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Introduction  
Fibular hemimelia (FH) is a congenital  
condition characterized by the deficiency of 
part or all of the fibular bone, which is     
usually associated with a broad spectrum 
of lower limb congenital anomalies.1          
Although a chromosomal anomaly has 
been reported, the causes of the               
development of FH are still unclear.2         

Patients affected by FH are primarily        
presented clinically as foot deformities and 
limb length discrepancies (LLD).1-3  The  
primary aim of treating such a condition is 
the surgical restoration of normal limb         

alignment and length with a stable walking 
on the soles of the feet.4,5 This aim has 
been reached by using Ilizarov principles in 
which elongation of 40% to 70% of the           
affected lower limb was possible, although 
this principle is associated with increased 
complications.6-9 Gavriil Abramovich 
Ilizarov first introduced Ilizarov technique  
in 1950 for the management of bone          
lesions caused by tuberculosis. This           
technique focuses on biologic quality of the 
regenerated bone in which percutaneous 
corticotomy minimizes periosteum and 
bone marrow trauma and maximizes the      
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of lower limb motion by using the lower  
extremity functional scale (LEFS). This 
LEFS is a questionnaire containing 20           
self-reporting questions regarding the          
patient's ability to perform daily tasks. It is 
composed of four functional groups, and 
each group is rated on a five-point scale        
(0–4). These groups include extreme       
difficulty or unable to perform an activity        
(5–19 points), quite a bit of difficulty (20–39 
points), moderate difficulty (40–59 points), 
a little bit of difficulty (60–79 points), and  
no difficulty (80 points).12 The scale is      
used by clinicians to measure patients'       
initial function, condition progression and 
outcome with a disorder of one or both 
lower extremities, and to evaluate the        
effectiveness of an intervention (surgical  
or medical).13 The lower the score, the 
greater the disability and vice versa, and 
the greater the difference between pre       
and post intervention scores indicates the 
more effectiveness of this intervention.13 

Regarding the decision of treatment, Birch 
classification8 was adopted depending on 
the percentage of limb shortening (femur, 
tibia or both of them) compared to the      
normal limb and the function of the            
foot (which was defined as one that was       
or could be made plantigrade and had 
three or more rays). Foot and ankle        
deformities were classified according to 
Paly classification (Table 1).1  

bone marrow and periosteal blood supply 
preservation.10 This technique undergoes 
many modifications and advances,           
although basic principles remain intact.6,11 

This study aimed to determine the                
outcome of using Ilizarov procedure                  
in the management of lower limb              
length discrepancy cases, including the 
complications and improvement in lower 
extremity function among cases admitted to 
Erbil Teaching Hospital. 

Methods 
This study is a review of FH cases          
managed at the Orthopedic Department of 
Erbil Teaching Hospital over 42 months, 
between November 2014 and June 2018. 
FH patients admitted to the orthopedic       
outpatient clinic of Erbil Teaching Hospital 
complaining from lower limb shortening of       
3–11 cm with a foot having ≥3 rays were 
included in this review. Other forms of         
congenital anomalies associated with the 
FH were recorded. The exclusion criteria 
were FH patients with general medical 
status considered unfit for general              
anesthesia, those with active infection of 
the hip joint, femur, knee joint, tibia or ankle 
joint, those with the foot having less than 
three rays, and those with lower limb         
shortening greater than 20 cm. All patients 
were examined pre and post application of 
Ilizarov procedure to determine the range  

Table 1: Paly classification of foot and ankle deformities.  

Type of deformity Description 

Type I Stable ankle 

Type II Dynamic valgus ankle 

Type III Fixed equino – valgus anle 

III A Ankle type 

III B Sub talar type 

III C Fixed equino-varus 



The outcome of the use of Ilizarov technique in …….          Zanco J. Med. Sci., Vol. 23, No. (3), December, 2019 
https://doi.org/10.15218/zjms.2019.041 

3  

Lower limb length was measured by using 
a tape measure from anterior superior iliac 
spine to the medial malleolus of tibia.          
All patients were sent for an X-ray           
study (anteroposterior and lateral) and  
scanogram in the standing position to       
detect a deviation in the mechanical axis, 
measuring limb shortening and clarifying 
associated congenital deformities. 
Operative procedures 
Five patients underwent soft tissue release, 
including elongation of Achilles tendon, 
posterior capsulotomy of the ankle joint, 
resection of fibrocartilage anlage of the       
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fibula. In tibial lengthening, Ilizarov frame 
was applied with a proximal ring parallel to 
the knee joint and a distal ring parallel        
to the ankle joint. A calcaneal ring was     
attached. Corticotomy was done at the     
center of rotation of angulation (CORA), 
usually in the center of the diaphysis of the 
tibia. Distraction bar was inserted on the 
concave side, and with distraction, the 
tibial bowing was corrected after achieving 
the correction of anterior bowing of the 
tibia. The distraction and the hinges             
replaced by three motors to promote 
lengthening (Figure 1).  

