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1. Introducion

  Distal tibia fractures, located within 5 cm from the articular rime, 
are about 1% of all lower limb fractures and about 5% to 7% of the 

tibial fractures [1,2]. Although relatively rare, these injuries, currently 

on the rise, pose a serious challenge to the orthopedic surgeon 

because the muscular layer is not adequate, the pilon is poorly 

vascularized, and often there is a comminution of the fragments and 

joint involvement. Most of these fractures are secondary to a high-

energy trauma, such as falling from a height, traffic accidents with 

metaphyseal sinking, crushing of soft tissues or even exposure of 

the fracture. Low-energy trauma (eg. Skiing accidents), instead, 

cause spiral (torsion) fractures, less complicated with modest soft 

tissue damage [3-5].

They are often associated with open wounds or serious closed soft 

tissue involvement, with metaphyseal or articular comminution or 

shaft extension [5].  

  A careful clinical examination is essential because these fractures 

are accompanied by marked tumefaction, blistering, swelling, 

deformity and crepitus around the ankle. The examination shall 
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include motor and sensory function of the foot structures, and, in 

addition, the search for any sign of compartment syndrome [5]. 

  For a rapid total compression of the fracture, the entity of the open 

fractures must be assessed according to the Gustilo and Anderson 

classification [6], while the extent of soft tissue damage should be 

graded according to the Tscherne classification [7].

  Severe compound fractures or fracture-dislocations have to undergo 

to immediate and temporary stabilization [5]. The treatment of pilon 

fractures is very complex and is based on the evaluation of diagnostic 

imaging. 

  CT with two and three-dimensional reconstruction was used to 

accurately determine the direction of the rime of fracture, the extent 

and articular fragments displacement. The CT therefore constitutes 

an important help in the decision making process and the type of 

surgical incision to be made (Figure 1). 

  The purpose, then, of this study was to evaluate the effectiveness 

of the definitive treatment, in emergency or delayed of the pilon 

fractures using the hybrid external fixator, in a sample of 80 patients 

over a period of time sufficient to assess the outcomes of this 

treatment.

R

 Figure 1. CT images about a complex fracture of Tibial Pilon.

2. Materials and methods

  We assessed 80 cases of pilon fractures treated with hybrid external 

fixator in the hospital "Vito Fazzi" of Lecce, the hospital "Paolo 

Giaccone" in Palermo, “Di Summa–Perrino” Hospital of Brindisi 

and University Hospital of Perugia during a period of January 2009 

and October 2016: 55 men (69%) and 30 women (33%) with a mean 

age of 40 years (range between 16 and 70 years). 

  About 45 occurred as isolated trauma, 35 instead were politrauma. 

For an accurate assessment of the fracture, each patient underwent 

AP and LL radiographs, followed by CT scans. 

  There were 28 open fractures (35%), (Gustilo type 1, 2 and 3) while 

closed fractures had soft tissue involvement of various grade (2-3 

Tscherne classification) [6,7]. 

  Fractures were classified according to the AO/OTA [8]: 14 Type A, 

(17.5 %, A1:3, A2: 7; A3: 4) 26 Type B (32.5 %, B1:4, B2: 13, B3: 

9), and 40 Type C (50 %, C1: 21, C2: 8; C3:11). Twenty-eight (35%) 

open fractures were classified as type 1 (10), type 2 (9) or 3 (9)

Gustilo - Anderson, and 52 (65%) closed fractures were classified as 

type 1 (24), type 2 (10) or 3 (19) Tscherne.

  All cases required external fixation possibly associated with other 

reduction and synthesis techniques. The timing of surgery was 

dictated by the condition of the soft tissues. 

  On 11 patients (14%) surgery was performed in emergency and 

treated with external fixation; on 9 patients (11%) instead, a final 

external fixator was mounted in emergency. 

The remaining 60 patients (75%), after the trauma, were treated 

with trans-calcaneal traction and venous drainage of the limb, in 

order to delay surgery for about 7 days until complete healing of the 

blisters and restitution ad integrum of the soft tissues involved were 

achieved, (range 1-15 days) (Figure 2).

Surgical methods

Temporanely external fixation

Definitive external fixation

Transcalcaneal K wire and after defenitive external fixation

11%

14%

75%

Figure 2.  Types of surgery.

  All patients, after surgery, underwent antibiotic therapy and 

prophylaxis with low molecular weight heparin (LMWH).

