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1. Introduction

   Tibial pilon fractures are complex and difficult to treat. They 

represent about 1% of all fractures of the lower extremities, 

and up to 10% of the tibial fractures[1,2]. In 1911 the French 

surgeon Destot described the tibial pilon as an anatomical unit[3], 

defining the anatomical limit within 5 cm from the joint line and 

the mechanism determining the fracture.

   Pilon fractures are more common in men than in women[4], 

and their incidence is on the rise, probably as a result of the 

increase in the survival rate from road accidents[4,5]. The damage 

is caused by high-energy trauma mainly in axial load as the 

usual consequence of road accidents or falls from a considerable 

height[6].

   The tibial pilon, taken as an anatomical unit, shows a thin skin, 

a precarious vascularization and no muscle insertions; these 

factors concur to make the healing phenomena of the soft tissue 

more complex, and favor the exposure of fractures due to high-

energy trauma on this segment (20%-25% of these fractures 

are exposed)[7]. According to the Association for the Study of 

Internal Fixation (AO) classification, in the treatment of Type A 

tibial pilon fractures, various surgical methods may be used, such 

as external fixation, the intramedullary nail, the percutaneous 

synthesis with cannulated wires or Kirschner’s wires and a 

synthesis with modern plates[8]. 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 transcalcaneal traction 

or casting has been superseded by modern surgical techniques 

and was limited only to special cases. The option of external 

fixation as a definitive treatment has been preferred in recent 

years, particularly for the benefits it provides with respect to 
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minimal interference with the soft tissue. The treatment principle 

with an external fixator is through ligamentotaxis, while most 

fixators are built to provide a tibiotalar-calcaneal bridge; circular 

fixators allow a tibial-only assembly[9-11]. The aim of the present 

research was to investigate that if the hybrid external fixation is 

the definitive treatment and management of tibial extra articular 

and intrarticulat pilon fractures of the adult in emergency.

2. Materials and methods

   From February 1999 to December 2014, at  the UOC 

Orthopedics and Traumatology of AORNG Rummo of Benevento, 

we treated 237 tibial pilon fractures using hybrid external fixation 

with or without a percutaneous synthesis with cannulated wires 

or Kirschner’s wires. The average age of the study population 

was 43.6 years (range 16-65 years), the sex ratio was 3.65 to 

1; males were 186 and women 51 (Table 1). All fractures were 

classified according to the AO (Table 1). The three groups were 

represented by 108 patients (45.5%) for the Type A; 75 patients 

(31.8%) for Type B and 54 patients (22.7%) for Type C (Table 1). 

The working sector most represented was the tertiary industry, 

with 99 patients (41.67%), followed by the primary industry with 

79 patients (33.33%) and then the secondary industry with 59 

patients (25.00%). Road accidents, with 118 patients (50.00%) 

were the most common cause of tibial pilon fractures (Table 

1). There were 82 open fractures (34.6%). According to the 

Gustilo-Anderson classification, the open fractures were: Type 

I, 28 patients (34.15%); Type II, 39 patients (47.56%); Type III 

A, 12 patients (14.63%); Type III B, 3 patients (3.66%); Type 

III C, 0 (0%). At emergency room admission, the patients had 

an average of 16.5 points (range 12-32) injury severity score 

and an average of 12.5 (range 8-15) points for Glasgow coma 

score. All patients were treated with the hybrid external fixation 

TenXor (Stryker®) and to 68 patients (28.69%), a percutaneous 

synthesis with cannulated wires or Kirschner’s wires with Asnis 

(Stryker®) cannulated screws was associated. A total of 154 cases 

of injuries were associated with tibial pylon fractures, and 28 

cases were associated with head injuries (Table 2). All patients 

were informed in a clear and exhaustive way about the two types 

of treatment and the corresponding surgical alternatives. Patients 

were treated according to the ethical standards of the Declaration 

of Helsinki and were invited to read, understand and sign the 

informed consent form. The follow-up was carried out with 

clinical and radiographic tests at 1 month, 3 months, 6 months 

and 12 months from surgery. After 12 months the checkup was 

carried out annually.

