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ABSTRACT

AIM: Lisfranc injuries are uncommon and difficult to diagnose.
These injuries have a high potential for causing substantial disability
related to post-traumatic osteoarthritis and should be managed early
to avoid such complications. Lisfranc injuries are frequently missed
on radiographs. Hence, bone scanning may be a useful modality in
the diagnosis of Lisfranc fracture. To investigate the utility of bone
scintigraphy in the diagnosis of radiographically undiagnosed cases
of Lisfranc fracture.

METHODS: We studied Thirteen (13) cases of Lisfranc fracture (8
females and Smales), were included in this study. Each patient was
intravenously administered 20 mCi (740 MBq) of Tc-99m MDP
and three-phase bone scintigraphy was performed using a dual-head
gamma camera, interfaced with computer. Whole body blood pool
and delayed images were obtained as well as flow, blood pool and
delayed images of the feet.

RESULTS: All the bone scintigraphic studies of the patients showed
hyperemia of the affected foot in flow and blood pool studies and
focal area of increased uptake at the mid foot region, particularly
the tarsometatarsal joint in the delayed images typical of Lisfranc
fracture. However, X-ray of affected foot previously obtained
were available in 11 patients and were normal in 10 patients, while
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suspicious reflex sympathetic dystrophy was reported in one.
CONCLUSION: This study showed the the importance of bone
scintigraphy in the detection of radiologically occult lisfranc injuries.
It also showed essence of being highly aware of the entity of Lisfranc
fracture-dislocation when evaluating patients who have mid foot
pain, swelling, and its scintigraphic pattern. We recommend that bone
scintigraphy should be utilized more when X-ray is not diagnostic of
Lisfranc fracture
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INTRODUCTION

The tarsometatarsal joint complex, is known as Lisfranc, after
Jacques Lisfranc De Saint Martin (1790-1847), a French surgeon
in Napoleon army"”. The Lisfranc joint is a complex polyarticular
system with an intricate anatomic configuration of skeletal and
nonskeletal elements and hence the term “ tarsometatarsal joint
complex or Lisfranc™™’. The skeletal elements are composed of the
tarsometatarsal, intertarsal, and intermetatarsal articular joints (Figure
1). While the nonskeletal elements include the articular capsules,
the various ligaments, the prolongations of the long plantar ligament
(inferior calcaneocuboid ligament), and the tendons and expansions
of the tibialis posterior, tibialis anterior, and peroneus longus, which
all function to maintain the stability of the tarsometatarsal joints™.
Injuries to the Lisfranc joint, are uncommon, however, it is the site
of the most common fracture-dislocation in the foot. Injuries to this
joint occur in 1 per 55,000 individuals each year in the United States

. . 4-5
and are 2 to 3 times more common in men'*”..



High-energy mechanisms are the more common causes of Lisfranc
injury, with motor vehicle accidents accounting for 40 to 45% of the
injuries™. Low-energy injuries, such as those that frequently occur
during sports and recreational activities, account for approximately
30%"". These may initially go undiagnosed.

Fractures associated with Lisfranc injury most often occur at
the base of the second metatarsal. They may also be seen in the

st

3" metatarsal, 1% or 2™ cuneiform, or navicular bones'®. Patients
may present with swelling in the mid-foot, inability to bear weight,
tenderness along the tarso-metatarsal joints, tenderness with passive
abduction and/or pronation of the forefoot with the hind foot held
flexed. The condition can be difficult to diagnose and overall
approximately 20% of these injuries are missed or misdiagnosed
on initial radiographic assessment”’. The condition has a high
potential for causing substantial disability related to post-traumatic
osteoarthritis, loss of arch and chronic instability, and pain at the
midfoot-forefoot articulation. Therefore, the condition should
diagnosed and be managed early to avoid such complications.

Radiographs including nonweight-bearing anteroposterior
(AP), lateral, and 30° oblique views of the foot are the initial
images obtained and overall up to 35% of Lisfranc injuries may be
misdiagnosed or overlooked. Furthermore, 50% of subtle Lisfranc
injuries show normal nonweight-bearing images™. In a recent
study the radiographs correctly identified 31 of the 45 cases (69%)
of Lisfranc injury with a negative predictive value of 53%". A
weight-bearing radiograph with both feet on a single cassette or an
abduction—pronation stress view has a better accuracy, but these are
rarely done because of pain, necessitating a CT scan, bone scan or
magnetic resonance imaging".

