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Abstract

Background: High-energy Lisfranc injuries are relatively uncommon but can lead to severe disability and morbidity. Primary fusion
is a treatment option that can improve outcomes and reduce the reoperation rate. The aim of this study was to evaluate our series of
primary fusions for high-energy Lisfranc injuries, looking specifically at type of fusion, time to union, non-union rates, reoperation rates
and quality of reduction.

Methods: Patients who underwent surgery for Lisfranc injuries were identified from the REDCap surgical database and then retrieved
from records. Only cases of primary fusion in adults were included. We excluded low-energy sprains and athletic injuries, ipsilateral
lower limb injuries and cases where reduction and fixation were done. Radiographs were analysed from the iSite Enterprise PACS
system (Philips®).

Results: Between 2013 and 2018, 12 cases of high-energy Lisfranc injuries were identified where primary fusion was done. Seven
patients (58%) underwent fusion of the first, second and third tarsometatarsal (TMT) joints. The first and second TMT joints were fused
in only one case (8%), and the second and third TMT joints were fused in four cases (33%). Only one patient (8%) had removal of
implants. Compression plating was the technique of choice used for fusion. There was 100% union rate and average time to union was
84 days. Acceptable reduction was observed in nine cases (75%). Three cases (25%) of malreduction were found, among which one
patient had pre-existing hallux valgus.

Conclusion: The majority of patients who underwent primary fusion of at least one TMT joint had good radiological outcome. Further
studies with better clinical follow-up are needed.

Level of evidence: Level 4
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Introduction

Lisfranc fracture dislocations also known as tarsometatarsal (TMT)
fracture dislocation, consist of injuries to the bases of the five
metatarsals, their articulations with the four distal tarsal bones,
and disruption of the Lisfranc ligamentous complex.™* The main
stabilising ligament of the midfoot (the Lisfranc ligament) runs
on the plantar aspect of the foot from the lateral aspect of the
medial cuneiform to the medial aspect of the base of the second
metatarsal."? It functions to stabilise the TMT articulation of the foot.
Injury to the ligament and the TMT complex can lead to chronic
pain, midfoot arthritis, decreased function, and loss of quality of
life."57 These injuries include any combination of bony and ligament
disruption to this complex, hence classifying the pattern of injury
can be difficult. Computer tomography (CT) scans are therefore
invaluable and virtually mandatory for all Lisfranc injuries. This is
a relatively uncommon injury with an incidence of approximately
0.2% of all fractures."88 Often Lisfranc injuries are missed in a
polytraumatised patient, or in low-energy athletic injuries leading to
poor functional outcomes.

Historically they have been associated with high-energy
mechanisms such as motor vehicle accidents, falls or crush
injuries.*88 The treatment of these high-energy injuries has evolved
over time with authors now agreeing that an anatomic reduction
through open surgery is of critical importance.® Recently, more
research on Lisfranc injuries has focused on relatively low-energy
mechanisms and Lisfranc injuries in athletes.”
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Anatomic reduction and rigid stabilisation are known to be the
standard of care.’® Both open reduction and internal fixation (ORIF)
and primary fusion have been evaluated as treatment options.
With ORIF there is a high reoperation rate to remove the internal
fixation or to perform a fusion of the midfoot due to ongoing midfoot
arthritis.¢ This has led some authors to believe that a primary fusion
should be performed in the first setting. In a systematic review in
2012, Sheibani-Rad et al.® concluded that both methods were
acceptable, but no consensus was reached as to which is superior.

The aim of this study is to evaluate our series of primary fusions
for high-energy Lisfranc injuries, looking specifically at time to
union, non-union rates, reoperation rates and quality of reduction.

Methods

After local institution review board approval, patients who under-
went primary fusion for Lisfranc injuries at Groote Schuur Hospital
(GSH) between January 2013 and December 2018 were identified.
Post-operative radiographs at six weeks, three months and six
months were reviewed by two independent reviewers, JIW and PP,
assessing quality of reduction, union rate and removal of implants.
All radiographs were taken weight bearing and according to
international standards. JIW is an orthopaedic surgeon from the
Netherlands with two years of consultant experience. PP is a third-
year orthopaedic registrar at GSH. All measurements were further
verified by the supervisor GM who is head of the foot and ankle
department.

