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Introduction
Pilon fractures involve the dome of the distal tibia articular 
surface, resulting from axial loading ranging from low to high 
energy, and a spectrum of articular and metaphyseal injuries 
where the fibula may or may not be intact. These fractures 
account for approximately 7% of tibia fractures.[1]

The management of pilon fractures remains challenging. 
Significant advancements in the management of pilon fractures 
have taken place with the development of orthopedic surgical 
techniques and materials, shifting conservative treatment 
toward surgical intervention. However, poor outcomes, due 
to associated soft‑tissue complications with open reduction 
and internal fixation  (ORIF), have led to the return of less 
aggressive surgical management of these fractures.[2] The 
importance of the soft‑tissue envelope of the distal tibia and 
its role in both fracture healing and long‑term outcomes have 

become better understood over the years.[3‑8] Hence, various 
types of external fixators have been proposed as a definitive 
treatment instead of open reduction and plating to avoid further 
injury to the soft tissue.[9,10]

Successful treatment of pilon fractures depends on many 
factors including the degree of bone comminution, severity of 
soft‑tissue injury, delay in presentation, timing of surgery, 
patient general condition, concomitant injuries, surgical 
technique, and postoperative management.[11,12] The options 
for definitive surgery include either ORIF or external fixation 
(uniplanar, multiplanar, ring, or hybrid).[13,14]
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The rate of severe complications after surgical management 
ranges from 10% to 55% and some of these complications 
can lead to amputation.[15‑17] Soft‑tissue complications include 
wound dehiscence, superficial skin necrosis, wound infection, 
pin‑tract infection, damage to superficial nerves, and complex 
regional pain syndrome, whereas bony complications include 
osteomyelitis, devitalization of bone fragments, nonunion, 
and malunion, leading to deformities. Furthermore, the quality 
of articular reduction and joint congruity correlates with the 
development of posttraumatic arthritis.

In this study, we aim to compare external fixation to ORIF for 
pilon fractures in adults with regard to postoperative soft‑tissue 
complications as well as bone healing complications and 
posttraumatic arthritis.

Materials and Methods
We used the PRISMA statement criteria in reporting our 
meta‑analysis.[18]

Search strategy
A systematic search was performed of MEDLINE using 
PubMed through January 1990 to July 2017 to retrieve all 
published studies comparing postoperative outcomes of 
external fixation versus ORIF in pilon fractures. The search 
terms were  ((pilon) OR  (plafond) OR  (distal tibia intra 
articular)) AND ((external fixat*) OR (treatment) OR (fixat*) 
OR (ORIF)) as words in the title or abstract. The search was 
limited to human subjects and English language literature. 
Supplementary searches were performed using Embase and 
Cochrane library using similar search terms. Furthermore, we 
performed a supplementary manual search using reference lists 
of original research and review articles.

Selection of studies
After retrieving publications from our search, two phases of 
selection were carried out according to the eligibility criteria 
in our meta‑analysis including comparative studies whether 
prospective or retrospective that compared external fixation 
in its various types to ORIF and reporting postoperative 
complications. Studies were excluded if they were single‑arm 
case series, investigating other modalities of treatment or not 
reporting the primary outcomes (major infections).

Data extraction
Two independent authors (M. Y. and O. A.) extracted the data 
including where each study was conducted, year of publication, 
number of patients and events, demographic characteristics 
of the study population, methods, and details of outcomes 
reported. In the event of any difference of opinion, a meeting 
was held, and the conflict was discussed and resolved by 
reaching a consensus.

Outcomes
The primary outcome in our meta‑analysis was major infection, 
which we defined as deep soft‑tissue infection, osteomyelitis, 
or any infection that required an additional procedure  (i.e., 

return to the operation room for debridement) and/or 
therapeutic intravenous antibiotic administration (other than 
the routine prophylactic doses). The secondary outcomes 
were minor infection (superficial soft‑tissue infection or any 
infection that was managed only with a change of dressing 
and/or oral antibiotics), delayed union, nonunion, malunion, 
and posttraumatic arthritis.

Quality assessment
Quality assessment of the eligible studies was performed using 
the Newcastle–Ottawa scale for nonrandomized cohort studies 
and the Cochrane risk of bias assessment tool for randomized 
controlled trials (RCTs).

