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Background: The choice of optimal internal fixation device for distal tibial fractures remains controversial. The purpose of
our study was to evaluate the effectiveness and safety of open reduction and internal fixation, minimally inva-
sive percutaneous osteosynthesis, and intramedullary nailing of distal tibial fractures in adults using network
meta-analysis of data from clinical trials.

Material/Methods: The studies were abstracted from MEDLINE, EMBASE, CNKI, and the Cochrane Central Register of Controlled
Trials. Randomized controlled trials meeting inclusion and exclusion criteria were selected. Statistical analyses
were conducted using Stata software, version 13.0 (Stata Corporation, College Station, Texas, USA).

Results: Eleven randomized controlled trials were included. The total number of participants was 710 and the studies
were published between 2005 and 2017. There were no significant differences in rates of delayed union, non-
union, or malunion among the various treatments (all p>0.05). The intramedullary nailing group had a lower
incidence of wound complications than did the open reduction and internal fixation group and minimally in-
vasive percutaneous osteosynthesis technique group. The SUCRA probabilities were 28.6% for ORIF, 98.4% for
IMN, and 22.9% for MIPPO.

Conclusions: Given the superior results for intramedullary nailing in terms of wound complications, we recommend this pro-
cedure for treatment of distal tibial fractures. More RCTs focused on distal tibial fractures are needed to sup-
port the current evidence.
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Background

Distal tibial fractures are often caused by high-energy injuries,
and may also occur in the context of sprains, falls, or other low-
energy traumas [1,2]. Operative treatments that permit early
postoperative weight-bearing and rehabilitation have become
preferred [2-4]. Surgical treatment also has many complica-
tions. Malunion, delayed union, nonunion, and wound infec-
tion are the most prevalent complications [5]. There are many
methods for treatment of distal tibial fractures, including in-
tramedullary nailing, plate, and external fixation. However,
the choice of an appropriate internal fixation in treatment of
distal tibial fractures remains controversial [6]. Open reduc-
tion and internal fixation (ORIF) provides anatomic reduction
and allows early rehabilitation; however, it has shortcomings,
including nonunion and wound infection due to extensive soft
tissue injury [6,7]. Intramedullary nailing (IMN) is also a com-
mon method that avoids soft tissue stripping, allows preserva-
tion of the vascular supply, and permits dynamic fracture fix-
ation [8]. Nevertheless, the high rates of malunion and knee
pain caused by IMN cannot be ignored [9-11]. With the de-
velopment of internal fixation techniques, the minimally in-
vasive percutaneous osteosynthesis (MIPPO) technique has
recently been proposed [1,12,13]. It had the advantages of
simple manipulation, limiting soft tissue stripping and caus-
ing less bleeding [8,12,14]. Recently, studies have been car-
ried out comparing various interventions for the treatment of
distal tibial fractures using traditional meta-analysis [15-19],
but these studies were inconclusive. Compared to traditional
meta-analysis, network meta-analysis can be used to compare
multiple interventions, even without direct comparisons [20].
Therefore, we conducted a network meta-analysis to assess
and rank IMN, ORIF, and MIPPO for treatment of distal tibi-
al fractures. The purpose of our study was to evaluate the ef-
fectiveness and safety of open reduction and internal fixation,
minimally invasive percutaneous osteosynthesis, and intra-
medullary nailing of distal tibial fractures in adults using net-
work meta-analysis of data from clinical trials.

Material and Methods

This meta-analysis was performed based on the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statements [21] and AMSTAR (Assessing the
Methodological Quality of Systematic Reviews) guidelines [22].

Study selection

Inclusion criteria were: i) patients were over age 18 years with
extra-articular distal tibial fractures located 4-11 c¢cm from
the tibial plafond; ii) interventions and comparison includ-
ed IMM, MIPPO, and ORIF; iii) outcomes included malunion,
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delayed union, or nonunion and wound complications; iv) the
type of research was randomized controlled trial (RCT); and
v) minimum follow-up of 12 months. Exclusion criteria were:
i) duplicate publications; ii) animal study, study on cadavers,
or biomechanical study; iii) pathologic fractures; and iv) non-
randomized controlled clinical trials, abstracts, letters, or case
reports and reviews.

