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Abstract

Objective To present the ultrasound appearance of stress frac-
tures (SF) of the ankle malleoli.

Material and Methods We present a retrospective review of 6
patients (4 women and 2 men, with an age range of 24-52
years, mean age of 39 years) in which ultrasound diagnosed,
together with the clinical findings, an SF of the ankle malleoli.
For all of these patients ultrasound was the first imaging
technique applied because of a clinical suspicion of soft tissue
injuries following excessive exertion. Patients were subse-
quently examined using standard radiographs and/or MRI.
Results At ultrasound patients showed thickening of the peri-
osteum in all patients, calcified bone callus was evident in 3
out of 6 patients. Cortical irregularities and subcutaneous
oedema were found in all but one patient. Colour Doppler
showed local hypervascular changes in all patients. Local
compression with the transducers during real-time scanning
increased pain in all cases.

Conclusion Ultrasound, together with the clinical findings,
can diagnose an SF of the ankle malleoli. We suggest that
sonologists should include malleolar SF in their differential
diagnosis, particularly in the case of perimalleolar pain from
over-solicitation. They must also include, as part of every
ultrasound examination of the ankle, the evaluation of both
malleoli and should be aware of the ultrasound appearance of
malleolar SF. If the diagnosis remains uncertain, an MRI
should be prescribed.
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Introduction

Stress fractures (SF) are a consequence of excessive repeated
loading applied to a normal bone and are common in both
recreational and elite athletes. The diagnosis is frequently
suspected on the basis of clinical findings, but an imaging
study is necessary to confirm the diagnosis and to rule out
other sources of pain. Standard radiographs are often negative
initially when the radio-opaque callus is not visible. Comput-
ed tomography (CT) is useful in selected situations such as
longitudinal fractures of the tibia. Bone scintigraphy is very
sensitive, but not specific. Magnetic resonance imaging (MRI)
is the imaging gold standard for the early detection of SF, but it
is poorly accessible and expensive [1].

Ultrasound is now accepted as a first-line modality in the
assessment of injuries affecting muscles, tendons, joints and
nerves of the extremities [2—5]. We present a retrospective
review of six cases in which ultrasound, together with the
clinical findings, diagnosed an SF of the ankle malleoli. For all
of these cases ultrasound was the first imaging technique
applied because of a clinical suspicion of soft-tissue injury.
Standard radiographs and/or MRI confirmed the diagnosis in
Sout of 6 patients.

Materials and methods

In the last 6 months, we identified two subjects in whom
ultrasound detected an SF of one of the two malleoli in routine
practice. The two cases induced us to conduct a retrospective
analysis of the teaching files (over the last 6 years) of the same
institution (CIM SA), which identified four further cases. The
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clinical and ultrasound data of the six patients are summarised
in Table 1.

We identified 2 men and 4 women (age range 24-52 years,
mean age 39 years) who had an ultrasound examination of the
ankle to assess peri-articular soft tissue because of persistent
mechanical ankle pain following excessive exertion. An ultra-
sound examination was performed in 5 out of 6 patients to rule
out tendinitis. In 1 patient there were no details concerning
clinical suspicion at the time of ultrasound examination. All
but one patient had a history of mechanical pain either at the
medial (2) or lateral (4) ankle malleolus. Three patients were
referred by orthopaedic surgeons, 2 by rheumatologists, and 1
by a general practitioner. None of the patients were evaluated
by other imaging techniques before ultrasound examination.
In none of the cases was there a clinical suspicion of SF.

The ultrasound examinations were all performed by a
musculoskeletal radiologist who had 29 years of experi-
ence in the field (SB). Commercially available ultrasound
equipment (iU22; Philips Medical Systems, Bothell, WA,
USA) with 17-5- or 12-5-MHz electronic linear transduc-
ers was used. After adequate optimisation of equipment
parameters for assessment of the ankle, the joint and para-
articular tissues were assessed using a standard technique.

