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The effectiveness of non-surgical
interventions for common plantar
digital compressive neuropathy
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review and meta-analysis
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Abstract

Background: Morton’s neuroma (MN) is a compressive neuropathy of the common plantar digital nerve. It is a
common compressive neuropathy often causing significant pain which limits footwear choices and weight bearing
activities. This paper aims to review non-surgical interventions for MN, to evaluate the evidence base for the clinical
management of MN.

Methods: Electronic biomedical databases (CINAHL, EMBASE, MEDLINE and Cochrane) were searched to January 2018
for studies evaluating the effectiveness of non-surgical interventions for Morton’s neuroma. Outcome measures of interest
were treatment success rate (SR) (binary) and pain as measured using 100-point visual analogue scale (VAS) (continuous).
Studies with and without control groups were included and were evaluated for methodological quality using the Downs
and Black Quality Index. Results from randomised controlled trials (RCT) were compared between-groups, and case series
were compared pre- versus post-treatment. Effect estimates are presented as odds ratios (OR) for binary data or mean
differences (MD) for continuous data. Random effects models were used to pool effect estimates across studies where
similar treatments were used. Heterogeneity was assessed using the I2 statistic.

Results: A total of 25 studies met the inclusion criteria, seven RCTs and 18 pre/post case series. Eight different
interventions were identified, with corticosteroid or sclerosing injections being the most often reported (seven
studies each). Results from a meta-analysis of two RCTs found corticosteroid injection decreased pain more
than control on VAS (WMD: -5.3, 95%CI: -7.5 to − 3.2). Other RCTs reported efficacy of: manipulation/mobilisation versus
control (MD: -15.3, 95%CI: -29.6 to − 1.0); extracorporeal shockwave therapy versus control (MD: -5.9, 95%CI: -21.9 to 10.1).
Treatment success was assessed for extracorporeal shockwave therapy versus control (OR: 0.3, 95%CI: 0.0 to 7.1); and
corticosteroid injection vs footwear/padding (OR: 6.0, 95%CI: 1.9 to 19.2). Sclerosing and Botox injections, radiofrequency
ablation and cryoneurolysis have been investigated by case series studies, however these were of limited
methodological quality.

Conclusions: Corticosteroid injections and manipulation/mobilisation are the two interventions with the
strongest evidence for pain reduction, however high-quality evidence for a gold standard intervention was
not found. Although the evidence base is expanding, further high quality RCTs are needed.
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Background
Morton’s neuroma (MN) is a compressive neuropathy of
the common plantar digital nerve, most commonly oc-
curring in the third web space, followed by the second
and then the fourth [1–10]. The plantar nerve enlarge-
ment was first described in 1835 [11], the symptoms in
1845 [12] and the condition was initially called metatar-
salgia in 1876 by Thomas Morton whose name is now
associated with the condition [13]. Affecting 88 in every
100,000 women and 50 in every 100,000 men presenting
for primary care in the United Kingdom, it is the most
common compressive neuropathy after carpal tunnel
syndrome [14].
People with MN usually describe abnormal forefoot

sensations such as a burning or ache [15]. Pain localisa-
tion is most common in the plantar aspect of the fore-
foot, followed by the toe(s) and then the dorsal web
space [16]. Diagnosis can reliably be made based on clin-
ical presentation and testing [15] with ultrasound pro-
posed as an accurate and cost-effective imaging method
to confirm the diagnosis, especially in cases where the
clinical diagnosis is equivocal [17]. Ultrasound without a
clinical diagnosis may lead to a false diagnosis of MN for
asymptomatic interdigital nerve enlargements [18].
Confusion surrounds the name MN, with many alter-

native descriptions for the condition (e.g. intermetatarsal
neuroma [5, 19], intermetatarsal neuritis [5], plantar
interdigital neuroma [1, 7, 20], interdigital neuroma [3,
4, 10, 21], interdigital neuralgia [22], interdigital neuritis
[23] and plantar digital neuralgia [2]) and no histological
evidence of a true neuroma with axonal degeneration
and collagen proliferation [24].
Non-surgical interventions for MN are a recom-

mended treatment option before surgery [25–28]. Cli-
nicians also encounter health consumers who either
decline surgical intervention or, due to contraindica-
tions, are not suitable for surgery. A comprehensive
review of the non-surgical interventions would benefit
all clinicians managing this cohort. Clinicians may
recommend a range of treatments for MN. Current
published treatment pathways for the non-surgical
management of MN are based on a combination of
one RCT [3], a number of pre/post case series, and
expert opinion. These pathways follow a staged care
approach from wider, low heeled footwear and meta-
tarsal padding [25–28], foot orthoses [26, 29] or oral
non-steroid or steroid medications [26] to corticoster-
oid injections [25–30], sclerosing injections [25–28]
or extracorporeal shockwave therapy (ESWT) [26]
and end with surgical interventions [25–30] including
cryoneurolysis [25, 26]. However, at present there is
no clarity surrounding which treatment options are
most effective and no standard practice around which
treatment should be considered the gold standard.

