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Abstract

In the treatment of fracture-dislocations of the tarso-metatarsal joints, early accurate diagnosis combined with prompt
anatomical reduction and stable internal fixation provides optimal results

Aims and Objectives: Open reduction and internal fixation has been recommended as the treatment for most unstableinjuries of the
Lisfranc (tarso-metatarsal) joint. In many of cases Lisfranc injuries are diagnosed late or missed because of associated injuries and
treated by other methods like cast application, closed reduction etc. and are associated with poor outcome.

Material and Methods:We performed a retrospective study of patients who underwent open reduction and screw fixation or k wire
fixation of a Lisfranc injury in a three-year period. Among 20 adults treated for that injury, they were followed for minimum of 5 years. 5
injuries were purely ligamentous, and 15 were combined ligamentous and osseous. Patient outcome was assessed with use of the
American Orthopaedic Foot and Ankle Society (AOFAS) midfoot score.

Results: The average AOFAS midfoot score was 79.8 points (on a scale of 0 to 100 points, with 100 points indicating an excellent
outcome), with patients losing points for pain, decreased recreational function, and orthotic requirements. The major determinant of a
good result was anatomical reduction (p = 0.05). Patients with purely ligamentous injury showed a trend toward poorer outcomes despite
anatomical reduction and screw fixation/k-wire fixation.

Conclusion: This study support the concept of stable anatomical reduction of Lisfranc fracture-dislocations leads to the best long-term
outcomes as patients so treated have less arthritis as well as better AOFAS midfoot scores.
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Introduction

In the treatment of fracture-dislocations of the tarso-
metatarsal joints, early accurate diagnosis combined with
prompt anatomical reduction and stable internal fixation
provides optimal results.” Closed reduction and
percutaneous Kirschner-wire fixation has been advocated
by some authors**™ but the trend is toward open
anatomical reduction and screw fixation/K- wire fixation."
57 It has been observed that pure dislocations without
fracture may be associated with a poorer outcome despite
open reduction and internal fixation?. The purpose of this
study is to analyze the at least 5 years follow up of open
reduction and internal fixation of Lisfranc dislocation with
or without fracture. Fig. 1: Case no.1 without any fracture involvement

of all 5 Tarso-metatarsal joints

Material and Methods

We performed a retrospective study of all patients with
a tarso-metatarsal joint injury treated at V. S. general
hospital and associate hospitals between 2010 and
2013. The study was conducted with the approval of
ethics committee of the institution and prior consent of
patients was taken. Inclusion criteria were skeletal
maturity and open reduction and internal fixation of a
Lisfranc joint injury. Indications for surgery were
instability, displacement of at least 1 mm in any plane,
and purely ligamentous injury.
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Fig. 2: case no. 13 with partial involvement of Tarso-
metatarsal joint

Fig. 3: Post op of case no. 13

Diagnosis was made from the x-ray by remembering
the stein’s14 normal x-ray guideline: (a) The first
metatarsal aligns itself with the medial cuneiform both
medially and laterally. This is evident on both AP and
internal oblique views. (b) The first intermetatarsal
space corresponds precisely with the first intertarsal
space on both AP and internal oblique views. (c) The
medial border of the second metatarsal aligns itself
exactly with the medial edge of the middle cuneiform.
This is best seen on the AP view. (d) The second
intermetatarsal space aligns itself precisely with the
corresponding intertarsal space between the middle
and lateral cuneiforms. This relationship is best
appreciated on the internal oblique view. (e) The third

intermetatarsal space is continuous with the
corresponding intertarsal space between the lateral
cuneiform and cuboid, and the lateral border of the third
metatarsal aligns itself to the lateral edge of the lateral
cuneiform. This is seen best on the internal oblique
view. (f) The medial border of the fourth metatarsal
forms a continuous straight line with the medial edge of
the cuboid. This is best appreciated on the internal
oblique view. (g) The relationship of the fifth
metatarsal to the cuboid varies and cannot be relied on
to diagnose a tarsometatarsal injury. However, the
fourth and fifth metatarsals almost always move as a
unit, allowing the alignment of the fourth
tarsometatarsal joint to be used as a marker for
displacement of the fifth metatarsal. (h) On the lateral
view, evaluation of the tarsometatarsal joints,
specifically the important second tarsometatarsal,
should demonstrate an uninterrupted line along the
dorsal surface of the tarsal bone proximally and the
corresponding metatarsal base distally. Any dorsal
displacement of the metatarsals is abnormal and
indicates a significant Lisfranc injury with instability.
Slight plantar displacement of 1 mm or less, however,
may be a normal radiographic finding. Overlap of bone
structures can cause difficulty with interpretation of this
view (Fig. 4).*

