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Abstract

Purpose: Femoral shaft fractures represent 1.4-1.7% of all fractures in the pediatric population and may be associated with
significant morbidity. The purposes of this study are to verify if increasing age and weight are predictive factors of associated
injuries and complications in children with femoral shaft fractures.

Methods: Retrospective study, including patients with age below 16 years old, admitted in our Department between 2011-
2015, with the diagnosis of femoral shaft fracture. Patient demographics, fracture characteristics, associated injuries, treatment
methods, time to union, follow-up and complications were collected from the medical records. Statistical significance was set for
level of p<0.05.

Results: Sixty patients were included. There was a male predominance [n=40]. Age at the time of injury was 6.3+4.9years old.
The 61 femoral shaft fractures: observed affected different areas: 12-proximal; 43-middle; 6-distal. The most common etiology was
direct trauma after a fall and traffic accident. Associated lesions were found to be significantly higher in older (p=0.01) and heavier
(p=0.009) patients. Conservative treatment was the option for 62% of all fractures. The minimum age to surgery was 6 years old
and rigid trochanteric entry nailing was only considered above 10 years old. Patients treated conservatively had a significant lower
weight (16.4+8.4Kg) than those operated on (42.5+13.8Kg) [p<0.001]. Mean follow-up time was 50.4+56.8weeks and complications
were reported in 15% of patients. We did not verify any statistically significant differences between post treatment complications
and the treatment method (p=0.803).

Conclusions: The age, weight and associated lesions were considered significant factors when choosing the treatment method.
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Introduction
should be evaluated for child abuse [20]. The ideal treatment

0/ 950 . .
Fractures  affect 10%-25% of children sustaining a for a pediatric diaphyseal femur fracture is highly dependent

musculoskeletal injury [1]. Differentrisk factors have been reported,

upon age and size of the child but it should also consider weight,
such as age, sex, season, risk-taking behavior, bone mineral density

associated injuries, fracture pattern and mechanism of lesion [14-
22]. The treatment should focus on getting the fracture to heal in an
adequate alignment according to age, avoiding complications such

(BMD), sports, but also violence, ethnicity and socioeconomic status
[2-7]. Overweight and obesity seem to increase the fracture risk [8-
10], likely due to lower bone mass relative to body size and greater
mechanical load caused by falls or reduced body balance [4-13].
Femoral shaft fractures are among the most common major injuries
in pediatric age representing 1.4-1.7% of all fractures in pediatric
population [14-16]. The etiology of the injury includes falls, motor
vehicle accidents, sports injuries and child abuse. Non-accidental
injury has been reported as the leading cause of femur fractures in
childrenless than 1 year old [17-19] and the AAOS recommends that Femoral shaft fractures are one of the most common pediatric
children younger than 36 months with a diaphyseal femur fracture ~ orthopedicinjury requiring hospitalization. Casting with or without

as nonunion, delayed union, angular or rotational deformities, limb
length discrepancy, infection, neurovascular injury, disruption of
the growth plate, muscle weakness, and/or compartment syndrome
[21]. At the same time, the treatment should also be comfortable for
the patient and convenient for the family, causing the least negative
psychological and socioeconomical impact [23].

N
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preceding traction has been the mainstay of treatment in the past,
leading to healing and remodeling with good long-term outcomes
[14-25]. However, in the last decades there has been a gradual
shift towards operative treatment in order to achieve a quicker
recovery, shorter rehabilitation time and, simultaneously reducing
the morbidity associated with prolonged immobilization [14-26].
With the development of age-adequate fixation devices, several
different procedures are available for stabilization of femoral shaft
fractures in children, such as external fixators, submuscular plates,
rigid intramedullary nails and flexible intramedullary nails [14-
23]. Age, weight, fracture personality and skeletal maturity are
key factors in guiding treatment options in our institution. Usually,
with advancing age and skeletal maturity, acceptable values for
angulation and shortening of the fracture decrease, as there is less
potential for remodeling. For patients from birth to 2 years, up
to 30° of angulation in all planes and 20mm of shortening can be
accepted. In patients aged 2 to 5 years one can accept up to 15°
of Varus/valgus, 20° of anterior/posterior angulation and 15mm of
shortening. In patients from 6 to 10 years, it is acceptable 10° of
Varus/valgus, 15° of anterior/posterior and 15mm of shortening.
For patients older than 11 years of age, the surgeon can only allow
5° of Varus/valgus, 10° of anterior/posterior of angulation and up
to 10mm of shortening [27].

