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Abstract
Purpose The aim of this study was to compare the results of
a new technique for low, multidirectional locked nailing
with closed reduction and minimally invasive plating in
the treatment of distal tibial metadiaphyseal fractures.
Methods Forty-six matched patients were divided according
to age, gender, Injury Severity Score, and fracture pattern
into group A (expert tibial nailing) and group B (minimally
invasive plating). Then, the patients were followed up, and
the clinical and radiographic results were retrospectively
analysed.
Results The mean followed-up was 24.7±2.7 months in
group A and 25.8±2.8 months in group B. No patient had
nonunion, shortening, hardware breakdown, or deep-seated
infection. Patients in group A had a significantly shorter
mean operating time, hospital stay, full weight-bearing time
and union time (76±16.6 vs. 90±20.3 minutes, p00.000;
5.8±2.1 vs. 8.9±3.1 days, p00.000; 9.0±1.4 vs. 11.1±
1.7 weeks, p00.000; and 21.3±3.5 vs. 23.1±3.6 weeks,
p00.047, respectively). Three patients in group A and one
patient in group B presented with malalignment (p00.608).
The mean Olerud-Molander Ankle score was 89.0±7.1 in
group A and 87.6±8.4 in group B (p00.478).

Conclusions Distal tibia metadiaphyseal fractures may be
treated successfully with low, multidirectional locked nails
or plates. However, low, multidirectional locked nailing may
represent a superior surgical option, since it offers advan-
tages in terms of mean operating time, hospital stay, full
weight-bearing time and union time.

Introduction

Distal tibial metadiaphyseal fractures are a common conse-
quence of road traffic accidents, falling injuries and other
high-energy trauma and usually involve a severe soft-tissue
injury. These fractures generally require surgical manage-
ment, such as reduction and internal or external fixation.
Surgical treatment for distal tibial metadiaphyseal fractures
is still a challenge because extensive soft-tissue injuries
often disrupt the vascular supply to the fracture site and
increase the risk of infection and delayed union or nonunion
[1]. A variety of treatments may be used, including intra-
medullary (IM) nailing, plating and external fixation [2–7].
However, surgical treatment for distal tibial metadiaphyseal
fractures remains controversial. Which internal fixation
method should be chosen and which is better: intramedul-
lary (IM) nailing or plating? We hypothesized that superior
results may be achieved when distal tibial metadiaphyseal
fractures are treated with intramedullary (IM) nails. This
approach protects the soft tissue that envelops the fracture
site.

In the past, plate fixation achieved an acceptable degree
of reduction and rigid fixation. The technique was used
widely, but it usually required relatively extensive wound
exposure and soft-tissue dissection. These factors increase
the risk of infection and nonunion, especially for fractures
with a severe soft-tissue injury or open fractures. In recent
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years, closed reduction and minimally invasive plating have
provided superior options for treating these fractures. At the
same time, locked intramedullary nailing has been widely
accepted as a satisfactory treatment of tibial fracture.
However, in patients with distal tibial fractures, there is a
risk that the fracture will propagate into the ankle or that the
nail will fail because of inadequate fixation of the small distal
fragment [8]. The construction of IM nails has improved
greatly. The indications for their use have been extended to
fractures closer to distal segments [9–11]. In recent years,
shortened IM nailing, in which the distal tip of a standard
IM tibial nail is cut by 1 cm, has been developed and used to
treat distal tibial fractures [12–14]. The Expert Tibial
Nail (ETN, Synthes) is a new kind of low, multidirec-
tional locked tibial intramedullary nail; its interlocking
system (Fig. 1) was developed to attain increased angu-
lar stability and to enhance the axial and lateral stability
of fracture fragments. Because of the increased stability
attained by the nail fixing of proximal or distal tibial
fractures, the indications for use of the nail were expanded.
The nail currently represents an effective approach to the
treatment of complex tibial fractures such as distal tibial
metadiaphyseal fractures [15]. In this control-matched study,
we compared the two surgical procedures—nailing and
plating—in the treatment of distal tibial metadiaphyseal
fractures.

Patients and methods

This study was undertaken at the Department of Orthopaedic
Surgery at West China Hospital, Sichuan University. It was
approved by the research administration departments and
ethical committees of West China Hospital, Sichuan
University.

