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Abstract

Background and Objective Morton neuroma is a common
cause of metatarsalgia of neuropathic origin. Systematic
reviews suggest that insufficient studies have been per-
formed on the efficacy of the different treatments available.
OnabotulinumtoxinA has shown a degree of usefulness in
other conditions associated with neuropathic pain. The aim
of this study was to investigate the therapeutic potential of
onabotulinumtoxinA in Morton neuroma.

Patients and Methods We present an open-label, pilot
study with 17 consecutive patients with Morton neuroma
and pain of more than 3 months’ duration that had not
responded to conservative treatment with physical mea-
sures or corticosteroid injection. Patients received one
onabotulinumtoxinA injection in the area of the neuroma.
The main outcome measure was the variation in the pain on
walking evaluated using a visual analogue scale (VAS)
before treatment and at 1 and 3 months after treatment. The
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secondary outcome was the change in foot function, which
was assessed using the Foot Health Status Questionnaire.
Results In the overall group, the mean initial VAS score
on walking was 7. This mean score had fallen to 4.8 at
1 month after treatment and to 3.7 at 3 months. Twelve
patients (70.6 %) reported an improvement in their pain
and five patients (29.4 %) reported no change; exacerba-
tion of the pain did not occur in any patient. Improvements
were also observed in two of the dimensions of the Foot
Health Status Questionnaire: foot pain, which improved
from a mean of 38.88 before treatment to 57 at 3 months,
and foot function, which improved from a mean of 42.27
before treatment to 59.9 at 3 months. Clinical variables
including age, sex, site and size of the lesion, standing
activity, weekly duration of walking, footwear, foot type
and footprint had no influence on the outcome. No adverse
effects were reported.

Conclusions In this pilot study, injection with onabotul-
inumtoxinA was shown to be of possible usefulness to
relieve the pain and improve function in Morton neuroma.
This finding opens the door to further clinical research.

1 Introduction

Morton neuroma is a common cause of metatarsalgia. It is
characterized by a thickening at the bifurcation of the
plantar digital nerve, typically developing in the third
intermetatarsal space and, less frequently, in the second
intermetatarsal space [1]. Histology usually reveals endo-
neural and perineural fibrosis at the level of the heads of the
metatarsals [2], and it is therefore considered to be an
entrapment neuropathy in which the intermetatarsal liga-
ment could play a key role [3]. Morton neuroma has been
associated with various overload mechanisms and
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particularly with the use of inadequate footwear. Previous
studies have reported a prevalence of Morton neuroma of
around 30-33 % [4]. Morton neuroma is eight to ten times
more common in women than in men; this may be related
to the use of shoes with high heels or with a constricting toe
box [5, 6].

Morton neuroma is named after Thomas G. Morton [7]
who described it in 1876, though earlier descriptions exist
[8]. The symptoms are characterized by plantar pain of
neuropathic characteristics in the forefoot, typically
between the third and fourth toes. The pain is more intense
during standing and walking and is exacerbated by the use
of footwear with a high heel or narrow toe. It is described
as a stabbing pain that radiates to the medial and lateral
borders of the affected toes in the territory supplied by the
plantar digital nerves.

On physical examination there is usually a tender point
on the dorsal aspect of the corresponding intermetatarsal
space. There may be altered sensation, with the hyperaes-
thesia characteristic of neuropathic pain, which can be
provoked by testing light touch sensation over the medial
and lateral surfaces of the affected toes.

Clinical diagnosis can be confirmed by sensory nerve
conduction studies of the interdigital nerve, ultrasound or
magnetic resonance imaging (MRI) (Fig. 1) [9]. An MRI
increases the range of detectable differential diagnoses,
which include intermetatarsal bursitis, arthritis, synovitis,
osteomyelitis, foreign body granuloma, stress fracture,
Freiberg disease and metatarsophalangeal subluxation [4].

Treatment of Morton neuroma can be conservative or
surgical [10]. Patients are often instructed to use footwear
that does not enclose the forefoot. Metatarsal offloading
orthoses have also been used. In addition, corticosteroid
injection and nerve blocks with local anaesthetic [S] or
alcohol [11] are recommended. The principal surgical
option indicated for cases refractory to conservative treat-
ment is neurectomy [12]. Systematic reviews suggest that
insufficient studies have been performed to demonstrate the

Fig. 1 Magnetic resonance image of a Morton neuroma (arrows)
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efficacy of the different treatments employed or whether
any one treatment is superior to the others [5].

