
Tibial pilon fractures are challenging to treat, as they

are typically intra-articular and associated with

extensive soft tissue damage. We briefly review the

anatomy of the distal tibia, as well as the pathophysi-

ology of pilon fractures. The treatment of tibial pilon

fractures is still controversial in the literature, and we

present some of the available options. Consideration

is also given to peri-operative complications, such as

preoperative oedema and blistering and late post -

operative traumatic arthritis. Finally, we propose a

treatment algorithm (used in our institution), taking

into account the level of associated soft tissue injuries.

The use of a 2-phase treatment protocol is recom-

mended ; however, to date, no absolute treatment

protocol exists for these injuries.

Keywords : pilon fracture ; distal tibia fracture ; fracture

management.

INTRODUCTION

Distal tibial fractures often present a challenge to

the orthopaedic surgeon. Destot first used the term

in 1911, likening the pilon to a pestle (23). The

tibial pilon comprises anatomically the distal end of

the tibia including the articular surface. its proximal

limit is found approximately 8-10 cm from the

ankle articular surface, where the triangular section

of the tibial diaphysis, with its anterior crest,

changes direction forming the metaphysis. The

three- dimensional configuration of this region

appears to be designed to increase the area of the

articular surface, reducing the stress on the ankle

joint (53,66,68).

Tibial pilon fractures represent 5-7% of all tibial

fractures (1,28,58). The treatment of this type of frac-

ture is of current research interest (49,64), since there

is no universally agreed treatment method. The

choice of treatment must take into account not only

the stabilisation of the fracture, but also the man-

agement of the soft tissue injury which is a frequent

cause of subsequent complications (13,42). The

 timing of definitive surgery is crucial with respect

to the soft tissues (5,52). The principal aim is to

avoid the development of arthritis of the ankle joint,

which often results in a serious functional impair-

ment with significant implications for employment
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following this type of fracture (15,21,43). Great

attention must be given to the accurate reconstruc-

tion of the articular surface. By convention, all frac-

tures of the tibia involving the distal articular sur-

face should be classified as tibial pilon fractures,

except for medial or lateral malleolar fractures and

trimalleolar fractures where the posterior malleolar

fracture involves less than 1/3 of the articular sur-

face (21,39,56). However, included in the definition

are isolated fractures of the posterior malleolus

(Volkmann triangle), which alone account for 5% of

the tibial pilon fractures (4,32,63).

Pathophysiology

There are a wide variety of pilon fractures

observed, dictated by the mechanism and energy

involved. Low-energy fractures result in minimal

soft tissue injuries, less comminution, and are often

minimally displaced or undisplaced. in contrast

high-energy injuries such as those following road

traffic accidents and axial loading mechanisms can

result in significant soft tissue insults, highly

 comminuted fracture configurations and displaced

fracture patterns (34). 

Disruption of the articular surface of the distal

tibia occurs in varying degrees with fragments of

the articular surface being driven proximally into

the metaphysis of the tibia by the impact (38).

Classification and Aetiology

There are several classifications of this type of

fracture, some with mere historical interest (64) and

others which are more commonly used (47,64). The

AO / OTA classifies pilon fractures in three main

subgroups : extra-articular (43-A), partial articular

(43-B) and complete articular fractures (43-C),

divided into subgroups depending on the comminu-

tion. Most type B fractures have traumatic torsion

mechanisms, while the C-type usually have high

energy compression mechanisms (68). Although the

AO / OTA weber classification (64) is the most

comprehensive, the most utilized is the Ruedi and

Algöwer (45,46,47,48) classification that divides tib-

ial pilon fractures into three types on the basis of

size and displacement of articular fragments : type i
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(AO / OTA 43B1), with no displacement of the

articular surface, type ii (AO / OTA 43C1) with dis-

placement of the articular surface but without meta-

physeal comminution, and type iii (AO / OTA

43C2-43C3), with comminution of both the articu-

lar surface and the metaphysis. 

