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Abstract
Morton’s neuroma is a painful lesion of the interdigital nerve, usually at the third intermeta-
tarsal space, associated with fibrotic changes in the nerve, microvascular degeneration, and 
deregulation of sympathetic innervation. Patients usually present with burning or sharp 
metatarsalgia at the dorsal or plantar aspect of the foot. The management of Morton’s neu-
roma starts with conservative measures, usually with limited efficacy, including orthotics 
and anti-inflammatory medication. When conservative treatment fails, a series of minimally 
invasive ultrasound-guided procedures can be employed as second-line treatments prior to 
surgery. Such procedures include infiltration of the area with a corticosteroid and local anes-
thetic, chemical neurolysis with alcohol or radiofrequency thermal neurolysis. Ultrasound 
aids in the accurate diagnosis of Morton’s neuroma and guides the aforementioned treat-
ment, so that significant and potentially long-lasting pain reduction can be achieved. In cases 
of initial treatment failure, the procedure can be repeated, usually leading to the complete 
remission of symptoms. Current data shows that minimally invasive treatments can signifi-
cantly reduce the need for subsequent surgery in patients with persistent Morton’s neuroma 
unresponsive to conservative measures. The purpose of this review is to present current data 
on the application of ultrasound for the diagnosis and treatment of Morton’s neuroma, with 
emphasis on the outcomes of ultrasound-guided treatments.
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Patients with MN present with significant burning or sharp 
metatarsalgia either on the plantar or dorsal side of the 
foot, which can be associated with numbness of the toes. 
Interestingly, it can also been found in 30% of asymptom-
atic volunteers(6) and 17% of patients can associate the 
onset of symptoms with forefoot trauma(7). Pain is elicited 
during weight-bearing in cases where the respective IMS is 
loaded, particularly during activities which involve walking 
and running, as well as when wearing high-heeled shoes(7,8). 
History and clinical examination can raise the suspicion of 
MN. The thumb index finger squeeze test is the most accu-
rate clinical test. However, a variety of forefoot disorders 
can mimic MN, eliciting similar pain, including synovitis, 
metatarsal stress injuries, plantar plate tears, metatarso-
phalangeal joint laxity, and Freiberg’s disease. Therefore, 
imaging by means of ultrasound (US), achieving 98% accu-
racy, can confirm the diagnosis and provide immediate 
pain relief when combined with percutaneous injections(8).

Introduction

Morton’s neuroma (MN) was first described by Civinini 
in 1835 as a “neural ganglial swelling of the foot sole”(1). 
However, it received its current name years later, in 
1876, from Thomas George Morton who reported 
a “painful affection of the foot” occurring particularly 
at the fourth metatarsal after wearing high-heeled shoes 
or without any identifiable cause(2). Morton treated his 
patients at the Philadelphia Polyclinic by amputating the 
affected toe, with considerable success in pain reduc-
tion(2). Microscopic changes in MN include demyelin-
ation and fibrotic lesions with epineural hylinization 
of the interdigital nerve, vascular degeneration, and 
increase in sympathetic nerve fibers, typically at the 
third intermetatarsal space (IMS) along with interneu-
ral edema, and less frequently at the second and rarely 
at the fourth IMS(3–5). 
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The treatment of Morton’s neuroma traditionally starts with 
conservative measures including the use of orthotic devices, 
metatarsal pads, and analgesics(9,10). For patients not respond-
ing to mild conservative measures, injection of corticosteroids 
with the addition of a local anesthetic, chemical neurolysis 
with alcohol or radiofrequency ablation can be performed as 
minimally invasive measures prior to surgery(11,12). US-guided 
interventions for the treatment of musculoskeletal diseases 
are being increasingly incorporated into everyday clinical 
practice, and US-guided management of MN combines accu-
rate imaging diagnosis with immediate pain relief(13). The aim 
of this review is to present current data on the application 
of US-guided treatment of Morton’s neuroma as a minimally 
invasive technique prior to open surgery.

