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Abstract

Objectives: Two-stage open reduction and internal fixation (ORIF) and limited internal fixation
combined with external fixation (LIFEF) are two widely used methods to treat Pilon injury.
However, which method is superior to the other remains controversial. This meta-analysis
was performed to quantitatively compare two-stage ORIF and LIFEF and clarify which method
is better with respect to postoperative complications in the treatment of tibial Pilon fractures.
Methods: We conducted a meta-analysis to quantitatively compare the postoperative compli-
cations between two-stage ORIF and LIFEF. Eight studies involving 360 fractures in 359 patients
were included in the meta-analysis.

Results: The two-stage ORIF group had a significantly lower risk of superficial infection,
nonunion, and bone healing problems than the LIFEF group. However, no significant differences
in deep infection, delayed union, malunion, arthritis symptoms, or chronic osteomyelitis were
found between the two groups.
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Conclusion: Two-stage ORIF was associated with a lower risk of postoperative complications
with respect to superficial infection, nonunion, and bone healing problems than LIFEF for tibial

Pilon fractures.
Level of evidence: 2.
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Introduction

Tibial Pilon fractures are the most severe
ankle joint injuries. Pilon injuries are rela-
tively rare and constitute only 5% to 10%
of all tibial fractures." Most Pilon fractures
are caused by high-energy trauma and are
usually associated with articular communi-
cation and severe soft tissue injury, making
management extremely difficult for foot
and ankle surgeons.

Different methods have been introduced
to treat tibial Pilon fractures, but the opti-
mal treatment remains a matter of debate.
In 1979, Ruedi and Allgower? first reported
satisfactory results with primary open
reduction and internal fixation (ORIF).
However, many authors have noted signifi-
cant complications when ORIF was applied
to severe Pilon fractures, including an infec-
tion rate as high as 55%. These complica-
tions arose from the internal fixation,
leading many orthopedic surgeons to
choose external fixation as an alternative.>*
Although external fixation decreased
wound necrosis and skin sloughing, high
rates of pin site infection and malalignment
with  subsequent nonunion occurred.
Therefore, orthopedic surgeons made great
efforts to establish methods that provided
good results and decreased postoperative
complications. With the accumulation of
surgical experience and the development
of surgical techniques, two-stage ORIF

and limited internal fixation combined
with external fixation (LIFEF) were estab-
lished, and these two methods are now
widely advocated for the treatment of
tibial Pilon fractures.’

Two-stage ORIF involves closed reduc-
tion and external fixation followed by con-
version to ORIF after the condition of the
surrounding soft tissues has improved.
This technique focuses on the soft tissue
condition and potentially decreases the inci-
dence of soft tissue complications.® Thus,
this method is widely considered the stan-
dard of care for high-energy Pilon fractures.

However, other surgeons have recom-
mended LIFEF for these severe fractures
as an alternative to ORIF in an attempt
to reduce the risk of postoperative compli-
cations.” Although LIFEF may decrease
surgical soft tissue injury, no systematic
review has showed that LIFEF is superior
to two-stage ORIF with respect to postop-
erative complications. Therefore, we con-
ducted a meta-analysis to quantitatively
compare the postoperative complications
between two-stage ORIF and LIFEF.

Materials and methods

The Preferred Reporting Items for Systematic
Reviews and Meta-Analysis guideline was
used to conduct this meta-analysis.® Because
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this was a meta-analysis, ethics approval was
not required.

Search strategy

The search terms were “two-stage open
reduction and internal fixation,” “delayed
open reduction and internal fixation,” “two-
stage ORIF,” “delayed ORIF,” “limited

internal fixation,” “LIFEF,” “external
fixation,” “external fixator,” “tibial plafond
fracture,” and “Pilon.” We searched

PubMed, OVID, ISI Web of Knowledge,
the Cochrane Library, and the Chinese
Biomedical Database for eligible studies to
July 2017. There were no restrictions on
date, language, or publication status. Two
of the authors independently performed
the search and selected relevant studies.
Disagreements were resolved by discussion
with a third author.

