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INTRODUCTION

ABSTRACT

The management of femoral shaft fractures in children is largely directed by the
age and built of the child. There is wide consensus on the non operative treatment
of children less than six years of age. Operative treatment is recommended for
children more than 12 years of age, only the surgical options vary. The age group of
6-12 years remains a controversial area with multiple studies advocating different
lines of treatment.

We studied the literature on treatment of femoral shaft fractures in 6 to 12 year age
group over the past 25 years through PubMed search and found 79 studies dealing
with management of paediatric shaft femur fractures in this age group. Studies
dealing with other age groups, animal studies and languages other than English
were excluded. The treatment modalities included early or immediate hip spica,
traction alone, external fixator, plating (open/minimally invasive), intramedullary
nailing- rigid/flexible and intramedullary Kirschner wire. The short listed articles
were studied for rate and time of union, complications such as non-union and
malunion, leg length discrepancy, infection, implant impingement, refracture and
cost analysis.

Operative treatment is usually the preferred treatment option in this age group,
as it decreases hospitalization time, decreases morbidity and allows early return
of child to school. Flexible intramedullary nailing is recommended for length
stable fractures. Submuscular bridge plating (minimally invasive) is reserved
for comminuted fractures. External fixator is reserved for open fractures and
initial stabilization of femoral shaft fractures in polytrauma pediatric patients.
Intramedullary K wire is a viable option in resource contrained centres where
specialized implants and instrumentation is not available.
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Most paediatric femoral shaft fractures unite rapidly
regardless of the fracture type, location and treatment
given. However suboptimal outcomes in the form of
malunion, delayed union, limb length discrepancy
and growth disturbances are known. Therefore the
management of femoral shaft fractures in children is
largely directed by the age, fracture pattern, associated
injuries and social and economic situation of the child and
family. As the treatment methods have evolved, the trend
has been moving away from non operative methods such

as traction and spica casting towards operative methods
such as external fixation, open/minimally invasive plating,
and flexible/rigid intramedullary nailing. Each method has
its set of advantages and disadvantages.

There is a broad consensus on the non operative treatment
of paediatric femoral shaft fractures, in the form of spica
casting with or without initial traction, in children less than
six years of age. Operative treatment, usually in the form
of rigid intramedullary nailing or plating is recommended
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for children more than 12 years of age. The age group
of 6-12 years remains a controversial area with multiple
studies advocating different lines of treatment ranging
from immediate spica casting to rigid intramedullary nail
fixation.

METHOD

A ‘PubMed’ search was conducted with the key words
‘shaft’, ‘femur’, ‘fracture’, ‘children’, with articles from
January 1987 to January 2012. A total of 162 results in
English language were obtained in last 25 years. Of these
79 were relevant to the management of fracture of shaft
femur in the age group of 6-12 years. Studies dealing with
other age groups, animal studies and languages other than
English were excluded. A number of studies were found
spanning multiple age groups including the age group in
question. Only those studies were considered in which the
mean age was between 6-12 years or where data specific
to this age group was extractable from the article text. The
short listed articles were studied for treatment modality,
rate and time of union, complications such as non-union
and malunion, leg length discrepancy (LLD), infection,
implant impingement, refracture, need for repeat surgery
and cost analysis.

Nonoperative Methods (spica, traction and functional
bracing)

Infante et al reviewed 175 children (42 patients were
between 7 to 11 years) with femoral shaft fracture
treated by immediate close reduction and hip spica cast
with at least two years follow up. All fractures united in
eight weeks. The only complication was a refracture. The
authors concluded that immediate closed reduction and
well moulded spica cast application is a safe and reliable
treatment option for isolated closed femoral shaft fractures
from birth to ten years and in patients weighing less than
80 pounds.! Sugi M et al concluded that in children ten
years or younger and without any other injury early spica
casting is a simple and effective method of treatment.?
In another study, 20 children between 5- 12 years were
evaluated by plain radiograph (for angular alignment)
and CT scans (for rotational malalignment). The mean
sagittal angualtion was 17 degrees and mean coronal
plane angulation was nine degrees. The mean rotational
malunion was 9.5 degrees. Thirty percent cases had
rotational malunion of more than 20 degrees. However no
correlation was found with type and level of fracture and
the deformity.® In a similar study 28 children with femoral
shaft fractures treated with early spica cast were evaluated
with CT scan for rotational deformities. Internal rotation
deformity was detected in nine cases and external rotation
deformity was detected in 17 cases. In 4 out of 28 cases,
the rotational deformity was of more than ten degrees and
required correction by gypsotomy.* A prospective study of
101 femoral fractures, with children aged ten years and
younger, concluded that only four spica casts required