Statistical analysis
We performed the meta‑analysis using the OpenMeta‑Analyst 
software  (Center for Clinical Evidence Synthesis, Tufts 
Medical Center Boston, MA, USA), using odds ratio  (OR) 
as an effect measure, with a 95% confidence interval  (CI). 
The analysis was performed using the fixed effect model 
when there was no significant heterogeneity. We performed 
sensitivity analyses to examine the specific associations 
between certain external fixation (Ex-Fix) techniques and 
ORIF to postoperative outcomes; (i.e. limited internal fixation 
with external fixation [LIFEF], uniplanar and circular external-
fixators). Sensitivity and subgroup analyses were conducted 
by pooling the events from the studies utilizing each technique 
separately. Heterogeneity was assessed using I2, where a value 
of  >60% was considered significant. Publication bias was 
explored using funnel plot and the Egger test.

Results
The systematic and hand search identified 485 studies 
published between January 1990 and July 2017. After two 
phases of selection, 13 prospective and retrospective studies 
comparing external fixation and ORIF for the treatment of 
pilon fractures in adults were considered for inclusion in our 
meta‑analysis. Figure 1 shows the process of identifying the 
eligible studies. Twenty‑two studies were excluded because 
they were not comparative studies  (i.e., systemic reviews 
or case series), nine studies investigated other treatment 
modalities, and two of the studies did not report any of the 
outcomes of interest.

Characteristics of included studies
Table  1 summarizes the characteristics of the 13 studies 
included in our primary analysis. The total number of patients 
included was 679 adults, with 683 pilon fractures, of which 
330 fractures were treated using external fixation and 353 
fractures treated with ORIF. One hundred and eight  (108) 
patients from the external fixation group were treated using 
circular external fixators  (i.e., hybrid or Ilizarov), whereas 
188  patients had undergone LIFEF, and 34  patients had 
uniplanar external fixators alone. All the patients were 
adults. The average age of the patients in both groups was 
42 years. The external fixation group had 121 open fractures, 
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whereas there were 68 open fractures treated with ORIF. One 
study[26] investigated only closed pilon fractures. Most of the 
included patients in both groups had AO/OTA Type C pilon 
fractures. However, Guo et al.[29] did not report the details of 
the type of pilon fractures included in their study. Various 
surgical techniques, implants, and devices were used to treat 
the pilon fractures in each study. This included the following 
uniplanar external fixation, ring external fixators, hybrid, or 
Ilizarov fixator with or without limited internal fixation, versus 
ORIF. In the majority of the cases, ORIF was performed after 
an average of 7–14 days, and only after the soft‑tissue swelling 
has subsided. The average follow‑up durations in the external 
fixation and ORIF groups were 26.2 months and 27.3 months, 
respectively, ranging from 5.5  months in Anglen[20] up to 
84 months in Davidovitch et al,[27]

Quality assessment
Tables 2 and 3 summarize the results for the different domains 
of the study quality adapted from the Newcastle–Ottawa 
scale for cohort studies and the Cochrane tool for assessing 
the risk of bias for RCTs.[31,32] The assessment of the included 
cohort studies suggests that two studies[20,30] had unbalanced 
prognostic factors of the patients in their cohorts as they 
did not match patients in the design nor did they adjust 
for important compounding factors, in contrast to the rest 

of the cohort studies. In addition, the studies of Anglen[20] 
Davidovitch et al.,[27] Guo et al.,[29] and Richards et al.[28] did 
not have an adequate follow‑up with >20% of their patients 
lost to follow‑up. The included RCTs[19,26] carried a high risk 
of bias, especially in blinding and concealment of patients and 
outcomes. Further risk existed in the randomization process 
in Wyrsch et al.’s study.[19]

Quantitative data synthesis
Major infections
The comparative effect of external fixation versus ORIF in pilon 
fractures showed a 6% increased chance of major infection 
(i.e., deep soft‑tissue infection, osteomyelitis, requiring a 
return to the operating room for a secondary procedure, and/or 
intravenous antibiotic administration). However, we failed 
to prove that this association was statistically or clinically 
significant  (OR  =  1.06, 95% CI: 0.56, 1.69, I2  =  42.2%) 
[Figure  2]. However, when comparing LIFEF and circular 
Ex‑Fix separately to ORIF, there was a decrease in the major 
infection risk, but again, these results were not statistically 
significant (OR = 0.89, 95% CI: 0.37, 2.17, I2 = 53.4% and 
OR = 0.88, 95% CI: 0.20, 3.95, I2 = 55.9%, respectively).

