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Management of Proximal/Distal Metadiaphyseal

Pediatric Femur Fractures
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Summary: Given the constraints of a short metaphyseal fragment

and adjacent growth plates, there are limited options for operative

fixation of metadiaphyseal fractures of the femur in children. This

article outlines the surgical technique and reports early results of

metadiaphyseal pediatric femur fractures treated with an Ilizarov

external fixator by a single surgeon. Ten skeletally immature males

with 5 proximal and 5 distal metadiaphyseal femur fractures un-

derwent closed reduction and application of an Ilizarov external

fixator. Time in the fixator averaged 138 (range, 104–180) days. At

a mean follow-up of 26 months, there were no cases of loss of

reduction, refracture, malalignment, leg length inequality, or loss of

knee and hip mobility. Although superficial pin tract infections were

common, no patient developed deep infection or required premature

pin removal. One patient developed a transient foot drop after

external fixation for a distal metadiaphyseal fracture, which recovered

after revision of the pin construct. A low profile Ilizarov fixator can be

effective in the management of certain metadiaphyseal pediatric

femur fractures that may be difficult to manage by traditional

methods.
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Besides traction and spica casting, there are several different
methods available for fixation of femoral shaft fractures in

children. These include elastic intramedullary nailing, rigid
intramedullary nailing, plate fixation, and use of unilateral
external fixation.1 However, given the concerns of avascular
necrosis and injury to adjacent growth plates,2,3 these options
are difficult to use in pediatric femur fractures at the proximal
and distal metadiaphysis.

Although there are recent reports on the use of Ilizarov
external fixator (Smith and Nephew Richards, Memphis, TN)
in adults with supracondylar femur fractures,4–7 we cannot find
a similar study in skeletally immature patients with proximal
or distal metadiaphyseal femur fractures. This study was de-
signed to report on the surgical technique and early results
using a low profile Ilizarov external fixator in this subgroup of
pediatric femur fractures that may not easily amenable to
standard methods of fixation.

SURGICAL TECHNIQUE
The principles of femoral external fixation have been

previously reported.8,9 Unlike the tibia, in which the anatomic
and mechanical axes are the same, the femur has an average of
76 2� difference, because the 2 axes converge at the distal end
of the femur.10 The mechanical axis of the femur passes from
the center of the femoral head to the center of the knee joint
(Fig. 1A). The anatomic axis extends from the piriformis
fossa, along the center of the femoral shaft, and exits just
medial to the center of the knee, in line with the medial tibial
spine (Fig. 1B). We use these axes and the population average
alignment parameters of the femur to apply the Ilizarov ex-
ternal fixator.10 If the alignment of the opposite normal femur
is available, those parameters can be used as well.

The patient is positioned supine on the radiolucent
Jackson table with a rolled sheet under the ipsilateral lower
torso. The entire leg, including the lower abdomen, is included
in the sterile field. The concept of placing a proximal ‘‘ref-
erence’’ pin 90� to the proximal axis and the distal ‘‘reference’’
pin 90� to the distal axis is used. For fractures in the proximal
metadiaphysis of the femur, typically the mechanical axis is
easier to reference, because the normal mechanical lateral
proximal femoral angle (LPFA-m)10 is 90� (Fig. 1A). It is
measured on the AP radiograph as the angle between the line
from the tip of the greater trochanter to the center of femoral
head and a second line from the center of the femoral head to
the midpoint of the femoral condyles. Although this angle
need not be measured in an unreduced fracture, the concept is
used for half-pin insertion. Thus, the proximal half-pin is
placed parallel and distal to the line from the tip of greater
trochanter to the center of the femoral head. To accurately
place this pin, we sometimes place a temporary thin smooth
wire going from the tip of the greater trochanter directed
toward the center of the femoral head and place the reference
half-pin essentially parallel and distal to it, at the level of the
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lesser trochanter (Fig. 2). In young children, with an unossified
greater trochanteric apophysis, one needs to palpate the tip of
the greater trochanter with a smooth wire to ensure proper pin
placement. Given the average 7� difference between the ana-
tomic and mechanical axes of the femur, the distal reference
half-pin is directed slightly more distal, because it is inserted
from the lateral to medial cortex of the femoral diaphysis
(Fig. 1A).