US diagnosis of MN

US is the imaging modality of choice for the diagnosis of 
MN due to its high soft tissue resolution, lack of radia-
tion exposure, wide availability, and real-time correlation 
between symptoms and imaging findings(14,15). In addition, 
US enables both diagnosis and treatment during the same 
session. US-guided injections provide immediate allevia-
tion of pain, which also serves as an indirect confirmation 
of the diagnosis(16,17). In US images, MN typically appears 
as a well-circumscribed, relatively mobile at direct pres-
sure, hypoechoic lesion (compared to the muscle) within 
the normal fatty tissue of the IMS (Fig. 1)(18,19). However, 
a small proportion (<15%) of MN appear anechoic or with 
a mixed echotexture(18). Identification of MN by means of US 
requires sagittal images from the dorsal side of the foot with 
simultaneous application of pressure at the web space. This 

forces the tissues of the space to spread, separating the lay-
ers anterior (mobile under pressure) and deep (static under 
pressure) to the intermetatarsal ligament. Other approaches 
(e.g. transverse or plantar) can also be used, especially during 
US-guided injection, but sagittal images captured from the 
dorsal side of the foot are mostly described in the literature 
for diagnostic purposes(19). MN can be located either dorsal 
or plantar to the plantar aspect of the metatarsal head(18). In 
a study of 27 cases of MN, all of them were found to have 
a length less than 20 mm(18). However, their length may also 
be smaller than 5 mm, especially in cases of asymptomatic 
MN which may as well be undetectable by means of US(6,18,20). 
The sensitivity and specificity of MRI is similar to those of US 
in the diagnosis of Morton’s neuroma, however the low cost, 
short duration of the examination, and possibility of dynamic 
evaluation and treatment, render US as the modality of choice 
for the diagnosis of Morton’s neuroma(14). In fact, according to 
the guidelines of the European Society of Skeletal Radiology, 
as revised in 2017, US is considered equivalent to MR imag-
ing for the diagnosis of Morton’s neuroma(21).

US-guided treatment technique

Prior to the commencement of the procedure, informed 
consent is always obtained from the patient, and complica-
tions are explained in detail including infection, damage 
to adjacent tissues, plantar fascia contraction, liponecro-
sis, flushing, post-treatment flare, and the possibility of 
treatment failure. The patient is positioned supine, and 
the foot is firmly positioned on the examination table to 
restrict movement and allow stable needle/probe place-
ment through the dorsal aspect of the foot (Fig. 2). 

A B

Fig. 1. �A 46-year-old female patient, avid runner, with a 6-month history of pain during running. Dorsal sagittal ultrasonographic image 
showing a hypoechoic Morton’s neuroma in the 3d intermetatarsal space (left) measuring 20 × 14 mm (right)
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Based on the literature and the authors’ experience, 
25G needles are used for regional anesthesia and for 
the administration of corticosteroid or alcohol solu-
tions. A wide variety of corticosteroid – local anesthetic 
combinations have been reported in the literature. In 
our institution, 1 mL of a corticosteroid, such as beta-
methasone acetate 3 mg/mL (or equivalent), and 2 mL of 
a medium- to long-acting local anesthetic, typically 0.5% 
Bupivacaine, are used.

Following the removal of the needle and prior to the appli-
cation of pressure and bandaging, a post-injection scan is 
performed. The patient is advised to rest for at least three 
days and use appropriate orthotics. In cases of corticoste-
roid injections or alcohol neurolysis, a second treatment 
round is advised when pain remission is not satisfactory 
within 2 weeks.

Outcomes of US-guided treatment of MN

A variety of US-guided procedures have been used for the 
treatment of MN, with the most popular being injections of 
corticosteroids and local anesthetic, chemical neurolysis, 
and radiofrequency ablation(22–25). Treatment choice largely 
depends on the experience of the treating physician, with 
surgeons preferring surgical management over less invasive 
options. However, it is accepted nowadays that minimally 
invasive US-guided procedures should precede operative 
management since they provide complete pain relief in the 
majority of MN cases(26). In addition, it has been shown that 
US-guided procedures offer superior results to non-guided 
interventions, including more efficient pain reduction, less 
complications, and reduced referrals for further surgical 
management(27).

The procedure starts with a diagnostic scan with the use 
of a linear 7–12 MHz US probe to confirm the presence of 
MN and select the optimal access point. Usually, the needle 
or radiofrequency ablation probe is ideally positioned at 
the dorsal aspect of the foot (Fig. 3). Sterilization of the 
area is of utmost importance, which can be performed with 
chlorhexidine- or iodophor-containing solutions. The US 
transducer is sterilized with alcohol-free disinfectants and 
immediately enclosed in a sterile probe cover. 

