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Abstract The definitive treatment of paediatric femoral
diaphyseal fractures remains controversial. Modalities of
treatment vary mostly according to age, with fracture pattern and site having a lesser impact. Current evidence is
reflective of this variation with most evidence cited by the
American Academy of Orthopedic Surgeons being level 4
or 5. The authors present a review of the most up-to-date
evidence relating to the treatment of these fractures in each
age group. In an attempt to clarify the current trends, we
have produced an algorithm for decision-making based on
the experience from our own tertiary referral level 1 major
trauma centre.
Keywords Paediatric  Femur  Fracture  Management 
Review  Trauma  Evidence

bone age and size of a child may determine the choice of
treatment [2]. The choice of management may also be determined by surgical experience and local trends in practice.
Non-operative management plays a role in some cases still
though current practice has veered towards operative fixation
as it allows early mobilisation and shorter hospital stays.
In this review, the authors provide a narrative review of
management techniques for paediatric diaphyseal femoral
fractures. The benefits and limitations of each technique
will be considered as well as the published evidence. An
algorithm is provided for decision-making based on the
experience gathered from our own tertiary referral level 1
major trauma centre which provides a pathway for the
management of these fractures.
Epidemiology

Introduction
Femoral fractures are among the most common fractures of
long bones [1]. The management of paediatric femoral fractures depends primarily on the age of the child although the
& Al-achraf Khoriati
Alkhoriati@doctors.org.uk
Carl Jones
carlwjones@gmail.com
Yael Gelfer
yaelgelfer@gmail.com
Alex Trompeter
alex_trompeter@hotmail.com
1

St George’s Hospital, 68 Daybrook Road,
London SW19 3DH, UK

2

Royal County Surrey, Guildford, UK

Epidemiological studies on paediatric fractures of the femur
are rare in the UK. The largest of these is a study of 3272
children under the age of 16 [1]. Between 1991 and 2002,
the incidence of these fractures decreased from 0.33 to 0.22
femoral fractures/1000/year. It is speculated that this may be
due to improved road safety or reduced levels of physical
activity and outdoor play time in recent years [1].
While the incidence is equal in both genders in the first
year of life, it always was found to increase in boys thereafter; boys are 4.7 times more likely to have sustained a
femoral fracture by the age of 14 [1]. The difference in risk
with gender has been the subject of much debate, and there
is, as yet, no evidence to support any particular explanation.
Non-accidental injury (NAI)
The single best predictor of whether or not a paediatric
femoral fracture is caused non-accidentally is the child’s
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ability to walk [3]. Although fracture patterns may vary, no
individual fracture type can distinguish an accidental from
a non-accidental injury. History taking is key and the
plausibility of the story presented by a child’s parents must
be thoroughly assessed [4]. Further investigations into
other causes of the injury (i.e., metabolic, mechanical or
medical) must be carried out as these may help exclude a
non-accidental cause.
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energy injury, while, in younger children, falls from
standing height or from playground equipment are more
likely [7].
Twelve per cent of femoral fractures in children aged 4
or less are pathological [8]. Common causes include
nonossifying fibroma, fibrous dysplasia, aneurysmal and
unicameral bone cyst and osteosarcoma [9]. Stress fractures of the femoral diaphysis are rare in children and
account for only 4 % of all paediatric stress fractures [2].

Anatomy
Classification
In contrast to adults, the immature skeleton is characterised
by the presence of open physes, thicker periosteum, and a
different biomechanical behaviour in response to loading.
As proximal and distal growth plates are both placed at risk
during the insertion of intramedullary fixation, they must
be protected to prevent varying degrees of growth
disturbance.
The paediatric femur, in contrast to the adult femur, has
a high capacity for remodelling and as such will tolerate up
to 25 degrees of angulation in any plane [5]. Rotational
deformity is less well tolerated although studies have
reported that up to 25 % of malrotation is accepted [6]. A
shortening of up to 1 cm in those under the age of 10 is
accepted due to overgrowth which is caused by the vesselrich periosteum being stimulated in response to local injury
[2].
Aetiology
The aetiology of femoral diaphyseal fractures varies with
the age of the patient. Femoral fractures in adolescents and
older children are more likely to be caused by a highFig. 1 Paediatric diaphyseal
classification system
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This is based on the Müller AO classification for adults and
considers features which are child specific (Fig. 1). In
contrast to adult fractures, grading A, B and C has been
replaced with D, M and E denoting diaphysis, metaphysis
and epiphysis, respectively. Severity grading has been
added to differentiate simple (.1) and a wedge, complex or
multifocal entry (.2) fracture.
Principles of fracture treatment and factors
influencing treatment
The aim of fracture treatment in children is the restoration
of function and a normal level of activity as quickly as
possible with the minimum physical and psychological
distress. Dameron et al. [10] outlined 6 key principles for
the treatment of paediatric diaphyseal fractures:
1.
2.
3.

