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Abstract: Lisfranc complex injuries are a spectrum of midfoot and tarsometatarsal (TMT) joint trauma, more fre-
quent in men and in the third decade of life. Depending on the severity of the trauma can range from purely
ligamentous injuries, in low-energy trauma, to bone fracture-dislocations in high-energy trauma. A quick and care-
ful diagnosis is crucial to optimize management and treatment, reducing complications and improving functional
outcomes in the middle and long-term. Up to 20% of Lisfranc fractures are unnoticed or diagnosed late, above all
low-energy trauma, mistaken for simple midfoot sprains. Therefore serious complications such as post-traumatic
osteoarthritis and foot deformities are not uncommon. Clinically presenting with evident swelling of the midfoot and
pain, often associated with joint instability of the midfoot. Plantar region ecchymosis is highly peculiar. First level
of examination is X-Ray performed in 3 projections. CT scan is useful to detect nondisplaced fractures and minimal
bone sub-dislocation. MRI is the gold standard for ligament injuries. The major current controversies in literature
concern the management and treatment. In stable lesions and in those without dislocation, conservative treatment
with immobilization and no weight-bearing is indicated for a period of 6 weeks. Displaced injuries have worse out-
comes and require surgical treatment with the two main objectives of anatomical reduction and stability of the first
three cuneiform-metatarsal joints. Different surgical procedures have been proposed from closed reduction and
percutaneous surgery with K-wire or external fixation (EF), to open reduction and internal fixation (ORIF) with transar-
ticular screw (TAS), to primary arthrodesis (PA) with dorsal plate (DP), up to a combination of these last 2 techniques.
There is no superiority of one technique over the other, but what determines the post-operative outcomes is rather
the anatomical reduction. However, the severity of the injury and a quick diagnosis are the main determinant of the
biomechanical and functional long-term outcomes.
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Introduction cases remaining undiagnosed or diagnosed
late [2].
The term “Lisfranc injuries” refers to a range of
midfoot and tarsometatarsal (TMT) joint lesion Lisfranc joint injuries are more frequent in the
that can vary from a simple single joint injury to third decade of life and men are 2 to 4 times
a complex lesion that disrupts multiple differ- more likely than women to incur these injuries,
ent joints with multiple fractures [1], depending possibly because they participate more fre-
on the severity of the trauma. The name is quently in high-speed activities [3]. High-energy
attributed to a French surgeon of the Napoleonic injuries are more common than low-energy inju-
era, which in 1825 was the first to describe ries which in most cases involve sports activi-
injuries and amputations at this level of the foot ties, usually occurring during football, gymnas-
[1]. tic and running [4]. The two main mechanisms
of injury are direct forces (crush injuries, fall
Lisfranc injuries appear rare and account for from and height) and indirect forces (bending

0.2% of all fractures, with approximately 20% of and torsion of the tarsus) [5].
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Management of Lisfranc injuries

A thorough investigation of the mechanism of
trauma and a clinical examination of the foot
are essential. The exact mechanism of the inju-
ry must be ascertained, including foot position
during trauma, direction of the force and the
amount of energy involved.

Quickly identification and management of
these injuries is crucial to reduce risk of pro-
gressive midfoot instability, arch collapse, fore-
foot abduction, or post-traumatic osteoarthritis
(OA) that results in stiffness, chronic pain, and
dysfunction of the foot and ankle complex [1].

Anatomy

The Lisfranc joint complex has a specialized
bony and ligamentous structure, which pro-
vides stability to this joint.

Osteology

The Lisfranc joint complex is made up by the
three cuneiform bones (C1 to C3) and the
cuboid bone (Cu) proximally and the five meta-
tarsal (M1 to M5) bases distally linked together
by a ligamentous capsule structure [6].

Lisfranc joint can be divided in three longitudi-
nal columns: I) medial, composed by C1 and
MZ; Il) central (middle), composed by C2-C3
and M2-M3; the space between the base of the
second metatarsal bone and the first cunei-
form bone is filled with the ligament key of the
Lisfranc joint; the space between the bases of
the third and fourth metatarsal bone is filled
with the intermetatarsal ligament; lll) lateral,
composed by Cu and M4-M5.

