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Abstract

We modified the original Ilizarov frame described for femoral lengthening and used two full
rings fixed by 3 tensioned wires for each with an osteotomy in the distal metaphyseal area. Four
femoral lengthenings were performed and followed up for at least 30 months. Average age of
our patients was 15 years and length gain was 74+18mm with one patient had concomitant
correction of valgus deformity. The planned lengthening was achieved in all patients with
healing index 1942 days/cm. Advantages for this low profile frame are mainly less bulky
external fixator and fewer transosseous elements and therefore pin site problems.

Keyword: Femoral lengthening, Ilizarov lengthening, Pediateric leg lengthening, Low profile
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1.Introduction
The first report of successful len-
gthening technique was by Codivilla [1]
in 1905, using an oblique osteotomy foll-
owed by powerful acute traction through
a calcaneal pin. In 1913, Ombredanne [2]
was the first to use an external fixator
for limb lengthening. He lengthened the
femur gradually in a rate of 5 mm/day
for 8 days achieving 4 cm of lengthening.
Early 1950 was the start of the revolu-
tionary contributions of Gavril llizarov
in limb lengthening surgery and distraction
osteogenesis using his circular external
fixator [3-5]. Since that time, different
forms of external fixators have been used
in limb lengthening and reconstruction
[6-8]. External fixators used specifically
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in femoral lengthening are bulky and
non comfortable for the patients [9,10].
With the widespread use of different
lengthening devices and techniques, many
modifications were described to make the
lengthening procedure a good experience
and as comfortable as possible. All of these
modifications aimed at either eliminating
the use of external fixation completely
through the use of totally implantable intr-
amedullary lengthening nails or trying to
shorten the external fixation time [10-13].
Three modifications were described to
shorten the external fixation time during
femoral lengthening in pediateric pop-
ulation and adolescents; lengthening over
intramedullary humeral nail [14], lengt-
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hening with submuscular locked plate sta-
bilization [15] or lengthening over elastic
stable intramedullary nails [16], however
deep infection is a significant risk in all
of these techniques. We had modified the
original Ilizarov frame which is usually
used for femoral lengthening to make it
less bulky. Two full rings were used and
fixed to the bone by 2 tensioned wires
and a drop out wire from each ring. The
frame was placed in the distal part of the

2. Patients and methods
2.1. Rational

Circular llizarov external fixators
used in femoral lengthening usually
consist of two full rings distally and one
or two proximal arches, or one distal full
ring, middle half ring and a proximal arch
[10,17,18]. This proximal arch extends
the fixation to the proximal femur using
half pins. Lengthening frames usually gain
substantial stability with progressive dist-
raction through the resistance of the soft
tissue envelop. Therefore, a shorter ring
block can be used for fixation with only
one ring in each bone segment fixed by
multiple k-wires in different planes [19].
This was llizarov's original description of
lengthening through two corticotomies
performed at both the proximal and distal
ends of the bone being elongated. During
2.2. Patients' demographics

Approval of the local ethics review
board was obtained. Four femora in 3
patients were lengthened using this tech-
nique. Average age of our patients at the
time of lengthening was 15+2.7 years
(range, 11-17 years). All patients were
followed up for at least 30 months. The
etiology of shortening was malunited neck
femur with coxa vara (n=1), poliomyelitis
withgenuvalgumdeformity and shortening
2.3. Operative technique

Operative procedures were perfor-
med with the patient in supine position on
a standard radiolucent orthopaedic table.
Smooth k-wires 1.8 mm in diameter
were all the hardware used for frame
application. Under the control of image
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femur and lengthening was through distal

metaphyseal osteotomy. This modification

has the potential of:

a) Less cumbersome lengthening fixator
with better patient satisfaction and
experience

b) Providing enough mechanical stability
to give an adequate mechanical
support for the distraction gap with
no risk of axial deviations.

this procedure of bifocal lengthening,
each bony segment is actually stabilized
by one full ring or one arch and multiple
tensioned k-wires [3]. We followed the
same concepts and used two full rings
in the area of the distal femur with a
distal metaphyseal lengthening osteotomy.
The originally described proximal arches
were not used and therefore no proximal
extension for the frame into the proximal
femur. Each ring was stabilized using 2
tensioned wires and a third drop out wire.
As a result, each bony segment was
stabilized by a ring block composed of
one full ring and three points of fixation
(3 tensioned wires) per ring which are
spread in different planes and levels.