Nonoperative treatment is mainly indicated for children under
5-6 years of age and options include Pavlik harness, early traction
(skin and/or skeletal) with delayed Spica casting, and early fracture
manipulation with Spica casting [14-28]. Pavlik harness use is
indicated for patients less than 6 months old [20]. Early closed
reduction and hip Spica cast has become the primary treatment for
patients between the age of 6 months and 5 years, with less than
2cm of fracture shortening. Isolated traction is still an option for
management, although less popular nowadays [20]. If, during the
treatment, the fracture shortening increases beyond 2cm, a change
in the treatment plan must be considered [20].

Operative treatment is usually reserved for children over the
age of 5 or 6 years, but must be considered whenever there is
unacceptable deformity, polytrauma, open fracture, neurovascular
injury, pathologic fracture or body habitus not amenable to casting
[28]. Surgical treatment should be considered when conservative
treatment fails or there are associated head injury or multiple
injuries [14-23]. Operative stabilization and fixation options,
include flexible/elastic intramedullary nailing, rigid intramedullary
nailing, internal plate fixation and external fixation. The use of
flexible/elastic nails is indicated to treat children age 5 to 11
years old weighing less than 49Kg [20-29]. Flexible interlocking
intramedullary nailing (FIIN) is an option for patients between 5
and 11 years of age weighing more than 45.5Kg, but too skeletally
immature for rigid nailing [28-30]. Rigid intramedullary nailing
and submuscular plating are options for patients older than 11
years old with diaphyseal femur fractures. Trochanteric entry
point should be used in antegrade rigid nailing and piriformis
or near piriformis entry should be avoided because of the risk of
osteonecrosis of the femoral head or growth plate disturbances
[28-31]. Indirect reduction with submuscular bridge plating is an

option for comminuted fractures, particularly in patients older
than 5 years [24-32]. On the other way, direct open reduction
with compressive plating remains a rare option for fractures not
suitable to closed or indirect reduction [14]. External fixation
is useful when skin integrity is compromised and for damage
control but has a high rate of malunion and pin tract infection
[20-33]. Complications related to treatment include femoral head
osteonecrosis (reported uncommonly, after rigid intramedullary
nailing), malunion (more prevalent with external fixation and
flexible/elastic intramedullary nailing in heavier children),
nonunion, implant migration or prominence (mostly with flexible/
elastic intramedullary nailing), infection, neurovascular injury,
refracture, venous thromboembolism and fat emboli syndrome
[28]. The main aim of our study was to verify if age and weight
are predictive factors of associated injuries and complications in
children with femoral shaft fracture.

Methods

We performed a retrospective cohort study, including all
patients age 0-16 years old, admitted to our institution, in the period
2011-2015, with a diagnosis of femoral shaft fracture. Patients with
syndromic or neuromuscular pathology were excluded. Patient
records were searched to collect data on age, weight, gender, side
of fracture, etiology of injury, pattern and location of fracture,
associated lesions, type of treatment, complications, fracture
healing and result at final follow-up. Statistical analysis was
performed using the IBM SPSS Statistics 23.0 software. Data were
shown as mean * standard deviation for the continuous variables,
median (minimum-maximum) for ordinal variables, and frequency,
with a percentage for categorical variables. Due to the small
sample size and inability to assume normal data distribution, the
Fisher’s exact test was selected for analysis of categorical variables
and the Mann-Whitney and Kruskal-Wallis tests used to compare
continuous variables. A significance level of p<0.05 was set for
considering statistically significant differences.

Results

Sixty patients with 61 femoral shaft fractures were included in
this study. A male predominance [n=40] was observed. Mean age at
the time of injury was 6.3+4.9years. Of the 61 femoral shaft fractures
identified, 13 were proximal: 42 mid-diaphyseal and 6 distal. The
most common etiology of injury was direct trauma after a fall
[n=25] followed by traffic accident [n=16], indirect trauma [n=12],
hit-by-car [n=7] and child abuse [n=1] (Figure 1). We verified
a greater number of right sided fractures [n=34] and the most
common pattern of fracture was transverse [n=29], followed by
spiral [n=19] and oblique [n=13]. At the time of fracture, 18% of the
patients [n=11] had also other associated lesions: other fractures
[n=7], severe thoracic trauma [n=3], head trauma with subdural
hematoma [n=3], renal trauma [n=2], splenic trauma [n=1], hepatic
trauma [n=1] and braquial plexus neuropraxia [n=1] (Table 1).
The occurrence of associated lesions was significantly higher in
older (p=0.01) and heavier (p=0.009) patients. The relative risk of
associated lesions at the time of fracture was 1.4 times higher in
patients with more than 5 years old when compared to those who
were younger [RR=1,384 (1C95%: 1.058-1.812), p=0.008].
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Figure 1: AP and lateral X-Rays of the right limb of a baby boy 5 months old showing a transverse distal diaphyseal femur
fracture after child abuse. A, B) Transverse distal diaphyseal femur fracture treated with cruropodalic cast; C, D) One month
after fracture with radiographic evidence of fracture union with abundant callus formation; E, F) After 1 year of the fracture
with radiographic healing in proper alignment with complete remodeling of the bone.

