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Abstract

Introduction: Lisfranc injuries, not as rare as previously reported, range
from ligamentous to complex fracture-dislocations. Anatomical studies
have identified a complex of discrete structures, and defined the anatomical
characteristics of the Lisfranc joint.

Sources of data: A narrative evidence-based review encompassed and
analyzed published systematic reviews. Outcomes included clinical
and surgical decision-making, including clinical-presentation, diagnosis,
pathological-assessment, surgical-management techniques and indications,
post-surgical care and comparative outcomes.

Areas of agreement: Better understanding of the Lisfranc complex anatomy
aids surgical treatment and tactics. Prognosis is related to injury severity,
estimated by the number of foot columns affected. Surgical outcome is
determined by anatomical reduction for most fixation and fusion techniques.
Appropriate treatment allows return to sport, improving outcome scores.
Areas of controversy: Identification of Lisfranc injuries may be improved
by imaging modalities such as weight-bearing computer tomography.
Recent evidence supports dorsal plate fixation as a result of better quality
of reduction. In complex injuries, the use of combined techniques such as
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trans-articular screw and plate fixation has been associated with poorer
outcomes, and fusion may instead offer greater benefits.

Growing points: Open reduction is mandatory if closed reduction fails,
highlighting the importance of understanding surgical anatomy. If
anatomical reduction is achieved, acute arthrodesis is a safe alternative to
open reduction internal fixation in selected patients, as demonstrated by
comparable outcomes in subgroup analysis.

Areas for developing research: The current controversies in surgical

treatment remain around techniques and outcomes, as randomized

controlled trials are infrequent.
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Introduction

Lisfranc injuries are rare, accounting for 0.2% of
fractures annually,' although rates have increased
to 14/100000 person/years.” They are devastating
if inadequately treated, leading to chronic pain and
dysfunction. The function of the foot is affected by
instability within the injured Lisfranc joint complex,
and, left untreated, fibrosis, stiffness, cartilage loss
and degenerative joint disease are likely to result.
Several different surgical techniques are advocated
to treat Lisfranc injuries. Clinical decision-making
and optimal management therefore remain contro-
versial. Several questions remain unanswered around
anatomical understanding, including whether cur-
rent novel surgical techniques have really improved
outcomes.

Methods

A narrative evidence-based review was performed
encompassing an analysis of systematic reviews
published. Utilizing an independent literature search
of Medline, EMBASE and CINAHL, thesaurus
terms (Lisfranc injury Midfoot injury Midfoot
fracture Midfoot sprain and key words (Lisfrancs
or midfootkor metatarsal fracture or metatarsal
dislocation or tarsometatarsal joint fracture and/or
dislocation) were combined with the following
key words: fracture OR ‘ligamentous’ OR Open
reduction and internal fixation OR ORIF OR fusion

OR arthrodesis OR ‘screw OR plate OR Motion
Preserving OR Per-cutaneous’.

Article inclusion was restricted to work published
in English to April, 2022. In addition to our elec-
tronic search, a manual reference list check was
conducted of all included studies to ensure that all
relevant investigations were included. All authors
had to agree on all included and rejected studies, and
disagreements were resolved by discussion between
the authors.

Outcomes were defined by key clinical and patho-
logical areas that may affect clinical and surgical
decision-making, including clinical-presentation,
diagnosis, pathological-assessment, surgical-man-
agement techniques and indications, post-surgical
care and comparative outcomes. No new data were
generated or analyzed in support of this review.

Results

Clinical-presentation—common and subtle
but specific signs

High-energy Lisfranc injuries are typically produced
by direct trauma, from axial load or excessive
supination/pronation to the plantar flexed foot,’
e.g. as seen in high impact sports. Low-energy
ligamentous injuries are also less likely to occur
with concomitant foot fractures (4 vs. 78%)." The
association with other concurrent hindfoot/forefoot
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(4%) or non-foot (6%) injuries is low. Low-energy
injuries require a higher level of suspicion.'”

A clinically swollen foot with bruising over
the plantar aspect of the midfoot is commonly
described.® Vascular injuries are uncommon; com-
partment syndromes are rare, as is injury to the
deep peroneal nerve leading to altered sensation
on the dorsal aspect of the first inter-metatarsal
(IMT) space from post-traumatic neuropathy.”*
Other historically described signs include a positive
‘piano key test’ and the ‘gap sign’ thought to describe

inter-cuneiform instability.’

