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Abstract We present two patients with open pilon
fractures with large bone defects treated successfully with
fibular strut allografts. The patients were initially treated by
massive irrigation, wound debridement, and temporary
external fixation. After complete wound healing, the bone
defects were managed. Because autologous iliac crest or
fibular bone grafts were impossible to be harvested due to
multiple fractures, the bone defects were reconstructed with
fibular strut allografts. Fixation was performed with a peri-
articular distal tibia locking plate. At 2 months postopera-
tively, the patients ambulated with partial weight-bearing;
at 6 months, they had full range of motion of the ankle joint
and full weight-bearing.

Keywords Pilon fracture - Large segmental bone defect -
Fibular strut allograft - Locking plate

Introduction

Several treatment modalities, such as bone grafting, vascu-
larized local or free bone transfer, and distraction osteogen-
esis, have been recently used for large segmental bone
defects of the tibia [1-8]. Although satisfactory results have
been reported with these techniques, a limitation of joint
motion due to long-term immobilization and non—-weight
bearing due to weak grafts are problems [4, 6]. Also, when
autogenous iliac bone graft and fibular bone grafts are
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impossible due to multiple fractures, there are few treat-
ment options for large segmental bone defect.

We present two patients with open pilon fractures with
large bone defects treated successfully with fibular strut
allografts. The patients were initially treated by massive
irrigation, wound debridement, and temporary external
fixation. After complete wound healing, the bone defects
were managed. Because autologous iliac crest or fibular
bone grafts were impossible to be harvested due to multiple
fractures, the bone defects were reconstructed with fibular
strut allografts. Fixation was performed with a periarticular
distal tibia locking plate. At 2 months postoperatively, the
patients ambulated with partial weight-bearing; at
6 months, they had full range of motion of the ankle joint
and full weight-bearing.

Case reports
Case report 1

A 40-year-old woman with schizophrenia attempted suicide
by falling from the 4th floor of a building. She had multiple
fractures involving the calcaneus bilaterally, spine, and the
right distal tibia and fibula. Plain radiographs of the right
ankle showed a Gustilo—Anderson type IIIA open pilon
fracture with a large segmental bone defect approximately
10 cm in size at the distal tibia (Fig. 1). Because neurologic
symptoms resulted from the spine fracture, the patient had
to undergo an emergency spine operation. Massive irriga-
tion and wide debridement of the right leg were performed
at the same time. For the length and stability of the right
leg, which was shortened by a large segmental bone defect,
open reduction and internal fixation (ORIF) in the fibula
were performed using a 1/3 tubular plate. And an Ilizarov
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Fig. 1 Plain radiograph and three-dimensional computed tomogram show a highly comminuted pilon fracture with large metaphyseal bone defect

Fig. 2 ORIF of the fracture of
the fibula and application of a
spanning external fixator

external fixator was applied to the right distal tibia (Fig. 2).
In so doing, we maintained the length and stability of the
leg.

To manage the large segmental bone defect, we decided
to use a fibular strut allograft because massive iliac bone
graft or autogenic fibular bone graft was impossible due to
multiple fractures. Because the allograft is very vulnerable
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to infection, we delayed the operation after complete
wound healing and normalized laboratory findings, such as
the erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) level. Minor debridement was performed
under local anesthesia due to mild serous discharge from
open wound site. The wound was completely healed after
4 weeks. Then, the external fixator was removed, and we
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Fig. 3 Intraoperative photograph after reconstruction of the defect using an intramedullary fibular strut allograft and ORIF using a periarticular

distal tibia locking plate

performed ORIF using fibular strut allograft. First, the large
segmental defect was exposed via an anterior approach.
Second, the fibular strut allograft was impacted to the med-
ullary canal of the tibia. Then, the fixation was performed
using a periarticular distal tibia locking plate (Synthes®,
Switzerland). Finally, the iliac auto-bone and calcium sul-
fate (bone substitute) were added to enhance bone union
(Fig. 3). We obtained the normal alignment and rigid fixa-
tion postoperatively (Fig. 4).

The patient was encouraged to do active ankle motion
with non-weight bearing for accelerating rehabilitation
immediately after ORIF. One month later, the patient was
discharged without wound problems. From 2 months after
ORIF, the patient started partial weight-bearing ambula-
tion. Four months thereafter, the patient could ambulate
without any assistance and had a full range of ankle motion.
At the 2-year follow-up, the patient ambulated well without
specific problems (Fig. 5).

Case report 2

A 41-year-old woman had a fall injury from the 5th floor.
Plain radiographs showed multiple fractures involving the
pelvis and sacrum, shaft of femur and humerus, L2 verte-
bra, and both ankles. Plain radiograph of the left ankle
showed a Gustilo—Anderson type IIIA open pilon fracture
with a large bone defect approximately 7 cm in size at the
distal tibia (Fig. 6). To manage the multiple fractures, a
sacroiliac screw and a pelvic external fixator were

Fig. 4 The pilon fracture treated with a fibular strut allograft and a
periarticular locking plate. Postoperative radiograph shows normal
alignment and rigid fixation

performed for the pelvis fracture. Closed reduction and
nailing was performed for the left femur. An external fixa-
tor was temporarily performed for the left humerus and
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Fig. 5 At the 2-year follow-up, plain radiographs show bone healing
and good alignment

both ankle. For the left ankle, irrigation and debridement
were performed and then a monofixator was applied tempo-
rarily (Fig. 7).

