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Abstract Removal of intramedullary nails often is rele-
gated to younger surgeons but may be difficult and
challenging. We describe difficulties with removal of an
incarcerated expandable femoral nail and a new technique
for retrograde mobilization of an intramedullary nail
through a small infrapatellar incision. No special device
was necessary for successful implant removal.

Level of Evidence: Level V, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Intramedullary nailing is considered by many to be the gold
standard for treating closed femoral shaft fractures in adult
patients [18, 19]. Removal of an intramedullary nail may
be performed for painful prominent hardware [18, 19],
implant failure, infection, nonunion, or in some centers as a
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routine procedure [7]. The difficulty of this procedure is
underestimated and we suspect sometimes relegated to
younger surgeons. However, in some situations, it may be
difficult and challenging even for experienced orthopaedic
surgeons.

Intact intramedullary nails usually are removed using
threaded extraction devices provided by the manufacturer.
These devices may fail as a result of several factors such as
destruction of the proximal nail threads, blocking of the
proximal nail by bony ingrowth, or breakage of the
threaded connection from the extraction bolt [23].

We describe a technique for removal of an incarcerated
expandable intramedullary femoral nail. We are unaware
of previous reports of this complication of an expandable
nail and of this new technique for nail removal.

Case Report

A 21-year-old man sustained a closed fracture of the right
femoral shaft after high-energy trauma (motorcycle acci-
dent) (Fig. 1). He underwent closed, antegrade nailing of
his right femur with a 12-mm cannulated nail. Fifteen
months after the initial trauma, radiographs in two planes
revealed a hypertrophic nonunion of the right femur and
shortening of 30 mm (Fig. 2). A two-staged procedure was
planned: treatment of the nonunion first and lengthening in
a second procedure. The nonunion was treated by implant
removal, intramedullary reaming of the shaft as much as
17 mm, and insertion of an intramedullary expandable nail
(length 400 mm, reduced diameter 12 mm, expanded
diameter 19 mm) (Fixion nail; Disco-Tech, Tel Aviv,
Israel) (Fig. 3). The expandable nail offers the advantages
of improved load-sharing and rotational control without the
need for interlocking screws and is recommended for tibial
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Fig. 1A-B A 21-year-old man had a right femoral shaft fracture in a
motorcycle accident. (A) An AP radiograph shows a displaced mid-
shaft comminuted fracture. (B) The lateral radiograph shows a mid-
shaft fracture without distal extension.

Fig. 2A-B (A) Anteroposterior and (B) lateral views show the
posttraumatic hypertrophic nonunion of the femoral shaft 15 months
after trauma.

@ Springer

and femoral nonunions to decrease the use of autogenous
bone graft [21].

After uneventful union (Fig. 3C-D), we proceeded with
removal of the Fixion nail and insertion of an intramed-
ullary skeletal kinetic distractor (ISKD) nail to address the
femoral shortening by intramedullary lengthening. In the
lateral position, the end cap of the nail was removed. The
nail then was deflated according to the manufacturer’s
instructions. The extraction device was inserted into the
proximal end of the nail until it was tightened in the nail.
Several attempts were made to extract the nail with the
slotted hammer over the extraction device. However, the
connection screw of the extraction device broke after
several strokes. The nail still was jammed in the intra-
medullary canal.

We decided to mobilize the nail through a small incision
through the knee. With the knee flexed 40°, a 3-cm long
incision was made in the midline of the patellar tendon.
Under fluoroscopic guidance, a 3-mm guide pin was
inserted in the center of the knee 10 mm anterior to
Blumensaat’s line. The pin was pushed forward to the
distal end of the nail (Fig. 4A). The reamer of a distal
femoral nail (DFN; Synthes, Umkirch, Germany) was used
to open the distal femoral medullary canal (Fig. 4B). An
extraction rod was inserted and firmly seated against the
distal part of the nail. After a few slight hammer blows, the
distal tip of the nail was deformed and the nail was
mobilized and removed through its original insertion point
(Fig. 4C-E). After removal of the expandable nail, an
osteotomy for femoral lengthening was performed and the
ISKD nail was inserted without any problems (Fig. 5).