Pathological anatomy—advancing
understanding of the Lisfranc complex

The Lisfranc articulation is formed by the three
cuneiforms and cuboid proximally, and the five
metatarsal bases distally, linked together by the
associated capsulo-ligamentous structures. The
additional ligamentous structures stabilize the
Lisfranc joint and the osseous anatomy. The midfoot
is usually described as being composed of three
osseous columns.'” The medial column is formed
by the navicular, medial cuneiform and the first
metatarsal. The middle column between the second
and third metatarsals, and the middle and lateral
cuneiforms are the most rigid articulation. The
lateral column consists of the cuboid and the base
of the fourth and fifth metatarsals and is more
compliant, to accommodate weight-weight-bearing
gait. Injuries range from stable dorsal ligament tears,
complete ligamentous rupture and instability, to
fracture-dislocations."

The principal structure of the Lisfranc lig-
ament runs from the plantar lateral aspect of
the medial cuneiform, inserting on the medial
aspect of the second metatarsal base. This Lisfranc
ligament is the strongest and the largest of the
Lisfranc joint ligaments (8-10-mm long and 5-
6-mm thick). The primary ligament is associated
with a complex of ligaments, which need to be
understood to appreciate injuries, reduction and
reconstruction:

(i) Dorsal and Plantar Lisfranc and tarso-meta-
tarsal (TMT) ligaments—run in between all the
across the dorsal surface of the TMT joints.
These ligaments are weaker than the plantar
ligaments, providing a third of the strength
of the Lisfranc ligament. Their rupture leads
to dorsal subluxation of the second ray.'>"

In anatomical studies, the Lisfranc ligament

and plantar ligament between the first and

second metatarsals need to be sectioned before
transverse instability or widening between the
first and second metatarsal is seen."

(IMT)

(ii) Inter-metatarsal ligaments—originate

from the second, third, fourth and fifth metatarsals,

with no IMT ligament between the first and
the second metatarsals. They form four distinct
bands and combine with the multiple plantar
tarsometatarsal bands (#=9) up to the dorsal
tarsometatarsal ligaments, which occur as 7-9
multiple distinct bands.

(iii) Lateral Lisfranc ligament (LLL)—is a plan-

tar transverse suspensory metatarsal ligament
spanning the bases of the second to the fifth
metatarsals. This recently described ligament
is a consistent structure identified in cadaveric
studies with an average length of 33.7 mm and
width of 4.6 mm."” It functionally stabilizes the
transverse arch of the foot and the lateral rays.
This could explain why reduction of the middle
column in partial incongruity patterns often leads
to stabilization of the lateral column (fourth and
fifth metatarsals).'®

Secondary restraints include osseous structures,
and recent reports highlight anatomical variations as
potential prognostic markers including:

(i) The height of the second tarsometatarsal joint
is usually lower in unstable injuries (P =0.036),
though the actual difference was only 1 mm.?

(ii) A shallow medial mortise depth is a risk factor
for Lisfranc injuries."”

The combination of a shallow medial mortise and
a shorter height of the second metatarsal base is
more common in women, but no direct association
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has been reported, with women being more prone to
these injuries.”® A deeper medial mortise and a higher
second tarsometatarsal joint might have a broader
and stronger Lisfranc ligament, and thereby decrease
the risk of an unstable Lisfranc injury.”

Imaging—improving current diagnostics

Radiographic evaluation is difficult. Subtle diasta-
sis can be missed in 50% of cases on non-weight-
bearing radiographs. Computed tomography (CT)
permits detection of 50% more fractures, and more
accurately evaluates osseous malalignment. These
injuries may be identified more readily with weight-
bearing radiographs.” Penev et al.* assessed the
impact of sequential injuries to the Lisfranc complex
on weight-bearing CT. Instability from transection
of the Lisfranc ligament together with both plan-
tar ligaments between the medial cuneiform and
the second and third metatarsals was detectable on
weight-bearing CT. Further finite analysis of weight-
bearing CT has larger diastasis in the tarsometatarsal
joint, and has a higher interobserver reliability com-
pared with non-weight-bearing (NWB) imaging.*'
This is also the case with magnetic resonance imag-
ing (MRI) scanning, which can define the Lisfranc
ligament and the plantar Lisfranc ligament as distinct
structures.”>> Castro et al.' described the patholog-
ical MRI findings as a striated or homogeneous and
low to intermediate signal within the ligament, which
correlated to subsequent intra-operative findings.*

Injury classification

Historically, the first anatomical classification was
introduced by Quenu and Kuss in 1909,” with
a three column concept and fracture-dislocations
being described as homolateral, isolated and diver-

26

gent. Hardcastle et al.** modified it into type A (all
metatarsals are displaced in one direction with total
incongruence); type B (partial incongruence with one
or more displaced metatarsals) and type C (divergent
pattern of incongruence) as shown in Table 1.
Partial incongruity patterns include disruptions of

a single column that is displaced away from the

midline of the foot. Total incongruity or homolateral
injuries include complete separation of all columns
through the tarsometatarsal articulations with
displacement in the same direction, typically lateral
or dorsoplantar, reflecting the intrinsic strength of
the ligamentous complex (see Table 1).