The degree of soft tissue injury insult must also

be considered in the classification as well as direct-

ing definitive management strategies. Open frac-

tures are classified according to Gustilo and

Anderson (19,20). Prevalence of open wounds has

been reported to be approximately 20% (2,3). The

Tscherne classification can be utilised for soft tis-

sues associated with closed tibial fractures (54,61).

The majority of tibial pilon fractures present a great

risk of instability in the sagittal plane, whilst

 malleolar fractures often result in instability in the

coronal plane. 

There is a male predominance (57-65%) for

these fractures following a bimodal distribution

with peaks of frequency at 25 and 50 years (17). The

aetiology of these fractures may be divided into two

broad groups : high-energy trauma (including road

accidents and skiing) and traumatic “benign” low-

energy trauma (frequently women of older age with

pre existing osteoporosis) (31). The aetiology of this

type of fracture is particularly important for the

treatment plan. High-energy compression trauma

frequently causes severe comminution involving

the articular surface and the soft tissues, while the

low-energy trauma with a torsional component

most frequently causes larger bony fragments and a

less comminuted articular surface that, when

involved, remains adherent to the large sub-

 chondral bone fragments (14,44,52,58). The two

mechanisms of injury can then create two very

 specific types of fracture morphology and treatment

choices (1,5,8,21,56).

Presentation

Patients involved in high-energy trauma should

be treated according to advanced trauma life-

 support guidelines because they may have associat-

ed life- or limb-threatening injuries.

Oedema, pain, deformity and functional impair-

ment are the classic clinical signs of most fractures
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(Fig. 1). The inability to sustain the weight of the

body is particularly indicative. High-energy frac-

tures are usually obvious on inspection, while tibial

pilon fractures caused by a torsional mechanism

often have less striking clinical signs. Extreme care

should be taken in clinical examination to look for

possible associated injuries, especially vascular or

nerve injury and compartment syndrome, requiring

urgent intervention (2,26,52,56). 

The standard radiographic examination includes

anteroposterior, mortise and lateral projections and

must include the entire tibia and fibula and the foot.

CT scanning, with 3D reconstruction, has now

become routine in many centers for the study and

operative planning of these high-energy fractures,

proving especially useful to identify the precise

path of sagittal and coronal fracture lines (58,59)

(Fig. 2). 

Treatment

The concept for the treatment of this type of frac-

ture is management of the soft tissues, recreation of

the joint surfaces and restoration of limb alignment.

The treatment options for fractures of the tibial

 plafond include non surgical and surgical. Surgical

options are internal fixation, external fixation with

or without limited internal fixation and primary

arthrodesis. The condition of the soft tissues guides

the therapeutic choice. The non surgical treatment

of tibial pilon fractures, based on prolonged trans-

calcaneal traction or casting has been superseded by

modern surgical techniques and is limited to special

cases only (8,35,41). non surgical treatment is

reserved for plafond fractures where there is mini-

mal displacement and where the alignment of the

limb can be maintained with a cast. weight bearing

is prohibited for at least 4-6 weeks. The prognosis

is good.

The surgical treatment by means of open reduc-

tion and internal fixation is, like in all articular frac-

tures, the most reliable way to obtain an anatomic

reduction of the articular surface. However, this

therapeutic option should be carefully weighted

against not only the condition of the soft tissues (the

vascularity may be affected by surgical approach if

too early) but also by the comminution and the

number of fragments. The first step is the fixation

of the fibula, to regain the correct length of the tibia

and to facilitate the three-dimensional orientation

and reduction of the fracture. Several surgical

approaches to the tibia have been described for the

Fig. 1. — Soft tissue injury including oedema, contusion and
blisters associated with pilon fractures.

Fig. 2. — Computed Tomography (CT) images, including three
dimensional reconstruction of a pilon fracture.