Table 1: Characteristics of pediatric patients with diaphyseal femur fractures.

Variable
Age (years), mean (sd) 6.3 (x4.9)
Sex (M), (n, %) 40 (66.7 %)
Weight (Kg), mean (sd) 26.2 (+16.6)
Fractured limb (n, %)
Right 34 (55.7%)
Left 27 (44.3%)
Diaphyseal segment fracture (n, %)
Proximal 13 (21.3%)
Middle 42 (68.9%)
Distal 6 (9.8%)
Fractured type (n, %)
Transverse 29 (47.6%)
Spiral 19 (31.1%)
Oblique 13 (21.3%)
Cause of injury (n, %)
Fall 25 (41.0%)
Motor vehicle accident 16 (26.2%)
Indirect trauma 12 (19.7%)
Hit-by-car 7 (11.5%)
Child abuse 1 (1.6%)
Patients with Associated Lesions (n, %) 11 (18.0%]
Other musculoskeletal fracture 7 (38.9%)
Severe thoracic trauma 3 (16.6%)
Head trauma with subdural hematoma 3 (16.6%)
Renal trauma 2 (1.1%)
Splenic trauma 1 (5.6%)
Hepatic trauma 1 (5.6%)
Braquial plexus neuropraxia 1 (5.6%)
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Treatment (n, %)

Surgery 23 (37.7%)

Nails 19 (82.6%)
External Fixator 2 (8.7%)
Submuscular plate 2 (8.7%)

Conservative

38 (62.3%)

Spica Cast 29 (76.3%)
Cruropodalic 9 (23.7%)
Complications (n, %) 8 (14.8%)

In terms of treatment, 62% of the fractures were treated
conservatively either with spica cast [76%] or cruropodalic cast
[24%]. Surgical treatment was performed in 38% of the fractures
[n=23]: 19 nails [9] elastic nails, of which 7 were retrogade (Figure
2), and 10 antegrade rigid nails with trocantheric entry (Figure 3)
2 external fixators and 2 submuscular plates (Figure 4) (Table 1).
The minimum age to surgery was 6 years and rigid trocantheric

entry nailing was only considered for children older than 10 years.
We verified a statistically significant difference between treatment

groups regarding body weight (42.5+13.8Kg in the operative group
and 16.4+8.4Kg in the nonoperative group [p<0,001]) and age
(11.3+2.6years in operative group and 3.3+3.5years in nonoperative
group [p<0,001]).

Figure 2: AP and lateral X-Rays of the left limb of an 11 years old girl showing a transverse midshaft femur fracture after a
traffic accident. A, B) Transverse midshaft femur fracture with Varus displacement and shortening >2cm; C, D) Six weeks after
fracture and operative stabilization with a retrograde titanium elastic nailing, a good fracture reduction and apposition of the
fragments with bone callus formation can be seen; E, F, G) Radiographic evidence of union with no displacement or shortening
12 months after fracture; H, I) Radiographic control 14 months after fracture and 1 month after extraction of the nail with a

complete bone remodeling.

Figure 3: AP and lateral X-Rays of the left limb of a 12 years old boy showing a transverse midshaft femur fracture after being
hit by a car. A) transverse midshaft femur fracture with Varus displacement and shortening >2cm; B, C) One month after
fracture and operative stabilization with an antegrade intramedullary reamed and static nail it is evident a good radiographic
callus formation and bone healing; D, E) Radiographic evidence of union with no displacement or shortening after extraction

of the nail at 6 months after fracture.
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Figure 4: AP and lateral X-Rays of the left limb of an 11 years old girl showing a spiral distal femur fracture after a direct trauma
of the thigh while with the knee in hyperflexion. A, B) Spiral distal femur fracture with valgus displacement and shortening
>2cm; C, D) One month after the fracture and operative stabilization with a closed reduction and fixation with a submuscular
plate. It's visible a good Varus/valgus alignment and apposition of the fragments although with a minimal displacement
to posterior of the proximal fragment; E, F) Radiographic evidence of union with no displacement or shortening, 6 months
after fracture and 8 months after fracture (G, H); I, J) Radiographic control at 12 months after fracture with a complete bone

remodeling.

