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Introduction
Femur fractures account for 1.4%–1.7% of all pediatric 
fractures and have an estimated annual rate of 19:100,000. 
They affect mainly preschool children and adolescents with 
twice as many boys as girls.[1‑3] In younger children, femur 
fractures result from low‑energy trauma, such as same‑level 
falls, whereas in adolescents, they occur mostly due to 
high‑energy trauma.[3] Of note, 80% of the femur fractures in 
children below the age of 18 months result from nonaccidental 
trauma.

The American Academy of Orthopaedic Surgery  (AAOS) 
published in 2009 a clinical practice guideline for the 
treatment of diaphyseal femur fractures based on the age 
group.[4] For infants aged ≤6 months, the guideline recommends 
immobilization treatment with a Pavlik harness. For children 
between the ages of 6 months and 5 years, the treatment of 
choice is noninvasive reduction and immobilization with 
early spica casting; however, in high‑energy fractures with 
important shortening, the options are traction followed by cast 
immobilization after initial bone callus formation or surgical 
stabilization with flexible intramedullary nailing. Between the 

ages of 6 and 11 years, the treatment of choice is fixation with 
flexible intramedullary nailing; in unstable fractures, possible 
alternatives are percutaneous submuscular bridge plating, as 
well as external fixators and lateral trochanteric nailing for 
patients older than 8 years. For those above the age of 12 years, 
the options are lateral trochanteric nailing, submuscular bridge 
plating, and external fixators, whereas flexible nailing can be 
used for patients above the age of 12 years with body weight 
below 50 kg.

Besides weigth and age other factors are important to determine 
the treatment, exposed fracture, polytrauma, floating knee 
and whether the fracture is metaphyseal either proximal or 
distal femur. Along with these variables, the configuration 
of the fracture line is fundamental in defining whether a 
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Of the remaining 14 fractures treated with submuscular bridge 
plating, one patient was lost to follow‑up after surgery and was 
excluded from the study.

Therefore, our final sample comprised 13 patients, including 
12 boys and 1 girl. Seven fractures affected the right femur and 
six affected the left femur; two fractures were open and were 
classified as Gustilo Type IIIA, one resulting from a gunshot 
and the other from a motorcycle accident.

The mean age of the patients was 10 years and 2 months; the 
youngest patient was 7 years and the oldest was 13 years and 
1 month.

Regarding the mechanism of trauma, 4 fractures occurred due 
to automobile accidents, 5 due to falls (2 from the same level, 
1 from a trampoline, 1 from a horse, and 1 from a skateboard), 
2 from direct trauma, and 2 from gunshots [Table 2].

Of the 13 diaphyseal fractures, 6 occurred in the proximal 
third of the femur, 4 in the middle third, and 3 in the distal 
third. As for the configuration of the fracture line, 7 were 
classified as long oblique or spiral fractures, 2 as spiral 
bending wedge fractures, and 4 as comminuted fractures; all 
the fractures were deemed unstable according to the Kocher’s 
criteria [Table 3].

After treatment, we observed 11 excellent, 2 satisfactory, and 
no poor results, according to the modified Flynn’s criteria of 
intramedullary elastic osteosynthesis.[7]

All 13 patients were permitted 10% of weight‑bearing in the 
immediate postoperative period, followed by progressive 
weight‑bearing after the 6th week until full weight‑bearing. 
All fractures were consolidated at the 12th week without any 
case of substantial malalignment or length inequality requiring 
correction.

We recommended the removal of the plate after the 
1st postoperative year, and the removal was performed between 
the 1st and 2nd postoperative year. At the time of this study, 
eight patients had already undergone plate removal, and we 
observed no cases of refracture or considerable increase in 
technical difficulty due to the presence of bone callus because 
of the extended time until the removal.

Discussion
The protocol of the AAOS for the treatment of femur 
fractures in children is a very useful guide. However, in 
addition to age, other factors are important in choosing the 
appropriate therapeutic approach in this population, including 
the configuration of the fracture line, the region of the bone 
involved, presence or absence of instability, body weight, 
associated lesions, and mechanism of injury.

A fracture is considered unstable in length when it is 
comminuted, oblique, or spiral with a shortening  >2  cm.[4] 
In most stable fractures, flexible intramedullary nailing has 
excellent results due to its elastic stability. However, application 
of this technique in children and adolescents with body weight 

fracture is stable or unstable.[5] These characteristics make 
the study of femur fractures in children stimulating and 
challenging.[6] Regarding the instability of the fracture, Kocher 
defined length‑unstable fracture as those comminuted, spiral, 
or long oblique fractures with ≥2 cm shortening.[4]

The aim of this retrospective study was to evaluate the 
outcomes and complications of pediatric patients with unstable 
femur fractures treated with submuscular bridge plating in a 
tertiary referral trauma hospital.

