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The aim of this study was to evaluate the influence of 
intramedullary (IM) alignment used in combination 
with external fixation on the healing index (HI) and 
lengthening index (LI) in the treatment of congenital 
and acquired leg length discrepancies (LLD). We 
compared duration of the external fixator applica-
tion, LLD, HI and LI between two groups of chil-
dren : children in Group I underwent limb lengthen-
ing by the conventionaI llizarov technique, and 
children in Group II underwent a combination of 
 Ilizarov technique and intramedullary alignment 
with Kirschner wires. Two types of LLDs were treat-
ed : congenital and acquired. We found significant 
differences between the two groups for duration of 
external fixator application and HI. Significant differ-
ences were also noted in the duration of the external 
fixator application, HI and LI, between patients with 
congenital and acquired LLDs. We also noted signifi-
cant differences between Group I and Group II 
 regarding duration of external fixator application for 
patients with congenital LLD and also regarding HI 
for both congenital and acquired types of LLD.

Keywords : leg length discrepancy ; healing index ; 
intramedullary alignment ; external fixator.

INTRODUCTION

Various operative techniques have been intro-
duced over the last fifty years to improve anatomic 
and functional results of limb lengthening in chil-

dren. Among the techniques for progressive length-
ening, external fixation is the one most often used, 
especially with an Ilizarov external fixator. Length-
ening techniques based on the principles of 
 Ilizarov (2,6,14) have provided satisfactory results (4, 
9,16). They allow for simultaneous lengthening and 
correction of deformities in three dimensions. Bone 
lengthening is made possible thanks to the gradual 
distraction of soft tissues and neurovascular ele-
ments. An important modification of this technique 
combines the Ilizarov external fixator and intramed-
ullary (IM) alignment (5). Intramedullary fixation 
exists under two forms : with a rigid nail and with a 
flexible nail (8,15). This combination could poten-
tially reduce the risk of bone deformity occurring 
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during the lengthening period and could also reduce 
the time to bone healing (12).

The purpose of this study was to evaluate the in-
fluence of intramedullary alignment with Kirschner 
wires combined with an external fixator on the 
 healing index (HI) and lengthening index (LI) in 
children with congenital and acquired leg length 
discrepancies (LLD).

PATIENTS AND METHODS

Study group

We prospectively studied 56 patients referred to the 
Belgrade University Children’s Hospital (UCH), who 
underwent lower limb lengthening over a twelve years 
period, between 2000 and 2011. There were 35 patients 
with congenital leg length discrepancy, and 21 with 
 acquired leg length discrepancy. 

The study was approved by the Institutional Review 
Board and followed the principles of good clinical prac-
tice. Prior to inclusion in the study, parents or legal 
guardians were informed about the surgical procedure 
and treatment outcome and informed consent was ob-
tained. The follow-up was done by a paediatric surgeon, 
a radiologist and a physiatrist. Only patients that were 
planned for monosegmental lower limb lengthening pro-
cedures were included in the study. The exclusion criteria 
included neurological and metabolic aetiologies and non-
reconstructible congenital anomalies. Lengthening was 
completed with the Ilizarov technique (external fixator) 
with or without IM alignment with Kirschner wires. We 
compared two groups of patients : Group I included 
35 children in which lengthening was performed with a 
circular external fixator (Ilizarov) (Fig. 1) and Group II 
included 21 children in which lengthening was performed 
using a combination of circular external fixation (Il-
izarov) and IM alignment with Kirschner wires (stainless 
steel, Synthes GmbH, Germany) (Fig. 2).

The following parameters were evaluated : duration of 
the external fixator application, limb length inequality, 
HI, LI. Two types of LLD were assessed : congenital and 
acquired. Healing index represents the duration of the 
 external ring fixation required to obtain 1 cm lengthen-
ing (10). It is expressed as days/cm.

Surgical procedure

The first stage in both groups was the application of 
the Ilizarov external fixator. In Group II, after application 

of the external fixator, Kirschner wires were inserted into 
the medullary cavity through two holes in the bone, 1.5-
2 cm away from the growth plate. The K-wires were 2 or 
2.5 mm in diameter ; they were bent so as to have a cur-
vature of about 40 degrees, and they were placed so as to 
have their curvatures opposite to each other. The IM 
wires were introduced retrograde in the femur, and 
 anterograde in the tibia. Two IM wires, one from the 
 medial side and the other from the lateral side, were care-
fully introduced and were pushed gently until they 
reached the opposite metaphysis. The apex of the curves 
was placed close to the future osteotomy site. The exter-
nal tips of the IM wires were bent 90 degrees to avoid 
their sliding into the medullary canal during the distrac-
tion period. They were left under the skin. Diaphyseal 
osteotomy of the bones followed the above mentioned 
procedure, in both groups, and an initial lengthening of 
3-5 mm was achieved.

Postoperative period

In both groups, the lengthening began on the seventh 
day after surgery (8). Antibiotic prophylaxis (second gen-
eration cephalosporin) was given prior to surgery and for 
3 more days. Early joint mobilization was started one 
week after surgery. Radiographic assessment was done 
every two weeks in each group. When homogenous bone 
regeneration was noted and confirmed radiologically, the 
external fixator was removed in both groups and patients 
were able to walk with partial or full weight bearing 

Fig. 1. — External fixator technique. A) AP radiograph. B) Lat-
eral radiograph.
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without pain. Following removal of the external fixator, a 
plaster cast was not applied. The IM wires were removed 
when the radiographic appearance of the regenerate was 
similar to the normal adjacent bone.