Duration of hospitalization was significantly different
[p<0.001] between patients treated nonoperatively [4.9+4.9
days] and operatively [13.9+10.5 days]. There were no differences
between groups regarding fracture healing time (6.4+4.6weeks
in nonoperative group and 8.3+5.2weeks in operative group,
[p=0.041]) and follow-up time (42.2+59.9 weeks in nonoperative
group and 61.5+51.7 weeks in operative group, [p=0.023]) (Table
1). Of the 54 patients that completed follow-up in our institution,
we identified 15% of complications following treatment [n=8]. Of
these, 4 complications were observed after surgical treatment:
superficial infection [n=1], elastic nail prominence [n=1], myositis
ossificans [n=1] and sciatic neuropraxia [n=1] and 4 complications
after conservative treatment: knee flexion contracture [n=1], leg
length discrepancy (LLD) [n=3] with 2 nonsymptomatic cases
of LLD under 1,5cm and one patient with an LLD of 3,2cm LLD,
partially compensated with a shoe insert. The case of knee stiffness
with an initial 302 flexion contracture was completely resolved after
rehabilitation. The case of superficial infection was solved after 6
weeks of oral antibiotics. The single case of elastic nail prominence
on the distal femur with associated pain, required additional
surgery for partially cutting the nail end, thus getting resolution of
the pain. The myositis ossificans was noticed in the posterior distal
femur after an antegrade elastic nail and was not related with any
pain or discomfort. The sciatic neuropraxia occurred in a 13-year-
old obese patient (70Kg) that was submitted to a rigid nailing with
atrochanteric nail. This particular patient had a long operative time
on the traction table (3 hours). The sciatic neuropraxia was noticed
upon awaking from general anesthesia and the patient underwent
intensive rehabilitation, with complete recovery after 9 months. The
frequency of complications was not significantly different between
patients treated operatively and non-operatively. (p=0.803).

Discussion

In our study, as described in the literature, the midshaft was the
most commonly affected site in children with diaphyseal femoral

fractures. The mean age at the time of injury was 6.3+4.9years with
a median age of 5 years old and with 25% of patients having more
than 12 years of age. These results are similar to those reported in
the literature, with a bimodal distribution for age, with a first peak
between 2 and 4 years of age and a second peak in mid-adolescence
[16]. While in the literature, boys are more commonly affected in
a ratio of 2.6:1, we verified a male predominance ratio of 1.9:1.
Regarding the mechanism of injury, we found that direct blunt
trauma was the most common cause for a femoral shaft fracture
in our patients (major or minor fall, traffic accident, hit-by-car or
child abuse). We had one confirmed case of non-accidental injury,
a 5 months old baby boy, with a distal diaphyseal femoral fracture
treated with a Spica cast (Figure 1). Because of his age, this child
was properly evaluated and referenced to our multidisciplinary
team during the hospitalization time, considering the possibility
of child abuse. In these cases, investigation is mandatory, as non-
accidental trauma has been reported as the leading cause of femur
fractures in children less than one year old [17-19]. Although AAOS
also recommends evaluation of child abuse in all children younger
than 36 months with diaphyseal femoral fractures [20], in our
institution an universal evaluation is done for all children younger
than 12 months, but older children are evaluated on a case-by-case
basis, as needed.