For femoral fractures involving the distal metadiaphysis,
the anatomic axis is more conveniently referenced. Proximally,
fixation is inserted at right angles to the diaphysis (not
metaphysis) of the femur. Distally, the reference wire or pin is
placed in the supracondylar region, being 9� higher medially.
This is so that the distal reference pin is at right angles to the

anatomic axis of the femur. The normal anatomic lateral distal
femoral angle (LDFA-a)10 is 81� and is measured on the AP
radiograph as the angle between the line along the center of the
femoral shaft and a transverse line along the distal femoral
condyles (Fig. 1B).

Given the large soft-tissue envelope around the femur,
the exact location of the underlying bone can be difficult to
determine. To avoid eccentric pin placement and multiple mis-
placed skin incisions, one can ‘‘feel’’ the bone, by placing a
thin smooth wire at the proposed site of half-pin insertion
before making a skin incision. This is especially helpful in
large patients in which manual palpation of the underlying
bone is not possible. The diameter of half-pin used depends on
the width of the underlying bone. The number and size of the

FIGURE 1. A, Guide for pin insertion
referenced off the mechanical axis of
the femur, typically used for proxi-
mal metadiaphyseal femur fractures.
Population average mechanical lat-
eral proximal femoral angle (LPFA-
m) of 90� is used.10 The proximal
reference pin is inserted parallel and
distal to the line between the tip of
the greater trochanter and center of
femoral head. Distal reference pin
also is at right angles to the me-
chanical axis. Given the 7� difference
between the anatomic and mechan-
ical axis of the femur, this pin is
angled slightly distal (approximately
7�) to the mid axis of the femoral
shaft. B, Guide for pin insertion
referenced off the anatomic axis of
the femur, typically used for distal
metadiaphyseal femur fractures. The proximal reference pin is inserted at right angles to the mid axis of the femoral diaphysis. The
distal reference pin is directed cephalad about 9� in relation to the femoral condyles. This orients the distal ring at right angles to
the anatomic axis, because the population average anatomic lateral distal femoral angle (LDFA-a) is 81�.10

FIGURE 2. A, Intraoperative fluoro-
scopic view demonstrating the tech-
nique for placement of proximal
half-pin, using a temporary thin wire
as a guide from the tip of the greater
trochanter pointing toward the cen-
ter of femoral head. The half-pin is
placed parallel and distal to this wire,
at the level of the lesser trochanter.
B, Final fluoroscopic view demon-
strating reduction of a comminuted
proximal femur shaft fracture in an
obese adolescent.
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half-pins is based on several factors, including underlying
bone diameter, patient’s size, bone quality, and comminution at
the fracture site. Typically 2 or 3, 5-mm or 6-mm half-pins are
placed in each fragment. For distal fractures, a 1.8-mm Ilizarov
reference wire is placed as well. As a general guideline for size
of the half-pin, one should not exceed one-third of the di-
ameter of the underlying bone. Use of Hydroxya patite coated
half-pins is preferred.11

For better control and reproducibility, we prefer hand in-
sertion of predrilled half-pins as opposed to self-drilling half-
pins inserted with a motorized power unit. Proper position and
length of the half-pin can be checked by rotating the limb such
that the half-pin is at right angles to the beam of the image
intensifier. The optimal thread length of the half pin is when
the pin tip protrudes just beyond the far cortex, with the thread-
shank junction at the near cortex. Most currently available
half-pins have a design flaw, in that as the shank length of the
pin increases, so does the thread length. Given the relatively
large soft-tissue envelope of the proximal femur compared with
the bone diameter at that level, a pin with appropriate thread
length may not have a long enough shank length to have ade-
quate skin clearance for the external fixator. If an appropriate
thread and shank length half-pin is not available, one can cut
a portion of the threaded part of a longer shank half-pin to
optimize the purchase of the half-pin to the bone and still allow
adequate clearance of soft tissues.