(b)
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Figure 1. (a) First intermetatarsal angle (IMA) and medial cuneiform—first metatarsal angle; (b) coronal shift; (c) lateral Meary’s angle; and (d) sagittal shift

(d)

(&)

1



Page 152

Table I: Definition and normal range of measured parameters

Anteroposterior (AP) and lateral weight-bearing

radiographs

First intermetatarsal angle (AP view)

Definition".12

Angle formed by the line drawn bisecting the first metatarsal and 6-10°
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bisecting the second metatarsal

Medial cuneiform-first metatarsal angle (AP view)

Angle formed by the bisection of the medial cuneiform and the 16-20°

anatomic axis of the first metatarsal

Lateral Meary’s angle (lateral view)

Angle formed by the bisection of the talar neck and the anatomic 2-10°

axis of the first metatarsal

Sagittal shift (lateral view)

Superior translation of second metatarsal with respect to the <2 mm

anterior cortex of the middle cuneiform

Coronal shift (AP view)

Lateral translation of the second metatarsal with respect to the <2 mm

medial cortex of the middle cuneiform

Cases of high-energy Lisfranc injuries were retrieved from the
orthopaedic surgery database REDCap® and corresponding
radiographs were analysed from our local picture archiving and
communication system, iSite Intellispace® software.

Injuries were classified using the Myerson classification of
Lisfranc injuries.'® Union was assessed by the formation of cross-
trabeculation and the absence of fracture line on two views.
Quality of reduction was assessed by measuring the following
parameters'"12 on AP view: first intermetatarsal angle (IMA), medial
cuneiform—first metatarsal angle, coronal shift. On lateral view:
talus—first metatarsal angle (lateral Meary’s angle), sagittal shift
(Figure 1). Any value outside of the normal range'''? (Table /) was
qualified as a malreduction/malunion. Cases of implant removal
and reoperation were obtained from patients’ files.

Surgical technique

A CT scan was performed prior to surgery in all patients to assess
fracture displacement and intra-articular comminution. The surgical
technique used is a dorsal two-incision approach to gain access
to the medial and middle columns. The medial column incision is
placed dorsally over the first TMT joint just medial to the extensor
hallucis longus tendon. The lateral incision is centred between the
second and third metatarsal to gain access to the second and third
TMT joints and maintain an adequate soft tissue bridge. A third
incision between the fourth and fifth metatarsal is used in case
open reduction of the fourth and fifth TMT is needed. A single
incision over the first TMT joint or between the second and third

a
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TMT joints is used in cases where the first and second, or second
and third, TMT joints are fused. Our method of primary fusion was
careful preparation of the joint by debriding the cartilage layer,
reduction of the fracture dislocation, bone grafting of the defect
with autograft taken from ipsilateral calcaneus followed by dorsal
compression plating. The number of TMT joints fused depended
on its involvement in the fracture pattern and its congruency. The
first, second and third TMT joints were considered for fusion in the
case of intra-articular comminution and joint incongruency. Fourth
and fifth TMT joints were never considered for fusion; no cases
of intra-articular fractures involving these joints were identified.
Subluxation of the fourth and fifth TMT joints were addressed with
temporary Kirschner wires removed at six weeks. All surgeries
were performed by the foot-and-ankle consultant as primary
surgeon. Patients were immobilised in a below-knee circular cast
for six weeks and kept non-weight bearing for at least 12 weeks
until radiological evidence of union.

Results

Between 2013 and 2018, 17 cases of Lisfranc injuries were iden-
tified. Twelve of them underwent primary fusion and five cases
were excluded (in one case the file could not be retrieved, two were
cases of closed reduction and percutaneous screw fixation, and two
underwent open reduction and internal fixation). The study group
comprised ten male and two female patients (Figure 2a), with a
mean age of 38.9 years (range 18-60) (Figure 2b). All patients were
involved in high-energy injury mechanisms, the commonest being

b
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Figure 2. (a) Sex demographics of the patient group used for this study; (b) distribution of patients in various age groups
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M Fall from height
B Pedestrian vehicle accident

I Motor vehicle accident
[ Assault

Figure 3. Mechanism of injury

fall from height, followed by pedestrian vehicle accident (Figure 3).

Most of our cases were Myerson'® type A lateral, representing
66%. The remaining were one case each of type A medial, B1, B2
and C2 respectively.

Seven patients (58%) underwent fusion of the first, second
and third TMT joints; the first and second TMT joints were fused
in only one case (8%) and the second and third TMT joints fused
in four cases (33%). Acceptable reduction was observed in nine
cases (75%); three cases (25%) of malreduction were noted,
among which one patient had pre-existing hallux valgus which can
give false negative values in measuring the IMA. Our measured
reduction parameters for all the patients is shown in Table II.
Average reduction parameters in the well-reduced group were as
follows (Table lil): IMA of 8.05°, medial cuneiform—first metatarsal
angle of 16.9°, lateral Meary’s angle 5.9°, coronal shift 0.7 mm. Only
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one patient had a sagittal shift of 1.6 mm; the remaining radiographs
had no sagittal shift. Average time to union in our series was 84
days, and no case of non-union was identified (100% union rate).
We also compared the number of TMT joints fused to the quality of
reduction (Table V). We found better results in cases where either
the first, second and third metatarsals (86%) or second and third
metatarsals were fused (75%). There was one case of fusion of only
first and second metatarsals which was malreduced. One patient
(8%) had removal of implants for prominent hardware.