The criteria for inclusion in this study were (1) distal
tibial metadiaphyseal fractures, (2) closed or Gustilo
grade-I or grade-II open fractures, (3) skeletally mature adult
patients and (4) early failure of conservative treatment.
Patients with earlier fractures of distal metadiaphyseal tibia
on the same side, proximal intra-articular or distal intra-
articular fractures or pathological fractures of the tibia were
excluded.

Using the database and the medical records (between
September 2007 and October 2009), 23 patients treated with
low, multidirectional locked nailing (Expert Tibial Nail,
Synthes) were matched to 23 patients treated with closed
reduction and minimally invasive plating on the basis of
gender, age (±3 years), Injury Severity Score, and fracture
pattern (AO classification). These patients were treated with
the new low, multidirectional locking nails (group A) or
locking compression plates (group B). Trauma radiographs
were used to determine the location and AO classification of
the fractures in the patients selected.

Fibula fractures were fixed if the ankle joint was affected.
In group A, all patients were managed with closed nailing,
and the nail was inserted after reaming if necessary. The
static locking mode was used in all patients; at least two
proximal and three distal locking screws were implanted. In
the closed reduction and minimally invasive plating group
(group B), all 23 patients were treated with the anatomically
contoured locking compression plates (LCP) and screws.
All operations were performed by a senior attending surgeon
with the assistance of residents. In general, patients were
followed up for two weeks after the operation and every four
to six weeks thereafter.

In both groups, cefazolin 2000 mg was used as a pro-
phylactic antibiotic 30 minutes before the operation and
once postoperatively. The patient was encouraged to per-
form ankle range-of-motion exercises after the operation.
Partial weight bearing on the affected leg was permitted
after three weeks. Patients were followed-up clinically and
radiographically at six-week intervals until bony union was
achieved. Union was defined clinically as the ability to walk
without aid or pain, and radiographically showing a solid
bridging callus or obliteration of the fracture line. Delayed
union was defined as a lack of radiographic union by week
24. Radiological assessment was performed using antero-
posterior and lateral views. We recorded the degree of
postoperative angulation at the fracture site; malunion was
defined as more than 5° of angular deformity in any plane or
as shortening by 1 cm or more in length. In addition,
functional results were scored using the Olerud-Molander
Ankle Score (OMAS) [16]. An OMAS score of more than
91 points was considered excellent; 61–90 points, good; 31–
60 points, fair; and less than 30, poor. Removal of the
hardware was suggested at one year after radiological and
clinical union in all patients. Twenty-one patients in group A

Fig. 1 Multiple locking options in different planes at the proximal and
distal ends of the Expert Tibial Nail
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and 19 patients in group B underwent an implant removal
before the final follow-up.

Statistical analysis

The two groups were compared with respect to age, sex, AO
fracture type, classification of open fractures (Gustilo-
Anderson classification) [17], operating time, bony union
time, incidence of wound complications, angulation of the
fracture, and the Olerud-Molander ankle score. An indepen-
dent statistician, who was not directly involved with the
study, performed the statistical analysis. The parameters
were compared between groups. A paired-sample t test
was used for the interval data (age, operating time, length
of hospital stay, weeks to full weight-bearing, bony union
time, and postoperative angulation). The Fisher two-sided
exact test was used to compare rates of infection, malalign-
ment, anterior knee pain and functional outcome. The sta-
tistical analysis was performed using the Statistical Package
for Social Science (SPSS version 16.0; SPSS). The chosen
level of significance was p<0.05.

Results

The pre-operative characteristics of both groups are shown
in Table 1. Thirty-four patients had associated fibular frac-
tures, and 30 patients had been fixed because of the involve-
ment of the ankle joint. In these 30 patients, fibular fractures
were first reduced and fixed with the plate and screws. In the
nailing group, two patients with open injury were treated by
external fixation, which was performed as part of an emer-
gency operation. Internal fixation was performed after the
external fixations were removed. In the plate-fixation group,
three patients were treated with plate fixation after the
external fixation had been removed. All fractures in both
the nailing group and in the closed reduction and minimally
invasive plating group healed without the need for second-
ary procedures. Figure 2 shows a patient treated using the
new intramedullary nail system, while Fig. 3 presents a
patient treated using a system comprising a locked plate
and screws.

