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Osseous injuries of the foot: an imaging review.
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ABSTRACT
Injuries to the foot are a common cause for presentation
to the ED, and imaging is often used to aid in the
diagnosis. The foot can be divided into three distinct
anatomical regions: the forefoot, midfoot and hindfoot.
Our manuscripts comprise a three-part imaging review in
which we address the use of radiography as well as
advanced imaging modalities. We provide pearls to
radiographic interpretation and discuss prognostic
implications and classiﬁcation systems. Part 1 addresses
forefoot injuries, part 2 reviews midfoot injuries and part
3 covers the hindfoot.

INTRODUCTION
This three-part series will focus on the imaging
approach to fractures and injuries of the foot. Foot
injuries are very common and fractures of the foot
account for 10% of all fractures.1 This ﬁrst article
of our series focuses on the forefoot, which is commonly involved in trauma and accounts for up to
80% of all traumatic injuries to the ankle and
foot.2 These injuries have the potential to cause
long-lasting morbidity if not diagnosed and treated
in a timely manner.2 The forefoot is composed of
the ﬁve metatarsals and the phalanges. The great
toe has two phalanges, and each of the lesser toes
most commonly has three phalanges although they
may occasionally have only two phalanges (most
common in the ﬁfth toe). This article will review
forefoot osseous injuries in the adult with an
emphasis on radiological imaging.
The forefoot is instrumental in the action of
normal gait, and a basic understanding of physiological biomechanics can help providers become
aware of the importance of forefoot injuries.
Conceptualising the normal gait breaks it down
into heel strike, forefoot contact, heel lift, peak
forefoot loading (which occurs with metatarsal–
phalangeal (MTP) joint extension) followed by toe
lift-off as the foot leaves the ﬂoor. The ﬁrst metatarsal is the most heavily loaded structure of the
forefoot, with the ﬁrst metatarsal head bearing a
total force of approximately 120% of body weight
during ambulation.3 The ﬁrst metatarsal is instrumental in supporting the longitudinal arch of the
foot during gait, and the great toe aids in providing
stability during maximal forefoot loading.3 If the
ﬁrst metatarsal fails, the second metatarsal is often
unequipped to handle the added stress and will
likely also fail.3 The ﬁrst MTP joint is inherently
well supported by ligamentous and muscular structures and the great toe is also important to the biomechanics of locomotion.4 This central function of
the great toe and ﬁrst metatarsal to the actions of

the forefoot, which also necessitate dynamic movement, are the reasons that fractures of the ﬁrst
metatarsal and great toe are of central importance.

FOREFOOT INJURIES
In general, a standard three-view foot series should
be obtained for initial imaging evaluation of forefoot injury (ﬁgure 1). A standard search algorithm
should be used to evaluate all foot radiographs—
both to avoid missing subtle injuries and to avoid
satisfaction of search, in which the presence of one
injury compromises detection of a second. The
authors suggest starting with evaluation of the
hindfoot on the lateral view, looking at the calcaneus and talus, as well as the imaged distal tibia
and ﬁbula. The oblique view should be used as a
complimentary view in evaluation of the hindfoot.
Subsequently, the clinician can move their eyes
anteriorly, interrogating the navicular, cuboid and
cuneiforms. The oblique and anteroposterior (AP)
views are most helpful in this regard. The tarsal–
metatarsal joints should then be evaluated individually, with particular attention paid to the ﬁrst and
second tarsal–metatarsal joints. At this point, the
metatarsals should be evaluated individually, from
proximal to distal ( primarily on AP and oblique
views). Finally, the toes should be viewed in a
similar fashion.

