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Abstract

Background Posttraumatic arthritis and prolonged

recovery are typical after a severely comminuted tibial

pilon fracture, and ankle arthrodesis is a common salvage

procedure. However, few reports discuss the option of

immediate arthrodesis, which may be a potentially viable

approach to accelerate overall recovery in patients with

severe fracture patterns.

Questions/purposes (1) How long does it take the fracture

to heal and the arthrodesis to fuse when primary ankle

arthrodesis is a component of initial fracture management?

(2) How do these patients fare clinically in terms of modified

American Orthopaedic Foot and Ankle Society (AOFAS)

scores and activity levels after this treatment? (3) Does pri-

mary ankle arthrodesis heal in an acceptable position when

anterior ankle arthrodesis plates are used?

Methods During a 2-year period, we performed open

fracture reduction and internal fixation in 63 patients. Eleven

patients (12 ankles) with severely comminuted high-energy

tibial pilon fractures were retrospectively reviewed after

surgical treatment with primary ankle arthrodesis and frac-

ture reduction. Average patient age was 58 years, and

minimum followup was 6 months (average, 14 months;

range, 6–22 months). Anatomically designed anterior ankle

arthrodesis plates were used in 10 ankles. Ring external

fixation was used in nine ankles with concomitant tibia

fracture or in instances requiring additional fixation. Clinical

evaluation included chart review, interview, the AOFAS

ankle-hindfoot score, and radiographic evaluation.

Results All of the ankle arthrodeses healed at an average of

4.4 months (range, 3–5 months). One patient had a nonunion at

the metaphyseal fracture, which healed with revision surgery.

The average AOFAS ankle-hindfoot score was 83 with 88%

having an excellent or good result. Radiographic and clinical

analysis confirmed a plantigrade foot without malalignment.

No patients required revision surgery for malunion.

Conclusions Primary ankle arthrodesis combined with

fracture reduction for the severely comminuted tibial pilon

fracture reliably healed and restored acceptable function in

this highly selective patient group. Ring external fixation

may be a useful adjunct to internal fixation, and this con-

cept should be further studied.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

A small percentage of tibial pilon fractures have dam-

age to the ankle articular surface severe enough to
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preclude anatomic reduction and effective internal fix-

ation. They are often the result of a high-energy injury

such as a fall, jump, or motor vehicle accident. In these

fractures, the joint surface either is severely fragmented

or the articular cartilage has been sheared, typically

involving the anterior half of the joint. Posttraumatic

arthritis, prolonged return to work and activities, pain,

stiffness, and further surgery are common after injuries

of this severity [9, 11].

Most articles about treating pilon fractures focus on the

results of open reduction and internal fixation. The use of

primary ankle arthrodesis with reconstruction of the frac-

ture has received much less attention; the literature on the

subject of which we are aware consists of no more than

several dozen patients using a diversity of approaches,

including blade plates [2], intramedullary nails [10], and

the Ilizarov method or other forms of external fixation

[4, 6]. Because these reports were generally so small, and

because of the kinds of severe complications they

observed—including nonunions and even amputations

[4, 6]—alternative approaches merit our attention. We have

been using an anterior plating technique, acute bone

grafting of tibial bone defects, selective use of adjunctive

ring external fixation, along with soft tissue management

for severe injuries of this type [12], and we wished to

evaluate the performance of this approach. Specifically, we

sought to answer the following questions: (1) How long

does it take the fracture to heal and the arthrodesis to fuse

when primary ankle arthrodesis is a component of initial

fracture management? (2) How do these patients fare

clinically in terms of modified American Orthopaedic Foot

and Ankle Society (AOFAS) scores and activity levels after

this treatment? (3) Using an approach that combined the

use of an anterior plate with a ring fixator in certain sce-

narios, with weightbearing permitted in patients who had

the fixator, is correct ankle alignment maintained at the

time of healing?

Patients and Methods

Study Design and Setting

This study is a retrospective case series. All patients were

treated by the two authors at the same Level I trauma

center (Emanuel Hospital, Portland, OR, USA) and fol-

lowed at the Summit Orthopaedics Clinic. The authors

planned each surgery in tandem and used the same surgical

methods. The collection period was from May 2010 to

September 2012. The minimum followup for the definitive

surgical reconstruction was 6 months (average, 14 months;

range, 6–22 months).