Nunley and Vertullo introduced a classification
for midfoot sprains in athletes using weight-bearing
radiographs, clinical examination and bone scinti-
gram.” The classification includes stage I: sprain
to the Lisfranc ligament with no diastasis or arch
height loss seen on radiographs but increased uptake
on bone scintigrams. Stage II: first to second inter-
metatarsal diastasis of 2—5 mm, but no arch height
loss. Stage III: first to second intermetatarsal diastasis
and loss of arch height (seen on lateral radiograph).
Sivakumar et al.”” modified Hardcastle’s classifica-
tion introducing to the so-called subtle injury of the
Lisfranc joint lesion i.e. type D. These were divided
into D1 (distance from the first cuneiform bone to
the second metatarsal < 2 mm and does not require
surgical fixation); and D2 (distance between the first
cuneiform bone to the second metatarsal >2 mm).
These classifications are not thought to be reliable,
prognostic or able to guide treatment.”®

Surgical fixation techniques

Management ranges from conservative treatment for
injuries that are often described as a midfoot sprain
with no displacement on weight-bearing radiographs
to surgical reduction and internal fixation for Lis-
franc joint dislocation and fracture-dislocation. The
management of Lisfranc joint dislocation by closed
or open means is still a matter of debate. The main
techniques are Motion Preservation, Percutaneous
Screws, Dorsal Plating and Combination techniques.
We describe the current scientific and clinical evi-
dence for each method, their use and overview of

outcomes.

Motion preserving fixation techniques

These techniques have a goal of stable fixation
that allows natural physiological movement of the
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Table 1 Classification of Lisfranc injuries

Nunley-Vertullo (ligamentous)

Modified Hardcastle (osseous)

Stage 1: midfoot sprain, no diastasis ~ Type A: complete
on the WB X rays, positive bone
scintigraphy
Stage 2: 1-5-mm diastasis between
the first and second metatarsal, no
arch collapse on the WB X rays
Stage 3: >5-mm diastasis, arch
collapse

metatarsals

Type B: incomplete

A Dislocation of M1-M3 in the same direction (either lateral or dorsoplantar)

B1 Medial dislocation involving only the M1 joint

B2 Lateral dislocation involving any of the M2-M4

Type C: incomplete/complete

C1 Divergent, incomplete dislocation involving M1 and some of the lateral

C2 Divergent, complete dislocation involving M1 and all of the lateral metatarsal

Type D: subtle injury of Lisfranc joint

D1 Distance from the first cuneiform bone to the second metatarsal < 2 mm

D2 Distance between the first cuneiform bone to the second metatarsal > 2 mm

Lisfranc joint.’ The Mini Tight Rope® (Arthrex Inc.,
Naples, FL) is a suture-button device, and is used
for fixation in adults with certain Lisfranc injuries.
Cadaveric studies indicate that these techniques
can provide similar results to screw fixation alone.
However, increased diastasis with the suture-button
compared with a 4.0-mm cannulated screw™ raises
concerns about the long-term mechanical adequacy
of fixation. A recent small case series evaluated the
effect of Tightrope system in purely ligamentous
injuries at a mean of 20.5 months, showing little
change in diastasis width following reduction.”’ The
advantage of avoiding an additional operation to
remove hardware” makes this technique warrant
further investigation. A recent report suggests
that suture-button supplemented by dorsal bridge
plate construct can further reduce second TMT
instability.*

Another motion preserving fixation technique
uses the Internal-Brace™ (Arthrex Inc., Naples,
FL), which allows collagen ingrowth into the
FiberTape®.”* These implants are used to stabilize
the medial column if instability is present. Crates
et al.¥ modified this technique to address rotational
stability by adding a second adjustable suture-button
to connect the medial cuneiform to the middle
cuneiform. Miyamoto et al.** used a hamstring
tendon graft for athletes with chronic subtle injury

and all returned to sport. To date, small case series
have described the use of these techniques with
satisfactory results, providing low quality evidence.