(n=1) and achondroplasia in a patient who
had bilateral cosmetic lengthening. Length
gain was 74+18 mm (range, 50-90 mm).
Our patient with shortening due to poli-
omyelitis had associated valgus deformity
of 23° which was mainly femoral. Corr-
ection of this deformity using the same
frame followed by lengthening of 50
mm was performed.

intensifier, two wires were drilled through
the femoral condyle and attached to the
first ring. The first k-wire was driven
from just anterior to the posterolateral
corner of the lateral femoral condyle, in
a posterolateral to anteromedial direction,



parallel to the knee joint line in the AP
projection and strictly within the distal
femoral epiphysis. Rubber stoppers were
applied to both ends of the wire. An
llizarov ring of suitable diameter was
mounted to the wire and secured using
two slotted bolts. The wire was tensioned
to 130 kg. A second wire with the same
diameter was drilled on the same ring,
at an angle of about 60° to the first wire
from anterolateral to posteromedial dire-
ctions and strictly in the epiphysis and
was also secured and tensioned in the
same way. A drop out wire was then
drilled in a transverse direction using two
male posts attached to the first ring just
above the physeal line, fig. (1). In case
of femoral lengthening, 4 threaded rods
were used to attach a second llizarov
ring 10-12 cm above the first one. Two
wires were directly drilled on the second
ring, in the same planes as done in the
first ring, and secured and tensioned.
Using two male posts secured to the
second ring, a drop out wire was drilled
in a transverse direction just below the
ring, fig. (1). Regarding our patient who

The second ring with two

wires attached to it

The first ring with two
wires attached to it

had 23° valgus deformity with shortening,
the construct was modified to allow for
correction of angulation firstly and then
lengthening. The two Ilizarov rings were
connected to each other using 2 univ-
ersal hinges and a threaded motor rod
(instead of 4 threaded rods used for
lengthening only). The two hinges were
adjusted intraoperatively to lie opposite
the medial femoral cortex at the level of
the osteotomy (one anterior hinge and one
posterior) in order to allow for a first stage
of correction of the valgus deformity, figs.
(2 & 3). Through 2-3 cm lateral incision,
a transverse multiple drill hole subperios-
teal osteotomy was performed just above
the distal drop-out wire using 3.2 mm
drill bit and 10 mm osteotome. The two
rings were then disconnected and twisted
against each other to complete the oste-
otomy. They were reconnected and a
compression of 2-3 mm was applied to
the osteotomy site. The wound was closed
in layers and the knee was moved through
the maximum range allowed by the
Ilizarov rings.

The first
drop-out
wire

Figure (1) Shows 13™ weeks follow up radiograph for a patient with lengthening of 7 cm using this low

profile llizarov tec-hnique.
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Figure (2) Shows 17 year old pat-ient with valgus
deformity 23° and shortening of 5 cm
due to poliomyelitis. First stage was cor-
rection of the valgus deformity (left)
and then the second stage was lengt-
hening using the same frame (right).

