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Abstract

BACKGROUND

Lisfranc injuries are rare and can be easily missed. This injury is extremely rare in
children, with limited published data. Different treatment options have been
described; one of the options in adults is the “mini” TightRope™ Syndesmosis
Device that provides non-rigid fixation with impressive results. However, there is
no reference regarding the use of this device in children.

CASE SUMMARY

We describe the case of an 11-year-old girl who sustained a Lisfranc injury of her
right foot that was initially missed in the Accident and Emergency department of
her local hospital. This case was a ligamentous/ periosteal sleeve avulsion type of
Lisfranc injury and a percutaneous technique using the “mini” TightRope™
syndesmosis device was used. Clinical and radiological results were excellent at
final follow up.

CONCLUSION

The “mini” TightRope™ syndesmosis device is a promising method of fixation
for children with certain Lisfranc injuries. This method has many advantages,
including the non-rigid type of the fixation and no need for subsequent
metalwork removal.

Key words: Lisfranc; Injury; Foot; Tightrope; Paediatric; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: We describe the case of an 11-year-old girl who sustained a
ligamentous/periosteal sleeve avulsion type of Lisfranc injury of her right foot that was
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initially missed in a local Accident and Emergency department. The “mini” TightRope™
syndesmosis device, can be used safely and effectively in children with certain Lisfranc
injuries, based on experience in the adult literature.
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INTRODUCTION

Jacques Lisfranc de St. Martin (1787-1847) was a French surgeon who lived during the
Napoleonic Wars. Lisfranc (surgeon and gynaecologist) was founder of a great
number of surgical procedures including surgical resection in rectal carcinoma,
lithotomy in women and a variety of amputations!'l. In 1815, during the Napoleonic
Wars, he encountered a soldier who suffered from gangrene on his foot after having a
fall from his horse. This is when his name got, for the first time, affiliated with the
terms “Lisfranc joint” and “Lisfranc injury” after performing a tarsometatarsal-level
amputation on this soldier. Although, in reality, Lisfranc did not describe the anatomy
or the mechanism of injury, nowadays his name has come to mean a
dislocation/fracture injury at the tarso-metatarsal joints'”.

Anatomically, the Lisfranc joint complex consists of ligaments and bones that
connect the midfoot and forefoot (tarsometatarsal, intermetatarsal and anterior
intertarsal joints). Each cuneiform bone articulates with one of the medial metatarsal
whereas the lateral two metatarsals articulate with the cuboid. Apart from the
trapezoid geometry of the cuneiforms and their “Roman arch” alignment, extra
stability is provided by a number of ligaments. The most important is the Lisfranc
ligament that connects the lateral aspect of the medial cuneiform with the base of the
second metatarsal. The ligament is of vital importance to stability in this part of the
foot, as there is no ligamentous connection between the first and the second
metatarsal®l.

Many different classification systems have been proposed, with the first one
originally been described in 1909 by Quenu and Kuss!“l. That was the first
classification system describing the injuries as homolateral, isolated or divergent
based on the direction of the displaced metatarsals. Many years later, Hardcastle et all’!
categorized these injuries in three different types based on displacement and
incongruity. Myerson followed with modification to Hardcastle’s system (Table 1)
Despite these multiple classification systems, the treatment method and the clinical
outcome do not reliably correlate with any injury typel®”*.

Lisfranc injuries are rare (around 0.2% of all fractures) with reported incidence of
1:55000 per year (male:female = 4:1). It occurs more often in athletes and there is a
peak at the third decade of lifel”. The rate of delayed diagnosis is up to 24%, most of
these being pure ligamentous injuries!'’l. In children this injury is extremely rare.
There is nothing published regarding the epidemiology of this injury and the largest
series in the literature includes only 52 children over a 12-year period. There are no
specific guidelines regarding the treatment in children and many options have been
described".

TightRope™ technique
The TightRope™ syndesmosis device (Arthrex Inc., Naples, FL) was originally made
for the injured ankle syndesmosis to provide non-rigid fixation!'?. Its “mini” version
has been used to treat syndesmotic injuries, including Lisfranc injuries!"”). The
TightRope™ consists of two buttons connected to each other by fiber wire. Tensioning
and compression of the Lisfranc joint can be achieved without using any screws at all.
No articles regarding the use of the TightRope™ in children’s Lisfranc injury were
found. This case report presents the first described case of a Lisfranc injury in a 11-
year-old girl treated with the TightRope™ technique.

CASE PRESENTATION

Chief complaints
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Table 1 Myerson classification system

Incogruity

Type A: Complete
Type B: Incomplete

Type C: Incomplete/ Complete

Subtype Description
- Dislocation of M1-M5 in the same direction (either lateral or dorsoplantar)
Bl Medial dislocation involving only the M1 joint
B2 Lateral dislocation involving any of the M2-M4
C1 Divergent, incomplete dislocation involving M1 and some of the lateral metatarsals
2 Divergent, complete dislocation involving M1 and all of the lateral metatarsals

An 11-year-old girl was referred to our clinic by her general practitioner for bilateral
patellar instability with symptoms starting 4 mo prior.