Metatarsal fractures
There are ﬁve metatarsal bones in each foot. Due
to the anatomic relationship of the bones, it is
useful to discuss injuries to the metatarsals in three
groups: the ﬁrst metatarsal, the central metatarsals
(M2–M4) and the ﬁfth metatarsal. Each of the
metatarsals has distinct sections including, from
most proximal to most distal, the metatarsal base
(proximal epiphysis), the proximal metaphysis, the
diaphysis or shaft, the neck (distal metaphysis) and
the head (distal epiphysis). Fractures of the metatarsal bones comprise a signiﬁcant proportion of injuries to the foot causing acute forefoot pain. Injuries
to these bones are usually the result of direct
trauma or a twisting force.5 Approximately 9% of
metatarsal fractures are caused by injuries sustained
during sports.6 Acute fractures can affect any
portion of the metatarsal bones.
Stress fractures (abnormal stress on normal bone)
or insufﬁciency fractures (normal stress on abnormally weak bone) most often occur in the metatarsal shafts and although early plain radiograph
evaluation of stress fractures may not show evidence of pathology, over time the fractures become
more obvious due to periosteal reaction and eventually smooth cortical thickening (ﬁgure 2).7
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Figure 1 Normal three-view foot radiographs, anteroposterior (A), oblique (B) and lateral (C).
For stress fractures, an appropriate clinical history of overuse
combined with point tenderness and pain on exertion should
lead to suspicion for such an injury. Insufﬁciency injuries can be
more difﬁcult to identify clinically, but are seen in patients with

osteoporosis who have subacute to chronic pain following
normal activities of daily living. Insufﬁciency fractures will have
the same radiographic appearance as stress fractures, except that
the background bone will be osteoporotic in these patients.

Figure 2 A 25-year-old runner who presented to the ED with foot pain. Foot radiograph (A) and magniﬁed third metatarsal (A1) demonstrate
smooth periosteal reaction involving the distal diaphysis of the third metatarsal (circle), compatible with stress fracture. (B) and (B1) are radiographs
from the same patient obtained 8 months later. There is smooth cortical thickening involved in the distal diaphysis of the third metatarsal (circle),
compatible with healed stress fracture.
2
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Figure 3 A 48-year-old male presented following jump from height. Initial right foot radiograph (A) and magniﬁcation view (A1) show a very
subtle fracture of the proximal metaphysis of the second metatarsal (arrows), which was missed on initial radiographs. (B) Radiograph obtained
4 months later, after persistent pain, with lucency and remodelling of the proximal metaphysis and local periosteal new bone formation, compatible
with attempted fracture healing. (C) Radiograph obtained at a follow-up clinic visit 7 months after the initial injury shows progression to
pseudoarthrosis, with a thick lucent fracture line, and rounded edges which are corticating. Patient eventually underwent surgical repair.

First metatarsal
The ﬁrst metatarsal is a weight-bearing segment of the medial
column of the foot. Thus, correct evaluation and management
of injuries to the ﬁrst metatarsal are important in restoring stability and minimising morbidity. Although it is overall the least
commonly injured of the metatarsals, the ﬁrst metatarsal is the
most commonly fractured in young children, thought to be due
to a frequent type of injury being a fall from height.8 Falls and
direct blows are the most common causes and most frequently
result in diaphyseal fractures.9 Displaced fractures of the ﬁrst
metatarsal neck require early referral for open reduction and
ﬁxation, while non-displaced stable fractures are often successfully treated with immobility via casting for 4–6 weeks.1 Crush
injuries as well as avulsion fractures of the metatarsal base have
also been described but are less common.

Central metatarsals
Careful radiographic evaluation is necessary when there is
concern for a central metatarsal fracture (ﬁgure 3). This evaluation is needed because the majority of the time these fractures
are not isolated to one metatarsal;9 thus, identiﬁcation of a
single displaced metatarsal fracture should prompt very close

inspection of the adjacent metatarsals for concomitant nondisplaced fractures. Isolated metatarsal fractures, often diaphyseal fractures occurring as a result of direct trauma, will usually
be non-displaced due to the stabilising effect of the adjacent
metatarsals. These fractures are relatively stable and need only
conservative treatment unless the fracture fragments are displaced.5 Displacement >3 mm or angulation >10° often
requires closed reduction, as such deformities if persistent
would disrupt the normal weight bearing of the forefoot.10 The
best views for radiographic assessment of shaft fractures are
oblique and AP.7
Fractures involving or near the metatarsal base should prompt
close inspection of the tarsometatarsal joint alignment. In particular, any widening of the ﬁrst and second metatarsal interspace, or malalignment between the second metatarsal base and
the cuneiform is suggestive of a Lisfranc injury. This injury is
discussed in greater detail in part 2 of this series. Stress fractures
of the base of the second and third metatarsals are classically
described in ballet dancers, presumably due to the positioning
of the feet during dancing and the propensity to low body
weight.11 12 These injuries may progress to Lisfranc injuries if
continued use leads to further damage.12 Lateral radiographs