Fig. 4:(a) AP, (b) obligue and (c) Lateral View of normal foot alignment

20 adult patients with Lisfranc fracture dislocation
treated with ORIF were followed up for minimum 5
years. There were 14 male patients and 6 female
patients. The age range was from 21 to 70 years, with
an average age of 44.45years. The right foot was
involved in 12 patients and the left foot in 8. All of the
injuries occurred due to high-energy trauma. 15 patients
had been injured in a motor-vehicle accident and 5 had
fallen from the height. There were 13 isolated Lisfranc
injuries. 7 patients had multiple trauma (an Injury
Severity Scorel5 of at least 18 points), There were 16
closed injuries and 4 open injuries. The open injuries
were classified according to the method of Gustilo and
Anderson;16 2 injuries were type I, 1 was type II, 1
type 1A, and none were type I1IB/INIC.

Fig. 5: Preoperative photograph of patient of case
no.9
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Fig. 6: Post operative photograph of patienf no. 9

Fig. 7: case no.9 having open area that required
coverage later on

13 patients had involvement of all five tarso-
metatarsal joints, none had involvement of four, 3 had
involvement of three, and 5 had involvement of two. 3
injuries involved the medial column (the first and
second tarso-metatarsal joints) alone, and 2 involved
the lateral column (the fourth and fifth tarso-metatarsal
joints) alone. 4 patients required fasciotomy because of
impending compartment syndrome of the foot. 14 had
fractures of the bases of the metatarsals. 6 patients had
associated cuneiform fractures or disruptions, and 4 had
associated cuboid fracture. 15 patients had combined
ligamentous and osseous injuries, and 5 had
ligamentous injury only (no fracture). Patients with
only a fleck sign4 (an avulsion fracture of the Lisfranc
ligamentl7) were considered to have purely
ligamentous injury. The direction of displacement was
lateral in 14 patients, medial in 2, and divergent in 4.
For 2 patients, the diagnosis was delayed for more than
one month. Final radiographs were reviewed for
evidence of fracture nonunion, malalignment,
posttraumatic osteoarthritis, or implant failure.

Fig. 8: case no. 4 who developed arthritis within 1
year

Nonunion was defined as no healing of the fracture
after three months. Several radiographic parameters
were used to assess alignment. In the normal foot, the
medial border of the second metatarsal is collinear with
the medial border of the middle cuneiform on the
antero-posterior radiograph. On the oblique radiograph,
the medial border of the fourth metatarsal is collinear
with the medial border of the cuboid and the lateral
border of the third metatarsal is collinear with the
lateral border of the lateral cuneiform®. In the normal
foot, a line tangential to the medial aspect of the
navicular and the medial cuneiform (the medial column
line) should intersect the base of the first metatarsal on
an abduction stress antero-posterior radiograph®®. The
reduction was considered anatomical if this relationship
was intact; nearly anatomical if it was within two
millimeters, and non-anatomical if it was off by greater
than two millimeters. Posttraumatic osteoarthritis was
assessed clinically and on radiographs and was deemed
to be present if there was any radiographic evidence of
osteophytes, joint space narrowing, or subchondral
cysts or sclerosis in conjunction with tarsometatarsal
joint pain and tenderness and pain with joint motion
(Fig. 8). The degree ofposttraumatic osteoarthritis was
classified according to the symptoms. Intermittent pain
requiring intermittent use of over-the-counter
analgesics was classified as mild, intermittent pain
requiring use of regular prescriptive analgesics was
classified as moderate, and constant chronic pain
requiring use of stronger prescriptive analgesics was
classified as severe. At the time of final follow-up for
the purposes of this study, the patient’s charts were
reviewed to identify all complications. Also, a history
was recorded and a physical examination was
performed for all patients. Functional outcomes were
assessed with use of the American Orthopaedic Foot
and Ankle Society (AOFAS) score®® for the midfoot.
The AOFAS score is based on a scale of 0 to 100
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points, with 100 points indicating an excellent or
maximum outcome.

Operative Technique

Open injuries were treated with immediate
irrigation and debridement accompanied by open
reduction and internal fixation or staged temporary
external fixation with later open reduction and internal
fixation.