  The chosen criteria to evaluate the group during clinical and 

radiological follow-ups were the following: The Mazur score [9] was 

used for clinical evaluation, (the maximum score was 100; a value 

higher than 92 was considered very good, 82-92 good, 65-86 fair,< 

65 was considered insufficient). The XR standards were used to 

assess bone healing. At last, possible complications were evaluated. 

Follow-ups were performed with clinical and radiographic controls 

at 1 month, 3 months, 6 months and 12 months and annually 

thereafter. The assessment endpoint was set at 12 month follow-ups.

 

2.1. Surgical notes

  The surgery was performed with the patient in supine position 

and the affected limb in transcalcaneal traction. Under luminance 

control, an external fixator was mounted with three Kirschner wires 

placed distally to the fracture site, at an angle of 40° and respecting 

the “Safe Zone” spaces to avoid (damage) of the neurovascular 

bundle. The first wire was placed from posterolateral to anteromedial 

direction, starting from the fibula; the second, from posteromedial to 

anterolateral direction; for further stability a third wire in the distal 

fragment was added. Later on the wires were tensioned at 1400 

Newton to increase the stability of the construct and mounted to a 

semicircular frame. In the area proximal to the fracture site in the 

anteromedial region, however, three Shanz screws were placed and 

connected by clamps to the fixator which was blocked once optimal 

reduction was achieved. 

 

2.2. Rehabilitation rotocol
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  Active and passive rehabilitation was started on the second day 

after surgery. Limited weight bearing (max8-12 kg) with the aid of 

Canadian crutches was allowed about 3 weeks after surgery. Partial 

weight bearing (max 20-30 kg) was allowed after assessing the first 

radiogram, about 30/40 days, and then the progressive/total weight 

bearing was allowed about 2-3 months after surgery. 

2.3. Human and animal right

  For this type of study any statement relating to studies on humans 

and animals is not required. Patients gave her informed consent 

prior to being included in the study. All procedures involving human 

participants were in accordance with the 1964 Helsinki declaration 

and its later amendments.

 

3. Results

  All patients underwent scheduled clinical and radiographic follow-

ups until complete recovery occurred with a variable range from 12 

to 24 months, depending on the type of pilon fracture; in fact for the 

intra-articular fractures, the follow-up to assess the possible onset 

of tibio-astragalic arthritis was longer, between 24-56 months after 

surgery. 

  Dynamization of the external fixator frame was performed, on 

average at 83.6 days (75-102) after surgery. The fixator was removed 

about 133.7 days (105-210 days) from surgery.

  Recovery from the fracture was confirmed by the presence of a 

bone callus to XR in at least three cortical (bones) in AP and LL 

about 160.6 days (120-180) and the clinical evaluation of the absence 

of pain in the total weight. Radiographic healing of the fractures in 

60 patients occurred in 120 days (mean 105 when the external fixator 

was removed. 

  The final range of ankle motion was 15° of dorsal flexion and 10° 

plantar. For 80 cases there was an average score of 83 Mazur (Figure 

3). 

Mazur score Closed Open

95
85 92

78

90

72

    T1-G1                         T2-G12                        T3-G3 

Figure 3. Funtional Outcomes in closed and open fractures according Mazur 

Score.

  For A type fractures the score was 90, while lower values were 

found in C type fractures. A mean score of 95 was observed in 

fractures with soft tissue involvement(Tscherne 1), while 90 in 

Tscherne 3.In open fractures values varied from 85 (Gustilo 1) to 72 

(Gustilo 3). 

  11 cases (19.3%) had skin infection and other early complications; 

5 patients (6%) developed in nonunions  and 5 ankle stiffness. 

To the gradual recovery of the bone defect, it was associated the 

gradual recovery of soft tissue defect and in only for 4 cases it was 

necessary to perform free grafts of skin (Figure 4, 5, 6, 7).

A B

Figure 4. XR(A) shows the discomposed fractures of  tibial pilon and fibula 

over the tibial-fibula syndesmosis. B shows the open fracture IIIB according 

Gustilo –Anderson, with a greater soft tissue loss but with posterior tibial 

vessels and nerves not damage, intact plantar reflex and  Mangled Extremity 

Severity Score (MESS)= 5 point.

Figure 5. Five treatment in urgency and final of the case. 

A shows the treatment in urgency with stabilization of the fracture with external fixator for Monoaxial ligamentotaxis with distal socket and the talus. B 
shows the schift to an external hybrid fixator Hybrid; C shows the X-ray control always to 2 months with hybrid external fixator.

A B C
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Figure 6. It shows the conclusion of the clinical case with the implantation of an external fixator according Ilizarov (A). B shows perfect soft tissue 

regeneration after flap quadriceps.