Minor infections
There was a significant trend toward increased minor 

Figure 1: Flowchart of meta-analysis study selection
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Table 1: Characteristics of the studies included in the meta‑analysis

Year Country Design Level of 
evidence

Patients 
(n)

Fractures 
(n)

Type of 
fixation

n Age 
(year)

Gender 
male/

female (n)

Fracture 
class

Open 
(n)

Closed 
(n)

Follow 
up (m)

Wyrsch 
et al.[19]

1996 USA RCT II 39 39 EFLIF 20 39 14/6 I: 4 
II: 4 

III: 12

7 13 24 (25‑51)

ORIF 19 38 13/6 I: 4 
II: 10 
III: 5b

3 16

Anglen[20] 1999 USA Retrospective 
cohort

III 48 48 Hybrid 
Ex‑fix

29 39 19/10 A: 1 
B: 8 
C: 20

8 21 20 (5.5‑46.9)

ORIF 19 33 11/8 A: 3 
B: 5 

C: 11a

1 18

Pugh  
et al.[21]

1999 USA Retrospective 
cohort

III 60 60 Uni‑planer 
Ex‑Fix

21 NR NR A: 2 
B: 2 
C1: 1 
C2: 13 
C3:14

16 5 NR

Single 
ring 
hybrid 
Ex‑Fix

15 NR NR A: 4 
B: 1 
C1: 1 
C2: 2 
C3: 7

4 11 NR

ORIF 24 NR NR A: 4 
B: 6 
C1: 6 
C2: 4 
C3: 3

6 18 NR

Bocchi 
et al.[22]

2000 Italy Retrospective 
cohort

III 13 13 Uniplaner 
Ex‑Fix

9 52.5 8/1 A: 2 
B: 1 
C1: 2 
C2: 1 
C3: 2

5 4 12

ORIF 4 52.3 3/1 A: 1 
B: 2 
C1: 1 
C2: 0 
C3: 0

0 4 22.8

Watson 
et al.[8]

2000 USA Retrospective 
cohort

III 58 58 ELIF 58 NR NR 30 28 57.6 (8‑76.8)

36 36 ORIF 36 NR NR 0 36
Harris  
et al.[23]

2006 USA Retrospective 
cohort

III 76 79 LIF + 
Ring 
Ex‑fix 
(LIFEF)

16 57.6 7/9 A: 0 
B: 1 
C1: 1 
C2: 0 
C3: 14

5 11 26 (24‑38)

ORIF 63 40.6 38/22 A: 0 
B: 10 
C1: 14 
C2: 10 
C3: 29a

16 47

Koulouvaris 
et al.[24]

2007 USA Retrospective 
cohort

III 55 55 Uni‑planer 
Ex‑Fix

20 42.0 NR A: 0 
B: 7 
C1: 1 
C2: 10 
C3: 2

9 11 77.7 (38‑132)

Hybrid 
Ex‑Fix

22 48.4 NR A: 0 
B: 4 

C1: 13 
C2: 1 
C3: 4

7 15 67.9 (36‑132)

Contd...
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Table 1: Contd...

Year Country Design Level of 
evidence

Patients 
(n)

Fractures 
(n)

Type of 
fixation

n Age 
(year)

Gender 
male/

female (n)

Fracture 
class

Open 
(n)

Closed 
(n)

Follow 
up (m)

Staged 
ORIF

13 45.6 NR A: 0 
B: 8 
C1: 0 
C2: 5 
C3: 0a

8 5 78.6 (55‑132)

Bacon  
et al.[25]

2008 USA Retrospective 
cohort

III 38 38 Ilizarov 
fixation

13 32.3 11/2 A: 0 
B: 0 
C1: 1 
C2: 3 
C3: 9

3 10 12

ORIF 25 39.4 20/5 A: 0 
B: 0 
C1: 3 
C2: 7 

C3: 15a

3 22

Wang  
et al.[26]