Bone stability is determined by the trapezoidal
shape of the base of the M1-M2-M3, with their
respective cuneiform bones forming a stable
arch known as a “transverse arch or Roman
arch” with the second TMT joint as the keystone
[7, 8].

Ligaments

The tarsometatarsal (TMT) complex includes
the TMT joints, the intermetatarsal ligaments
and the intercuneiform joints.

Ligamentous structure of the Lisfranc joint can
be divided schematically in: i. dorsal ligament
and plantar ligament: the first the smallest and

the weakest crossing each TMT joint, while the
second is twice as large as the first. This ex-
plains why the dislocation is often dorsal; ii. the
interosseous ligament, commonly known as
the “Lisfranc ligament”, is the biggest. It is
4.5 times larger than the dorsal ligament and
twice as large as the plantar ligament; iii. inter-
metatarsal ligaments joining the second to the
fifth metatarsal, instead between M1 and M2
there isn’t an intermetatarsal ligament [9].

Joint capsules, plantar muscles and fascia, ten-
dons of the peroneus longus, of the tibialis
anterior and of the tibialis posterior contribute
to midfoot stability and support the arch of the
foot. A diagram of the structure of the Lisfranc
joint complex is shown in Figure 1.

Diagnosis
Clinical examination

Lisfranc complex injuries subsequent to high-
energy trauma, often with fractures-disloca-
tions, present clinical and imaging evidence
that make it unlikely to miss. However, low-
energy Lisfranc injuries are often overlooked
[2], diagnosed late or even lost due to the diffi-
culty to identify minimal lesions; often occur
during sport activities with metatarsal diastasis
lesions less than 2 mm [10, 11]. Patients pres-
ent swelling of the midfoot region associated
with pain on weight bearing activity [12].

Plantar region ecchymosis is highly peculiar.
Comparison with contralateral foot can be im-
portant and help in the diagnosis; obviously
except for cases with bilateral lesions, found in
precipitated patients. To identify the affected
TMT joint is useful the “piano key” test, consist-
ing in moving the head of the affected metatar-
sal holding the midfoot and hindfoot firmly [13].
The “gap sign” indicative of separation between
first and second fingers is a suggestive sign of
lesion of the Lisfranc [14]. Vascular lesions are
rare, in relation to which compartment syn-
dromes or lesions of the deep peroneal nerve
can occur [15].

Imaging

First level examination is X-ray, performed in 3
non-weight-bearing projections (AP, oblique, lat-
eral) which in some cases is enough to make a
diagnosis.
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A craniocaudal angulation of the X-ray beam of
about 30° may better show the joint [16].

On standard X-ray the signs consistent with a
diagnosis of Lisfranc injuries are: 1. Loss of
alignment between the medial edges of C2 and
M2 (on AP view); 2. Loss of alignment between
the medial edges of Cu and M4 (on oblique
view); 3. Avulsion of the Lisfranc ligament rep-
resented by the “fleck” sign, a small bone frag-
ment in the first intermetatarsal space; 4. Dia-
stasis >2 mm between the base M1 and M2 or
a greater than 1 mm difference than that of
the contralateral uninjured foot (AP view); 5.
Dorsal/plantar displacement of the metatarsal
bases (lateral view) [17].

However, in relation to the Lisfranc joint com-
plexity, the sensitivity of the standard X-ray is
about 84.4% according to Rankine et al. [16],
therefore about 20% of lesions remain undiag-
nosed.

Figure 1. Diagram of Lisfranc joint complex.
(M1: first metatarsal; M2: second metatar-
sal; M3: third metatarsal; M4: fourth meta-
tarsal; M5: fifth metatarsal; C1: medial cu-
neiform; C2: middle cuneiform; C3: lateral
cuneiform; Blue: dorsal Lisfranc ligament;
Green: Interosseous Lisfranc ligament;
Red: plantar Lisfranc ligament).

The second imaging level is
Computed Tomography (CT).
CT is particularly useful to
detect nondisplaced fractures
or minimal bone sub-disloca-
tions. A recent systematic re-
view has shown how with the
use of CT, compared to X-ray,
it is possible to detect 60%
more metatarsal fractures
and twice the tarsal fractures
and joint misalignments [18].

w Three-dimensional (3-D) CT
y@ imaging provides a complete

associated with multiplanar
reconstructions provides ana-
tomical details, including neu-
rovascular ones, thatincrease
optimal surgical pre-operative
planning [19].