Percutaneous internal fixation and
trans-articular screw fixation

A good to excellent functional outcome can be
expected with percutaneous reduction and internal
fixation (PRIF; Fig. 1), as long as anatomic reduction
of the Lisfranc joint has been achieved. In 2019, four
studies of 106 patients were selected for a systematic
review of percutaneous screw fixation.” Injuries
with partial incongruency or fracture-dislocations
showed improved outcomes, though this was not
statistically significant. Perugia et al. recorded an
average AOFAS (American Orthopaedic Foot and
Ankle Society) score of 81+13.5 SD with PRIE*
There was no significant difference across all types of
injury with anatomical or near anatomical reduction.
However, subgroup analysis showed a significant
difference in outcome scores between purely liga-
mentous injuries and combined ligamentous and
osseous injuries, the latter having better outcomes
with this technique. Other studies’*" support
these observations: anatomical reduction and
injury type influence outcome rather than fixation
method.
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Fig. 1 Per cutaneous fracture fixation. Per cutaneous
fixation undertaken after weightbearing radiographs
confirming subluxation and stable reduction in the
follow up radiographs.

The screw combinations reported include
3—4.5-mm cannulated screws, cortical or cancellous

#-4 Closed reduction with percutaneous

screws.
Kirschner wire fixation alone is associated with an
increased incidence of subluxation or suboptimal
reduction and secondary post-traumatic degener-

¢ Complications reported included

ative changes.*
a patient developing transient paraesthesiae of the
intermediate superficial peroneal nerve (SPN)* and
one patient with persistent widening of the Lisfranc
distance.” No specific studies to date compare open

VS. percutaneous screw placement.

Dorsal bridge plating

The principles of management are to realign and
stabilize the midfoot. This has traditionally been
achieved through the use of trans-articular screw
fixation. However, this method of fixation may cause
further injury to joints when they are crossed with
larger screws. A recent cadaveric study demonstrated
that the expected articular surface disruption for a
3.5-mm screw drill hole would be 6.0% for the sec-
ond cuneiform and 5.9 % for the second metatarsal.”’
However, with multiple passes and corresponding
thermal necrosis, the impact may be greater, and
these figures are likely to underestimate the amount
of additional cartilage damage.

WT BEARING

Fig. 2 Use of dorsal bridge plating with a 4 corner
plate allowing for rigid anatomical fixation. Weight-
bearing radiographs at 3 months where the diastasis
was closed.

The concern for joint damage is eliminated by
dorsal plate fixation, as by definition it decreases
iatrogenic cartilage damage. Dorsal plate fixation
is an alternative to trans-articular screws and is as

=% even when stabilizing

robust biomechanically,
comminuted or fragmented fractures (see Fig. 2).7%-!
It offers better reduction, with a reduced rate of loss
of reduction (24 vs. 11%).%-"> Better outcomes and
a lower re-operation rate were obtained with bridge
plating compared with standard screw ORIE™ A
recent retrospective study of 34 patients™ showed
better AOFAS scores (77 vs. 66) and higher patient
satisfaction (90 vs. 80%) for bridge plate fixation
vs. screw fixation, without statistical significance.
Dalal et al.>® described a combination technique with
plantar plating with satisfactory outcomes, but one
should be aware of the complexities of the plantar
approach to the first ray.

Currently, there is no consensus about best prac-
tice. Most studies have compared imaging and func-
tional outcome of dorsal bridge plating and trans-
articular screw fixation. Kirzner ef al.”” reviewed 108
patients treated with trans-articular screws, dorsal
plating or a combination of techniques. Dorsal plat-
ing achieved better outcomes with the mean AOFAS
score of 82.5 (59-100), compared with 71.1 (5-
95) in the screw group, and 63.3 (18-100) in the
combination group (P < 0.001). The mean MOXFQ
scores were better at 34 months in the bridge plate
group (25.6 (16-49) compared with the screw group
(38.1 (17-77) and combination group (45.5 (16-77)
(P <0.001)).
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At 2 vyears, plating showed a better AOFAS
score compared with screw fixation (83.1 vs 78.5
(P <0.01). The longevity of dorsal plate fixation
outcomes may represent a higher percentage of
good reduction being retained on radiographs in
patients with plate fixation vs. screw fixation (24 vs.
11%) in this series, or possible loss of reduction with
screw fixation over time. This may result from the
increased reduction stability, or by the neutralization
of rotational forces, whereas the shape or design of
the dorsal plate may improve reduction and confer
a greater likelihood for anatomical reduction at
the time of surgery.”® This is especially true in the
presence of significant bone loss, when bridge plating
can be an effective technique to stabilize the joint and
allow limited fusion.”

