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Abstract

Among the many causes of forefoot pain, Morton’s
neuroma (MN) is often suspected, particularly in wom-
en, due to its high incidence. However, there remain
controversies about its relationship with symptoma-
tology and which diagnostic and treatment choices to
choose. This article mainly focuses on the role of the
various imaging methods and their abilities to support
an accurate diagnosis of MN, ruling out other causes
of forefoot pain, and as a way of providing targeted
imaging-guided therapy for patients with MN.

Key words: Morton’s neuroma; Diagnosis; Infiltrative;
Imaging; Therapy

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nowadays, ultrasound and magnetic resona-
nce imaging provide accurate diagnosis of Morton’s
neuroma (MN) and are invaluable tools for ruling out
other causes of forefoot pain. This extended review is
intended to show the potential of imaging methods for
diagnosis as well as treatment of MN.
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INTRODUCTION

Morton’s neuroma (MN) is considered a nerve entrapment
neuropathy, causing symptoms relating to impingement
of the common plantar digital and proper plantar digital
nerves, such as burning, tingling or numbness. It is a
common problem but mainly affects middle-aged women,
occurring more than 5 times more frequently in women
than in ment"..

It is considered that MN occurs secondary to mecha-
nical stress on the nerves, leading to proliferation of
fibrosis in and around the affected nerve'”. It has been
reported to be more frequent in the 3™ web space (in
68% of cases), followed by the 2™ web space (in 32%
of cases). The presence of a neuroma in the 1% and 4"
web spaces is extremely rare®. Two main anatomical
reasons have been postulated to explain this distribution;
firstly, the 3™ metatarsal nerve is theoretically thicker
because it is usually formed by the confluence of medial
and lateral plantar nerves™; and, secondly, the larger
shearing forces that occur at the 3™ web space due to the
relatively greater mobility of the 4™ metatarsal relative to
the 3™ metatarsal'.

Other authors have found a similar proportion of
MN in the 2™ and 3™ web spaces™® and this could be
explained by the fact that the 2™ and 3" intermetatarsal
spaces are the narrowest of the foot'”). The occurrence
of multiple neuromas in the same foot has also been
reported, but is considered rare by some authors™;
although, in other case series, it has been found in
between 28% and 65% of cases™®?.

CLINICAL PRESENTATION

Not all patients with MN show clinical symptoms. The
prevalence of asymptomatic MN has been reported as
33%-54% when using ultrasound (US) or magnetic
resonance imaging (MRI) for diagnosis'®. Nevertheless,
when forefoot pain secondary to MN is present, it is
elicited under pressure of the web space. The thumb
index finger squeeze test has been reported to be the
most sensitive screening method for clinical diagnosis
of MN, having accuracy of around 96% (Figure 1). In
this maneuver, the intermetatarsal space is squeezed
between the tips of the index finger (dorsal) and thumb
(plantar). The Mulder’s click is reproduced by firm medial
to lateral compression of the metatarsal heads, when one
hand is clasping the forefoot. A palpable and/or audible
click is perceived, though it is mainly present for larger
neuromas; its accuracy is around 62%".

IMAGING OF MIN

Pathognomonic diagnostic clinical tests for MN do not
exist, and many of the clinical tests provide false positive
results in feet with alternative pathologies™". Therefore,
imaging may be required to confirm the diagnosis of
MN and exclude other causes of forefoot pain, such as
metatarsophalangeal joint arthritis or intermetatarsal
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Figure 1 Thumb index finger squeeze test.

bursitis. The available evidence suggests that US is
more accurate than MRI for diagnosis of MN. Analysis of
pooled sensitivity showed similarity between US (90%)
and MRI (93%), both being relatively high; yet, MRI
(68%) showed a relatively lower specificity than US
(88%) in the detection of MN™, Diameter of the normal
plantar digital nerve is around 1 mm at the level of the
intermetatarsal heads™ and can be identified on high-
resolution sonography and MRI (Figure 2).

In US, MN is detected as a well-defined, round or
ovoid mass in the short axis view and as an elongated/
fusiform mass in the long axis view; it is hypoechoic
relative to the adjacent tissues and located between
the metatarsal heads along the plantar aspect of the
intermetatarsal spaces™* (Figure 3). Squeezing of
the lateral aspect of the forefoot helps to extrude the
intermetatarsal contents toward the plantar aspect of
the forefoot, leading to a better delineation of the MN.
This displacement may coincide with a palpable and/or
audible click, known as the sonographic Mulder sign™*.
The extruding content may be formed by the MN and/or
the bursa. It is theorized that the click will only happen
when there is a MN because a thickened bursa is much
more pliable than a neuroma'®. As both entities may
coexist, we can complete the US scan with another
maneuver that will help in differentiating between
MN and bursal tissue. The intermetatarsal space is
compressed dorsally by the fingers whilst the probe is
scanning along the plantar aspect of the web space in
the long axis view. A MN will have a fusiform elongated
shape and be displaceable, but it will not be as
compressible as the intermetatarsal bursa. The bursa,
located along the dorsal aspect of the intermetatarsal
nerve, will show a more rounded or oval shape and
will be compressible to a greater extent that the neural
tissue (Figure 4).