Literature search

We searched MEDLINE, EMBASE, CNKI, and the Cochrane
Central Register of Controlled Trials (up to September 30, 2018).
The specific retrieval strategy is displayed in Supplementary
List [Supplemantary/raw data available from the correspond-
ing author on request]. To assure our study was based on up-
to-date results, we further updated the literature search on
April 30, 2019.

Data extraction

Two authors extracted data from the studies that met the inclu-
sion criteria. The collected data included patient age, publi-
cation year, sample size, first author, country, follow-up time,
operative method, fracture types, wound types, and compli-
cations. The pre-defined outcome measures of interest were
primary postoperative complications (i.e., malunion, delayed
union or nonunion and wound complications). Two research-
ers evaluated the methodological quality of the included stud-
ies using the Cochrane Collaboration’s tool. Disagreement be-
tween 2 authors was resolved by the third author.

Statistical analysis

Statistical analysis was performed using Stata statistical soft-
ware (Version 13.0, Stata Corporation, College Station, Texas,
USA). For dichotomous variables, relative risk (RR) with 95%
confidence intervals (95% Cl) was calculated. We used the
Z-test to assess the overall effect size [23]. Heterogeneity was
evaluated using chi-square test and the I? statistic. A fixed-ef-
fects model was used (12<50%); otherwise, a random-effects
model was used [24,25]. P<0.05 was considered statistically
significant. A network meta-analysis was designed to simul-
taneously pool direct and indirect outcomes [26]. We used the
inconsistency test to detect whether there was inconsisten-
cy between direct and indirect evidence. The specific statisti-
cal method was as described by Chaimani et al. [26]. Funnel
plots were used to detect the existence of small-study ef-
fects [27]. We calculated surface under the cumulative ranking
curve (SUCRA) probabilities to rank the 3 treatment methods
for treating distal tibial fractures. Higher SUCRA values mean
better results for the treatment method [28].
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Results

Baseline characteristics and risk of bias of included studies

A total of 908 potential studies were identified by the search
method; 157 duplicate studies were eliminated, 683 studies
were eliminated by reading titles and abstracts, and 68 stud-
ies were screened for relevance according to full text. Finally,
11 studies with 710 participants were included [7,12,29-37].
Three types of internal fixations, including IMN, MIPPO, and
ORIF, were used in these 11 trials. The process of selecting ap-
propriate studies is shown in Figure 1. The baseline character-
istics are shown in Table 1. The risk of bias summary of the se-
lected articles is shown in Figure 2. All studies were published
between 2005 and 2017.

Evidence network

The evidence network is demonstrated in Figure 3. Connecting
lines show direct comparison between 2 connected interven-
tions, and 2 interventions without a connection can be com-
pared indirectly through network meta-analysis. The width of
lines represents the number of included studies. The size of
nodes corresponds to the overall sample size of each inter-
vention. This study included 3 internal fixations (ORIF, IMN,
and MIPPO).

Small-study effect and inconsistency test
This network meta-analysis was composed of 1 triangular loop

(the IMN-ORIF-MIPO loop). There was an inconsistency factor
(IF) of 1.26 (95% Cl: 0 to 3.68). The 95% Cl of IF reached zero,

indicating that no statistical inconsistency existed (Figure 4).
The funnel plot was roughly symmetrical, demonstrating that
no small-study effect existed in our network meta-analysis
(Figure 5).

Comparison of complication rates

Nonunion was reported in 6 included trials [7,12,29,32,33,35].
No significant differences were found in the incidences of non-
union of IMN, ORIF, and MIPO for treating distal tibial frac-
ture (ORIF: RR=0.89; 95% Cl, 0.32-2.46; P=0.820; MIPPO:
RR=0.93; 95% Cl, 0.28-3.07; P=0.902; Figure 6A). The SUCRA
probabilities were 55.1% for ORIF, 43.2% for IMN, and 51.7%
for MIPPO (Figure 7A). Delayed union was reported in 7 tri-
als [12,29,31-33,35,37]. No significant differences were found in
the incidences of delayed union of IMN, ORIF, and MIPPO (ORIF:
RR=1.34; 95% Cl, 0.4-3.87; P=0.594; MIPPO: RR=0.72; 95% (I,
0.35-1.72; P=0.377; Figure 6B). The SUCRA probabilities were
20% for ORIF, 44.6% for IMN, and 85.4% for MIPPO (Figure 7B).
Infection was reported in all 11 included RCTs [7,12,29-37].
There was a significant difference between IMN and MIPPO in
terms of infection rate. No significant differences were found in
the incidences of infection of ORIF and MIPPO (ORIF: RR=2.56;
95% Cl, 0.96-6.18; P=0.06; MIPPO: RR=2.73; 95% Cl, 1.34-5.56;
P=0.006; Figure 6C). The SUCRA probabilities were 28.6% for
ORIF, 98.4% for IMN, and 22.9% for MIPPO (Figure 7C). Malunion
was reported in 9 trials [7,12,29,32-37]. No significant differ-
ences were found in the incidences of malunion of IMN, ORIF,
and MIPPO (ORIF: RR=0.58; 95% Cl, 0.29-1.13; P=0.11; MIPPO:
RR=0.7; 95% Cl, 0.39-1.25; P=0.23; Figure 6D). The SUCRA
probabilities were 80.8% for ORIF, 8.7% for IMN, and 60.56%
for MIPPO (Figure 7D).
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Table 1. Characteristics of the included studies.