Fig. 2. �Schematic representation of US-guided treatment of Morton’s neuroma. MN: Morton’s neuroma; a: area of infiltration surrounding 
the neuroma at the intermetatarsal space (created with biorender.com)

Fig. 3. �A 55-year-old female patient with a 1-year history of pain 
and burning during walking. Sagittal with dorsal approach 
US scan of the 3d intermetatarsal space showing a 12 mm 
hypoechoic Morton’s neuroma (open arrows) and in-plane 
demonstration of the needle (thin arrow)
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The use of corticosteroids for the treatment of MN has been 
widely studied, with variable results. The general consen-
sus holds that corticosteroids provide sufficient short-term 
relief, but only one third of patients benefit from long-term 
(>2 years) pain alleviation(28), being superior to conserva-
tive measures such as metatarsal pads(29). According to 
Lizano-Diez et al., the addition of a corticosteroid to injec-
tions performed for the treatment of MN does not improve 
pain or function compared to a local anesthetic alone(24), 
whereas Matthews et al. found evidence of limited pain 
reduction following corticosteroid injections(30). However, 
the fact that injections in this study were not performed 
under US-guidance may have a significant impact on the 
accurate targeting of the injection and the distribution of 
drugs at the area. The size of MN has been inversely cor-
related with the success of corticosteroid treatment, since 
84% of MN with a length >6.3 mm did not achieve pain 
remission after the first treatment session(31). Repeated cor-
ticosteroid infiltration can be performed upon failure of the 
initial treatment. However, multiple corticosteroid infiltra-
tions should be avoided because of the risk of fat atrophy 
and adjacent joint capsule degeneration and rupture(3,32,33).

According to a recent meta-analysis, the treatment of MN 
by corticosteroid injections is less effective than US-guided 
chemical neurolysis in terms of permanent pain relief and 
patient satisfaction. On the other hand, chemical neuroly-
sis had similar results to surgical neurectomy(25) and has 
been shown to provide short-term relief in up to 89% of 
patients(34–36). However, it has been demonstrated that in the 
long run approximately 30% of patients undergoing alco-
hol neurolysis will need a repeat infiltration, and 30% will 
require surgical therapy(3,37). Nonetheless, recent results 
show that the injection of 2.5 mL of 70% ethanol under flu-
oroscopic and electroneurographic guidance can achieve 
significant long-lasting pain reduction for up to 5 years(38).

Radiofrequency (RF) thermal neurolysis has been used 
as an alternative to corticosteroid, anesthetic and alcohol 
injections in patients where the aforementioned therapies 

have failed. For the purposes of RF treatment, a probe is 
inserted under US or fluoroscopy guidance at the site of 
maximum pain, and temperature is raised at 85oC for 90 
seconds in an attempt to sever adjacent nerve endings by 
denaturing proteins and destroying their myelin sheaths(39). 
According to Moore et al., RF treatment of MN offered com-
plete pain remission in 83%, and no detectable benefit in 
17% of patients at 1 month follow-up(40). Masala et al. used 
US-guided RF ablation to treat patients with MN after other 
conservative measures had failed and pain persisted for at 
least 6 months, achieving a mean VAS score of 2.1/10 and 
1.7/10 at 2 and 6 months, respectively(22). Similar results 
were reported at 8 months by Shah et al.(41), confirming 
the long-term pain relief achieved by means of targeted 
US-guided RF ablation of MN. Surprisingly, no robust long-
term data exists on the efficacy of RF treatment of MN.

Conclusions

US is the imaging modality of choice for the diagnosis of 
MN, while also enabling guided treatment. US-guided pro-
cedures including corticosteroid infiltration, chemical neu-
rolysis and radiofrequency thermal neurolysis are viable 
alternatives to surgical treatment, offering high rates of 
complete remission of symptoms in patients where con-
servative management has failed, prior to surgery. Further 
research is needed to determine the long-term outcomes of 
radiofrequency thermal neurolysis, and placebo-controlled 
trials are needed to clearly define the long-term benefits 
and complications of these treatments compared to open 
surgery.
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