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Abstract

Objective To improve the ability of primary care physicians to recognize the mechanisms and common
presentations of low-velocity Lisfranc injuries (LFIs) and to impart an improved understanding of the role of imaging
and principles of primary care in low-velocity LFIs.

Sources of information A MEDLINE literature review was performed and the results were summarized, reviewing
anatomy and mechanisms, clinical and imaging-based diagnoses, and management principles in the primary care
setting.

Main message Low-velocity LFIs result from various mechanisms and can have very subtle findings on clinical
examination and imaging. A high degree of suspicion and caution are warranted when managing this type of injury.
Conclusion Although potentially devastating if missed, if a few treatment principles for low-velocity LFIs are applied
from the initial presentation onward, outcomes from this injury can be optimized.

Case

A 30-year-old woman presents to the emergency department after a fall from a height of roughly 1.2 m off her back
deck. The patient landed awkwardly on her right foot. She was able to walk back to the house, but shortly thereafter
was unable to walk on her right foot. The foot became progressively swollen and now she cannot fit it into her shoe.
She must have her foot elevated or the pain and swelling are dramatically worsened.

Examination of her right foot reveals that the foot and ankle are roughly normally aligned. There is a large amount
of swelling in the area of her midfoot and forefoot. She does not allow examination of her midfoot because of pain that
she rates as 8 out of 10 starting in her midfoot and shooting into her first,

second, and third toes. She is uncomfortable on forefoot examination of the : KEY POINTS Low-velocity Lisfranc injuries
first, second, and third toes, secondary to referred pain up her foot to her + (LFls) are often caused by vague, seemingly
ankle. She refuses to bear weight on the affected foot. Initial radiographs - trivial—although reproducible—mechanisms
are shown in Figures 1 to 3. . of injury such as walking off of a curb in
- an urban environment. Once the diagnosis
Sources of information . of LFl has been made, the patient must not
A MEDLINE literature review was performed and the results were sum- : bear weight on the affected foot. The foot
marized, reviewing anatomy and mechanisms, clinical and imaging-based = should be placed in a 3-sided, below-knee,
diagnoses, and management principles for Lisfranc injury (LFI) in the pri- : posterior plaster or fibreglass slab. Patients
mary care setting. should be told that if symptoms resembling
: compartment syndrome occur, they should
Main message . return to the emergency department as
Substantial LFI, or tarsometatarsal joint injury, has been increasing in inci- : soon as possible. If missed, LFls can lead to
dence.! While representing a rare entity in the general population (0.2% - substantial long-term morbidity and poor
of all orthopedic injuries),? the injury is commonly encountered in certain : outcomes. If diagnosed and definitively
subgroups; one case series documented an incidence of midfoot sprain : treated in a timely fashion, acceptable
in collegiate football players of 4% per year.® Lisfranc injuries typically . outcomes can usually be expected.

occur by 2 contrasting mechanisms. High-velocity
LFIs typically involve dramatic mechanisms including
high-velocity motor vehicle accidents and falls from a
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Figure 1. Anteroposterior view of the injured foot:
Note the subtle shift of the second metatarsal base
away from the medial cuboid bone, and the bony
comminution that sits in the resultant space. The
second metatarsal shaft fracture is a not-uncommon
concomitant injury with this mechanism.

Figure 2. Oblique view of the injured foot: Note the
subtle shift of the second metatarsal base away from
the medial cuboid bone, and the bony comminution
that sits in the resultant space. The second metatarsal
shaft fracture is a not-uncommon concomitant injury
with this mechanism.