removal at 7- 10 days for unacceptable shortening (more
than two cms).® A study comprising of 110 patients studied
the incidence and contributing factor associated with post
casting peroneal nerve palsy. Four patients with peroneal
nerve palsies were identified. All four had 90-90 cast
and underwent cast wedging for realignment. All palsies
resolved with immediate spica removal.® A prospective
study of 38 children (mean age of 6.5 yrs) treated with
close reduction and early spica casting with incorporation
of supracondylar kirschner wires observed that at mean
follow up of 65.6 months (range, 58-80 months), no child
had any residual skeletal deformity and joint stiffness. The
maximal shortening was 11 mm and overgrowth was 6
mm. The authors concluded that the only factor associated
with unacceptable shortening (>15mm) was shortening of
more than 15 mm at time of spica application.”

The role of traction is not well defined in literature.
Valanghiman et al concluded that skeletal traction provides
no benefit in comparison to skin traction while waiting for
definite fixation.® Song et al reported a study of comparison
between nonoperative treatment and retrograde flexible
nailing in paediatric femoral shaft fractures. Fifty-one
femoral fractures (24 nonoperative and 27 nailing) in 46
patients were studied retrospectively. Four cases of angular
deformity (greater than ten degrees) were observed from
the nonoperative treatment group and none from the
nailing group. Nonoperative treatment showed a wider
variance of limb length discrepancy and four cases showed
severe LLD of more than one cm while the nailing group
had no LLD.® According to Flynn et al children treated
with titanium elastic nails when compared with children
treated with traction and cast, had shorter hospitalization
time, walked with support earlier, walked independently
earlier and returned to school earlier.® In a series of 96
femoral fracture patients Reeves et al compared results of
traction and subsequent casting with rigid internal fixation.
They concluded that operative management decreased
hospitalization, which had psychological, educational and
economic advantages over nonoperative management.!!
In another method, 30 children were treated with short
period of traction followed by full weight bearing with a
modified hinged brace. The children returned to school
after an average of 32.5 days. At two years, no child had
shortening, residual angulation or rotational deformities
greater than 10 and 15 degrees respectively. Overgrowth
of the fractured femur was common. No strong correlation
was found between overgrowth and age, site, and type of
fracture.??

According to the available literature, the major
disadvantages of spica casting are the result of prolonged
immobilization or inability to control reduction in certain
situations as large or obese patients. It restricts access to
soft tissues and mobilization and positioning in polytrauma
patients. Otherwise spica casting is a simple, safe and
effective method of treatment and avoids surgery and
generally requires no special tools and implants. This
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method has been found suitable for younger children as
they have tremendous ability to remodel the deformities.

