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Abstract

Introduction Only few procedures for Lisfranc ligaments

reconstruction to treat subtle injury of the Lisfranc joint

have been reported. We have developed a novel technique

for Lisfranc ligaments reconstruction, which was applied to

treat chronic symptomatic subtle injuries that had failed to

respond to initial treatment or were misdiagnosed. This

article describes the technique and its operative outcome in

a small case series.

Methods Between April 2011 and October 2013, 5 (4

male and 1 female) athletes with a mean age of 19.4 (range

17–21) years were diagnosed with chronic subtle injury of

the Lisfranc joint and underwent our novel reconstructive

operation. In this technique, only a bone tunnel between the

medial cuneiform and the second metatarsal bone is needed

for near-anatomical reconstruction of the dorsal and in-

terosseous ligaments. All patients were evaluated before

and at 1 year after surgery using the American Orthopaedic

Foot and Ankle Society (AOFAS) scale for the ankle–

midfoot. In addition, the interval between surgery and re-

turn to athletic activity, defined as return to near pre-injury

performance level, was investigated.

Results Mean duration of postoperative follow-up was

18.8 (range 12–26) months. Mean AOFAS score improved

significantly from 74.6 ± 2.5 (range 71–77) preoperatively

to 96.0 ± 5.5 (range 90–100) at 1 year after the operation

(p\ 0.01). All patients were able to return to their previ-

ous athletic activities and the interval between surgery and

return to athletic activity was 16.8 ± 1.1 (range 15–18)

weeks. There was no complication related to the operation.

Conclusion The results of this study suggest that our

technique of Lisfranc ligaments reconstruction using au-

tologous graft is effective for athletes with chronic subtle

injury.

Level of evidence Level IV, retrospective case series.
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Introduction

The types of Lisfranc joint injury have been divided ac-

cording to whether the injury is high or low energy, and the

typical injury in athletes is caused by low-energy trauma

[1, 2]. The characteristic of Lisfranc joint injury due to

low-energy trauma is subtle radiographic findings such as

subtle diastasis with or without an avulsion fragment

arising from either the lateral edge of the medial cuneiform

bone or the medial aspect of the second metatarsal base, so

appropriate diagnosis of such an injury requires a high

index of suspicion [1, 2]. Subtle diastasis caused by low-

energy trauma means disruption of ligament structures

between the medial cuneiform and second metatarsal base,

comprising the dorsal, interosseous, and plantar ligaments.

The interosseous ligament, also referred as Lisfranc liga-

ment, is known to be the strongest structure between the

three ligaments supporting the tarsometatarsal joint com-

plex [1, 2].

Faciszewski et al. [3] described ‘‘subtle injury of the

Lisfranc joint’’ in 1990 and this name for the condition has

been widely used since. Some reports have defined the key

diagnostic feature as diastasis or instability between the
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first and second metatarsals on radiological investigation

[4–6]. Most surgeons recommend screw or plate fixation

for a fresh unstable subtle injury [1, 2, 7–9], and novel

techniques using Endobutton [10] or Tightrope [11] have

been recently reported. Although good clinical outcomes

have been reported after operations [1, 2, 7–11], a standard

operative technique does not exist for chronic symptomatic

cases that failed to respond to conservative treatment or did

not undergo appropriate initial treatment because of mis-

diagnosis as a simple midfoot sprain. We therefore devel-

oped a novel technique for Lisfranc ligaments

reconstruction using autologous gracilis tendon to treat

chronic subtle injury. The purpose of this study was to

introduce the reconstruction technique and examine its

outcome in athletes with chronic subtle injury.

Methods

Between April 2011 and October 2013, 5 (4 male and 1

female) athletes with a mean age of 19.4 (range 17–21)

years were diagnosed with chronic subtle injury of the

Lisfranc joint and underwent a reconstructive operation in

our institution. All patients were engaged in competitive

athletic activities: three were university rugby players, one

was an American football player, and one was a high

school judo player. Three were initially diagnosed with

injury of the Lisfranc joint and had conservative treatment

supervised by their practitioners, including cast immobi-

lization with no weight-bearing for several weeks followed

by partial weight-bearing, but midfoot pain during ac-

tivities hindered their performance after they had resumed

their sports. One patient consulted her practitioner imme-

diately after injury but did not receive adequate treatment

as she was diagnosed with a midfoot sprain. One patient

neither visited a medical institution after the injury nor

returned to athletic activity (Table 1).