Participants/Study Subjects

All patients included in this study sustained comminuted

(Ruedi-Allgower, Feibel modification [4] Grade 3B, AO/

OTA Type C3) tibial pilon fractures with greater than 50%

articular cartilage loss (Fig. 1). During the period in

question, patients with less than 50% articular cartilage loss

generally were managed with open reduction and internal

fixation and attempted joint salvage. This determination

was made based on imaging studies (CT scan and plain

radiographs) and intraoperative evaluation. Patients

requiring bone transport, greater than 3 cm of shortening,

those with low-energy neuropathic injuries, or with delayed

presentation (greater than 3 weeks) were excluded.

Description of Experiment, Treatment, or Surgery

Our standard pilon fracture treatment protocol was fol-

lowed for this group of patients. This protocol includes:

irrigation, débridement, and soft tissue management for

open injuries; spanning external fixation (Figs. 1–3) to

Fig. 1 Coronal CT scan cut demonstrates a high degree of tibial

plafond comminution associated with severe articular cartilage

damage, our primary indication for the inclusion of an ankle fusion

with pilon fracture repair.
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obtain anatomic length; and definitive reconstruction when

swelling and soft tissues allow wound closure. Recon-

structive surgery of the tibia and ankle was performed

through an anterior approach (interval between the tibialis

anterior and extensor hallucis longus) in 10 ankles (Figs. 4, 5

show treatment of one patient). Because of soft tissue

concerns, one ankle was managed through a lateral

approach and one through combined medial and lateral

approaches. The fibula was typically fixed with plates and

screws. Intramedullary pins and Kirschner wire were used

to facilitate the alignment of the fusion or fractures

(Figs. 3–5). The pilon fracture components were reduced,

and remaining articular cartilage from the ankle was

removed. The subchondral bone was drilled with a 2.0-mm

drill. Internal fixation of the fracture and arthrodesis was

performed using an anatomically designed anterior ankle

arthrodesis plate in 10 ankles. The anatomically designed

modern anterior ankle arthrodesis plates used in this study

included those manufactured by Smith & Nephew (Mem-

phis, TN, USA), Tornier (Bloomington, MN, USA),

Integra (Plainsboro, NJ, USA), and Synthes (West Chester,

PA, USA). All were of sufficient length for an isolated

ankle arthrodesis, but insufficient in length to treat a

concomitant tibia fracture, necessitating the use of addi-

tional fixation, which was successfully accomplished with

ring external fixation (Figs. 6–12).

In two instances, additional plates provided stability for

a tibial shaft component of the fracture pattern, and in

seven, a multiplanar ring external fixator was placed for

this purpose. Our rationale for this decision was based on a

combination of the soft tissue envelope, bone integrity

around the ankle, stability achieved with plate fixation at

the arthrodesis site, and patient compliance with weight-

bearing restrictions. If adequate stability could be achieved

and the soft tissue envelope allowed, plate fixation alone

was used in the compliant patient. The ring external fixator

consisted of two rings placed proximal to the fracture and

one foot ring. All patients had neutral frames. As a general

rule, a combination of 1.8-mm wires and 6-mm half-pins

were used in the tibia. In the foot ring, two 1.8-mm smooth

wires engaged the metatarsal shafts, and two crossed 1.8-mm

smooth wires fixed the calcaneal tuberosity. In the tibia, all

external fixation points were at least 2.5 cm from any

internal fixation. Wires were not used in the talus when

internal fixation was present. If no internal fixation was

present, an additional smooth wire was placed in the talar

Fig. 2 This is the injury AP radiograph of an open pilon fracture

sustained resulting from a logging accident.

Fig. 3 This AP radiograph is after initial spanning external fixation,

open fracture management, and intramedullary fibular fixation.

Volume 472, Number 12, December 2014 Primary Ankle Arthrodesis 3825

123



neck. In two patients, because of soft tissue injury, only an

Ilizarov device was used to stabilize the fracture and

arthrodesis.

Bone defects in the distal tibia were filled at the time of

fracture repair with allograft bone chips (Figs. 13–18) in 10

ankles and iliac crest autograft in one. In one patient, a

defect was initially managed with antibiotic-containing

methylmethacrylate beads, which were replaced with

allograft bone chips at 9 weeks. The fibula underwent open

reduction and internal fixation in four patients through a

separate lateral incision. The variability in the definitive

fracture management of this group was the result of indi-

vidual fracture, soft tissue, and patient factors.

The preferred position of ankle fusion was 0� to 3�
valgus neutral flexion with rotation symmetric to the con-

tralateral limb.

