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A B S T R A C T

Background: Locking and non-locking plates has been used for distal tibia fracture osteosynthesis.

Sufficient evidence to favor one implant over the other is lacking in the current literature. Our aim is to

compare them in terms of fracture healing, alignment, functional outcome, complications.

Methods: Sixty-eight patients operated on using a percutaneous plate were retrospectively reviewed.

They were divided into two groups: in group 1 (28 patients) a 4.5 mm narrow conventional dynamic

compression plate (DCP) was used. In group 2 (40 patients) a titanium locked compression plate (LCP)

was used.

Results: Mean time to union was 16.2 and 15.4 weeks for group 1 and 2, respectively (p = 0.618). 11

patients (39.3%) in group 1 and 4 patients (10%) in group 2 showed malalignment (p = 0.016). AOFAS

scores at follow up were 89 and 88 in groups 1 and 2, respectively. Implant removal was necessary in 9

cases (32.1%) and 4 cases (10%) in group 1 and group 2, respectively (p = 0.042). Three patients (10.7%) in

group 1 and three patients (7.5%) in group 2 had an infection.

Conclusions: Both plating systems have similar results in terms of time to union, infection, and AOFAS

scores. The LCP seems superior with respect to alignment and the need for implant removal.

� 2014 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Fractures of the distal third of tibia represent about 10% of all
tibial fractures and their management is controversial. They
predominantly affect young patients and are mainly due to
torsional forces or high-energy falls [1,2]. They have to be
distinguished from tibial pilon fractures which are a different
entity due to articular impaction and/or comminution resulting
from axial forces [3,4] and therefore have a different treatment and
prognosis [2,5,6]. Opinions vary as to which of the various methods
described to treat a distal tibial fracture is the best [4,7–9]. Four
recognized methods are external fixation, intramedullary nailing,
open reduction and internal fixation with plates, and minimally
invasive percutaneous plate osteosynthesis (MIPPO). The latter has
recently become more widely accepted due to the fact that it
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reduces adjacent soft tissue damage, maintains fracture hematoma
and preserves bone vascularity, thus providing adequate mechan-
ical stability and fracture biology to allow union [5,6,10–12].

When using this technique, osteosynthesis may be carried out
using a variety of anatomical locking plates [12–14] or non-locking
plates [11,15–17]. In recent years, several studies have described
the advantages of using locking plates such as stability, the low
profile, and the ability to lock the screws at a fixed angle [18–21].

Various studies have demonstrated the success of both types of
plating systems [11,13,15–19,22]. However, non-locking plates
have been associated with a higher rate of complications, stability
loss, and osteosynthesis-related soft tissue discomfort
[7,9,11,15,16]. On the other hand, locking plates have been
associated with improved mechanical stability, higher costs and
the need for a longer consolidation period [18,23]. Sufficient
evidence to favor one system over the other in the treatment of
distal tibial fractures is lacking in the current literature [21].

Both locking and non-locking plating systems have been used at
our institution to treat distal tibial fractures since 2006. Our aim in
this study was to compare both forms of fixation in terms of: (1)
the time required to achieve bony union, (2) alignment, (3)
y Elsevier Ltd. All rights reserved.
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Fig. 2. (A and B) Distal tibial fracture with metaphyseal comminution treated with a

locking plate (LCP).
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functional outcome and (4) complications and the need for
secondary surgery.

2. Patients and methods

We retrospectively reviewed the clinical data and radiological
images of patients in our prospective database who were
diagnosed with a fracture of the distal third of the tibia and
operated between July 2006 and December 2010. All patients had
given informed consent for surgery. The ethics committee of our
institution authorized the study and subsequent consent to
participate was given by the patients.

The study included all patients treated via minimally invasive
percutaneous plate osteosynthesis (MIPPO). Patients were exclud-
ed if there was radiographic evidence of articular comminution
and/or articular impaction (43 C3 – AO/OTA), and this left a total of
68 patients (35 male, 33 female, mean age 50 years). The two
senior surgeons performed all the operations.

Patients were subsequently divided into two groups according
to the type of osteosynthesis used. The first group (n = 28)
comprised patients in which a narrow, large-fragment dynamic
compression plate (DCP, Synthes, Bettlach, Switzerland) was used
(Fig. 1). In the second group (n = 40) a titanium locking
compression distal tibial plate (LCP, Synthes, Bettlach, Switzer-
land) (Fig. 2) was used. A diabetic patient from the LCP group was
excluded from the study as she developed a serious early infection
that resulted in removal of the plate and treatment with an Ilizarov
external fixator.