2010 China RCT I 56 56 LIFEF 29 37.2 26/3 A: 0 
B: 2 
C1: 7 
C2: 13 
C3: 7

0 29 24

Staged 
ORIF

27 40.1 25/2 A: 0 
B: 3 
C1: 9 
C2: 10 
C3: 5a

0 27

Davidovitch 
et al.[27]

2011 USA Retrospective 
cohort

III 46 47 LIFEF 21 43 12/8 A: 0 
B: 0 
C1: 2 
C2: 6 
C3: 13

4 17 18 (6‑52)

ORIF 26 39 17/9 A: 0 
B: 0 
C1: 3 
C2: 4 

C3: 19a

5 21 22 (6‑84)

Richards 
et al.[28]

2012 USA Prospective 
cohort

II 45 45 LIFEF 18 40.6 NR A: 0 
B: 0 
C1: 1 
C2: 1 
C3: 16

5 13 12

ORIF 27 46.9 NR A: 0 
B: 0 
C1: 1 
C2: 5 

C3: 21a

8 19

Guo et al.[29] 2015 China Retrospective 
cohort

III 78 78 LIFEF 26 41.2 18/8 NR 9 17 14.2 (12‑21)

ORIF 52 40.7 38/14 NR 15 37 15.7
Cisneros 
et al.[30]

2016 Spain Retrospective 
cohort

III 31 31 Hybrid 
Ex‑fix

13 43.3 7/6 A: 2 
B: 1 
C1: 1 
C2: 3 
C3: 6

9 4 24 (24‑70)

Staged 
ORIF

18 52.6 7/11 A: 9 
B: 3 
C1: 0 
C2: 3 
C3: 3a

3 15

aOrthopedic Trauma Association classification. Marsh JL, Slongo TF, Agel J, Broderick JS, Creevey W, DeCoster TA, et  al. Fracture and dislocation 
classification compendium  ‑2007: Orthopaedic Trauma Association Classification, Database and Outcomes Committee. J  Orthop Trauma 2007;21  10 
Suppl: S1‑133, bRuedi and Allgower classification. Ruedi TP, Allgower M. The operative treatment of intra‑articular fractures of the lower end of the tibia. 
Clin Orthop Relat Res 1979;138:105‑10. EFLIF: External fixation and limited internal fixation, LIFEF; Limited internal fixation with external fixation, 
Ex‑Fix: External fixation, ORIF: Open reduction and internal fixation, RCT: Randomized controlled study, USA: United States of America, NR: Not reported
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infections when treating pilon fractures with external fixators 
(i.e., pin‑tract or wound infections requiring only a change of 
dressing or oral antibiotics) (OR = 2.83, 95% CI: 1.63, 4.93, 
I2 = 0.00%) [Figure 3]. This association was reinforced more 
when performing subgroup analysis for LEFIF and circular 
Ex‑Fix separately.

Bone healing complications (delayed union, nonunion, 
and malunion)
Furthermore, bone healing complications were more 
associated with external f ixation; delayed union 
(OR = 2.41, 95% CI: 1.02, 5.72, I2 = 0.00%) and malunion 
(OR = 3.14, 95% CI: 1.65, 5.97, I2 = 0.00%) occurred more 
frequently in the external fixation group and were associated 
with long‑term bone healing complications, however, nonunion 
risk was not significantly different among the two groups 
(OR = 1.58, 95% CI: 0.79, 3.18, I2 = 0.00%) [Figure 4]. LIFEF 

kept the same trend of increased bone healing complications, 
whereas the odds of delayed union and nonunion after circular 
Ex‑Fix did not show a significant difference from ORIF 
[Table 4].

Posttraumatic arthritis
Posttraumatic arthritis was 2.6  times more frequent in the 
external fixation patients than those who underwent ORIF 
(OR = 2.55, 95% CI: 1.40, 4.63, I2 = 0.00%).

Publication bias was assessed using funnel plots and Egger 
tests, which did not show patterns of significant bias in terms 
of any measured outcomes.