Table 1 Patient clinical and imaging data

We used a generous amount of coupling gel. No stand-off
pad was used. The patient lay on the examination table in
dorsal decubitus with the knee slightly flexed. The painful
ankle was examined in internal and external rotation and
on axial, sagittal and coronal planes. All compartments of
the ankle were systematically studied. Colour Doppler
was performed in all patients. After discovering the irreg-
ularity of the damaged malleolus, we obtained additional
images to evaluate in more detail the periosteum, surface
of the bone cortex, and the adjacent soft tissues. The
ultrasound images and videos of all patients were
reviewed using our PACS system. In grey-scale examina-
tions we assessed and measured (in millimetres) the pres-
ence of thickening of the periosteum, the presence of
calcified bone callus, cortical irregularities and subcuta-
neous oedema. Semiquantitative assessment of periosteal
hypervascularisation (minimal, moderate, severe) and
hypervascular changes of subcutaneous soft tissues and
bone (present/absent) were evaluated in colour Doppler
images and videos.

In 5 of the 6 patients (patients 1-4, 6) the diagnosis was
confirmed by an additional imaging modality (MRI and ra-
diographs in 2 patients (patients 2 and 4), MRI in 2 patients

Case Gender Age Side Malleolus Ultrasound RX MRI
(T1-weighted and STIR images)
Grey scale Doppler
1 Female 39 Left Medial Thickening of the Hypervascular Not done Hypointense trabecular line
periosteum : 1.5 mm periosteum: ++ surrounded by oedema
Calcified bone callus: no Subcutaneous Thickening of the periosteum
Cortical irregularities: no tissues: yes Bone oedema
Subcutaneous oedema: yes Bone signals: yes Subcutaneous oedema
2 Female 24 Left Lateral Thickening of the Hypervascular Discrete cortical irregularities  Hypointense trabecular line
periosteum: 1.5 mm periosteum: +++ and periosteal reaction surrounded by oedema
Calcified bone callus: yes Subcutaneous Thickening of the periosteum
Cortical irregularities: yes tissues: no Slight oedema of the
Subcutaneous oedema: yes Bone signals: no subcutaneous tissue
3 Female 48 Left Lateral Thickening of the Hypervascular Cortical irregularities,
periosteum: 2 mm periosteum: ++ periosteal reaction
Calcified bone callus: yes Subcutaneous tissues: and calcified bone
Cortical irregularities: yes yes callus
Subcutaneous oedema: yes Bone signals: no
4 Male 48 Right Medial Thickening of the Hypervascular Old fracture Hypointense trabecular line
periosteum: 2 mm periosteum: +++ surrounded by oedema
Calcified bone callus: no Subcutaneous Thickening of the periosteum
Cortical irregularities: yes tissues: yes Marked oedema of the
Subcutaneous oedema: yes Bone signals: yes subcutaneous tissues
5 Male 27 Right Lateral Thickening of the Hypervascular Not available Not available
periosteum: 1 mm periosteum: + +
Calcified bone callus: no Subcutaneous
Cortical irregularities: yes tissues: yes
Subcutaneous oedema: yes Bone signals: no
6 Female 52 Left Lateral Thickening of the periosteum: Hypervascular Not done No trabecular lines
1 mm periosteum: + Bone marrow oedema
Calcified bone callus: yes Subcutaneous Slight oedema of the
Cortical irregularities: yes tissues: no subcutaneous tissue

Subcutaneous oedema: no

Bone signals: no
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(patients 1 and 6), radiographs in 1 patient (patient 3)). One
patient had no additional imaging studies (patient 5). MRI was
obtained within 10 days of the ultrasound examination with a
1.5-T scanner using an ankle standardised protocol including
sagittal PD and STIR images, axial oblique fat-saturated pro-
ton density-weighted images, coronal T1 and fat-saturated T2-
weighted images. Standard radiographs were obtained using a
routine technique including anteroposterior, profile and inter-
nal oblique view of the malleolus involved.