The simplest treatment is the best treatment.
The initial treatment should be definitive whenever
possible.
Anatomic reduction was not required for perfect
function.
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4.
5.
6.

Alignment must be restored, especially rotational
alignment.
The more growth that remained, the more remodelling
was available.
The limb should be immobilised in a splint until
definitive treatment had been instituted.

While these principles still hold true today, a number of
other factors must be considered:
1.
2.
3.
4.

The
The
The
The

age and weight of a child.
fracture configuration.
experience of the treating surgeon.
availability/cost of treatment.

A child’s potential for remodelling varies with age. The
potential for correction of deformity is great in infancy but
largely disappears by the beginning of adolescence [11].
The biomechanical behaviour of a heavy teenager’s bone is
often far closer to that of an adult patient than a child [12].
Social circumstances influence these principles. The
modern family requires two working partners; it is difficult
for a parent to take time off work for an extended period.
Furthermore, educational needs of children have changed
with modern curriculums unable to cater for prolonged
periods of absence from study. Finally, healthcare resources are stretched with many facilities unable to provide the
staff or facilities allowing for prolonged hospital
admission.
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and common peroneal nerve palsy [14]. In heavier infants,
greater patient comfort and better control of the fracture
can be achieved by using Hamilton-Russell skin traction.
This method of traction with leg support can be also used to
control femoral rotation.
A considerable amount of shortening and angulation is
tolerated in this age group (15 mm of shortening and 30
degrees of angulation) [15]. Rotational deformity is less
common and is not well tolerated.
Young children and toddlers aged 18 months to 5 years
Femoral fractures in this age group are most likely caused
by a simple fall from standing height. A systematic review
[16] indicated that the NAI accounted for 0.5 % of these
injuries in this age group compared to 11 % in infants.
Non-invasive management is still preferred in this age
group.
Traction is the preferred method in most instances (see
Figs. 2, 3, 4, 5, 6, 7). The use of fixed traction systems such
as Thomas or Liston splints may cause pressure injury to
the skin [17] and should be used as temporary measures
only. Balanced traction systems are suitable for definitive
management. Hamilton-Russell skin traction is the method
of choice [7, 14, 18]. One pound of weight and 1 week of
traction are usually required per year of age [14]. However,
it is relatively complex and most centres will no longer

Treatment of fractures by age group
The neonate and infant
Femoral fractures that occur during birth are rare [13].
Neonates can be managed with immobilisation in a Pavlik
harness for up to 3 weeks. Callus formation occurs quickly,
and there are few long-term consequences observed [14].
A femoral fracture in an infant is highly suspicious of
NAI given that they are non-ambulatory and must be
investigated thoroughly. Management options for the
fracture in this age group tend to be non-invasive and
include either traction or hip spica casting. Often a combination of both is preferred as spica application may
require anaesthesia often and a paediatric anaesthetist may
not always be available immediately. Callus forms rapidly
in the infant, and femoral shaft fractures may become
relatively stable after the first week in traction. Spica
application may occur after this stage without the need for
an anaesthetic.
Skin traction in smaller children (\12 kg) should be in
the form of gallows traction. The use of this technique in
larger children is not recommended as it has been associated with compartment syndrome, Volkmann’s contracture

Fig. 2 AP radiograph demonstrating a distal 1/3 spiral femoral
diaphyseal fracture in a 6-year-old child
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Fig. 5 Lateral radiographs demonstrating a proximal 1/3 spiral
femoral diaphyseal fracture in a 6-year-old child