Figure 1: Application of Ilizarov frame on the tibia. 
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The operative technique used  is that       
described by Paley and Pfiel.14 For those 
having associated femoral shaft shortening, 
femoral lengthening usually was done 
separately from tibial lengthening. For 
femoral lengthening and after the Ilizarov 
frame was applied, the 1st reference wire 
passed at the level of adductor tubercle          
or superior pole of patella parallel to        
knee joint. Preconstructed assembly was 
applied, and tension was applied to the 
wires. Two half pins passed anterolaterally 
at lessor trochanter level and fixed to the 
superior arch of the device, which was       
parallel to a line joining the center of             
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the femoral head with the tip of the           
greater trochanter, and perpendicular to 
the mechanical axis of the femur. The arch 
is connected to the middle ring by three 
rods. The middle ring applied superior to 
the osteotomy site was held by two tension 
wires and one pin that passed from lateral  
to medial direction. The distal ring also  
reinforced by two tension wires and one 
pin that passed from posterolateral to the 
anteromedial direction. Four motors were 
applied between middle and distal         
rings, and osteotomy performed through           
metaphysis and 2 cm away from the       
proximal half of the distal ring (Figure 2).  

Figure 2: Application of Ilizarov frame on the femur.  



The outcome of the use of Ilizarov technique in …….          Zanco J. Med. Sci., Vol. 23, No. (3), December, 2019 
https://doi.org/10.15218/zjms.2019.041 

5  

Results  
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No amputations were performed on any of 
the enrolled patients. The study was        
approved by the research ethics committee 
of the College of Medicine of Hawler        
Medical University, and informed consent 
was obtained from the patient's parents or 
guardian. A descriptive analysis of data 
was conducted using excel software. The 
means and SD of lower extremity functional 
scores pre and postoperatively were       
calculated, and paired t-test was used to 
compare the means. Data were presented 

Eight FH patients, three males and five        
females, were enrolled in this study with        
a mean (±SD) age of 7.37 ± 4.13 years 
(range from 3 to 16 years). In three of 
these patients, the left lower limb was            
affected. A family history of FH was           
reported by 12.5 % of patients (Table 2).  

in the form of tables. A P value of ≤0.05 
was considered statistically significant. 

Table 2: Discriptive criteria of fibular hemimelia cases included in the study. 

Variable No. % 

Age (mean = 7.8 ± 4.5 years)     

≤ 7 years 4 50.0 

> 7 years 4 50.0 

Gender     

Male 3 37.5 

Female 5 62.5 

Lower limb affected     

Right 5 62.5 

Left 3 37.5 

Family history of FH     

Positive 1 12.5 

Negative 7 87.5 

Total 8 100.0 
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A wide range of congenital anomalies was 
reported among FH cases enrolled in this 
revision. They had a mean limb shortening 
of 6.06 ± 2.36 cm (range from 3 to                    
11 cm). Knee joint deformities (87.5%) and                           

equino valgus deformities of the ankle and 
foot (87.5%) being the most common 
anomalies associated with FH cases.     
Details are shown in Table 3.  

Type of deformity No. (%) Deformity details No. (%) 

Lower limb shortening 
(mean = 6.06 ± 2.36cm) 

    Shortening of tibia 6 75.0 

≤ 5 cm 4 50.0 Shortening of femur and tibia 1 12.5 

>5cm 4 50.0 Shortening of femur 1 12.5 

Lateral femoral condyle deformity 5 62.5 Hypoplasia 5 100.0 

Inter condylar notch deformity 1 12.5 Flattening 1 100.0 

Knee joint deformity 7 87.5 Valgus 7 100.0 

Patellar deformity 6 75.0 Hypoplasia 6 100.0 

Tibial eminence deformity 2 25.0 Hypoplasia 2 100.0 

Bowing of tibia 4 50.0 Antero-medial 3 75.0 

Anterior 1 25.0 

Equino valgus deformity of ankle 7 87.5 Type II 3 42.8 

Type IIIA 2 28.6 

      Type IIIB 2 28.6 

Foot deformities 6 75.0 Tarsal collision 3 50.0 

      Absence of lateral 2 rays of 
foot 

3 50.0 

Upper limb deformities 1 12.5 - - - 

Table 3: Details of congenital anomalies associated with fibular hemimelia cases enrolled 
in the study. 
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residual  shortening after primary surgical               
intervention of up to 3.5 cm in two cases, 
and finally residual shortening of up to 2 
cm  in two cases. Ankle joint developed 
valgus deformity in four cases. In addition 
to   these complications, pin tract infection  
was reported in four cases. Details are 
shown in Table 4.  
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A number of residual deformities and        
complications were associated with Ilizarov 
technique  affecting the knee joint, proximal 
tibia, and ankle joint. Knee joint developed 
flexion deformity in four cases, valgus      
deformity in two cases, and posterior 
sublaxation in one case. While proximal 
tibia showed bowing deformity (postero-
medial and antero-medial) in two cases,        

Table 4: Residual deformities and complications associated with management of fibular 
hemimelia cases by Ilizarov technique.  