   The evaluation criteria of the two groups were: the visual 

analog pain scale (VAS) of the traumatized ankle; the subjective/

objective Ovadia and Beals score; the time, the average 

derigidification time of the system; the average time of return 

to walk freely; the average healing time of the fracture, and 

complications. The endpoint assessment was set at 12 months 

for both groups. All patients had soon moved the ankle passively 

and actively. Derigification was performed by removing all those 

components of the external fixator which reduced the lever arm, 

making the implant dynamic.

Table 1 
Description of the patients.

Description Value

Number of patients 237

Average age (years) 43.6

Range of age (years) 16-65

Gender ratio (M:F) 3.65:1 (186:51)

Type of fracture according AO’s classification  
[n (%)]

Type A: 108 (45.5%)

Type B: 75 (31.8%)

Type C: 54 (22.7%)

Work of population [n (%)]
   

Agricultural activity: 79 (33.33%)

Industrial sector: 59 (25.00%)

Tertiary industry: 99 (41.67%)

Cause of trauma: [n (%)] Fall from high: 79 (33.33%)

Car accident: 118 (50.00%)

Farm accident: 12 (16.67%)

Open fractures [n (%)] 82 (34.6%)

Open fracture according
Gustilo-Anderson’s classification [n (%)]

Type I: 28 (34.15%)

Type II: 39 (47.56%)

Type III A: 12 (14.63%)

Type III B: 3 (3.66%)

Type III C: 0 (0%)

Average injury severity score 16.5 (range 12-32)

Average Glasgow coma score 12.5 (8-15)

Hybrid external fixation [n (%)] 237 (range 100%)

Minimal osteosynthesis using Asnis (Stryker®) 
cannulated screws [n (%)]

68 (28.69%)

Table 2
Description of associated injuries.

Type of injuries Number of injuries
Head trauma 28
Fat embolism   0
Haematic pneumo thorax 23
Liver injuries   8
Spleen injuries 14
Bowling injuries   2
Contralateral femoral fractures   7
Contralateral tibial fractures   8 
Ribs fractures 26
Clavicle fractures   2
Humerus fractures   3
Forearm fractures   4
Patella fracture   7
Pelvic fractures   4
Acetabulum fractures   8
Spine fractures 10

3. Results

   The degree of pain measured with VAS decreased on average 

within 12 months from the trauma: 0 points VAS before trauma, 9.8 

(range 8-10) points VAS at moment of the trauma, 4.2 (range 3-6) 

points VAS 1 month after the trauma, 3.8 (range 2-5) points VAS 3 

months after the trauma; 2.2 (range 0-4) points VAS 6 months after 

the trauma; 1.6 (range 0-4) point VAS 12 months after the trauma. 

The radiographic bone healing occurred in about 4.8 months (range 

4-7.5 months) while derigidification of the external fixator was 

performed on average at 2.1 months (range 2 to 6 months) after 

surgery. The total weight-bearing on the lower limb was granted 
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to approximately at 2.4 months from the trauma (range 2.0-3.2 

months) after surgery. A total of 145 out of 237 patients (61.18%) 

had excellent subjective results, while 54.00% (128 out of 237) 

had excellent results from the objective point of view; good results 

with 68 (28.69%) patients in subjective view and 82 (34.60%) 

in objective view; discrete results with 17 (7.17%) patients in 

subjective view and 22 (9.28%) in objective view; insufficient 

results with 7 (2.95%) patients in subjective view and 9 (3.80%) 

in objective view. During the follow-up period of about 7.3 years 

(range 6 months-15 years), we had 29 complications: 21 Ankle’s 

osteoarthritis, 2 skin infection; 1 malunion, 1 nonunion; 2 delayed 

bone fealing; 1 bad alignment pro curved/retro curved < 10; 1 

bad alignment in varus/valgus > 5. However, the complications of 

mobilization of proximal fiches, breaking distal K-wires, breaking 

implant and deep infections were not observed.