The diagnosis of chronic subtle injury was easily

reached in all patients through typical physical examination

findings such as point tenderness over the midfoot and

radiographic finding of diastasis between the first and

second metatarsals with or without diastasis between the

medial and middle cuneiform bones which were evaluated

in the weight-bearing radiograph of both feet by comparing

the injured and uninjured sides (Fig. 1). The mean interval

from the initial injury to reconstructive operation was 10.4

(range 5–24) months (Table 1).

All patients were evaluated using the American Ortho-

paedic Foot and Ankle Society (AOFAS) scale for the

ankle–midfoot [12] preoperatively and at 1 year postop-

eratively. In addition, the interval between surgery and

return to athletic activity, defined as return to close to pre-

injury performance level, was investigated.

Operative technique

The operation was conducted under general anesthesia in

the supine position with application of a pneumatic

tourniquet (260 mmHg) to the thigh. At first, the gracilis

tendon of the ipsilateral knee was harvested using a tendon

harvester inserted through a medial knee skin incision of

approximately 3 cm in length. An approximate 12-cm

segment of harvested gracilis tendon was made into an

autograft and shaped into a usable form for reconstruction

Table 1 Characteristics of the five athletes

Case

no.

Sex Age Affected

side

Sport Cause of

injury

Initial

diagnosis

Initial

treatment

Return to

sports after

injury

Time from

injury to

operation

(months)

1 Male 20 Left Rugby Midfoot sprain

during rugby

game

Lisfranc joint

injury

Cast immobilization

with no weight-

bearing for 8 weeks

Possible with

midfoot

pain

24

2 Male 21 Left Rugby Midfoot sprain

during rugby

training

Lisfranc joint

injury

Cast immobilization

with no weight-

bearing for 6 weeks

Possible with

midfoot

pain

7

3 Male 20 Left Rugby Midfoot sprain

during rugby

game

Lisfranc joint

injury

Cast immobilization

with no weight-

bearing for 6 weeks

Possible with

midfoot

pain

6

4 Male 19 Right American

football

Midfoot sprain

during

American

football game

No

consultation

at a medical

institution

Nil Impossible 5

5 Female 17 Right Judo Midfoot sprain

during judo

training

Midfoot sprain Nil Impossible 10
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of the Lisfranc ligaments. Next, a longitudinal skin incision

was made over the part between the first and second

metatarsal base, and scar tissue between the first meta-

tarsal, medial cuneiform, and second metatarsal bone was

resected. A medial skin incision over the medial cuneiform

was made and reduction was performed with a large bone-

reduction clamp that was applied between the base of the

second metatarsal and the medial cuneiform through two

incisions. By squeezing the clamp, the base of the second

metatarsal was reduced into the anatomical position and the

maintenance of reduced position was confirmed by an

image intensifier. Then, a guide wire that was passed along

the course of Lisfranc ligament was inserted from the

medial side of the medial cuneiform to the base of the

second metatarsal bone under the guidance of the image

intensifier. Overdrilling was performed along this guide

wire to create a bone tunnel using a cancellous bone-har-

vesting drill with a bit diameter of 4.2 mm (Meira Co.,

Ltd., Nagoya, Japan) (Fig. 2). Then, a 2-0 nylon loop was

inserted into the bone tunnel using a passing pin, and the

autograft was introduced into the bone tunnel through the

2-0 nylon loop. The distal end of the autograft was pulled

out from the bone tunnel and the autograft was fixed at the

proximal part of the bone tunnel by a solid interference

screw with a diameter of 4.0 mm (Meira Co., Ltd.) under

additional manual tension at the two ends of the autograft

(Fig. 3). The proximal end of the autograft was pulled out

into the skin incision that was made between the first and

second metatarsal base through the released subcutaneous

tissue. At that time, cannulated cancellous screw fixation

was performed for instability between the medial and

middle cuneiform bones. The two ends of the autograft

were manually tensioned and a suture anchor was inserted

into the base of the second metatarsal bone perpendicularly

to its long axis. Then, the tensioned distal end of the au-

tograft was fixed by a suture anchor and finally, the ten-

sioned ends of the autograft were sutured using 3-0

absorbable sutures (Figs. 4, 5).