Discussion

The most common complication following ORIF is post-traumatic
osteoarthritis (PTOA) with rates estimated between 20% and
50%.' Teng et al.™* performed gait analysis on patients following
ORIF and demonstrated, despite restoration of normal anatomy
and gait mechanics, patients still had poor American Orthopedic
Foot and Ankle Score (AOFAS) midfoot scores. In the setting of
PTOA and continued pain, secondary arthrodesis was used as
a salvage procedure. In a prospective randomised study, Ly and
Coetzee' compared ORIF versus primary fusion in primarily
ligamentous Lisfranc injuries. Seventy-five per cent of patients who
underwent ORIF had some loss of correction and degenerative
joint changes at the final follow-up visit at a mean of 42.5 months
post-operatively. They concluded that primary fusion provides

Table IlI: Average reduction parameters

Normal Average measured value
range'®"

First intermetatarsal

6-10° 8.1°
angle
Medial cuneiform— 16-20° 16.9°
first metatarsal angle
Lateral Meary’s angle 2-10° 6.0°
Sagittal shift <2 mm Only one case of 1.6 mm shift

Coronal shift <2 mm 0.7

Table IV: Effect of the number of bones fused on the quality of reduction

Fused bones Number | Improper Proper
of cases | reduction reduction
First, second and third TMT 7 1 (14%) 6 (86%)
First and second TMT 1 1 (100%) 0
Second and third TMT 4 1 (25%) 3 (75%)

Table II: Measurements for all patients (the well-reduced cases are highlighted in blue and the malreduced cases in yellow)

Patient no. IMA (degrees) Medial cuneiform—first metatarsal | Meary’s angle (degrees) | Sagittal shift (mm) | Coronal shift (mm)
angle (degrees)

1 16.5
2 6.2 16.1
3 9.3 17.4
4 8.5 16.1
5 8.9 16.2
6 6.9 17.6
7 9.4 19.8
8 9.8 16.2
9 7.8 16.5
10 20.9 26.9
11 124 30.2
12 13.5 23.0

0
6.9 0
5.5 0 1.2
8.2 0 0.8
8.6 1.6 14
8.6 0 0
4.3 0 1.5
21 0 0
3.8 0 1.5
5.8 0 1.5
7.5 1.0 1.2

13.6 4.2 0
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Figure 4. Pre- and post-reduction radiographic evidence of a well-reduced Lisfranc injury

better short- and medium-term outcomes than ORIF for primarily
ligamentous injuries. Sheibani-Rad et al.® performed a qualitative,
systematic review comparing primary fusion and ORIF and found
six reports with a combined total of 193 patients. The one-year
follow-up AOFAS score for the ORIF group was 72.5 versus 88.0
for the primary fusion group. They concluded that both procedures
yield satisfactory results, but primary fusion might have a slight
advantage in clinical outcomes.®'® In most of these studies, the
complexity and energy of the injury has not been stated. Low-
energy athletic injuries have been grouped with high-energy
injuries, which we believe have a different prognosis if a primary
fusion is not performed.

Our study did not compare outcome of ORIF versus primary
fusion, but we analysed the results of patients who had primary
fusion in high-energy Lisfranc fractures. As described in the
literature, our series of patients showed good results in terms of
reduction (75%) and reasonable time to union (84 days). Twenty-
five per cent of malreduction was observed but this figure did not
necessarily correlate with a poor clinical result. Despite much effort
to trace the patients, only two responded and came for follow-up.
We calculated the AOFAS scores for these two patients and both
scored 90/100. The remaining patients were untraceable. Only one
case of implant removal (8%) was identified due to symptomatic
hardware. The latter correlated with the low revision or repeat
surgery described in literature. Better quality of reduction was
observed with fusion of the first, second and third TMT and second
and third TMT joints (86% and 75% respectively). The first TMT
joint frequently involves primarily ligamentous injury with minimal
fractures of the first metatarsal base and medial cuneiform. Fusion
of the first TMT joint stabilises the medial column and acts as a
buttress to further stabilise adjacent fracture-dislocation injuries.'®
A reason for the 25% malreduction rate can be attributed to
significant comminution, bone loss and gross instability. There may
have been some cases where the medial column was unstable but
not included in the fusion leading to worsening of the reduction
parameters mentioned. Figure 4 illustrates a case of high-energy
Lisfranc injury operated at GSH with fusion of the first, second and

third TMT joints appropriately reduced.

In conclusion, our data suggests that primary fusion may be
a viable option in these high-energy Lisfranc injuries with good
radiological outcome, 100% union and low reoperation rate.
The malreduction rate may be improved by including the medial
column in the fusion construct. Our study was limited by a small
population size and the lack of clinical parameters to compare
with the radiological results. However, this is a short-term study
and the long-term consequences of arthrodesis in young, athletic
patients remain unknown. Long-term, prospective studies of high-
energy injuries with adequate clinical follow-up would be beneficial
to establish and evaluate indications for primary fusion in this
population.
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