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Abstract

Introduction: Pilon fractures, or tibial pilon fractures, are typically injuries
caused by axial loading that results in a fracture across the articular surface
of the distal tibia. This article aims to provide an overview of the treatment
of tibial pilon fractures.

Search strategy: A systematic literature search with terms such as
"treatment of pilon fracture," "plafond fracture treatment," "distal tibial
fracture treatment”.

Development: Two factors must be considered for treatment: decreased
circulation in the tibia and a thin soft tissue envelope in the distal tibial region.
Conservative treatment approaches do not yield good results. Surgical
treatment planning requires consideration of several factors: the timing of the
surgery, surgical incisions spaced 6-7 cm apart, a four-column classification
system, and the general principles recommended by Riiedi with a staged
protocol. Two treatments are available: open reduction and internal fixation,
and external fixation with joint reconstruction using minimal internal
fixation.

Conclusions: Tibial pilon fractures present a significant challenge.
Preoperative planning is crucial for successful treatment, requiring a
thorough preoperative plan, stable anatomical alignment of the articular
surface and metaphyseal/diaphyseal fractures, careful soft tissue management
and appropriate management of complications.
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Infroduction:

Tibial fractures are the most common lower extremity trauma fractures, with
fractures of the distal tibial plafond, also referred to as the tibial pilon,
accounting for approximately 5-7% of those fractures.! Similar to malleolar
fractures in the ankle, the distal tibia has a relatively thin soft tissue sheath
prone to injury in high-energy trauma. These injuries are associated with
significant swelling of these tissues and, therefore, often require initial
external fixation due to collateral damage to these structures.?

They are relatively infrequent traumatic injuries of the lower extremity.
They generally occur with high-energy trauma, making them one of the most
serious and debilitating injuries in this region of the body.

Pilon fractures present a notable management challenge due to their
frequent association with fracture comminution and soft tissue injury,
increasing the risk of wound dehiscence, infection, and nonunion.

The treatment of distal intra-articular fractures of the tibia has evolved in the
last century.
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Previously, due to the scarcity of available implants and poor
results with surgical treatment, these fractures were defined as
inoperable, and conservative measures were advocated.* In an
effort to improve patient outcomes by reducing immobilization
time, Learch decided to use open reduction and internal fixation of
the fibula and conservative treatment of the tibia.5 Subsequently,
Rouff and Zinder advocated open internal fixation of the fibula and
minimal internal fixation of the tibial fragments.® Some authors,
such as Witt, Weber, Cox and Laxon, and Miiller, proposed
performing tibiotalar arthrodesis as a first step for comminuted
fractures, given the poor functional results obtained.”!?

In the late 1950s and early 1960s, with the emergence of the AO,
general principles for the treatment of intra-articular fractures of
the distal tibia were developed.!! With the application of these
treatment principles, success was achieved; therapeutic treatment
of'tibial pilon fractures, especially in injuries caused by low-energy
trauma or in patients with minimal soft tissue involvement.!!-15
The results, when these same principles were applied to fractures
from high-energy trauma in which the soft tissues were severely
affected, were not similar.%1¢1° The high number of complications
associated with the surgical treatment of these fractures caused by
high-energy mechanisms made the need to develop other
therapeutic guidelines obvious in the late 1980s. Another
osteosynthesis system, previously advocated, was revived: external
fixation with or without limited internal fixation, implanted
percutaneously.>?® The use of external fixation resulted in a
decrease in complications associated with open reduction and
internal fixation, and it quickly gained popularity among
orthopedic surgeons.?’?* However, one of the problems with
treating tibial pilon fractures with external fixators is the difficulty
in achieving excellent reduction of the damaged articular surface,
which logically impacts long and medium-term clinical outcomes.
Despite advances, tibial pilon fractures continue to present a high
risk of complications, making them a challenge for orthopedic
surgeons.2526

Currently, the treatment of tibial pilon fractures secondary to high-
energy trauma remains a controversial topic. Most authors agree
that the surgical treatment of these injuries should be tailored to the
degree of soft tissue damage, the fracture pattern (fracture
characteristics), and the surgeon's experience, although the
condition of the surrounding soft tissues ultimately determines the
most appropriate treatment.

The purpose of this article is to provide an overview of the
treatment of tibial pilon fractures.

Search strategy and selection criteria

A systematic literature search was performed across PubMed,
Scopus, Google Scholar, Elsevier and Web of Science. The search
was restricted to studies published between 2013-2025. Articles
accessible freely or through the Clinical key and Hinari services
were also reviewed.

Keywords and medical subject headings related to pilon fractures,
including terms such as "pilon fracture," "plafond fracture,"
"distal tibial fracture”. A number of articles were selected that
make the necessary requirements to support this review. Articles
were added that are more than ten years old, but that are key to the
topic. We excluded papers because they were duplicates or the
source data was insufficient. Power Point presentations were
discarded.