2.4. Postoperative workup
Postoperatively, patients were all-
owed touchdown weight bearing as tolerated
on crutches from the first postoperative
day on. Postoperative physiotherapy pro-
gram consisted of active range of motion
exercises of the knee as allowed by the
frame together with strengthening exercises
for the quadriceps and hamstrings. Patients
were discharged from the hospital with
careful instruction about daily pin site
care. Lengthening started from the 7%
postoperative day at a rate of 0.25 mm /
6 hours. For the patient, who had combined
valgus deformity and shortening, a first
stage with pure correction of the valgus
deformity was performed in a rate of
0.25 mm / 6 hours and its duration was
14 days. Afterwards, the mechanical axis
was checked with a full length standing
radiograph and then the hinges were
locked in this position and the second
stage of pure lengthening was started at
the same rate, figs. (2 & 3). Follow up
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Figure (3) Shows photo for the patient with the
device

radiographs were obtained weekly during
the distraction phase and then every 4-6
weeks during the consolidation phase.
Radiographic consolidation was defined
by the presence of 3 continuous cortices
across the distraction gap in the AP and
Lat views. The frame was then removed
gradually, over a period of 4 weeks,
with removal of one k-wire from either
sides every week, till only 2 wires were
remaining, one in the proximal and the
other in the distal fragments and then
the frame was completely removed.
During this gradual removal, patients
were instructed to fully weight bear on
the extremity. With complete removal
of the frame, a post-removal follow up
radiograph was requested and then patients
were followed up every 3 months, figs.
(4 & 5). An extensive physiotherapy prog-
ram for the range of the motion of the
knee joint as well as the strength of the
muscles was performed.



Figure (4) Shows the same patient who had pol-
iomyelitis, shortening of 5 cm and
valgus deformity 23°; a. preoperative
full standing radiograph showing a
valgus deformity of 23° with a CORA
located at the distal femur, b. fourteen
days from the start of the first stage
correcting the valgus deformity with
restoration of the mechanical axis of
the limb within the normal range, c. post-
removal full length standing radiograph
with the mechanical axis of the limb
passing through the midline of the
tibial plateau

3.Results

The follow up of our patients was
in average 31.5+1.7 months (range, 30-34
months). The desired lengthening was
achieved in all patients. The healing index
of our patients was 19+2 days/cm (range,
15-29 days/cm). External fixator time was
25+5 weeks (range, 19-31 weeks) and
the mean external fixation index was
25+8 days/cm (range, 19-37 days/cm).
Superficial pin track infections (grade |
according to Paley classification [20] occ-
urred in all patients and they responded
well to local pin site care and oral
antibiotics. In no instance did we have
to remove or change a wire. No cases of
persistent infection following removal
of the frame. The ranges of motion of the
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Figure (5) Shows eleven years old patient with
shortening caused by malunited old
femoral neck fracture and coxa vara,
a. postoperative radiograph with the
frame in place and a distal femoral
osteotomy, b. follow up radiograph
13 weeks postoperatively after leng-
thening of 7cm and the distraction
gap shows a good regenerate, c. follow
up radiograph 19 weeks postoperatively
with fully consolidated regenerate
filling the distraction gap, d. follow up
radiograph 27 months after removal
of the frame showing complete
restitution of the medullary cavity
with very good alignment.

hip and ankle joints were free at the
latest follow up. The knee joint range of
motion was 140° and 130° of flexion
with full extension in the two patients
who had unilateral femoral lengthening.
The patient with achondroplasia and bila-
teral cosmetic femoral lengthening had
full extension of the knees while flexion
was 110° and 70° on the left and right
sides respectively. No cases of intraope-
rative complications or iatrogenic neur-
ovascular injury were present. No cases
of axial deviation whether in the frontal
or the sagittal plane or refracture of the
newly formed regenerate following frame
removal occurred.