Table 2 summarizes the follow-up data for both groups.
The mean postoperative angulation in the coronal plane
(varus/valgus) was 2.4±2.2 (range, 0–9°) in group A and
2.0±1.6 (range, 0–6°) in group B (p00.480, group A vs.
group B). In the sagittal plane, the mean extent of postop-
erative ante-/recurvatum was 1.7±1.6 (range, 0–7) in group
A and 1.4±1.3 (range, 0–4) in group B (p00.383, group A
vs. group B). Table 2 also shows the functional results
evaluated according to the OMAS in both groups. In the
analysis with the Fisher two-sided exact test, no significant
difference was found between the groups. However, five
patients in group A reported occasional anterior knee pain
and discomfort on kneeling, and two patients did not expe-
rience complete relief of their symptoms after the removal of
the nail. Only one patient complained of anterior knee pain in
group B. The pain disappeared upon the administration of
Celecoxib 200 mg/day for three weeks.

Table 1 Baseline char-
acteristics of both
groups

Characteristics Group A Group B

Age 37 (21–56) 39 (23–59)

Male:female 18:5 18:5

Fracture classification (AO)

43-A1 8 8

43-A2 11 11

43-A3 4 4

Closed fractures 6 6

Open fractures 17 17

Gustilo I 11 11

Gustilo II 6 6

Gustilo III 0 0

Fig. 2 Patient 1: Male, 56
years old. Two closed tibial
fractures were revealed by X-
ray. The patient was success-
fully treated using the closed
nailing
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Discussion

All patients in both groups regained full weight-bearing
capacity and returned to normal domestic activities. The
new low, multidirectional locked nail technique demonstrated
showed advantages in terms of the operation time, hospital
stay, early full weight-bearing and bony union.

In recent years, the indications for use of the intramedul-
lary nail system were expanded to include the treatment of a
wide spectrum of tibial fractures [9, 18]. This new low,
multidirectional locked intramedullary system involves

multiple locking options in different planes at the proximal
and distal ends. The system has an angular stability locking
system that enhances the axial and lateral stability of the
fracture fragments [19]. Because of this modified design, the
new system has advantages over the traditional tibial intra-
medullary nail in dealing with both proximal and distal tibial
fractures. A biomechanical study showed that the addition
of two proximal oblique screws (Fig. 1) significantly
enhanced the stability of the intramedullary fixation
construct compared with the original approach to fixa-
tion, which involved the use of two transverse screws
fixation (Fig. 1). In terms of varus–valgus and flexion–
extension, the appendage of oblique screws increased
the angular stability [20]. In addition, there are four
advanced distal locking options in this new tibial intra-
medullary nail (Fig. 1). The set-up involved one oblique
locking option placed very distally, which allowed for
optimized bone purchase and prevented damage to the
soft tissue, as well as two mediolateral (ML) locking
options and one anteroposterior (AP) locking option for
better stabilization of the distal fragment. These design
modifications ensure that angular stability is retained
and angle-stable locking reflects a potential to maintain
fixation stability of distal tibia fractures [20]. All of
these design modifications allow for better fixation of
metaphyseal tibial segments through multiple interlock-
ing holes in close proximity to either end of the nail.
The use of multidirectional interlocking screws ensures
that alignment can be maintained and that stability can
be preserved despite a short proximal or distal tibial
segment. The present study showed similar results for
the mean degree of postoperative angulation in both
groups (p00.480 in the coronal plane and p00.383 in
the sagittal plane). In a comparison of the incidence of
malunion (>5°), no statistically significant difference
was found between the groups. This finding may indi-
cate that most angulations with this new intramedullary
nail were acceptable and that they had a significant
advantage in maintaining alignment compared with traditional
intramedullary nails [2].

Fig. 3 Patient 2: Male,
38 years old. Pre-operative and
postoperative X-rays demon-
strate the successful osteosyn-
thesis achieved using an
anatomic plate and screws

Table 2 Comparison of the main follow-up data for both groups of
patients

Characteristics Group A Group B P-value

Average operating time (min) 76.1±16.6 90.4±20.3 0.000a

Hospital stay (days) 5.8±2.1 8.9±3.1 0.000a

Weeks to FWB (weeks) 9.0±1.4 11.1±1.7 0.000a

Average follow-up period (months) 24.7±2.7 25.7±2.8 0.220a

Weeks to union (weeks) 21.3±3.5 23.1±3.6 0.047a

Nonunion or delayed union 0 0 –

Superficial infection 1 3 0.608b

Deep infection 0 0 –

Nerve injury 0 0 –

Malalignment (>5°) 3 1 0.608b

Varus/valgus 2 1 1.000b

Ante-/recurvatum 1 0 1.000b

Anterior knee pain 5 1 0.187b

Implant failure 0 0 –

Function outcome (Olerud-Molander Ankle Score)