A 2004 Cochrane review that assessed interventions
for MN included three randomised controlled trials
(RCT), with two surgical and one non-surgical interven-
tion [31]. The review concluded there was insufficient
evidence to assess the effectiveness of interventions for
MN. Another systematic review, based on a 2015 search,
concluded that the effectiveness of non-surgical treat-
ments appears less than surgical but “the paucity of ad-
equate studies makes it hard to assess” [32]. The review
evaluated one RCT, one prospective comparative study
and 10 case series across four different non-surgical in-
terventions. Several studies have been published on MN
interventions since 2015, but no subsequent systematic
review assessing the quality of these studies or the effect-
iveness of the interventions has been published. An
up-to-date synthesis of the available evidence is needed
to assist clinicians in selecting the most effective treat-
ments when managing patients with MN. The aim of
this systematic review is to appraise and synthesise the
evidence from a wide range of study designs investigat-
ing non-surgical interventions for MN.

Methods
Clinical question
To identify studies relating to non-surgical treatment of
MN, a clinical question was defined using the popula-
tion, intervention, comparison, outcome and study type
(PICOS) format prior to establishing the search strategy.
Population was defined as adults aged 18 years or older
with a MN diagnosed through clinical symptoms, ultra-
sound or magnetic resonance imaging, without a history
of significant trauma, foot surgery or systemic inflamma-
tory conditions such as rheumatoid arthritis. Interven-
tion was defined as any non-surgical intervention that
aimed to reduce pain associated with MN. Surgery was
defined as an incision into the body [33], thus
non-surgical would include skin penetration interven-
tions not involving an incision such as an injection or
skin penetrating probe. The comparison was considered
to be a control, or placebo group, or another non-surgi-
cal intervention compared to the primary intervention.
Primary outcomes included pain or function, and sec-
ondary outcomes included intervention adverse events,
change in neuroma size and quality of life. Included
study types were experimental studies from level II (ran-
domised controlled trials) to IV (case series with either
post-test or pre-test/post-test outcomes) of the Austra-
lian National Health and Medical Research Council
(NHMRC) Hierarchy of Evidence [34].

Registration and reporting
The systematic review protocol was registered with the
International Prospective Register of Systematic Reviews
(PROSPERO) on 07 April 2016, registration no.
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CRD42016037405. The study has been reported accord-
ing to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) recommendations
to ensure transparent and complete reporting [35]. The
types of studies to be included when the protocol was
registered were the NHMRC study levels II through to
III-3 [34], but the review group decided to include level
IV studies due to the paucity of higher level evidence
identified in initial searches.

Information sources and search
The search was conducted up to 15 January 2018 for the
following biomedical databases: CINAHL, EMBASE,
Medline and Cochrane Central Register of Controlled
Trials. A filter for human and English language studies
was applied, without date restriction. The complete
search strategy for Medline is shown in Table 1. Hand
searching of reference lists of included studies was also
conducted.

Study selection
All records retrieved by the search were independently
screened by title and abstract (BM and MH) for rele-
vance to the review question, then all potentially rele-
vant studies underwent full text screening (BM, RH and
MH). The PICOS clinical question described above
formed the inclusion criteria by which detailed full-text
evaluation was performed to determine which studies

would be included in the review. Disagreements between
the independent reviewers during study selection were
resolved by a fourth reviewer (SH). The recommended
PRISMA flow summary diagram [35] for the search
strategy is shown in Fig. 1.

Data collection process
A data collection form was developed and one reviewer
(BM) extracted the data while a second reviewer (RH)
checked the accuracy of the extracted data. A third re-
viewer (RW) provided clarification over data formats or
data conversion. Data were extracted from each included
study on (1) characteristics of study participants (includ-
ing number of study participants, sex, age); (2) type of
intervention (including type, technique, duration and fre-
quency); (3) study methods (neuroma diagnosis method,
type of outcome measure, length of follow up); and (4)
study design (using the NHMRC Hierarchy of Evidence
[34]). A study was defined as experimental if there were
two parallel study groups, with allocation to group de-
cided on either a randomised or quasi-randomised basis.
A study was defined as an uncontrolled case series if there
were at least two measurements (one pre-treatment and
one post-treatment) in the same treatment group, with no
concurrent comparison group. Numerical data were ex-
tracted, including number of participants in each group
and frequency of successful outcomes for categorical data
or mean and standard deviation for continuous data.