All patients were treated conservatively with rest and med-
ical treatment. All but one of the patients were contacted by
phone and had a good outcome with no significant ankle pain
and functional limitation. One patient was lost to follow-up
(patient 5).

Results

The retrospective analysis of our 6 patients is summarised in
Table 1. The SF affected the lateral malleolus in 4 patients
(patients 2, 3, 5 and 6) and the medial malleolus in 2 patients
(patients 1 and 4). The left ankle was affected in 4 patients; the
right ankle in 2 patients.

At ultrasound, thickening of the periosteum ranged
from 1 to 2 mm (mean 1.5 mm; Fig. 1). Calcified bone
callus was evident in 3 out of 6 patients (Fig. 2).
Cortical irregularities were found in all but one patient.
Subcutaneous oedema was found in all but one patient.
Colour Doppler showed local hypervascular changes in
all patients. The changes were minimal in 1 patient,
moderate in 3 patients and severe in 2 patients
(Fig. 3). The soft tissues showed increased vascularisa-
tion in 4 out of 6 patients while increased flow signal
inside the bone was noted in 2 out of 6 patients. Local
compression with the transducers during real-time scan-
ning increased pain in all cases. Ultrasound evaluation
in this series of patients revealed no other pathological
changes. The perimalleolar tendons were normal with
no evidence of tenosynovitis or tears in any of the
patients. The talocrural joint did not show any signs
of synovitis.

Radiographs (in patients 2, 3 and 4) showed a small
periosteal calcification in 2 patients (patients 2 and 4),
while in the third patient they showed evidence of an
SF with local bone sclerosis and a huge periosteal
reaction (patient 3). MRI obtained in 4 patients (patients
1, 2, 4, 6) confirmed the diagnosis by showing a
hypointense line surrounded by an area of bone marrow
oedema, as well as subcutaneous soft tissue oedema in
3 patients (Figs. 1-3). In 1 patient (patient 6) the
hypointense line was not detected. MRI showed no
other pathological findings.

We report a paradigmatic case (patient 1).
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Fig. 1 a Grey-scale and b colour Doppler coronal ultrasound, ¢ T1-
weighted and d STIR images. MRI coronal images of patient 1 were
obtained over the medial malleolus. Ultrasound shows the thickening
(arrowheads) and hypervascular changes (black curved arrow) of the
tibial periosteum. Note the presence of some intraosseous vessels (white
curved arrow). MRI shows the hypointense trabecular line (black arrow)
corresponding to the fracture line, the surrounding bone marrow oedema
(asterisk) as well as the thickened and inflamed periosteum (white
arrowhead)

Patient 1

A 39-year-old-nurse presented with progressive pain and
swelling of the medial malleolus region for about 30 days
following an increase in her running programme (5-7 km
three times a week). She consulted an ankle and foot surgeon
who asked for an ultrasound examination to rule out tenosyn-
ovitis of the tibialis posterior tendon. She denied any local
trauma or any systemic symptoms such as fever, weight loss
or anorexia. There was neither a history of previous sport
injury of the lower extremities nor a history of diabetes
mellitus, osteoporosis or high blood pressure. The pain was
local, exacerbated while she was standing or walking, and
limited her activities. Physical examination revealed localised
oedema that was painful on palpation of the medial malleolus
region. There was no sign of tenderness of the lateral
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Fig. 2 a Grey-scale and b colour Doppler coronal ultrasound, ¢ standard
radiograph and d STIR MRI sagittal image of patient 2 obtained over the
lateral malleolus. Ultrasound shows the thickening (arrowheads) and
hypervascular changes (black curved arrow) of the peroneal periosteum.
Note the presence of a calcified callus (white arrow). Standard radiograph

malleolus or the calcaneus. The neurological and vascular
examinations were normal.