Fig. 3 AP radiograph of the same child as shown in Fig. 2, taken at
8 weeks, showing solid union and acceptable alignment after an
initial treatment of 3- to 4-week in-line traction

Fig. 6 After 4 weeks in traction, a healthy callus is seen to form in
children aged 5–12 years

Fig. 4 AP radiographs demonstrating a proximal 1/3 spiral femoral
diaphyseal fracture in a 6-year-old child
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have the expertise to apply it. Straight line or in-line
traction is easier to apply generally and more common.
Hip spica casting may be initiated following an initial
period of traction. This reduces the risk of malunion—a
recognised complication associated with spica casting
[19, 20]. In this age group, the femur still retains a good
capacity for remodelling. Fifteen degrees of varus or valgus
angulation and 25 degrees of flexion or extension may be
tolerated [5]. Compartment syndrome is a recognised
complication of spica management, and care must be taken
in order to avoid overzealous moulding of casts [15]. Spica
casting may be contraindicated in instances when the skin
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skeletal traction and vice versa [22]. Limb shortening
remains an issue with spica casting [23]. Some shortening
may be desirable to accommodate for overgrowth, but
children in this age group managed with spica casting
should undergo regular clinical and radiological review in
order to detect unresolved length discrepancies which can
be unacceptable, particularly in older children.
Plate fixation

Fig. 7 After 4 weeks in traction, a healthy callus is seen to form in
children aged 5–12 years

Fig. 8 AP radiograph demonstrating a proximal third diaphyseal
fracture of the femur in an 8-year-old. Note the spiral fracture with a
butterfly fragment—elastic nails may be unstable here

(dermatological conditions) or the soft tissues (open fractures) may be compromised.
As an increasing period of immobilisation is required for
non-operative management in older children, management
options begin to veer towards surgery as it allows for
earlier return of function and reduces impact on modern
family life. Traction, splinting and spica casting all remain
options although some authors argue that the latter is
inappropriate in patients over 4 years [14]. Skin traction
carries the risk of pressure sores, whereas skeletal traction
may carry the risk of damaging the proximal tibia [7] or
distal femoral physes [21]. If traction is used in the acute
setting, there is little evidence to support skin traction over

The publication of long-term follow-up outcome studies and
reports of complications with the use of other treatment
modalities has led to a resurgence of interest in femoral plating
[24] which was reserved traditionally for use in polytrauma
patients, in adolescents, or for stabilising fractures too proximal to manage with intramedullary nails [14] (Fig. 9).
The use of plates to treat fractures in such young
patients is favoured due to the fact that these fractures heal
rapidly and the complication of plate failure, which is seen
in adults, is rarely observed [25]. The use of compression
plating is reported to lead to fracture union within
8–11 weeks [25, 26]. Complications associated with traditional plating methods include the extensive amount of
exposure needed to achieve anatomic reduction and the
subsequent soft tissue damage and periosteal stripping.
High infection rates were reported in the earlier literature.
The removal of plates remains an issue as screw holes left
in the femur create stress risers within it [2].
There has been a recent trend in both paediatric and adult
trauma towards the management of fractures of the femoral
diaphysis with minimally invasive bridge plates. This method
carries the advantage of less soft tissue damage and a smaller
scar. It has been suggested that bridge plating is superior to
conventional plating because it preserves the periosteal blood
supply and disturbs the soft tissue envelope minimally [27].
Kanlic et al. [28] proposed the concept that submuscular
bridge plating combined the advantages of both conservative
and surgical treatment methods. With bridge plating, the
preservation of biology at the fracture site was achieved
without sacrificing alignment, early mobilisation and ease of
care. Minimally invasive or submuscular techniques have a
role to play in the management of comminuted fractures
although they can be used in most fracture patterns. Small
plate (3.5 mm) systems are used typically in children as
opposed to the larger 4.5 mm systems employed in adults.
Restoration of leg length remains an issue highlighted in the
literature with the majority of leg length inequality thought to
be created at the time of the operation [29].
Intramedullary fixation
Flexible intramedullary nailing using either stainless steel
or titanium nails has increased in popularity and is now the
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Fig. 9 AP radiograph showing the patient from Fig. 8, treated with a
submuscular 3.5-mm bridge plate. At just 8 weeks, there is abundant
callus and the patient is fully weight bearing