Figure 3. Lateral view of the injured foot: Note the
subtle shift of the second metatarsal base away from
the medial cuboid bone, and the bony comminution
that sits in the resultant space. The second metatarsal
shaft fracture is a not-uncommon concomitant injury
with this mechanism.

and displaced fractures, visible midfoot swelling, and
ecchymoses; high-velocity LFIs rarely present a diag-
nostic dilemma.* These injuries can represent a surgical
emergency, as the neurovascular supply to the midfoot
and forefoot might be in jeopardy, and disruption of
the dorsalis pedis artery and soft-tissue swelling might
result in development of compartment syndrome.5
Low-velocity LFlIs are often caused by vague, seem-
ingly trivial—although reproducible—mechanisms of
injury such as walking off of a curb in an urban envi-
ronment.? Because of the trivial nature of the inciting
trauma, low-velocity LFIs often present in a similar fash-
ion to less substantial soft-tissue sprains to primary care
physicians either in emergency departments or ambula-
tory clinics. Although exact rates are difficult to estimate,
the subtle nature of the injury results in conservative
estimates of missed diagnosis in 20% to 40% of cases,!
with some case series citing rates of missed injuries of
up to 50%.° Authors have reported LFI to be the injury
most commonly missed in the emergency department.”#

Anatomy. The tarsometatarsal, or Lisfranc joint—
named for the Napoleonic surgeon who described
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osteotomy-free amputation of the forefoot through this
articulation®—is composed of 3 joint cavities: the first,
second, and third through fifth tarsometatarsal joints.
Stability is imparted both through bony geometry and
strong ligamentous complexes. The arch configuration of
the joint complex and recessed second metatarsal base
provide bony stability, while the second through fifth rays
are bridged anteroposteriorly by dorsal and plantar tarso-
metatarsal ligaments, as well as laterally by dorsal, inter-
osseous, and plantar intermetatarsal ligaments.

The first and second rays have unique ligamentous
anatomy wherein no intermetatarsal ligaments exist,
but extreme strength is imparted by dorsal, interosse-
ous, and plantar bundles of ligament binding the lateral
aspect of the medial cuneiform bone with the medial
head of the second metatarsal bone—the Lisfranc liga-
mentous complex.

Injury to the Lisfranc ligamentous complex proceeds
sequentially in a dorsal-plantar direction® with increas-
ing instability of the injury or failure of each bundle.
Injured metatarsals “fall away” or displace laterally
and plantarward (ie, traumatic flatfoot deformity) and
account for classic radiographic findings. The intrin-
sic bony architecture of the midfoot when not bearing
weight, however, has the ability to hold the foot in a
relatively correct alignment. This can hide the deformity
and mask the degree of soft-tissue or bony disruption on
non-weight-bearing imaging, as discussed below.

Misdiagnosis and its consequences. This intrinsic mid-
foot stability leads to underestimation of injury and missed
diagnoses in up to 20% to 50% of cases."® In untreated
cases following missed initial diagnoses, midfoot insta-
bility progresses until the patient develops a painful, rigid
planovalgus deformity and rapidly progressive osteoar-
thritis.!® This clinical entity is often refractory to surgical
management and, in most cases, leads to chronic pain,
losses in working productivity, and large compensation
claims.!" This is in contrast to the relatively acceptable
outcomes!'*! that a patient can expect if timely diagnosis
and surgical stabilization are achieved in less than 4 to
6 weeks. It is for this reason that medicolegal claims are
also not uncommon when LFIs are missed.!'®

Clinical diagnosis. Lisfranc injuries are typically the
result of 1 of 2 mechanisms: 1) a high-velocity mecha-
nism such as motor vehicle trauma or 2) a low-velocity
mechanism such as twisting or stepping off of a curb
(dorsal fold-over injury).? While high-velocity injuries
can be missed, usually owing to a distracting injury from
polytrauma, the focus of this article is to address the lat-
ter mechanism. Any low-energy injury resulting in an
unanticipated twisting force on the stationary foot can
result in insufficiency or complete failure of the Lisfranc
joint, resulting in an unstable LFI. Typically, patients

will present within 24 to 48 hours of what might have
seemed to be a relatively innocuous injury.

On examination, the foot typically is swollen, par-
ticularly dorsally,> with a dorsal focus of ecchymosis.
Swelling typically becomes more diffuse and ecchymo-
sis becomes apparent at the plantar aspect in the days
following injury.” The area of maximal tenderness usu-
ally corresponds to the dorsal-medial midfoot region,
although some pain referral into the forefoot is also rela-
tively common with attempted manipulation of the mid-
foot. Any pain noted in the area of the fifth metatarsal or
hindfoot should be examined separately to rule out con-
comitant injuries.

