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ABSTRACT

PURPOSE OF THE STUDY

Lisfranc is a challenging injury both diagnostically and surgically, with sparse long-term literature evidence of surgical
practice. We aim to review our long-term specialist orthopaedic institutional experience of Lisfranc injuries and the surgical
management of this complex injury, specifically considering surgical outcomes as per radiological and clinical assessment.

MATERIAL AND METHODS

We present data from a prospectively maintained institutional database, reviewing patients who underwent operative
fixation for Lisfranc injury between April 2014 and August 2020. Patients were referred to our institution from hospitals
across the country. We included all operatively managed Lisfranc injuries, primary procedures, and patients over the age
of 16. Revision procedures, open injuries, polytrauma patients, patients under the age of 16, and those with multiple foot
injuries were excluded. We assessed post-operative results as per the Wilpulla radiographic and clinical criteria.

RESULTS

We treated 27 patients across the study period, of mean age 37.5 (SD 18.3), 55% male and 45% female. 33.3% of our
patients were obese as defined by body mass index >30. As per the Myerson classification, we had 2 category A, 24 cat-
egory B, and 1 category C injuries. Time to operation was median 14 days (range 0-116), with 2 delayed presentations
following failure of conservative treatment. Our median length of stay was 1 day (range 0-16). We had 3 complications: 2
wound infections and 1 re-operation for non-union. Post-operative assessment as per Wilpulla demonstrated 74% of
good, 18.5% fair and 7% poor fixation results.

CONCLUSIONS

In our institutional experience, partial congruity lateral displacement injuries were the majority of surgical referrals. Surgi-
cal treatment through open reduction and internal fixation delivers good clinical and radiographically anatomical results.
Further to conventional mechanisms of injury, we propose obesity to be an important risk factor for indirect, low-energy

injuries that may help identify this injury.
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INTRODUCTION

Lisfranc injury refers to a disruption of the tarso-
metatarsal (TMT) joint where one or more of metatar-
sals are displaced from the tarsal bones, representing
a spectrum of injury from pure ligamentous to involve-
ment of osseous and articular structures (41). Jacques
Lisfranc de St Martin (1790-1847) an army surgeon
and gynaecologist who served during the Napoleonic
Era has been accredited with the eponym for this pa-
thology (6). Interestingly he never directly referred to
the injury or the mechanism of injury, rather it was his
account of amputation at the level of the tarsal-metatar-
sal joints in a soldier who fell from his horse sustaining
a mid-foot injury and obtained reference through asso-
ciation (6).

The Lisfranc complex is polyarticular system that
refers to the collection of skeletal and non-skeletal ele-

ments which include the bony elements of tarsal and
metatarsals, articular capsule, ligaments, and tendons
that collectively provide stability to the TMT joints (7,
26, 30). The Lisfranc joint is composed of 3 types of
articulations — the tarsometatarsal, intermetarsal and
anterior intertarsal joints (Table 1). Metatarsals 1-3 ar-
ticulate with a cuneiform, and metatarsals 4 and 5 ar-
ticulate with the cuboid bone. What confers stability to
the Lisfranc joint is the configuration of these bones,
and the ligament complex. The cuneiforms can be seen
in the coronal view to form a Roman Arch construct, the
keystone of which is the 2" metatarsal base, which con-
fers stability to the arch in this plane.

The mechanism of injury may be described as direct
or indirect. Direct injury encompasses higher energy
trauma such as motor vehicle crash, crush injury and
fall from height. These were considered the most com-
mon mechanisms of injury, whereby impact to the dor-



370/ Acta Chir Orthop Traumatol Cech., 91, 2024, No. 6

Table 1. The columns of the midfoot and their articulations. Adapted
from Coetzee (2008) (7)