External Fixator

Kapukaya et al reported encouraging results with the use
of external fixator in closed fracture shaft femur. They did
not find any case of LLD or malunion in their series of 57
patients and reported just three cases of infection and
one refracture.® Davis et al treated 15 paediatric femoral
fractures all of which healed without additional operative
intervention. They concluded that external fixation is also
an effective means of treating isolated femoral fractures
in the paediatric population.*® Hedin et al recommended
fixing femoral shaft fracture without shortening regardless
of the age of the child, type of fracture, fracture level. They
concluded that the recommendation to allow displaced
femoral fracture in children less than 12 years to heal with
shortening to compensate for subsequent overgrowth
is not applicable when using external fixator.> Sola et al
concluded that use of an auxillary pin reduced the rate of
malunion.’® Domb et al, in a study comparing static and
dynamic external fixation, concluded that dynamization
had no significant effect on time to healing or frequency
of complications.’” A retrospective study of 27 pediatric
patients with femoral shaft fractures treated by external
fixation evaluated the complications and outcomes.
There were eight major complications in six patients
and 29 minor complications in 20 patients. The major
complications included two refractures, two fractures
through pin sites, one supracondylar femoral fracture,
one persistent pin-tract infection requiring early fixator
removal, one malunion and one loss of reduction. Five of
the eight major complications were secondary to errors
in operative technique or postoperative treatment. Minor
complications included pin-tract infections requiring oral
antibiotics, refusal to go to school, scar and insignificant
malunion. The minor complications were considered
intrinsic to the procedure and difficult to avoid.® Hedin et
al found 59 cases of LLD, 35 pin tract infections and two
refractures in 97 patients studied.?® Miner et al found five
cases of LLD, 24 pin tract infections and eight refractures in
37 patients studied in similar age groups (4-14).%° Similar
high rates of complications have been reported by Krettek
and Siegmeth.?*2! Barlas et al treated 20 patients each with
external fixator and flexible intramedullary nails and found
significantly more complications with external fixator.?
Scannell et al concluded that external fixator in damage
control for femur fractures in severely injured patients
offer no significant advantage in clinical outcomes. Unless
initially subjected to general anesthesia for life saving
procedures, the use of skeletal traction as a temporization
method remains a practical option.?

External fixator, when used after closed reduction, is
minimally invasive, entailing little blood loss, and allows
access to wounds and soft tissues in open injuries. It
has been seen that external fixator may lead to rigid
stabilization of the fracture and therefore decreasing

the callus formation and delayed union. Early removal of
fixator may lead to refracture. Therefore it is recommended
that fixator should be kept in place until there is bridging
callus across the fracture site in at least three cortices in
two orthogonal views. However they are difficult to use
in proximal and distal fractures due to difficulty in pin
placement in the region of growth plates. The high rates of
infection and refracture (ranging from 1 to 22%) after pin
removal have restricted the indications of external fixator
to some grades of open fractures and for damage control in
a polytraumatized patient. Moreover the fixator has to be
in place for a longer duration of time till bridging callus is
seen in atleast three cortices.

Plating

A retrospective review of 60 children between age 3 to
15 years ( mean age 8 years) with femoral shaft fractures
treated with open reduction and compression plate
fixation found 100% union rate and an overall ten percent
complication rate. The authors concluded that compression
plate fixation has advantage of rigid and anatomic
reduction and shorter hospital stay and early mobilization
of the extremity. Disadvantages include scar over the thigh,
need for hardware removal, increased blood loss and risk
of refracture after hardware removal.?* Similar studies by
Reeves et al, Ward et al, Kregor et al and Van Niekerk have
reported high union rates, and few complications with
use of plates for stabilization of paediatric femoral shaft
fracturesin multiply injured patients.®?>?7 In a retrospective
review of 40 children (46 femur fractures), aged 4 to 10
years were treated with open reduction and plate fixation.
There were no nonunions. Complication included one case
of osteomyelitis and one refracture. They observed limb-
length discrepancy averaging 1.2 cm (range 0.4-1.8 cm). %2 A
study on 15 femoral shaft fractures with multiple injuries or
a headinjury, managed with compression plating concluded
that plate fixation of the femur is a good treatment option
for children who have a femoral shaft fracture associated
with major head injury or multiple injuries, or both.?® Skak
et al compared open plating (17 patients) with flexible (10
patients) and rigid intramedullary nails (25 patients) in
the age group of 6 to 17 years. The authors did not report
any complication with the use of plate and two malunions
with each kind of nailing, one AVN after rigid nailing and
heterotrophic ossification in all cases of rigid nailing.?
Fyodorov et al reviewed 21 patients (8-12 years) in whom
4.5 mm dynamic compression plates (DCP) were used for
fixation. Hardware failure occurred in two patients at six
weeks. One was treated with revision plating, and the
other, with spica casting. Both healed uneventfully and
no other complications occurred.’® Hammad et al studied
15 patients treated by DCP in locking mode and found
one case of malunion, six cases of LLD and three cases of
implant failure.?