Both groups were similar with respect to age, gender
distribution and fracture patterns according to the AO/OTA
classification system (Table 1) [24]. Nine fractures were open
(one in the DCP group and eight in the LCP group). Patients received
antibiotic treatment as per local protocols. Eight of these were
managed initially with external fixation followed by internal
fixation within a mean time interval of 9 days (range 2–19 days). A
Fig. 1. (A and B) A comminuted distal tibial fracture in a 55 year old man. This

patient was treated with a non-locking plate DCP. Anteroposterior and lateral

radiographs showing the correct alignment obtained with a DCP.
forced torsion of the lower leg was the most commonly identified
mechanism of injury in both groups (18 cases in group 1 and 24
cases in group 2).

Surgical technique: After administration of spinal anesthesia, a
3.0 mm Steinmann pin was placed from medial to lateral through
the calcaneal tuberosity. Indirect reduction of the fracture was
achieved via ligamentotaxis under fluoroscopic guidance using an
orthopedic reduction table. Open reduction and internal fixation of
an associated fracture of the distal third of the fibula was
performed on 15 patients in group 1 and on 27 patients in the
group 2 via a posterolateral approach and using a 3.5/4.5 mm
non-locking third tube plate (Synthes, Bettlach, Switzerland).
Table 1
Patient characteristics.

DCP LCP

Number of patients 28 40

Age (range) 50 (22–77) 50 (21–75)

Male/female 16/12 19/21

Fibular fracture 17 21

AO/OTA Type 42 A1 1 1

AO/OTA Type 42 B1 6 4

AO/OTA Type 42 C1 1 1

AO/OTA Type 43 A1 6 8

AO/OTA Type 43 A2 1 4

AO/OTA Type 43 A3 8 8

AO/OTA Type 43 B1 0 7

AO/OTA Type 43 B2 0 7

AO/OTA Type 43 C1 3 0

AO/OTA Type 43 C2 2 0



Table 3
Postoperative complications.

Group Complications

Infection Implant removal Amputation

Superficial Deep Total Partial

DCP 2 1 7 2 0

LCP 2 1 4 0 1
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Percutaneous fixation was subsequently achieved using a non-
locking DCP (Fig. 1) with 4.5 cortical screws proximal to the
fracture and 6.5 cancellous screws distal to the fracture; or a
locking LCP (Fig. 2) with 3.5 non-locking and locking screws (these
last distal to the fracture), depending on the preference of the
senior surgeon. All non-locking plates were molded during
surgery. All patients were discharged with a short lower leg splint
and non-weight bearing on two crutches until the first follow-up
visit at three weeks after surgery.

At this time sutures were removed and rehabilitation was
started. Partial weight bearing was allowed between 6 and 8 weeks
following surgery, provided absence of pain during physical
examination and radiological evidence of bone healing. Further
clinical and radiological follow-up visits were performed after 2, 3,
4, 5, and 12 months.

At final follow-up, at least one year after surgery, written
consent to participate in the study was obtained and functional
results were evaluated with the AOFAS Ankle/Hindfoot score [25].
The average post-operative follow-up was 45 months (range 12–
79 months).

The presence of a bone bridge in at least one cortex in either the
AP and/or lateral radiographs in addition to pain-free full weight
bearing was the criterion for bony union. According to the criteria
of Borg et al. [15], the normal time to bone union was set at 6
months, delayed union was considered between 6 and 9 months,
and non-union was diagnosed after 9 months.

Malalignment, according to Hasenboehler’s criteria, was
defined as a deviation from the normal axis greater than 58 in
both the sagittal and coronal plane, or a shortening greater than
1 cm [24,27].

The criteria for implant removal was defined as local pain and/
or skin irritation related to plates and screws.

To determine the significance of intergroup differences
regarding alignment, implant removal and infection rate, the
Fisher’s exact test was used. To assess the consolidation timeframe
and functional outcome scores differences, the T test was used.
Statistical difference was set at p < 0.05 and all statistical analyses
were reviewed by an independent statistician.

3. Results

The average time to bony consolidation was 16.2 weeks (range
10–24) in the DCP group and 15.4 weeks (range 10–32) in the LCP
group. With the numbers available there was no statistically
significant difference in the average time to union between the two
groups (p = 0.618). One patient in the LCP group (2.5%) presented
with delayed union, taking 32 weeks to consolidate. Initially, this
case had been an open fracture treated primarily with external
fixation and with definite surgery carried out 4 days after the
injury. One patient in the DCP group (3.5%) presented with delayed
union, taking 32 weeks to achieve consolidation. This patient
presented with a significant degree of metaphyseal comminution
due to a high-energy injury.

11 patients (39%) in the DCP group and four patients (10%) in
the LCP group, healed with some grade of malalignment (Table 2).
Table 2
Alignment at follow-up.