4.Discussion

Femoral lengthening in pediateric pati-
ents and adolescents is usually performed
using different forms of external fixators
whether monolateral or circular [7,8,10,
21,22]. All circular fixators which are used
in femoral lengthening are bulky and may
cause significant patient discomfort and
even psychological problems which som-
etimes necessitate cessation of lengthening
[9,10,23]. Advantages of our technique
other than a less bulky fixator are firstly,
the lengthening osteotomy is made in a
metaphyseal area. Metaphyseal tibial len-
gthening was shown by Fischgrund et
al. [21] to heal significantly faster than
diaphyseal lengthening. In an animal study
for Aronson et al. [24], metaphyseal cori-
tcotomies healed earlier than the diaphyseal
corticotomies, however this was not stati-
stically significant. Furthermore, using
quantitative computed tomography to
evaluate the density of the newly formed
regenerate, statistically significant higher
densities were found for metaphyseal
regenerate. Second, the only transosseous
elements used for fixation of our frame
were 6 K-wires, 1.8 mm in diameter in
a multiplanar fashion through a circular
external fixator. No fixation by Schanz
screws as done in monolateral external
fixators which is biomechanically a cant-
ilever method of fixation. Circular external
fixator with only tensioned wires provides
the ideal mechanical environment for
distraction osteogenesis and bone healing
[25]. Tensioned wires also cause minimal
pin tract infection which resolve rapidly
after removal of the frame [26,27].
Moreover, the frame was stable enough
to support the newly regenerated bone
evidenced by the absence of any axial
deviation even in the case with concomitant
correction of valgus deformity. Also, no
refractures of the newly formed regenerate
following fixator removal took place.
The patient with achondroplasia who
underwent bilateral femoral lengthening
had unfavorable knee range of motion.
This patient was not compliant with the
postoperative rehabilitation protocol and
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even with the post fixator removal phys-
iotherapy program. Non-compliance is a
major concern with all forms of external
fixators used in limb lengthening [26,27].
However, all of our patients were satisfied
with the final result of treatment. Several
types of fully implantable lengthening
nails were recently developed, however
due constrains of size and length of the
nails, they are mainly used in adults.
One report discussed the use of the
motorized lengthening nail (Fitbone) in
8 preadolescent patients (>13 years) [28].
However, this report was biased by the
specific selection criteria for this proc-
edure excluding all patients with history
of deep infection or chronic osteomyelitis
within the last two years or patients with
instability of adjacent joints, extension
deficit of the knee or equinus deformities.
Additionally, technical problems within
the nail were reported in this series with
one nail failure and one nail breakage
and therefore the planned lengthening
was not achieved in 2 patients. Other
limitations are the cost and the avail-
ability because this nail is available only
in centers certified by the manufacturer
[9,28]. Another approach was to decrease
the external fixation time through length-
ening over intramedullary nails or locked
plates. Gordon et al. [14] reported 9 cases
of femoral lengthening in children using
monolateral external fixator over ahumeral
nail. They approached the medullary canal
through a lateral entry point within the
greater trochanter to avoid entry through
the piriformis fossa which is associated
with the risk of avascular necrosis of
the femoral head. However the risk of
destroying the trochanteric apophysis with
subsequent development of femoral neck
valgus cannot be avoided. All of their
patients had superficial pin tract infection
with two deep infections and osteomyelitis.
Three patients had fractures, one through
the site of distal half pin three months
after frame removal and two through
the distal locking of the nail. Another
combination for lengthening over an intra-



medullary fixation was described by
Lampasi et al [16]. They used elastic stable
intramedullary nails with monolateral
external fixator for femoral lengthening
in 6 patients with mean age at surgery
6.6 years. The external fixators were left
in place throughout the distraction and
consolidation phases which contradicted
one of the main proposed aims and
advantages of the technique. lobst et al.
[15] described a technique for femoral
lengthening over locked submusclar plate
using a standard lIlizarov frame in 6 chil-
dren with average age 7.6 years. Their

5.Conclusion

frame consisted of femoral arch(es) prox-
imally connected to full ring and/or 5/8
ring. They reported 7 complications in 6
patients. Serious complications included
premature consolidation, a translational
deformity of the regenerate and apex
anterior angulation, and a fracture at the
superior edge of the locking plate caused
by a fall 3 months following removal of
the fixator. Severe complications were 11
and 18° procurvatum deformity. Moreover,
deep infection remains a significant risk
with this technique.

The search for modifications to achieve better patients’ compliance and easier lengthening
technique is always going on. Our technique can be added to the armamentarium of these
modifications; however a larger series of patients is required to prove the safety and better

patients' experience.
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