Discussion
This meta‑analysis shows that, in patients with pilon fractures, 
early postoperative major complications and infections were 
not significantly affected by the method of definitive surgical 
management whether external fixation or ORIF was undertaken. 
However, with regard to minor infectious complications, these 
were 2.8  times more associated with external fixation, and 
this can be simply explained by the frequent superficial pin 
site infections associated with these devices.[33] The utilization 
of external fixation to treat pilon fractures carried more than 
double the chance for delayed union and almost triple chance 
of malunion, but no significant difference in nonunion risk 
compared to the ORIF group. Long‑term complications showed 
a high rate of posttraumatic ankle arthritis following different 
types of external fixation due to the lack of accurate articular 
reduction and stable rigid fixation better provided by the ORIF 
technique.[34] These results were evident in any form of external 
fixation technique used and whether uniplanar, circular (hybrid/
Illizarov), or LIFEF frames were utilized.

Table 3: Assessing risk of bias: Randomized controlled 
trials

Item Wyrsch 
et al.[19]

Wang 
et al.[26]

Random sequence generation High risk Low risk
Allocation concealment High risk High risk
Blinding of participants and personnel High risk High risk
Blinding of outcome assessment High risk Unclear
Incomplete outcome data Unclear Low risk
Selective reporting Low risk Low risk
Other sources of bias* High risk Unclear
Risk of bias High High
*Other sources of bias: Important concerns about surgical randomization 
in Wyrsch et al. exists

Table 2: Newcastle‑Ottawa quality assessment scale of cohort studies  (maximum of 9 stars)

Domain Item Anglen[20] Bacon 
et al.[25]

Pugh 
et al.

Bocchi 
et al.

Watson 
et al.

Cisneros 
et al.[30]

Davidovitch 
et al.[27]

Guo 
et al.[29]

Harris 
et al.[23]

Koulouvaris 
et al.[24]

Richards 
et al.[28]

Selection 
(maximum of 
4 stars)

Representativeness 
of the exposed cohort

* * * * * * * * * * *

Selection of the 
non‑exposed cohort

* * * * * * * * * * *

Ascertainment of 
exposure

* * * * * * * * * * *

Demonstration that 
outcome of interest 
was not present at 
start of study

* * * * * * * * * * *

Comparability 
(maximum of 
2 stars)

Comparability of 
cohorts on the basis 
of the design or 
analysis

Nil * Nil Nil Nil Nil * * * * *

Outcomes 
(maximum of 
3 stars)

Assessment of 
outcome

* * * * * * * * * * *

Was follow‑up long 
enough for outcomes 
to occur

* * Nil * * * * * * * *

Adequacy of follow 
up of cohorts

Nil * Nil * * * Nil Nil * * Nil
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There have been important advances in the surgical 
management and strategies of pilon fractures including hybrid 
external fixators, minimally invasive and limited internal 
fixations, staged ORIF, and arthroscopy‑assisted procedures, 
all of which have attempted to improve the early and late 
outcomes of surgical treatment of such fractures. As the 
surgical methods continue to evolve and outcomes improve, 
it remains increasingly difficult to answer the ultimate 
question “what is the best surgical procedure to manage pilon 
fractures?”

The recent studies comparing external fixation and ORIF 
have been underpowered for major morbidities, making the 
results difficult to interpret. This is partially because pilon 
fractures are relatively uncommon,[5] and in the present time, 
major infections are decreasing in rate.[35,36] Our meta‑analysis 
was driven mainly by the doubtful outcome favoring external 
fixation of pilon fractures over ORIF, which has been 

justifiable by many orthopedic trauma surgeons and patients 
wishing to avoid soft‑tissue complications associated with 
ORIF.[9,19,37,38] Several studies have reported higher rates of 
bone healing complications with external fixation.[19,24,25] To 
overcome the limitations of the underpowered studies, we 
performed this meta‑analysis pooling data from multiple 
studies including a total of >670 patients. Our meta‑analysis 
demonstrates that short‑term major morbidity is not 
significantly reduced by external fixation. It is notable that the 
results of the clinical studies included in this meta‑analysis 
were homogeneous for all of the outcomes studied  (i.e., 
I2 <60%); therefore, a fixed effect model has been used to 
analyze the data.