technique of choice in the management of most femoral
diaphyseal fractures (Figs. 10, 11) as it is minimally
invasive, offers a shorter hospital stay and allows earlier
mobilisation. Weight bearing is restricted initially and
advanced to partial from 2 to 3 weeks. Some advocate a
more cautious approach in patients with unstable fracture
patters [7].
The two types of nail differ slightly in their method of
use. Titanium nails are more elastic, and the balanced
forces of each nail are used to stabilise the fracture.
Stainless steel nails, such as the Ender nail, are more rigid
and are used to fill the canal. Due to their elasticity, titanium nails are thought to promote callus formation by
limiting stress shielding [30–32] and allow for enough
movement to generate an optimum bone forming strain
environment. There remains some concern regarding the
level of control of length and rotation afforded by elastic
nails. Pre-bending of elastic nails and the use of multiple
nails are known to reduce the effect of angular and rotational forces on the fracture. In a study on simulated
femoral fractures, Lee et al. [33] demonstrated that Ender
nails maintained both length and rotational control of up to
40 % of body weight (with the assumption that body
weight was 45 kg). This was true even in comminuted
fracture patterns. This suggested that control of length and
rotation in these fractures was sufficient and that patients
could be allowed to mobilise early with the use of these
devices [7].
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Fig. 10 AP radiograph demonstrating a spiral femoral fracture ideal
for treatment with flexible nails

Fig. 11 AP radiograph showing satisfactory restoration of length,
rotation and alignment with the use of titanium elastic nails, of the
fracture in Fig. 10

Elastic nails offer a management option that is minimally invasive and allows natural bone healing by callus
formation with a negligible re-fracture rate [7]. Retrieval of
metalwork is simple and is carried out usually at 6 months
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facilitating an early return to social function and education.
Elastic nailing has some disadvantages. Poor outcomes
have been reported in larger children as well as those with
comminuted fractures [34]. Narayanan et al. [35] and Sink
et al. [36] reported an increased risk of shortening and
malunion in length unstable fractures. For fractures that are
axially unstable, endcaps may be used. These act by gripping the cortex and controlling shortening of the fracture
[15] and prevent protrusion, a described complication in
the literature [37].
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The use of adult type intramedullary nails in older
children remains controversial. There is little doubt as to
the efficacy of these devices in treating femoral fractures
in adolescents [46–48] with length, alignment and union
all easily achieved (Figs. 12, 13). The main risk associated with their use is the possibility of developing

External fixation
External fixation is a straightforward, technically easy
method of stabilising femoral fractures. External fixators
were first used in the management of paediatric femoral
fractures in the late 1970s and became popular in the late
1980s to mid-1990s. A number of publications have
reported excellent results with minimal complications
[25, 38–40].
Despite allowing an early return of function, external
fixators can lead to longer union times than elastic nailing
or plating. Union of femoral fractures with external fixation
takes a minimum of 8 weeks [41, 42], and some authors
recommend leaving the external fixator on for up to
12 weeks [43]. Late dynamisation was thought to allow
quicker healing but was found untrue, and less rigid frames
should be used from the beginning of treatment. The use of
external fixators carries the risk of delayed union, pin site
infection, malalignment and refracture [43, 44]. The incidence of refracture varies greatly in the literature.

Fig. 12 Treatment of a femoral diaphyseal fracture in a 16-year-old
girl. Note is made of the subtle nuances such as the narrow canal and
non-fused physis which must be considered in the management of
these fractures

The older child and the adolescent
In this group, operative management is favoured. The use
of traction or casting is impractical as these methods cannot
control the fracture fragments adequately and time to union
is longer than in the younger groups. Intramedullary fixation is the mainstay of treatment with the decision whether
or not to use elastic nails or a locked intramedullary nail.
The key determinant is the size of the child. Some
authors advocate a limit of 50–60 kg as a cut-off point [7],
suggesting that larger children benefit from locked nailing.
Others [34] suggest that the cut-off point should be lower.
In a consecutive series of 234 fractures, it was found that
radiographic malunion was five times more likely in children over 49 kg. It is important to note that in this series
the fracture type was not considered a variable. In a study
on heavier children (47–85 kg) [45], using weight-matched
cohorts and observing length stable fractures, no statistically significant malunion or leg length discrepancy was
observed when elastic nailing was compared with rigid
nailing.