Inclusion criteria for eligible studies

1. Randomized, prospective, and retrospec-
tive studies.

2. Studies comparing two-stage ORIF and
LIFEF for tibial plafond fractures.

3. Patients aged >18 years.

4. A follow-up time of >9 months.

Data extraction and study
quality assessment

All eligible studies were read, and the rele-
vant data were extracted by two indepen-
dent authors. The information included
the authors’ names, year, country, type of
study, and number of patients allocated to
each group. The primary outcomes were
superficial infection, deep infection, non-
union, delayed union or malunion, arthritis
symptoms, and chronic osteomyelitis.
The Oxford Centre for Evidence-based
Medicine rating scale was used to assess
the methodological quality of the eligible
studies. Differences were settled by discus-
sion until an agreement was reached.

Statistical analysis

Statistical analysis was performed using
Review Manager 5.3 software (Cochrane
Information and Knowledge Management
Department: available at http://communi
ty.cochrane.org). The factors analyzed
were superficial infection, deep infection,
nonunion, delayed union or malunion,
arthritis symptoms, and chronic osteomye-
litis. We analyzed the risk ratio (RR) with
95% confidence interval (CI) for dichoto-
mous data. The I? value was used to
assess statistical heterogeneity among stud-
ies. If heterogeneity was significant (I > 50
%), the meta-analysis was performed with
a random-effects model, and if the hetero-
geneity was not significant (I* < 50%),
a fixed-effects model was used. We per-
formed a sensitivity analysis by excluding
the low-quality studies.

Results

In total, ecight studies compared two-stage
ORIF and LIFEF for tibial Pilon fractures
and were published from 2001 to 2016.
Figure 1 shows a flow chart of the search
results. The eight studies that met the inclu-
sion criteria comprised one randomized
controlled trial, one prospective cohort
study, and six retrospective nonrandomized
studies (Table 1).”'°

The eight eligible studies involved 360
fractures in 359 patients. Of these 360 frac-
tures, 175 were treated with two-stage
ORIF and 184 were treated with LIFEF.

The Oxford Centre for Evidence-based
Medicine quality rating scale revealed a
quality level of I in one study, II in one
study, and III in six studies.

Postoperative complications

Superficial and deep infection. Superficial
infection was defined as abnormal changes
in skin color, skin warmth, and drainage
over 72 hours, possibly with the addition
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| Included | | Eligibility | | Screening | |ldentiﬁcaﬁon|

PubMed: n= 269; OVID: n=212;
181: n=387; Cochrane n=9;

CBM: n=12

Additional records identified through

l l

Records after duplicates removed
(n=489)

i

Records screened
(n=425)

|

Records excluded
{n=379)

Full-text articles
assessed for eligibility
(n=46)

Full-text article excluded
(n=138)

|

Studies included in qualitative
synthesis
(n=8)

|

Studies included in qualitative
synthesis
{meta-analysis)

(n=8)

Figure |. Flow chart of literature screening.

ISI, ISI Web of Knowledge; Cochrane, Cochrane Library; CBM, Chinese Biomedical Database.

of pus or increased microbial growth on cul-
tures; however, it could be cured by local
cleansing and oral antibiotics. Although all
studies reported the results of infection, one
study did not state the details of superficial
and deep infections and was therefore
excluded. The rate of superficial infection
was 16 of 142 fractures in the two-stage
ORIF group and 35 of 150 fractures in the
LIFEF group. The rate of deep infection was
14 of 142 fractures in the two-stage ORIF
group and 9 of 139 fractures in the LIFEF
group. The meta-analysis showed a higher
risk of superficial infection in the LIFEF
group (RR=044, 95% CI=0.25-0.76,
chi*=3.47, p=0.003) with no significant
heterogeneity (I>=0%).

Deep infection was defined as severe
changes of wounds that required the patient
to return to the operating room for debride-
ment and intravenous antibiotics. There
were no significant differences in deep infec-
tion between the two groups (RR=1.32,
95% CI=0.64-2.71, chi*=4.92) and no sig-
nificant heterogeneity (I>=0%) (Figure 2).

Subgroup analysis of bone healing complications.
A subgroup analysis was performed to eval-
uate bone healing complications (nonunion,
delayed union, and malunion).