There were no standard radiographs or other imaging stud-
ies of her ankle available. Ultrasound was performed using the
standard protocol described above. Ultrasound showed re-
duced echogenicity with fluid distension of the lymphatics
of the subcutaneous soft tissues superficial to the medial
malleolus. The periosteum of the medial malleolus was

Fig. 3 a Colour Doppler axial ultrasound, b corresponding T1-weighted
fat-saturated post-gadolinium MRI axial image (image was turned anti-
clockwise to match the ultrasound) and ¢ proton density-weighted MRI
coronal image of patient 4 obtained over the medial malleolus. Ultra-
sound shows massive hypervascular changes of the periosteum (black
curved arrows), intraosseous vessels (white curved arrow) and adjacent
soft tissues. Note the presence of a focal interruption of the cortex (white
arrow). Native and post-injected MRI images correlate well with the
ultrasound appearance. Note the hypointense trabecular fracture line
(black arrow), enhancement of bone marrow oedema (asterisks), local
periosteum and adjacent soft tissues. The focal cortical interruption is also
evident (white arrow). Clear arrow posterior tibialis tendon
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confirms a small periosteal calcification (white arrow). MRI shows a thin
hypointense trabecular line (black arrow) surrounded by bone marrow
oedema and inflammation of local periosteum and adjacent soft tissues
(white arrowheads)

thickened (1.3 mm), irregular and hypoechoic (Fig. 1). Local
palpation with the transducer reproduced the patient’s symp-
toms. Colour Doppler showed marked hyperaemia of the
periosteum with only minimal hypervascular changes inside
the bone or in the adjacent subcutaneous tissues. There was no
sign of tendinopathy or tenosynovitis of the ankle tendons,
including the tibialis posterior tendon. Dynamic ultrasound
examination was normal. The ankle joint and the subtalar
joints were normal. The medial retromalleolar neurovascular
bundle was normal. MRI showed a hypointense line located in
the trabecular bone of the medial aspect of the distal tibia
corresponding to an SF. The fracture appeared to be
surrounded by an area of hyperintense bone marrow oedema
on the T2-weighted fat-saturated images. Hyperintensity of
the periosteum and of the adjacent swollen soft tissues was
also evident on the T2-weighted fat-saturated images owing to
local inflammation. No cortical bone discontinuity was seen.
There was no fluid collection in the soft tissues. The peri-
articular tendons were normal.

The patient was treated with rest and NSAIDs with a good
outcome. She was free of symptoms at follow-up after 3
months.

Discussion

The exact physiopathology of SF is not yet known. When a
bone experiences recurring loads that exceed the threshold of
elastic deformity, plastic deformities occur and they are
followed by microfractures [6, 7]. The accumulation of
microfractures may cause clinical symptoms and, if the caus-
ative stress continues, a complete fracture may follow. SF are
responsible for as many as 10 % of all sports-related patho-
logical condition, especially in runners [8]. Even though they
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can affect the whole body, SF usually involve the lower
extremities, which are more exposed to repetitive loading
charges [1, 9]. The most common site is the tibia followed
by the tarsals, metatarsals, femur, fibula, pelvis, plantar sesa-
moids and the spine. [8]

Patients with SF generally present local mechanical pain.
Physical examination usually shows swollen surrounding soft
tissues and pain on local bone palpation. Often, the patient
reports a recent history of changes in training habits [8]. The
diagnosis relies on clinical findings and imaging studies, and
early detection of the fracture allows proper treatment, thus
lowering morbidity and the risks of complications [1, 10]. For
malleolar SF, conservative treatments usually have very good
outcomes. They consist of stopping the sporting activity as-
sociated with the fracture and using a technical aid such as
crutches for 3 to 8 weeks, depending on the clinical course and
the patient’s characteristics [11]. Resuming the causative
physical activity must be done progressively in the absence
of pain and radiographic abnormalities (except for the
presence of a bone callus). The patient’s training habits
should also be evaluated and changed if necessary to
prevent recurrence of SF. If an insufficiency fracture is
suspected, complementary studies should be performed
according to clinical suspicion [7].