The Ilizarov instrumentation set has various sizes of 90�
and 120� arches, as well as half-rings that can be connected to
make full rings. Two arches are used for proximal fractures,
whereas a proximal arch and a distal complete ring are typi-
cally used for distal fractures (Fig. 3). Once the proximal and
distal reference pins have been placed, the half-pin connection
to the corresponding arch or ring is firmly secured. Care
should be taken that the individual arches or rings are placed
orthogonal to the corresponding fracture segments in all
planes. For proximal fractures, the second half-pin can be
placed obliquely from the base of the greater trochanter toward
the lesser trochanter, and connected to the proximal arch via
a post (Fig. 4). One also should consider seating and daily
functional activities while assembling the fixator. Avoid plac-
ing components too far posterolaterally (problem with lying
supine) or too anteriorly in the proximal thigh (problem with
sitting up).

Once all the half-pins have been placed and secured to
individual arches or rings, a closed reduction of the fracture is
performed under fluoroscopic guidance. If the proximal and
distal fixation constructs have been appropriately placed,
normal bony alignment should be restored when the 2 arches
or rings are brought parallel to each another. We aim for an
anatomic reduction, as opposed to having the 2 bony frag-
ments overlap in anticipation of significant future overgrowth,
which is unlikely with external fixation.12 Once an acceptable
reduction is achieved, 3 evenly spaced threaded rods are in-
serted between the 2 arches or rings, which should be essen-
tially parallel to each other. Conical washers and 2-hole plates
(Figs. 4B, C) often are used to allow minor adjustments of
translation and angulation in all planes. These can help over-
come less than orthogonal alignment of the individual arches
to the corresponding bony fragments.

To prevent significant loss of knee mobility related to
tethering of the adjacent skin or underlying iliotibial band by
the half-pins and wires, one should confirm near full flexion of
the knee after final fracture reduction. If needed, limited skin
and fascial release can be performed at the individual pin
insertion sites.

Besides assessing fracture reduction with gross visual-
ization of the limb and fluoroscopy, several additional tech-
niques can be used to confirm acceptable alignment. Placing
an electrocautery cord firmly stretched on the skin from the
center of the femoral head to the center of the tibial plafond
reproduces the mechanical axis of the entire limb. On average,
the bovie cord should project 10 (range, 3–17) mm medial to
the midpoint of the knee joint, in line with the medial tibial
spine.10 An intraoperative portable radiograph of the entire
femur can be performed to confirm acceptable alignment of
the femur. The alignment parameters of the opposite normal
limb can be used as a guide for gauging adequate reduction
and alignment, as well.

Postoperative Management
Based on factors such as child’s weight, ability to

comply with weightbearing instructions, fracture comminu-
tion, and associated injuries, he/she is mobilized with physical
therapy. Typically, for isolated fractures partial weightbearing
is initiated, and gradually advanced to full weightbearing within
3 to 4 weeks. For pin site dressing, we use a 2-inch-gauze
bandage (eg, KlingTM) to wrap around the proximal and distal
pin clusters (Fig. 4C). By limiting the motion between the skin
and the pins, this type of bandage can decrease the incidence
of infection and pin drainage in areas of a large soft-tissue
sleeve, such as the proximal thigh.

The patient is typically allowed to take shower 1 week
after fixator application. No specific pin care regimen besides
daily cleaning with a spray bottle filled with warm water or
half strength hydrogen peroxide and drying the skin-pin
interface is used. The patient rewraps the pin sites daily. An
outpatient prescription for a 10-day course of oral antibiotics
(usually a first generation cephalosporin) with 3 refills is given
at the first postoperative visit, which is usually 1 week after
surgery. The patient’s caretaker is instructed to start the anti-
biotics at the initial sign of pin site inflammation. If significant
swelling or erythema persists despite a 10-day course of oral
antibiotics other options can be considered individually or in
combination. These include prescribing a different orally
administered antibiotic, using intravenous antibiotics, limited
skin release at the pin site, curettage of the pin tract under local
anesthesia, or pin removal with insertion of another pin at a
different location under general anesthesia.