The combination of plates and trans-articular
screws results in poorer imaging outcomes and leads

¢ This may be rea-

to poorer functional outcomes.
soned by understanding that these fractures are more
complex, and a greater number of columns needs to
be secured. Combined with more extensive soft tissue
dissection, this could result in greater scarring and
inherently require greater stabilization. Recent stud-
ies suggest poorer functional outcomes for patients
requiring increasing column stabilization at defini-
tive fixation, a surrogate marker for the severity
of injury. The mean AOFAS score reduces as we
move from uni- to bi- and tri-column stabilization
(64 (5-100) vs. 77 (36=100) vs. 84 (52-100)). The
same pattern is seen within the MOXFQ scores
(P <0.001).”"

Acute partial primary arthrodesis

Partial arthrodesis involves the first, second and
third tarsometatarsal joints the middle column, and
is superior to combined medial and lateral column

59

tarsometatarsal arthrodesis.”” The indications in
the acute setting include purely ligamentous arch
injuries followed by delayed treatment and chronic
deformity. An arthrodesis is contraindicated if
insufficient soft tissue coverage or active infection
is present at definitive operative management. A

systematic review reported a mean AOFAS score of

ORIF patients of 72.5, whereas in arthrodesis it was
88.0 at 1 year.””

Recent studies have specifically reported on
this technique in a variety of injury patterns.®'~*
Reinhardt et al.® assessed 25 patients undergoing
primary partial arthrodesis for a ligamentous or
combined osseous and ligamentous injury. At an
average of 42 months, the AOFAS score was
81 points (scale 0-100); no statistical difference
between ligamentous or combined osseous injuries
was observed in the physical or mental component
scores on the SF-36. Cochran et al.** retrospectively
compared ORIF and primary arthrodesis in military
personnel who sustained low-energy Lisfranc or
ligamentous injuries. The arthrodesis group returned
to full military duty 2 months faster than the ORIF
group (P=0.0066); at 1 year postoperatively, the
arthrodesis group scored closer to their pre-injury
run times (1.5 or 3 mile run; P =0.032).

Kirzner et al.” reported a cohort of 39 patients
treated for a complete Lisfranc fracture dislocation.
Primary arthrodesis was offered to those over 50,
with a high body mass index (BMI) or significant
comminution, making ORIF not possible. The mean
MOXFQ score was 30.1 points, compared with
45.1 for the ORIF group (P=0.017). Similarly, the
mean AOFAS score was 71.8 points in the fusion
group vs. 62.5 in the ORIF group (P =0.14). How-
ever, functional outcome was dependent on reduc-
tion (P < 0.001). Primary arthrodesis achieved good
initial reduction in 83% of patients compared to
62% with ORIF (P = 0.138), and over time there was
a 47% loss of reduction quality of the ORIF group.

Patients need to understand the long-term
implications of an arthrodesis, and surgeons the
need to stabilize the midfoot and preserve column
lengths. MacMahon et al®* reported that 1/3
of patients experienced postoperative limitations
in exercise. This included increased difficulty in
physical activities, with participation levels impaired
in 25% of physical activities, though overall 97%
of respondents were satisfied with their operative
outcome. Qiao et al.®® suggest lower rates of common
complications but reported limitation of motion
of the foot and pain during walking, with an
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eversion deformity of the forefoot. Complications
are infrequent with arthrodesis, but non-union,
infection, nerve irritation and symptomatic implants
have been reported.®”

Alcelik et al®® confirmed a higher risk of
metalwork removal with ORIF, but the overall com-
plication rates were equivalent in both groups with
no differences in functional outcome. However, the
overall power of the studies is low. A meta-analysis®’
reported on return to sport after fusion, and Smith
et al”® reported on hardware removal, revision
surgery, AOFAS and Baltimore Painful Foot Score
and anatomic reduction outcomes with equivalence
in all parameters. Further inferences could not be
drawn given the high level of heterogeneity in the
type of injuries and measured outcomes included
in each study. Albright e al.”* observed that ORIF
failed to show functional or financial benefits over
fusion and to gain one additional QALY. Primary
arthrodesis costed $1429/QALY, whereas ORIF
costed $3958/QALY.