Two weeks later, the open wound was completely healed
without infection. The external fixator was removed, and
then the bone defect was reconstructed using a fibular strut
allograft and ORIF. A fibula strut allograft was inserted in
the medullary canal, and a periarticular distal tibia locking
plate (Synthes®, Switzerland) was applied. A bone substi-
tute was not used, and only an iliac autograft was per-
formed. The patient was also encouraged to do active ankle
motion with non-weight bearing. There was no wound
problem, and she was able to do partial weight-bearing
ambulation at 8 weeks postoperatively, after which the
patient was discharged. At the 12-month follow-up, the
patient was found to ambulate well without specific prob-
lems (Fig. 8).

Discussion
Because most pilon fractures are caused by high-energy
trauma, the pattern of fractures is complex and the adjacent

soft tissues are damaged. Therefore, the treatment out-
comes are often not satisfactory, and complications such as
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Fig. 6 The plain radiograph shows a highly comminuted pilon frac-
ture with a large bone defect

Y/ 4

Fig. 7 Application of a spanning external fixator
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Fig. 8 At the 12-month follow-up, plain radiographs show bone healing and good alignment. The patient was full weight-bearing

infections remain significant [9, 10]. Also, pilon fractures
should obtain accurate reduction due to invading the articu-
lar surface. Accordingly, the pilon fracture is difficult to be
properly treated. In most cases, pilon fractures are associ-
ated with bone defects. In cases of a small-sized defect, the
treatment can only be an iliac bone graft. However, the
management of pilon fractures with large bone defects is
challenging. Several methods have been used to manage
these defects. In recent years, methods such as bone graft-
ing, vascularized local or free bone transfer, and distraction
osteogenesis have been frequently used. In particular, the
free vascularized osteocutaneous fibula graft is helpful for
obtaining a sufficient length of the grafted bones [11]. With
a synchronous transplantation of soft tissues, such as skin
and muscle, one-stage surgery can resolve the defects of
soft tissue. There are advantages to these techniques, and
satisfactory treatment outcomes can be obtained with them.
However, there are disadvantages such as the fatigue frac-
ture of the grafted tibia, complete and incomplete necrosis
of a flap, morbidity of the donor site, and functional deficits
due to long-term immobilization (e.g., ankle ROM limita-
tion) [11-14]. In addition, most cases of pilon fractures
resulted from fall injury are accompanied by fractures in
the pelvis and fibula. Thus, we cannot use autogenic iliac
bones and fibulas for large segmental bone defects. There-
fore, in cases of pilon fractures with large segment bone
defects accompanied by multiple fractures, we suggest that
the use of fibular strut allograft could be a good treatment
of choice.

A structural allograft has previously been used for a
bone defect, but it has mainly been used for tumors or for
revision surgery of total joint replacements [2]. In 1995,
Chmell et al. [2] used a structural allograft for a large seg-
mental defect >10 cm in size. But, a structural allograft has
been used as an end-stage method for limb salvage of the
femur or proximal tibia. As shown in our cases, there were
no cases in which initial management was performed for
the pilon fracture. Besides, this method does not sacrifice
the fibula. We obtained rigid fixation using a periarticular
distal tibia locking plate after impaction of the fibular strut
allograft. This procedure is effective for patients to perform
early articular movement and weight-bearing, and it might
be effective for achieving earlier rehabilitation. Also, in our
cases, partial weight-bearing ambulation was performed at
the 2nd postoperative month. Approximately 6 months
later, almost all normal function was recovered. In particu-
lar, the distal tibia is a region in which a great deal of force
is concentrated per unit area. Rigid fixation was obtained
using a fibular strut allograft, by which the weight-bearing
could be done at earlier times. A recent study reported that
a long segmental defect was treated with a cylinder mesh
cage [15]. However, that defect was in the humerus, which
is not a weight-bearing bone. A good result was also
reported for the simultaneous treatment of tibia and soft tis-
sue defects with the Ilizarov method [16], but weight-bear-
ing was much delayed in that case.

We aimed for the second-staged surgery with the fibular
allograft and ORIF when complete wound healing without
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infection was obtained, because an allograft is very vulner-
able to infection; we could treat successfully without infec-
tions.

When treating a open pilon fracture in which there is an
extension of the fracture to the tibial diaphysis along with a
large segmental bone defect >7 cm in size and there is the
concurrent presence of fibular or pelvic fractures (which
rules out bone grafting from these sites), fibular strut allo-
grafts and ORIF using periarticular distal tibia locking
plates are effective reconstruction options.
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