Column Articulation Lt ra_nge
of motion
- - "
Medial Medial cuneiform and 1 5-10°
metatarsal base
Middle and lateral
Middle/Intermediate | cuneiforms, and 2" and minimal
3 metatarsal base
Lateral Cuboid and 4" and 5% .
10-20
metatarsal base

sum of the foot may render the joint unstable following
the disruption of plantar structures (10, 22, 41). Indirect
injury refers to the trauma sustained at lower-energy
mechanisms with the foot in hyper-plantarflexion, ex-
cessive pronation and supination and associated axial
loading, which has been widely reported in sports in-
cluding horse riding, football, and gymnastics (12, 13,
35, 37). A 2020 Norwegian study examining radiology
assessed tarsometatarsal joint injuries and correlated
them with stability of the Lisfranc joint clinically found
that intraarticular fractures in the two lateral tarsometa-
tarsal joints, female gender and shorter second tarso-
metatarsal joint height increase the risk of sustaining an
unstable injury of the Lisfranc joint (38).
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Diagnosis may be elusive due to the range of both
high and low energy mechanisms associated to the in-
jury, indeed it is suggested that 20—40% of cases are
misdiagnosed which may result in severe sequalae and
morbidity (17, 21). The infrequent presentation of the
injury such that it reflects only 0.2% of all fractures or 1
in 55,000 people per annum, it is possible to see why
the diagnosis may not be evident (22, 26).

We aim to review our long-term specialist orthopae-
dic institutional experience of Lisfranc injuries and the
surgical management of this complex injury, specifi-
cally considering surgical outcomes as per radiological
and clinical assessment.

MATERIAL AND METHODS

We collected data from a prospectively maintained
database of electronic patient records, reviewing all pa-
tients who underwent operative intervention for Lis-
franc injury between April 2014 and August 2020. We
included all operatively managed Lisfranc injuries, pri-
mary procedures, and patients over the age of 16. Revi-
sion procedures, open injuries, polytrauma patients,
patients under the age of 16, and those with adjacent
foot injuries were excluded.

This study was carried out at our tertiary specialist
orthopaedic hospital, Robert Jones and Agnes Hunt

Total incongruity

Partial
displacement

Type C1

Partial incongruity

ﬁvﬂhh

Medial Lateral
dislocation dislocation
Type B1 Type B2
Divergent

Total
displacement

Type C2

Fig. 1. lllustration of Hardcastle & Myerson classification of Lisfranc injury (26).
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Table 2. Lisfranc injury patient demographics and injury classification between 2014 and 2020.
Patient demographics Total
Gender (percentage) Male 15(55%) Female 12(45%) 27
Age, years 44,0 (16.6), 18-70 33.0 (18.4) 18-87 37.5(18.3), 18-87

Mean, (SD), range

p-value 0.031

Charlson Gomorbidity Index

Overall Score Mode 0

1 patient with congestive cardiac failure

1 patient with COPD 2 comorbid patients

Obesity (Body Mass Index>30) patients
Myerson Classification Total Direct Indirect
A 2 1 1
B1 3 2 1
B2 21 10 11
C1 1 1 0
C2 0 0 0

Orthopaedic Hospital (RJAH). RJAH provides multi-
specialty orthopaedic care including foot and ankle
surgery, however patients are not received for emer-
gency care as direct admissions rather accepted as ter-
tiary referrals from other hospitals. All surgery was
undertaken by senior specialist foot and ankle sur-
geons experienced in complex foot surgery. All surgi-
cal patients received a pre-operative computer tomog-
raphy (CT) scan to further delineate the anatomy of
the injury. CT scans were assessed by and reported by
specialist musculoskeletal consultant radiologists as
well as the foot and ankle consultant of care. Pre-oper-
ative and follow-up radiographs were assessed by the
authorship to confirm ascribed injury type and post-
operative classifications. All patient underwent ve-
nous thromboembolism assessment as part of their
surgical care, taking into account operative risk, co-
morbidities, age and anticipated immobility; follow-
ing which they would receive a suitable low molecular
weight heparin as a prophylactic daily dose through-
out the period of non-weight-bearing or immobilisa-
tion. Usual post-operative follow-up includes two-
week wound check, six weeks clinical assessment and
radiograph, three months and six months follow-up
for clinical assessment. Many of the patients treated at
our institute have travelled from across the region and
country, so although routine follow-up has always
been provided in the post-operative period there is
variable attendance.

Data parameters include baseline demographics of
age, gender, Charlson Comorbidity Index (CCI) score
(9), body mass index and mechanism of injury. Record-
ed injury type was classified as per Myerson et al. sys-
tem (26), time to surgery, surgical intervention, post-
operative Wilppula anatomical results (43), length of
stay and any complications. We specifically considered

complications such as wound infection, deep-vein
thrombosis, compartment syndrome, and revision pro-
cedures.