Most complications of open reduction and plating have been
reported due to extensive surgical exposure and periosteal
stripping. Twenty seven patients underwent submuscular
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bridge plating for unstable pediatric femoral fractures. Early
callus formation was seen by six to eight weeks and stable
bony union was achieved by 12 weeks in all patients. The
authors concluded that submuscular plating is a reasonable
option for operative stabilization of comminuted and
unstable pediatric femoral fractures.®? In another study
on submascular bridge plating, fifty-one patients with an
average age of ten years were studied with average follow
up of 14.2 months. All fractures united and average time
for bridging of four cortices was 14 weeks. Thirty Six out
of 51 patients underwent hardware removal at end of
eight months. Significant complications included fracture
of one 3.5-mm limited contact dynamic compression plate
and one refracture of a pathologic fracture after early
plate removal. Four patients had a leg-length discrepancy
ranging from 23-mm shortening to 10-mm lengthening.
They reported no rotational malalignment.®® In another
study fourteen children with mean age of 11.3 years with
closed comminuted femur shaft fracture were treated by
biologic internal fixation using a bridging plate. Average
union time was 12.4 weeks. The authors conclude that
plating provides excellent stability and allows management
of proximal and distal fractures that are not suitable for
nailing or external fixation.3* Caglar et al compared 21
patients treated with minimally invasive plating with 17
patients treated by titanium elastic nail system (TENS) in
the age group 6-12 years and did not find any difference in
healing time but found fewer complications with plate.>

Plating provides excellent stability and allows management
of fractures of proximal and distal femur that are not suitable
for nailing or external fixation. However open reduction and
plating can involve significant blood loss during application
and during implant removal. In addition second extensive
surgery is required for hardware removal. Overall, plating
for pediatric shaft femur fractures has shown mixed results.
Minimally invasive plating (submuscular bridge plating)
holds promise but it has a learning curve.

Rigid Intramedullary Nailing

In pediatric patients, intramedullary rigid nail fixation
may result in injury to growth plate and avascular
necrosis of femoral head. Raney et al reported premature
epiphysiodesis of greater trochanteric apophysis in five of
his patients secondary to intramedullary femoral nailing
and didn’t recommend this procedure in children less than
12 years.*® Letts et al reported a study on complications
of rigid intramedullary nailing of femoral shaft fractures
in children. They observed minor limb length discrepancy
in eight cases, discomfort because of nail prominence in
eleven cases, avascular necrosis of the femoral head in
one case, broken nail in one case and deep infection in
one case.’” O’Malley et al reported avascular necrosis of
femoral head associated with intramedullary nailing in
an adolescent. They hypothesized that injury to posterior
superior ascending branch of the medial circumflex artery at
the time of nail insertion may have led to this complication.
This artery is situated close to proximal insertion hole just

posterior to the trochanteric notch and piriformis fossa.
They concluded that in children with open femoral physes,
rigid nailing should be avoided because of small but serious
occurrence of avascular necrosis of the femoral head.*®

To offset the complication of AVN by a piriformis fossa entry
point, a lateral greater trochanter entry point was used in
few studies.®**® No AVN was seen but growth disturbance
due to physeal arrest of trochanteric physis was a
concern.**? Gonzales-Herranz et al studied the effects of
femoral intramedullary nailing in 34 children and reported
30% incidence of abnormality at the proximal end of femur
including valgus, arrest of the greater trochanter apophysis,
and thinning of the neck of femur.** Gordon on the other
hand did not find any proximal femur abnormalities with
intramedullary nailing of femoral fractures in 25 children
through the lateral aspect of the greater trochanter using a
modified rigid humeral intramedullary nail.*®* Though fairly
good results are observed in the form of less number of
malunions and LLD, various authors reserve the use of rigid
intramedullary devices beyond 12 years of age or 49 kg of
weight.*