Risk of bias in individual studies
All included studies were independently reviewed in full
text for methodological quality (BM and MH) using the
27-item Downs and Black Quality Index [36]. Rating dis-
agreements between the independent reviewers during
study selection were resolved by a third reviewer (SH).
The Quality Index provides a profile of each study’s
methodological strengths and weaknesses. It has good
test-retest (r = 0.88) and inter-rater (r = 0.75) reliability
and can be used in both experimental and observational
studies [36]. The Quality Index has previously been used
to report the score with a Quality Index range of low,
moderate and high [37].
For this systematic review all 27 items in the original Qual-

ity Index were used. Items one to four and six to 26 were
given a maximum score of one point, item five a score of
two points, and item 27 was scored on a 0–5 scale, to give a
maximum possible score of 32. Item 27 was scored by calcu-
lating the post-hoc power of the study based on defining a
minimal important difference of ten points on a 0–100 scale,
extracting the standard deviation observed in the study, and
specifying alpha = 0.05. Quality Index points associated with
post-hoc study powers were zero (< 60% power), one (60 to
< 80% power), two (80 to < 90% power), three (90 to < 95%
power), four (95 to < 99% power), five (> 99% power) [38].

Table 1 Electronic search strategy for MEDLINE database,
January 2018

# Searches

1 peripheral nervous system neoplasms/ OR nerve compression
syndromes/ OR nerve sheath neoplasms/ OR neuralgia/
OR neuritis/ OR (neuralgia$1 OR neuritis OR entrapment$1
OR (nerve ADJ5 compression)).ti,ab.

2 neurilemmoma/ OR neuroma/ OR neurofibroma/ OR
(neurilemmoma$1 OR neuroma$1 OR neurofibroma$1).ti,ab.

3 foot diseases/ OR foot/ OR forefoot/ OR (foot OR forefoot).ti,ab.

4 metatarsus/ OR metatarsal bones/ OR metatarsophalangeal joint/
OR toes/ OR (metatarsus OR metatarsal$1 OR intermetatarsal OR
metatarsophalangeal OR toe$1 OR interdigital OR (plantar ADJ5
digital)).ti,ab.

5 (morton$1 ADJ5 (disease$1 OR neuroma$1 OR neuralgia$1)).ti,ab.
OR metatarsalgia/ OR metatarsalgia$1.ti,ab.

6 1 OR 2

7 3 OR 4

8 6 AND 7

9 5 OR 8

10 exp animals/ NOT humans.sh.

11 9 NOT 10

12 (treat$5 OR intervention$2 OR therap$5 OR manag$5 OR
procedur$2).ti,ab.

13 11 AND 12 (apply English language filter)
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While no published data investigating the minimal important
difference for MN was found, Thomson et al. [39], used a
ten point change, Mahadevan et al. [40], a 15 point and
Lizano-Diez et al. [41], a 30 point change on a 0–100 pain
visual analogue scale (VAS). AVAS is a straight line, the ends
of which are defined as the extreme limits of the sensation to
be measured such as pain [42].

Summary measures and synthesis of results
Raw results were extracted and when required, data
were dichotomised into treatment success/failure. Inter-
ventions were categorised into groups of similar inter-
ventions, i.e. interventions with similar therapeutic
targets or mechanisms (e.g. same class of drug used).
Outcome measures were considered appropriate for syn-
thesis if measuring the same construct (e.g. pain) and
having a scale that could be combined for analysis (e.g.
both continuous scales). The primary measure of treat-
ment effect for binary data were odds ratio (OR) (experi-
mental studies) or success rate (SR) (case series). The
primary measure of treatment effect for continuous data
were mean difference (MD) (for both experimental stud-
ies and case series). When estimating the MD for pre/
post scores a correlation of 0.5 between pre and post
measurements was assumed. When results from two or
more studies are combined in a meta-analysis, overall
estimates of effect are presented as weighted odds ratio,
weighted success rate (WSR), or weighted mean differ-
ence (WMD) as appropriate. The precision of effect esti-
mates was characterised using 95% confidence intervals
(CI). Random effects models were used to pool treat-
ment effects, and heterogeneity of clinical and methodo-
logical diversity was assessed with the I2 statistic [43].
Analyses were carried out separately for experimental

studies and case series. For experimental studies with
parallel groups, the between-group post-treatment
scores were compared. For studies with pre/post data, if
data were extracted from a case series, the within-group
pre/post scores were compared, and if data were ex-
tracted from an experimental study with parallel-groups
then the pre/post scores from the intervention arm were
compared. The data for the RCT meta-analysis only in-
cludes RCT data and the pre/post case series
meta-analyses only includes pre/post case series data.
A clinical evidence summary (Fig. 2) was created using

the traffic light tool to clearly display the key findings
from the review. The traffic light tool has been rated as
significantly more useful than the United Kingdom Na-
tional Health Service recommended “situation, back-
ground, assessment, recommendation” system for
communication within medical teams [44]. The traffic
light tool has previously been used as a communication
tool with health professionals for the management of
foot care in diabetes [45] and the paediatric flat foot
[46]. The figure and traffic light tool categorise interven-
tions into three groups; (i) green to indicate an interven-
tion with a high level of evidence (RCT or meta-analysis
of RCTs) and a statistically significant reduction in pain,
(ii) red to indicate an intervention with a high level of
evidence (RCT or meta-analysis of RCTs) and no statisti-
cally significant reduction in pain, or (iii) amber for all
interventions that don’t align with the green or red cat-
egories. The traffic light tool may be used in combin-
ation with the existing published treatment pathways for
MN [25–30] when considering a non-surgical interven-
tion. Study quality, effect size, adverse events (benefit
versus harm), clinician experience, and the predica-
ments, rights, and preferences of the individual with

Medline 947
CINAHL 486
EMBASE 1,560
Cochrane 73
Total 3,066
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Fig. 1 Flow diagram of study selection
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MN will need to be balanced by the clinician in their de-
cision making process [47].