Operative treatment of closed injuries was delayed
until  soft-tissue edema subsided, which usually
occurred within two weeks, unless there were increased
compartment pressures and urgent fasciotomy was
done. Operative reduction and fixation proceeded from
a medial to a lateral direction. The first and second
tarsometatarsal joints were approached through a single
dorsal incision over the first intermetatarsal space. The
branches of the superficial and deep peroneal nerves
and the dorsalis pedis artery were preserved, and the
first and second metatarsocuneiform joints were opened
and irrigated. Comminuted fragments were reduced
when possible; smaller, irreducible fragments were
removed. The first tarsometatarsal joint was aligned by
reducing the medial border of the medial cuneiform to
the medial border of the first metatarsal. The plantar-
medial aspect of the joint was directly visualized to
ensure that there was no plantar gap. The joint was held
reduced with a provisional Kirschner wire, and then
threaded 2.5/3 mm K- wire or if necessary then 3.5mm
countersunk screw was inserted from the metatarsal
base proximally into the medial cuneiform, with care
being taken to avoid Vviolating the adjacent
naviculocuneiform joint.

Fig. 9: Post operative case no. 9 at 6 weeks

If instability persisted, an additional K-wire or 3.5-
millimeter screw was placed from proximal to distal
and lateral to the first screw to add rotational stability.
The second metatarsal was then reduced to the medial
border of the middle cuneiform and was held
provisionally with a Kirschner wire.

Fig. }10:Postoperétie' photograph at 6 weeks of case
no.l

A threaded 2.5/3 mm K- wire or 3.5-millimeter
countersunk cortical screw was placed from distal to
proximal across the joint. An additional threaded 2.5/3
mm K-wire or 3.5-millimeter cortical set screw (the
Lisfranc screw) was inserted under biplanar
fluoroscopy from the medial cuneiform into the base of
the second metatarsal to increase the stability of the
fixation if required. This Lisfranc screw was placed in
the line of the interosseous Lisfranc ligament.'’When
the third metatarsal base was dislocated, a second
dorsal incision was made between the third and fourth
metatarsals to expose the third metatarsocuneiform
joint. This joint was then reduced and was stabilized
with a threaded 2.5/3 mm K- wire or 3.5-millimeter
screw from a distal to a proximal direction. The fourth
and fifth tarsometatarsal joints usually reduced once the
above three reductions were achieved, and they were
held with one or two trans-articular percutaneous
smooth Kirschner wires from the base of the fifth
metatarsal into the cuboid. Open reduction of these
lateral two joints was required in only one patient.
Associated cuneiform or cuboid fracture required
reduction and fixation with Kirschner wires, screws, a
plate and screws,™ or a combination of these implants.
The alignment of the fractures and tarsometatarsal
joints and the position of the implants were checked
with fluoroscopy. Each foot was also examined
clinically after fixation to assess the stability of the
medial and lateral columns. Plantar alignment of the
metatarsal heads was also checked. A short leg splint
was applied at the end of the procedure with the ankle
in the plantigradeposition. It was worn for two weeks,
and then a short leg non-weight bearing cast was given
for an additional four weeks. At six weeks, the
percutaneous lateral Kirschner wires were removed.
The patients were then shifted to full weight-bearing
walking boot over four to six weeks. The internal
fixation was removed only if it was painful. The
indications for secondary tarsometatarsal arthrodesis
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were severe pain and disability in patients with
posttraumatic osteoarthritis.
Results

The duration of follow-up is at least 5 years. Patients” data has been summarized in Table 1.

Table 1: Summary of patient data

Case | Age I\;Ietatarsal C_:u_boid Cu_n(_eiform Tl\li/(l);rojft. Reduction ’ traiﬁigtic Im_plant AOFAS
ractures injury injury failure score
Involved OA
1 47 No No No 5 Anatomical No No 73
2 70 Yes No No 5 Anatomical No No 85
3 52 Yes No No 5 Anatomical No No 77
4 65 No No No 5 Nonanatomical No No 65
5 38 Yes Yes Yes 5 Nonanatomical Yes No 60
6 59 Yes No No 5 Anatomical No No 97
7 36 Yes No Yes 5 Anatomical No No 90
8 64 Yes Yes Yes 5 Anatomical No Yes 90
9 32 No No No 2 Anatomical No No 75
10 34 Yes Yes No 5 Anatomical No No 80
11 41 Yes No No 2 Anatomical No Yes 65
12 56 No No Yes 5 Anatomical No No 80
13 22 Yes No No 2 Anatomical No No 85
14 34 Yes No Yes 2 Anatomical No No 85
15 36 No No No 5 Anatomical No No 90
16 56 No Yes No 3 Anatomical No Yes 97
17 30 Yes No Yes 5 Nonanatomical Yes No 60
18 45 Yes No No 2 Anatomical No No 77
19 51 Yes No No 5 Anatomical No No 85
20 21 Yes No No 3 Anatomical No No 80

Complications

3 patients (15 percent) had broken K- wires, 2 of
these K- wires were across the third tarsometatarsal
joint, and 1 was across the first. There were no
postoperative infections. 1 open fractures and 1
fasciotomy wound required split-thickness skin-graft
coverage, and 1 open fracture required flap coverage. A
deep-vein thrombosis developed in 1 patient. No
painful neuromas or cases of reflex sympathetic
dystrophy, vascular insufficiency, or stress fracture
were noted. 2 patients had developed posttraumatic
arthritis out of which one had developed mild lateral
subluxation once weight bearing resumed.