Flexible Intramedullary Nailing
Ender’s nailing

Ender’s nailing has been used as a less expensive
alternative to Titanium nails in less developed countries.
The principle of fixation differs from TENS as Ender’s nails
have to be stacked in the medullary canal to improve canal
fill and achieve stability instead of providing three point
fixation by balancing opposing forces of two deformed
TENS nails. Ozdemir et al reported a retrospective study on
percutaneous Ender’s nail fixation and functional bracing
for the treatment of 53 paediatric femoral shaft fractures in
the age group 6-14 years. There were no significant intra or
postoperative complications. The main advantages of this
method are early weight bearing, immediate mobilization,
short hospitalization and fewer complications.** Similar
results were reported by Cramer et al (57 patients, 5-14
yrs, four cases of malunion, no LLD) and Timmerman et
al(29 patients, 10-12 yrs, 4 LLD, no malunion).***¢ Kissel and
Miller reported a study of 28 patients ranging from 8-13
years old, who were treated for diaphyseal femur fractures.
Fourteen patients were treated by conventional 90-90
balanced skeletal traction with late spica cast application
and 14 were treated with closed retrograde Ender nailing.
They observed that closed Ender’s nailing yield results
superior to conventional method of treatment with the
advantage of early discharge from the hospital and return
to school.” Ellis et al concluded that locked Enders nail for
unstable fractures is a good option to prevent shortening
with no additional complication as compared to non
locked Ender’s nail.*® Khazzam et al reported comparison
of results of treatment with Ender’s nailing (72 patients)
and TENS (66 patients) and found lesser complications like
malunion, implant impingement and refracture with use of
TENS.* Kumar et al found no significant difference in result
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in children treated by TENS and Enders nail.*° Ligier et al
stated that “Ender nails are not elastic enough for treating
children” and reported excellent results with titanium
elastic nails. Extensive experience with Ender’s nails
reveals problems with lack of rotational control, inability to
prevent longitudinal collapse in unstable fracture patterns
and backing out of implants.>*

ESIN (Elastic Stable Intramedullary Nailing)

Elastic Stable Intramedullary Nailing (ESIN) is a biological,
minimally invasive fracture treatment modality to achieve
a level of reduction and stablization that is appropriate to
the age of the child. Barry and Paterson and Flynn et al
recommended titanium elastic nails to be the ideal implant
to stabilize many paediatric femur fractures, avoiding
prolonged immobilization and complications of traction
and spica casting.’>*®* They postulated that nonunion or
delayed union is uncommon and when it occurs, it may be
related to the use of nails of inadequate diameter. Growth
disturbance appears to be minimal due to avoidance of
proximal and distal physes with a mean femoral overgrowth
of only 1.2 mm. A retrospective review of antegrade
flexible intramedullary nailing in 25 femoral shaft fractures
concluded that flexible intramedullary nailing is a safe
and effective method for the treatment of femoral shaft
fractures in the child between 6 and 12 years of age.*
Aktekin et al reported a study on flexible intramedullary
nailing in 21 patients in the age group 6-12 years with
diaphyseal fractures of femur, treated with titanium elastic
nailing. There was no angular or rotational deformity at one
year follow up. They recommended flexible titanium nailing
as the first treatment choice in this age group.* Singh et al
conducted a study on titanium elastic nailing in paediatric
femoral diaphyseal fractures on 35 patients (age group 6-14
years). The results were excellent in twenty five, satisfactory
in eight and poor in two patients. All the fractures healed
with an average time to union of 9.6 weeks. Return to
school was early with an average of 7.8 weeks. The most
common problem encountered was pain and discomfort
near the knee produced by the nail ends. Three cases had
shortening and restriction of knee flexion was observed
in five patients. There was no delayed union, infection or
re-fractures.>® Bar-On et al reported outcome of femoral
shaft fractures in children of age group 5-13 years requiring
surgery randomly treated with external fixator or flexible
intramedullary nailing (10 patients each). They recommend
flexible intramedullary nailing for fractures of the femoral
shaft and reserved external fixation for open or severely
comminuted fractures.”” In another study, paediatric
femoral shaft fractures treated with flexible titanium nails
over a four year period were reviewed. Of the 70 fractures
reviewed, malunion occurred in 16 fractures, of which 11
had increased anterior bow. The authors concluded that
anterior bow deformity can be prevented if at least one
of the nails is inserted with the tip pointing in an anterior
direction to counter the procurvatum. They also noted that
most malunions occurred in transverse fracture patterns

