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Abstract
Introduction Failure of proximal femoral fracture managed by
proximal femoral nail (PFN) leads to a very difficult situation
to handle with conventional techniques, and reversed distal
femoral locking compression plate (DF-LCP) is of great benefit in these selective cases.
Methods Twelve patients with ununited proximal femoral
fractures including subtrochanteric fractures with a failed
PFN implant were included in the study. All patients with
periprosthetic fractures and fractures treated by implants other
than PFN were excluded from this study.
Result All fractures went into union in an average time of
nine months and 15 days with no implant failures. The mean
time of re-osteosynthesis after the primary index surgery of
PFN was one year eight months. Mean surgical time of reosteosynthesis was 110 minutes, and average blood loss during surgery was 550 ml.
Discussion The PFM is one of the most commonly used implant for unstable proximal femur fractures. The use of PFN is
technically demanding and is associated with high failure
rates. Although dynamic compression screw (DCS), proximal
femoral locking plate (PF-LCP) and other implants can be
used in these failed situations, they are associated with a high
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complication rate. The reversed DF-LCP is a rescue implant
for these complex situations. Apart from anatomical and biomechanical advantages, there are several other clinical benefits of using DF-LCP.
Conclusion We conclude that DF-LCP is a potential and safe
implant of choice for the management of nonunion associated
with failed PFN. It may be considered an implant of choice as
rescue from such a complex situation. It offers several anatomical, biomechanical and clinical advantages over other
available conventional implants.
Keywords Nonunion fracture . Proximal femur . Distal
femoral locking plate . Re-osteosynthesis

Introduction
Despite the advancement of several fixation devices, treatment of unstable pertrochanteric fractures and subtrochanteric
fractures of the femur remains a challenge [1]. Until the introduction of intramedullary nails (IM), these unstable
pertrochanteric fractures were mostly treated with a sliding
hip screw system, which was associated with high failure rates
[2, 3]. To overcome the problems associated with the sliding
hip screw fixation system, the proximal femoral nail (PFN)
was introduced in 1997 by AO/ASIF [4, 5]. It combined the
features of a femoral IM with hip screws to provide rotational
stability of the proximal fracture fragment along with locking
at the distal end. However, the use of PFN is technically demanding, and the margin of error is low. Failure to achieve
precise reduction of fractured fragments and faulty insertion of
this nail is often responsible for the failure of osteosynthesis
[6] and non-union. It leaves behind a complex situation to deal
with due to the disturbed anatomy of the proximal femur and
poor bone stock left for fracture fixation by other implants
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during re-osteosynthesis. Conventional implants used for
proximal femoral fracture fixation, such as the dynamic hip
screw (DHS), dynamic condylar screw (DCS), PFN, 950°angle blade plate etc., may not be able to fix these complex
and ununited fractures. Hence, there is a need to devise a
suitable implant to address this complex situation after a failed
PFN. The proximal femoral locking compression plate (AO,
Synthes) was introduced recently to deal with such fractures
and failed conditions but has been reported to be associated
with varus collapse of the fracture and screw breakage due to
high axial bending forces, with its high failure rate of up to
27 % [7]. We present our experience with reversed anatomical
distal femoral locking compression plate (DF-LCP) for unstable and ununited proximal femur fracture following a failed
PFN.

Materials and methods
We had operated upon 12 patients who had a failed PFN and
ununited fractures using a reverse DF-LCP (i.e. a right-side
plate for a left proximal femoral fracture) classified using the
AO/ASIF system [8]. We only included patients with ununited
proximal femoral fractures (A2.2 –A3.3), including
subtrochanteric fractures with a failed PFN implant. All patients with periprosthetic fractures and fractures treated with
implants other than PFN were excluded. Patients were primarily assessed clinically and radiologically for limb shortening,
fracture union and implant failure.

Fig. 1 Anatomical positioning of distal femoral locking compression
plate (DF-LCP) in a reverse pattern over proximal femur (front and lateral
views)

long plate was used in all cases to allow at least eight to ten
cortices to be fixed distal to the fracture.
These patients were mobilised non-weight bearing using
walking aids (crutches, frame, walker) two days postoperatively after removal of drains from the surgical site.
Hip and knee movements were allowed and encouraged.
Weight bearing was gradually increased depending upon
union progression on serial radiographs during follow-up,
which lasted until a sound union was achieved on radiographs.

