean and 
standard deviation was calculated for quantitative 
variables like age. For all qualitative data, frequency 
and percentages were calculated (including gender 
and bone union). p-value <0.5 was taken as significant. 

RESULTS 

42 patients [37 males, 5 females] with ages 
ranging from 18-60 years were included in this study. 
Mean age of the study population was 34.80±11.17 
years. Table-I shows the age group wise distribution of 
patients with reference to non-union and delayed 
union of fractures. Frequency of results obtained in 
non-union versus delayed union of fractures is 
represented by a bar diagram in Figure. Out of 42 
patients, 29(69.04%) were of femoral non-union and 
13(30.95%) patients were of femoral delayed union. 
Radiological evidence of union was seen in 32(76.19%) 
patients and radiological union was not achieved in 
10(23.8%). Out of 13 patients of delayed union, 
radiological union was achieved in 11(84.61%) patients 
and was not achieved in 2(15.38%) patients. Out of 29 
patients of non-union, radiological union was achieved 
in 21(72.41%) with non-union was achieved in 8 
(27.59%) patients. No single patient developed 
subcutaneous or deep hematoma, nerve injury, 

infection or fat embolism after the procedure in early 
or late period (Table). 

 

 
Figure: Results achieved in Non Union versus Delayed Union 
Patients (n=42) 
 
Table: Age Wise Distribution and Union (n=42) 

Age groups 
(in years) 

Number of 
Patients 

Union 
Achieved 

Union Not 
Achieved 

p-
value 

18-20 5 4(80%) 1(20%) <0.5 

21-30 12 10(83.3%) 2(16.66%) <0.5 

31-40 14 12(85.71%) 2(14.28%) <0.5 

41-50 9 4(44.44%) 5(55.55%) <0.5 

51-60 2 2(100%) 0 <0.5 

18-60 42 32(76.19%) 10(23.8%) <0.5 
 

DISCUSSION 

A number of interventions ranging from invasive 
e.g. cortico-cancellous bone grafting to non-invasive 
modalities e.g., bone marrow injection, stimulation by 
direct current through implanted electrodes, ultra-
sound therapy and pulsed electromagnetic field 
around the site of fracture have been documented over 
time for the management of delayed and nonunion              
of long bones. 

Although all of these techniques showed different 
degrees of results (from good to excellent) but come at 
the extended arms of expertise, use of expensive equip-
ment and exposure to anesthesia. The only therapeutic 
intervention performed in present study was percu-
taneous autologous bone marrow injection. The same 
I/M I/L nail or fracture brace was continued as it was 
before procedure. There were 42 closed fracture femurs 
which were studied; all closed fractures had under-
gone definitive fracture fixation at our institute or 
other centers before they underwent bone marrow 
injection. 

Most of the patients (32 out of 42) in present study 
presented after 11 months of injury. This was 
comparable to studies by Siwach et al. Hernigou et al. 
and Powel et al. where mean delays of 11.6 months, 12 
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months and 05 months between injury and bone 
marrow injection have been documented. 

We used 50ml of percutaneous bone marrow 
without concentration at delayed union or nonunion 
site only once as done by Connolly et al. Healy et al. 
injected 50ml of marrow without concentration. 4 out 
of them were injected only once and other 4 were 
injected twice. Garg et al. injected 15-20 ml of bone 
marrow at fracture site twice at three weekly intervals 
without concentration. Siwach et al. used 30ml of 
autologous bone marrow without concentration in 72 
patients. They repeated injection twice with interval of 
4 weeks. Bone marrow injection was not repeated in 
comparison to other studies owing to the short               
study period.  

In our present study, bone marrow injection was 
injected without concentration due to limitation of 
resources. However, it has been postulated that in-
creasing concentration of marrow increases its osteo-
genic activity. Hernigou et al. used 20 ml concentrated 
bone marrow at fracture site in 60 patients with 
significant influence. And subsequently suggested that 
graft needs to contain > 1000 progenitors per cm3 to 
affect result significantly.  

Healing time at 12 weeks (9-12 weeks) after 
intraosseous injection of autologous bone marrow in 
the present study was comparable to other studies 
conducted both locally and internationally. This was 12 
weeks and 14 weeks respectively in studies by 
Hernigou et al. and  Siwach et al.  

In present study radiological union was achieved 
in 32(76.19%) out of 42 patients after bone marrow 
injection in study duration of 6 months. In study by 
Siwach et al. radiological union was achieved in 68 out 
of 72 patients (94.44%) in study duration of 7 years. In 
study by Hernigou et al. radiological union was 
achieved in 53 out of 60 patients (88.30%) in study 
duration of 10 years. In study by Bhargava et al. 
radiological union after bone marrow injection was 
achieved in 23 out of 28 patients (82.14%) in study 
duration of 2 years. In study by Powel et al. 
radiological union was achieved in 28 out of 37 
patients (75.67%) in study duration of 5 years. In study 
by Healy et al. radiological union was achieved in 5 out 
of 8 patients (62.5%). Percentage of radiological union 
achieved in present study is inferior to other studies 
carried out locally and abroad. Out of these nine 
patients comprising failure of union at the end of 
study, six patients had their fracture distracted with 
I/M I/L nail in place and ultimately they had to 

undergo bone grafting for their fractures. Two patients 
underwent open redo fixation with I/M I/L nail as the 
initial implant was B-DCP with resultant loss of 
fracture fragments and one patient had comminuted 
fracture with displaced fracture fragments with I/M 
I/L nail in place and he also had to underwent bone 
grafting to achieve union. Five patients were tobacco 
users and three had diabetes mellitus.  

Present study showed that percutaneous 
autologous bone marrow injection is a treatment for 
non-infected delayed and nonunion of long bones as 
no patient reported back with chronic pain at recipient 
or donor site, nerve injury, infection or hematoma 
formation as local complications. There was also no 
case with fat embolism as systemic complication in 
present study. In studies by Siwach et al. Hernigou et 
al. and Powel et al. no local or systemic complication 
was identified. Only in study by Bhargava et al. 6 out 
of 28 patients reported chronic pain at the recipient site 
which settled in 2-3 weeks with reassurance and mild 
analgesia. All studies including the present study 
proved the safety of the autologous bone injection. 

CONCLUSION 

Percutaneous bone marrow autologous grafting is an 
effective outpatient technique for the management of non-
infected delayed and non-union of long bones. It provides 
cellular reactivation of bone formation with minimal 
complications. 
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