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/Abstract

Due to the rareness of the event and the anatomical characteristics of the patients, the choice of the optimal implant for

N

femoral neck fractures in the pediatric population is challenging. A 15-year-old male presented with a highly unstable displaced
femoral neck fracture. To guarantee stable fixation and to prevent soft tissue damage and irritation, we chose the so-called
femoral neck system (FNS). At 6-month follow-up, the patient presented with a healed fracture without signs of implant failure
and had an excellent functional outcome. Based on this case report, we consider the FNS as an equal to superior implant for the
treatment of displaced femoral neck fractures in adolescents. The handling of the implant is as simple for the surgeon as safe

for the patient.
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Introduction

Femoral neck fractures are rare events among the adolescent
population and most likely result from high-energy trauma.
Pediatric femoral neck fractures can be classified according to
the Delbet classification (4 types) [1] or the AO classification
system [2] (B type). The complete, displaced, trans-/basicervical
fracture type is highly unstable, comes along with a remarkable
risk of varus collapse and leg length discrepancy [3] and is known
to have the uppermost incidence of avascular necrosis (AVN) of
the femoral head. [4] While AVN is rather influenced by fracture

characteristics [5, 6], early accurate reduction, and stable fixation
is mandatory to minimize the risk of the other complications. [6]
The choice of the optimal implant in pediatric orthopedic surgery
is dependent on the fracture morphology as well as the child’s
bony dimensions, and include Kirschner wires, pediatric hip
locking plates, and cannulated screws (CS). [7] Although the latter
is a well-established method for adolescents and adults, it shows
inferior biomechanical stability in comparison to an angular stable
implant, such as the dynamic hip screw (DHS) [8, 9], which is also
frequently used for the treatment of this type of fracture in adults.
Due to constitutional reasons, the DHS, however, might not be
suitable for adolescents as it exhibits a prominent implant footprint
that is prone to cause soft tissue irritation.
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The patient and his parents were informed that data
concerning the case would be submitted for publication and they
provided consent regarding the same.

Case Report

AA 15-year-old tall, slim boy (BMI, 19 kg/m?) presented to
our emergency department with immobilizing right hip pain after
a bicycle accident. Imaging of the hip of the clinically externally
rotated and shortened leg revealed a displaced transcervical
femoral neck fracture with a vertical fracture line (approximately
70°), corresponding to a Delbet Type Il or an AO31B2.1(r) fracture,
which is characterized by high instability.

The patient was neurovascularly intact, had no other injuries,
and an unremarkable past medical history. Owing to the height (1.7
m) and weight (55 kg) of the patient, we wanted to use an implant
that provides angular stability instead of a screw or K-wire fixation,
which is usually chosen for the pediatric patient population.
However, because of the smaller anatomical dimensions of the
proximal femur of an adolescent compared to an adult or geriatric
patient, as well as the thin soft tissue envelope of our patient, we
decided against the classical DHS. Instead, we chose the femoral
neck system (FNS, DePuy Synthes), a minimally invasive implant,
which is only available since a short time ago.

To preserve biology, a successful attempt of closed reduction
was made. The patient was placed on a fracture table , and the
fracture was reduced satisfactorily with slight traction and
maximal internal rotation of the leg. A 3cm skin incision for the
transvastus approach was made to place a one-hole side-plate.
The corresponding bolt and plate were implanted in accordance
with the manufacturer guidelines. Postoperatively, immediate
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mobilization with partial weightbearing was allowed. The patient
was discharged on day 3. Full weightbearing was achieved at 6
weeks. During routine follow-up at 6 weeks, 3 and 6 months, the
fracture healed uneventfully, showing neither loss of reduction
nor any early signs of avascular necrosis. Clinically, an excellent
functional outcome could be achieved with free range of motion
and no signs of leg length discrepancy. No soft tissue irritation was
caused by the side-plate. The patient was happy and had even fully
returned to his pre-injury sports level.

Figure 1: AP radiograph of the right hip showing a displaced
transcervical femoral fracture with a vertical fracture line of about
70° (AO31B2.1 or Delbet 11, respectively).
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Figure 2: Postoperative radiographs in two planes showing adequate reduction and fixation with the FNS with a one-hole side-plate.
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Figure 3: 6-month follow-up. Uneventful healing with no secondary displacement, marginal controlled collapse as allowed by the
implant design (gliding mechanism) and no early signs of head necrosis.
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Figure 4: Schematic illustration of the FNS, consisting of a small
side plate and a screw locked into a bolt providing angular stability
and allowing free gliding within the baseplate and thus reducing
lateral protrusion. © DePuy Synthes, Surgical Technique, Femoral
Neck System (ENG/DE).

Discussion

Femoral neck fractures in skeletally immature teenagers are
uncommon, and their treatment is challenging because of limited
experience and data provided by literature. To avoid common
complications such as mal-/nonunion, secondary displacement,
and varus collapse, the goal of optimal treatment is an accurate,
preferably anatomical reduction, stable fixation, and sustained
biology [7]. Choosing an optimal fixation method is crucial for
achieving these goals, which can be demanding for the adolescent
patient. On the one hand, common pediatric implants are no longer
suitable when certain anatomical dimensions are exceeded; on
the other hand, adult implants tend to be oversized. CS have the
advantage of providing some size variability and offer metaphyseal-
only, physeal-sparing implantation, especially in basicervical
fractures [7]. However, in case of extremely vertically oriented
fractures, CS do not provide sufficient stability and could lead to

varus collapse [10]. DHS is widely used for the management of
adult femoral neck fractures and simple pertrochanteric fractures
and offers the advantage of angular stability. The biomechanical
superiority of the DHS over the CS in unstable femoral neck
fractures was reported by Deneka et al. [9] This was recently
confirmed by a biomechanical study by Stoffel et al. for Pauwels
type III fractures with regard to axial stiffness and neck shortening.
[8] The FNS is a newly available implant, which also provides
angular stability (like the DHS) promising to cause less soft tissue
irritation in the same time, due to a much smaller side plate.

Stoffel et al. [8] also proved in their biomechanical study its
stability to be comparable to that of the DHS and even superior
to that of CS. In clinical studies, improved outcome in terms of
healing time and complication rate such as neck shortening and
screw cut out, as well as a better functional outcome could be
shown. [11, 12] As the above-mentioned studies refer to the adult
population, the use of the FNS in a skeletally immature patient
is, to our knowledge, not reported in literature. We assume, that
especially in this patient population, a rather small implant is
beneficial, in order to avoid soft tissue irritation. In this regard,
the FNS seems to offer an optimal solution. More benefits of this
implant are rotational stability and that it enables intraoperative
interfragmentary compression [8]. Nevertheless, the indication
for its application in pediatric orthopedic surgery is dependent
on the available implant dimensions. The length of the bolt can
be a limiting factor for the treatment of younger children with a
shorter femoral neck. Another disadvantage is the diameter of the
bolt. In skeletally immature patients, although fracture stability is
known to be more important than avoiding crossing the physis,
[13] it is unknown whether transphyseal placement of the bolt
leads to relevant growth arrest. Therefore, we recommend caution
regarding physeal crossing until more clinical data prove its safety.
Furthermore, no long-term results with the FNS are available
currently, although the early outcomes are promising [14, 15].

Conclusion

Compared with previous implants, the FNS offers
comparable to superior biomechanical stability and less soft tissue
irritation. These benefits suggest that the FNS might be an optimal
implant choice for unstable femoral neck fractures in adolescents.
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