and weight of the patient was determined to be significant
predictor of anterior bow deformity.® Li ea al provided
biomechanical evidence that patients weighing more
than 40 to 45 kg who undergo stabilization of a transverse
midshaft femur fracture with titanium elastic nails are
at risk for loss of reduction in the sagittal and coronal
planes.®® Luhmann et al found no correlation between
weight and coronal and sagittal angulation. There was no
significant relation between weight nail ratio and coronal
angulation (p =0.4237) while sagittal angulation increased
with increased weight nail ratio (p=0.0007).%° Salem et al
concluded elastic stable intramedullary nailing with six
month (4-7 month) follow up can provide satisfactory
results in terms of limb length and axial alighment, but
has a high rate of early torsional malalignment (47%).5* In
a study, 36 children with 37 closed fractures were treated
by flexible intramedullary nailing. Follow-up radiographs
revealed that 44% of the children had malalignment at
the fracture site in one or both planes. However none of
the children presented with clinical malalignment of the
fractured limb. Fifty percent of the children had a leg-length
inequality but none of them complained of a functional
problem.®? Houshian et al reported a series of 31 children
(4-11 years) with femoral shaft fractures treated with ESIN.
All fractures radiographically united at a median of seven
weeks. Limb length discrepancy of up to one cm was found
in six children and ten degrees of rotational deformity in one
child and no case of angular deformity.®® In a multicentric
study of TENS, Flynn et al reported excellent or satisfactory
results in 57 of 58 patients with six patients having LLD,
four cases of nail impingement and one refracture after
implant removal.®* Luhmann et al retrospectively reviewed
43 shaft femur fractures and found 49% complication rate
but only two major complications (one non-union and one
deep infection). The most common minor complication was
pain at the nail insertion site.®® Narayanan et al reported
a study on complications of ESIN in 79 paediatric femoral
fractures. Complications included pain and irritation at the
nail insertion site in 41 cases, radiographic mal-union in
eight cases, refractures in two cases, transient neurologic
deficit in two cases and superficial wound infection in two
cases. Ten patients required re operation prior to union.
Three patients had nail migration and skin perforation ,
three patients had loss of reduction, two patients had re
fracture and one patient had neural deficit. Mal-union
and loss of reduction requiring re operation were strongly
associated with the use of nails of mismatched diameter
and comminution of more than 25%.%° Sink et al conducted
a study to analyze the complications in 39 children with
femur fractures stabilized with titanium elastic nails and
concluded that in patients with length unstable femur
fractures, consideration should be given to methods of
treatment other than titanium flexible intramedullary
nails.®® Ann Ho et al reported a study on use of flexible
intramedullary nails in 94 paediatric femur fractures. The
complication rate was significantly higher for patients aged
ten years or older compared to younger patients.®” Similar
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results were also reported by Moroz et al.*®

In a retrospective analysis of 53 femoral and 24 tibial shaft
fractures, the use of image intensifier at several steps
of the operative procedure was evaluated. It was seen
that the most intense use of imaging was during fracture
passage (43.2%) and placement of the nail tips (26.6%).
The average radiation time in femoral fractures was 70.3
(range, 12-193 sec.).%®

In a study aimed to compare the mechanical properties
of different nail combinations by testing them in a model
of a child’s midshaft femoral fracture, two C-shaped nails
were compared with two straight nails and with paired
S- and C-shaped nailsructs. The authors concluded that
any of the tested nail combinations can be used to treat a
midshaft fracture of the femur in a child.®® A finite element
model of a femur with complete mid-diaphyseal fracture
and having two 3.5 mm nails in a retrograde “C” pattern
was created. Static analyses were run in which the nail
material properties were titanium alloy or stainless steel,
respectively. They reported increased gap closure and nail
slippage with stainless steel nails and increased stability
with titanium nails. Additionally, stainless steel nails could
hamper remodeling and consequently increase risk of
refracture.’® On the contrary Wall et al comparing stainless
steel and Titanium elastic nails for fixation of paediatric
shaft femur fractures (mean age- 9.4 years) found that the
less expensive stainless steel nails are superior to titanium
nails owing to a lesser rate of malunion (6.3% vs. 23.2%).*