Materials and Methods
We performed a retrospective analysis of all unstable femur 
fractures in patients under the age of 16  years treated at a 
tertiary hospital between January 2016 and December 2017.

The exclusion criteria were incomplete records, closed femoral 
physes, presence of osteometabolic or neuromuscular diseases, 
pathological fractures, and fractures that were either stable or 
treated by other methods.

The collected data included age, mechanism of trauma, 
fracture type and location, date of surgery, follow‑up duration, 
and associated lesions. The results were evaluated using the 
modified Flynn’s criteria for treatment with intramedullary 
elastic osteosynthesis, which consists of evaluating the 
leg‑length inequality, malalignment, presence of pain after 
consolidation, or postoperative complications.[7] Considering 
an excellent result, all criteria must be met. The Flynn’s criteria 
are shown in Table 1.

We evaluated the time to implant removal and the occurrence 
of refracture and lack of consolidation.

Postoperative follow‑up was performed at 2 and 6 weeks and 
at 3, 6, and 12 months; after 12 months, the removal of the 
plate is recommended.

Results
We retrieved data on 86 femur fractures in children and 
adolescents aged ≤16 years who were treated at our institution 
between January 2016 and December 2017. Of these, we 
excluded 1 fracture treated with Pavlik harness, 24 treated with 
early casting, 2 excessively distal fractures treated with crossed 
Kirschner wires, 30 treated with flexible intramedullary nails, 
10 treated with external fixators, and 5 treated with locked 
intramedullary nailing.

Table 1: Modified Flynn’s criteria

Flynn’s 
criteria

Excellent 
result

Acceptable 
result

Poor result

Leg‑length 
inequality

<1 cm <2 cm >2 cm

Malalignment 5° 10° >10°
Pain None None Present
Complication None Minor and 

resolved
Major complication 
and/or lasting morbidity
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above 50 kg or fractures defined as unstable may increase the 
risk of complications.[8‑10]

In line with that, Moroz et al. indicated that weight >49 kg and 
age above 11 years are predictors of increased complications 
in fractures treated with flexible intramedullary nailing.[11] 
Sink et al.[12] reported that the adoption of the age of 11 years 
as a cutoff point was a better predictor of complications than 
weight alone; on the other hand, the adoption of both variables 
was not superior to age alone.

Sink et al. treated 39 patients with unstable femur fractures, 
of whom 15 were treated with flexible intramedullary nailing. 
The author observed 12 complications with this method, in 
addition to a need for reoperation in six patients to increase 
fixation stability.[13]

Narayanan evaluated the use of flexible nailing in the treatment 
of children between 2 years and 11 months and 15 years and 
8 months and observed no increase in complications due to 
age, but associated the increased risk of loss of reduction 
with the use of nails of mismatched diameters for fixation 
and the presence of comminution  >25% of the diaphyseal 
circumference.[14]

Li et al. compared fixation of subtrochanteric femur fractures 
with flexible nails versus open plating and submuscular plating 
and observed an increased risk of complications, especially in 
unstable fractures, with 4 times more complications and less 
excellent and satisfactory results with nailing compared with 
plating fixation.[15]

Therefore, for unstable or comminuted fractures, for patients 
older than 12 years and/or weight >50 kg, we do not recommend 
using flexible nailing. In these cases, other alternatives can 
be considered, including external fixators, fixation with 
submuscular bridge plating, and rigid intramedullary nailing 
with trochanteric insertion.

External fixation should be reserved for the treatment of 
open or severely comminuted femur fractures, due to their 
increased risk of loss of reduction, vicious consolidation, 
pseudoarthrosis, and refracture, in addition to the common 
occurrence of nail tract infection.[16,17]

Another treatment option for patients older than 9 years is 
fracture stabilization with locked intramedullary nailing, 
provided that the medullary canal is >8 mm in its narrowest 
portion. Reports of complications described by Buford et al. 
with nails inserted through the piriformis fossa,[18] such as 
abnormal proximal femur growth, avascular necrosis of the 
femoral head, and limb‑length discrepancy, stimulated the 
development of new models of rigid intramedullary nails with 
insertion through the lateral aspect of the greater trochanter, 
thus reducing the occurrence of complications that have been 
previously reported.[19]

Park et  al. compared submuscular bridge plating and 
intramedullary nailing with lateral insertion through the greater 
trochanter in patients older than 12 years and observed similar 
results with both methods.[20] Plating and nailing are obvious 
alternatives for stabilization of unstable and metaphyseal 
femur fractures.