Figure 4 Fractures of the base of the
ﬁfth metatarsal. (A) Acute transverse
fracture occurring at the proximal
metaphysis of the ﬁfth metatarsal,
without intra-articular extension,
compatible with a Jones fracture
(arrow). (B) Fifth metatarsal base
fracture with intra-articular extension
into the metatarsal-cuboid joint
(arrow). This is not technically a Jones
fracture, and is often referred to as a
pseudo-Jones fracture. (C) Avulsion
fracture of the tip of the ﬁfth
metatarsal at the attachment of the
peroneus brevis (arrow). This fracture
also should not be referred to as a
Jones fracture.
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Figure 5 A 55-year-old man who
presented following a lawnmower
injury with comminuted great toe
fracture with signiﬁcant involvement of
the interphalangeal joint, and fracture
displacement (A and B). (C)
Radiograph following operative
irrigation and reduction with
orthopaedic pinning.

are important to determine if there is any displacement in the
sagittal plane.13

Fifth metatarsal
The ﬁfth metatarsal is the most commonly fractured of the
metatarsals. Fractures can occur anywhere along the bone.
Fractures of the neck can be transverse, spiral or impacted while
fractures of the diaphysis are usually spiral. Radiographic evaluation often shows a butterﬂy fragment, but comminution is possible with direct trauma and suboptimal quality of bone.9
Isolated fractures that occur at the metatarsal bases are relatively
common injuries, with a fracture at the base of the ﬁfth metatarsal being the most common of all (ﬁgure 4). The Jones fracture
eponym technically refers to fractures occurring 2 cm from the
ﬁfth metatarsal base.12 14 Avulsion injuries of the ﬁfth metatarsal
occur by indirect force on the plantar ﬂexed and inverted foot,
with avulsion mechanism secondary to force at the peroneus
brevis attachment; such fractures are more correctly termed
pseudo-Jones or dancer’s fractures, although the term Jones
fracture is applied liberally in practice and in the literature.15
Radiographically, this avulsion fracture usually does not extend
into the metatarsocuboid or fourth–ﬁfth metatarsal articulations.

Fractures to the ﬁfth metatarsal base are common in athletes,
with soccer players having the highest rate of metatarsal fractures.6 With regards to treatment, the avulsion injury of the ﬁfth
metatarsal base has a high rate of bony union and is usually
treated non-operatively with immobilisation via walking boot.
Jones fractures, on the other hand, have a higher risk of delayed
union, non-union or repeat fracture and thus are often treated
surgically. This risk of delayed union or non-union in conservatively treated Jones fractures is likely secondary to a combination of limited vascularity in this region of bone and repetitive
local stress during activity.
On radiographs, providers should be aware of the possibility
of small accessory bones off the base of the ﬁfth metatarsal.
Two types of accessory bones os peroneum and os vesalianum
have a prevalence of up to 26% and <1%, respectively.16 In
contrast to a fragment resulting from a fracture, these accessory bones will look smooth and have cortex around the circumference (well corticated). Teens may also have an
apophysis present on the lateral portion of the tuberosity.7 CT
or MRI may be needed in complex or difﬁcult cases, especially when soft tissue injury (such as peroneus brevis rupture)
is suspected.

