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ABSTRACT 
Objective: To evaluate the outcome of the Ilizarov technique in open fractures and nonunion of the 
femur. 
Material and Method: This multicenter case series study was performed on 27 consecutive 
patients at Orthopedic Unitsof Khyber Girls Medical College, Postgraduate Medical Institute 
Hayatabad Medical Complex and Akbar Medical Center Peshawar from January 2012 to February 
2015. Patients of both gender with age between 15 to 72 years, having fresh open fractures and 
nonunion (clean and infected nonunion) in femur were included in the study. Ilizarov fixator of 
hybrid type were used in all cases. Bone healing and the functional results were assessed according 
to criteria given by ASAMI (Association for the study and application of the method of Ilizarov).  
Results: Out of 27 patients, 19 (70.4%) were male and 08(29.6%) were female. Mean age was 40 
years. Thirteen(48.1%) patients had infected non-union 04 (14.8%) aseptic non union and 10(37%) 
were fresh open fractures. Segment Transport was done in 13(48.1%) patients while 
compression/distraction was done in 20(74.1%) patients. Bone result was excellent in 14 (51.9%), 
good in 08 (29.6%) and fair in 05 (18.5%)patients while functional results were excellent in 8 
(29.6%), good in 11 (40.7%), fair in 06 (22.2%) and poor in 02 (7.4%) patients. 
Conclusion: Ilizarov ring fixator is excellent treatment modality for femoral non-union with a 
defect, regarding bone union, deformity correction, infection eradication, limb length achievement 
and limb function. 
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INTRODUCTION 
The increasing incidence of high-velocity trauma with 
massive damage to bone and soft tissues posesa major 
challenge to the operating surgeon. In femoral 
fractures bone loss and associated contamination in 
open high-energy fractures, devitalisation of bone 
fragments from extensive surgical exposure1 and the 
use of bulky internal fixation may result in nonunion 
which may further be complicated by infection. A short 
distal fragment, poor bone quality and compromised 
soft tissues are the other associated problems. Union 
may be achieved with deformity and leg-length 
discrepancy leading to posttraumatic Osteoarthritis 
and stiffness of the knee.2, 3This may necessitate 
arthrodesis as a salvage procedure,4 and in some cases  
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amputation may be required. Conventional methods 
for treating infected nonunion or fresh open fractures 
of the femur includes external fixation, drainage, 
sequestrectomies, and massive cancellous 
bonegrafting.5,6 They are often unsuccessful due to 
limitations including: quantity of graft available, donor-
site morbidity, poor vascularity, persistence of 
infection, and extensive bone defects and deformity. 
External fixation with debridement and massive bone 
grafting for infected nonunion of the femur has also 
been reported.7,8 Microvascular composite tissue 
transfer has given promising results in the tibia and 
femur.9,10 Nonetheless, it has limitations in regaining 
length and correcting deformity and requires expertise. 
Electrical stimulation has been used in osteogenesis 
with or without bone grafting in delayed union or 
nonunion.11 The results are uniformly poor in patients 
with coexisting infection and fracture instability.12 All 
these modes of treatment are inadequate for achieving 
limb length equality and deformity correction. In 1951, 
Ilizarov began to use distraction osteogenesis to treat 
acute fractures treat fractures and associated 
complications, like nonunion, chronic osteomyelitis, 
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shortened extremity, joint contracture, and deformity. 
The Ilizarov technique for infected nonunion consists of 
removal of infected tissues and bone, stabilization with 
ring fixators, and regeneration of intercalary bone 
defect by distraction osteogenesis, compression at the 
nonunion site, and correction of the deformity. The 
regenerated bone restores length and eliminates 
infection. Disuse osteoporosis and soft-tissue atrophy 
is minimized due to early functional loading of the 
limb.13TheIlizarov technique for complex nonunion has 
a high rate of success in achievingunion and eradicating 
infection, bone loss and malalignment. It has 
producedexcellent results where the existing methods 
have failed to achieve results.14 
 Our province is more prone to open fractures due 
to anti personal mines and bomb blast injuries. These 
patients with bomb blast injuries needs such a 
treatment that is once for all and need quick recovery 
to start their job. Keeping in mind these fact we have 
conducted this study with the objective to evaluate the 
outcome of the Ilizarov technique in open fractures 
and nonunion of the femur. 
 