Acta Orthopædica Belgica, Vol. 77 - 4 - 2011

TiBiAL PiLOn FRACTURES 435

treatment of these fractures (2,8,18,28,32). whatever

the surgical route chosen, the surgical approach

should be centred on the larger bone fragment and

care taken not to traumatise the skin with aggres-

sive surgical technique. An arthrotomy is essential

for the accurate reduction of articular fragments. At

this stage the key concepts proposed by Ruedi and

Allgöwer are still valid (45,46,47,48), aiming to keep

a maximum of 2 mm of incongruity of the articular

surface. The AO recommends the use of a tempo-

rary external stabilisation of the epiphyseal area,

then moving to the meta-epiphyseal area for defini-

tive reconstruction and stabilisation with a plate

(LCP). Other schools of thought include the direct

use of a rigid anatomical plate, fixed proximally to

impose the reconstruction of the distal anatomy

onto the plate (Fig. 3). 

The role of external fixation as definitive treat-

ment has been of interest in recent years (6,12,16,25,

29,36,40), particularly for the benefits it provides

with respect to minimal interference with the soft

tissue (15,52,68). The principle of treatment with an

external fixator is through ligamentotaxis, but while

most fixators are constructed to provide a tibio-

talar-calcaneal bridge (Fig. 6), circular fixators

allow a tibial only assemblage. Although not

always possible, this can allow early mobilisation

of the ankle and also, depending on the size and ori-

entation of the wires, a juxta-epiphyseal assembly

and partial control over the comminution of the

fragments (6,29,42,44,68), which may be assembled

under arthroscopic control (25) (Fig. 4). in any case,

the assembly of the external fixator should not jeop-

ardize the attainment of an eventual coverage flap

(15) and should, as with internal fixation, be preced-

ed by the fibular synthesis, where necessary, in

order to restore the correct length. Several authors

also combine this type of therapeutic choice with

percutaneous osteosynthesis of epiphyseal frag-

ments using free screws or wires (22,55) under C-

arm control (Fig. 5). 

The use of articulated external fixators may be an

alternative for these fractures (11,50), as well as min-

imally invasive percutaneous plate osteosynthe-

sis (22) or the combination of internal and external

fixation (16,42,60). Arthrodesis is nowadays reserved

only for severe articular comminution which is not

otherwise reconstructable (3,23,33). 

Fig. 3. — Anatomically contoured distal tibial plates
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DISCUSSION

The main objectives of the treatment of tibial

pilon fractures are the maintenance of length, recre-

ation of the joint surfaces and restoration of limb

alignment. Open reduction provides the safest way

of achieving fracture reduction and restoring joint

congruity, considering also the possibility of exter-

nal fixation to restore severe articular comminution

in Type C fractures (AO / OTA) (21,48). However,

this type of therapeutic choice must not come at the

expense of the soft tissues, where severe injury

could lead to failure of even the most anatomical

reconstructions, with serious consequences such as

surgical wound breakdown with exposure of hard-

ware and infection (2,15,26,57).

As stated above, Tscherne et al. (61) have pro-

posed a classification of soft tissue damage in this

type of fracture as a guide for decision making. no

matter how precisely these protocols are applied,

the key concept, especially with high-energy frac-

tures, is that early open surgery (less than a week)

results in a significantly higher rate (2,7,15,26,38,51,

52,56,57,68) of complications compared to delayed

surgery (usually 10-15 days or longer). it is

 necessary to wait for the reepithelialization of each

blister locally and assess the status of the skin until

the so-called  wrinkle sign of the skin is positive.

Delayed surgical intervention is to be recom-

mended in all those situations where there is even

minimal evidence of soft tissue injury. There are

indeed situations, such as low-energy fractures of

AO / OTA type A or B with no significant soft tis-

sue injury, where internal fixation may be undertak-

en without prolonged delay. The management of

type C fractures remains a source of discussion.

There seems to be consensus on protocols to pre-

vent frequent complications especially regarding

the soft tissues (30), which are not only the guide for

surgical choice, but also the timing of treatment.