History of present illness

However, two weeks before, she had a fall after tripping, and sustained an injury at
her right foot. On the day of injury she was admitted to the Accident and Emergency
(A and E) department of a different hospital for pain limiting her ability to weight
bear on that foot. Although a clinical assessment and an X-ray were performed, the
injury was initially missed and due to discomfort and pain she was treated with a
walking boot.

Imaging examinations

During the appointment in our clinic, her patella instability was assessed clinically
and radiographically. Increased ligamentous laxity with no previous injury or patella
dislocation was noted. Her family and past medical history were free. However, her
parents mentioned the recent injury on her right foot and described the ongoing
symptoms. On examination there was swelling throughout the midfoot with
tenderness over the tarsometatarsal joint and she was still unable to bear weight. As a
result, apart from the knee X-rays we requested additional X-rays of the right foot
(anteroposterior, lateral and oblique view) (Figure 1). The X-ray showed
“malalignment of the intermediate cuneiform with the second metatarsal, with a small
bone fragment of the adjacent bone, in keeping with a Lisfranc fracture/dislocation”.

FINAL DIAGNOSIS

No further laboratory tests were needed but an urgent magnetic resonance imaging
scan (MRI) was scheduled that same day to further assess the injury. The MRI
revealed: (1) Disruption of the Lisfranc ligament with mild associated displacement of
the first and second metatarsals in relation to the medial and intermediate cuneiforms;
(2) High T2 marrow signal at the bases of the 1*-4"™ metatarsals; (3) Free fluid around
the tarsal bones; and (4) Sprain of calcaneonavicular ligament (Figure 2). A final
diagnosis was made, based on this MRI report of a ligamentous/ periosteal avulsion
type Lisfranc injury.

TREATMENT

Based on the clinical and radiographical findings and after having a thorough
discussion with the parents, the advantages (improve bone/ligament healing,
improve symptoms/pain and increase movement/ROM) and the disadvantages (scar,
infection, nerve/vessel injury, need for additional procedure, stiffness, anaesthetic
risks) of a potential operation were discussed. She was then taken to theatre and
under general anaesthetic an examination under anaesthesia revealed instability
between the first and second metatarsals with concomitant dorsal subluxation and
surgical treatment was decided.

Considering the age of our patient and trying to prevent any articular damage we
used the TightRope™ technique under the same anaesthetic. Under c-arm guidance
the medial cuneiform and base of second metatarsal were identified. Two small
incisions were made, dorsally over the lateral aspect of the 2™ metatarsal base and
over the medial aspect of the medial cuneiform. Reduction of the joint was achieved
with a bone reduction clamp. A drill hole (2 mm) was made from the medial
cuneiform into the second metatarsal (base). The device was guided and pulled
through under fluoroscopic guidance. The medial cuneiform and the lateral wall of
the 2" metatarsal base were engaged and the required compression was applied. The
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Figure 1 Pre-operative X-ray showing increased distance between 1% and 2 metatarsals with small bone
fragment (inside circle).

reduction was maintained after taking the clamp off (Figure 3). Extra care was taken
to be sure that there was no soft tissue between the medial and lateral buttons and
bone surface. Post-operatively, the foot was held in a moonboot for 4 wk, with partial
weight-bearing with crutches for the first two weeks.

OUTCOME AND FOLLOW-UP

In the 3" week the patient was reviewed in our clinic. The X-ray demonstrated
excellent maintenance of reduction of the Lisfranc joint (2.2 mm distance between 1%
and 2" metatarsals post-operatively, compared to 7.1 mm pre-operatively) and
patient’s symptoms had improved (Figure 4). At six weeks post-operatively, after 3
sessions of physiotherapy, the patient was able to fully weight bear without
symptoms. At 12 wk post-operatively, the X-ray showed preserved reduction of the
Lisfranc joint and she remained symptom-free.

DISCUSSION

Lisfranc injuries in adults are rare and known to be easily missed""\. In the paediatric
population the lack of data in the literature suggests that it is even less common or
underdiagnosed or a combination of both. There are few studies of Lisfranc injuries in
children and thus the treatment strategies are based on the reported results applying
to adults. Depending on the mechanism of injury and its result (ligamentous and/or
osseous injury), different treatment options have been described including
conservative treatment, use of k-wires and/or screws and/or plates!'"'*'l. These
methods seem to offer really stable fixation but disadvantages and complications have
been reported including screw breakage, reduced range of motion and pain of the
affected area, extensive cartilage damage, prolonged immobilization period and need
for additional procedures to remove the screws!'**’l. Specifically, a cadaveric study
showed that use of a 3.5 mm trans-articular screw can lead on to significant damage of
the tarso-metatarsal joint!"“l. Dorsal or plantar plating with locking, low-profile plates
seem to provide adequate outcomes and stability!**"!. Recently, the mini-TightRope™
technique was described as an option in the treatment of isolated Lisfranc ligament
injuries with promising results. However, further studies are needed to confirm the
long-term results!**'*2.