Average score 89.0±7.1 87.6±8.4 0.478a

Excellent 17 15 0.749b

Good 6 8 0.749b

Fair 0 0 –

Poor 0 0 –

aP-value as determined by paired-sample t-test
b The Fisher two-sided exact test was used for the comparison of rates
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Delayed union and nonunions are important issues in the
clinical treatment of tibial fractures. In the literature, the rate
of delayed unions among tibial fractures treated with intra-
medullary nails ranges from 0 to 11% for closed fractures
and from 9% to 47% for open fractures. Published reports
show that non-union occurs in 0% to 8% of the closed
fractures and 3% to 17% of the open fractures [21–24]. In
recent years, intramedullary nailing has become widely
accepted as the operative treatment of choice for distal
tibial diaphyseal fractures [25, 26]. Tyllianakis et al.
reviewed 73 patients with distal tibial fractures treated
with reamed nailing and reported union in 96% of the
patients. In the present study, there were no nonunions, mal-
unions or hardware failures, and all patients achieved satisfac-
tory or excellent results. The fixation of distal tibial fractures
with this new nail system or anatomically contoured locking
compression plate in association with use of the Minimally
Invasive Plate Osteosynthesis (MIPO) technique is associated
with high union rates and offers a significant benefit in pro-
tecting the soft tissue enveloping the fracture site. Therefore,
as a result of using closed reduction and MIPO technique,
although 17 open fractures were included in the present study,
only one patient in the nailing group and three patients in the
plating group exhibited a superficial infection. However, in a
related prospective, randomized clinical trial (64 patients), a
superficial infection was observed in patients treated with
closed intramedullary nailing as well as in those treated with
open reduction internal fixation (one patient vs. six patients,
p00.03) [4].

Weight-bearing exercise is essential for building and
maintaining healthy bones. In the present study, when
patients begin weight-bearing activities, fracture pattern,
fracture localization, the condition of the soft tissue and
the quality of the bone should be taken into account.
Partial weight bearing (sole contact or up to 15 kg) is the
primary way in which the fractured leg is loaded. The
increase in load is determined according to the fracture
pattern and localization, the condition of the soft tissue,
bone quality as well as the absence or presence of load-
induced pain.

A greater number of days in the hospital imposes higher
healthcare costs and economic burdens to society. In the
present study, patients in group A had a significantly shorter
length of hospital stay compared with those in group B (p<
0.05), which would result in reduced healthcare costs.
Patients in both groups have achieved satisfactory function-
al results. Notably, anterior knee pain after nailing the tibia
should not be ignored. The occurrence of anterior knee pain
is frequently associated with tibial intramedullary nailing
with an incidence reported to be between 32% and 57%
[27–30]. In the present study, five patients experienced
some degree of chronic knee pain. More patients in the
group treated with nailing had difficulty kneeling, but only

one patient in the plate-fixation group experienced these
symptoms. Dogra, Ruiz, and Marsh reviewed 83 patients
with isolated fractures of the tibial diaphysis treated primar-
ily with closed, reamed intramedullary nailing. Twenty-nine
patients experienced pain around the knee when resting. The
cause of this symptom is still unclear. Some authors sug-
gested contributing factors including an increased level of
activity, nail prominence above the proximal tibial cortex, a
meniscal tear, an unrecognized articular injury, increased
contact pressure at the patellofemoral articulation, damage
to the infrapatellar nerve, and surgically induced scar for-
mation. Knee pain is often an indication for nail removal,
but evidence suggests that this is not always beneficial [31].

The control-matched design of this study has certain
limitations. Selection bias was not avoided, as the sur-
geon decided which operative treatment to perform.
Some of the bias was eliminated by matching the patients.
To maintain a sufficient number of patients, matching consid-
ered only gender, age, AO classification, and Injury Severity
Score.

Although this study is limited by the number of patients
and the retrospective design, our results suggest that both
treatment methods can achieve satisfactory functional out-
comes in patients with distal tibial metadiaphyseal fractures.
Low, multidirectional locked nailing may be considered a
better surgical option as it offers advantages in terms of
mean operating time, hospital stay, full weight-bearing time
and union time.
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