Results
Overview of studies
The search identified 1946 potential titles and abstracts
to screen after the removal of 1121 duplicates. Of the
170 studies requiring full text review, 25 were included
[1–10, 19, 20, 22, 23, 39–41, 48–55]. The most common
reason for excluding studies following full-text review
was ineligible study type (112 studies). A flow diagram
of the study selection process is presented in Fig. 1. In-
cluded studies encompassed a total of 1974 study partic-
ipants and 2100 neuromas. Studies took place in United
Kingdom (6 studies) [2, 7, 22, 39, 40, 50], Italy (5 stud-
ies) [8, 20, 23, 53, 55], United States of America (4 stud-
ies) [4, 5, 19, 49], Australia [1, 10], South Korea [52, 54],
Spain [6, 41] and Turkey [3, 9] (2 studies each) and
South Africa [48] and France [51] (1 study each). Clin-
ical settings represented were Hospital (9 studies) [3, 8,
9, 22, 39, 41, 50, 52, 54], University [2, 6, 19, 20, 23, 48,
56] and Radiology [1, 7, 10, 49, 51, 53, 55] (7 studies
each), and Private Practice (2 studies) [4, 5]. The study
types consisted of seven RCTs [3, 39–41, 48, 50, 52], and 18
pre/post case series [1, 2, 4–10, 19, 20, 22, 23, 49, 51, 53–55].

Outcome measures
Pain was measured by VAS in 18 studies [2, 6–10,
19, 23, 39–41, 48, 50–55]. All 0–10 point VAS were
scaled to 0–100 point for data synthesis. Alternative
categorical outcome measures included the Johnson
scale [57] in nine studies [1, 7, 20, 22, 40, 41, 51, 52,
54] or overall satisfaction, improvement, treatment
response or symptom relief. For the purposes of ana-
lysis, a treatment measured using the Johnson scale
was classified as a success if the participant recorded
“completely satisfied” and as a failure otherwise. Raw
results are presented fully (Additional file 1).
Outcomes were dichotomised as success/failure for
meta-analysis. The mean time between treatment
initiation and outcome recording was 9.9 months (3
weeks to 56 months).

Types of intervention
The non-surgical interventions identified were divided
into two categories: non-invasive (no skin penetration)
and invasive. The non-invasive interventions included
two mobilisation and manipulation studies [2, 48], two
wider footwear and metatarsal padding studies [3, 4],
one extracorporeal shockwave therapy (ESWT) study
[52] and one orthoses study [50]. The invasive inter-
ventions included seven corticosteroid injection

Intervention type Traffic light tool
Statistically significant pain 

reduction#

Yes at 1.5 months

Pain not reported

No at 1 month

No at 12 months

Yes at 3-6 months (2 studies)

Yes at 12 months (4 studies)

Yes at 7 months (3 studies)

Pain not reported (2 studies)

Yes at 3 months (1 study)

Green indicates an intervention with a high level of evidence (RCT or meta-analysis of RCTs) and a statistically significant reduction in pain.
Red indicates an intervention with a high level of evidence (RCT or meta-analysis of RCTs) and no statistically significant reduction in pain.
Amber indicates an intervention that does not align with the green or red categories (low level evidence or no evidence for the intervention).

Fig. 2 Clinical evidence summary: Morton’s neuroma non-surgical interventions for pain reduction. RCT Randomised controlled trial; Clinical
evidence summary may be used in combination with the existing published treatment pathways for Morton’s neuroma; *No studies assessing
the effect of orthoses on foot function related to Morton’s neuroma were found by the review; #Statistically significant reduction in pain may not
be a clinically significant reduction in pain (no data on the minimal important difference for pain reduction in Morton’s neuroma was found)
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studies [1, 3, 22, 39–41, 54], seven sclerosing injec-
tion studies [5, 7, 8, 19, 20, 23, 55], three radiofre-
quency ablation studies [9, 10, 53], two cryoneurolysis
studies [49, 51], and one Botox injection study [6].
See Table 2 for the study characteristics and Table 3
for the results of included studies. Overall recommen-
dations arising from the meta-analysis using the traf-
fic light tool are displayed in Fig. 2. Where studies
were combined in meta-analysis, high levels of het-
erogeneity were generally observed, particularly for
meta-analysis of pre/post studies; I2 values for meta-
analyses are displayed in Figs. 3, 4, 5, 6 and 7.