Figure 6 A 54-year-old female with
forefoot pain. (A) Radiographs
obtained in the ED show very subtle
ﬂattening of the head of the second
metatarsal (arrow). (B) Sagittal proton
density fat saturated and (C) sagittal
proton density sequences through the
second metatarsal head. There is a
small amount of effusion in the second
metatarsal–phalangeal joint
(arrowhead). There is ﬂattening of the
subchondral bone at the second
metatarsal head, with subchondral
bony oedema and sclerosis. Findings
are compatible with Freiberg’s
infraction.
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longus tendon.19 The injury occurs due to an axial loading force
onto a plantar ﬂexed foot with a maximally extended hallucis,
leading to hyperextension of the joint. The name arises from a
propensity for this injury to occur during sports such as football
and soccer played with ﬂexible shoes on artiﬁcial turf.
Radiographs are frequently negative, sometimes showing focal
soft tissue swelling around the great toe MTP joint. Very rarely,
turf toe can result in traumatic proximal displacement of one or
both sesamoids by radiography. The need to proceed to MRI
should be based on clinical features, and often requires an
orthopaedic referral from the ED. MRI ﬁndings will vary based
on severity of the injury but range from discontinuity of the
plantar plate dues to a full thickness tear, to thinning or thickening of the plantar plate with sprains or partial tears. Proximal
retraction of the sesamoids may also be seen in full tears, and
may be the only radiographic ﬁnding other than soft tissue swelling. Oedema on MRI will be present in acute injuries, in contrast to lack of oedema and possible ossiﬁcation or osteophytes
in chronic injuries.20

Skimboarder’s toe

Figure 7 A 21-year-old soccer player presenting with severe
progressive pain at the plantar surface of the great toe metatarsal–
phalangeal (MTP) joint. Sagittal proton-density (PD) image (A) and
sagittal PD fat saturated (PDFS) image (B) at the level of the medial
sesamoid demonstrate hypointense PD marrow signal with
corresponding PDFS hyperintensity (arrows). This signal appearance is
compatible with marrow oedema in the medial sesamoid. (C) Coronal
plane PDFS through the sesamoids allows comparison of the normal
lateral sesamoid (arrowhead) with the oedematous medial sesamoid
(arrow). This imaging appearance is compatible with sesamoiditis. Note
that in the acute post-traumatic setting, a bone contusion has the
same imaging characteristics by MRI.

Phalanges fractures
Phalanx fractures are the most common of all forefoot fractures,
and fractures of the lesser phalanges are common and the result
of axial force, crush injury or joint hyperﬂexion.1 17 Most fractures are either non-displaced or minimally displaced and can be
treated conservatively with immobilisation by dynamic splinting
(ie, ‘buddy taping’) to an adjacent, non-fractured phalanx for
stabilisation. Displaced fractures often need closed reduction in
addition to immobilisation.18 Intra-articular fractures which
extend into the interphalangeal or MTP joints are more likely
to develop complications including arthritis.17 Great toe fractures require orthopaedic referral more than fractures of lesser
toes because of the great toe’s importance in weight bearing
(ﬁgure 5).1 If a great toe fracture involves >25% of the joint
space, referral is recommended.1

First MTP joint injuries
Turf toe
‘Turf toe’ refers to a plantar capsular sprain of the ﬁrst MTP
joint. The plantar plate is an attachment from the proximal
phalanx that blends into the sesamoids and the ﬂexor hallucis
Kiener AJ, et al. Emerg Med J 2016;0:1–7. doi:10.1136/emermed-2015-204807

‘Skimboarder’s toe’ can also result from hyperdorsiﬂexion of
the ﬁrst MTP joint. This motion places force onto the extensor
expansion, the ﬁbrous tissue extending from the joint capsule
through which the ﬂexor hallucis longus tendon transverses.21
This type of injury is seen in skimboarding (a board sport where
a thin board without ﬁns is used to glide across shallow water)
when the board slips out posteriorly relative to the rider. MRI is
helpful in showing soft tissue oedema and disruption of the
dorsal part of the extensor expansion.21 Although the mechanism of injury is similar to turf toe, the location of the damage in
‘skimboarder’s toe’ is the dorsum of the ﬁrst MTP joint in the
extensor expansion, in contrast to the plantar capsule localisation of the ‘turf toe’ injury. Finally, this is distinguished from a
‘sand toe’ injury which involves extreme plantarﬂexion of the
ﬁrst MTP and involves damage to the dorsum of the joint
capsule, similar to that of ‘skimboarder’s toe’.20 22