The TightRope™ construct is made of 2 buttons (one flat 5.5 mm round stainless-
steel button and a second oblong 2.6 mm X 8.0 mm stainless-steel button) connected to
each other by 4 strands of #2 fibre wire. This structure creates a double pulley system
between the two anchored ends which allows for better compression between the two
bones. Usually, a two-incision technique is used with the first one being dorsally
between the 1 and 2* metatarsal and the second incision medially to the medial
cuneiform. Extra care should be taken to protect the neurovascular bundle lying
dorsally. After reducing the fracture/dislocation with a clamp and under fluoroscopic
guidance, a drill is made from the medial cuneiform into the second metatarsal base
over a guide wire (or retrogradely). The suture passes through this hole and is
tightened making sure that the buttons remain flush over the cortex and the reduction
is maintained. Further radiographs are obtained to confirm it and anatomic alignment
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Figure 2 Magnetic resonance imaging image series.

is checked with direct inspection.

Brin et all"! in their case series of adults highlighted the advantages of this method,
in addition to the excellent clinical results that were reported. Non-rigid fixation
seems to enhance healing, early weight bearing and early mobilization. Additionally,
this method has a short learning curve and there is no need for a second operation to
remove the metalwork™.

In 2009, a cadaveric study concluded that the suture-button technique can provide
similar results when compared to screw fixation with the advantage of avoiding an
additional operation to remove the hardware prior to weight bearing”’. To the best of
our knowledge, this is the first description of a paediatric Lisfranc injury treated with
TightRope™. Our case was a ligamentous/ periosteal avulsion Lisfranc injury and
therefore we opted to follow this method, based on the adult literaturel>**.

Although our hospital is a tertiary hospital this kind of injury is rarely seen. From
our database search we managed to find only a few cases in the last ten years. Most of
them were treated with open reduction and internal fixation (ORIF) with plate and
screws. Two cases in which there was no displacement, and mild tenderness, were
treated conservatively. No complications were seen, apart from post-operative
stiffness in the ORIF “group” and the need for additional procedure to remove the
metalwork.

Literature dealing with Lisfranc injuries in adolescents/children are extremely
limited (Table 2). Veijola et all'! in their retrospective study included six patients
(range 13 to 16 years) treated with ORIF. In all but one case, they achieved anatomical
reduction, but most patients claimed discomfort in the injured foot. Hill et all'!l
reviewed 56 children treated for bony or ligamentous Lisfranc injuries with ORIF or
non-operative management. These authors didn’t find any correlation between age
and type of injury but concluded that a large percentage of patients, even if they had
open physes, required surgery. An important limitation was the lack of data on
outcomes and follow-up!"l. A case of a 10-year-old girl who sustained a Lisfranc
fracture-dislocation in 2013 was presented by Lesko et all*! last year. Injury was fixed
with ORIF but now (5 years post-operatively) she has developed functional pain and
radiographic evidence of degenerative arthritis. All the other articles found in the
literature did not deal with treatment and outcome but discussed the mechanism of
injury which was not the focus of this report!'>*>l.

This minimally invasive technique has many advantages: (1) reduced duration of
the procedure; (2) non-rigid type of the fixation that allows early mobilization; (3)
prevention of cartilage damage; and (4) no need for metalwork removal. The main
limitation of this study is that it is just a case report, but we hope that it will open the
way for further research using this technique for ligamentous Lisfranc injuries in
children.

CONCLUSION
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Figure 3 Intra-operative X-ray confirmed maintance of reduction after removal of bone reduction clamp.

The TightRope™ syndesmosis device technique in children with ligamentous Lisfranc
injuries is efficacious as it combines the advantages of a percutaneous technique with
a less rigid type of fixation and good short-term results. Further research is needed to
confirm its routine use in children.
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Table 2 Current literature dealing with Lisfranc injury in children/adolescents

Article Type of study No. of patients Type of fixation Result

Lisfranc Injury in Retrospective 6 ORIF Good anatomical reduction,

Adolescents (Veijola et all'"], post-operative discomfort

2013)

Lisfranc injuries in children Retrospective 56 ORIF (19); Conservatively ~ Good post-operative results

and adolescents (Hill et all'"!, (37) with rare complications

2017) (physeal arrest, broken
implant)

Midfoot Degenerative Case report 1 ORIF Functional pain and

Arthritis and Partial Fusion radiographic evidence of

After Pediatric Lisfranc degenerative arthritis: 5-yr

Fracture-Dislocation (Lesko post-operatively

et al®l, 2018)

Pediatric Lisfranc injury: Retrospective 16 - Pathogenesis of Lisfranc

“bunk bed” fracture injury

(Johnson!™!, 1981)

Plantar-flexion Retrospective 8 Conservative Early degenerative changes
tarsometatarsal joint injuries can occur and may be

in children (Buoncristiani et responsible for chronic pain
al®, 2001) and activity limitation
Tarso-metatarsal joint - - - Pathogenesis of Lisfranc
injuries in children injury

(Wiley®], 1981)

ORIF: Open reduction and internal fixation.

Figure 4 Post-operative x-ray (3" week) on the left side and pre-operative X-ray on the right side.
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