The role of anatomical reconstruction in
surgical outcomes

Traditionally, Lisfranc injuries have produced poor
outcomes, with the walking speed of patients treated
for a Lisfranc lesion slower than in healthy patients.”
Epidemiologically, there is little or no evidence of
correlation between surgical outcomes, age, gender,
open or closed status.”””* The fixation debate con-
tinues, but the consensus is that anatomical and
stable reduction is a prerequisite for a good outcome.
Analysis of anatomical reduction is based on imaging
classification of each injury as either good, fair or
poor.”” One of the few comparative studies demon-
strated in 26 patients that open reduction and inter-
nal fixation with screws or plating resulted in better
reduction and better maintenance of reduction in
both low and high-energy injuries than percutaneous
Kirschner wire fixation.”

The literature has so far focused on stabilization
of the medial and middle column. Lateral column
instability or displacement has been traditionally
stabilized with Kirschner wires or trans-articular

screws: neither technique appears superior, but lit-
tle high-quality evidence other than case reports
or series exists to support either.”” Screw fixation
has the additional issue of requiring surgical hard-
ware removal, but may be more useful in complex
situations.”

Lau et al.’”® conducted a multivariate analysis,
finding a 18.2% (95% confidence interval 15.9-
21.8) risk reduction of severe osteoarthritis with
good reduction compared with fair or poor reduc-
tion utilizing trans-articular screw fixation, dorsal
plating, a combination of plate and screw fixation
and nonoperative management. Importantly, the
presence of osteoarthritis was independent of the
type of fixation used (P <0.0001). Secondary

* were more

displacement and loss of reduction
likely to occur in the Kirschner wire fixation group
(37.5%) vs. those having undergone rigid fixation
group (plate or screw; P=0.024).° Kirschner wires
are satisfactory temporizing measures prior to

76

definitive stabilisation,”® and should be used only
in lateral column stabilization and in case of severe
comminution.'’

Smith et al.”’ evidenced poorer outcomes in terms
of function if anatomical reduction was not achieved
in arthrodesis. Kizner et al.”* found functional out-
come for fusion to be dependent on the quality of
reduction (P <0.001). In complex injuries under-
going arthrodesis, higher rates of good reduction
were obtained (83% cases vs. 62% (P=0.138))
and were more likely to be maintained at follow-
up. Anatomical reduction is associated with statis-
tically improved functional outcomes; specifically, in
the areas of pain and functionality in the MOXFQ
score.”” Critically, athletes with greater than 2-mm
residual displacement had worse outcomes across all
assessed variables compared to athletes with residual
displacement of <2 mm.” Concluding, there could
be a long-lasting negative effect on the athlete’s
career.

Therefore, reduction is the key: if anatomical
reduction is not achieved by closed means, open
reduction should be mandated. Richter et al.”
suggested that this is especially true if the injuries
were combined with a fracture dislocation affecting
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WEIGHT BEARING

Fig. 3 Rare complex dislocation of the mid foot and
Lisfranc jointand medial malleolus fracture in an ado-
lescent. Reconstruction using dorsal bridge plating,
of the 3 columns; surgery was undertaken in 2 stages
due to swelling.

the Chopart joint. Initial failure of surgical recon-
struction and subsequent salvage arthrodesis leads
to poorer outcomes in highly active individuals.*
Therefore, long-term stable anatomical reduction is
important regardless of whether ORIF or fusion
is undertaken. Subgroup analysis by anatomical
reduction showed superior scores with excellent
reduction (AOFAS 90) as compared with good
(AOFAS 75-89), average (AOFAS 50-74) or poor
reduction (AOFAS 49) at a mean of 4.81 years.

Even so, these differences may result from the
severity of the injury and the ability to achieve
a good reduction. High-velocity mechanisms, e.g.
motor vehicle accidents and falls from standing
heights, produce significantly worse results when
compared with low-velocity injuries, regardless of
the fixation technique used.”**' In understanding
outcomes, one needs to consider confounding
factors including the pattern, number of columns
affected by the injury, energy transfer and anatomical
reduction. Injuries involving multiple columns are
associated with greater energy transfer and poorer
outcome (Fig. 3). In a retrospective study,”” 68 of 80
patients with Lisfranc injuries and a mean follow-
up of 24 months showed statistically improved
functional outcomes between type B (homolateral
incomplete medially or laterally) compared with
more significant multiple column injuries e.g. type A
(homolateral complete) and/or C (divergent partially
or completely). In incomplete injuries, an intact
LLL may not require multi-column stabilization,
therefore reducing surgical dissection and producing
better outcome.