Quality of included studies
The quality assessment of individual studies can be
viewed in Table 4. One study was rated as high, eight as
moderate and 16 as low using the Quality Index, demon-
strating a paucity of high-quality studies for the review
to assess. Fifteen case series and one RCT study were
rated as low. All studies were representative in terms of
the staff and facilities where the public would normally
receive the included interventions (Item 13). One study
[10] did not report the main outcomes (Item 2) and an-
other study [49] did not report participant characteristics
(Item 3). Only four studies [39–41, 52] attempted to
blind those measuring intervention outcomes (Item 15)
and none concealed randomisation from staff until re-
cruitment was complete (Item 24). Only Thomson et al.
[39], achieved an adequate level of power allowing gen-
eralisability of results (Item 27).

Non-invasive interventions
Manipulation/mobilisation
Manipulation/mobilisation (involving distraction and
plantarflexion of the metatarsophalangeal joints and mo-
bilisation of other foot and ankle joints as required) was
reported in two studies [2, 48]. One study was an RCT
[48] that showed an effect in favour of the treatment
over control at 6 weeks (MD: -15.3, 95%CI: -29.6 to −
1.0) (Fig. 4) and the other was an uncontrolled pre/post
study [2] (Table 3). The two studies showed a pre/post

reduction in pain at the end of the sixth treatment,
mean 5.5 weeks (range 3 to 8) (WMD: -44.8, 95%CI:
-85.2 to − 4.3) (Fig. 6).

Wider footwear and metatarsal padding
Properly fitted footwear with a wide toe box, low heel
and a metatarsal pad was assessed in two studies [3, 4].
An RCT [3] showed a statistically significant success rate
where the odds of a non-ultrasound guided (NUG) cor-
ticosteroid injection and anaesthetic (intervention) being
successful were 6 times greater than the odds of foot-
wear and padding (control) being successful at 6 months
(OR: 6.0, 95%CI: 1.9 to 19.2) (Fig. 5). The other was an
uncontrolled pre/post study [4]. Combining these two
studies showed footwear and padding to be successful in
32% of participants at a mean of 4.5 months (range 3 to
6) (WSR: 32, 95%CI: 25 to 40%) (Fig. 7).

Extracorporeal shockwave therapy
One study investigated ESWT, which involves microsonic
energy (shockwave) pulses delivered to the plantar forefoot
[52]. An RCT comparing ESWT to sham ESWT showed no
statistically significant treatment effect for ESWTat 1 month
review (OR: 0.3, 95%CI: 0 to 7.1) (Fig. 5), and no statistically
significant reduction in pain (MD: -5.9, 95%CI: -21.9 to 10.1)
(Fig. 4). Additional results are available in Figs. 6 and 7.

Varus/valgus foot wedge
The varus/valgus foot wedges used in the study were a
cobra style hard compressed felt padding adhered to the
plantar surface of a fibreboard insole to supinate or pro-
nate the foot. These were worn in the participant’s usual
footwear (low heeled lace-up or loose fitting slip on
shoes) [50]. This RCT comparing the foot wedges
showed no statistically significant treatment effect by the
varus wedge over the valgus wedge at a 12 month review
(MD: 10.0, 95%CI: -19.2 to 39.2) (Fig. 4). Additional re-
sults are available in Fig. 6.

Fig. 3 Meta-analysis for RCTs of corticosteroid injection on continuous outcomes (Pain VAS 0–100). VAS visual analogue scale; WMD weighted
mean difference; CI confidence interval
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Invasive interventions
Corticosteroid injection
A corticosteroid and anaesthetic injection at the site of
the neuroma was investigated by seven studies. Three
studies were RCTs, one comparing ultrasound guided
(UG) corticosteroid and anaesthetic injection to UG
anaesthetic injection [39], a second comparing NUG
corticosteroid injection to NUG anaesthetic injection
[41] and a third study comparing UG to NUG cortico-
steroid injection [40]. The remaining three studies of
UG corticosteroid injections were uncontrolled case
series [1, 22, 54]. Meta-analysis of two trials [39, 41]
comparing corticosteroid and anaesthetic injection
combined against anaesthetic injection alone (mean
follow-up time = 4.5 months; range 3 to 6) favoured the
combined intervention (WMD: -5.3, 95%CI: -7.5 to −
3.2) (Fig. 3). Additional results from RCTs are displayed
in Figs. 4 and 5. Continuous outcome measures for four
studies [39–41, 54] showed a pre/post reduction in pain
at a mean of 6.8 months (range 3 to 12) (WMD: -34.6,
95%CI: -58.1 to − 11.2) (Fig. 6). Binary outcome mea-
sures with six studies [1, 3, 22, 40, 41, 54] demonstrated
success following intervention at a mean of 8.4 months
(range 6 to 12) (WSR: 34, 95%CI: 21 to 49%) (Fig. 7).

