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Introduction

Pilon fractures, or fractures of the tibial plafond, range
from low- to high-energy axial-loading injuries. This rel-
atively rare injury (< 10% of lower extremity fractures)
usually occurs in adults (aged 30s to 40s) owing to a fall
from height or a motor vehicle crash [6]. Because of the
often high energy involved and the limited soft tissue
envelope that surrounds the distal tibia, these fractures
require careful attention to the soft tissue envelope for
timing and method of surgical fixation. Complications are
common after fixation, and posttraumatic arthritis occurs in
a high percentage of patients even with adequate restora-
tion of the joint surface [1].

Structure and Function

The plafond (or roof) is the distal articular and load-
bearing surface of the tibia. An axial load drives the talar
dome into the distal tibia (Fig. 1A) with the ankle posi-
tion influencing the pattern of injury (eg, dorsiflexion
tends to cause anterior injury) (Fig. 1B). The fibula,
fractured in the majority of cases, is important in under-
standing the mechanism of injury and as a reference
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during surgical fixation to help determine correct limb
length, alignment, and rotation.

The ankle is a ginglymus joint that is stabilized by
strong ligamentous connections between the distal tibia and
fibula, calcaneus, talus, and navicular. Common fracture
fragments seen in plafond fractures are defined by these
ligamentous attachments: for example, the posterolateral
(Volkmann’s), anterolateral (Chaput), and medial frag-
ments. Reduction of the articular surface after fracture is
essential to decreasing the peak contact pressures realized
in the joint and possibly decreasing the incidence of post-
traumatic osteoarthritis [5].

The soft tissue envelope around the distal tibia is thin
and constrained and the majority of the blood supply is
supported by an anastamotic network of extraosseous
vessels from the posterior tibial and anterior tibial arteries
[13]. These characteristics underscore the importance of
meticulous soft tissue management during fixation for
optimal soft tissue and bony healing.

Diagnosis and Classification

Plain radiographs, obtained at the time of injury and after
provisional reduction, and a CT scan after initial stabil-
ization, are essential to fully understand the fracture and
form an adequate preoperative plan. The soft tissues should
be inspected carefully; substantial swelling, soft tissue
damage, and open injuries are common.

The Riiedi and Allgower classification system [11] is
based on the degree of articular comminution. Type I
fractures are nondisplaced cleavage fractures. Type II
fractures have displacement of the fracture fragments but
there is minimal comminution. Finally, Type III fractures
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Fig. 1A-D (A) AP and (B) lat-
eral radiographs show a commi-
nuted intraarticular pilon fracture
with concurrent fibular fracture
and valgus malalignment. (C)
AP and (D) lateral radiographs
after open reduction and internal
fixation with correction of limb
alignment show near anatomic
restoration of the articular
surface.

t\\

are those with a high degree of comminution and dis-
placement. Although there are only three categories of
fractures, there is low interobserver reliability and debate
still exists regarding whether the system has prognostic
value [7].

The AO/OTA classification system is an alternative way
to describe fractures of the distal tibia [13]. The distal tibia
is designated in the system as 43; the tibia being designated
as 4 and the distal aspect designated as 3. The system then
describes fractures as type A, which are nonarticular
fractures; type B, which are partial articular; and type C,
which are total articular fractures. In each category, the
fracture then is broken into three groups based on the
degree of comminution, and then each group is broken
again into three subgroups based on different characteris-
tics of the fracture pattern or lines [8]. Despite being a
thorough and possibly guiding treatment and prognosis, the
system has inadequate observer reliability beyond the basic
categories of type A, B, or C [14].

Treatment

Nonoperative management, such as cast immobilization,
is reserved only for nondisplaced articular fractures,
patients who have surgical contraindications because of
medical comorbidities, or patients with low demand such
as those who are nonambulatory. Definitive use of exter-
nal fixation, without articular reduction or fixation, has
been used in highly comminuted or open pilon fractures to
maintain length, alignment, and rotation [2]. The indica-
tions for open reduction and internal fixation include
inability to achieve or maintain adequate limb alignment
and/or articular reduction. There are no strict guidelines
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regarding the amount of articular step-off which can be
tolerated, but as a general rule, if incongruity can be seen
on plain radiographs, operative intervention should be
considered. Two major challenges for fixation in displaced
fractures include restoration of the articular surface and
preservation of the soft tissue envelope to optimize
osseous healing. Fractures often are treated in two stages
with initial external fixator application followed by
definitive fixation at a later time (10 to 14 days or later)
[12].

Once the soft tissue edema and swelling have resolved
around the extremity, operative intervention can take place.
This can be determined subjectively by evaluating the soft
tissues and/or checking whether the skin around the zone of
injury can wrinkle. The distal tibia can be approached
through different surgical intervals and which surgical
exposure is used often depends on an open wound, residual
fracture blister, or the location of key fracture fragments.
The anteromedial, anterolateral, anterior, lateral, postero-
medial, and posterolateral approaches have been described
[9]. There is no single surgical technique for fractures of
the tibial plafond but step-wise reduction of fracture frag-
ments (including attempted restoration of the joint surface)
with wires or pins, followed by stable internal fixation is
typical. For unstable fracture patterns, plates often are
applied to the fibula and tibia (sometimes in multiples) in a
direct or indirect (submuscular) fashion.

In achieving fixation goals, observation and reduction of
the articular surface (Fig. 1C-D) and minimization of soft
tissue trauma are of utmost importance. Bone graft should
be used to fill osseous voids during fracture fixation to
substitute for bone loss [13]. In select instances where
comminution makes articular reconstruction untenable,
primary ankle fusion can be considered [3].
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Outcomes

The outcomes of surgically treated pilon fractures fre-
quently depend on the associated injury to, and
management of, the soft tissues surrounding the injury and
accuracy of the articular reduction. Pollak et al. reported in
their retrospective study of patients who had sustained
fractures of the tibial plafond, after 3 years, more than 3
of all patients had substantial ankle stiffness and pain, with
more than Y4 reporting persistent swelling [10]. Rates of
delayed union and nonunion increase with fracture severity
and soft tissue injury, especially open fractures, but are
quoted to be near 5% for all intraarticular distal tibia
fractures [6]. An intact fibula can lead to varus malunion
after fixation of complete articular plafond fractures. Late
stiffness may be related to osteophyte formation, arthrofi-
brosis, or pain. A correlation exists between the severity of
the fracture, the development of arthritis, and an overall
outcome [4].

Pearls

(1) Respect the soft tissues: do not operate too early or
through compromised skin (open injury, blisters,
ecchymotic/attenuated tissue, tight swelling);
instead maintain length, alignment, and rotation
with an external fixator; practice meticulous sur-
gical technique and minimize surgical trauma to
the soft tissue envelope.

(2) Understand the fracture completely before plan-
ning surgery (obtain adequate radiographs, CT
scan, and radiographs of the uninjured limb as
needed).

(3) Restoration of the articular surface and reestab-
lishing its relationship to the tibial shaft is a
primary goal of treatment.

(4) For highly comminuted injuries with unrecon-
structable articular surface, primary ankle fusion
is an alternative to ORIF.

(5) Postoperative pain, swelling, and stiffness are the
most common sequelae of high-energy tibial pla-
fond injuries and seen in nearly V3 of all patients.
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