Postoperative rehabilitation

Postoperative protocols remain highly wvariable.
Some authors suggest to immobilize the operated
limb in a NWB casts for 6 weeks, followed by a
controlled ankle movement boot and progressively
increasing weight-bearing for another 6 weeks.">"!
Others recommend 3 weeks in a NWB cast or
splint followed by partial weight-bearing (PWB) in a
controlled ankle motion (CAM) boot for another
3 weeks™** Wagner et al.¥ reported that, after
good anatomical reduction with percutaneous screw
fixation, weight-bearing could be permitted as early
3 weeks, a time when surgical healing has progressed.

Several studies report return to training at
7 weeks (range: 6-9 weeks), recreational activities at
7.2 weeks (range: 6-9 weeks), resumption of training
for low-impact sports at 7.6 weeks (7-8 weeks) and
sport activities without restriction at 12.4 weeks
(range: 11-13 weeks).**7*>%3 Robertson et al.”’
reported quicker return to sports after percutaneous
Lisfranc fixation as compared with open methods in
low-energy injuries. It is reasonable to infer that the
more unstable injuries require an extended period
of NWB.

Deol et al.®* showed that 16 of 17 players returned
to elite sport within 25.3 weeks following either an
osseous or ligamentous Lisfranc injury. Ninety per
cent of NFL athletes who sustained Lisfranc injuries
returned to play in a median of 11.1 months.* Play-
ers had no statistically significant difference in career
length compared with controls, but the authors did
not report on the quality of the career. However, one
in three recreational athletes experienced continued
pain at the injury site after ORIE® Overall rates of
return to sport were above 94%, and only a slightly
lower percentage returner to their pre-injury levels.*

Healing, recovery, and hardware removal
and complications

Questions still remain on how or whether the Lis-
franc ligament actually heals, as no studies report the
reconstitution of the ligament following injury. Tra-
ditionally, physiological loading is used to confirm
healing, but little is known on whether and how this
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corresponds to anatomical reconstitution, as postop-

erative CT or MRI are not routinely undertaken.
Many authors advocate removal of metalwork,

and this may be required in up to 16% of

3.6186 Typical reasons for removal are

patients.
ongoing pain, irritation, fear of impending or future
screw fracture, or metalwork failure with loss of
position.”” Removal of fixation and subsequent loss
of reduction has been reported after removal of
implants in ORIE™ One study showed no loss of
alignment or reduction with removal as early as
8 weeks.*™ From the authors personal experience,
many patients do not exercise their right for metal
work removal and report no significant long-term
limitation.

By its nature, arthrodesis less frequently requires
metal work removal, but, excluding hardware
removal, patients treated with ORIF do not have
a higher rate of re-operation (29.5%) compared
with those who are treated with a primary partial
arthrodesis (29.6%).*” The rates of compartment
syndrome, skin problems, infection, deep vein
thrombosis (DVT) and reflex sympathetic dystrophy
(RSD) are all <3%.% Even so, implant issues, e.g.
screw problems of 16 %, and Lisfranc post-traumatic
osteoarthritis are estimated at 49%, and ultimately
the delayed arthrodesis rate was 7.8%.

Little is known regarding open Lisfranc injuries.
Anatomical reduction was not possible in almost
half of 13 patients given the severity of injury, and,
at a mean 56 months follow-up, fusion had occurred
in 10 patients; good to excellent outcomes were
noted in 9 of 13 patients, and 10 returned to their
pre-injury occupation.” Similarly, unstable chronic
Lisfranc injuries (longer than 6 weeks from the
inciting traumatic episode) without osteoarthritis
pose a challenge in clinical decision-making. A
recent systematic review showed improved patient
outcome and few post-surgical complications,”
with the mean preoperative AOFAS scores of
55.7 significantly improving to 88.1 (Table 2). The
techniques used included ORIF with various types of
hardware, Lisfranc ligament reconstruction (utilizing
the gracilis tendon or half of the extensor hallucis
longus tendon) and arthrodesis using screws. The

quality of these studies was satisfactory, though a
larger patient cohort and prospective analysis could
further strengthen arguments for or against certain
surgeries.”

Summary

Lisfranc injuries constitute a spectrum, ranging
from ligamentous to complex fracture-dislocations.
Anatomical and stable reduction of a Lisfranc injury
is a prerequisite for good outcomes. Ligamentous
injuries may be better managed with early fusion
guaranteeing long-term stable anatomical reduction,
especially for low demand patients (see Fig. 4). High
demand athletes need a stable reconstruction, to
allow them to pivot and load the foot, and need
to be aware of long-term irritative symptoms that
should not stop them returning to sport.