MATERIAL AND METHOD 
This multicenter case series study was performed on 27 
consecutive patients at Orthopedic Units of Khyber 
Girls Medical College, Postgraduate Medical Institute 
Hayatabad Medical Complex and Akbar Medical Center 
Peshawar from January 2012 to February 2015. At 
presentation, a full history was obtained for details of 
the initial injury and previous surgical interventions. 
The patients were examined for presence of 
shortening, neurovascular deficiency, condition of soft 
tissue, active infection if any, and function of relevant 
joints was documented. Radiological evaluation was 
done to determine the fracture pattern, plane of 
deformity, alignment and to look for signs of 
osteomyelitis. Patients were informed about the 
approximate duration of treatment and the associated 
complications prior to surgery. Patients of both gender 
with age between 15 to 72 years, having fresh open 
fractures and nonunion (clean and infected nonunion) 
in femur were included in the study. Ilizarov fixators of 
hybrid type were used in all cases. All the procedures 
were done under general or spinal anesthesia with 
antibiotic prophylaxis where indicated. Debridement 
and extensive wound wash was done in all infected 
cases. Antibiotic protocol was followed according to 
culture and sensitivity when required. Physical therapy 
was continued throughout the treatment duration and 

pin-site dressings were changed daily. All patients were 
followed up regularly in the outpatient department and 
assessed for any infection, loosening of wires, for 
progress of bone transport, formation of regenerate in 
radiographs, docking site problems, and neurovascular 
deficit. Radiographs were taken every 4 weeks until 
docking and then at 6 weeks interval till consolidation 
and frame removal. Complications like pin tract 
infections, wire loosening and poor regenerate 
consolidation were managed on an outpatient basis 
but severe pin tract sepsis, major frame reconstruction 
for malalignment, change of wires/pins, and bone 
grafting required short periods of hospital stay. Once 
docking was achieved, the frame was retained at least 
until fracture union and adequate consolidation of the 
regenerate. Radiological healing was considered when 
there was bridging callus at least in 3 of 4 cortices. 
Once radiological healing was achieved, the connecting 
rods were loosened (dynamization of frame) and the 
patient allowed weight bearing on the extremity. If the 
patient could tolerate weight bearing, the frame was 
removed and the limb protected in a functional brace 
for a further period equal to the time from application 
of frame to its removal. Bone healing and the 
functional results were assessed according to criteria 
given by ASAMI (Association for the study and 
application of the method of Ilizarov). Bone healing 
was evaluated based on union, infection, deformity, 
and limb length discrepancy (table I) and classified as 
excellent, good, fair and poor. The functional result was 
evaluated according to 5 criteria which include limp, 
range of motion ofadjacent joints, sympathetic 
dystrophy, and return to activity, and classified as 
excellent, good, fair and poor. 
 

RESULTS 
Out of 27 patients, 19 (70.4%) were male and 
08(29.6%) were female. minimum age was 15year, 
maximum 72 and mean age was 40 years (Std 
Deviation 15.351). Thirteen(48.1%) patients had 
infected non-union 04 (14.8%) aseptic non union and 
10(37%) were fresh open fractures. The cause of initial 
trauma was road traffic accident in 14 (51.9%) patients, 
firearm injuries in 07 (25.9%) patients, bomb blast 
injuries in 03(11.1%) patients and fall in 03 (11.1%) 
patients.  
 A bifocal compression distraction technique 
(compression of the nonunion with distraction at the 
corticotomy-Segment Transport) was used in 13(48.1%) 
patients. Monofocal treatment (simple stabilisation of 
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the nonunion with compression and stimulation of 
union by distraction) was used in 20(74.1%) patients. 
 Bone result was excellent in 14 (51.9%), good in 08 
(29.6%)and fair in 05 (18.5%)patients (Figure 1-4) while 
functional results were excellent in 8 (29.6%), good in 
11 (40.7%), fair in 06 (22.2%) and poor in 02 (7.4%) 
patients (Figure 2).There was no case of late 

osteomyelitis. Limb length inequality was observed in 
202 (7.4%) patients and maximum discrepancy was 04 
Centimeter (cm) while25(92.6%) patients had 
noshortening. The average bone length achieved was 
3.5 cm (3-9 cm). The total duration of treatment was 
an average of 6.5 months (5-10 months). 
 

 
Table 1: Statistics 

  Age of the Patient Number of Previous Operations 

N Valid 27 27 

Missing 0 0 

Mean 40.89 1.48 

Median 40.00 1.00 

Mode 50 1 

Std. Deviation 15.351 .700 

Minimum 15 1 

Maximum 72 3 

 

 
Table 2: Cause of Injury 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Bomb Blast Injury 3 11.1 11.1 11.1 

Fall 3 11.1 11.1 22.2 

Fire Arm Injury 7 25.9 25.9 48.1 

Road Traffic Accident 14 51.9 51.9 100.0 

Total 27 100.0 100.0  

 
Table 3: Type Of Fracture 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Aseptic Nonunion 4 14.8 14.8 14.8 

Infected non union 13 48.1 48.1 63.0 

Fresh Open Fractures 10 37.0 37.0 100.0 

Total 27 100.0 100.0  

 

ASAMI Scoring system 

Bone Results 

Excellent Union, no infection, deformity <7, limb-length discrepancy <2.5 cm, 

Gender of Patients 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Female 8 29.6 29.6 29.6 

Male 19 70.4 70.4 100.0 

Total 27 100.0 100.0  
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Good Union + any two of the following: Absence of infection, <7 deformity and limb-length inequality 
of <2.5 cm. 