4. Discussion

   The main objectives of the treatment of tibial pilon fractures 

are the maintenance of length, recreation 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 external fixation to restore severe 

articular comminution in Type C fractures (AO/OTA)[12]. Delayed 

surgical intervention is to be recommended 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 tissue injury, where internal fixation may 

be undertaken without prolonged delay. The management of Type 

C fractures remains a source of discussion[12]. 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 hardware and infection[13,14]. 

Joveniaux et al.[15] reported in their experience between 2002 and 

2004, that one hundred patients (101 fractures) were reviewed 

with an average follow-up of 19 months (range, 12-46). Internal 

fixation, external fixation, limited internal fixation (K-wires or 

screws), intramedullary nailing and conservative treatment were 

used. Outcome parameters included occurrence of complications, 

radiographic analysis, evaluation of the American Orthopedic Foot 

and Ankle Society ankle score and measures of the ankle range of 

motion. The average functional score was 76 points (range, 30-100 

points), and complications occurred in 30 patients. Predictive factors 

of poor results were fracture severity, complications, malunion 

and the use of external fixation. They concluded that the first stage 

consists of an approximate reduction and application of an external 

fixator spanning the ankle joint[15]. The second stage is delayed 

from 7 to 10 days until soft tissue recovery and consists of an open 

reduction and internal fixation[15]. Our experience, along with 

Lerner and Stein[16], reported that hybrid thin wire external fixation 

is an effective, minimally invasive treatment for the stabilization 

of pilon fractures. The extent of bone and soft-tissue loss, high risk 

of infection, and further damage to the soft tissues precludes open 

reduction and internal fixations a safe treatment method[16]. External 

fixation preserves the soft-tissue envelope with minimal damage 

and allows fracture stabilization, early loading, and mobilization, 

which promote bone healing[16]. For the treatment of Type B and 

C fractures, Mitkovic et al.[17] described 26 patients with 28 Type 

C3, distal intraarticular tibial (pilon) fractures treated by dynamic 

external fixation. Follow-up was at least two years, and the results 

(subjective and objective) were classified according to the Ovadia 

system, they found 71% subjectively and 67% objectively excellent 

results. The mean to fracture union was 14 weeks (range: 12 to 20 

weeks). There were three cases with angulation deformity (from 

7 degrees to 20 degrees)[17]. There were no cases with nonunion 

or deep infection despite a high frequency of infections (11%) 

and osteoarthritis (15%)[17]. Based on these results, this treatment 

with closed reduction and dynamic external fixation allowing early 

motion appears as a suitable method for treatment of comminuted 

intraarticular tibial pilon fractures.

   The rate of amputation, arthritis, chronic osteomyelitis and 

dehiscence of the surgical wound stood at approximately 2% with 

the use of open reduction and internal fixation with a rate of skin 

necrosis of 13%[12]. Another study of Golubovi et al[18] included 47 

patients with tibial pilon fractures [33 (70.2%) males and 14 (29.8%) 

females]. The patients mean age was 45.8 years. In the first group, 

which consisted of 22 patients, open reduction and internal fixation 

of both the tibia and the fibula was performed in the two separate 

incisions[18]. The second group consisted of 25 patients managed 

with external fixation by external fixator “Mitković” with limited 

internal fixation[18]. Besides external fixation, a minimal internal 

fixation was performed by the use of Kirschner wires and screws[18]. 

The patients were followed-up inside a 24-month-period. The 

obtained was a substantially high number of complications after open 

reduction and internal fixation in the group of patients[18]. There was 

no difference in a long-term clinical outcome. Postoperative osteitis, 

as the most severe complication in the management of closed pilon 

tibia fractures, was not registered in the second group. Considering 

the results obtained in this study, it can be concluded that external 

fixation by the “Mitković” external fixator with the minimal internal 

fixation is a satisfactory method for the tratment of fractures of the 

tibial plafond causing less complications than internal fixation[18]. 