E assessment of the lesion and

In the presence of non-diag-
nostic X-ray and CT scans,
if clinical suspicion persists,
magnetic resonance imaging
(MRI) is appropriate. MRI is
the gold standard to detect
ligament injuries. In 2009,
Raikin et al. [20] observed
that MRI had a sensitivity of
90% for evaluating the stabili-
ty of the Lisfranc joint compared to intraopera-
tive results [21]. MRI is also useful in the dif-
ferential diagnosis with other not so infrequent
pathologies [22-24].

Classification

To describe the Lisfranc complex injuries ha-
ve been proposed numerous classification. In
1909, Quenu and Kuss [25] classified Lisfranc
lesions based on the three-column concept.
The lesions were classified as homolateral, iso-
lated and divergent. Always based on concepts
of Quenu and Kuss, Hardcastle et al. [26], in
1982, divided the injuries in three types: type
A (with complete displacement of all the meta-
tarsal bones), B (with displacement of one or
more of the metatarsal bones), and C (diver-
gent pattern).

In 1986 Myerson et al. [27] proposed a new
modified version of Hardcastle’s classification,
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which included type A (injury with total incon-
gruity, medial-lateral), type B with isolated in-
congruity patterns (respectively type B1 medial
and type B2 lateral), and type C divided into
types C2 and C1 according to whether all four
or fewer metatarsals were divergently displac-
ed respectively.

Recently, a fourth category to Myerson’s modi-
fied Hardcastle classification (type D injury) has
been introduced, which corresponds to the par-
tial injury of the Lisfranc joint [28].

Divided into D1 type in which distance between
C1 bone and M2 is 2 mm and not require surgi-
cal fixation and D2 type with this distance >2
mm, with the need for surgical fixation (D2 fur-
ther divided into purely ligamentous D2L and
with bone avulsion D2B).

In 2002 Nunley and Vertullo [29] proposed a
classification for low-energy injuries, focused
on clinical features, weight-bearing foot X-ray
and bone scintigraphy (BS).

In this classification, stage | is a Lisfranc liga-
ment sprain without diastasis or loss of arch
height on lateral X-ray but increased uptake on
BS. Stage Il sprains are lesions with M1-M2
diastasis between 1 and 5 mm on AP weight
bearing X-ray due to the Lisfranc ligament inju-
ry, without loss of arch height on weight bearing
lateral view.

Patients with stage Il injuries have M1-M2
diastasis greater than 5 mm on AP weightbear-
ing view and loss of midfoot arch height, show-
ing a decreased distance M5-C1 on lateral
X-ray [29].

In 2008 Coetzee [30] schematically divided the
injuries into: e incomplete ligamentous disrup-
tion, with 3 stages: stage “1” less than 2 mm
diastases and no medial longitudinal arch col-
lapse; stage “2” between 2 and 5 mm diastas-
es and no arch collapse; stage “3” between 2
and 5 mm diastases and arch collapse; ® com-
plete ligamentous disruption, stage “1” without
significant intra-articular fractures or stage “2”
with significant intra-articular comminution.

The existing classification systems have shown
only a moderate grade of reliability among the
interlocutors and do not add prognostic value,
so much so that they are of little use in clinical

practice [31, 32]. The classification evolution of
Lisfranc complex injuries is summarized in the
flow-chart in Figure 2.

Management and treatment

Management of Lisfranc injuries depends on
the severity of the trauma, with the primary
goals of treatment being pain relief and foot
stability preventing later OA and disability. First
of all it is necessary to distinguish between
high and low energy injuries, in order to app-
roach them with the correct imaging examina-
tions up to the appropriate treatment (non-sur-
gical or surgical), as shown in Figure 3 in the
flow-chart for management and treatment of
Lisfranc complex injuries.

Non-surgical treatment

Currently, there aren’t in literature randomized
controlled trials that compare nonoperative
and surgical treatment for Lisfranc injuries.
Hence the results on conservative treatment of
nonoperative treatment are based on a few ret-
rospective case series, without widely extend-
ed consent on the indications [10].