The Myerson classification is based on the pattern of
displacement of the metatarsals (26). Type A injuries
involve complete incongruity of the tarsals and metatar-
sals, which can displace laterally, or in a dorsoplantar
fashion. Type B injuries are of partial incongruity, and
are divided into medial (B1, of the first ray alone) and
lateral (B2, of the 4 lesser rays) dislocations. Type C
injuries are divergent pattern injuries in which the 1st
and 2nd ray are partially (C1) or fully (C2) displaced.
Currently, no classification exists to correlate mecha-
nism of injury and type of fracture, and subsequent
prognosis of the different types of Lisfranc injuries, but
the findings of Myerson’s original study suggested that
direct injuries lead to poorer clinical outcomes due to
the higher severity of soft tissue injury (Fig. 1).

Wilppula described three types of anatomical out-
comes based on radiographic and clinical assessment,
considering the diastasis of the 1% and 2" metatarsal
and level of deformity. Good outcome referred to
a good total foot shape with diastasis <5 mm, fair as
6—9 mm with moderate arthrosis, and poor with marked
deformity and diastasis >10 mm (43).

Descriptive statistics were utilised to present means,
standard deviations (SD) and ranges. Continuous data
with normal distribution was analysed by parametric
testing using t-test was performed and is presented as
means with confidence intervals(CI) set at 95%. Non-
parametric data was assessed by Wilcoxon-rank test
and presented using the median and range, and chi-
squared test was used for categorical data. Significance
was set at p < 0.05 as for all the tests as per convention.
Statistical analysis was performed using R 3.4.3 (Core
Team, Austria).
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Table 3. Lisfranc surgery — time to operation, length of stay, post-operative Wilppula assessment and complications

Time to operation from diagnosis, days
Median, range 14 0-116
Length of stay, days
Median, range 1 0-16
Wilppula Classification Good Fair Poor
A Direct 0 1 0
Indirect 0 1 0
B1 Direct 0 1 0
Indirect 0 2 0
B2 Direct 10 0 0
Indirect 10 0 1
c1 Direct 0 0 1
Indirect 0 0 0
Total 20 5 2
Complications n
Wound Infection 2
Deep Vein Thrombosis 0
Compartment Syndrome 0
Re-operation 1 Non-union

RESULTS

The management of Lisfranc injury at our institute
was based on the operative treatment of patients who
did not satisfy conservative management. Of these pa-
tients we have had a greater percentage of male com-
pared to female attendances, and a statistically signifi-
cant preponderance of older male population (Table 2).
We maintained a record of our patients’ comorbidities,
which are referenced through the Charlson Comorbidi-
ty Index and the associated score. The majority of our
patient group were fit and healthy adults, with only two
patients suffering comorbidities, both relating to cardi-
orespiratory disease. As part of our pre-operative as-
sessment, basic measurements were recorded including
body mass index scores which help identify obese pa-
tients, with obesity being a recognised comorbidity and
prevalent a third of our patients. Further subgroup anal-
ysis identified that this obese population of patients
were all involved in indirect injuries and low energy
mechanisms.

Radiographic assessment of the injury patterns iden-
tified that patients experienced the range of Myerson
injury patterns, except for type C2 which is total dis-
placement. Patients who underwent operative interven-
tion came from both direct and indirect populations
with a slightly higher undertaking for those with high
energy direct injuries. The vast majority of injuries both
direct and indirect followed type B2 pattern, which de-
scribes partial congruity lateral dislocation. Only one

type C1 injury was seen and this was for a direct injury
following a large set of boxes crushing the foot.

There are a wide range of times to operation from
the diagnosis, however the median time of 14 days is
representative of the preoperative timeline (Table 2) .
Two particular patients underwent a trial of conserva-
tive management thereby providing the wide range.
Both of those patients were initially managed at exter-
nal hospitals. Unfortunately, one of the patients failed
to meet follow-up appointments repeatedly until they
deteriorated and became significantly symptomatic and
represented, at which stage they were referred onwards
to RJAH, prolonging the timeline from diagnosis to op-
eration to 108 days. The second patient seemingly suc-
ceeded in initial conservative management, but they
were also referred to RJAH when they also became
symptomatic delaying time to operation to 116 days.