Sclerosing injection
Seven studies evaluated sclerosing injections, which in-
volved either an UG (4 studies) [7, 8, 20, 55] or NUG (3

studies) [5, 19, 23] injection of a sclerosing compound
combined with local anaesthetic. Sclerosing compounds
included ethyl alcohol (6 studies) [5, 7, 8, 19, 20, 55] or
phenol (1 study) [23]. The number of injections ranged
from one to nine over a period of up to 3 months. All
seven studies were uncontrolled pre/post studies. Four
of the seven studies [7, 8, 19, 55] using continuous out-
come measures showed a pre/post reduction in pain
after a mean 13.4 months (range 7 to 24) review period
(WMD: -54.8, 95%CI: -58.5 to − 51.0) (Fig. 6). Five of
the seven studies [5, 7, 8, 20, 23] with binary outcome
measures showed success favoured sclerosing injections
after a mean 16.3 months (range 6 to 55) review period
(WSR: 72, 95%CI: 68 to 80%) (Fig. 7).

Radiofrequency ablation
Three studies [9, 10, 53] utilised radiofrequency ablation,
where an UG probe is inserted into the neuroma and heated
for a pulsed or continuous treatment. All studies had a pre/
post design with no control group. The three studies showed
treatment effects in favour of the intervention, (WMD: -51.7,
95%CI: -77.1 to − 26.3) after a mean review period of 7
months (range 6 to 15) (Fig. 6).

Cryoneurolysis
Two studies [49, 51] investigated cryoneurolysis,
where an UG probe is inserted into the neuroma for
one to three freeze/thaw treatment cycles. Both were

Fig. 4 Mean difference (with 95% CI) for RCT continuous outcomes (Pain VAS 0–100). *Two or more studies required to calculate I2 statistic; #UG
single injection and NUG three injections outcome data combined; VAS visual analogue scale; MD mean difference; CI confidence interval; UG
ultrasound guided; NUG non-ultrasound guided; ESWT extracorporeal shock wave therapy

Fig. 5 Odds ratio (with 95% CI) for RCT binary outcomes. *Three or more studies required to calculate I2 statistic; OR odds ratio; CI confidence
interval; UG ultrasound guided; NUG non-ultrasound guided; ESWT Extracorporeal shockwave therapy
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uncontrolled pre/post studies. Two studies showed
the success rate favoured treatment (WSR: 75, 95%CI:
54 to 92%) after a mean review period of 11.4 months
(range 1 to 50) (Fig. 7).

Botox injection
One study evaluated a NUG single injection of 50
units of onabotulinumtoxinA dissolved in 0.5 ml of
normal saline [6]. The study had an uncontrolled pre/
post design with 17 participants showed treatment ef-
fects in favour of the intervention (WMD: -32.6,
95%CI: -49.0 to − 16.2) after a review period of 3
months (Fig. 6).

Change in neuroma size
Four studies [7, 10, 20, 52] used ultrasound to report
on change in neuroma size. Ultrasound has been re-
ported as a reliable modality to measure neuroma
size [58]. Three case series [7, 10, 20] reported on
pre/post intervention change in symptomatic
neuroma size and one experimental study [52] re-
ported on post change between groups. Fanucci et
al. [20], reported a pre/post mass volume reduction
of at least 20% in 21 of 40 participants with UG
sclerosing injections. These 21 participants were the

only participants to report “complete satisfaction” on
the Johnson scale. Hughes et al. [7], found a pre/
post reduction in diameter of 30% in 30 of 101 par-
ticipants with UG sclerosing injections. Chuter et al.
[10], was unable to compare pre/post change in
diameter due to the much less distinct and ill-defined
neuroma appearance after UG radiofrequency
ablation. Seok et al. [52], comparing ESWT to control
reported the mean diameter in both groups slightly re-
duced post intervention but no statistically significant
difference was found.

Adverse events
No adverse events were reported for mobilisation and
manipulation [2, 48], wider footwear and metatarsal pad-
ding [3, 4] or Botox injection interventions [6] (Table 3).
Corticosteroid injections [39–41], sclerosing injections
[5, 7, 8, 20, 23, 55], radiofrequency ablation [9, 10], cryo-
neurolysis [51] and orthoses [50] all reported adverse
events. The most common event being pain during and
post sclerosing injection [5, 7, 8, 20, 23, 55] and the
most serious being dorsal skin hypopigmentation [39,
40], skin atrophy [41] and plantar fat pad atrophy [39] 3
months after a corticosteroid injection.