When clinical and radiographic evidence of early healing
is noted, the frame is dynamized by selective removal of 1 or
2 half-pins or wires. This can be combined with loosening
the nuts attached to the threaded rods or performing 1-mm to
2-mm of acute compression between the rings to increase axial
loading at the fracture site. A clinical indicator supporting
readiness for fixator removal is when the patient is able to walk
painlessly on a fully dynamized fixator without any walking
aids. Another strategy to test the appropriate timing of frame
removal can be based on radiographic assessment, such that at
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FIGURE 3. Anteroposterior (A) and lateral (B) radiographs of a 9-year-old male who sustained a comminuted distal metadiaphyseal
left femur fracture. Early postoperative (C) and final radiographs (D, E) 1 year after closed reduction and external fixation
demonstrating satisfactory healing and alignment. Clinical follow-up 3 months after fixator removal with return of full knee
mobility (F, G). Note the visible scars at the half-pin insertion sites.
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least 3 of 4 cortices have reconstituted at the original fracture
site on 2 orthogonal radiographs. To assess healing and ability
of the limb to handle physiologic loads, one can also remove
the threaded rods connecting the femoral arches and have the
patient walk in the office with half-pins still in.

We prefer removing the external fixator under general
anesthesia. This enhances the ability to assess healing with
fluoroscopy, clean and undermine puckered pin tracts, and
apply appropriate immobilization devices, all of which we
believe outweighs the potential risks and costs of administer-
ing general anesthesia. In our experience, this approach de-
creases the risk of refractures and offsets the inconvenience of
a short trip to the operating room for both the patient and
surgeon. The patient is placed in a prefabricated HKAFO (for
proximal fractures) or a long leg cast (for distal fractures) for 1
to 2 weeks. The patient is typically sent home the same day
soon after he/she is fully awake and comfortable and allowed
weightbearing as tolerated.

METHODS AND RESULTS
After institutional review board approval, children, who

sustained a metadiaphyseal femoral fracture during a 4-year
period (from July 1999 to June 2003) whowere treated with an
Ilizarov external fixator at an urban level 1 trauma center by a
single pediatric orthopedic surgeon, were retrospectively re-
viewed. Fractures involving the proximal or distal physis,
remaining femoral diaphysis, as well as metadiaphyseal frac-
tures treated with other means and femoral fractures in adults
were excluded. A total of 133 children younger than aged 18
years with the diagnosis of femoral fracture who were treated
by the author during the study period were identified. Avariety
of methods, such as immediate cast application, skeletal trac-
tion followed by spica casting, elastic intramedullary nailing,

open reduction with internal fixation, and the use of mono-
lateral external fixation, as well as Ilizarov external fixation
were used. Ten children met the inclusion criteria. They were
all males with an average age at injury of 12 + 7 years with
a range from 7 + 5 to 15 + 10 years. The mechanism of injury
was a fall in 4, motor vehicle accident in 5, and a pathologic
fracture related to a benign cyst in 1 patient. Nine fractures
were acute and presented to the emergency room. The re-
maining patient was an 11-year-old obese male who presented
17 days after immediate spica casting. Radiographs in the cast
revealed 3 cm of shortening and 25� of varus angulation of
a comminuted proximal metadiaphyseal fracture.

All 10 patients had closed metadiaphyseal femur frac-
tures: 5 proximal and 5 distal in location. Both the proximal
and distal femoral growth plates were radiographically visible
at the time of injury in all cases. The fracture pattern was
comminuted in 9 and spiral in 1. Based on the OTA clas-
sification, there were 2 32-B1.1, 3 32-B2.1, 3 32-B2.3, and
2 32-B3.3.

All patients were treated by closed manipulation of the
fracture under general anesthesia with application of an
Ilizarov external fixator. None required an open reduction or
needed any blood transfusion in the perioperative period. The
hospital stay averaged 5 (range, 3–7) days. At an average
follow-up of 26 (range, 6–51) months, all fractures had united.
The time in the external fixator averaged 138 (range, 104–180)
days. There were no cases of loss of reduction, refracture,
vascular injury, need for knee manipulation, or pin site
infections requiring pin removal or exchange. All patients
regained full hip and knee mobility within 3 months of fixator
removal (Figs. 3F, G).