Despite the best current efforts at treatment, OA develops in as 

many as 25% of patients after fractures of the acetabulum, between 

23% and 44% after intra-articular fractures of the knee, and in more 

than 50% of patients with fractures of the tibial plafond[19-23]. Post-

traumatic osteoarthritis (PTOA) following an intra-articular fracture 

has been attributed to the initial joint injury and to elevated cartilage 

stresses from residual surface incongruity[24]. Tibial plafond 

fractures are an ideal injury in which to assess the roles of injury 

severity and chronic contact stress elevation in the pathogenesis 

of PTOA OA very frequently develops following ankle trauma, but 

rarely occurs primarily. Both the amount of articular comminution 

and the quality of obtained articular reduction exhibit a wide degree 

of variability providing ample opportunity to study how these factors 

influence outcomes[24-26]. Anderson et al[24] in their mathematical 

model reported: in fractured joints identified as being most highly 

at risk to develop PTOA, the value of accurate surgical reduction 

should be especially carefully weighed against the backdrop of 
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potential surgical complications[24]. 

   On the basis of these results and of what we found in the literature, 

we understand that the use of a technique limits the minimum 

surgical trauma of soft tissues and bone component, while ensuring a 

good primary stability, an early joint mobilization is undoubtedly to 

be preferred for the treatment of this type of injury. 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.

Conflict of interest statement

   The authors report no conflict of interest. 

References

[1]    Babis GC, Kontovazenitis P, Evangelopoulos DS, Tsailas P, 

Nikolopoulos K, Soucacos PN. Distal tibial fractures treated with 

hybrid external fixation. Injury 2010; 41(3): 253-8. 

[2]    Assal M, Ray A, Stern R. The extensile approach for the operative 

treatment of high-energy pilon fractures: surgical technique and soft-

tissue healing. J Orthop Trauma 2007; 21(3): 198-206. 

[3]    Falzarano G, Medici A, Nobile F, RobertoVL, Viglione S, Errico 

G, et al. The advantage/benefit of the MIPPO method in emergency 

treatments of type a tibial pilon fractures in vascular limb diseases: a 

case report. Can Open Orthop Traumatol J 2015; 2(2): 1-6.

[4]    Court-Brown CM, Caesar BC. The epidemiology of fractures. In: 

Bucholz RW, Heckman JD, Court-Brown CM, Tornet P, editors. 

Rockwood and Green’s fractures in adults. 7th ed. Philadelphia: 

Lippincott Williams and Wilkins; 2010, p. 53-85. 

[5]    Banerjee M, Bouillon B, Shafizadeh S, Paffrath T, Lefering R, 

Wafaisade A, et al. Epidemiology of extremity injuries in multiple 

trauma patients. Injury 2013; 44(8): 1015-21.

[6]    Kapukaya A, Subasi M, Arslan H. Management of comminuted 

closed tibial plafond fractures using circular external fixators. Acta 

Orthop Belg 2005; 71(5): 582-9. 

[7]    Crist BD, Khazzam M, Murtha YM, Della Rocca GJ. Pilon fractures: 

advances in surgical management. J Am Acad Orthop Surg 2011; 

19(10): 612-22. 

[8]    Hoenig M, Gao F, Kinder J, Zhang LQ, Collinge C, Merk BR. Extra-

articular distal tibia fractures: a mechanical evaluation of 4 different 

treatment methods. J Orthop Trauma 2010; 24(1): 30-5.

[9]    Papadokostakis G, Kontakis G, Giannoudis P, Hadjipavlou A. 

External fixation devices in the treatment of fractures of the tibial 

plafond: a systematic review of theliterature. J Bone Joint Surg Br 

2008; 90: 1-6.

[10]  Katsenis D, Triantafillis V, Chatzicristos M, Dendrinos G. The 

reconstruction of tibial metaphyseal comminution using hybrid 

frames in severe tibial plafond fractures. J Orthop Trauma 2013; 

27(3): 153-7.