Fair Union + only one of the following: Absence of infection, deformity <7 and limb-length inequality 
<2.5 cm. 

Poor Non-union/re-fracture/union + infection + deformity >7 + limb-length inequality >2.5 cm. 

Functional Results 

Excellent Active, no limp, minimum stiffness (loss of <15 knee extension/<15 dorsiflexion of ankle), no 
reflex sympathetic dystrophy (RSD), insignificant pain. 

Good Active, with one or two of the following: Limp, stiffness, RSD, significant pain. 

Fair Active, with three or all of the following: Limp, stiffness, RSD, significant pain. 

Poor Inactive (unemployment or inability to return to daily activities because of injury). 

 

 
Figure 1: 
 

 
Figure 1: X Ray Implant Failure 

 
Bone and Functional results in open fractures and 
infected nonunion of the femur (n=27) 
Figure 2: Pos op X Ray of Ilizarov Fixator 
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Figure 3: After three months of Ilizarov 
 

 
Figure 4: After 4.5 months of Ilizarov (at the time of 
removal) 
 

DISCUSSION 
The results of conventional treatment of fresh open 
fractures of femur with bone loss and infected 
nonunion of the femur are poor.14 The Ilizarov 
technique is a salvage procedure for these difficulties 
as proved by our results. According to Ilizarov, gradual 
traction on living tissues creates stress that stimulates 
and maintains regeneration and active growth of 
tissues (bone, muscle, fascia, tendon, nerve, vessels, 
skin and its appendages.15 Bone loss at presentation or 
in setting of established non union is a major problem 
for orthopedic surgeon and can be addressed in many 
ways. Cierny et al 15 compared the results of treating 
segmental tibial defects using massiveautologous bone 
graft and Ilizarov bone transport and found bone 
transport to be superior in terms of bone and 
functional results. Astudy by Song et al16compared 

internal bone transport and use of vascularized fibular 
grafts for femoral defects and found internal bone 
transport to have better bone results and lesser limb 
length discrepancy than vascularized fibular grafts, 
which were associated with a high incidence of 
vascular failure. In complicated femoral fractures 
particularly chronic osteomyelitis and larger bone 
defects, sometime the surgeon faces the dilemma of 
offering limb salvage or amputation to such patients17. 
We believe that all such patients who have a sensate 
foot and are willing to participate in the long 
rehabilitation program should be offered limb salvage 
rather than amputation. All patients in our series opted 
for limb salvage. The important part of a successful 
Ilizarov treatment is active involvement and 
participation of a patient regarding the daily dressing 
and adjustment of Ilizarov and exercises the limb and 
joints18.  
 In our series we treated 20(74.1%) patients by 
unifocal distraction osteogenesis, there were no 
neurovascular complication, axial deviation or need for 
bone grafting. Union was achieved in all patients.  
 Once docking has been achieved, several studies 
now recommend proceeding with early bone grafting 
to decrease the fixator time 19. As the leading edge of 
the intercalary fragment is avascular, which adds to a 
high possibility of soft tissue interposition, union can 
be delayed unless the sclerotic margins are trimmed 
and interposition removed20. We did early freshening 
of fracture margins with drilling and acute compression 
when docking is achieved. Cattaneo et al21reported 
that circular external fixation using theIlizarov 
apparatus combined with internal bone transport or 
compression-distraction techniques were used to treat 
28 patients with infected nonunion or segmental bone 
loss of the tibia. In all patients their infected 
extremities healed without the addition of cancellous 
bone graft, microvascular fibular, or soft -tissue 
grafting. Barbarossa et al22 described 30patients with 
chronic post-traumatic osteomyelitisand infected 
nonunion with bone defects of thefemur, none of 
whom underwent bone grafts at the docking site; no 
nonunion occurred. Dendrinos et al23 treated defects of 
the tibia in 28 patients usingthe Ilizarov bone transport 
method and compressionat the docking site for bone 
union. Bone grafts were required in only 3 patients. 
Kuftiryev and Meshkov, according to Paley 24, reported 
147 bridgings in 154 bone defects of femoralbone, with 
a failure rate of 4.5%, and elimination of bone 
inflammation in 41 out of 45 cases (91%).Urazgil’deev 
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et al25 have recently published the results on 30 
patients with infected non-union of the femur, with 
infection eradication rate of 95.9%.All our patients 
were operated on several times before they underwent 
treatment by the Ilizarov technique. Bone healing and 
functional results as assessed by ASAMI criteria were 
not well correlated. The functional results, as a rule, 
were poorer. The functional result depends primarily 
on the existing damage of nerves, muscles, vessels, 
joints, and, to a lesser extent, bones. 
 

CONCLUSION 
Ilizarov ring fixator is excellent treatment modality for 
femoral non-union with a defect, regarding bone 
union, deformity correction, infection eradication, limb 
length achievement and limb function 
 Based on our experience we recommend Ilizarov 
fixator for all kinds of femoral fractures whether fresh 
or non unions.Further studies are suggested to be done 
on this topic. 
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