Freiberg’s infraction
Freiberg’s infraction refers to the cartilaginous and osseous
degeneration and collapse of the lesser metatarsal heads.23 The
condition is classically described in teenage females, but can
occur in both sexes. The second and third metatarsal heads are
more commonly involved than the fourth and ﬁfth metatarsals.
The aetiology is unknown but likely is multifactorial, particularly chronic repetitive microtrauma and vascular insufﬁciency.
Aetiologies hypothesised include vascular compromise of the
osseous capillary network due to insufﬁciency of dorsalis pedis
and metatarsal arteries, genetic predisposition and altered foot
biomechanics of a valgus hallucis leading to less support from
the medial column and more force dispersed on the lesser metatarsals.23 Diagnosis is usually clinical with conﬁrmation from
radiographs. Radiographs reveal condensation, ﬂattening and
fracture of the metatarsal head (ﬁgure 6). Early disease may be
missed on plain ﬁlm, and thus, MRIs and bone scans may be
helpful in detecting these cases.23

Sesamoid injuries
Acute sesamoiditis
Anatomically, sesamoids are bones that are present in the
tendons of muscles. Each foot has two sesamoids located in the
ﬂexor hallucis brevis, along the plantar surface of the head of
the ﬁrst metatarsal and termed medial and lateral sesamoids.
The sesamoids serve to transfer the force of the muscle in a
5
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Figure 8 Normal sesamoid (A) (circled), bipartite medial sesamoid (B) and fractured lateral sesamoid (C). Notice how the bipartite sesamoid (B)
has rounded, smooth margined portions which do not clearly ﬁt together (arrow). By contrast the sesamoid fracture (C) is sharp, crescentic and ﬁts
nicely into the distal donor site (arrow).

different direction, much like a pulley. In some people, bipartite
and tripartite sesamoids can be present and may challenge the
diagnosis of sesamoid pathology. Sesamoiditis has been noted to
be more common in teens and young adults.24 Sesamoiditis can
result from a variety of causes including chronic repetitive
stress, chondrosis and degenerative joint disease and avascular
necrosis. The condition more commonly affects the medial sesamoid. On imaging, acute stress-related changes may ﬁrst
present with bone oedema on MRI (ﬁgure 7). Changes of acute
sesamoiditis often have a normal radiographic appearance, and
patient symptoms and physical examination ﬁndings of focal
pain are needed to result in orthopaedic referral or MRI.
Chronic sesamoiditis or chronic repetitive stress can lead to sesamoid sclerosis, which may be visible on radiography. Avascular
necrosis of the sesamoid is uncommon, but can also appear
similar to stress-related changes and contrast-enhanced MRI
may be helpful to differentiate the two. Imaging of chondrosis
will show subchondral marrow oedema on either the head of
the ﬁrst metatarsal or in the sesamoid. Bone scan can be useful
to localise pathology to the sesamoid, but may be falsely negative in mild cases.20

tendon and increase the likelihood of atraumatic rupture.
Normal tendons may also rupture due to traumatic laceration.
Injuries to the extensor tendons are rare. Of the over 1000 cases
of tendon rupture analysed in one study, only 16 were in the
extensors of the foot and all of those injuries were due to laceration of the extensor tendons.26 Clinically, if there is concern
for ﬂexor tendon rupture based on patient presentation and
functional limitations, orthopaedic referral would be needed,
and MRI without contrast would provide deﬁnitive imaging
evaluation. These patients may present with pain, instability and
loss of function; some will describe acute popping/snapping at
the time of injury. On MRI, tendon ruptures will show discontinuity of the involved tendon. Partial ruptures will show
increased signal intensity on MRI, compatible with oedema/ﬂuid
interdigitating in the torn tendon ﬁbres.
Competing interests FK is the American Roentgen Ray Society Scholar (2013–
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