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	 Abstract
The purpose of this thesis was to evaluate effectiveness of minimal open reduction and circular ring 
external fixation for treating of tibial pilon fractures with serious soft-tissue injuries or open wounds. The 
retrospective outcome study was performed as one of the methodology to conduct this research. The study 
was conducted on fifteen patients with tibial pilon fractures associated with serious soft-tissue injuries or 
open wounds.  Patients were treated with minimal open reduction and circular ring external fixation and all 
of them were monitored for more than one year. Out of fifteen patients, thirteen of them were males and 
two were females, and their mean age was 45.3 years old (ranging from 29 to 62). Reduction status was 
evaluated with radiology based on the Burwell and Charnley’s criteria. Ankle function was graded using the 
criteria suggested by Mast and Teipner. The length of time that the circular ring external fixation device 
remained in place varied for each patient according to time until bony union. Any other complications were 
recorded throughout the study. Bony union was achieved within average 17.2 weeks in 13 out 15 fracture 
(86.6%). For 2 fractures complicated by infection, bony union was achieved at an average of 37 weeks after 
eradication of the infection. During the final follow-up examination, radiographs revealed that 7 patients 
had anatomic reduction, 6 had fair reduction, and 2 had poor reduction. Clinically, 7 patients had good 
function, 4 had fair function, and 4 had poor function. Range of motion of ankle joint at last follow up. 
Showed average 17 degree of dorsiflexion and 13 degree of plantarflexion. There were 3 types of 
complications found during the study: pin-tract infection (1 patient), osteomyelitis (1 patient), and 
posttraumatic arthritis (1 patient). In conclusion, the combination of minimal open reduction and circular 
ring external fixation could be considered as an alternative treatment for tibial pilon fracture associated with 
serious soft-tissue injuries or open wounds.
 

	 Key Words : Circular ring external fixation, Minimal open reduction, Pilon fracture, Tibia

Department of Orthopedic Surgery, Keimyung University School of Medicine,  
Daegu, Korea

Ki Cheor Bae, M.D., Kwang Soon Song, M.D. 

Treatment of Tibial Pilon Fractures with Minimal Open Reduction 

and Circular Ring External Fixation

계명의대학술지 제32권 2호
Keimyung Med J
Vol. 32, No. 2, December, 2013



140 계명의대학술지 제32권 2호 2013

Introduction

Tibial pilon fractures, or fractures of the 
articular surface of the distal tibia, account for 5% 
to 7% [1,2] of all tibial fractures. Pilon fractures are 
high-energy, explosive intra-articular fractures 
produced by axial loading force. They are very 
difficult to reduce anatomically, because of severe 
comminution. About 10% to 30% of such fractures 
are related to serious soft-tissue injuries or open 
wounds [3-5].
In cases of closed tibial pilon fracture, open 

reduction and internal fixation is preferred 
generally. When open wound with extensive soft 
t i s sue in jury or severe comminut ion wi th 
displacement are noted, external fixation is 
preferred [6,7]. If one try open reduction and 
internal fixation in cased of high energy trauma 
with open wound, there are increased risk of 
infection, skin necrosis or non-union by further 
soft tissue injury during open reduction, which may 
cause poor result requiring other unnecessary 
procedures.
We conducted this study to evaluate the results 

and complications of using a combination of 
minimal open reduction and circular ring external 
fixation to treat tibial pilon fractures with serious 
soft-tissue injuries or open wounds.

Materials and Methods

We evaluated all patients’ medical records and 
radiographs retrospectively. We recalled all patients 
and performed physical examinations in 15 patients 
with pilon fractures who had open or severe soft-
tissue damage and who were treated with minimal 
open reduction and circular ring external fixation 
between December 1995 and September 2006 
(Table 1).