Surgical technique
Surgery was performed with the patient in either a lateral
decubitus or a supine position on a traction table. In lateral
decubitus, anteroposterior (AP) view was taken by rotating the
C-arm at 90° and the lateral view by both gently rotating the
hip and adjusting the C-arm; in the supine position, the C-arm
was position in between the two limbs [9]. The failed or broken implants were first removed (distal and proximal screws
and then the nail) and the ununited proximal femoral fracture
was freshened up and fixed using a reverse DF-LCP. In three
cases, varus deformity of the proximal fragment was corrected
using a Schanz pin in the femoral neck as a Bjoystick^ [10].
We used a DF-LCP in a reversed position to fix the proximal
femoral fracture fragments (Fig. 1) employing a minimally
invasive technique, which allowed extra periosteal introduction with minimal damage to soft tissues. The broad end of the
plate allowed a sufficient number of 5-mm locking screws to
be placed in the proximal femoral fragment in order to optimise adequate fixation. The shaft of the plate allowed fixation
with both locking and nonlocking cortical screws, which provided the flexibility to achieve plate-to-bone opposition as
well as axial compression or angular stability. A sufficiently

Results
There 12 patients (seven men, five women) with an average
age of 64.6 (range 37–85) years. Mean time of reosteosynthesis after the primary index surgery of PFN was
one year three months to two years nine months (average
1 year 8 months). All 12 cases had established nonunion of
their fractures (Table 1) with implant failure (loosening, breakage, screw cutout) of PFN (Table 2). Mean surgical time of reosteosynthesis was 110 (range 90–150) min. In all patients,
fracture fragments were first freshened and then fixed with a
reversed DF-LCP after proper reduction of the fracture fragments. Corticocancellous bone grafts from the contralateral iliac
crest were harvested simultaneously by another surgical team
and used at the fracture site in all cases. Stability and implant
positioning of the construct was checked intra-operatively using
an image intensifier and checked post-operatively by X-ray
(Figs. 2 and 3). Average blood loss during surgery was
550 (range 320–870) ml. No postoperative splinting was required in any of these cases. The average duration of followup was 13 months 41 days (range 12–23 months). We achieved
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Table 2 Patterns of
proximal femoral nail
failure

Pattern of failure

No. cases

1) Screw cutout
a) Z effect

7
5

b) Reverse Z effect
2) Broken screw
3) Broken nail

2
3
2

union in all cases with a mean time to radiographic union of
nine months and 15 days (7–14 months) (Figs. 4 and 5). None
of the DF-LCP implants showed failure on follow-up radiographs. Femoral shortening was improved from an average
of 4.4 (range 3.2–6.5) cm preoperatively to 1.9 (range 1.3–
5.1) cm post-operatively. No neurovascular complications
were observed after the surgical procedure. One case had
wound dehiscence and minor surgical-site infection, which
was managed successfully by wound debridement and secondary suturing.

Discussion
Unstable pertrochanteric and subtrochanteric fractures are
often seen in geriatric individuals due to the high prevalence of osteoporosis in this age group [11], whereas in
younger patients, this type of injury is usually caused by
high-energy trauma. Fixation of these fractures can be
achieved with various modalities, such as PFN, DCS and
90°-angle blade plate [12], but these methods are often
associated with complications such as nonunion, shortening, varus collapse, loss of fixation, implant loosening and

Fig. 2 Anteroposterior (AP) and lateral radiographs of case 4 showing
broken proximal femoral nail (PFN) at the subtrochanteric region, with
nonunion of the fracture site

Fig. 3 Thirteen months post-operative anteroposterior (AP) and lateral
radiographs of case 4 showing union of subtrochanteric fracture treated
with reversed DF-LCP and bone graft

implant breakage. Fixation failure and nonunion in
subtrochanteric fractures are typically high and are reported with an incidence of up to 28 % [13]. This is common
due to various factors, such as weak, osteoporotic bone,
thick cortical bone with scarce blood supply in the
subtrochanteric region and biomechanical factors such as
high varus stress on weight bearing at the fracture site,
which ultimately lead to implant breakage and nonunion.
Surgical factors such as poor reduction, wrong nail-entry
site and improper positioning of screws leads to screw
breakage; screw backout and varus collapse also contribute
to failure [14, 15].
One of the most commonly used implants for unstable
proximal femur fractures is PFN, which allow rotational stability of the proximal fracture fragment through proximal neck
screws. However, use of the PFN is technically demanding
and requires high technical expertise, precise reduction, correct entry site, proper positioning of neck screws, failure of
which may lead to deficient osteosynthesis and nonunion. The
various studies have reported high re-operation rate of 4 % to
28 % with PFN done primarily in unstable proximal femur
fractures [16]. In our experience the complication rate of PFN
done primarily in unstable proximal femur fractures is approximately 10 % and DF-LCP has turned out to be a good option
in these failed cases. In our study, we found three main pattern
of failure of PFN (Figs. 6 and 7) in the form of neck-screw
cutout (lateral migration of proximal screws) due to the BZ^
[17] or reverse BZ^ effect, broken nail in subtrochanteric region and broken neck screws (Table 2). Cutout of the neck
screw or lateral migration of the proximal screw shows a BZ^
effect phenomenon in which the superior screw penetrates the
femoral head or pelvis while the inferior screw migrates
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Fig. 4 Anteroposterior (AP) and
lateral radiographs of case 1
showing failed proximal femoral
nail (PFN) with lateral
displacement of proximal screws,
varus collapse and nonunion at
both proximal and distal fracture
sites