Figure 7. (A) Tibilal pylon fracture type C1 According AO, in  a 55 y/o woman; (B) Application of hybrid external fixatr and XR control to 70 
days; (C) XR Control at 3 months, remove the medial bar and load spillway already granted; (D) At 5th month from the surgery we removed 
the hybrid external fixator: (E) shows  the XR and bone healing; (F) showing  removing of months and clinical outcomes.

A B

A B

C D

E F
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4. Discussion

  Pilon fractures are still a major challenge for the orthopedic 

surgeon. Their management is guided by the state of the soft tissues, 

the joint injury and the comminution of the fracture fragments 

[5,10 -14]. The primary objective to be achieved, regardless of the 

method of synthesis, is to obtain good anatomical reduction of 

the fracture with the possibility of early weight bearing and avoid 

more serious consequences [5,10 -14]. In an old study, Tornetta et al 

[15] analyzed 26 pilon fractures with conventional x-rays and CT 

scans, observing a 64% change of the operating procedure when 

additional information was obtained by using the CT. In fractures 

with serious damage ofthe soft tissues, metaphyseal comminution 

and wound exposure, the use of plates and screws is associated with 

a high failure rate and serious complications, such as infection of 

the surgical wound and mal-consolidation [12-14]. External fixation 

is a viable alternative to provide a permanent reduction associated 

with a decrease of complications [5]. The importance and popularity 

among orthopedic surgeons of external fixation lies in the fact 

that the soft tissue is minimally affected and joint movement is 

preserved, the load can be allowed early, thereby promoting fracture 

union [5, 10.16 -19]. Although the application of external fixators is a 

relatively easy procedure, restoration of joint congruity cannot be 

achieved without minor surgery [5,10]. The articular fragments fitted 

in can usually require the use of bone grafts and additional clamping 

with k-wires and screws [5,9]. The growing interest in this type of 

technique has produced, in recent years, two articles on a wide study 

population[5,19]. 

The correct timing of treatment is necessary to minimize the risk of 

complications of the soft tissue [5, 10,19]. Immediate or early action 

(within 12-18 hours after trauma) is limited to the stabilization of the 

tibia and fibula using an external transarticular fixator to preserve the 

length and obtain a preliminary reduction through ligamentotaxis. 

The placement of the external fixator creates an optimal environment 

for the soft tissue healing and the final reconstruction can be 

performed at a later date [20,21]. Final reconstruction, in fact, can 

be delayed, until the soft tissue edema decreases, for a period 

ranging from 7 to 10 days, a time sufficient for the vesicles to heal 

and to allow a good tolerability to surgery [22]. Some early studies 

considered ORIF the standard treatment of pilon fractures with good 

to excellent results between 74% and 90%[23]. Recent studies seem 

to confirm the effectiveness of this method although the fractures 

taken into consideration presented closed wounds and low soft tissue 

damage [24]. However Garner et al [25] have shown that a satisfactory 

anatomical reduction with ORIF of the pilon fractures shown by 

intraoperative imaging does not correspond to good functional 

outcomes and quality of life.

  The clinical results achieved are comparable to those obtainable 

with other methods, proving thatthe external fixation is a viable 

alternative especially when following the instructions [21]. Thehybrid 

external fixator provides good stability of the fracture with a 

minimal invasiveness of the soft tissue, thus allowing a more rapid 

recovery associated with the onset of minor complications and 

early mobilization. The hospital stay is shorter and this means 

considerable savings for the health system and, above all, a return 

for the patient to the daily activities[5,21,26-29].

For more complex fractures and soft tissue involvement, the use of 

plates and screws has produced a higher incidence of infections and 

osteomyelitis with a percentage equal to half of the cases treated, 

54% [21]. Frequent complications with ORIF have led to the use 

of new treatment options: hybrid external fixation [5, 10, 19, 21]. The 

hybrid external fixator has the advantage, over the circular external 

fixation which gives some rigidity, to have, in the construct ,both a 

circular and axial locking, so to guarantee sufficient ankle flexibility 

and create a stable synthesis [5, 10, 19, 21]. Our rather large sample of 

pilon fractures seems to confirm the validity of the management of 

these fractures with external hybrid fixation, in urgency or delayed, 

especially those with severe soft tissue involvement and bone 

exposure; although the classification of the single lesions examined 

is highly variable. Pilon fractures are often aggravated by complex 

fracture complications; the treatment with the hybrid external fixator 

has allowed a stable synthesis with less invasiveness, early weight 

bearing and good functional recovery.
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