Aftercare

Routine postoperative intravenous antibiotics were

administered for 24 hours in the closed fractures and

48 hours in the open fracture group. The two patients

treated with plated fixation alone were nonweightbearing

for 12 weeks in a short leg cast and then gradually

advanced to weightbearing as tolerated in a removable

fracture walker (retained until fracture and fusion healing).

The nine treated with ring external fixation were allowed to

be weightbearing as tolerated 2 weeks after frame appli-

cation. Aspirin was used as an antithrombotic agent in all

ankles.

Variables, Outcome Measures, Data Sources, and Bias

Outcome evaluation was performed in the outpatient clinic

by or with the direct supervision of the authors and

included chart review, patient interview, physical exami-

nation, and radiographs. Demographic and treatment data

were obtained from the medical records. Interview and

examination were performed based on the AOFAS ankle-

hindfoot scale [8]. As a result of the nature of the cohort’s

ankle injury, 8 points accounting for sagittal motion were

unable to be assessed. Parameters assessed included pain,

activity limitations, walking ability, gait, hindfoot motion,

sagittal motion, hindfoot stability, and alignment.

Fig. 4 This AP radiograph, after definitive fracture management and

ankle arthrodesis, shows the use of both internal ankle arthrodesis

plate fixation and ring external fixation.

Fig. 5 This is the lateral radiograph of the same patient in Figure 4.
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Weightbearing radiographs at followup included hind-

foot alignment, AP view of the ankle and tibia, and lateral

view including the foot, ankle, and tibia (Figs. 10–12). The

intersection of the tibial anatomic axis was measured rel-

ative to the midpoint of the talus on the AP view, the center

of the talar lateral process on the lateral view, and the most

inferior point of the calcaneus on the hindfoot alignment

view. The angle of the tibial axis to the sole of the foot was

measured. Postoperative radiographs were obtained at

monthly intervals to determine healing. These radiographs

were collected monthly, and all but two participants com-

pleted the full set.

Demographics and Description of the Study Population

Eleven patients with 12 pilon fractures comprised the study

population (Table 1). The study population consisted of

seven men and four women with an average age of

58 years (range, 25–76 years). The mechanism of injury

was a fall in six (seven fractures), motor vehicle accident in

two, a logging accident in one, and a kiteboard injury in

one fracture. Seven fractures were closed and five were

open. All had severely comminuted tibial pilon fractures

with a nonreconstructable joint surface, classified as 3B

using the Feibel modification of the Ruedi-Allgower sys-

tem. Fractures extended into the tibial shaft in nine ankles.

Six patients sustained other significant orthopaedic injuries.

In close proximity to the pilon fracture, two sustained an

ipsilateral talus fracture, the bilateral patient sustained

bilateral displaced comminuted calcaneal fractures

(Figs. 13–18), and one had peroneal brevis and longus

tendon tears.

The time from injury to definitive reconstruction aver-

aged 15 days in 11 fractures with a range of 8 to 24 days.

This excluded one patient who underwent definitive

reconstruction at 67 days as a result of a severe soft tissue

injury, which was managed with 2.5 cm of bone resection

and wound closure without tissue transfer. Initial man-

agement in 11 fractures included a spanning external

fixator device to maintain length and stability, and one

length-stable fracture was managed with a short leg splint.

Accounting for All Patients/Study Subjects

During the period of study, the two authors performed

fracture reduction and internal fixation on 63 pilon

Fig. 6 The AP radiograph shows a closed pilon fracture after

spanning external fixation performed the day of injury.
Fig. 7 The lateral radiograph more clearly depicts the plafond

damage, which is better visualized on the CT scan shown in Figure 8.
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fractures. During this timeframe, 12 fractures were treated

with primary arthrodesis, all of which were included for

review in this study. Two patients were unable to return for

final followup radiographs, interview, and examination.

One was unable to be located. The other died approxi-

mately 2 years after the original fracture.

Results

All ankle fusions and 11 of the 12 fractures healed at an

average of 4.4 months (range, 3–5 months). One patient

developed a nonunion at the tibial metaphyseal/diaphyseal

region but subsequently healed after revision internal fix-

ation with iliac crest autograft. Average ring external

fixation time (nine patients) was 120 days (range,

57–167 days). The one patient whose frame was removed

at 57 days developed a tibial nonunion.

The mean AOFAS ankle-hindfoot score was 83 with a

range from 69 to 91. Using this scale, eight patients had a

score of 80 or better, and one scored 69. Patients who were

not limited by their other orthopaedic injuries or psychi-

atric conditions were able to return to a level of function

consistent with patients who have had ankle fusions

performed on an elective basis. Three patients were able to

do short hikes. One patient was able to snowboard, kitesurf,

and bike. No patient required prescription pain medication

at followup. At the end of treatment, we recommended that

one patient obtain rocker-sole shoes, but the patient has

opted not to consistently use them; no other patients in this

series had symptomatic limb length discrepancy.