Flexible intramedullary nailing offers several advantages
including a better reduction, dynamic stabilization, and
short hospital stay with early functional recovery, lower
treatment costs and a simplified implant removal. The
technique is usually closed and minimally invasive. The
minimal operative trauma, the undisturbed periosteal
and endosteal vasculature and nail elasticity favours rapid
fracture unionin the paediatricage group. But the uncertain
control of rotation, difficulty in fixation of more proximal
and distal fractures, maintenance of length in comminuted
and unstable fracture pattern, frequent impingement of
implant and requirement of another procedure for implant
removal are some of the disadvantages of this procedure.
It is preferable to use these implants till 12 years of age in
length stable mid shaft femoral fractures due to the results
of recent studies favouring plate over elastic nails in closed
comminuted fractures of shaft and for fractures that are
more distal or proximal in location.

Intramedullary Kirschner Wire

Jawadi et al reported 184 cases (4-14 years) with a one
year follow-up and found just three cases of LLD and
implant impingement, and one case of infection. No case
of malunion or delayed union was reported.”? Similar good
results were also reported by Chitgopkar (17 patients) and
Matsubara (19 patients).”>’* On the other hand, Qidwai et
al reported 10 cases of LLD in their series of 53 patients.
There were no malunion or loss of reduction.” Most of the

study used two K- wires 2.5 mm — 3. 5 mm diameter of
variable lengths. Usually no additional support was used
except patients with additional injuries. Weight bearing was
restricted till evidence of callus was seen on radiograph.

The studies using intramedullary K wire have predominantly
originated from less developed countries and are as good
as results of other widely accepted operative methods of
treatment as plating and flexible intramedullary nailing,
although the number of studies is small. It provides a
reasonable option for treatment in areas where material
and financial resources are constrained.

Cost Analysis

Stans et al reported a study to evaluate the morbidity cost
of various methods used for treatment of 85 femoral shaft
fractures in patients of the age group 6-16 years. Patients
were treated by methods like early spica casting; traction
followed by spica casting, external fixation, compression
plating, and flexible intramedullary nailing and reamed
nailing. They observed that early spica casting gave
excellent results with low complication and low cost and is
the best method when feasible. All surgical treatments cost
approximately three times the cost of early spica casting
and equivalent to traction followed by spica casting.*
Other study also directly correlates cost of treatment with
duration of stay in hospital. Hedin et al concluded that
main factor for determining the cost of treatment was the
number of days in hospital.”® Gaid et al concluded operative
treatment reduced the inpatient stay by approximately
75% and thereby reducing the overall cost for treatment by
60% in comparison to traction alone and by almost 30% in
comparison to using traction followed by casting.”® Coyte et
al and Nork et al concluded that the total cost of treatment
by external fixator were greater than hip spica group but
less than skeletal traction followed by spica group.””7®

CONCLUSION

The ideal device for the treatment of most femoral fractures
in children should be a simple, load sharing internal splint
that allows mobilization and maintenance of alignment and
limb length until bridging callus forms. The implant should
neither endanger the physis nor the blood supply to the
femoral head. It should promote, rapid healing and should
provide for ability to remodel.

The literature recommends flexible intramedullary nailing
in this age group for length stable fractures. Submuscular
bridge plating (minimally invasive) is reserved for
comminuted fractures. External fixator is reserved for open
fractures and initial stabilization of femoral shaft fractures
in polytrauma pediatric patients. Intramedullary K wire
is a viable option in resource contrained centres where
specialized implants and instrumentation is not available.
Nonoperative treatment is now a less preferred option
owing to increased morbidity and higher costs involved
if the entire treatment is supervised in hospital. Reamed
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nailing is reserved for patients older than 12 years and
nearing skeletal maturity. However, the indication of type
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