Site Type of residual deformities and complication* No.           % 

Knee joint Flexion deformity 4           50.0 

  Posterior sublaxation 1           12.5 

  Valgus deformity 2           23.0 

Proximal tibia Postero medial bowing 1           12.5 

  Antero medial bowing 1           12.5 

  Residual shortening  after primary procedure of up 
to 3.5 cm 

2           25.0 

  Residual shortening of up to 2 cm 2           25.0 

Ankle joint Valgus deformity 4           50.0 

Pin tract Infection 4           50.0 

*Subsequent management of residual deformities was as follows: 
1. For the flexion deformity of the knee joint, three patients were treated by physiotherapy for           

fourmonths and improved. One patient underwent soft tissue release. 
2. For posterior sublaxation of the knee joint and postero-medial bowing of the tibia which was      

developed in the same patient, treatment was by re-application of Illizarov according to Graf 
method.5 the postero-medial bowing improved but posterior sublaxation of the knee joint persist 
due to absence of anterior cruciate ligament. The patient needs anterior cruciate ligament          
reconstruction in the future. 

3. For vulgus deformity of the knee joint supracondylar corrective osteotomy is indicated near           
maturity.  

4. Antero-medial bowing of the tibia was treated by close wedge osteotomy. 
5. Those with residual shortening for up to 2 cm was treated by shoe raise and follow up. Those with 

up to 3.5 cm shortening were treated by re-lengthening in successive sessions.  
6. Ankle joint deformity type II was treated by supra-malleolar corrective osteotomy. Type IIIA         

deformity was treated by soft tissue release including elongation of tendenoachellis and             
posteriorcapsulotomy of ankle joint and supra-malleolar osteotomy. Type IIIB deformity was 
treated by supra-malleolar osteotomy and sub talar osteotomy to correct valgus deformity of the 
calcaneum.4 

7. Pin tract infection was treated by oral and local antibiotics.  
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Subsequent surgical management of        
residual deformities and complications           
is shown as a footnote to the table.         
Improvement in LEFS from quite a bit and 
moderate difficulty to a little bit of difficulty 
(P <0.001) between the two means of pre 
and postoperative LEFS is demonstrated 
(Table 5).  

equinus deformity. In the current study,  
valgus deformity of the knee joint might be 
due to already existed hypoplasia of the 
lateral femoral condyle and anteromedial        
bowing of the tibia before management 
with Ilizarov method.21,22 On the other 
hand, the tibial bowing during lengthening 
procedure might be due to the tethering 
force of fibrocartilaginous anlage of the 
fibulafrom the proximal part of the tibia        
to the posterolateral calcaneus.21,23 Severe 
valgus deformity of the ankle may be           
correlated with persistent anteromedial 
bowing of the tibia after lengthening.20, 21 
Improvement of LEFS from quite a bit and 
moderate difficulty to a little bit of difficulty 
is similar to that reported by Schep et al.12 
they reported that LEFS  of lower extremity 
becomes a little bit of difficulty for                
those who underwent limb lengthening. 
Alaseirlis et al.20 reported that average  
post-treatment LEFS after 9.7 years           
follow-up was 89.4% (ranged from 53% to 
100%) compared to average pretreatment 
LEFS, which was 70.9% (ranged from 53% 
to 96%). The retrospective nature of the 
data and the small sample size of the study 
are the main limitations of this study.  
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Table 5: Lower extremity functional scale pre and post Ilizarov technique application.  

Variable 
LEF score 

Preoperative Postoperative 

Case 1 49 77 

Case 2 43 66 

Case 3 38 56 

Case 4 47 73 

Case 5 32 38 

Case 6 
Case 7 
Case 8 

34 
31 
34 

72 
65 
70 

Mean ± SD 38.5 ± 6.98 64.62 ± 12.48 

P value < 0.001 

Discussion 
Although Ilizarov procedure has markedly 
improved the short-term results and          
decrease the frequency of complications,8 
the complication rates of this procedure  
are stillhigh.6-9 A wide spectrum of            
complications was reported in this study 
similar to the findings of many other studies 
conducted worldwide.15-18 Catagni et al.19 

reported knee joint subluxation, flexion  
contractures, persistent valgus deformity, 
and pin site infections. Changulaniet al.4 
reported knee joint stiffness and pin           
tract infection as complications of limb 
lengthening in fibular hemimelia. Alaseirlis 
et al.20 reported residual shortening,           
anterior medial bowing of tibia, and         
valgus deformity of ankle joint. Rafiq et al.3 

also reported pin tract infection, knee          
flexion deformity, knee dislocation, and        
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Ilizarov procedure was effective in             
improving the lower extremity function in 
fibular hemimelia despite the associated 
residual deformities and complications and 
leg length inequality. Further studies with 
larger samples are needed to support 
these findings.  
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