Since the studies by Helfet (21) in 1994, in which

he first proposed a two-stage protocol for this type

of fracture, several authors in recent years have

highlighted the decision algorithms for the treat-

ment of tibial pilon fractures (3,28,36,39,48). in

Fig. 5. — Circular frame (LiMA) external fixation of a pilon
fracture.

Fig. 4. — Bridging external fixation of bilateral pilon fractures.
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 particular, two studies (37,52) in 1999 have shown

how to obtain a good compromise between reduc-

tion of the fracture, infection rates and complica-

tions with a two-stage protocol. The first stage con-

sists of using external fixation, a temporary trans-

skeletal traction (portable traction) suitable to

restore length, and alignment and rotation of the

limb (Fig. 6). Particular care should be taken not to

place the pins of the fixator along the course of a

possible incision site for future surgical treatment.

Open reduction and internal fixation of a fibular

fracture, if present, may be done at this time if the

soft tissue allows. in particular, the use of a radiolu-

cent external fixator with a tibio-calcaneal assem-

bly (Prefix® - Orthofix inc.) has some advantages

compared to other types of fixators in terms of

obtaining further imaging of the fracture. Care of

any associated skin damage must be undertaken.

The observation of a positive wrinkle sign may take

up to three weeks. in the case of fractures with sig-

nificant tissue loss, surgical debridement may be

required with the subsequent use of vacuum-assist-

ed wound dressings (15,57). 

During this waiting period, if not done before, it

is useful to obtain a CT scan to accurately delineate

the fracture pattern. The second stage of treatment

is the definitive surgery, performed at a point when

the soft tissues have recovered sufficiently to limit

the likelihood of complications. The treatment pro-

tocol used in our institution can be summarised

schematically as in Fig. 7. Osteosynthesis (ORiF)

of tibial pilon fractures is never a treatment to be

performed under emergency conditions.

An interesting prospective randomized trial by

wyrsch (66) et al compared definitive treatment by

means of open reduction and internal fixation with

external fixation. in this study, postoperative infec-

tions were significantly more frequent with the

open plate fixation with no statistically significant

differences in functional results and complications

(although the average clinical scores in the group

treated with external fixation were higher than for

patients treated with a plate).

For the treatment of type B and C fractures,

Mitkovic (31) et al, using dynamic external fixation,

found 71% subjectively and 67% objectively excel-

lent results, despite a high frequency of infections

(11%) and osteoarthritis (15%). The rate of

 amputation, arthritis, chronic osteomyelitis and

dehiscence of the surgical wound stood at approxi-

mately 2% with the use of open reduction and inter-

nal fixation with a rate of skin necrosis of 13%.

with respect to outcomes, the multicenter review

of SOFCOT (Société Française de Chirurgie

Orthopédique et Traumatologique) in 1991, which

considered more than 300 tibial pilon fractures

treated surgically by various techniques, found only

38% objectively satisfactory clinical results with

only 28% of patients walking without pain (10).

More recent studies (36,38,68), using quality of life

evaluation tools such as the 36-item Short Form

HealthSurvey of the Medical Outcomes Study (SF-

Fig. 6. — Portable traction
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36), saw the scores for the population of patients

treated for type C fractures falling far below the

average score for the normal population. The clini-

cal results relate particularly to the type of fracture,

associated soft tissue damage and the type of surgi-

cal treatment (36,38,56,68). However, it must be

emphasized that unsatisfactory functional results

can also occur despite optimal treatment and

anatomical reduction of the fracture, stressing once

again that post-traumatic arthritis is a risk for most

patients following this type of fracture, regardless

of treatment protocol (9,24,27).

To date, no one surgical treatment method has

demonstrated superiority over others ; however, the

authors recommend the use of a two-phase protocol

for the management of the soft tissue. This review

re-emphasizes the complexity of the treatment of

tibial pilon fractures and the importance of further

studies (including randomized controlled trials)

directed at the formulation of evidence-based

 recommendations for treatment.
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