Internal fixation

Number of
patients

Follow-up

time (month) classification
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AO

Wound type

Study Design Country
Daolagupu
2017 RCT UK IMN vs. MIPPO 35.19
Fang .
2016 RCT China IMN vs. MIPPO 35
Guo .
5010 RCT China IMN vs. MIPPO 44.2
Li .
2014 RCT China IMN vs. MIPPO 44
Polat
2015 RCT Turkey IMN vs. MIPPO 34
Wani .
2017 RCT India IMN vs. MIPPO 36.4
Im RCT  Korea IMN vs. ORIF 42
2005 ’
Valier
2011 RCT us IMN vs. ORIF 38.1
Mauffrey
2012 RCT UK IMN vs. ORIF 50
Zou .
2013 RCT China MIPPO vs. ORIF 46.5
Kim RCT Korea MIPPO vs. ORIF 51.2
2017 ’ ’

39.09 21 21 12 43A1,A2,A3 Closed
386 28 28 29.4 42A, B, C IClﬁsed’ type
444 44 41 12 43-A Closed,
Gustilo |
Closed or
43 46 46 14.6 42-A Guetlo 1 1
364 10 15 23.8 42A1,A2, A3 Closed
384 30 30 12 42-A Closed
40 34 30 24 43-nc  Closedor
Gustilo |
Closed or
385 56 48 19.9 42A,B,C  Gustilo |,
I
Closed,
33 12 12 12 43-A P
46 52 & 15 42A,B,C  Closed
51.9 32 32 12 42A1, A2, or Closed or

43 Al

Gustilo I, 11,

RCT — randomized clinical trial; MIPPO — minimally invasive plate osteosynthesis; IMN — intramedullary nail; ORIF — open reduction and
internal fixation; AO — Arbeitsgemeinschaft fiir Osteosynthesefragen (association for questions of osteosynthesis), | — intervention;

C — comparison.

Discussion

The optimal treatment for distal tibial fracture remains con-
troversial. The ORIF, IMN, and MIPO techniques are the 3 main
treatment methods used. Recently, some studies have com-
pared various interventions using traditional meta-analy-
sis [15-19]. To the best of our knowledge, all studies focused
on the comparison between 2 treatments [15-19], and most
studies included retrospective trials [16-19]. By contrast, our
study only included RCTs, and we carried out a network meta-
analysis, comparing multiple treatments even if there was no
direct comparison.

This is the first network meta-analysis to compare 3 inter-
ventions for distal tibial fracture. We aimed to rank MIPPO,
ORIF, and IMN in terms of their associated complication rates.
Although we found no significant difference among the 3 inter-
nal fixations in terms of malunion according to the RR values,
the SUCRA value of IMN was substantially lower than that of
MIPPO and ORIF. Some studies reported that, compared with