Most patients were treated as day cases requiring
only one day of inpatient admission, as often preopera-
tive assessment, surgical and theatre planning was all
arranged in advance as semi-elective cases. Again, to
patients required more prolonged inpatient stays, as
they sustained high energy direct injuries, and were
transferred from other regions to undergo operative
care. One patient fell from a ladder at height, with sig-
nificant soft tissue swelling, such that it precluded op-
erative intervention till six days postdate of injury and
required a total of 12 days of inpatient stay. The second
patient was involved in an RTC in a distant region,
transferred to RJAH, and also sustained significant soft
tissue swelling that again required 10 days of rest and
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elevation prior to surgery, with a total of 16 days of in-
patient care.

Post-operative Wilppula assessment of the surgical
fixation was based on the first post-operative radio-
graph, and clinical assessment of any foot deformity.
The majority of patients received good and anatomic
reduction and fixation of the injury. Type A patients ob-
tained fair fixations, and there were two instances of
poor fixation: one in the B2 indirect group and the CI
group (Table 3).

We saw very few post-operative complications in
our surgical population, with two instances of wounds
infections that were slow to heal and managed with
wound dressing care and antibiotics (Table 3). There
was also one patient to require re-operation arthrodesis
due to non-union as assessed at the six-month follow-

up.
DISCUSSION

This fascinating injury which was not originally de-
scribed by an orthopaedic surgeon but rather accredited
to a military surgeon and a gynaecologist, still proves
one of the most elusive and difficult diagnosis in mod-
ern day foot and ankle orthopaedic surgery. Lisfranc
injuries have been discussed at length throughout litera-
ture, yet they remain an infrequent and often challeng-
ing diagnosis. A significant challenge in diagnosis
comes with the variability in presentation, a wide range
of radiographic signs which may corroborate clinical
suspicion, and vast spectrum of mechanisms from
which the injury may be sustained. Lisfranc injury has
been widely attributed to both low and high energy in-
juries, also described as direct and indirect injuries, fur-
ther developing a tangled web of aetiology which does
not lend to straightforward detection. Oversight may
lead to disastrous outcomes, with significant compro-
mise of foot architecture and severely impaired mobili-
ty. Here we explored our long-term institutional experi-
ence as a specialist orthopaedic hospital, with a dedi-
cated foot and ankle subspecialty service.

The patient demographics most commonly associ-
ated to this injury are the physically active adult popula-
tion, both male and female, with the majority of cases
seen in those between the ages of 30 to 50 years old (4,
14, 20, 23, 24, 32, 34). The biomechanics of the injury
are reliant upon sufficient force and disruption of the
Lisfranc is complex, and therefore would be in keeping
with this patient population, who are freely mobile and
those likely to undertake activities which would result
in the necessary mechanisms. The more elderly popula-
tion are unlikely to be undertaking physical activities
which would routinely predispose the Lisfranc injury as
compared to osteoporotic fractures such as hip and dis-
tal radius fractures.

In concordance with the young population who are
affected by this injury, we see that few patients have
baseline comorbidities. Naturally with increasing age
we would expect increasing comorbidities, yet our pa-
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tient group have limited healthcare issues that would be
registered significant on any scoring system, such as the
CCI. One particular comorbidity, obesity, as diagnosed
as body mass index >30 featured heavily in our patient
population. Interestingly this was also the group of pa-
tients who were associated with low energy mecha-
nisms of injury, such that they fell from standing height
having twisted their feet. Traditionally we consider this
low energy mechanism to be associated more with
sporting injuries. Hyper-plantarflexion, with axial load-
ing and excessive pronation or supination would result
in injury within the low energy of injury or indirect
group. One would correlate this with a fit and active
group of individuals, who would be capable of under-
taking fast and rapid movement in order to generate the
forces required to sustain the injury, as widely docu-
mented in literature (12, 13, 35, 37).

Obesity is currently a worldwide pandemic that was
considered to be a western phenomenon, and we can
now see the profound effects on public health that in-
cludes the ever-increasing list of affiliated diseases, of
which musculoskeletal disease and injury are increas-
ingly prevalent (16, 28). Obesity also impacts bone me-
tabolism, through a process of chronic low- grade in-
flammation, where pro-inflammatory cytokines TNF-a,
IL-1, IL-6, and NF-kB impair common haematopoietic
progenitor differentiation of osteoblasts and whilst
stimulating osteoclast activity through upregulation of
RANKL pathway (5). Indeed the relationship between
increased body mass and bone mineral density may ap-
pear to provide protection, however evidence also sug-
gests that obesity is a risk factor for fractures (2, 16).