At the time of the fracture, 18% of the patients also had other
traumatic lesions such as head trauma with subdural hematoma,
brachial plexus neuropraxia, renal trauma, splenic trauma, hepatic
trauma and severe thoracic trauma. These lesions occurred mainly
as a consequence of high energy trauma mechanism. None of these
patients died during admission, hospitalization or follow-up period.
We verified that the occurrence of these associated lesions was
statistically significantly higher in older and heavier patients. Older
patients are commonly more independent in terms of their daily life
and assume more risk behaviors. In the decision-making process for
treating femoral shaft fractures, one should considerer not only the
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age of the child, but also weight, associated injuries, fracture pattern
and mechanism of injury [14-22]. The majority of our patients were
treated non-operatively (62%) and the minimum age at surgery
was 6 years. In 76% of the patients that were treated conservatively,
early closed reduction and Spica casting was the primary option,
which is supported by the literature [20]. The operated patients
were mainly treated with nails (83%), although osteotaxis and
submuscular plates were used in selected cases. In the nailing
group, 47% were treated with elastic nails and the other ones with
rigid nails. In the literature, flexible/elastic nails are recommended
for length stable fractures and indicated to treat children age 5 to
11 years old and weighing less than 49kg [20-29]. The flexible nails
are put through small incisions and work as a load sharing device,
allowing a relative stability and avoiding the risk of going through
the growth plate and permitting early motion and ambulation (48-
72h) [14]. Despite these advantages, AAOS guidelines call attention
for a worst prognosis with elastic nail in patients older than 10
years of age or weight above 49Kg, favoring rigid nailing for these
cases. Rigid nailing is ideal for skeletally mature children and, in our
series, it was only considered for patients older than 10 years of age
and always through a trochanteric entry, avoiding any piriformis or
near piriformis entry due to the risk of avascular necrosis of the
femoral head or growth plate disturbances [28-31]. Two of our
patients were treated with submuscular plating and other 2 with
osteotaxis. In fact, submuscular plating it is not a common surgical
option in this type of fracture but, as it is supported in the literature,
indirect reduction with submuscular bridge plating is an option for
operative comminuted fractures for patients older than 5 years
old, such as the two patients of our study [24-32]. The operative
stabilization with external fixator was considered in two patients:
one patient with 12 years old with an open middle shaft fracture
(Type Il of Gustillo & Anderson Classification) after a trafficaccident
in need of wound debridement and provisional stabilization.
This method became the definitive method of treatment in this
particular patient. The other patient was a 7 years old child with
a closed midshaft fracture with multiple associated lesions (pelvic
fracture and braquial plexus neuropraxia) after being hit by a car.
This method of fixation is particularly useful when skin integrity is
compromised and for initial stabilization of femoral shaft fractures
in polytrauma patients, as part of a damage control strategy [20-
33]. Although a high rate of malunion and pin tract infection is
reported with osteotaxis [20-33] we did not find any of those in our
two patients.

Age and weight were significantly different between
conservativelyand surgically treated patients. Ahigherage (11.3+2.6
years) and weight (42.5+13.8Kg) was found in the operated group.
These results are not surprising, as age and weight are relevant
factors in the decision making to choose the adequate treatment for
each patient [14-22]. Surgery should also be considered in cases
of unacceptable remaining deformity, polytrauma, neurovascular
injury or open fracture [28]. We also found statistically significant
differences between operated and non-operated patients regarding
duration of hospitalization. Operated patients stayed in hospital for
longer time, as they more commonly had more severe associated
lesions at the moment of the diaphyseal femur fracture. We verified

15% of complications after treatment. Out of the 4 complications
reported after conservative treatment, 3 cases were LLD in patients
between 5 and 9 years old. Overgrowth usually occurs in children
with age between 2 and 10 years old, after both conservative and
operative treatments. This process occurs more rapidly during
the first 2 years after fracture and it happens due to increased
vascularity at the growth plate during the process of fracture healing.
Some authors found an average lengthening of 9mm, varying from
4mm to 2.5cm [34-35]. We found one case of knee stiffness after
a conservative treatment of a distal diaphyseal femoral fracture
with cruropodalic cast, a complication described in the literature as
being more common after conservative treatment [23]. Our patient
completely recovered after physiotherapy. We had one patient
with an elastic nail prominence, that required a secondary surgical
procedure. This complication, described in the literature, is usually
related with titanium elastic nails that are left unbent and too long.
For this reason, it is always recommendable to palpate the end of
the nail to exclude prominence and also to mobilize the knee and
verify total range of motion to avoid impingement of the material
[36]. The case of myositis ossificans in the posterior distal femur
after an elastic nailing was not related with any pain or discomfort
and thus only observation was undertaken for this patient. We had
one case of sciatic neuropraxia in a 13-year-old obese boy (70Kg),
probably due to the prolonged time in the traction table, while being
treated with a trochanteric rigid nail. We didn’t observe any case of
femoral head osteonecrosis, malunion, nonunion, neurovascular
injury, refracture, thromboembolism or fat emboli syndrome [28].
In conclusion, our retrospective cohort study provides valuable
epidemiological data about diaphyseal femoral fractures in the
pediatric population and may contribute for the development of
prevention strategies. We identified weight and age as predictive
factors for associated injuries in children with femoral shaft
fractures. Prospective comparative studies are needed to enhance
our knowledge of how specific fracture treatment may be optimized
for different age and weight groups in the pediatric population.
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