Development
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Most tibial pilon fractures result from high-energy trauma, making
them highly complex injuries. They are frequently associated with
soft tissue injuries such as wounds, abrasions, or friction burns,
leading to significant controversy in treatment decisions and the
challenge of determining the correct surgical approach.? The axial
mechanism in pilon fractures is often combined with shear,
rotation, and flexion forces, depending on the foot's position at the
time of impact. This results in a wide variety of fracture patterns,
with variable fibular involvement. In addition to these complex
forces, the different energy levels applied to the bone can cause
significant damage to the ankle articular surface.?’

To determine the treatment for tibial pilon fractures, it is important
to understand two fundamental factors present in the distal third of
the leg: the marked decrease in tibial circulation at this level and
the thin soft tissue sheath surrounding this distal tibial region. Both
factors determine the optimal timing for open surgery, as well as
the surgical approach to be employed.?®

For a long time, due to the characteristics of these fractures already
described, a conservative treatment approach was proposed, using
closed reduction, sometimes accompanied by percutaneous
fixation of some fragments and prolonged immobilization of three
or four months. The success of tibial pilon fracture treatment
following these recommendations was achieved primarily in
injuries caused by low-energy trauma or in patients with minimal
soft tissue involvement.!"'® Unfortunately, identical results were
not obtained when these same principles were applied to fractures
caused by high-energy trauma, in which the soft tissues were
severely affected.!6-!

With this treatment approach, the results obtained were not good,
due to the inability to anatomically reconstruct the articular surface
and the resulting ankle stiffness due to prolonged immobilization;
This was frequently associated with soft tissue damage, also related
to immobilization. Poor outcomes were also linked to high rates of
infection and other surgical site complications.!”!® Furthermore,
loss of reduction is quite common with this method.

Conservative treatment of tibial pilon fractures should be reserved
for nondisplaced fractures and for patients with comorbidities who
therefore have a poor surgical prognosis. Fracture distraction using
calcaneal skeletal traction can achieve satisfactory alignment if the
central portion of the articular surface is not impacted. This
technique allows direct access to the soft tissues, reduces
inflammation by elevating the limb, and can be combined with
joint rehabilitation. Managing the fracture with calcaneal traction
alone requires the patient to remain in bed until bone healing,
typically a minimum of 6 weeks.?’

Similarly, skeletal traction via the calcaneus can be used as initial
damage control in fractures requiring surgical intervention, but
where surgery must be postponed due to the condition of the soft
tissues. The ligamentotaxis effect of traction can achieve
provisional reduction, maintaining leg length and treating soft
tissue injuries until surgery can be safely performed.?’

For surgical treatment planning, it is essential to consider several
factors that are crucial for achieving good results:3°

- The condition of soft tissue coverage, which determines the
timing of surgery and the possible location of the approach(s) to be
used.

Most authors recommend that the timing of surgery be determined
by the reduction of inflammation, with palpable bony prominences,
the presence of skin folds (wrinkle sign), and, above all, the
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absence of hemorrhagic blisters. Simple fractures with minimal
soft tissue involvement can be definitively stabilized within the
first 6-8 hours. For other closed fractures, this intervention is
preferably deferred until the soft tissues allow it (7 to 10 days), and
another treatment should be implemented (external fixator,
calcaneal traction). In fractures with significant soft tissue
involvement, the surgical approach may be limited; in these cases,
external fixation is considered an appropriate temporary treatment
until re-epithelialization occurs.

When several surgical incisions are required, they should be made
6-7 cm apart.

- Accurate determination of the articular and non-articular
fragments requiring reduction as anatomically as possible; for this,
radiographic studies and computed tomography are essential. This
includes the type of osteosynthesis to be used to achieve this
reduction (Key fragments? Screws-plates-position?).

- The need to provide bone grafts; to guarantee proper
biomechanical stability and thus consolidation.

A system based on the anatomical characteristics of the ankle joint
has been proposed. This system uses a four-column classification,
dividing the segments along the intermalleolar line:3!

-Lateral column: distal fibula

-Medial column: medial third of the tibial plateau with the distal
tibial diaphysis

-Anterior column: portion anterior to the intermalleolar line
-Posterior column: posterior segment of the intermalleolar line with
the distal tibial diaphysis

This classification not only allows for the identification of
anatomical zones and articular columns to plan approaches more
precisely, but is also important for protecting soft tissues and
guiding the treatment of fractures with extensive comminution.
The open reduction and internal fixation technique follows the
general principles recommended by Riiedi.!!-1%

1. Anatomical reconstruction of the fibula. This first step restores
the length of the lateral column of the ankle, providing a guide for
the subsequent reconstruction of the tibial surface. It also reduces
or brings other fracture fragments, such as the Tilleaux-Chaput
tubercle, into position.

2. Reconstruction of the tibial articular surface. The articular
fragments are reduced from lateral to medial and from posterior to
anterior. Temporary fixation using Kirschner wires may be
employed, which are replaced with screws if possible.