Fixation of femur fractures with percutaneous submuscular 
bridge plating has some advantages compared with the open 
technique, such as less injury to soft tissues, preservation of 
the fracture hematoma, and vascularization of bone fragments, 
which reduces the infection rates and minimizes the possibility 
of delayed consolidation due to compromised blood supply at 
the fracture site. As reported by Samora et al.,[21] and aligned 
with the current literature,[12,22‑24] this technique is associated 
with excellent consolidation, low complication rates, and early 

Table 2: Demographics

Sex Side Age at surgery Mechanism of trauma Time until removal of the plate Proximal/distal screws used
Male Right 10 years 11 months Automobile accident ‑ 3/3
Male Left 8 years 10 months Same level fall 1 year 3 months 2/3
Male Left 12 years 9 months Skateboarding fall 2 years 3/3
Male Right 8 years 5 months Firearm injury 1 year 7 months 3/3
Male Left 10 years Direct trauma 1 year 3/3
Male Right 11 years 10 months Same level fall 1 year 3/3
Female Left 7 years 5 months Automobile accident 1 year 3 months 3/3
Male Right 10 years 10 months Automobile accident ‑ 3/2
Male Right 13 years 1 month Automobile accident ‑ 4/3
Male Right 7 years Trampoline fall ‑ 3/4
Male Left 10 years Direct trauma ‑ 4/3
Male Left 13 years Horse fall ‑ 3/4
Male Right 8 years Firearm injury 1 year 3/4

Table 3: Femoral fracture type

Femoral 
location of 
the fracture

Simple 
oblique/

simple spiral

Long 
oblique/

wedge spiral

Comminuted Total

Proximal third 4 0 2 6
Middle third 1 2 1 4
Distal third 2 0 1 3
Total 7 2 4 13
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return to full weight‑bearing. Similar results were found in our 
study, despite the small sample size.

Abbot et  al.[25] compared open plating with submuscular 
bridge plating in 58 and 22 femur fractures, respectively. The 
authors observed one case of postoperative infection and five 
reoperations (one due to deep infection, three due to implant 
failure, and one due to a periprosthetic femur fracture) in 
fractures fixed with open plating, but no case of leg‑length 
discrepancy more than 2 cm or clinically relevant rotational 
asymmetry.

Samora et al. and Sutphen et al. used a surgical technique 
with two incisions, one proximal and one distal,[21,23] whereas 
Sink et  al. proposed a distal incision to insert the plate in 
the submuscular plane, followed by percutaneous fixation 
of the screws proximal to the fracture.[26] In our patients, we 
performed two small incisions (proximal and distal) and when 
necessary, added intermediate percutaneous screws.

The use of 3.5‑mm plates has been associated with loss of 
reduction or failure due to implant fracture.[27] We used in all 
our patients the 4.5‑mm narrow  Dynamic compression plate 
(DCP), whereas locked plates were not used in any of our 
cases. Because our patients had no comorbidities (osteopenia 

or bone fragility), the use of a conventional plate (DCP) was 
sufficient to guarantee the necessary stability for consolidation.

The use of a long plate, with 10–16 holes, is preferable 
to increase the work area by reducing the strain on the 
plate. At least three open screw holes should be left 
proximally and distally to the fracture, and ideally, six 
holes should be left open on each side of the fracture site 
[Figures 1 and 2].

With long plates, the plate should be molded to better adapt to the 
proximal and distal femoral anatomy[12,26,28,29] [Figures 3‑5].

The incision for the initial procedure is small and sufficient to 
insert the plate and screws, whereas the incision required for 
the removal of the plate is often larger than the one required for 
its insertion. This has been shown by Pate et al., who reported 
in 7 out of 22 cases a requirement for larger incisions for plate 
removal compared with the size of the incision required for 
insertion of the plates.[30]

Kelly et  al. reported complications associated with plate 
retention in three patients who were lost to follow‑up after 
consolidation.[31] Distal molding of the plate was used in all 
three cases to adapt the plate to the distal femoral metaphysis. 
The patients were readmitted at 3, 4, and 7 years after surgery 
and showed proximal migration of the plate due to distal 
femoral growth, bony overgrowth of the plate, femoral valgus 

Figure 1: A 10‑year‑old male, struck by a car

Figure 2: 45 days after surgery

Figure  3: A  12‑year‑old male, open fracture Gustilo II, distal molded 
submuscular plate Figure 4: A 11‑year‑old female, car accident
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deformity (15°, 10°, and 14°), and stress shielding at the distal 
end of the plate, as well as screw tip prominence in the medial 
thigh due to bone remodeling. All three patients had the plates 
removed, and one of the patients required two osteotomies to 
correct the femoral deformity.

Based on the literature and our personal experience, 
we consider the removal of the plate to be an absolute 
recommendation in cases with plates in the distal femur and 
preferably and whenever possible, as well as in plates in 
diaphyseal fractures. The removal is usually performed after 
the 1st postoperative year. In our series, we had no problems 
in performed this procedure. The limitations of this study are 
the short follow‑up and the lack of comparison of our results 
with other alternative methods of fixation such as lateral entry 
intramedullary nails.

Conclusions
In the present study, submuscular bridge plating was a viable 
and safe alternative for the treatment of unstable femur 
fractures and fractures located in the distal and proximal 
femoral metaphyses in children and adolescents.
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