Long leg standing radiographs and scanograms of both
lower extremities were reviewed at follow-up (Fig. 3D). No
patient had any mechanical axis deviation compared with the

FIGURE 4. A, Early postoperative radiograph of the right femur in a 10-year-old male who sustained a displaced, spiral
subtrochanteric fracture with significant shortening treated with closed reduction and Ilizarov external fixation. B, Clinical
photograph of the same patient demonstrating the low profile Ilizarov external fixator with the two femoral arches connected with
3 threaded rods and sets of conical washers. The conical washers can aid in fracture reduction by allowing minor changes in
angulation and translation between the femoral arches. C, Clinical picture demonstrating pin site dressing using a 2-inch KlingTM.
(Figures 4A and B reprinted with permission.9)
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normal values outlined in the literature (3–17 mm medial to
the midpoint of the knee joint). The lateral distal femoral angle
(mechanical) averaged 87�, with a range from 84� to 90�.
These values were within normal population values.10 No
patient had more than 5� of angulation on the lateral view ra-
diographs. There were no cases of leg length discrepancy.1 cm
nor any rotational deformities noted on clinical examina-
tion. At the time of latest follow-up, 5 patients were skeletally
mature.

There was 1 case of transient foot drop after external
fixation for a distal femur metaphyseal fracture. This was a
14-year-old obese male, who was initially treated for adoles-
cent Blount’s disease with a left-sided proximal tibial osteotomy
and gradual correction of angulation with lateral translation of
the distal fragment using a Taylor Spatial Frame (Smith and
Nephew Richards). After satisfactory healing and realignment,
the external fixator was removed, and he was gradually mobi-
lized, weightbearing as tolerated. Two months after removal of
the tibial frame, he slipped on ice and sustained a comminuted
distal femoral metadiaphyseal fracture on the same side as the
healed tibial osteotomy. Secondary to the large size of the
patient, location of the fracture, and open distal femoral
physis, Ilizarov external fixation was chosen for definitive
fracture management. Because of associated osteopenia, distal
femoral fixation, which consisted of 2 1.8-mm wires and
a half-pin, was supplemented with 2 proximal tibial half-pins,
inserted anteromedial and anterolaterally. This was the only
patient in the series who had fixation extended beyond
the femur. Postoperatively, he was noted to have a foot drop
with isolated loss of motor function of the toe and ankle
dorsiflexors. Interestingly, he had normal strength of ankle
evertors and invertors and no sensory loss in the entire lower
extremity, including the first web space. He was taken back to
surgery after a 48-hour observation period with no change in
his neurologic function. One of the distal femoral wires was
reinserted in a slightly different plane and the anterolateral
proximal tibial half-pin was exchanged for a more anteriorly
located half-pin. His neurologic function significantly improved
during the next 48 hours and fully recovered after severalweeks.
Given the significant early recovery of neurologic function
after pin exchange, peroneal nerve exploration was not per-
formed. The femoral fracture healed uneventfully

DISCUSSION
There are several reports on the use of unilateral external

fixators for pediatric femoral shaft fractures with mixed
results.13–23 Typical problems with the use of unilateral fixators
include malreduction,13–15,18 loss of reduction, delayed
healing,21,23 pin tract infections,12,13,16,21,24 cosmetic concerns
with pin scarring,25 need to place intra-articular half-pins in the
distal femoral epiphyses,3 and refracture after fixator re-
moval.16,19,21 Most of these complications seem technical in
nature. These problems may be avoided by using proper
technique of insertion of appropriately sized half-pins,9 use of
a more modular multiplanar external fixator along with grad-
ual dynamization, and appropriate timing of fixator removal as
well as post removal protection of the fractured limb.9,16 By

using hydroxyapatite coated half-pins,11 avoiding thermal
necrosis by using sharp drill bits,9 early use of oral antibiotics
for pin site drainage, and performing appropriate pin site
releases and care, pin-related complaints hopefully can be
minimized. Although puckering of the skin edges at the pin
sites is avoided by appropriate undermining of the adjacent
skin,9,26 the scars can be visible (Fig. 3G). This may be
a cosmetic concern,25 especially in girls, and the family should
be counseled regarding this issue preoperatively.