Nonunion was defined as a fracture that
had not healed (by radiographic criteria of
healing) within 6 months of injury.'” A total
of 5 studies involving 251 fractures reported
the results of nonunion. The rate of
nonunion was 11 of 138 fractures in
the two-stage ORIF group and 17 of 113
fractures in the LIFEF group. The meta-
analysis showed a higher risk of nonunion
in the LIFEF group (RR=0.5 95%
CI=0.25-0.99, chi*=2.33, p=0.05) with
no significant heterogeneity (I°=0%)
(Figure 3).

Delayed union was defined as a fracture
that showed a cessation of the healing pro-
cess (by radiographic healing criteria) at 3
months postinjury.’> A total of 3 studies
involving 141 fractures reported the results
of delayed union. The rate of delayed union
was 5 of 78 fractures in the two-stage ORIF
group and 9 of 63 fractures in the LIFEF
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Two-Stage ORIF LIFEF Risk Ratio Risk Ratio

1.8.1 Superficial infection
Bacon et al 2007

Cisneros et al 2016
Davidovitch et al 2011
Deivaraju et al 2015

4 13 11.6% 0.39[0.10, 1.49]
18 6 13 15.3% 0.36 [0.11, 1.18]
26 4 21 9.7% 0.61[0.15, 2.41]
kx] 3 32 B7% 1.29[0.31, 5.33]

6

2

WO R WWww

—
29 254%  0.27[0.08, 0.85] s
-

Koulouvaris et al 2007 13 42 T.0% 0.24 [0.01, 3.93] i
Wang et al 2010 27 1

Subtotal (95% CI) 142 150 75.8% 0.44 [0.25, 0.76]

Total events: 16 35

Heterogeneity: Chi* = 3.47, df = 5 (P =0.63); F = 0%
Test for overall effect: Z = 2.95 (P = 0.003)

1.8.2 Deep infection

Bacon et al 2007 0 25 i 13 4.3% 0.18 [0.01, 4.12]

Cisneros et al 2016 g 18 1 13 26%  2.17[0.25, 18.56] =

Davidovitch et al 2011 3 26 2 21 49% 1.21[0.22, 6.59] I

Deivaraju et al 2015 [ 33 3 32 B7% 1.94[0.53,7.10] -1

Koulouvaris et al 2007 1 13 0 42 0.5% 9.21[0.40, 213.58] S R —
Richardset et al 2012 1 7 2 18 5.3% 0.33 [0.03, 3.41] R

Subtotal (95% CI) 142 139 24.2% 1.32 [0.64, 2.71] -

Total events. 14 ]

Heterogeneity: Chi* =4.92, df = 5 (P =0.43); F=0%

Test for overall effect: Z = 0.75 (P = 0.45)

Total (95% Cl) 284 2689 100.0% 0.65 [0.43, 0.99] <>

Total events 30 44 . " ;
Heterogeneity: Chi* = 13.33, df = 11 (P =0.27); P = 17%

Test for overall effect: Z = 1.99 (P = 0.05) o Twe?-;wga 0RIF1 LIFEF 1 10

Test for subaroun differences: Chi* = 5.68. df =1 (P = 0.02). I = 82.4%

Figure 2. Meta-analysis of superficial and deep infection.
ORIF, open reduction and internal fixation; LIFEF, limited internal fixation combined with external fixation;
M-H, Mantel-Haenszel statistic; Cl, confidence interval.