plate fixation, IMN had a higher incidence of malunion [7,9,35].
This may be partially explained by technical and implant prob-
lems such as quality of surgical reduction, distal fracture frag-
ments, and inadequate distal locking. Anatomical reconstruc-
tion and stable fixation are effective measures to decrease the
rate of malunion of distal tibial fractures. Plates obtain bet-
ter alignment and compression than does IMN [7]. In terms
of biomechanics, plates have better bending and torsional re-
sistant capabilities than does intramedullary fixation. Because
the medullary cavity of the tibial metaphysis is spacious, even
if reamed intramedullary nails and the medullary cavity do
not match exactly, the lack of adequate distal locking screws
often leads to loss of reduction [38]. With improvements of
IMN design and development of adjunctive techniques such
as angle-stable and multi-directional distal screws and block
screws, reduction and fixation effects have become more ef-
fective. Lateral displacement and angulation deformities can
be corrected with blocking screws [39-41].
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A B
Treatment comparison Relative risk with 95% Cland 95% Prl  Treatment comparison Relative risk with 95% Cl and 95% Prl
MIPPO vs IMN EE— 0.93(0.28,3.07)  (0.22,3.94) MIPPO vs IMN T 0.72(0.35,1.48)  (0.31,1.72)
ORIF vs IMN ——e——  0.89(0.32,2.46)  (0.26,3.03) ORIF vs IMN e 1.34(0.46,3.87) (0.37,74.82)
ORIF vs MIPPO 0.96(0.24,3.81)  (0.18,5.07) ORIF vs MIPPO T 1.84(0.70,4.83)  (0.58,5.89)
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C D
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Favors first tratment .2 .6 33 82 Favors second tratment Favors first tratment é 6 I 1 33 ‘8.2 Favors second tratment

Figure 6. Forest plot showing treatments compared with each other in nonunion rate (A), delayed union rate (B), malunion (C), and
wound infection (D). ORIF — open reduction and internal fixation; MIPPO — minimally invasive percutaneous osteosynthesis

technique; IMN — intramedullary nailing.

We found no significant difference among the 3 types of in-
ternal fixation in terms of delayed union or nonunion accord-
ing to RR values. However, the SUCRA value of IMN was low-
er than one or both of the other treatment methods. The poor
reduction, excessive fracture gap, and reaming the medullary
cavity temporarily injury the nutrient artery of bone, which can
contribute to slower healing than with plates [2].

Wound complications, especially deep infection, are key fac-
tors affecting fracture healing and increasing medical costs.
Many factors influence wound infections, including open frac-
tures, surgical technique, and the conditions of the soft tis-
sue. Soft tissue injury increases the wound infection rate. Plate
fixation requires greater exposure and wider soft tissue dis-
section, possibly increasing the risk of infection. Such prob-
lems can be avoided using IMN, which is a minimally inva-
sive method. Nevertheless, some studies reported that with
the development of biologic techniques, plate fixation pro-
vides stable fixation and a low rate of infection for distal tibial

fractures [34,43,44]. In the present study, ORIF and MIPPO had
higher rates of infection than did IMM fixation, and no signif-
icant difference was found in the incidences of infection of
ORIF and MIPPO. We could not carry out subgroup analysis
stratified by wound type because the results were not report-
ed separately by wound type. Therefore, this result should be
interpreted with caution.

There were several strengths in this network meta-analysis.
First, it is the first network meta-analysis to assess and com-
pare 3 interventions for distal tibial fracture. Second, all includ-
ed studies were RCTs, reducing selection bias and increasing
the reliability of the results. Third, we used SUCRA values to
detect subtle differences among the 3 interventions. Finally,
inconsistency testing showed no substantial inconsistency.
Nevertheless, this meta-analysis has potential limitations. First,
only 11 studies were included in this study, to compare 3 treat-
ments for distal tibial fracture; the number of cases was small,
and the quality of the included studies was not high, which
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Figure 7. Surface under the cumulative ranking curve for nonunion rate (A), delayed union rate (B), malunion (C), wound infection (D).
ORIF — open reduction and internal fixation; MIPPO — minimally invasive percutaneous osteosynthesis technique;

IMN - intramedullary nailing.

may have influenced the results. Second, we only focused on
primary complications; we did not compare other outcomes
like operative time, patient satisfaction, anterior knee pain,
and fixation failure because these were not always reported
or were reported in various ways. Third, because of substan-
tial differences in postoperative X-ray images and operative
incisions, the term “blinding of outcome assessment” was as-
sessed as “high risk” for all 11 studies.

Conclusion

We demonstrated that IMN has lower risk of wound com-
plications than does ORIF and MIPPO. There were no signifi-
cant differences in the incidences of delayed union, nonunion,
or malunion among the 3 treatments. Given the better results
of intramedullary nailing in terms of wound complications, we
recommend intramedullary nailing for treatment of distal tib-
ial fractures. More RCTs focusing on distal tibial fractures are
needed to support the current evidence.
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