Discussion

Many techniques have been described for removal of
broken intramedullary nails [1, 2, 5, 6, 9-13, 15, 16, 22].
However, few reports describe techniques for removal of
jammed unbroken femoral nails [4, 23, 24], and articles
describing complications [3, 15, 20] do not mention the
problem of a jammed expandable nail. To the best of our
knowledge, the technique of retrograde mobilization
through a small-incision arthrotomy has not been described
before.

The technique we describe is simple, minimally inva-
sive, and can be used for different nail types. Moreover, no
specialized or custom-made devices are needed and it can
be performed with equipment available in most orthopae-
dic operating rooms. The disadvantage of our technique is
the intraarticular working channel.

For removing intact jammed nails, universal extraction
tools may be used [24]. However, they often are not
available, especially when difficult nail removal is not
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Fig. 3A-D (A) Anteroposterior
and (B) lateral radiographs are
shown after intramedullary
reaming and implantation of an
expandable nail. (C) Anteropos-
terior and (D) lateral radiographs
show consolidation 9 months
after surgery.

Fig. 4A-E (A) A 3-mm guide
wire approaches the distal part of
the expansion nail. (B) Conse-
quently, the reamer approaches
the distal tip of the nail. (C)
Placing of the extraction rod on
the tip of the expansion nail and
mobilization of the jammed nail
by retrograde hits are shown. (D)
Retrograde removal of the nail
from the knee with slight ham-
mer blows on an extraction rod is
shown. (E) The distal tip of the
nail is shown after removal.

anticipated. As in our case, these devices still may fail to
remove implants [4]. Their use was precluded in our case
owing to blockage of the proximal opening of the nail
by the broken connection screw of the extraction bolt.
Georgiadis et al. [4] described one technique for removal
jammed nails after failure of a proximal extraction device.
In that case, a high-speed drill with a carbide metal cutting

bit was used to create a slot in the proximal end of the nail,
allowing for attachment of a hook for subsequent removal.
Their technique, however, requires large soft tissue dis-
section to expose the proximal part of the nail. Another
technique for removing a jammed intramedullary nail using
olive-tipped multiple guide wires was described by
Weinrauch and Blakemore [23]. Guide wires were passed
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Fig. SA-B (A) Anteroposterior and (B) lateral postoperative radio-
graphs are shown after insertion of the intramedullary skeletal kinetic
distractor nail.

through the proximal nail opening into the proximal lock-
ing screw holes. With the use of multigrip pliers, they were
extracted with the nail. Their technique also requires access
to the inner section of the nail, which was obstructed in our
case. Additional techniques for removing broken intra-
medullary nails include using hooks [1], a Hohmann
retractor through a working channel in the lateral femoral
cortex similar to a shoehorn (called the push-out technique)
[11], or Ender nails [13], which must be placed beyond the
distal tip of a broken nail and then hooked through the
locking holes of the nail [16]. Other techniques use sig-
moidoscopy forceps [12], distally impacted multiple guide
wires [14, 17], or custom-made devices [6]. All these
techniques were described for removal of the distal frag-
ment of a broken nail, and none could be used in our
situation with a jammed intact intramedullary nail.

The method we describe for removal of the femoral nail
is easy and requires only a reamer to open the femoral
canal through the knee through a small incision. Further-
more, this procedure may be applicable to many types of
nails and is a reasonable alternative to nonexpandable,
antegrade femoral nails that are incarcerated in a similar
manner. This technique’s disadvantage is the need to open
the knee where the entrance in the intercondylar region
must be large enough to pass the extraction rod without
causing distal femur fractures [8].

@ Springer
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