Two-Stage ORIF LIFEF Risk Ratio Risk Ratio
1.4.1 Nonunion
Bacon et al 2007 4 25 4 13 11.6% 0.52 [0.15, 1.75] = e
Davidovitch et al 2011 1 26 0 21 1.2% 2,44 [0.10, 57.08]
Deivaraju et al 2015 4 33 8 32 17.9% 0.48 [0.16, 1.45] e T
Richardset et al 2012 1 27 4 18 10.6% 0.17 [0.02, 1.37] I
Wang et al 2010 1 27 1 29 21% 1.07[0.07, 16.33]
Subtotal (95% Cl) 138 113 43.3%  0.50 [0.25, 0.99] -
Total events 1" 17
Heterogeneity: Chi? = 2.33, df = 4 (P = 0.68); F = 0%
Test for overall effect: Z= 1.98 (P = 0.05)
1.4.2 Delayed Union
Bacon et al 2007 2 25 3 13 87% 0.35[0.07, 1.82] T
Davidovitch et al 2011 2 26 3 21 7.3% 0.54 [0.10, 2.93] R S T
Wang et al 2010 1 27 3 29 64% 0.36 [0.04, 3.24] T
Subtotal (35% CI) 78 63 22.4% 0.41 [0.15, 1.17] e
Total events 5 9
Heterogeneity: Chi* = 0.15, df =2 (P =0.93); F=0%
Test for overall effect: Z = 1.66 (P = 0.10)
1.4.3 Malunion
Davidovitch et al 2011 0 26 2 21 B1% 0.416[0.01,322) ¥
Deivaraju et al 2015 4 33 7T 32 156% 0.55[0.18, 1.71] R
Koulouvaris et al 2007 1 13 68 42 B2% 0.54 [0.07, 4.07] T
‘Wang et al 2010 1 27 3 29 6.4% 0.36 [0.04, 3.24] =il
Subtotal (95% CI) 99 124 34.3%  0.45[0.19, 1.05] ~-
Total events ] 18
Heterogeneity: Chi* = 0.65, df = 3 (P =0.88); P =0%
Test for overall effect: Z = 1.86 (P = 0.06)
Total (95% CI) 315 300 100.0%  0.46 [0.29, 0.74] <>
Total events 22 44 ; . " ;
Heterogeneity: Chi* = 3.23, df = 11 (P =0.99); = 0% ! > : :
Test for overall effect: Z=3.17 (P = 0.001) 04 Twuc-}gmge 0RIF1 LIFEF 1 ¥

Test for subaroun differences: Chi? = 0.10. df = 2 (P = 0.95). I = 0%

Figure 3. Subgroup analysis of bone healing problems.
ORIF, open reduction and internal fixation; LIFEF, limited internal fixation combined with external fixation;
M-H, Mantel-Haenszel statistic; Cl, confidence interval.
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group. The meta-analysis showed no signif-
icant difference between the two groups
(RR=041, 95% CI=0.15-1.17) and
no significant heterogeneity (I =0%)
(Figure 3). Malunion was defined as angu-
lation of 5° in the coronal plane, angulation
of 10° in the sagittal plane, or 2 mm of
articular stepoff as seen on postoperative
radiographs.'” Four studies involving 223
fractures reported the results of malunion.
The rate of malunion was 6 of 99 fractures
in the two-stage ORIF group and 18 of 124
fractures in the LIFEF group. No signifi-
cant difference was found between the two
groups (RR=0.45, 95% CI=0.19-1.05,
chi*=0.65), and no significant heterogene-
ity was present (I?=0%) (Figure 3).

The overall effect showed that the rate of
bone healing complications was 22 of 315
fractures and 44 of 300 fractures in the two-
stage ORIF and LIFEF groups, respective-
ly. The meta-analysis of the overall effect
demonstrated that the two-stage ORIF
group had a lower rate of bone healing

Two-Stage ORIF LIFEF
dy o baro ants ents Total Weight
Bacon et al 2007 5 25 3 13 89.1%
Wang et al 2010 1 27 0 29 10.98%
Total (95% CI) 52 42 100.0%
Total events 6 3

Heterogeneity: Chi? = 0.59, df = 1 (P = 0.44); I = 0%
Test for overall effect: Z = 0.20 (P = 0.84)

Figure 4. Meta-analysis of chronic osteomyelitis.

i Xe0 i
0.87 [0.24, 3.07)

problems (RR =0.46, 95% CI=0.29-0.74,
chi®=3.23, p=0.001). The heterogeneity
was not significant among the studies.

Chronic osteomyelitis. The diagnosis of chron-
ic osteomyelitis was based on the presence
of chronic sinus drainage, fistulas, ulcers, or
radiographic evidence.'® Two studies
reported the results of chronic osteomyeli-
tis. The total rate was 6 of 52 fractures in
the two-stage ORIF group and 3 of 42 frac-
tures in the LIFEF group. The meta-
analysis showed no significant difference
between the two groups (RR=1.12, 95%
CI=0.36-3.54) and no significant heteroge-
neity (I = 0%, Figure 4).

