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A B S T R A C T

A potential and feared complication of proximal femur nails with cephalomedullary fixation is
migration of the cephalomedullary screw or blade (cut-out or cut-through). In patients not sui-
table (e.g. low demand, comorbidities) for conversion to total hip arthroplasty blade exchange
with cement augmentation may be an option. This article describes the first successful clinical use
of a salvage procedure of a previously published technique, which allows the surgeon to avoid
intraarticular cement leakage by using a standard cement plug to close the defect in the femoral
head.

Introduction

Intertrochanteric fractures are very common in the elderly and show an increasing incidence [1]. The recommended treatment
involves reduction and fixation using cephalomedullary nails (CMN) [3]. Attempts have been made to optimize implant designs and
techniques [6,7]. Despite such advances, failure still remains one of the main concerns [5], since the stability of screws decrease in
osteoporotic bone.

Total hip arthroplasty (THA) is often seen as the best option to salvage fixation failure of CMN in intertrochanteric fractures [8].
Nevertheless, some patients may be unsuitable for conversion to THA. Blade exchange and cement augmentation may be an alter-
native. This is the first report on the use of a previously described technique to salvage a failed CMN [9].

Methods

A polymorbid 90-year old female, with a known history of severe osteoporosis, was transferred to our emergency department after
falling in a nursing home. Physical examination revealed an externally rotated, abducted and shortened leg with severe immobilizing
pain of her right hip. Radiologic work-up showed an intertrochanteric femoral fracture (Fig. 1A). The patient was operated by closed
reduction and internal fixation (CRIF) on a traction table using a PFN-A (DePuy Synthes, Johnson & Johnson AG, Zuchwil, Swit-
zerland) (Fig. 1B). The patient was allowed to fully weight bear immediately following the procedure. Three weeks later she com-
plained about immobilizing groin pain on the operated side. Radiographic work-up showed secondary fracture dislocation and an
anterior cut-out of the helical blade of the PFN-A (Fig. 1C). Due to the polymorbidity and low-demand of the patient (e.g. essential
thrombocythemia, recurrent pulmonary artery embolisms) and significantly increased peri-operative risk (ASA Class III [10]) the case
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was discussed interdisciplinarily and a minimally invasive therapy was preferred to a more invasive conversion to THA. After re-
viewing the treatment options with the patient and receiving her consent she was taken to the operating room. The patient was
positioned supine on a traction table. Prophylactic stabilization of the fracture using threaded K-wires was performed in order to not
to jeopardize the planned implantation of the cement plug by dislocation of the blade canal after removing the helical blade (Fig. 2A).
According to the previously published technique by Hanke et al. [9], a standard medullary cement plug (PE Stühmer/Weber size 3,
diameter: 13.5 mm; Zimmer GmbH, Winterthur, Switzerland) designed for use in cemented hip stem arthroplasty, was cut to 10 mm
of length and rounded proximally according to the femoral head sphericity (Fig. 3). The tip of the plug was sealed using cement and
subsequently positioned to seal the femoral head defect under fluoroscopic control (Fig. 2B, C). Additionally a small tutoplast
cancellous bloc (Novomedics, Zürich, Switzerland) was positioned for additional biological defect filling. Fracture reposition was

Fig. 1. (A) Pre-operative x-rays demonstrating intertrochanteric femoral fracture. (B) Initial postoperative radiograph after closed reduction and
internal fixation with PFNA. (C) Radiograph at three-week follow-up showing secondary fracture dislocation and implant migration with blade cut-
out.

Fig. 2. Radiographs showing (A) Prophylactic fixation and helical blade removal. (B; C) Insertion of the medullary cement plug. (D) Positioning of
guide wire in center-center position. (E; F) Replantation of the helical blade in center-center position. (G; H) Cement augmentation and defect filling
by the cement augmentation (arrow) is visible.
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accomplished by using in-line traction and internal rotation of the leg via the traction table and additionally by use of the PFN-A
insertion handle to add leverage to the nail. Due to callus formation in this three-week-old fracture, a correction of the valgus
deformity with the concomitant malposition of the calcar was no longer possible without dissolving the callus, which we considered
too invasive. However, the secondary displacement with malposition of the head and neck in retrotorsion was corrected by internally
rotating the lower leg on the traction table, which allowed us to re-position the guide wire in center-center position (Fig. 2D). Drilling
of the lateral cortex with subsequent helical blade implantation was performed (Fig. 2E; F), followed by cement augmentation
(Traumacem V+, DePuy Synthes, Johnson & Johnson AG, Zuchwil, Switzerland) under fluoroscopic leakage control (Fig. 2G; H). The
postoperative regime included wheel-chair mobilization for 4 weeks, partial weight-bearing for further 4 weeks and limited flexion of
90°. Full weight-bearing was established 2 months after the revision operation. At 1-year follow-up she presented no grown pain. Her
activity level was measured with the New Mobility Score (NMS) [11]; she had regained the pre-trauma NMS level of 6 points (wheel
walker). Conventional radiographs showed a healed fracture, with no implant migration and no progression of osteoarthritis (Fig. 4).

