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Ultrasound ability in early diagnosis of metatarsal stress fractures
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Abstract

Stress fractures are common in young and active individuals, associated with aggressive or
repetitive physical activity and their early detection is fundamental to optimise patient care,
decrease complications and avoid unnecessary exams. Currently, magnetic resonance imaging
is the standard of care for detecting these lesions. Recently, ultrasound has been getting an
increasing interest for the detection of stress fractures. In this article, we describe a clinical case
that involved a second metatarsal stress fracture diagnosed by ultrasound and review the
literature regarding the use of ultrasound in the diagnosis of stress fractures, particularly of the

metatarsals.
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Introduction

Bone stress injuries commonly cause lower extremity pain in young active individuals and may
mature into stress fractures. Fractures can happen if local stress is maintained, which can
increase periosteal and bone marrow oedema, ending in bone disruption®?3, Stress fractures
are commonly associated with aggressive or repetitive physical activity and their early detection
is fundamental to optimise patient care, decrease complications and avoid unnecessary
exams’?,

The assessment of bone usually relies on standard radiographs, computerised tomography (CT),
magnetic resonance imaging (MRI) and bone scintigraphy, since ultrasound (US) only allows the
evaluation of bone surface. However, US can display early signs of bone stress injuries, providing

early diagnosis after normal radiographs®.
Clinical case

A 29-year-old female doctor presented with mechanical pain and mild soft tissue swelling over
the dorsum of the right foot, starting 2 weeks earlier. There was no history of trauma or high
physical activity recently. On examination, the area over the second metatarsal was painful and

swollen. Plain radiographs were normal (figure 1). An US of the swollen area was performed,
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revealing soft tissue swelling over the second metatarsal, pushing away the extensor tendon,
and a subtle periosteal thickening with localised hypoechoic fluid surrounding a tiny cortical
break, suggestive of fracture (figures 2 and 3). An MRI was performed a week later, confirming
the diagnosis, showing soft tissue and bone marrow oedema in the area of a clear fracture of
the second metatarsal (figure 4). The patient started to use Barouk shoes and was referred to
the Orthopaedic department. Six weeks later the pain disappeared and the patient returned to

normal life activities.
Discussion

Stress fractures commonly occur in young and active individuals, especially in_those who
suddenly increase physical activity. Typical locations include the tibia (33%), tarsal bones (20%),
metatarsals (20%), femur (11%), fibula (7%) and pelvis (7%). Risk factors include extrinsic factors,
like footwear and types of sport’s training surface, duration, load and type of sport, but also
intrinsic factors, such as gender, age, race, nutrition, overall fitness level, structural
biomechanical factors, muscular, and hormonal imbalance?*. The aetiology of stress fractures
tends to be multifactorial. Most studies concluded that females have a higher incidence of these
fractures, with a prevalence of pelvis and metatarsal fractures being more commonly reported
in this group?.

When the injuries affect the foot and ankle, other potential contributing factors include
malalignments (hyper/hypo-pronation, pes planus/cavus, forefoot or hindfoot varus/valgus,
tibia vara, genu valgus/varus), limb length discrepancies, tarsal coalition, previous surgeries or
trauma to the same or opposite limb, joint laxity or instability, and muscle weakness or
imbalance. All these factors can alter the complex biomechanics and weight-bearing dynamics
of the lower extremity and place undo stresses on one bone or set of bones to compensate for
these alignment abnormalities or other deficiencies?.

In_most bone fractures, standard radiographs, CT, MRI and bone scintigraphy are sufficient to
make the diagnosis®*. However, in stress fractures, plain radiographs can be normal for several
weeks before callus or fracture lines appear, with a sensitivity as low as 10%, which can lead to
a delayed diagnosis and possible complications, such as bone remodelling, non-union injuries,
and loss of function®®. Currently, the standard of care for detecting bone stress injuries is MRI,
which is a non-invasive method of detecting stress fractures with good sensitivity but has high
cost and poor accessibility in some areas’?4,

Recently, there has been an increasing interest in US for the diagnosis of stress fractures 2. The

first case, reported in 1980, took advantage of US to diagnose tibial stress fractures in young
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military males earlier than radiographs. Since then, other publications have reported the
importance of US in the early diagnosis of stress fractures, characterising typical findings. In
2018, Bianchi and Luong described the five hallmarks of bone stress injuries in US: periosteal
thickening, a calcified bone callus, cortical irregularities, hypoechogenicity of the surrounding
soft tissue which indicates oedema and inflammatory reaction, and hypervascular changes seen
on colour/power Doppler’4.

The potential diagnostic accuracy of US for bone stress injury remains of interest, and in the last
decade, several studies compared US accuracy with MRI and bone scintigraphy, concluding that
US might be a useful tool for early diagnosis, since cortical irregularities and hypertrophic
changes may be visualised before they are seen on plain radiographs or MRI**, Some of the
potential advantages of US in this setting include low cost, being innocuous, dynamic images,
fast execution and easy access'*. The US has 81.8% sensitivity and 66.6% specificity in the
diagnosis of metatarsal stress fractures®, but in some studies, both:can reach 100%, while other
studies show positive and negative predictive values superior to 90%, in both paediatric and
adult populations®. This is why US may become the preferred method, over MRI and
scintigraphy, for the early diagnosis of stress fractures of superficial bones.

Major disadvantages of US in stress fracture identification are operator dependency and inability
to depict bone beyond its surface. However, this imaging method when used by skilled
technicians can provide real-time unparalleled images and high diagnostic accuracy to detect
metatarsal stress fractures in a safe and portable manner, which is supported by the systematic
review of Champagne et al. Nevertheless, current recommendations do not include yet US as an
initial diagnostic method®’.

This case reveals the importance of US in early diagnosis of metatarsal stress fractures, when
radiographs show no signs of it, minimising overall cost and complications, and avoiding exams
like MRI.

In the future, it is expected that US can be implemented in the early detection of stress fractures.
Further studies must be implemented to show the real role of US, comparing it to other imaging

methods.
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Tables and Figures

Figure 1. Plain anteroposterior radiograph of the feet showing no asymmetries or signs of

metatarsal bone fractures.

Figure 2. Ultrasound images in longitudinal view of the symptomatic right foot, displaying a
cortical brake (arrow) of the second right metatarsus with hypoechoic surrounding soft tissue

oedema and periosteal thickening, bulging the extensor digitorum longus tendon (asterisk).
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Figure 3. Ultrasound images in short axis view of the symptomatic right foot, displaying a cortical
break (arrow) of the second right metatarsus, with hypoechoic surrounding soft tissue oedema
and periosteal thickening, bulging the extensor digitorum longus tendon (asterisk).

Figure 4. Magnetic resonance images of the right foot in transverse (A), parasagittal (B) and

coronal (C) planes, acquired in short tau inversion recovery (STIR) sequence; in coronal (D) and
transverse (E) planes, acquired in T1 sequence, displaying soft tissue and bone marrow oedema
in the surroundings of a cortical brake of the second metatarsal bone, compatible with a fracture
(arrows).
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