Arthritis symptoms. Three studies reported
arthritis symptoms. The rate of arthritis
symptoms was 20 of 48 fractures in the
two-stage ORIF group and 52 of 99 frac-
tures in the LIFEF group. There was no
significant difference between the two
groups (RR=0.74, 95% CI=0.54-1.02,

Risk Ratio Risk Ratio

001 0.1 1 10 100
Two-Stage ORIF LIFEF

3.21[0.14, 75.68]

1.12 [0.36, 3.54]

ORIF, open reduction and internal fixation; LIFEF, limited internal fixation combined with external fixation;
M-H, Mantel-Haenszel statistic; Cl, confidence interval.

Two-Stage ORIF LIFEF
vents ota ents

Study or Subgroup 8 ents Tota
Blauth te al 2000 T 8 28 28

Koulouvaris et al 2007 1 13 5 42 6.9%
Wang et al 2010 12 27 19 29 536%
Total (95% Cl) 48 99 100.0%
Total events 20 52

Heterogeneity: Chi? = 0.91, df = 2 (P = 0.63); I = 0%
Test for overall effect: Z = 1.86 (P = 0.06)

Figure 5. Meta-analysis of arthritis symptoms.

Risk Ratio Risk Ratio
-H xed, 9 “ xed, 9
0.85[0.63, 1.14]
0.65[0.08, 5.04] —
0.68[0.41, 1.12] —
0.74 [0.54, 1.02] L .
001 01 1 10 100

Two-Stage ORIF LIFEF

ORIF, open reduction and internal fixation; LIFEF, limited internal fixation combined with external fixation;
M-H, Mantel-Haenszel statistic; Cl, confidence interval.
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chi*=0.91) and no significant heterogeneity
(I’ =0%) (Figure 5).

Discussion

Pilon fractures occur at the distal end of the
tibia and are often associated with serious
damage to the articular surface. Such frac-
tures generally have a poor prognosis. Their
causes include road traffic accidents, falling
from a height, and similar occurrences.'
The number of Pilon fractures is rising as
the incidence of high-energy accidents
increases. During injury, the high axial
load and torsion not only contribute to
tibial plafond destruction but also result in
severe soft tissue trauma. Thus, how to
repair Pilon fractures and protect the soft
tissue remains challenging.'’

During the past few decades, various treat-
ment strategies for these fractures have been
developed.'®2° In 1979, Ruedi and Allgower”
first reported good and excellent results of
primary ORIF in 84 patients, and ORIF
became the gold standard for treatment of
Pilon fracture at that time. However, other
authors have had difficulties reproducing
the same outcomes, especially when ORIF
was attempted for high-energy trauma; high
postoperative complication rates and a poor
prognosis were reported. Thus, when manag-
ing high-energy Pilon fractures, emphasis
must be placed on good treatment of the
articular surface while ensuring suitable man-
agement of the soft tissue.

With the accumulation of surgical expe-
rience and development of surgical techni-
ques, increasingly more authors are
choosing two-stage ORIF and LIFEF to
treat high-energy Pilon fractures with satis-
factory results.”** The first stage of the
two-stage ORIF protocol is to perform
temporizing fixation by application of an
ankle-spanning external fixator or calcaneal
traction. The second step is to convert the
external fixation to internal fixation after 7
to 14 days when the soft tissue edema and

inflammation have settled down. Many sur-
geons have employed this protocol and
reported a vastly decreased incidence of
complications.'®** As an alternative to
staged ORIF, LIFEF was evaluated with
respect to its ability to achieve articular sur-
face realignment with limited injury to the
soft tissue. Multiple studies have shown
that comparable results could be achieved
by LIFEF while minimizing the infection
and skin sloughing rates.’

Prospective randomized studies are diffi-
cult to design because of ethical considera-
tions. Thus, the meta-analysis is an
important tool with which to summarize
the most useful evidence and help orthope-
dic surgeons to weigh the benefits and dis-
advantages of different interventions.**
This is the first meta-analysis to quantita-
tively compare the clinical efficiency of two-
stage ORIF versus LIFEF. It included
one randomized controlled trial, one
prospective cohort study, and six retrospec-
tive nonrandomized studies. These 8§ studies
included 360 Pilon fractures, 175 of which
were treated by two-stage ORIF and 185 of
which were treated by LIFEF.