laterally, which leads to varus collapse of the fracture [18].
The reverse BZ^ effect phenomenon occurs due to lateral sliding of the superior screw while the inferior screw remain impacted to the nail [4].
Causes of nonunion could be due to interfragmentary motion due to failure of rigid fixation, interposition of fibrous
tissue at the fracture site, malposition of bony fragments by
inappropriate reduction or fracture comminution [19]. A variety of implants has been used to fix proximal femoral nonunion. The DCS is a good alternative for failed pertrochanteric
fractures but requires considerable technical expertise and
leads to hampered periosteal blood supply due to excessive
stripping in an already failed fracture with poor biological
environment and bone stock [20]. The proximal femoral
LCP (PF-LCP; AO Synthes) was introduced recently to deal
with such fractures and failed conditions. It is, however, associated with varus collapse of the fracture and screw breakage
due to high axial bending forces. Lee et al. reported a high PFLCP failure rate of up to 27 %, with screw loosening being
most common in their study of 26 cases [7].

Fig. 5 Twelve months’
post-operative anteroposterior
(AP) and lateral radiograph of
case 1 showing fracture union
with good callus

We have had good outcomes after using reversed DF-LCP
for complex proximal femoral fractures with failed PFN and
nonunion. Some studies have shown that IMs have limitations
in managing fractures types more severe than 31A2.2 [21, 22].
In these cases, a reversed DF-LCP plate was successfully
used. In our experience, severe lateral wall comminution is
one of the main indication for using a DF-LCP as a primary
mode of fixation. A large displaced greater trochanteric fragment may be considered a relative indication due to difficulty
in finding the correct entry point if a PFN is being used. In this
study, we achieved union in all 12 ununited fractures with the
use of reversed DF-LCP and bone grafting. Furthermore, stability of this construct allowed better rehabilitation, appropriate correction of limb-length discrepancy and minimal complications. This partial restoration of length was achieved by
correcting varus deformity at the fracture site.
We believe that the DF-LCP is anatomically suitable for the
proximal femur using a plate from the contralateral side in a
reverse pattern [23]. The head of the plate consists of five
threaded 5.0-mm peripheral screw holes that accept locking
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Fig. 6 Broken neck screws of the
proximal femoral nail (PFN)
(case 3); screw cutout (BZ^ effect)
(case 1)

screws. The central 7.3-mm screw has an angle of 95° to the
plate shaft. The shaft has Combi holes that combine a dynamic
compression unit (DCU) hole with a locking screw hole,
allowing insertion of standard bicortical screws or a locked
screw. Studies have shown that DF-LCP bears more maximal
axial load than the DCS by 34 % and of an IM by 13 %, thus
advocating its biomechanical advantage. Apart from anatomical and biomechanical advantages, there are several other
clinical benefits of using DF-LCP (Table 3) for proximal femoral nonunion, especially after a failed PFN. It has the advantage of multiple screw purchase in the proximal femur and
permits the use of minimally invasive surgical techniques in
selected cases. Moreover, it is easily available in all setups and
can be fixed to the proximal femur even with the retained
femoral implant. The locking system of plate and screws improves the stability of construct in an osteoporotic bone that
allows early rehabilitation. DF-LCP can be used for

periprosthetic fractures of the hip, as well. It causes less damage to the traumatised bone and soft tissue after failed PFN
and is relatively affordable compared with other implants.
Based on our experience and good outcomes, we propose
that DF-LCP is a safe as a potential implant of choice for
managing nonunion associated with failed PFN. It may be
considered an rescue implant of choice in such a complex
situation. We are, however, aware that a DF-LCP was not
designed for use in proximal femoral fractures. We had used
it in selected cases, since it adapts so well to the contour of the
proximal femur and provides excellent fixation of complex
fractures where other implants are not feasible. Further clinical
and biomechanical studies are required to advocate its routine
use for all proximal femoral fractures. We believe that due to
the background of success using implant, more dedicated implants for fixation of complex fractures of the proximal femur
will be available in the near future.
Table 3 Clinical advantages of the reversed distal femoral locking
compression plate (DF-LCP)
Serial no. Advantages of reverse DF-LCP in failed proximal femoral
fractures after proximal femoral nail
1
2
3

Easy availability in all setups
Multiple screw fixations in proximal femur
Permits the use of minimally invasive surgical techniques

4

Can be fixed to proximal femur even with retained implant in
the femur
Provide a stable construct which allow early rehabilitation
Can be used in periprosthetic fractures of the hip
Cost effective
Locking system of plate and screws improves stability of
construct in osteoporotic bone
Less damage to traumatised bone and soft tissue after failed
PFN

5
6
7
8
Fig. 7 Anteroposterior (AP) radiograph of cases 3 and 1 showing
fracture fixation with a reversed distal femoral locking compression plate
(DF-LCP) 12 months post-operatively
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