[11]  Richards JE, Magill M, Tressler MA, Shuler FD, Kregor PJ, 

Obremskey WT, et al. External fixation versus ORIF for distal intra-

articular tibia fractures. Orthopedics 2012; 35(6): e862-7.

[12]  Mauffrey C, Vasario G, Battiston B, Lewis C, Beazley J, Seligson D. 

Tibial pilon fractures: a review of incidence, diagnosis, treatment, and 

complications. Acta Orthop Belg 2011; 77(4): 432-40.

[13]  Herscovici D Jr, Scaduto JM. Management of high-energy foot and 

ankle injuries in the geriatric population. Geriatr Orthop Surg Rehabil 

2012; 3(1): 33-44.

[14]  Martínez Otero A, Mafara Flores G, Rodríguez Ramírez S, Martínez 

Flores L. [Preoperative management with skeletal traction in distal 

tibial fractures]. Acta Ortop Mex 2007; 21: 14-9. Spanish.

[15]  Joveniaux P, Ohl X, Harisboure A, Berrichi A, Labatut L, Simon P, et 

al. Distal tibia fractures: management and complications of 101 cases. 

Int Orthop 2010; 34(4): 583-8. 

[16]  Lerner A, Stein H. Hybrid thin wire external fixation: an effective, 

minimally invasive, modular surgical tool for the stabilization of 

periarticular fractures. Orthopedics 2004; 27(1): 59-62.

[17]  Mitkovic MB, Bumbasirevic MZ, Lesic A, Golubovic Z. Dynamic 

external fixation of comminuted intra-articular fractures of the distal 

tibia (type C pilon fractures). Acta Orthop Belg 2002; 68: 508-14.

[18]  Golubović Z, Macukanović-Golubović L, Stojiljković P, Jovanović 

J, Micić I, Stojiljkovioć D, et al. [External fixation combined with 

limited internal fixation in the treatment of pilon tibia fractures]. 

Vojnosanit Pregl 2007; 64(5): 307-11. Serbian.

[19]  Magala M, Popelka V, Božík M, Heger T, ZamborskýýV, Šimko P. 

[Conservative treatment of acetabular fractures: epidemiology and 

medium-term clinical and radiological results]. Acta Chir Orthop 

Traumatol Cech 2015; 82(1): 51-60. Slovak.

[20]  Stannard JP. Caring for the critically injured. Commentary on an 

article by Saam Morshed, MD, P, MPH, et al.: “The impact of 

trauma-center care on mortality and function following pelvic ring 

and acetabular injuries”. J Bone Joint Surg Am 2015; 97(4): e23.

[21]  Timmers TK, van der Ven DJ, de Vries LS, van Olden GD. Functional 

outcome after tibial plateau fracture osteosynthesis: a mean follow-up 

of 6 years. Knee 2014; 21(6): 1210-5.

[22]  Jansen H, Frey SP, Doht S, Fehske K, Meffert RH. Medium-term 

results after complex intra-articular fractures of the tibial plateau. J 

Orthop Sci 2013; 18(4): 569-77.

[23]  Gülabi D, Toprak O, Sen C, Avcı CC, Bilen E, Sağlam F. The mid-

term results of treatment for tibial pilon fractures. Ulus Travma Acil 

Cerrahi Derg 2012; 18(5): 429-35.

[24]  Anderson DD, Marsh JL, Brown TD. The pathomechanical etiology 

of post-traumatic osteoarthritis following intraarticular fractures. Iowa 

Orthop J 2011; 31: 1-20.

[25]  Davidovitch RI, Elkhechen RJ, Romo S, Walsh M, Egol KA. Open 

reduction with internal fixation versus limited internal fixation and 

external fixation for high grade pilon fractures (OTA type 43C). Foot 

Ankle Int 2011; 32(10): 955-61.

[26]  Jansen H, Fenwick A, Doht S, Frey S, Meffert R. Clinical outcome 

and changes in gait pattern after pilon fractures. Int Orthop 2013; 37: 

51-8.