Fig. 13 Treatment of a femoral diaphyseal fracture in a 16-year-old
girl. Note is made of the subtle nuances such as the narrow canal and
non-fused physis which must be considered in the management of
these fractures
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avascular necrosis of the femoral head; prior to physeal
closure in the capital epiphysis, the blood supply to the
femoral head originates from the region of the piriformis
fossa which is coincidentally the entry portal of the
standard intramedullary nail. Although there is no device
on the market that can guarantee avoidance of this
complication, some nails have been devised with alternative trochanteric entry points [49, 50]. Unfortunately,
these have been associated with proximal growth disturbance in the femur related to damage to the trochanteric apophysis [51, 52].
The true incidence of AVN with adult nails remains
unknown and is largely dependent on the technique used. A
recent review [53] published in 2011 looked at data from
19 retrospective studies. Each technique was noted to have
different rates of AVN. The piriformis entry group (comprising of 239 patients) had a 2 % AVN rate, the trochanteric entry point group (139 patients) had a rate of
1.4 %, and the lateral entry point group (80 Patients) had
none suggesting that the lateral entry point is safer. It is
important to note that the lateral entry point group was also
the smallest.
Intramedullary nails designed specifically to cater for
the anatomy of adolescents have been developed from
the design of the original Kuntscher nail. Factoring in a
better understanding of paediatric femoral anatomy,
bony architecture as well as implant materials and
metallurgy, a new design of a fatigue-resistant multiplanar rigid nail has emerged, which shows promising
preliminary results [54].
Although the use of external fixators and submuscular
plating remains an option in this age group, there is little
research into the benefits of their use specifically in adolescents. In a comparative cohort study of different types of
fixation, external fixation had the worst record for loss of
reduction and malunion, even after adjusting for prognostic
patient and fracture characteristics [55]. Nevertheless, a
role remains for these methods of treatment, particularly in
the multiple trauma setting (when external fixators retain
their usefulness). There is an association between malunion
and the use of nails in fractures with a significant degree of
comminution ([25 %) [35].
Open Fractures
Open femoral fractures are usually associated with highenergy trauma [56]. There are established protocols for
management which include early collaboration between
orthopaedics and plastic surgery [57]. The extent of the
soft tissue injury will dictate the choice of implant used.
External fixators remain a standard in the management
of most open fractures. They allow for a minimally
invasive technique with pins placed well away from the
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zone of injury. If an open wound can be closed primarily, then internal fixation may be appropriate. Elastic
femoral nails rely on the integrity of the soft tissues
around the injury to function correctly; therefore, severe
open fractures with extensive soft tissue loss will be less
stable when managed with elastic nailing than with other
methods [7].
Paediatric femoral fractures in the polytrauma
setting
The optimal femoral fracture management in polytrauma
depends on the age of the child and the severity of other
injuries. Recent trends are early surgical stabilisation.
There is evidence to suggest that early stabilisation in these
patients leads to a lower complication rate from shorter
periods of ventilatory support and intensive care unit stay
[58]. Early stabilisation has also been shown to lead to a
shorter hospital stay and fewer complications related to
immobilisation [59]. Although there is some evidence to
contradict these findings [60], a consensus remains that
femoral trauma should be fixed surgically as soon as the
child’s condition allows.
Casts, hip spicas and traction may be used as temporary
measures until patients are fit enough for surgery but
should be avoided in the treatment of open wounds and
pressure areas. Patients with head injuries may be unsuitable for traction or casting as they will not tolerate such
measures due to problems from cerebral irritation and
muscle spasticity.
Elastic nailing may be advantageous as both antegrade
and retrograde nails can be used to avoid operating in the
zones of injury. The nursing care of patients with elastic
nails is simpler. Contraindications to its use will include
open or severely comminuted fractures. External fixators
can offer a simple alternative means of treating femoral
fractures nursed in the intensive care setting, but complications associated with external fixator use are more
common in the multiply injured child [58].