DCP LCP

Varus (>58) 2 0

Valgus (>58/>108) 3/0 3

Antecurvatum (>58) 4 0

Recurvatum (>58) 2 1

Total 11/8 4
The difference between the two groups was statistically significant
(p = 0.016). No shortening of >1 cm was observed in either group.
During the observation period, no need for secondary corrective
surgery was seen in any of the patients.

The final mean AOFAS ankle/hindfoot score was 89 points
(range 58–100) in the DCP group and 88 points (range 25–100) in
the LCP group. The difference between the two groups was not
statistically significant (p = 0.635).

Three patients (10.7%) in the DCP group suffered postoperative
infections (Table 3). There were two cases of superficial infection of
the fibular wound that were successfully treated with local wound
care and oral antibiotics for 14 days. One case of deep infection
required surgical debridement and flap coverage. Three patients
(7.5%) from the LCP group had infections. Like in the DCP group,
there were two cases of superficial infection that responded to oral
antibiotics and one case of early deep infection in a diabetic patient
resulting in wound dehiscence. The latter patient had the plate
removed on 20 weeks post surgery after antibiotic treatment and
surgical debridement had failed. The fracture was treated with an
Ilizarov frame but infection persisted and below knee amputation
was required after 10 months. With the numbers available, there
was no statistically significant difference with respect to infection
rates between the two groups (p = 0.688).

Nine patients (32.1%) in the DCP group experienced local
discomfort, requiring total implant removal in seven cases (Fig. 3)
and partial implant removal in two cases (one proximal screw and
one distal screw). Four patients (10%) from the LCP group required
secondary surgery to remove the medial implants due to local
discomfort. The need of implant removal was significantly lower in
the LCP group than in the DCP group (p = 0.042).

4. Discussion

Fractures of the distal third of the tibia account for approxi-
mately 3–10% of all tibial fractures and can be difficult to treat.
Several factors must be taken into account when performing
surgery such as the fracture anatomy, soft tissue damage and
comorbidities like diabetes mellitus [4,6,10,11,26,27]. In these
scenarios, percutaneous plating has become increasingly popular
as it minimizes further soft tissue injury [5,10]. Both locking
[13,14,19,22,28] and non-locking Plates [7,9,11,15,16] may be used
for fixation. A recent survey by Anglen and colleagues found four
studies that compared the use of locking plates with non locking
Fig. 3. Visible protruding screws in a patient after treatment with a DCP. The patient

required implant removal after fracture healing (same patient as in Fig. 1).
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plates and stated that there were no statistically significant
differences between them with respect to patient oriented
outcomes, adverse events and complications [21]. Unfortunately,
no one of these studies included patients with distal tibial fractures
and, to the best of our knowledge, the one by Ozkaya and
colleagues was published at a later time [24]. We therefore
compared both forms of fixation in terms of: (1) the time required
to achieve bony union, (2) alignment, (3) functional outcome, and
(4) complications and the need for secondary surgery.

In our study, time to union was similar in both groups, being
only insignificantly longer in the DCP group when compared to the
LCP group (16.2 vs. 15.4 weeks; p = 0.618). This contrasts with the
retrospective study by Ozkaya et al. [24] comparing locking and
non-locking plates in 43 patients. The authors reported that the
timeframe to achieve bony union was 3 weeks longer (18 vs. 15
weeks) in the LCP group.

The union rates of 100% in both groups of our study compare
favorably with those published in other series. Hasenboehler et al.
performed a study in 32 patients treated with LCP, providing a 1-
year follow-up [18]. Twenty-seven patients (84%) achieved
consolidation after 9 months and two cases were re-operated
due to non-union. The authors stated that using locking plates as a
bridge in simple fracture patterns has disadvantages when it
comes to fracture healing. On the other hand, Borg et al. used a
titanium DCP and reported 17 cases (81%) of consolidation before 6
months, two cases of delayed union and two cases of non-union,
one of which required further surgery [15]. Helfet reported no
cases of delayed or non-union in 20 patients treated with a
stainless steel DCP, with an average time to union of 10.7 weeks
[7].

We believe that the choice of screws for osteosynthesis is of
vital importance when using locking plates. Collinge et al. used a
hybrid approach: conventional screws for reduction and angular
stabilization to fix the plate [22]. We used only two locking screws
in the distal fragment and non-locking screws in the proximal
fragment. This hybrid approach combines the advantages of
locking screws providing angular stability and non-locking screws
providing friction and compression of the plate to the bone. This
may explain the similar consolidation times in the two groups.

No cases of non-union were found in our series, despite having
eight open fractures. However, there were two cases of delayed
union, one in a patient with an open fracture and the other in a
patient who sustained a high-energy injury with significant
metaphyseal comminution.