Infection is a common problem in the
treatment of Pilon fractures. A subgroup
analysis of superficial and deep infection
was performed. The meta-analysis showed
that the rate of superficial infection was
higher in the LIFEF group. However, the
rate of deep infection was similar between
the two groups. The heterogeneity was not
significant among the studies. Among the
individual studies included in the meta-
analysis, Wang et al.'® found that the super-
ficial infection rate was significantly higher
in the LIFEF than two-stage ORIF group.
The other studies showed that the rates
of superficial and deep infection were not
significantly different between the two
groups. Compared with the LIFEF tech-
nique, the direct ORIF procedure requires
wound exposition and results in soft tissue
damage, which may increase the infection
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rate. However, the first step of two-stage
ORIF is to perform temporizing fixation
by application of a spanning external fixa-
tor or calcaneal traction. This avoids exces-
sive disturbance of the compromised soft
tissues during the high-risk period and cre-
ates opportunities for the soft tissue to
recover. When the soft tissue edema and
inflammation have substantially decreased
after 7 to 14 days, the risk of infection
caused by wound exposure in the ORIF
process is reduced. LIFEF may induce less
soft tissue damage and involve less surgical
dissection, but pin tract infection is a fre-
quent complication in this procedure. Thus,
the superficial infection rate was higher in
the LIFEF group. Additionally, deep infec-
tion has been shown to be equally likely in
both treatment groups,”* and the present
meta-analysis showed similar results.

Five studies reported the complication of
nonunion. The mean nonunion rate was
8% in the two-stage ORIF group and
15% in the LIFEF group. Although no
individual study showed a significant differ-
ence between the two groups, the meta-
analysis showed that the rate of nonunion
was higher in the LIFEF group.

Delayed union and malunion are also
common complications during the treat-
ment of Pilon fractures. The ORIF tech-
nique might increase the risk of delayed
union because of extensive dissection and
possible damage to the blood supply.
However, the meta-analysis did not show
a statistically significant difference between
the two groups. This result was also con-
firmed by the individual studies. Two-
stage ORIF has many advantages over
LIFEF, such as the ability to remove the
soft tissues including the periosteum,
muscles, and ruptured ligaments embedded
in the fracture fragment. Additionally,
ORIF allows for visualization of the joint
surface and achieves anatomic reconstruc-
tion. The rate of malunion may also be
lower with two-stage ORIF than with

LIFEF. Although though the mean rate of
malunion in the two-stage ORIF group
(6.06%) was greater than that in the LIFEF
group (14.52%), the present meta-analysis
did not show a statistically significant differ-
ence between the two groups.

In recent years, increasingly more studies
have reported promising results with the two-
stage procedure.”>*® Temporary transarticu-
lar external fixation and reconstruction of the
length of the fibula by internal fixation allow
minimal compromise of the soft tissues.
Secondary reconstruction of the articular sur-
face can be performed by minimally invasive
osteosynthesis. This meta-analysis proved
these outcomes and showed that the rate of
bone healing problems was significantly
lower in the two-stage ORIF group.

This meta-analysis showed no significant
differences in the rates of arthritis symptoms
and chronic osteomyelitis between the two
groups. Blauth et al.'” Koulouvaris
et al.,'* and Wang et al.'® reported that the
rate of arthritis symptoms was similar
between the two groups.

This study has some limitations. First,
this meta-analysis included one randomized
controlled trial, one prospective cohort
study, and six retrospective studies. The ret-
rospective studies may have had bias, low-
ering the reliability of the conclusions.
Second, the Ilizarov fixator used in one
report’ differs from external fixation using
Schanz screws both biomechanically and in
terms of the complication rate. Statistical
conclusions may be difficult to reach
because of the lack of information. Third,
the sample sizes were relatively small in
most of the studies. More high-quality stud-
ies comparing two-stage ORIF and LIFEF
are needed in the future.

Conclusion

In conclusion, the present evidence has
demonstrated that two-stage ORIF is asso-
ciated with a lower risk of postoperative
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complications with respect to superficial
infection, nonunion, and bone healing
problems than LIFEF for tibial Pilon frac-
tures. However, these two methods are sim-
ilar with respect to the incidence of deep
infection, arthritis symptoms, and chronic
osteomyelitis.
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