Postoperatively, short leg cast immobilization was ap-

plied for 4 weeks and active and passive range of motion

exercises were allowed after removal of the cast. Partial

and full weight-bearings were permitted 6 and 8 weeks

postoperatively, respectively. Return to running was al-

lowed 12 weeks after the operation, except for the case

Fig. 1 Preoperative weight-bearing radiograph of both feet (patient

5)

Fig. 2 a Intraoperative photograph showing reduction of the diastasis

between the base of the second metatarsal and the medial cuneiform

using a large bone-reduction clamp through two incisions and

insertion of the guide wire. b Image intensifier view showing the

reduced position and insertion of the guide wire. c Image intensifier

view showing the creation of a bone tunnel using a cancellous bone-

harvesting drill with a bit diameter of 4.2 mm (patient 1)
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Fig. 3 a Intraoperative photograph showing introduction of the

autograft into the bone tunnel through the 2-0 nylon loop. b Schematic

diagram of the intraoperative photograph of a. c Intraoperative

photograph showing the introduced autograft. d Image intensifier

view showing fixation of the autograft at the proximal part of the bone

tunnel by a solid interference screw with a diameter of 4.0 mm

(patient 1)
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Fig. 4 Intraoperative photograph (a) and schematic diagram

(b) showing insertion of a suture anchor into the base of the second

metatarsal bone perpendicularly to its long axis. Intraoperative

photograph (c) and schematic diagram (d) showing fixation of the

tensioned distal end of the autograft by the suture anchor, and suturing

of the tensioned ends using 3-0 absorbable sutures (patient 1)
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with screw fixation between the medial and middle

cuneiform bones, which required screw removal before

commencement of running to avoid breakage of the screw.

Full return to their pre-injury sports activities was allowed

if they felt confident and had experienced no difficulties in

their sport-specific drills.

Statistical analysis

AOFAS scores before and at 1 year after operation were

compared using the paired t test. A difference in the pre-

and postoperative scores was considered significant when

the p value was B0.05.

Results

The mean postoperative follow-up period was 18.8 (range

12–26) months. All five patients experienced improvement

of their symptoms postoperatively. The mean AOFAS

score improved significantly from 74.6 ± 2.5 (range

71–77) preoperatively to 96.0 ± 5.5 (range 90–100) 1 year

postoperatively (p\ 0.01). All patients were able to return

to their previous athletic activities, and the mean interval

between the operation and return to athletic activity was

16.8 ± 1.1 (range 15–18) weeks (Table 2). There was no

complication related to the operation such as superficial or

deep infection, delayed wound healing, deep vein throm-

bosis or nerve injury.

Discussion

The consensus among orthopedic surgeons is that an op-

eration is indicated for fresh unstable subtle injury of the

Lisfranc joint, especially for injuries in athletes [1, 2, 7–

11]. The goal of the operation is to achieve an anatomical

reduced position of the injured tarsometatarsal (TMT) joint

complex, and the quality of the reduction has been shown

to correlate with prognosis. Good outcomes after open

anatomical reduction with internal fixation by screw fixa-

tion or plating have been reported [7–9], and recently,

novel techniques using suture Endobutton [10] or Tight-

rope [11] have also been reported. These procedures can be

applied to fresh subtle injury where healing of injured

ligaments is possible [7–11]; however, healing in chronic

cases cannot be expected despite internal fixation.

Although arthrodesis may be selected to treat chronic

subtle injury, it results in a loss of motion in the medial and

middle column of the TMT joint—the maintenance of

which seems to be necessary for restoration of complete

function in athletes [1, 2].