There is some controversy regarding the acceptable level of
malalignment. Using Hasenboehler’s criteria, we considered varus
or valgus >58, ante or recurvatum >58 and shortening greater than
1 cm to indicate significant malalignment [24,27]. When applying
these criteria, 39% of patients in the DCP group and 10% of patients
in the LCP group healed with some malalignment. Helfet et al.
considered <58 varus, <108 valgus and <108 ante or recurvatum
acceptable [7]. Using these criteria in 20 patients treated with DCP
in his study, four had malalignment (25%), two had varus >58 and
two had recurvatum >58; however, no additional surgery was
required. When applying Helfet’s criteria for malunion, our results
are comparable.

Our results differ from those of others authors, in that we found
significantly more malalignment in the DCP group compared to the
LCP group [7,9]. In our opinion this difference is related to the
implant, because no problems were observed in relation to the
reduction technique, with a good post-operative result in DCP and
LCP groups, and no differences in the rehabilitation protocol
neither in time to consolidation in both groups; but the DCP group
malalignment became present during the follow-up. Having fewer
holes than locking plates in the distal segment, non-locking plates
provide less stability, potentially leading to loss of reduction and
malalignment. In addition, appropriate molding of the non-locking
plate is not always an easy process and requires some experience.
Non-locking plates are not fixed angle devices and thus are more
prone to loosening through toggling of screws, which have a
reduced pullout strength.

The clinical consequences of slight malalignment still remain
unclear. Several studies have described no pain and normal clinical
function with angulation exceeding 108 [29,30]. In contrast,
cadaveric studies have shown that in the presence of malalignment
(108 and 158 of angular deformities) there is up to a 40% decrease in
the contact area in the ankle joint [31]. On this basis, we strongly
believe that small angular variations may result in joint overload
and eventual osteoarthritis; hence stricter criteria should be
recommended. No patient in our series required additional surgery
to correct axes. However, it would be interesting to evaluate the
presence of osteoarthritis in the long term, and its correlation with
malalignment.

Functional evaluation at a mean of 45 months follow-up
measured with the AOFAS score revealed no difference between
the DCP and LCP groups (88 vs. 89). This could be explained in part
by the generally good functional results obtained with minimally
invasive techniques. For functional rehabilitation, the type of
implant may not be as important as the technique used to fix it in
place. However, a prospective randomized study should be
conducted to address this hypothesis. The overall scores compare
favorably with that from previous studies [22].

Postoperative infection was seen in 6 of 68 patients (8.8%). This
rate is higher than that reported previously for tibial fractures
using a percutaneous technique, although the number of cases
requiring surgical revision was the same [32]. With the numbers
available, it is impossible to say whether the one or the other type
of implant favored infection. The most serious complication
encountered in a LCP patient (uncontrolled infection eventually
requiring below knee amputation) may have been related to a
poorly controlled diabetes mellitus, leading to delayed wound
healing and constituting an independent risk factor for infection.
Alternative treatment options may be required for this subset of
patients [6].

Patient discomfort relating to the plate has been described for
both DCP and LCP [13,15,17,18]. Some authors argue that the
higher profile of DCP results in a substantial incidence of
subcutaneous discomfort, often requiring removal [15]. In our
study, a DCP had to be removed more than twice as much as a LCP.

There are several limitations to our study. First, as this is a
retrospective study, definite conclusions cannot be drawn. There
was no randomization and no specific matching of groups.
Consequently, a selection bias might have been introduced by
the senior surgeons’ preferences with regard to the type of implant
to be used. Second, each group had a relatively small number of
patients, making statistical analysis difficult. Nevertheless, most of
the published studies have lower patient numbers and less follow-
up than ours [9,24]. Furthermore, with the exception of one study
there has been no direct comparison of the two treatment options
[24]. Third, we have used the AOFAS score to quantify the
functional outcome [25]. It has been shown recently that the
AOFAS rating systems are neither reliable nor valid [33]. This fact
has not been evident when planning the present study. Using the
AOFAS score provides at least some comparison with other studies
on that topic because it used to be the most frequently used clinical
scoring system over the last decade. Fourth, the follow-up was
relatively short. Posttraumatic osteoarthritis from residual mal-
union might develop over the long term at the ankle and/or knee
joints. Over the short term, no corrective surgery or salvage
procedures were needed (Fig. 4).

Based on our results, we suggest that both locking (LCP) and
non-locking (DCP) plating systems are suitable for stabilizing distal



Fig. 4. (A and B) Patient treated with a DCP seven months post surgery. Significant

recurvatum and valgus can be seen. However, the patient is asymptomatic at that

time.
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tibial fractures without intra-articular comminution using a
percutaneous technique. We found no statistically significant
differences regarding the time to union or functional outcome
using the AOFAS score. However, in our study, the use of locking
plates resulted in a significantly lower incidence of malalignment
and less need of implant removal. Further research is required to
determine if and what degree of malalignment has detrimental
consequences for the adjacent joints.
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