Fig. 6 Effect of intervention on pre/post case series continuous outcomes (Pain VAS 0–100). *Two or more studies required to calculate I2

statistic; VAS visual analogue scale; MD mean difference; CI confidence interval; ESWT extracorporeal shock wave therapy

Fig. 7 Effect of intervention on case series binary outcomes. *Three or more studies required to calculate I2 statistic; SR success rate; CI confidence
interval; ESWT Extracorporeal shockwave therapy
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Discussion
This systematic review evaluated non-surgical interven-
tions for MN, including a wide range of study types to
assist clinicians in their evidence-based management of
MN and to inform the future direction of research. The
review identified seven RCTs [3, 39–41, 48, 50, 52] and
18 case series [1, 2, 4–10, 19, 20, 22, 23, 49, 51, 53–55]
with only one high quality RCT [39]. Meta-analysis of
two RCTs [39, 41] found that corticosteroid injection de-
creased pain more than control. One RCT [3] showed
that corticosteroid injection was superior to footwear
and padding when measuring treatment success. Ma-
nipulation/mobilisation demonstrated some efficacy
when compared to control at 6 weeks in another RCT
[48]. Several case series found a reduction in pre/post
pain with sclerosing injections [5, 7, 8, 19, 20, 23, 55], ra-
diofrequency ablation [9, 10, 53], cryoneurolysis [49, 51],
and Botox injection [6] but these results should be inter-
preted with caution. No statistically significant reduction
in pain was demonstrated by an RCT [52] investigating
ESWT compared to control or by another RCT [50]
comparing varus/valgus foot wedges.
The meta-analysis of corticosteroid injections combined

two RCTs [39, 41] which varied in follow-up (3 vs 6
months), number of injections (1 vs 3) and guidance dur-
ing injection (UG vs NUG). Six of the studies [1, 3, 22, 40,
41, 54] had a 6 month or longer follow-up and only one
study [39] had a 3 month follow-up (seven studies in total).
It is not known whether combining a 3 month difference
in follow-up periods affects the quality of the analysis. Five
of the seven included studies used one injection [1, 22, 39,
54, 56], however two published treatment pathways for
MN [26, 30] state that up to three injections are typically
given. Thomas et al. [25], reports multiple injections obtain
better results, however this statement is based on low qual-
ity studies [3, 4, 59–61]. There is no high-quality evidence
for the number of injections or if multiple injections influ-
ence the effect size more than one injection. Mahadevan et
al. [40], demonstrated there was no statistically significant
difference between UG and NUG corticosteroid injections
when a trained clinician administered the NUG injection
(Figs. 4 and 5). This finding was used to justify combining
the two RCTs [39, 41] for the meta-analysis. Neuroma
diameter may be a factor in the small reduction in pain re-
ported by the corticosteroid meta-analysis. Mahadevan et
al. [56], found that people with neuroma with a transverse
diameter larger than 5mm had worse pain scores by 6
months post injection compared to those with a smaller
neuroma. The mean transverse diameter for Thomson et
al. [39], was 9.6 mm and Lizano-Diez et al. [41], was 8mm
which were both larger than 5mm. The follow-up period
and number of injections are differences which should be
considered when interpreting the small effect size reported
in the meta-analysis (Fig. 3).

One RCT of manipulation/mobilisation [48] had the
largest mean difference of the included RCTs in the re-
view (Fig. 4). The short follow-up period (1.5 months)
compared to the follow-up mean of all the included
studies in the review (9.9 months) suggests the result
should be interpreted with caution. The intervention in-
volved several manipulations/mobilisations including
dorso/plantar glides of one metatarsal relative to the
next and distraction and/or plantarflexion of the meta-
tarsophalangeal joints. The common plantar digital
nerve is surrounded by concentric layers of fibrous and
loose connective tissue which creates a protective tunnel
for the nerve to move independently of the surrounding
tissue during gait [62]. A proposed pathological process
involves the connective tissue becoming thickened and
fibrotic in Morton’s neuroma [63] changing the protect-
ive tunnel into a nerve entrapment with ischemia [62].
Manipulation/mobilisation may reduce pain by decreas-
ing the stiffness in the connective tissue surrounding
the nerve.
The studies assessing footwear and padding [3, 4] are

of low methodological quality demonstrating small suc-
cess rates and one RCT [3] showed corticosteroid injec-
tions to be more successful than footwear and padding,
however it should be considered that there are no ad-
verse events reported with footwear and padding. A
metatarsal pad is shaped to fit the plantar aspect of the
foot, proximal to the metatarsal heads at the distal
border, medially and laterally to the first and fourth
intermetatarsal spaces respectively and proximal to the
metatarsal bases with the pad thickness reducing distal
to proximal and toward the medial and lateral borders.
Prefabricated or custom foot orthoses may incorporate a
metatarsal pad.
The included sclerosing injection case series [5, 7, 8,