However, based on our clinical experience and
above all on the available literature, conserva-
tive treatment is indicated only for stable and
non-displaced injuries with pure ligament sp-
rains (stage | according to Nunley and Vertullo)
[29].

The conservative treatment involves immobili-
zation in a non-weight-bearing short leg for
6 weeks; after this period, if the midfoot pain
disappears, physical activity can be gradually
resumed using an orthopedic insole to dis-
charge the medial longitudinal arch. If at six
weeks the pain persists, an orthopedic boot
with weight-bearing is used for four more weeks
and is undertaken a course of physical therapy
including taping, modalities (ice, ultrasound,
and iontophoresis), and sports-specific exer-
cises [33].

In 1994, Shapiro et al. [34] reported successful
conservative treatment for stable injuries even
in 9 athletes, showing a return to competition in
an average time of 4 months.

In a recent case series on 55 patients [10] (22
avulsion fractures and 33 simple un-displaced
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Figure 3. Lisfranc complex injuries management and treatment flowchart. (CT: Computed Tomography; MRI: Mag-
netic Resonance Imaging; PA: Primary Arthrodesis; ORIF: Open Reduction and Internal Fixation).

lesions require surgical treatment in order to
obtain anatomic reduction and stable internal
fixation [35]. However, also after open reduc-
tion and internal fixation (ORIF), about 40 to
94% of patients will suffer post-traumatic OA,
demanding conversion to a joint fusion to solve
the pain, to such an extent that some authors
recommend primary arthrodesis (PA) in some
cases to avoid the need for re-surgery [36].

High-energy injuries also require careful soft
tissue examination (to select appropriate treat-
ment, timing for surgery and minimize postop-
erative skin and wound complications), and if
the evidence leads to a high suspicion of com-
partment syndrome a surgical fasciotomy is
required [4, 371].

Percutaneous surgery: In case of open Lisfranc
injuries or severe soft tissue compromise and
major metatarsal diastasis, temporary stabili-
zation with multiple Kirschner wires (K-wire) or
external fixator (EF) should be considered espe-
cially in case of comminution and soft-tissue
loss. Subsequent conversion should be sched-
uled 10-15 days later, once soft tissues are

back in good condition [38], and the “wrinkles
sign” can be helpful [39].

Nithyananth et al. [38] on 22 patients, with
open Lisfranc injuries (all type llla and lllb
according to Gustilo-Anderson classification
[40]) and a mean age of 36 years, treated with
multiple K-wire fixation, found at a 56 months
of follow-up a mean American Orthopaedic Foot
& Ankle (AOFAS) score of 82 (range 59-100)
and mean wound healing time of 16 days (range
10-30). Chandran et al. [39] in a group of 10
patients (11 feet) with midfoot open injuries
treated with uniplanar EF, maintained for a
mean duration of 9 weeks (range 6-15 weeks),
experienced a high rate of complications in-
cluding residual pain and foot and ankle func-
tion, ability to stand on tiptoe, presence of a
limp, deformity of plantar arch, range of motion
of the ankle, subtalar and metatarsophalange-
al joints. These results demonstrated that
crush injuries with severe trauma and soft tis-
sue injury of the midfoot often result in persis-
tent morbidity despite even early management
with external fixation.
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Closed reduction and K-wire percutaneous fixa-
tion can also be used for definitive fixation, but
screw fixation has been shown to provide be-
tter biomechanical stability of the medial and
middle columns. Therefore, screw fixation is the
preferred method of internal fixation with the
exception of the lateral column which can be
stabilized with K-wire. Open reduction is also to
avoid inaccurate reduction and possible inter-
position of soft tissues [39].

ORIF and primary arthrodesis (PA): Some con-
troversies persist regarding surgical treatment
of Lisfranc injuries: the most appropriate surgi-
cal approach and the choice between ORIF with
transarticular screws (TAS) versus PA of the
first TMT joint with dorsal plates (DP) or a com-
bination of both.

Surgery is usually performed with patient in
supine position and knee at 90° of flexion. An
incision in the first intermetatarsal space that
allows access to the first and second TMT jo-
ints and, if necessary, a second longitudinal
incision in line with the fourth metatarsal bone
are used.