All patients who returned for followup physical exami-

nation had a well-aligned leg, ankle, and hindfoot. All

received the maximum score for alignment on the AOFAS

scale. Radiographic analysis confirmed these clinical

findings. On the AP view (Fig. 10), the tibial anatomic axis

was on average of 1.4 mm lateral to the midpoint of the

talus with a range from 6 mm medial to 5 mm lateral. On

the lateral view (Fig. 11), the tibial anatomic axis averaged

7.3 mm posterior to the midpoint of the talar lateral process

with a range from 2 mm to 11 mm posterior. On the lateral

view (Fig. 11), the tibial axis to sole of the foot angle

averaged 89� with a range from 83� to 95�. On the hindfoot

alignment view (Fig. 12), the tibial anatomic axis was an

average of 0.1 mm lateral to the most plantar point of the

calcaneus with a range from 11 mm medial to 10 mm

lateral.

Fig. 8 This CT scan depicts plafond damage. Fig. 9 The AP radiograph is after surgical treatment, including

fracture stabilization and ankle arthrodesis with an anatomically

designed anterior fusion plate and ring external fixation.
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Other Relevant Findings

Complications included one tibial nonunion (as previously

discussed) that was successfully treated with additional

surgery. One patient had a superficial anterior ankle wound

dehiscence that was successfully managed with a split-

thickness skin graft. One patient developed a pulmonary

embolus and was managed with medical treatment. One

patient required revision of internal fixation for a rotational

deformity. This deformity was corrected with the reinser-

tion of the proximal screws in the plate 4 weeks after the

initial procedure. Two patients had hardware removal for

activity-related symptoms. All patients with ring external

fixators had at least one superficial pin tract infection,

which was successfully treated with oral antibiotics and pin

care. No deep infections were observed.

Discussion

Background and Rationale

It had been our protocol to try to salvage all ankles asso-

ciated with pilon fractures using open reduction internal

fixation, and there are many series evaluating this

approach. However, after observing the long-term clinical

results of certain severe fracture patterns, we theorized that

primary ankle arthrodesis may expedite the recovery for a

select group of patients whose fracture patterns are espe-

cially severe. The findings of this retrospective case series

showed high healing rates without malalignment, good

overall function, and minimal pain.

Limitations

This study had a number of limitations. First, this was a

retrospective review of a small case series. Owing to the

small number of included subjects, these outcomes were

collected by the care team, which included the authors of

this study. Although unavoidable, this leads to a source of

observer bias. These limitations alone influence the

strength of the conclusions that can be drawn; however, we

believe the results have sufficient validity to warrant the

continued use of the concepts presented and further study.

Second, our followup was limited or lost in several

patients. This is, unfortunately, a frequent problem in the

trauma population. However, based on our experience with

Fig. 10 The AP radiograph at followup demonstrates the radio-

graphic measurements analyzed in this study.

Fig. 11 Lateral followup radiograph demonstrates radiographic

measurements.
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ankle fusions, we believe we obtained sufficient followup

to evaluate our study questions. Third, there was no control

group, and so it is possible that alternative approaches

might prove better than the approaches we used. Fourth,

determining time to healing has to be considered a rela-

tively soft endpoint, because not every patient had

radiographs at exactly the same time intervals; however,

one can consider that, if anything, the times presented here

are longer than actual healing times, because patients may

have achieved union and arthrodesis before the first

radiographs demonstrated those findings. Additionally, the

definitive reconstructive surgical technique was not iden-

tical for all patients. This could have been avoided by

excluding certain patients in this study, but our intention

was to evaluate the validity of early primary ankle

arthrodesis, and various surgical techniques could be used

to accomplish this goal. Also, each patient in this select

group of severe pilon fractures has individual injury char-

acteristics that necessitated different techniques. Subject

numbers were insufficient to determine if there was a dif-

ference between the various plates used in this study or

between patients treated with or without the ring fixator.

Finally, the AOFAS is not validated for this population.

Healing

It is conceivable that primary ankle arthrodesis at the

time of pilon fracture fixation could create additional

healing complications, especially given that most of the

fractures included bone defects treated with allograft.