Fig. 5 Postoperative anteroposterior (a) and oblique (b) radiographs

of patient 2

Table 2 Operative outcome of

the five athletes
Case no. Follow-up

duration (months)

Preoperative

AOFAS score

Postoperative

AOFAS score

Time from operation to return

to sports (weeks)

1 12 77 100 17

2 16 71 100 15

3 24 77 90 18

4 25 74 90 17

5 38 74 100 17

Mean ± SD 18.8 ± 6.1 74.6 ± 2.5 96.0 ± 5.5

(p\ 0.01)

16.8 ± 1.1

AOFAS American Orthopaedic Foot and Ankle Society
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A few surgeons have performed ligament reconstruction

for acute subtle injury [13, 14]. Nery et al. [13] recom-

mended creation of three bone tunnels before harvesting

the third extensor digitorum longus tendon as a recon-

structive substitute: first, a transverse tunnel that runs from

the deep point of the medial cuneiform to the midpoint of

the lateral cuneiform; second, an oblique tunnel that runs

from the medial surface of the medial cuneiform to the

proximal metaphysis of the second metatarsal bone; and

third, a plantar tunnel that runs obliquely from the medial

cuneiform to the base of the third metatarsal. They selected

which tunnels will be needed according to the injury pat-

tern revealed by preoperative radiological evaluation [13].

In their procedure, the Lisfranc ligament was replaced by the

autograft introduced into the second oblique tunnel [13];

however, the presence of only one bundle seems to be

inadequate for stabilizing the area between the medial

cuneiform and the second metatarsal bone because the

ligamentous structure in this part consists of the dorsal, in-

terosseous (Lisfranc), and plantar ligaments according to an

anatomical investigation [15]. Furthermore, their technical

report did not describe the fixation of the autograft in detail.

Hirano et al. [14] introduced a new procedure of anatomical

and functional ligament reconstruction for Lisfranc joint

fracture dislocation. In their procedure, the reconstruction

route was via burr hole that was created on base of the second

metatarsal bone perpendicular to its long axis and another

two burr holes were then created from the medial cuneiform

to the second metatarsal bone, which were connected to the

bur hole created on base of the second metatarsal bone [14].

They used autologous gracilis tendon as a tendon graft for

ligament reconstruction, and interference screws were used

to fix the graft at the base of the second metatarsal and at the

entry of each burr hole in the medial cuneiform bone [14].

This procedure enables anatomical reconstruction of the

dorsal and interosseous ligaments but is technically trou-

blesome because three burr holes have to be created. Fur-

thermore, the three burr holes are concentrated at the base of

the second metatarsal bone, which is susceptible to an ia-

trogenic fracture. In addition, these techniques have not been

used to treat chronic subtle injury.

In our technique, only a bone tunnel between the medial

cuneiform and the second metatarsal bone is needed for

near-anatomical reconstruction of the dorsal and in-

terosseous ligaments, which is easy to perform with a low

risk of iatrogenic fracture of the second metatarsal bone.

Furthermore, sufficient fixation of the autograft is achieved

by a solid interference screw at the proximal part of the

bone tunnel and by a suture anchor at the distal end of the

autograft. However, the technique does not achieve true

anatomical reconstruction because the dorsal ligament and

interosseous (Lisfranc) ligament—which has been reported

as the strongest of these ligaments—were reconstructed but

the plantar ligament between the medial cuneiform and the

second metatarsal bone could not be reconstructed because

of technical limitation. One of the abovementioned reports

is a technical note without details of the surgical outcome

and the other was a case report with the surgical outcome

of only one case, so a comparison of efficacy and safety of

these cases with the present case series could not be made.

Although the present case series had only five patients, it

revealed that the surgical outcome was good as assessed by

a clinical scoring system without the development of any

surgical complication.

This study has several limitations. This was a retro-

spective case series with a limited number of patients, a

short follow-up period, and no control cases, so the results

of other surgical methods such as arthrodesis could not be

directly compared. To resolve this limitation, a multicenter

matched paired study could be an option because cases

with chronic subtle injury of the Lisfranc joint are

relatively rare. Furthermore, follow-up of a longer duration

is necessary to confirm the safety and efficacy of the pre-

sented surgical technique. Although further study is nec-

essary for the current technique to become standard

operative treatment for chronic subtle injury, the results of

this study suggest that it is effective for athletes with

chronic subtle injury.

Conclusion

Our novel procedure for Lisfranc ligaments reconstruction

using autologous gracilis tendon resulted in return to athletic

activities for five athletes who had chronic symptomatic

subtle injury that failed to respond to initial treatment or were

misdiagnosed as midfoot sprain. There was no surgical

complication. Although further study is necessary before the

procedure can become a standard treatment for chronic

subtle injury, the results of this study suggest that it is ef-

fective for athletes with chronic subtle injury.
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