Philpott et al. [41] described a modified app-
roach consisting of a single longitudinal inci-
sion on the second metatarsal, from the TMT
joint to the metatarsophalangeal (MTP) joint.
Through this incision it is achieved access to all
the individual TMT joints. The approach was a
viable option with complication rates similar to
previous approaches.

Controversies remain as to which internal fixa-
tion implants are most appropriate.

According to most authors, PA has better
results in terms of function and clinical out-
comes compared to ORIF treatment with TAS
and with a combination of the two techniques
[11, 42, 43].

TAS have been questioned because of joint
damage (from 2% to 6% depending on the
cases) [44]. For this reason, PA with DP and
screws that do not cross the joint have been
used in recent years.

In a study of Alberta et al. [44] TAS and DP
showed similar ability to resist TMT joint dis-
placement with weight-bearing load.

In a comparison study [42] patients treated
with DP showed better functional and radiolo-
gical outcomes than those treated with TAS or
a combination technique. The DP group had a
mean AOFAS score of 82.5 points, compared
with 71.0 for the TAS group and 63.3 for the
combination group (P<0.001).

In a study involving 25 patients [43] that com-
pared PA to ORIF, PA showed better results in
terms of reduced foot deformity, biomechanical
and function of the foot, complications and sur-
gical duration of the procedure.

In two recent studies [45, 46] three different
types of surgery were compared: ORIF with TAS,
PA with DP and a combination of the two tech-
niques, concluding that functional outcomes
mainly depend on the quality of the anatomical
reduction and not on the choice of the fixation
implant used, significant differences was re-
ported only for the reoperation rate for the
removal of the implant.

However, decision making may be influenced by
the reoperation rate. In a study on 217 patients
with 12 months follow up the authors conclud-
ed that, excluding surgery for implant removal,
patients treated with ORIF or PA didn’t have a
different reoperation rate [47].

The most common causes of re-surgeries are
post-traumatic OA in patients treated with ORIF
and non-union in those treated with PA.

In a prospective randomized study analyzing
101 patients with purely ligamentous injuries,
92% of the patients treated with PA achieved
previous level of activity in the postoperative
period. In cases treated with ORIF only 65%
achieved pre-injury activity levels in the post-
operative period [48].

In a recent systematic review Van Den Boom et
al. [49] found a statistically significant differ-
ence in patient-reported outcomes scores
(PROMs), as measured by the AOFAS score,
in favor of PA for the treatment of Lisfranc
injuries.

The use of suture endobutton fixation has also
been described, placed along the path of the
Lisfranc ligament (C1 to M2 base). In this re-
port 3 patients were treated with this relatively
fast and minimally invasive technique, achiev-
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ing satisfactory short-term results. Further-
more, with this device there is no need for sub-
sequent implant removal [50].

Complications

According to the literature, the most common
and feared complication after ORIF is post-trau-
matic OA, reaching in some cases 45% and
more. According to Lau et al. [2], treatment
with combinations of plates and trans-articular
screws have a high risk of OA with respect to
only bridging plates and the risk is strictly re-
lated to the quality of anatomic reduction.
According to Dubois-Ferriere et al. [51], the
radiographic evidence of OA was observed
in 72.1% of patients and symptomatic OA in
51.1%, the latter with worse outcomes.

Other complications can be screws problems
(intended as pull-out or breakage) 16.0%; spon-
taneous arthrodesis of adjacent joints 7.8%;
soft tissue and wound complications 3.6%;
compartment syndrome 2.6%; implants infec-
tion 1.5%; reflex sympathetic dystrophy 1% and
deep vein thrombosis 0.5% [3, 45].

Conclusions

Lisfranc complex injuries are a spectrum of
injuries of the TMT joints, ranging from purely
ligamentous sprains, usually occurring in ath-
letes, to fracture dislocations, commonly a con-
sequence of high-energy trauma.

In accordance with the recent literature the cur-
rent trend is non-surgical treatment for undis-
placed injuries, whilst all injuries that show load
instability or diastasis of the TMT joints requir-
ed surgical treatment with anatomical reduc-
tion and internal fixation. Based on biomechan-
ical studies, there are no differences between
the use of TAS and DP.

All authors agree that the severity of the in-
jury, a quick diagnosis and anatomical reduc-
tion are the main determinants of the biome-
chanical and functional long-term outcomes.
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