However, in our patient series, healing rates were

excellent and consistent with other similar published

reports. All 14 subjects in the study by Bozic et al. [2]

had complete healing at both the ankle fusion and

fracture sites at an average of 15 weeks. Additionally,

both subjects in a study by Niikura et al. [10] experi-

enced complete healing. In these two patients, the distal

fibula was used as bone graft. Stiehl and Dollinger [13]

reported healing in all three instances, and Kenzora et al.

[6] had healing in four of five subjects with both groups

using external fixation.

Fig. 12 The hindfoot alignment view of this patient with bilateral

injuries shows the comparison with the contralateral limb, which was

treated with traditional open reduction and internal fixation.

Fig. 13 AP radiograph shows both the comminuted pilon fracture

and calcaneal fracture sustained after a suicide attempt.
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AOFAS Scores

Our study found an average AOFAS score of 83, which is

compatible with satisfactory overall function. This group of

patients was able to achieve high levels of function after a

severe ankle injury without the need for multiple recon-

structive procedures and prolonged recovery times. As a

result of the variability in patient populations, reporting

methods, and patient outcome scoring systems, it is diffi-

cult to quantitate our patients’ function compared with

similar patient populations treated with fracture recon-

struction alone with or without delayed ankle arthrodesis or

ankle arthroplasty. However, several recent studies using

the AOFAS outcome score provide some comparative

historical data. Jansen et al. [5] reported on 35 patients in

2013 and found a mean AOFAS ankle-hindfoot score of 82

in 14 patients with AO Type B fractures and a mean score

of 55 in 21 patients with Type C fractures. Davidovitch

et al. [3] retrospectively reviewed 46 patients (47 fractures)

with OTA Type 43C (comminuted intraarticular) pilon

fractures treated with either open reduction or internal

fixation or limited internal fixation and spanning articulated

external fixation. At a followup of 18 months, the external

fixation group had a mean AOFAS ankle-hindfoot score of

77.1, and 81% had evidence of posttraumatic ankle

arthritis. The open reduction and internal fixation group

had a followup of 20 months, AOFAS score of 72.4, and

Fig. 14 Lateral view shows a comminuted pilon fracture and

calcaneal fracture from Figure 13.

Fig. 15 AP radiograph shows a pilon fracture fixation and ankle

arthrodesis performed through an anterior approach and the calcaneal

fracture repair through a lateral approach. Ring external fixation

provided additional fracture stability and allowed this patient with

bilateral injuries to ambulate during the healing period.

Fig. 16 Lateral view shows a pilon and calcaneal fracture from

Figure 15.
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73% incidence of radiographic arthritis. Boraiah et al. [1]

reported the outcome of open pilon fractures treated with

open reduction and internal fixation using patient-specific

treatment regimens. They showed a low incidence of soft

tissue complications. Using a modified Mazur score, 24%

had good or excellent results and 62% had a poor result

with an average 34-month followup. The AO/OTA C3

fractures had a higher infection incidence. In 2012, Ketz

and Sanders [7] reported a comparative study of commi-

nuted pilon fractures treated with different surgical

approaches for open reduction and internal fixation with a

40-month average followup. The staged posterolateral and

anterior approach group had a mean AOFAS score of 85.2,

whereas the standard anterior approach group had a mean

AOFAS score of 76.4.

Radiographic Alignment

Radiographic analysis showed a tendency for slight talar

anterior translation with respect to the tibia anatomic axis.

Acceptable alignment in the frontal plane and sagittal plane

angular alignment were achieved. To our knowledge,

alignment measurements have not been specifically

reported in the other studies of primary ankle arthrodesis

for pilon fractures.

Conclusions

Highly comminuted tibial pilon fracture with severe

articular cartilage damage can be managed successfully

using modern soft tissue protocols and definitive surgical

reconstruction with primary ankle arthrodesis. The anterior

approach using anatomically designed ankle arthrodesis

plates and ring external fixation methods provided good

clinical and functional results with predictable healing.

Based on the findings of this initial series, our clinical

practice incorporates primary ankle arthrodesis into our

treatment options for OTA C3 pilon injury patterns. Future

directions include the development of internal fixation

devices that provide the necessary stability to treat both

distal tibia fractures and ankle arthrodeses. Future clinical

research will focus on the outcome of patients treated with

primary ankle arthrodesis compared with joint-sparing

options.

Fig. 17 AP radiograph after fracture healing shows restoration of

limb alignment. This patient regained function and healed within 5

months after bilateral limb-threatening injuries without the need for

additional reconstructive procedures.

Fig. 18 Lateral view shows the patient in Figure 17.
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