The patient is typically unwilling or unable to effec-
tively bear weight on the affected foot, although he or
she will sometimes be able to offload the midfoot in a
manner that allows antalgic or nonphysiologic weight-
bearing. When forced to bear weight or walk normally,
however, patients will be unable to do so. A distal neu-
rovascular examination is essential to triaging any injury
to the foot and ankle, although the findings are typi-
cally normal. Signs and symptoms of compartment syn-
drome should be assessed (ie, pain beyond what should
be anticipated on assessment, pain on passive stretch,
overly swollen foot) but are usually not present in this
setting. Examination of the ankle and lower limb does
not typically add any relevant data, but might reveal an
associated injury at the level of the ankle and must be
part of any assessment.

Radiography and computed tomography. In the past,
diagnostic imaging workup was initiated with plain-
film radiographic examination including anteropos-
terior, lateral, and 30° internal oblique images of the
affected foot.'*'7 The cortex of the second metatarsal
should form a line continuous with that of the medial
cuneiform, and the intermetatarsal joint space should
align with the intercuneiform joint space, measuring less
than 2 mm transversely (Figure 4). On oblique films, the
medial border of the third metatarsal and lateral cunei-
form, and the fourth metatarsal and cuboid, should be
aligned (Figure 5).

Abnormal alignment and the presence of the fleck
sign—avulsion at the ligamentous insertion—are suf-
ficient to confirm midfoot instability, and the patient
should be referred for prompt surgical management
(Figure 6). Weight-bearing radiographs are preferred,
although they are notoriously difficult to obtain owing
to patient discomfort. In one recent case series, not a
single patient was able to comply with instructions to
obtain adequate weight-bearing films owing to pain.'®

As an alternative to weight-bearing radiographs,
assessment with fluoroscopy during manipulation under
anesthesia (ie, “stress views"”) has been advocated in cases
of heightened clinical suspicion.!” This technique has the
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Figure 4. Relationship of the metatarsal (MT) bones:
A) The anteroposterior view of the foot displays the
relationship of the first and second MTs to their
corresponding medial and intermediate cuneiform
bones. Specifically, the medial border of the second MT
should align with the medial border of the intermedi-
ate cuneiform. B) The interruption of the second
MT-intermediate cuneiform line is noted, signifying an
unstable Lisfranc injury.

Figure 5. Contours of the tarsometatarsal joints:

A) The oblique radiograph of the foot displays the
normal contours (demarcated with white lines) of the
third to fifth tarsometatarsal joints. These should be
smooth and uninterrupted. B) There is an interruption
of the normally smooth line between the third
metatarsal and the lateral cuneiform bone. This
signifies an unstable Lisfranc injury.

added benefit of allowing prompt progression to operative
management in cases with positive or equivocal results.
The risk conferred by the 10% to 20% of cases found to be
normal intraoperatively was thought to be justified by the
grave consequences of a missed diagnosis.'¢

Computed tomography (CT) adds sensitivity in assess-
ing the integrity of bony structures, and vastly improves

Figure 6. The fleck sign: Avulsion fracture of the base
of the second metatarsal bone.

3-dimensional spatial resolution in the modern era of
multiplanar reconstruction. A recent case series using
a multidetector CT protocol found 24% of Lisfranc
fractures evident on CT were occult on radiographs.2°
Further, CT adds sensitivity in assessing other structures
of the midfoot; in the same case series, the sensitivity
of radiography in detecting fractures of the other tarsal
bones when compared with CT was from 24% to 33%.
These findings have led to the recommendation
advocated by these authors—that in the presence of
a suspicious mechanism of injury and clinical exam-
ination (even if radiographic examination has been
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performed and results interpreted as normal), CT
should be considered the primary imaging modality
and be performed at the time of presentation or as an
urgent outpatient examination, with an appointment
arranged before discharge.