The mean age of the patients was 45.3 years 
(range, 29 to 62 years); there were 13 men and 2 
women. The mean follow-up period was 17.8 
months (range, 13 to 29 months).
Causes of injury were as follows: falling from a 

height, 9 patients (60%); motor vehicle accident, 5 
patients (33.3%); falling, 1 patient (6.7%). Of the 
motor vehicle accidents, 4 (26.6%) involved a car 
and 1 (6.7%) involved a motorcycle. Eleven 
patients had closed fractures and 4 had open 
fractures.
We used the Rüedi-Allgöwer classification 

system, which stratifies fractures into 3 types 
according to the degree of comminution and 
displacement of the articular surface. This study 
was composed of tibial pilon fractures associated 
w i th s e r i ou s so f t-t i s sue i n j u r i e s such a s 
s u b c u t a n e ou s  h emo r r h a g e,  b l u i s h  s k i n 
discolorization and bullae formation or open 
wounds, and were treated with minimal open 
reduction and circular ring external fixation. Of the 
15 patients, 4 (26.6%) had a type II fracture and 11 
(73.3%) had a type III. To determine the degree of 
damage to soft tissue in closed fractures, we used 
the Tscherne classification [8]. Of 11 cases of closed 
fractures, 8 were grade 2 and 3 were grade 3.
The time elapsed from injury to surgery was an 

average of 8.4 days. We attempted reduction in all 
patients at the earliest point after their general 
condition had been stabilized, performing surgery 
generally within 2 weeks of injury.
All cases had combined fibular fractures, fibular 

fracture was reduced and fixed with AO plate & 
screws at first. To maintain the correct length of bone, 
via a longitudinal skin incision along the posterior 
border of fractured fibula. Then we applied external 
ring fixator. K-wires were inserted into tibia shaft 
above the fracture site and talus, calcaneus below 
fracture site, from medial side. After application of 
ring fixator, we applied distraction forces for 
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ligamentotaxis and confirmed the reduction status by 
image intensifier. When articular incongruence is 
noted, we made a minimal skin incision for limited 
open reduction and followed by internal fixation 
using a lag screw or K-wires.
We confirmed reduction status using an image 

intensifier. Circular ring external fixation devices 
were used in all patients. To determine the 
reduction state (anatomic, fair, or poor) of the 
fractures, we evaluated trimalleolar displacement, 
angulation, and displacement of the talus according 

to the strict radiographic criteria of Burwell and 
Charnley [9]. We used the time until removal of the 
circular ring external fixation device to calculate the 
time to bony union.
Time interval for bone union was calculated 

from the day of injury to the day of removal of ring 
external fixator. All patients were followed more 
than 1 year, and we analyzed clinical result by 
range of motion, presence of swelling or pain, 
using the Mast and Teipner’s functional evaluation 
method [10], and the results were recorded as 

Table 1.	�Patients’ data

Type

Case Age/
Sex

Mechanism 
of Injury

R-A 
Classa

Closed/
Open

Union 
Time 

(weeks)

Follow-
Up 

(months)

Radiologic 
Resultsb

Functional 
Resultsc Complications

1 48/M Falle III Open 26 13 Fair Good

2 35/M Falle III Open 30 27 Poor Poor Valgus 
alignment

3 62/M TAd II Closed 15 13 Anatomic Good

4 58/M TAd II Open 15 13 Anatomic Good

5 29/M Falle III Closed 21 13 Fair Good

6 46/F Falle III Closed 10 29 Anatomic Poor

7 30/F TAd III Closed 13 23 Fair Fair

8 46/M Fall down III Closed 17 27 Poor Poor

9 46/M TAd II Closed (34) 18 Fair Fair Pin tract 
infection

10 51/M Falle III Closed (40) 24 Anatomic Poor Infection

11 62/M TAd II Open 24 13 Anatomic Good

12 42/M Falle III Closed 15 15 Fair Fair

13 33/M Falle III Closed 12 13 Anatomic Good

14 51/M Falle III Closed 13 13 Anatomic Fair

15 41/M Falle III Closed 10 13 Fair Good
aClassification system of Rüedi and Allgöwer (23). bRadiographic criteria of reduction by Burwell and Charnley (8). 
cFunction criteria by Mast and Teipner (16). dTraffic accident. eFall from a height.
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good, fair or poor. We also noted postoperative 
complications.