US may also detect other causes of forefoot pain,
such as joint pathology (osteoarthritis or synovitis), soft
tissue abnormalities (bursitis or inflammation-related
change) and even bone lesions (stress fracture, bone
erosion or cyst). Soft tissue masses different from MN
can also be characterized, differentiating solid from
cystic content, as well as the presence of neovascularity.
Any intermetatarsal mass longer than 20 mm should

September 28, 2018 | Volume 10 | Issue 9 |



Santiago FR et a/. Imaging of Morton’s neuroma

Figure 2 Imaging of the normal digital nerves. A, B: Long and short axis views of normal digital nerves (arrows) in magnetic resonance imaging (A) and ultrasound
(US) (B); C, D: Long (C) and short (D) axis views of normal digital nerves (arrows) in US. In all images, arrows indicate normal digital nerve and asterisks (*) indicate
bursa.

Figure 3 Ultrasound imaging of Morton’s neuroma. A: Clasping of the forefoot in the short axis view; B, C: Short axis views of the intermetatarsal space before
(B) and after (C) squeezing the forefoot; D: Clasping of the forefoot in the long axis view; E, F: Long axis views of the intermetatarsal space before (E) and after (F)
squeezing the forefoot. In all images, arrows indicate Morton’s neuroma.
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Figure 4 Displacement of Morton’s neuroma. A: Pressure on the dorsal aspect of the web space; B, C: Long axis views of the neuroma and bursa before (B) and
after (C) pressure of the dorsal aspect of the intermetatarsal space. In all images, arrows indicate Morton’s neuroma and asterisks (*) indicate bursa.

Figure 5 Causes of forefoot pain. A: Osteoarthritis; B: Rheumatoid arthritis with metatarsophalangeal joint subluxation; C: Psoriasis with soft tissue swelling; D:
Giant cell tumor of the tendon sheath.

raise suspicion that it is not a neuroma’’. If appropriate  biopsy under US guidance may help to obtain an
diagnosis is not achieved with imaging features alone, accurate diagnosis (Figure 5).
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Figure 6 Magnetic resonance imaging of Morton’s neuroma. A, B: Sagittal T1 (A) and short tau inversion recovery (B) of Morton’s neuroma and bursa; C, D:
Coronal T1 (C) and T2 (D) of Morton’s neuroma and bursa. Coronal T1 fat before (A) and after gadolinium administration (B), showing enhancement of the bursal
tissue surrounding the neuroma (arrowhead). In all images, arrows indicate Morton’s neuroma and asterisks (*) indicate bursa.

On MRI, MN is usually seen as a well-demarcated
ovoid or dumbbell-shaped intermetatarsal mass. This
mass shows intermediate to low signal intensity on
both T1-weighted images (T1WI) and T2WI"®, By
contrast, bursal tissue appears hypo- or isointense on
T1WI and hyperintense on T2WI, allowing for differ-
entiation between bursal and neural tissues. There
is no typical enhancement pattern of MN after intra-
venous administration of gadolinium contrast medium,
with varying degrees of enhancement reported in the
literature™; in our experience, however, the enhance-
ment of most MN is low to zero. When present, this is
usually due to the enhancement of the bursal tissue
surrounding the neuroma. In the appropriate clinical
setting, administration of gadolinium contrast medium
is not required for a reliable diagnosis of MN (Figure 6).

MRI may also detect other causes of forefoot pain,
including abnormalities of the bone (edema, fracture,
erosion and cyst) and soft tissues (such as bursitis,
synovitis, muscle edema and atrophy, and plantar plate
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tears) (Figure 7).

MN TREATMENT

The treatment for MN should initially be conservative,
including shoe modification, use of insoles and ad-
ministration of antiinflammatory drugs. Percutaneous
therapies may be the second step, and eventually surgery,
if previous measures fail””. Success of conservative
management approaches that include use of insoles
and shoe modification has been reported to be around
48%"".

The percutaneous treatments mainly include injec-
tions of local anesthetics with or without steroids, or
of alcohol. Percutaneous injection may be performed
blindly or under US guidance (Figure 8). Studies of
US-guided injections have shown that anesthetics
with corticosteroids produce an effect (at 3 mo follow-
up) that is superior to anesthetic injections alone™"’
Previous nonrandomized cohort studies have also shown
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Figure 7 Magnetic resonance imaging in forefoot pain. A: Stress fracture of the 2 metatarsal; B: Synovitis in rheumatoid arthritis; C: Plantar plate tear (arrow); D:
Muscle atrophy in diabetes (arrow).