Discussion

Implant cut-out remains a feared mode of failure of CMN and resultant patient morbidity [12]. Two predominant modes of failure
can be distinguished after treatment with CMN: (1) occurring through progressive varus collapse and retrotorsion of the femoral head
resulting in superior migration called “cut-out” and (2) medial perforation also called “cut-through” of the blade without loss of
fracture reduction [17–22]. One study reported that almost half of the helical blades failed by cut-through [18]. This was previously
attributed to radial compaction of cancellous bone due to blade insertion lowering the risk for cut-out and on the other hand this
same mechanism likely contributes to the risk of failure by cut-through [12,17]. In comparison, the classical mechanism of failure for
lag screws is cut-out [18]. The contact surface area for screw-design implants compared to helical-blade designs is noted to be four
times larger and consequently reduces the risk of medial migration and cut-through. The presented case shows classical cut-out as the
mode of failure (Fig. 1).

Cement augmentation of the PFN-A blade might have the potential to prevent reoperations by strengthening the osteosynthesis
construct [7]. Biomechanical studies have shown that augmentation of the femoral head yielded a significantly superior rotational

Fig. 3. Medullary cement plug after preparation by shorting and rounding proximally according to the femoral head sphericity (white arrow). The
tip of the plug was sealed using cement (black arrow).
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stability, as well as an enhanced pull-out resistance compared to the non-augmented state [23,24]. Therefore, cement augmentation
may play an important role in revision of failed helical blades by providing the needed stability. Nevertheless, cement leakage into
the hip joint must be prevented.

Various studies have evaluated factors influencing the risk of implant failure. The quality of reduction was seen as important for
mechanical stability of these fractures [28–30]. Avoiding varus reduction is a key factor to prevent mechanical complications and
even slight valgus reduction is proposed [28,31]. Furthermore, fracture reduction in the axial plane is found to be significant in
preventing mechanical complications [29]. Many authors recommend a center-center or inferior-center position of the head-neck
fixation device as the optimal position [28,32–34]. Suboptimal fracture reposition and improper placement of the helical blade could
have been the reason for failure in this patient (Fig. 1).

Previous studies have claimed that the only valid option to salvage failure of PFN-A helical blades is the conversion to THA [8].
Conversion of failed CMN to THA is technically demanding and is associated with long operation times, substantial blood loss, need
for a revision femoral component, higher risk of periprosthetic fracture and dislocation [35,36]. Consequently, nail revision to
prevent the need for THA may be considered in patients unsuitable for THA (e.g. due to severe comorbidities) and in low demand
patients.

This report has several limitations. It is a single-case report, with the associated limitations of retrospective follow-up of a single
patient. Intraoperative radiographs were carried out, using the known size of the plug, which in combination with the radio-
graphically visible inserter device allowed us to calculate the insertion depth. The plug itself, however, is not radiopaque, and a direct
intraoperative radiographic visualization of the depth was not possible. As determined in the previous technical note, sufficient filling
of the defect by use of the plug and seating of the plug was seen, as retrograde cementation back along the screw was noted and no
intraarticular cement was visualized [9]. In addition, the defect and plug were not in a region of weight bearing, and subsequent
osteoarthritis was not noted. A dislocation of the bone plug cannot be ruled out as well, but an osseous defect in the region the bone
plug was placed was not visible on radiograph, indicating that a dislocation was unlikely. A further limitation of the report is the short
follow-up of only one year after revision surgery. However larger follow-up studies presenting outcomes after the use of a CMN did
not present longer minimal follow-up periods and therefore the follow-up time of only one year seems appropriate [7,37,38]. Fur-
thermore, no evaluation regarding avascular femoral head necrosis (AVN) was performed. The risk for AVN after cement augmen-
tation of the femoral head has been discussed controversially [37,40]. Nevertheless, at one year clinical and radiological follow-up no

Fig. 4. Radiographs (A) Directly postoperative after the aforementioned revision. (B) At one-year follow-up. Fracture consolidation is visible;
neither secondary dislocation nor implant migration is visible.
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signs of AVN were apparent.
In conclusion, blade exchange, cement augmentation after sealing with a cement plug may be considered as a salvage procedure

in select cases to revise a failed fixation with a CMN.
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