Results

The average elapsed time until union was 17.2 
weeks (range, 10 to 30 weeks) for 13 patients 
(86.6%); the other 2 (13.3%) had infect ive 
nonunion. Fracture reduction was anatomic in 7 
patients (46.6%), fair in 6 (40%), and poor in 2 
(13.3%), according to the Burwell and Charnley 
method [9]. There were 4 cases of type II fracture 
and 11 cases of type III fractures, by Rüedi-
Allgöwer classification system. Of these 4 patients 
of type II fractures, 3 patients had anatomical 
reduction was achieved in 3 patients (75%) and fair 
reduction in 1 (25%). Of the 11 cases of type III, 
anatomic reduction was achieved in 4 patients 
(36.4%), fair in 5 (45.5%), and poor in 2 (18.2%).
Treatment results were determined to be good 

in 7 patients (46.6%), fair in 4 (26.6%), and poor in 
4 (26.6%) according Mast and Teipner’s clinical 
function evaluation system. Of the 4 cases of type 
II fractures, result was good in 3 patients (75%), 
fair in 1 patients (25%). Of the 11 cases of type III 
fractures, result was in 4 patients (36.4%), fair in 3 
(27.2%), and poor in 4 (36.4%).
We experienced 3 cases of complication; one 

patient with a Rüedi-Allgöwer type III and Tschene 
grade 2 fracture had soft-tissue necrosis and 
osteomyelitis. We performed bacterial cultures, 
intravenous administration of suitable antibiotics, 
curettage and wound irrigation. The other patient 
with a Rüedi-Allgöwer type II and Tschene grade 2 
fracture had a pin-tract infection. But we achieved 
union at an average of 37 weeks. One patient with 
Rüedi-Allgöwer type III and open fracture resulted 
valgus deformity and osteoarthri t is, so we 
performed ankle arthrodesis with success.

Discussion

Tibial pilon fracture is fracture of the region 
constituting the top of the ankle joint and is 
caused mainly by high-energy axial compression 
forces. In these fractures, severe comminution is 
caused by crush rather than by rotation force. 
According to the degree of damage, these 
fractures can be accompanied by malleolar 
fractures, displacement, and bone loss of the 
metaphysis such that widespread soft-tissue 
damage may occur.
Several studies have reported that main causes 

for pilon fractures are falls from a height or traffic 
accidents [11,12]; this was the case with our 
patients. Several authors have attempted to 
classify pilon fractures, but this is difficult 
because of the complicated properties of the 
fractures themselves. In 1953, Lauge-Hansen [13] 
described pilon fractures as pronation-dorsiflexion 
fractures, and in 1986, Ovadia and Beals divided 
these same fracture types into 5 groups on the 
basis of amount of displacement and comminution 
[14]. In 1969, Rüedi and Allgöwer classified 
fractures into 3 types, according to the degree of 
comminution and displacement of the articular 
sur face, which was useful in determining 
prognosis; their now-universal classification 
system is the one that we used [15].
Because we targeted patients with tibial pilon 

fractures accompanied by severe soft-tissue 
damage or open wounds whose fractures were 
treated with minimal open reduction and external 
fixation using the circular ring external fixation 
device, all had fractures classified as type II or III 
under the Rüedi-Allgöwer system.
Treating tibial pilon fractures is difficult, 

because they combine severe swell ing and 
damage to soft tissue (Fig. 1), especially when the 
displacement of an articular fragment is severe or is 
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accompanied by metaphysial bone defect or when 
the degree of comminution is severe. Tibial pilon 
fractures have long been treated with nonsurgical 
methods, with open reduction and internal fixation, 
with a restrictive open reduction and external 
fixation, and with a manual reduction and external 
fixation [10,16,17]. Ayeni [18] reported poor results 
in 50% of patients treated with nonsurgical methods 
such as a plaster splint or cast. Bone [1] used a cast 
and calcaneus skeletal traction after closed 
reduction. However, plaster casts can neither 
reduce a fractured articular surface nor secure and 
maintain the normal length of the fracture site, and 
when plaster casts are used in the presence of 
severe soft-tissue damage and an open wound, it is 
impossible to monitor the state of the soft tissue.
At present, the most popular treatment is open 

reduction and firm internal fixation using a plate 
and screw [14]. Rüedi and Allgöwer reported good 
results in 1973 after deciding on a treatment 

protocol [3]. They restored the normal length of 
the fibula by reducing it [18]. Then they recovered 
the distal articular surface of the tibia [4]. Next, 
they did bone grafting to repair the metaphysial 
bone defect [5]. Finally, using a buttress plate, they 
attempted rigid internal fixation on the medial side 
of the distal tibia. They had these patients perform 
range-of-motion exercises early after surgery and 
noted good results in 73% [19,20]. However, most 
of those patients had sustained fractures caused by 
a low-energy impact and had only slight soft-tissue 
damage.
Kellam and Waddell [12] reported that 84% of 

their patients had good results from repairs to their 
type I fractures but that only 53% of those with 
type II or III fractures. In 1989, Bourne et al. [16] 
reported that 80% of patients had satisfactory 
results in type I and II fractures, but only 32% had 
good results in type III fractures. Also, there were 
difficulties with open reduction and internal 