Discussion
The treatment of diaphyseal femoral fractures in children
remains controversial as there are a number of effective
treatment modalities. The lack of strong evidence to support one treatment form over another is reflected in the
guidelines released by the American Academy of Orthopaedic Surgeons published in 2010 [61]. Most of the recommendations (10/14) within this guideline are based on
level 4 or 5 evidence.
Trends in treatment have also varied historically. Presently, intramedullary elastic nailing is considered the
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Fig. 14 Algorithm summarising the management pathways for paediatric femoral diaphyseal fractures

treatment of choice in children aged 5–11; level III evidence exists to support this. Treatment for those outside the
middle spectrum of age and weight veers towards nonoperative management in the young and the use of locked
intramedullary nailing in the older, heavier cohort. The
American Academy report notes that rigid trochanteric
entry nailing, submuscular plating and flexible intramedullary nailing are treatment options for children aged
eleven to skeletal maturity (level III evidence). Early spica
casting or traction with delayed spica casting for children
aged 6 months to 5 years (with\2 cm of shortening) is the
only form of treatment which is supported by level II
evidence [61].
Irrespective of trends (historical or otherwise) in treatment, a decision on the type of fixation used should be
based on the current evidence available. Where controversy
exists, other factors must be considered. In the polytrauma
setting, other factors such as open wounds and physiology
may influence the modality of treatment and must be
considered a separate pathway in any treatment algorithm.
The familiarity of the surgeon with a treatment modality
and the required equipment is relevant; studies on technically demanding operations (Elastic Nailing) report that up
to 75 % of all complications occur due to surgical inexperience [11].

Unfortunately, cost is a consideration particularly in a
public healthcare setting. The cost difference, arising from
surgery, implants and that of nursing care and length of
admission, of two equally effective treatment modalities,
may influence a patient’s management. The existing evidence and the complex socioeconomic considerations that
apply in the modern era lead us to propose the following
treatment algorithm (Fig. 14). It provides a clear pathway
indicating the preferred modalities of treatment in each
instance based on the current evidence available. Within
the algorithm are decisions influenced by our experience
and the facilities available in a level 1 major trauma
centre.
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12. Slongo T, Audigé L, Hunter JB, Berger SM (2011) Clinical
evaluation of end caps in elastic stable intramedullary nailing of
femoral and tibial shaft fractures in children. Eur J Trauma
Emerg Surg 37(3):305–312
13. Morris S, Cassidy N, Stephens M, McCormack D, McManus F
(2002) Birth-associated femoral fractures: incidence and outcome. J Pediatr Orthop 22(1):27–30
14. Brousil J, Hunter JB (2013) Femoral fractures in children. Curr
Opin Pediatr 25(1):52–57
15. Cassinelli EH, Young B, Vogt M, Pierce MC, Deeney VF (2005)
Spica cast application in the emergency room for select pediatric
femur fractures. J Orthop Trauma 19(10):709–716
16. Kemp AM, Dunstan F, Harrison S, Morris S, Mann M, Rolfe K
et al (2008) Patterns of skeletal fractures in child abuse: systematic review. BMJ 337:a1518
17. Sutcliffe JR, Wilson-Storey D, Mackinlay GA (1995) Children’s
femoral fractures: the Edinburgh experience. J R Coll Surg Edinb
40(6):411–415
18. Dwyer AJ, Mam MK, John B, Gosselin RA (2003) Femoral shaft
fractures in children–a comparison of treatment. Int Orthop
27(3):141–144
19. Aksahin E, Celebi L, Yuksel HY, Hapa O, Muratli HH, Aktekin
CN et al (2009) Immediate incorporated hip spica casting in
pediatric femoral fractures: comparison of efficacy between
normal and high-risk groups. J Pediatr Orthop 29(1):39–43