Future role of magnetic resonance imaging (MRI) and
ultrasound. A relatively extensive body of work has
accumulated in recent years evaluating the role of MRI
in LFIs. In the past, MRI has been validated as providing
excellent correlation with anatomy on cadaveric series.?!
More recently, MRI has been reported to have a sensitiv-
ity of up to 94% in demonstrating ligamentous disruption
and from 70% to 90% accuracy in grading ligamentous
injury in the absence of frank disruption as correlated
with intraoperative findings.!5'

The potential role of ultrasound is under investiga-
tion. A recent case series has demonstrated that sono-
graphic features, including widened first cuneiform to
second metatarsal distance, widening with weight-bear-
ing, and nonvisualization of the dorsal bundle of the
Lisfranc complex, might prove successful in predicting
unstable joints requiring intervention.?! While sono-
graphic assessment at presentation and on follow-up is
currently being employed in certain centres, this method
has yet to be validated in larger case series.

Treatment. Once the diagnosis of LFI has been made,
the patient must not bear weight on the affected foot.
The foot should be placed in a below-knee, posterior
plaster or fibreglass slab. This slab should be applied
over generously and meticulously applied cotton under-
cast padding, ensuring there are no wrinkles in the pad-
ding and no bare spots of skin. The slab should extend
from the proximal calf to just beyond the toes, with the
ankle in a position that is comfortable for the patient
(Figure 7). The lower leg can then be overwrapped
loosely with an elastic bandage (Figure 8). It is criti-
cal that this splint be made snug but not constrictive.
The plaster or fibreglass should never touch anteriorly,
so that an open corridor remains to allow for swelling.
Patients should be referred urgently (ie, in <7 days) to
an orthopedic surgeon comfortable and experienced in
managing the traumatized foot and ankle. Appropriate
imaging should be made available to the patient and
surgeon to prevent wasting of resources and further
exposure to ionizing radiation.

Discharge instructions should include warnings about
the symptoms of compartment syndrome of the foot.
Patients should be told that if symptoms resembling
compartment syndrome occur, they should return to the
emergency department as soon as possible. Emergency
department management in such cases would include
loosening of the splint and emergency referral to an
orthopedic surgeon. Appropriate analgesia is required,

Figure 7. The 3-sided splint is applied in the
following manner: All of the bony prominences
(including the heel) are generously padded with cotton
undercast padding. Then the plaster slabs are applied
so that they never touch anteriorly along the distal
tibia, and so that the foot, except for the plantar
portion of the slab, is left relatively uncovered by
plaster (black arrows). These features allow for the
substantial swelling that can accompany foot trauma
and Lisfranc injuries.

Figure 8. Applying the final splint: The bandage
covers from distal to the metatarsophalangeal joints
(leaving the tips of the toes exposed for examination)
to just distal to the tibial tubercle (white arrow) at the
level of the calf.

as well as routine instructions to not bear weight on the
injured foot, apply ice if available, and elevate the foot
whenever possible to minimize swelling.

Conclusion

Lisfranc injuries can be devastating. If missed, they can
lead to substantial long-term morbidity and poor out-
comes. If diagnosed and definitively treated in a timely
fashion, acceptable outcomes can usually be expected.
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This highlights a need for prompt and efficient diagnosis
in the emergency department. An approach to suspected
LFI is summarized in Box 1. %
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Box 1. Summary of an approach to suspected
Lisfranc injury

e History

-High-risk mechanism in a low-energy foot trauma setting
(eg, low-pressure twisting, fall on plantar-flexed foot)
Physical examination

-Area of maximal tenderness around the medial midfoot
-Swollen midfoot

-Dorsal (acutely) and plantar (subacutely) bruising at the
level of the midfoot

-Associated injuries to the foot and ankle should be ruled
out

Imaging

-Anteroposterior radiograph: relationship of the first and
second metatarsal bones to medial and intermediate
cuneiform bones

-Oblique radiograph: relationship of the third metatarsal to
the lateral cuneiform, and fourth metatarsal to the cuboid
bone

-Importance of computed tomography if the history is
appropriate and there is clinical suspicion, even in the
context of normal radiographic examination findings.
Magnetic resonance imaging and ultrasound performed
depending on the centre

Urgent referral (in <7 days) to an orthopedic surgeon; foot
should not bear weight and should be encased in a
posterior or 3-sided slab. Patients should be educated
about the risk of developing compartment syndrome and
directed to return to the emergency room should it arise
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