AOFAS Score: The average AOFAS midfoot score
was 79.8 points (range 60 to 97 points), with patients
losing points for mild pain, decreased recreational
function, and the need to wear an orthotic in the shoe.

Discussion

Lisfranc injury account for 0.2 percent of all
fractures.>"'® They were classified by Quénu and
Kiiss® into homolateral, divergent, and isolated groups.
The system was later modified by both Hardcastle et
al.*® and Myerson et al.,* who classified the injuries into
total incongruity, partial incongruity, and divergent
patterns. Although these classification systems were

descriptive, we thought that they were not prognostic
and that they did not direct the treatment decisions.
Therefore, we classified the injuries anatomically and
treated operatively those that demonstrated instability
or displacement or that involved ligaments only.
Anatomical reduction and stable internal fixation has
become a standard principle governing treatment of
tarsometatarsal fracture-dislocations. Most authors have
agreed that stable anatomical reduction leads to optimal
results.>*>" Our study supports this concept as patients
with anatomical reduction had a significantly better
average AOFAS score (p = 0.05) and a significantly
lower prevalence of secondary osteoarthritis (p =
0.004). The advantage of open reduction is that it
allows direct visualization of the fracture-dislocation
for the debridement of comminuted fracture fragments,
soft tissue, and osteochondral debris. This facilitates
precise reduction of the injury. There is controversy
about which method of fixation is best. There are
proponents of Kirschner-wire fixation,*®™* while others
rely on screw fixation.* %%’

Most recent publications established that screw
fixation should be the preferred fixation technique
because it provides greater biomechanical stability than
pinning alone.?’

We have used K- wires/combination of methods in
all of our cases and only K-wires foe 4™ and 5" rays.
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We wanted the strong threaded K- wires/screws to
maintain the corrected joint position in order to allow
the fractures and soft tissues to heal. Fractures healed
well with this method, but ligamentous healing was
probably less predictable. The purely ligamentous
injuries did not always heal, and there was a trend
toward an increase in degenerative changes. K-wires
across the third tarsometatarsal joint failed the most
often. This was most likely due to the close proximity
of the third tarsometatarsal joint to the more mobile
fourth and fifth tarsometatarsal joints.>** K-wires across
the first tarsometatarsal joint had the second-highest
prevalence of failure. It has been reported that the
degree of posttraumatic arthritis is directly proportional
to the degree of gross damage to the articular surface
that had been identified at the operation and to the
adequacy of reduction.*?? Our study supports this
observation as patients with anatomical reduction had a
significantly lower prevalence of posttraumatic
osteoarthritis (p = 0.004) and a significantly better
average AOFAS outcome score (p = 0.05) than did
patients without anatomical reduction. O.R. Mar -
Pen a et al . stated that lack of association between the
extent of arthritis and clinical scores.?

Primary arthrodesis for the treatment of Lisfranc
injuries have been advocated by Granberry and
Lipscomb® and by Bonnel and Barthélémy,?* and this
may be a better option for patients with purely
ligamentous injury. However, new studies must be done
to confirm this concept. There are nhumerous outcome
measurements that can be used to evaluate the results of
treatment.***%?® To measure functional outcome, we
used the AOFAS midfoot scoring system as it is a well
accepted and standard method for reporting results.
Overall, the results of purely ligamentous injury or with
non-anatomical reduction are not excellent. In
summary, there were few significant differences
between the groups, although the populations were
small enough to hide many type-Il errors (failure to see
a difference between the outcomes of two groups [when
there actually is a difference] because the sample size is
small).

Conclusion

The trends lead to several conclusions. First, the overall
outcomes after surgical treatment of Lisfranc injuries
are good, and usually patients have few limitations.
Patients lost points from the AOFAS midfoot scores
because of mild pain, decreased recreational function,
and the need to wear an orthotic in the shoe. Second,
anatomical reduction remains important for a good
long-term outcome. Finally, anatomical reduction may
be less predictive of a good result in patients who have
dislocation without fracture. It may be that injuries
involving damage to the ligament-bone interface cannot
heal with sufficient strength for the patient to regain
stable long-term function. However, this question
would best be answered by a prospective study.
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