19, 20, 23, 55] encompassed varying frequency of injec-
tions (1 to 9 injections over a period of up to 3 months)
and review periods (6 to 55months). While the WMD
in pain scores and WSR were high (Figs. 6 and 7), the
treatment and review variability coupled with only un-
controlled pre/post data provides low quality evidence
and an RCT is required to confirm these findings. Three
published treatment pathways include sclerosing injections
as a second stage intervention [25, 26, 28], while another
three report concern about the lack of high quality evidence
[27], adverse events [29, 30] or the lack of long term treat-
ment success leading to surgery [29, 30]. Pain during and
post injection for up to 21 days was a common short-term
adverse event, but no long-term adverse events were re-
ported from 1040 participants with a mean 14.9months
(range 6 to 55) review period. Failure of the sclerosing in-
jection to substantially reduce pain in either the short or
long term resulted in 177 (17%) participants progressing to
surgical excision.
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Three pre/post case series investigating radiofrequency
ablation [9, 10, 53] found a large reduction in pain (WMD:
-51.7; 95%CI: -77.1 to − 26.3) (Fig. 6) but an RCT is re-
quired to confirm these findings. While radiofrequency ab-
lations have been investigated previously, they have not
been included in treatment pathways to date because par-
ticipants in previously identified radiofrequency ablation
studies concurrently received a corticosteroid injection,
which made it difficult to separate the benefits of the two
interventions [30]. The three new pre/post case series [9,
10, 53] included in this systematic review are not con-
founded by additional interventions and demonstrate pain
reduction with no long-term adverse events reported.
Kilmartin and Wallace [50], assessed a varus felt

wedge to supinate the foot verses a valgus felt wedge to
pronate the foot, and reported no statistically significant
reduction in pain with either type of wedge. The study
tests the hypothesis that a supinated subtalar joint would
reduce forefoot abduction, reducing MN compression
and pain. This hypothesis, based on the Root model of
foot function, assumes that pronation of the foot during
the propulsive phase of gait causes the metatarsals to be-
come unstable, resulting in the metatarsal heads moving
laterally, causing a shear force on the plantar soft tissues,
resulting in a MN [64]. The current understanding is
that foot orthoses alter the magnitude, timing, and vel-
ocity of motion in the foot. In addition to altering kine-
matics, foot orthoses also alter plantar pressures, muscle
activity and kinetics, which can be used to reduce stress
on targeted tissues with the intention of reducing the risk
of tissue damage [65–68]. The term orthosis used in the
study [50] does not represent the current understanding
of foot or orthosis function. Therefore, the term “varus/
valgus foot wedge” has been used in this review to repre-
sent the intervention used in Kilmartin and Wallace’s
study. No studies assessing the effect of orthoses on foot
function related to MN were found by the review.
This systematic review provides the most current and

comprehensive assessment of non-surgical interventions
for MN published to the best of the authors’ knowledge.
Clinicians and researchers may use the findings as an
evidence-based summary to help guide their clinical
management and research. The results however, should
be interpreted while considering the following limita-
tions. The review only searched for and included studies
published in English, excluding non-English language
publications. A 2009 RCTcomparing ESWT to sham ESWT
was not included in this review as the participants mean age
and range was not reported [69]. Including this RCT may
have altered the results from the data analysis. The Johnson
scale [57] was collapsed into binary data, by classifying “satis-
fied” as success. Regrouping binary data with “satisfied” and
“satisfied with minor reservations” as success would increase
the success rates reported and modify the results. There is

no published minimal important difference for MN interven-
tions. Therefore, it is unknown whether the small effect sizes
reported by RCTs are clinically meaningful. Where enough
studies were pooled to calculate an I2 statistic with pre/post
continuous (Fig. 6) or binary (Fig. 7) outcomes, the values
ranged from 79.9 to 99.5%. Higgins et al. [43], showed about
a quarter of the meta-analyses in the Cochrane database of
systematic reviews have I2 values over 50%. Values over 75%
have tentatively been assigned as having high levels of het-
erogeneity [43]. Where I2 values were calculated in this sys-
tematic review for pre/post data there were high levels of
heterogeneity.
High quality experimental studies investigating non-surgi-

cal treatments for MN are lacking [30, 32, 39], although
there has been a small number of RCTs recently published
[40, 41, 52]. In particular, future RCTs are needed to evaluate
the effectiveness of sclerosing injections, radiofrequency abla-
tions and cryoneurolysis, in order to confirm findings from
low quality case series. Using a randomised study design
where an intervention group is compared with a control
group allows researchers to measure the causal benefit of the
intervention. That is, the effect of intervention beyond any
placebo effect a sham treatment may have, or beyond any
natural improvement with time, which cannot be determined
in a pre/post case series. The identification of a minimal im-
portant difference for pain improvement [70] would be in-
formative to help clinicians and researchers understand the
minimum worthwhile improvement patients report, re-
placing the range of values demonstrated across three RCTs
included in this review [39–41]. When designing experimen-
tal studies, consideration should be given to consistent re-
view periods (1, 6 and 12months), validated outcome
measures and the CONSORT guidelines [71] to allow the
combining of RCTs for high quality meta-analyses of inter-
ventions with the same therapeutic mechanism.

Conclusions
This review found some evidence of pain reduction
following corticosteroid injection or manipulation/mo-
bilisation techniques for MN. However, no high-quality
evidence currently exists to inform which intervention
should be the gold standard for first- or second-line
non-surgical treatments. Further high quality RCTs are
warranted to provide a solid evidence base for
non-surgical treatment of MN.
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