Statistical analysis

We have presented the evaluated parameters as mean 
values (MV) with standard deviation (SD). For estima-
tion of statistical difference between groups, we used 
Student’s t-test. Statistical significance was set at p < 0.05.

RESULTS

Preoperatively, we found no significant differ-
ences in LLD between the two surgical groups 
 (Table I). We found significant differences between 
Group I and Group II in the duration of external 
 fixator application (p < 0.01) and in HI (p < 0.01) 
but not regarding LI (Table I). 

In Group I (Ilizarov only) we found no significant 
differences for all evaluated parameters between the 
subgroup with congenital LLD and the subgroup 
with acquired LLD (Table II).

In Group II (combined Ilizarov fixation and IM 
alignment), we found significant differences in the 
duration of external fixator application (p < 0.05), 
HI (p < 0.05) and LI (p < 0.01) between patients 
with congenital and those with acquired LLD 
 (Table III). Concerning length inequality we found 
no significant difference between two different 
types of LLD. 

We also noted significant differences between 
Group I and Group II regarding duration of external 
fixator application for patients with congenital LLD 
(p < 0.01 and also regarding HI for both congenital 
(p < 0.01) and acquired (p < 0.01) types of LLD 
(Table IV).

DISCUSSION

In this study we evaluated the effectiveness of 
two surgical techniques (Ilizarov technique alone 
and Ilizarov technique with IM alignment with K-
wires) in patients with congenital or acquired LLD. 

Fig. 2. — Combined technique. A) AP radiograph. B) Lateral 
radiograph.

Table I. — Treatment outcome values of evaluated parameters regarding type of surgery
Parameters
N = 56

Categories Values 
(MV ± SD)

Statistical interpretation

Duration of the external fixator use (days) Group I (N = 35) 220.86 ± 94.75 p = 0.0005
Group II (N = 21) 141.91 ± 30.05

Inequality (cm) Group I (N = 35) 5.47 ± 2.35 p = 0.3745
Group II (N = 21) 6.13 ± 3.14

HI Group I (N = 35) 43.72 ± 17.08 p = 0.0001
Group II (N = 21) 27.09 ± 7.81

LI Group I (N = 35) 0.30 ± 0.24 p = 0.7361
Group II (N = 21) 0.28 ± 0.16

*students T-test.
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ultimately stimulating the lengthening process. The 
presence of the intramedullary wires does not inter-
fere with the correction of deformities associated 
with LLD ; it even helps in their correction. Finally, 
there is a possibility to remove the external fixator 
earlier, as a certain degree of stability will still be 
provided by the IM wires (1).

The results of our study show that patients with 
the combined treatment had a significantly shorter 
duration of external fixator application and signifi-
cantly better HI, in relation with the above  mentioned 
role of the intramedullary alignment combined with 
the Ilizarov technique on healing processes (7,13). It 
was previously demonstrated that the application of 
an external fixator combined with IM alignment 
 reduces the time for external fixation in patients 

This combination offers certain advantages, As 
 previously stated, the IM wires do not inhibit the 
generation of an endostal regenerate and the bone 
regeneration is stimulated due to biological effects 
of the blood flow redistribution to periosteal struc-
tures (11). Furthermore, the IM alignment prevents 
translation of the bone ends at the level of the dias-
tasis during lengthening (1). 

We presumed that the progressive sliding of the 
intramedullary wires through the regenerate during 
the period of distraction could result in the stimula-
tion of regenerative processes. To accomplish this 
effect, the apex of the wires’ curve should be placed 
as close as possible to the osteotomy site. The wires 
will thus be placed at the level of the regenerate 
growth zone by the end of the distraction period, 

Table II. — External fixation treatment outcome of evaluated parameters regarding LLD type
Parameters
N = 35

Categories Values
(MV ± SD)

Statistical interpretation

Duration of the external fixator use (days) Congenital (N = 23) 210.48 ± 67.43 p = 0.3775
Acquired (N = 12) 240.75 ± 134.16

Inequality (cm) Congenital (N = 23) 5.80 ± 2.14 p = 0.2538
Acquired (N = 12) 4.83 ± 2.71

HI Congenital (N = 23) 40.01 ± 16.92 p = 0.0748
Acquired (N = 12) 50.83 ± 15.68

LI Congenital (N = 23) 0.30 ± 0.25 p = 1.0000
Acquired (N = 12) 0.30 ± 0.23

*Student’s t-test.
LLD – leg length discrepancy; HI – healing index; LI – lengthening index.

Table III. — Treatment outcome in patients that underwent external fixation with intramedullary nailing
Parameters
N = 21

Categories Values
(MV ± SD)

Statistical interpretation

Duration of the external fixator use (days) Congenital  (N = 12) 133.57 ± 26.44 p < 0.05*
Acquired (N = 9) 160.40 ± 30.84

Inequality (cm) Congenital (N = 12) 6.71 ± 3.94 p > 0.05*
Acquired (N = 9) 5.30 ± 1.57

HI Congenital (N = 12) 24.39 ± 8.21 p < 0.05*
Acquired (N = 9) 30.88 ± 3.16

LI Congenital (N = 12) 0.36 ± 0.16 p < 0.01*
Acquired (N = 9) 0.18 ± 0.08

*Student’s t-test.
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weight bearing, in compliance with important bio-
mechanical rules.
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