Fig. 1.	A Rüedi-Allgöwer type III pilon fracture of the right ankle, a 51-year-old man who had a motor vehicle 
accident. Ankle swelling and multiple bullae developed.
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fixation; Kang et al. [21] reported that rigid internal 
fixation with a buttress plate was possible in only 6 
of 17 cases.
When open reduction and internal fixation is 

used as the first-line treatment for open fractures or 
severely damaged pilon fractures, complications 
such as skin necrosis, osteomyelitis, septic arthritis, 
nonunion, malunion, and superficial infection 
occur, requiring flap surgery for skin coverage, 
ankle arthrodesis, or amputation.
Posttraumatic arthritis has been reported to 

occur in 50% of patients with tibia pilon fracture 
[1,2,18,22]. Also, several studies have reported that 
when open reduction and internal fixation has 
been performed for Gustilo-Anderson type II and 
III open pilon fractures, the number of complications was 
very high [14,23,24] and that when open reduction 
and internal fixation is performed for pilon 
fractures accompanied by serious soft-tissue injury, 
the frequency of delayed complications and 
revision surgeries is likely to increase [25]. Teeny 
and Wiss [26] emphasized that i f anatomic 
reduction cannot be conducted without soft-tissue 
complications before surgery, another type of 
treatment should be considered; they reported poor 
results for performing open reduction and internal 

fixation in this situation. Primary open reduction 
and internal fixation produced unsatisfactory 
results in Rüedi-Allgöwer type III fractures and 
open fractures caused by high-energy trauma.
Because the complicat ion rate for open 

reduction and internal fixation is high in high 
energy trauma patients, an alternative external 
fixation is attracting attention. Kellam and Waddell 
[12] and Mast et al. [27] reported that when an 
external fixation device is used in treating tibia 
pilon fracture, it is useful in securing the normal 
length of the fracture site and reconstructing and 
stabilizing the articular surface, and Tornetta et al. 
[7] reported that 81% of patients had excellent 
results and low rate of complication when internal 
fixation and external fixation were integrated. 
Bone et al. [28] reported excellent or good results 
in 6 cases, fair in 9, and poor in 5 by using a delta-
frame external fixation device, including the ankle 
joint, in 20 cases of open comminuted pilon 
fracture.
We used minimal open reduction and circular 

ring external fixation to treat tibia pilon fractures 
with by serious soft-tissue injuries or open wounds 
(Fig. 2) and obtained union in 13 (86.6%) of 15 
patients by an average of 17.2 weeks (range, 10 to 

Fig. 2.	A: A 62-year-old man had a motor vehicle accident and sustained a Rüedi-Allgöwer type II pilon fracture of 
left ankle. B: The patient underwent minimal open reduction and circular ring external fixation with percutaneous 
pinning of the tibial pilon fracture and open reduction and internal fixation of the fibular shaft fracture. C: Follow-up 
radiographs show complete bone union. There were no complications.

(A) (B) (C)
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30 weeks). We obtained good results in 7 patients 
(46.6%), fair in 4 (26.6%), and poor in 4 (26.6%), as 
evaluated by Mast and Teipner’s clinical function 
method. We did not encounter widespread skin 
necrosis, which is frequently a problem with 
internal fixation, in any of our patients. Three of 
our patients developed complications (soft-tissue 
necrosis and osteomyelitis, pin-site infection, and 
valgus deformity); thus, in comparison with studies 
in which other treatments were used, our results 
were at least as good, if not better.
We were able to obtain good results and had 

only a small number of complications because 
primary reduction was obtainable, along with 
restoration of normal bone length, through the use 
o f  c i r c u l a r  r i n g  e x t e r n a l  f i x a t i o n  a n d 
ligamentotaxis. 
Minimal open reduction in combination with 

circular ring external fixation leads to fewer 
complications and good union in tibial pilon 
fractures accompanied by serious soft-tissue injury 
and open wounds. Despite the brevity of our 
follow-up period, we believe that longer-term 
studies will confirm that this combination of 
treatment methods is a viable alternative for 
treating such fractures.
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