Figure 8 Morton’s neuroma injections. A, B: Blind (A) and ultrasound (US)-guided (B) injections; C, D: Long (C) and short (D) axis views of an US-guided injection
into a Morton’s neuroma (denoted by “n”).
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a degree of improvement of about 45% for both blind
and single US-guided injections™®, and of around 75%
to 80% for blind multiple injections'**!. We only found
one study comparing the blind technique, based on
anatomical landmarks, to the echo-guided technique. In
that study, no significant differences were found between
the injection methods, but the sample size (only 36
cases) constitutes a substantial limitation that might
have prevented the study from reaching a statistically
significant difference™”.

Previous studies comparing modification of the
forefoot loading area with injection of steroids have
demonstrated greater pain improvement (at 6 mo follow-
up) experienced by the steroid-treated group, but this
difference disappeared at 1 year of follow-up™'.

The influence of neuroma size on treatment response
to injections has also been debated. One study showed
that neuromas less than 5 mm had a better response at
6 mo than those greater than 5 mm; at 12 mo, however,
the response to injections was no longer significantly
different for the two size groups™. A recent retrospec-
tive case series study found a cut-off value of 6.3 mm,
above which larger MN s failed to respond, as well as to
corticosteroid injections®®”. Overall, most of the reported
data in the literature do not support any influence of
neuroma size on the outcome!**%,

Corticosteroids may cause dermal/subcutaneous ti-
ssue atrophy, hypopigmentation and fat necrosis, with
reported incidence of 1%-5%""*" (Figure 9). Particulate
steroids have greater dermal and subcutaneous tissue
atrophy. Triamcinolone, in particular, has greater risk for
inducing dermal changes than methylprednisolone, due
to its increased crystal size®.

Other drugs used in MN treatment include alcohol,
botulinum toxin and hyaluronic acid. Alcohol injection
has a reported success range between 69%-84%,
with a complication rate of 3%"**". The most specific
complication of this procedure has been plantar pain,
presumed due to an inflammatory reaction secondary
to perilesional leakage of the alcohol. Case series
using botulinum toxin®? and hyaluronic acid® have
shown clinical benefits of 70.6% and 84% respectively.
Nevertheless, more studies are needed before con-
sidering these injections an alternative to the more
traditional treatments.

Percutaneous radiofrequency ablation® has also
been used in patients unresponsive to conservative
therapies. The reported success with radiofrequency
ranges from 68% to 100%, probably influenced by
technical factors such as variability in the number of
ablation cycles and in patient’s inclusion criteria®***..
A case series using cryoablation showed that 77.7%
of patients were completely satisfied following treat-
ment, but this result needs to be confirmed by further
prospective studies in order to be considered a valid
alternative to radiofrequency ablation™®. The global rate
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Figure 9 Skin discoloration after steroid injection.

of complications with radiofrequency ablation is about
5%, including hematoma and persistent pain, followed
by temporary nerve irritation and infection, as well as
pain and numbness at the injection site®"’.

Surgical treatment is indicated after failure of
conservative or percutaneous therapies. It consists
of lesion excision (neurectomy) or intermetatarsal
ligament resection (neurolysis) (Figure 10). Neurecto-
my may be performed either via a dorsal or plantar
approach, according to surgeon preferences; no statistical
differences in success rate have been reported. Surgical
excision success ranges from 50% to 88%""*3# with
a complication rate of 25% for neurectomy and 7% for
neurolysis, which would include infection, hematoma,
hammertoe formation, hypertrophic or keloid scar forma-
tion, complex regional pain syndrome, and persistent
postoperative pain, numbness and stiffness of the
metatarsophalangeal joints. Recurrent painful neuromas
after surgery have been described in 4% of cases and
are less responsive to further surgical intervention;
conservative measures would then have to be used prior
to the consideration of further surgery™"*”,

A minimally invasive technique may be used for
decompressing the nerve by division of the deep inter-
metatarsal ligament, either endoscopically or percuta-
neously. The reported success rate for decompression
(sectioning of the deep transverse intermetatarsal
ligament with/without osteotomy of the metatarsal
heads) is around 94%, with a complication rate of 6%"".,

In summary, controversies still exist in the appro-
priate management of MN, including for the diagnosis
and treatment algorithms. Although the clinical diag-
nosis of MN has a high accuracy, the coexistence of MN
with many another causes of forefoot pain increases
the importance of imaging techniques in achieving an
accurate diagnosis, mainly when initial conservative
measures fail to obtain any dlinical improvement. Surgery
should be considered when imaging findings support the
clinical diagnosis of MN and when conservative measures
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Figure 10 Surgical treatment of Morton’s neuroma. A: Dorsal approach to Morton’s neuroma; B: Surgical specimen.

including percutaneous treatment fail to improve the
patient’s symptoms.
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