Botulinum toxin A is a peptide formed by a light and a
heavy chain linked by a disulphide bridge. It acts as a
protease at the presynaptic nerve terminal, blocking ace-
tylcholine release at the motor endplate. Because of this it
has been used for decades in the treatment of disorders
characterized by muscle hyperactivity, such as spasticity or
dystonia [13]. Its analgesic potential was also observed
when, in addition to decreasing the hyperactivity, it was
found to improve the pain in patients with dystonia [14].
This initial finding was later confirmed when its analgesic
therapeutic effect was observed in other conditions such as
epicondylitis, low back pain, piriformis syndrome [15],
migraine [16] and plantar fasciitis [17].

In recent years, this analgesic effect has also been
investigated in the field of neuropathic pain [18-27]. The
analgesic effect of the toxin may be related to inhibition of
neuropeptide release in the nociceptive terminals [28].

The objective of the present study was to investigate the
effect of treatment with onabotulinumtoxinA on the neu-
ropathic pain of Morton neuroma.

2 Patients and Methods

We present an open pilot study performed on patients with
Morton neuroma who attended the Rehabilitation and
Orthopaedics Outpatients Clinic of Alicante University
General Hospital, Alicante, Spain, and in whom the
symptoms had not improved after treatment involving
footwear modification and orthoses. The following inclu-
sion criteria were applied: diagnosis of Morton neuroma,
pain of more than 3 months’ duration and with a pain
intensity on walking >5 on a visual analogue scale (VAS).
The diagnosis of Morton neuroma was confirmed by MRI
or ultrasound in all patients. Seventeen consecutive patients
who satisfied these criteria were included in the study. All
patients received detailed information about the nature of
the study, its objective and the therapeutic procedures
involved. They all agreed voluntarily to participate in the
study and signed an informed consent form. This research
has received the approval of the ethics committee of Ali-
cante General Hospital.

The following clinical variables were studied: body
mass index, type of footwear (narrow-toed or broad-toed),
occupational activity requiring standing, number of hours
walking per week (more or less than 3 h per week), pre-
vious treatment with corticosteroid injections, type of
footprint, foot morphology, web space affected and noc-
turnal pain.

The primary outcome measure was pain intensity on
walking, evaluated using a VAS with a score range from 0
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to 10 points. Secondary variables were studied using the
Foot Health Status Questionnaire, for which there is a
validated version in Spanish [29]. This questionnaire offers
four domains related to foot health: foot pain, foot function,
general foot health and footwear [30]. Optimum foot health
is considered to be a score of 100 points and lower values
indicate the percentage deterioration in the dimension
being evaluated.

All patients received a single injection of onabotuli-
numtoxinA (Bot0x®, Allergan, Irvine, CA, USA) in the
area of the neuroma. The site of injection was selected by
anatomical skin marking based on the findings of the MRI
scan and concordance with the site of pain. All patients
received a dose of 50 units of onabotulinumtoxinA dis-
solved in 0.5 mL of normal saline.

The statistical study was performed using the SPSS
software package version 15.0 (SPSS Inc., Chicago, IL,
USA). Before data analysis, the Shapiro-Wilk test was
employed to test for a normal distribution of the dependent
variable. The values of the dependent variables before
treatment and at 1 and 3 months after treatment were
compared using repeated measures ANOVA. The possible
influence of the clinical variables was studied by calcu-
lating the percentage of patients in whom the pain had
improved at 3 months after treatment in each subgroup
defined by the clinical variables; the percentages were then
compared using contingency tables and the Chi-square test
to determine the influence of each clinical variable on
outcome. The Pearson coefficient was calculated to deter-
mine the relationship between quantitative variables.

3 Results

Seventeen patients [ten women (59 %) and seven men
(41 %)] with a mean (standard deviation) age of 59.29
(2.65) years were included in the study.

The clinical characteristics of the patients are summa-
rized in Table 1. Analysis of the results of the overall
group (Table 2) showed a significant improvement in pain
on walking measured using the VAS (Fig. 2) and in the
foot pain and foot function (Fig. 3) dimensions of the Foot
Health Status Questionnaire; the improvements in the other
dimensions evaluated by the questionnaire (general foot
health and footwear) did not reach statistical significance.

In terms of pain relief at 3 months after treatment, 12
patients (70.6 %) showed improvement and 5 patients
(29.4 %) obtained no relief of their symptoms. The per-
centage improvement in each of the different subgroups of
the sample is shown in Table 3. None of the clinical
variables studied (body mass index, footwear, standing
occupational activity, walking more than 3 h per week,
previous treatment with corticosteroid injections, type of
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Table 1 Characteristics of the sample (n = 17 patients)
Characteristic n (%) Mean (£SD)
Age (y) 58.19 (2.56)
Sex

Female 7 (41.2)

Male 10 (58.8)
Body mass index (kg/m?)