The outcomes of homolateral dislocations are
independent of fixation technique for the lateral
column, as an intact LLL may offer inherent stability
on reduction. The literature supports percutaneous
reduction, and/or trans-articular screw or plate fixa-
tion. However, several studies report improved func-
tional outcomes with plate fixation.”**” This may
reflect improved maintenance of anatomical reduc-
tion. Further damage to the articular surface with
trans-articular screws results in less arthrosis thereby
improving the functional outcome. Also, plate fixa-
tion can be easily extended to provide robust fixation
to span associated cuboid and metatarsal fractures.”
Combining techniques such as trans-articular screw
and plate fixation may result in poorer outcomes
from selection bias towards more severe injuries, as
defined by the number of columns affected.”

The lack of high-quality studies is reflected in a
small number of systematic and recent meta-analyses
(Table 2).77:¢8-70.7791 Studies are generally case series
or single-center retrospective studies, which assess
a particular fixation method and are thus open
to the possibility of collection, selection and small
population bias. Single surgeon series lack long-term
follow-up, which may underestimate the possibility
that results deteriorate over time. Long-term
clinical follow-up will help elucidate any superiority
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Surgical Management of Unstable Injuries

Type A

Type B

Type C

Ligamentous Injuries

Comminuted/Extensive

Anatomical Reduction

Open Reduction Internal fixation
(Dorsal plating)

* Dorsal plate fixation to medial column and middle column & screw fixation
of medial cunieform to 2" metatarsal, & K wire fixation of lateral columns
**Consider Primary fusion of medial column if considering return to sport

Closed (Percutaneous Screw) or Open
reduction internal fixation (Dorsal plating)

*Closed reduction if injury reduces on table and per cutaneous screw fixation
** *Dorsal plate fixation to medial column and middle column & screw fixation
of medial cunieform to 2™ metatarsal

Open Reduction Internal Fixation (Dorsal
plating) & Limited Primary Fusion

* Dorsal plate fixation to medial column and middle column & screw fixation
of medial cunieform to 2nd metatarsal
**Consider Primary fusion of medial column if considering return to sport

Open Reduction Internal Fixation (Dorsal
plating/screw) +/- Limited Primary Fusion

*Dorsal plate fixation to medial column and middle column & screw fixation
of medial cunieform to 2nd metatarsal
*Consider Primary fusion of medial column if considering return to sport

Combination of Primary Fusion & Dorsal
Plating

* Limited fusion combined with dorsal plating to less injured articulations

Fig. 4 Evidence based considerations to management of Lisfranc injuries based on the modified Hardcastle and Nunley-
Vertullo classification. Anatomical re-alignment is a pre-requsite for all operative fixation/fusion techniques are assigned

to the different types.

between the techniques when addressing fixation of
these injuries.”* Currently, strong evidence supports
multicenter studies and randomized controlled trials
on these injuries to define treatment strategies or
consider registries.”

Conclusion

Both anatomical and biomechanical studies have
provided more detailed evidence-based recommen-
dations for the management of Lisfranc injury. Cur-
rent treatment options offer good early functional
outcomes, especially for partial incongruent injuries,
provided that anatomical reduction is achieved.
Anatomical reduction is the key to successful
outcomes. Consequently, open reduction should be
undertaken if closed reduction is not satisfactory.
There is strong evidence in favor of dorsal plating,
being biomechanically stable, with improved reduc-
tion offering good clinical outcome without trans-
articular screws and consequent joint injury. New
implants such as compression staples and anatomical

plates, e.g. four corner plates, may provide rigid
durable anatomical fixation.

There is a clear place for arthrodesis in pure
ligamentous injuries, severe patterns or as a salvage
tool, but comparative studies are required. Further
evaluation is required to assess and define hardware
removal needs and advise patients of what is actually
being achieved.

There is a clear place for arthrodesis in pure
ligamentous injuries, severe patterns or as a salvage
tool, but comparative studies are required. Further
evaluation is required to assess and define hardware
removal needs and advise patients of what is actually
being achieved. The following key points have been
highlighted in this review:

* Lisfranc injuries represent a spectrum of injuries
from ligamentous to complex fracture-dislocation
and are not as rare as previously reported.

* Evaluation of weight-bearing CT could be the
modality of choice in diagnosis and surgical
planning.
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* The prognosis of Lisfranc lesions is related to

injury severity and energy and can be estimated by

the number of columns in the foot affected.

* Surgical outcome is determined by anatomical

reduction for most ORIF and fusion techniques.

* If anatomical reduction is achieved, acute arthrode-

sis is a safe alternative to ORIF in selected patients,

as demonstrated by comparable outcomes in

ligamentous only and complex injuries.
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