The CT scan is useful if clinical suspicion is high when plain
X-rays appear normal”’. Although CT scan is also a better technique
than conventional radiography for delineating detail"’, it can also be
false negative'"”. MRI has been reported to have the highest accuracy
in the diagnosis!"”’, however it is expensive.

Bone scintigraphy is an established useful modality in diagnosing
bone disorders but it is underutilized in the diagnosis of Lisfranc
fracture. There is very scanty information in the literature on
scintigraphic diagnosis of Lisfranc fractures. The objective of this
study was to investigate the utility of bone scintigraphy in diagnosis
of radiologically occult suspected or incidentally unsuspected cases
of Lisfranc fractures.
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Figure 1 Plain film of a normal foot illustrating the structure of the
midfoot region, the site of Lisfranc injuries.
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METHODS

Bone scan reports from 2007-2013 were reviewed for “Lisfranc
fracture” and 13 patients (aged 31 to 72 years; 8 females and 5 males)
were found to have Lisfranc fracture. Images of the scintigraphic
studies of all patients were reviewed independently by two observers
(put the initials), and when difference of opinion occurred a decision
was reached by concensus, Other imaging modalities and medical
records were also reviewed. Final diagnosis was also obtained from
the medical records.

All patients had either three phase or two phase bone scan because
whole body blood pool imaging is acquired as a routine standard
image for all bone scintigraphic studies in our laboratory. All the
patients had been injected intravenously with 20-25 mCi (740-925
MBq) of Tc99m MDP Flow studies of the region of interest were
obtained followed by blood pool images of the whole body and the
regions of interest. Delayed whole body images were obtained 3 to 4
hours post injection followed by spot views of the regions of interest.
All cases were imaged using large-field of view, dual-head gamma
camera equipped with low energy, high resolution, parallel-hole
collimator. The whole body and spot images of the feet were
obtained. Flow images were obtained for 3 sec/frame for 60 seconds
using 128%128 matrix. Spot blood pool image for the region of
interest was acquired for 500 kcounts using 128x128 matrix. Whole
body blood pool image was acquired using 256x1024 matrix with
speed of 2.2 min/meter. Delayed whole body imaging was performed
using 256x1024 matrix with speed of 8min/meter while spot images
of the feet were obtained for 300 k using a matrix of 256x526.
Energy window of 20% centered at 140 keV was used for all studies.

RESULT

The 13 cases showed the pattern of Lisfranc fracture. Among the 13
cases, 11 were referred for bone scintigraphy for suspected Lisfranc
fractures or pain in a foot and two were referred for pain elsewhere
other than feet, one in the hip and the other in the knee. The 11
patients referred for foot pain were not diagnosed by radiographs;
10 of them had normal radiographs and one was reported to have
suspected reflex sympathetic dystrophy.

All the patients showed increased flow, blood pool and delayed
uptake in the region of tarso-metatarsl joints of the affected
foot (Figure 2). It was noted that in the two patients who were
complaining of pain in an area away from the feet (hip and knee), the
site of pain did not correspond to site of the scintigraphic findings
which were typical of Lisfranc injury.

DISCUSSION

Injuries to the tarsometatarsal joint present a challenge as they
are difficult to diagnose and outcomes worsen as diagnosis is
delayed. Therefore, imaging specialists and clinicians must have a
clear understanding of the relevant nomenclature, anatomy, injury
mechanisms, and imaging findings"*. Lisfranc injuries were found to
be the second most common injury in malpractice litigation against
radiologists and emergency physicians'™.

Numerous authors have emphasized the importance of prompt
diagnosis in minimizing the risk of long-term complications, such
as residual ligamentous instability or posttraumatic degenerative
arthritis"*"®
with a delay in diagnosis of more than 6 months"”. Delays in

1 It was shown that poor patient outcomes are associated

diagnosis may be related to multiple factors, including a low index of
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Figure 2 Plain X ray (a) of a 63 year old man referred for bone scan due to
right foot pain and normal X-ray. Tc99m MDP blood flow (b) blood pool
and (c) delayed (d) images show focal hyperemia in the right mid foot
corresponding to focally increased delayed uptake in the region of the
tarsometatarsal joints predominantly in right second tarsometatarsal joint.
The pattern illustrates typical scitigraphic features of Lisfranc injury.

suspicion and distracting injuries in patients with polytrauma>",

Early diagnosis of Lisfranc joint injury is known to be frequently
missed”'™ clinically as well as by imaging. Radionuclide bone
scintigraphy may show a specific pattern and help in making the
diagnosis when the X-rays are normal as shown by our study and
reported earlier in a case report™”.