<25 5(29.4)

>25 12 (70.6)
Site of the neuroma

Second intermetatarsal space 6 (35.3)

Third intermetatarsal space 11 (64.7)
Standing activity

Prolonged 9 (52.95)

Normal 8 (47.1)
Footwear

Narrow toes 4 (23.5)

Broad toes 13 (76.5)
Walking activity (h/week)

>3 12 (70.6)

<3 5(29.4)
Previous corticosteroid injection

Yes 3(17.5)

No 14 (82.4)
Footprint

Normal 6 (35.3)

Pes cavus 9 (52.9)

Pes planus 2 (11.8)
Foot type

Greek 6 (35.3)

Egyptian 11 (64.7)
Nocturnal pain

Yes 7 (41.8)

No 10 (58.8)
Largest diameter of the neuroma (mm) 14.1 (0.87)
Smallest diameter of the neuroma (mm) 4.8 (0.36)

SD standard deviation

footprint, foot morphology, interdigital space affected or
nocturnal pain) was found to have a significant influence on
the initial pain intensity or on the outcome of treatment
measured using the primary or secondary outcome
variables.

The size of the neuroma also had no effect on the per-
centage of patients who presented an improvement in the
pain score on the VAS 3 months after treatment. The
largest and smallest diameters of the neuromas showed
correlations of 0.16 and 0.19, respectively, with the out-
come measure. Nor was treatment outcome related to
patient age (correlation, r = 0.15).
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Table 2 Treatment outcome evaluated using the visual analogue
scale and the dimensions of the Foot Health Status Questionnaire

Parameter Pre-treatment ~ Post-treatment P value®
1 month 3 months

Pain at rest 2.28 (2.39) 0.95 (1.49) 0.95 (1.61) 0.02
(VAS score)

Pain on walking 7.4 4.89 (3.04) 3.74 (3.52) <0.001
(VAS score)

FHSQ foot pain 38.88 (24.23) 54.14 (25.47) 57 (27.45) 0.005

FHSQ foot 42.27 (27.99) 52.20 (35) 59.94 (37.19) 0.03
function

FHSQ footwear 26.46 28.91 26.95 0.7

FHSQ foot 28.82 19.97 37.17 0.3
health

Values are given as mean (SD)
FHSQ Foot Health Status Questionnaire, VAS visual analogue scale

* Significance level comparing pre-treatment values with values at 3 months

10

Pain on walking (VAS score)
a

Before injection 1 month 3 months

Fig. 2 Boxplot of the changes in pain on walking as measured on the
visual analogue scale (VAS) before injection and at 1 and 3 months

after treatment (n = 17 patients). The box represents 25th, 50th and
75th percentiles and the whisker represents the range

None of the patients reported any local, distant or gen-
eralized adverse effects after the injection.
4 Discussion
This is the first study of the effect of onabotulinumtoxinA

on the symptoms of Morton neuroma. The data obtained
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Fig. 3 Boxplot of the changes in foot function measured using the
Foot Health Status Questionnaire (FHSQ) before injection and at 1
and 3 months after treatment (n = 17 patients). The box represents
25th, 50th and 75th percentiles and the whisker represents the range

show an improvement in pain at rest and on walking and an
improvement in foot function; these improvements were
detectable at 1 month after treatment and persisted at sig-
nificant levels until the end of the study (3 months) in the
sample analysed.

Local corticosteroid injection is usually indicated when
the first-line treatment of Morton neuroma by footwear
modification and the use of orthoses does not achieve
adequate control of symptoms. Favourable results have
been reported in 76 % of cases 1 week after corticosteroid
injection [3]. These good immediate results have not
always been confirmed after a longer follow-up of months
or years—the percentage of patients with continued
improvement varied between 30 and 66 %, depending on
the series [2, 31, 32]. One classic series reported
improvement in only 40 % of patients despite repeating the
injection on up to four occasions [6]. The injection of an
alcohol solution into the Morton neuroma has also been
proposed; published series have reported improvements in
69-84 % of patients [11, 33-35]. In some studies, the
infiltration was repeated on up to four occasions. It should
be noted that this procedure can lead to an increase in
symptoms in the initial weeks in up to 16 % of patients
[36].