3. Autologous bone grafting. In cases with a defect in the
metaphyseal area, the use of cancellous or corticocancellous bone
is recommended to achieve proper biomechanical stability.

4. Tibial osteosynthesis. This can be performed with a plate and
screws placed medially, or with two separate plates (medial and
lateral to the tibia). It is often necessary to place screws,
independent of the plate, cannulated or not, to achieve additional
fixation of the articular surface.

Currently, a staged approach is the primary method for open
reduction and internal fixation (ROF) of tibial pilon fractures. The
main goals are anatomical reconstruction of the articular surface
and restoration of proper rotational alignment to achieve optimal
functional outcomes.?® The chosen approach should allow direct
visualization of the main fracture site and the joint block, while
preserving soft tissue as much as possible.3

The articular surface must be anatomically reduced, which may
require a specific sequence. Generally, reduction begins laterally,
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where fibular osteosynthesis contributes, progressing medially and
from posterior to anterior. The posterior (Volkmann) fragment is
usually reduced first and used as a stabilizer so that the rest of the
joint block can be reduced around it. The reduction can be
temporarily maintained with Kirschner wires until the entire joint
block is congruent. Final reduction is possible using traction
screws, minifragment screws, and anatomically locked or non-
locked low-profile compression plates to preserve as much soft
tissue as possible.3

In general, fractures with valgus deformity usually require an
anterolateral reinforcing plate, while varus deformities require
medial reinforcement. The posterior plate to address the posterior
tibial column and prevent tibial shortening should be achieved via
posteromedial or posterolateral approaches.??

Primary arthrodesis generally serves only as a salvage procedure in
a highly selected subgroup of patients.?

Due to the poor results obtained with open reduction and internal
fixation in high-energy tibial pilon fractures, numerous authors
revived the principles described by Scheck in 1965, which
advocated the use of external fixation and joint reconstruction with
minimal internal fixation through small surgical approaches. The
external fixator functions as a medial support plate and is based on
the principle of ligamentotaxis. The distraction produced by the
fixator causes bone fragments with retained capsuloligamentous
attachments to automatically reduce.?” Once length is restored and
large fragments are reduced with the external fixator, any
remaining displaced articular fragments can be reduced by open
manipulation (incisions < 2 ¢cm) or percutaneous manipulation.?’
When the external fixator is combined with minimal internal
fixation (Kirschner wires, conventional screws, or cannulated
screws), the principles described by Riiedi and Allgéwer are met:
restoration of length, reconstruction of the articular surface, the
possibility of treating metaphyseal defects with autologous bone
graft, and the provision of internal support by the external fixator.?”
When proper joint reduction is achieved, the external fixator can
be the definitive treatment method. In fractures with severe soft
tissue injuries or joint comminution, unilateral fixators provide
stability to facilitate bone grafting and soft tissue healing (flaps in
open fractures).?” The obvious drawback of a non-articulated
fixator is that it does not allow early ankle mobilization.
Articulated external fixators allow early, albeit somewhat
restricted, mobilization.

External fixation techniques have reduced the percentage of serious
complications seen in the treatment of high-energy tibial pilon
fractures with open reduction and internal fixation, and the results
obtained are comparable to studies using internal fixation
techniques.?’

Possible complications with external fixation methods include nail
tract infection, which is a common complication; delayed union;
and loss of proper alignment. The difficulty in anatomically
reducing fragments of the articular surface leads some authors to
link the treatment of tibial pilon fractures with the relatively early
onset of post-traumatic osteoarthritis.?”34

Negative pressure wound therapy has become popular. This system
is applied to the wound after surgical closure instead of the usual
dressing and provides a sealed space that decreases tension on the
skin, increases blood flow to the surgical site, and reduces edema.
Multiple studies have shown promising results with a significant
reduction in superficial and deep skin infections and a lower
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incidence of wound dehiscence in high-risk injuries.33%
Perioperative intravenous administration of antibiotics It is the
standard of care in the surgical treatment of tibial pilon fractures;
the benefit of local antibiotics is yet to be determined.3*%
Conclusions

Tibial pilon fractures present a significant challenge for orthopedic
surgeons. Proper preoperative planning is key to successful
treatment. This includes a thorough preoperative plan, stable
anatomical  alignment of the articular surface and
metaphyseal/diaphyseal fractures, careful soft tissue management,
and appropriate management of complications. Particular care
must be taken when handling the fragile soft tissue sheath
surrounding tibial pilon fractures.

Choosing the appropriate approach for each fracture type is
important to obtain the best possible visualization and, therefore,
to anatomically reduce the articular surface of the tibial pilon.
Furthermore, the implementation of staged protocols has proven
beneficial in reducing complication rates. The use and combination
of different surgical approaches and techniques have been
employed to minimize damage to underlying structures, which
often influence the outcome and prognosis.

With modern surgical techniques and equipment, the results of
treatment for tibial pilon fractures have improved, but are still
moderate, with a high overall complication rate.
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