Lower limb fractures in particular are increasing in
prevalence when associated with obesity, and although
the increased padding from adiposity and improved
bone mineral density may protect against hip fractures,
a multitude of studies evidence the risk for low energy
injuries and fractures as a result of high BMI (2, 3, 8§,
11, 29, 31, 37). A large systematic review and meta-
analysis of almost 380,000 patients highlighted the in-
creased challenges in treating obese patients throughout
their surgical care pathway, with increased post-opera-
tive complications including non-union, wound prob-
lems, metalwork failure, mortality, deep vein thrombo-
sis and mortality (19). A cross-sectional study of 42,304
patients also presented the increased risk of musculo-
skeletal injury in the obese population, and almost 50%
higher for the BMI>40 category (15). Interestingly al-
though one may expect obesity to contribute to the risk
of fracture non-union within foot and ankle fractures,
the evidence remains equivocal (39, 40).

In our institutional experience for the surgical man-
agement of Lisfranc injuries, we have recognised this
trend, where low energy mechanisms of injuries have
been mainly sustained within the obese patient popula-
tion. With the obesity pandemic progressing exponen-
tially around the world, we suggest that this is taken
seriously as a significant risk factor for patients who
may sustain foot injuries, and thereby indirect Lisfranc
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injury. Despite being a very infrequent diagnosis, the
consistency with which the demographic of patient has
presented with this injury pattern further emphasises
the potential risk.

Injury classification has evolved from the original
Quenu and Kuss in 1909, to Hardcastle, and Myerson
(18, 27, 33), yet literature does not suggest that one clas-
sification system is superior to another. We utilised the
Myerson classification system, and assigned type based
on pre-operative radiographs and CT assessment. 78%
of our patients sustained a B2 type injury, which is a par-
tial congruity lateral dislocation. This describes a lesser
displaced injury when compared to the type at A and C
groups which reflect homolateral and divergent patterns.
The crucial articulation of the medial cuneiform to the
second metatarsal forms the cornerstone from which the
midfoot architecture derives stability. Therefore, initial
disruption at this point will serve as a catalyst from
which the cascade of greater deforming injuries to the
tarsometatarsal and intermetatarsal joints, starting with
partial loss of congruence as seen in type B, progressing
to either the patterns present in type A or C.

Most of our patients had surgical treatment a few
weeks after the initial injury, which is consistent with
the fact that they were referred from other regional cen-
tres. This provided enough time for further radiological
investigations and pre-operative planning. An addition-
al benefit was that patients attended to operation with
adequate time to allow for soft tissues to decrease in
swelling and oedema. There is significant controversy
throughout literature as to the timing of surgery within
lower-extremity injuries and relationship with wound
complications, where traditional teaching supports de-
lay till skin wrinkling and others suggest that only high
BMI, smoking and heel-pad oedema influence the
wound outcome (36). Interestingly the B1 patients who
were initially managed non-operatively, subsequently
took longer to heal. Despite what was in effect a pro-
tracted period of rest without soft tissue disruption from
an operation, these patients would still experience pain,
inflammation and swelling, a chronic process which
may result in impaired keratinocyte function, impeding
the progress through the normal stages of wound heal-
ing (25).

We have a uniform venous thromboembolism (VTE)
assessment protocol for all surgical patients in RJAH,
considering, patient and operative risk factors. This
helps us to ensure appropriate protective prophylaxis is
delivered to patients and thereby reduce the risk for
VTE. As such this intervention was successful and we
did not observe any incidence within our patient popu-
lation through follow-up.

CONCLUSIONS

Lisfranc injury is a challenging diagnosis with con-
siderable morbidity when overlooked. In our institu-
tional experience, partial congruity lateral displacement
injuries were the majority of surgical referrals. Surgical
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treatment through open reduction and internal fixation
delivers good and anatomical outcomes in the majority
of cases, as assessed by post-operative radiographic and
clinical assessment. Further to conventional mecha-
nisms of injury, we propose obesity to be an important
risk factor for indirect, low-energy injuries that may
help identify this injury.
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