There are no reports in the English literature on the use
of an Ilizarov fixator for pediatric femur fractures. However,
there are a few case series on the use of unilateral,7 circular,5,6

and hybrid4 external fixators for supracondylar femoral
fractures in adults. Unlike our patients, a significant number
of patients in these reports4–7 had associated soft-tissue injury,
many with segmental bone loss and intra-articular extension.
The outcome was compromised with complications, such as
loss of knee mobility, angular malalignment, delayed healing,
deep infections, and unplanned subsequent surgeries.

In the current series of patients, we did have one major
complication: a postoperative foot drop, leading to an un-
planned surgical intervention after external fixation of a distal
metadiaphyseal femur fracture, as discussed previously. Several
possible ways of avoiding such a complication can be con-
sidered in patients who may have had previous surgery or
trauma that could have altered the normal relationship of the
peroneal nerve around the proximal tibia. These include an
open technique for placement of the anterolateral metaphyseal
half-pin, placing the half-pin more anteriorly, and flexing the
knee to allow the nerve to displace posteriorly. Although we
were unable to find a similar report of selective injury to a
motor branch of the peroneal nerve with previous high tibial
osteotomy, displacement of the common peroneal nerve
associated with proximal tibia fracture has been reported.27

Although there are a few reports on the use of traction
for subtrochanteric pediatric femur fractures,28,29 there are no
series in the literature dealing exclusively with proximal
metadiaphyseal femur fractures in children or adults who were
treated with an external fixator. Sabharwal et al30 recently
described the technique of performing a percutaneous sub-
trochanteric femoral osteotomy for treatment of developmental
coxa vara in children using a low-profile Ilizarov fixator.

The Ilizarov device is not necessary for the acute man-
agement of the more common diaphyseal location of femur
fractures in children. Standard treatment methods should be
used based on patient’s age, fracture pattern, psychosocial
factors, and surgeon’s preference.1 However, for the meta-
diaphyseal fractures in skeletally immature individuals, given
the constraints of a short metaphyseal fragment and adjacent
growth plates, fixation options are more limited. Although a
monolateral fixator can be used for certain metadiaphyseal
fractures, the Ilizarov device appears more modular, allows for
multiplanar pin fixation, and avoids intraepiphyseal placement
of half-pins, which may be required in fractures with relatively
short metaphyseal fragments treated with monolateral external
fixators. Recently, traction28,29 and submuscular plating31,32

has been reported for managing complex proximal and distal
pediatric femur fractures with satisfactory outcome in majority
of patients.
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Compared with internal fixation, there are several po-
tential benefits associated with application of the Ilizarov
fixator. These include avoidance of a large open surgical
exposure, decreased potential for significant blood loss, no
need for supplemental cast immobilization, ability to achieve
bony stability without violating adjacent growth plate and
epiphyses, and capability to perform residual correction at the
fracture site after fixation. Certain other complications typi-
cally seen with internal fixation devices, such as plates and
nails, also can be minimized. These include prominent hard-
ware after fracture healing,28 implant failure,32,33 incisional
pain and scarring,28,33 leg length discrepancy,32–34 avascular
necrosis of the femoral head,2 need for a second major surgical
procedure for removing an internal implant,3,31–34 and po-
tential for deep infection.34

In children who present several days after a femur
fracture with unacceptable shortening and/or angulation (as
seen in 1 of our patients), the Ilizarov device can be used to
perform gradual correction while allowing the patient to
mobilize out of bed. By avoiding the need for skeletal traction
followed by spica casting, significantly earlier mobilization
with normalization of the gait pattern has been reported with
the use of external fixation for femoral fractures.22,27,28

There are drawbacks associated with the use of an
Ilizarov external fixator. These include a need to be familiar
with the use of the device; however, other external fixator
systems can be used if the principles outlined above are
followed. The bulkiness of the fixator, soft-tissue binding by
the bony anchors hindering joint motion along with the
possibility of pin site drainage, and prominent scars25,26 are
other disadvantages. Finally, our patients spent an average of
138 (range, 104–180) days in the fixator; a time period that
some patients might not be willing to undergo.

Based on our experience using the operative technique
described in this report, an Ilizarov external fixator can be
added to the list of options available for management of
pediatric femoral fractures involving the metadiaphysis.
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