123

Strat Traum Limb Recon (2016) 11:87–97
20. Mansour AA 3rd, Wilmoth JC, Mansour AS, Lovejoy SA,
Mencio GA, Martus JE (2010) Immediate spica casting of pediatric femoral fractures in the operating room versus the emergency department: comparison of reduction, complications, and
hospital charges. J Pediatr Orthop 30(8):813–817
21. (1990) Fractures and dislocations. WB Saunders, Philadelphia
22. Vanlaningham CJ, Schaller TM, Wise C (2009) Skeletal versus
skin traction before definitive management of pediatric femur
fractures: a comparison of patient narcotic requirements. J Pediatr
Orthop 29(6):609–611
23. Martinez AG, Carroll NC, Sarwark JF, Dias LS, Kelikian AS,
Sisson GA Jr (1991) Femoral shaft fractures in children treated
with early spica cast. J Pediatr Orthop 11(6):712–716
24. Beaty JH (2005) Operative treatment of femoral shaft fractures in
children and adolescents. Clin Orthop Relat Res 434:114–122
25. Kregor PJ, Song KM, Routt ML Jr, Sangeorzan BJ, Liddell RM,
Hansen ST Jr (1993) Plate fixation of femoral shaft fractures in
multiply injured children. J Bone Joint Surg Am 75(12):1774–1780
26. Ward WT, Levy J, Kaye A (1992) Compression plating for child
and adolescent femur fractures. J Pediatr Orthop 12(5):626–632
27. Claes L, Heitemeyer U, Krischak G, Braun H, Hierholzer G
(1999) Fixation technique influences osteogenesis of comminuted
fractures. Clin Orthop Relat Res 365:221–229
28. Kanlic EM, Anglen JO, Smith DG, Morgan SJ, Pesantez RF
(2004) Advantages of submuscular bridge plating for complex
pediatric femur fractures. Clin Orthop Relat Res 426:244–251
29. Clement DA, Colton CL (1986) Overgrowth of the femur after
fracture in childhood. An increased effect in boys. J Bone Joint
Surg Br 68(4):534–536
30. Flynn JM, Hresko T, Reynolds RA, Blasier RD, Davidson R,
Kasser J (2001) Titanium elastic nails for pediatric femur fractures: a multicenter study of early results with analysis of complications. J Pediatr Orthop 21(1):4–8
31. Flynn JM, Schwend RM (2004) Management of pediatric femoral
shaft fractures. J Am Acad Orthop Surg 12(5):347–359
32. Ligier JN, Metaizeau JP, Prevot J, Lascombes P (1988) Elastic
stable intramedullary nailing of femoral shaft fractures in children. J Bone Joint Surg Br 70(1):74–77
33. Lee SS, Mahar AT, Newton PO (2001) Ender nail fixation of
pediatric femur fractures: a biomechanical analysis. J Pediatr
Orthop 21(4):442–445
34. Moroz LA, Launay F, Kocher MS, Newton PO, Frick SL,
Sponseller PD et al (2006) Titanium elastic nailing of fractures of
the femur in children. Predictors of complications and poor outcome. J Bone Joint Surg Br 88(10):1361–1366
35. Narayanan UG, Hyman JE, Wainwright AM, Rang M, Alman BA
(2004) Complications of elastic stable intramedullary nail fixation of pediatric femoral fractures, and how to avoid them. J Pediatr Orthop 24(4):363–369
36. Sink EL, Gralla J, Repine M (2005) Complications of pediatric
femur fractures treated with titanium elastic nails: a comparison
of fracture types. J Pediatr Orthop 25(5):577–580
37. Flynn JM, Luedtke L, Ganley TJ, Pill SG (2002) Titanium elastic
nails for pediatric femur fractures: lessons from the learning
curve. Am J Orthop (Belle Mead NJ). 31(2):71–74
38. Blasier RD, Aronson J, Tursky EA (1997) External fixation of
pediatric femur fractures. J Pediatr Orthop 17(3):342–346
39. Evanoff M, Strong ML, MacIntosh R (1993) External fixation
maintained until fracture consolidation in the skeletally immature. J Pediatr Orthop 13(1):98–101
40. Shih HN, Chen LM, Lee ZL, Shih CH (1989) Treatment of
femoral shaft fractures with the Hoffmann external fixator in
prepuberty. J Trauma 29(4):498–501
41. Hedin H, Hjorth K, Rehnberg L, Larsson S (2003) External fixation of displaced femoral shaft fractures in children: a consecutive study of 98 fractures. J Orthop Trauma 17(4):250–256