To confirm the SF and to eliminate the differential diagno-
ses, imaging studies must be carried out. Standard radiographs
are often negative, initially with a sensitivity that may be as
low as 15 %. Even at follow-up, periosteal reactions with a
hairline crack and/or callous formation are detectable in only
about half of the cases [12]. Computed tomography (CT) is
useful in some situations, such as longitudinal fractures of the
tibia, but otherwise has a very low sensitivity (88 % vs 42 %)
compared with MRI [13]. Bone scintigraphy is very sensitive,
showing an increase in bone uptake as early as 24 h after the
fracture [8]. However, its specificity is very low [14]. MRI is
the imaging gold standard for the early detection of SF, but
remains poorly accessible and expensive [15].

Many studies have evaluated the ability of ultrasound to
detect acute fractures that are difficult to detect by X-ray, such
as fatigue fractures and insufficiency fractures [16-24]. A
recent study even showed that ultrasound had a good sensi-
tivity (83 %) and specificity (76 %) compared with MRI in the
early diagnosis of metatarsal bone SF. It has also been shown
that ultrasound is more sensitive than standard radiographs for
detecting metatarsal SF [25]. Normal cortical bone appears on
ultrasound as a regular, highly hyperechoic line with strong
posterior acoustic shadowing and some reverberation artefact
[26]. The periosteum cannot be detected in normal adults;
however, it may appear as a thin hypoechoic line adjacent to
the bone cortex in children. Under normal conditions, ultra-
sound is unable to examine structures under the cortical bone.

In our small series, 5 patients were referred for suspected
tendinopathy. None of them had any tendon lesions or any

other pathology of the adjacent structures (except for SF).
Thus, in our series ultrasound allowed a change in the diag-
nosis and treatment in all patients. SF appeared on ultrasound
as subcutaneous oedema, thickening of the periosteum, corti-
cal bone irregularities or even discontinuity, and local
hyperaemia was demonstrated by colour Doppler and some-
times the presence of a local calcified bone callus formation.
These characteristics resemble those described by previous
studies of metatarsal SF [25, 27]. Furthermore, local compres-
sion with the transducer reproduced the patient’s symptoms. A
high degree of correlation between clinical findings and ultra-
sound data is necessary to diagnose an SF because ultrasound
findings are not specific and, if taken out of the clinical
context, can represent osteomyelitis or even bone neoplasia.

As in the investigation of metatarsal SF by Banal et al. [25],
we propose that plain radiography should be the first imaging
study when a malleolar SF is suspected, as it is very accessi-
ble, inexpensive and can eliminate other diagnoses. If it does
not confirm the SF, ultrasound should be the second imaging
study, as it is inexpensive, accessible, comfortable for the
patient and can allow a dynamic examination. Ultrasound
may be, as for metatarsal fractures, more sensitive than plain
radiographs for detecting malleolar SF. However, further stud-
ies, ideally prospective, that include a greater number of
patients should be carried out to demonstrate its superior
sensitivity. MRI should be the next imaging modality if the
diagnosis remains doubtful or in the case of high-level trained
athletes. If the clinical evolution is favourable, no other imag-
ing studies should be performed. However, if not favourable,
follow-up imaging studies, usually an MRI, should be carried
out to evaluate the evolution of the SF and to eliminate other
diagnoses.

It should be noted that the majority of our cases were
referred, not for an SF, but for suspected perimalleolar
tendinopathy, which was not confirmed. Sonologists should
include malleolar SF in their differential diagnosis, particular-
ly in the case of perimalleolar pain from over-solicitation.
They must also include, as part of every ultrasound examina-
tion of the ankle, the examination of both malleoli and should
be aware of the ultrasound appearance of malleolar SF. If the
diagnosis remains uncertain, an MRI should be prescribed.
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