In our meta‑analysis, it was not feasible to combine all bone 
healing complications in one composite outcome, as this 
would be considered a statistical pitfall because individual 
patient data were not available. To overcome the variability 

Figure 2: Meta-analysis of major infections

Figure 3: Meta-analysis of minor infections

Table 4: Subgroup analysis of the outcomes with different external fixation techniques

Major infection Minor infection Delayed union Nonunion Malunion Arthritis
Ex‑Fix versus ORIF 1.06 (0.58‑1.69) 2.83 (1.63‑4.93) 2.41 (1.02‑5.72) 1.58 (0.79‑3.18) 3.14 (1.65‑5.97) 2.55 (1.40‑4.63)
LEFIF versus ORIF 0.89 (0.37‑2.17) 3.27 (1.49‑7.22) 2.71 (1.02‑7.20) 1.10 (0.40‑3.01) 2.80 (1.20‑6.56) 2.65 (1.40‑5.01)
Uniplanar Ex‑Fix versus ORIF 0.88 (0.32‑2.46) 2.63 (1.31‑5.30) 2.72 (1.10‑6.74) 1.94 (0.71‑5.32) 3.47 (1.58‑7.62) 2.19 (1.09‑4.37)
Circular Ex‑Fix versus ORIF 0.88 (0.19‑3.95) 3.03 (1.31‑6.99) 1.16 (0.12‑11.51) 1.37 (0.55‑3.38) 2.70 (1.07‑6.83) NA
ORIF: Open reduction and internal fixation, LIFEF; Limited internal fixation with external fixation, Ex‑Fix: External fixation
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in the several external fixation techniques used to treat pilon 
fractures, we have performed multiple comparisons through 
sensitivity analysis to examine if the usage of limited internal 
fixation in association with Ex‑Fix or circular Ex‑Fix had a 
different association with postoperative outcomes.

Our results must be interpreted in the light of several 
limitations in the current literature and included studies, 
consideration of the conduct and interpretation of the results 
of the analyses presented, and the implications of preferring 
one treatment over the other. The ability to detect a small 
scale of benefit and associated possibility of Type  II error 
is further confounded by the relatively small sample size. 
Despite the reasonable homogeneity of the studies in the 
specific treatments being compared, there is variability in the 
chosen inclusion criteria, frequency and length of follow‑up, 
and the measured outcomes in the included studies. This is a 
further drawback, which affects the credibility of subsequent 
conclusions.

Only a few prospective studies have examined the relationship 
between the mode of fixation and postoperative outcomes 
of pilon fractures. Two RCTs[19,26] were included in our 
meta‑analysis. The small number of randomized prospective 
studies forms a big challenge to the conduction of high‑quality 

meta‑analyses in surgical fields generally and in orthopedic 
surgery specifically.[39] This was a study‑level meta‑analysis 
because we did not have access to individual‑level data, and 
this has prevented us from performing subgroup analyses to 
see if the superiority of one fixation method over the other 
is affected by factors such as open/closed fractures, fracture 
classification, or timing to definitive fixation. Hence, important 
confounders could not be controlled for in this study. It should 
be clear when handling the results of this meta‑analysis that 
fracture classification  (Type  B vs. C), degree of fracture 
comminution (Subtype  C1  vs. C3), extent of articular 
involvement, and soft‑tissue condition (i.e., open vs. closed 
fracture and soft‑tissue swelling) are major determinants of 
surgical outcome.

Our results are consistent with the literature in that major 
infection risk for pilon fractures is almost the same regardless 
whether treated definitely with external fixation or ORIF. 
However, bone healing complications and posttraumatic 
arthritis are three times more when external fixation is used as a 
definitive procedure, the result that previous meta‑analysis has 
failed to demonstrate.[1,34,40,41] None of the previously conducted 
meta‑analyses have looked at the comparison between external 
fixation and ORIF in the treatment of such complex fractures 
in this comprehensive way.

Figure 4: Meta-analysis of bone healing complications (delayed union, nonunion, and malunion)
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Conclusions
The best surgical modality to treat pilon fractures is still 
equivocal and yet to be determined. While external fixators 
are used to treat pilon fractures by many surgeons to avoid 
major complications, it has been associated with high rates 
of delayed union, nonunion, malunion, and osteoarthritis. 
Therefore, we recommend ORIF of pilon fractures, when the 
soft‑tissue condition is suitable, to obtain accurate anatomical 
joint reconstruction, rigid fixation of the articular surface, and 
restoration of distal tibia alignment. Concerns of soft‑tissue 
complications can be addressed by meticulous preoperative 
evaluation and planning, whether with an early or staged 
protocol of ORIF.
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