Strat Traum Limb Recon (2016) 11:87–97
42. Hull JB, Sanderson PL, Rickman M, Bell MJ, Saleh M (1997)
External fixation of children’s fractures: use of the Orthofix
Dynamic Axial Fixator. J Pediatr Orthop B 6(3):203–206
43. Herring J (ed) (2003) Tachdjian‘s pediatric orthopaedics, 3rd edn.
WB Saunders, Philadelphia
44. Miner T, Carroll KL (2000) Outcomes of external fixation of
pediatric femoral shaft fractures. J Pediatr Orthop 20(3):405–410
45. Garner MR, Bhat SB, Khujanazarov I, Flynn JM, Spiegel D
(2011) Fixation of length-stable femoral shaft fractures in heavier
children: flexible nails vs rigid locked nails. J Pediatr Orthop
31(1):11–16
46. Kanellopoulos AD, Yiannakopoulos CK, Soucacos PN (2006)
Closed, locked intramedullary nailing of pediatric femoral shaft
fractures through the tip of the greater trochanter. J Trauma
60(1):217–222 discussion 22-3
47. Ziv I, Blackburn N, Rang M (1984) Femoral intramedullary
nailing in the growing child. J Trauma 24(5):432–434
48. Galpin RD, Willis RB, Sabano N (1994) Intramedullary nailing
of pediatric femoral fractures. J Pediatr Orthop 14(2):184–189
49. Gordon JE, Swenning TA, Burd TA, Szymanski DA, Schoenecker PL (2003) Proximal femoral radiographic changes after
lateral transtrochanteric intramedullary nail placement in children. J Bone Joint Surg Am 85A(7):1295–1301
50. Townsend DR, Hoffinger S (2000) Intramedullary nailing of
femoral shaft fractures in children via the trochanter tip. Clin
Orthop Relat Res 376:113–118
51. Gonzalez-Herranz P, Burgos-Flores J, Rapariz JM, Lopez-Mondejar JA, Ocete JG, Amaya S (1995) Intramedullary nailing of the
femur in children. Effects on its proximal end. J Bone Joint Surg
Br 77(2):262–266
52. Raney EM, Ogden JA, Grogan DP (1993) Premature greater
trochanteric epiphysiodesis secondary to intramedullary femoral
rodding. J Pediatr Orthop 13(4):516–520

97
53. MacNeil JA, Francis A, El-Hawary R (2011) A systematic review
of rigid, locked, intramedullary nail insertion sites and avascular
necrosis of the femoral head in the skeletally immature. J Pediatr
Orthop 31(4):377–380
54. Miller DJ, Kelly DM, Spence DD, Beaty JH, Warner WC Jr,
Sawyer JR (2012) Locked intramedullary nailing in the treatment
of femoral shaft fractures in children younger than 12 years of
age: indications and preliminary report of outcomes. J Pediatr
Orthop 32(8):777–780
55. Ramseier LE, Janicki JA, Weir S, Narayanan UG (2010) Femoral
fractures in adolescents: a comparison of four methods of fixation. J Bone Joint Surg Am 92(5):1122–1129
56. Cramer KE, Limbird TJ, Green NE (1992) Open fractures of the
diaphysis of the lower extremity in children. Treatment, results,
and complications. J Bone Joint Surg Am 74(2):218–232
57. BOA/BAPRAS (2009) The management of severe open lower
limb fractures. British Orthopaedic Association and British
Association of Plastic, Reconstructive and Aesthetic Surgeons
Standard for Trauma (BOAST)
58. Cashman JP, Bell MJ (2002) The multiply injured child. Curr
Orthop 16(6):442–450
59. Mendelson SA, Dominick TS, Tyler-Kabara E, Moreland MS,
Adelson PD (2001) Early versus late femoral fracture stabilization in multiply injured pediatric patients with closed head injury.
J Pediatr Orthop 21(5):594–599
60. Hedequist D, Starr AJ, Wilson P, Walker J (1999) Early versus
delayed stabilization of pediatric femur fractures: analysis of 387
patients. J Orthop Trauma 13(7):490–493
61. Kocher MS, Sink EL, Blasier RD, Luhmann SJ, Mehlman CT,
Scher DM et al (2010) American Academy of Orthopaedic Surgeons clinical practice guideline on treatment of pediatric diaphyseal femur fracture. J Bone Joint Surg Am 92(8):1790–1792

123