Scintigraphy is not routinely indicated for the diagnosis of Lisfranc
fractures but is performed in suspected radiologically occult fractures
or the condition is identified incidentally. Typically, acute fracture
shows focally increased flow, blood pool activity and delayed uptake.
In our study, bone scintigraphy was used successfully in diagnosis
of the Lisfranc fractures in the studied 13 patients that were not
diagnosed on plain X-ray. In two cases pain was not in the feet.
These two cases illustrated the value of obtaining the whole body
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blood pool which helped make the diagnosis because if spot view(s)
of the painful region alone had been taken, it would not have shown
hyperemic changes of the foot. These two cases also identified the
referred pain which is common and can be misleading since the
metatarso-phalangeal joint injury caused the pain in the hip and knee
with no symptoms or signs to suggest the feet problem.

A Lisfranc fracture-dislocation typically occurs in the setting of
axial loading of the plantar-flexed foot. Causes of the injuries vary
and include direct crush injury or an indirect load onto a plantar
flexed foot. Indirect injuries may be associated with high-energy
trauma, such as motor vehicle collisions or may result from low-
energy or minimal trauma, including leisure activities or elite athletic
activity”™. Examples of such minimal trauma include missing a step
when coming down stairs or foot entrapment on an automobile brake
pedal and a sports injury when the individual falls on the heel of a
plantar-flexed foot.

With such injury, stability of the tarsal-metatarsal articulations
is disrupted and lateral subluxation of the second through fifth
metatarsals ensues. There is usually dorsal subluxation or dislocation
of the tarsal-metatarsal joints, which may appear quite subtle on
lateral views of radiographs™®. It is this subtle appearance that shows
clearly in a bone scintigraphy due to fact that scintigraphy is based on
physiology. Apparently disability and deformity may develop even
when initial radiographs appear normal™. Tarsometatarsal dislocation
may also occur in the diabetic neuropathic joint.

The dorsoplantar radiograph is often the first radiological
examination performed, after initial history and physical examination.
Computed tomography is particularly helpful in the delineation
of anatomy and identification of small fractures. The strength of
magnetic resonance lies in its ability to show isolated ligamentous
injury and bone marrow edema'™"**”. The ultrasound imaging can
also be a fast, inexpensive addition to the standard Lisfranc complex
injury assessment.

It is important to diagnose and manage these injuries early to avoid
complications™. Weight bearing radiographs and bone scintigrams
are sensitive, reproducible, and relatively inexpensive methods
of investigation of these injuries’™. Nunley and Vertullo in 2002"
classified subtle Lisfranc injuries into 3 types based on clinical
findings, weight-bearing radiographs, and bone scintigraphy of 15
athletes. In stage I injury, there was pain at the Lisfranc complex and
increased uptake on bone scan, with negative radiographic findings.
In stage II injuries, radiographic diastasis of 1 to 5 mm greater than
the contralateral foot was observed, with no loss of midfoot arch
height. A stage III injury was classified as diastasis and an associated
loss of midfoot arch height.

Our study has illustrated the value of bone scintigraphy in reaching
the diagnosis of Lisfranc fracture when radiographs were non-
diagnostic. It also showed the value of awareness of the conditions
and its scintigraphic pattern by nuclear medicine physician to
identify and properly diagnose the condition since it may exist as an
incidental finding when pain originating from the condition may be
referred to a different site in some cases contributing further to miss
the diagnosis of this scintigraphically probably under-diagnosed
condition. A limitation of this study was the lack of SPECT/CT,
which could have been particularly useful in providing scintigraphic
diagnosis as well as anatomic details by the CT component.

The study further illustrated that bone scintigraphy is a sensitive
and useful modality for the diagnosis of Lisfranc fracture. It also
indicated that bone scintigraphy should be more utilized when X-ray
is not diagnostic in mid foot injuries. Physicians should be aware of
the value of bone scintigraphy in the diagnosis of Lisfranc fractures



and Nuclear medicine physicians should be highly aware of Lisfranc
fracture-dislocation as a possibility when evaluating patients who
have mid foot pain and swelling and be familiar with its scintigraphic
patterns.

We recommend that bone scintigraphy should be utilized more
when X-ray is not diagnostic of Lisfranc fracture to help decrease its
under-recognition and misdiagnosis.
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