A number of studies have been published in which on-
abotulinumtoxinA has been shown to have analgesic
activity in conditions associated with neuropathic pain,
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Table 3 Distribution of the patients who had improved at 3 months,
according to different subgroups

Characteristic Improvement, No P value
n (%) improvement,
n (%)

Sex
Female 8 (80) 2 (20) 0.3
Male 4 (57.1) 3(42.9)

Body mass index (kg/m?)
<25 8 (66.7) 4 (33.3) 0.5
>25 4 (80) 1 (20)

Site of the neuroma
Second intermetatarsal 4 (66.7) 2 (33.3) 0.7

space
Third intermetatarsal 8 (72.7) 3(27.3)
space

Standing activity
Prolonged 6 (66.7) 3 (33.3) 0.5
Not prolonged 6 (75) 2 (25)

Footwear
Narrow toes 2 (50) 2 (50) 0.3
Broad toes 10 (76.9) 3 (23.1)

Walking activity (h/week)
>3 9 (75) 3(25) 0.4
<3 3 (60) 2 (40)

Previous corticosteroid injection
Yes 3 (100) 0 (0) 0.3
No 9 (64.3) 5357

Footprint
Normal 5(83.3) 1 (16.7) 0.6
Pes cavus 6 (66.7) 3 (33.3)
Pes planus 1 (50) 1 (50)

Foot type
Greek 3 (50) 3 (50) 0.2
Egyptian 9 (81.8) 2 (18.2)

Nocturnal pain
Yes 5(71.4) 2 (28.3) 0.6
No 7 (70) 3 (30)

Overall sample 12 (70.6) 5(29.4)

such as postherpetic neuralgia [22], carpal tunnel syndrome
[23], occipital neuralgia [24], diabetic polyneuropathy [25],
trigeminal neuralgia [26] and phantom limb syndrome [37].
Morton neuroma, a well-known cause of neuropathic pain,
is a localized lesion that can be observed on imaging
studies, and it therefore represents a good model to study
the possible beneficial effect of the local injection of dif-
ferent drugs. In this open pilot study, onabotulinumtoxinA
improved the foot pain and foot function scores both at
1 month and at 3 months; this would suggest a potential
beneficial therapeutic effect on the symptoms of Morton

neuroma. The mechanism of action of onabotulinumtoxinA
in neuropathic pain must be considered in the context of its
activity as a protease of the cytoplasmic transport proteins.
This activity could lead to a reduction in the concentration
of some of the nociceptive neurotransmitters such as sub-
stance P, glutamate and calcitonin gene-related peptide
[28]. It is also possible that it could inhibit the transport
proteins of the membrane receptors. This blockade of
neurotransmitter release could alter sensitization phenom-
ena, interrupting the cascade of local events that precipi-
tates the situation that perpetuates the pain [38]. This
modulation of sensitization may also be implicated when
botulinum toxin is used in the treatment of myofascial pain
syndrome [39-44].

The results of this study show that 29.4 % of the sample
showed no benefit whatsoever from the treatment. This
result contrasts with the marked and sustained improve-
ment in 70.6 % of the patients. An analysis of the clinical
variables studied did not identify a specific profile of the
patients who did not respond, as it was not possible to find
any variable that was predictive of the success or failure of
treatment. Nor was there a correlation between the size of
the neuroma and the outcome. As the injections were
directed by anatomical skin marking, it is possible that the
therapeutic target may not have been adequately reached in
all patients. For this reason, further studies of this treatment
should be performed with ultrasound guidance in order to
reduce the risk of treatment failure due to an incorrect site
of injection of the drug [3].

Another aspect that must be considered is the suitability
of a dose of 50 U. This dose is the same as has been used at
each site of blockade in other series on the treatment of
neuralgia [45]. The percentage of therapeutic success
would suggest that this dose could be appropriate, although
it is not currently known whether any variation in the dose
might improve the results.

Another issue concerns the onset, peak and disappear-
ance of the analgesic effect of onabotulinum toxin. In
movement disorders, the clinical onset of action of botu-
linum toxin typically occurs between 12 and 72 h after
injection; the effect peaks between 1 and 3 weeks and this
is followed by a plateau phase that for lasts for 1-2 months.
Patients therefore often require re-injection approximately
every 3 months [46]. However, our patients presented
better results at 3 months than at 1 month. This long-term
improvement is not uncommon in pain treatment and
improvements have even been reported at up to 6 months
[16]. Apart from its analgesic action, botulinum toxin is
effective in reducing fibrosis. This has been observed in
patients with neurogenic bladder, as those who received
treatment with abobotulinumtoxin injection presented less
bladder wall fibrosis than those who received other treat-
ments [47].
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In addition to pain reduction, botulinum toxin treatment
may also produce a decrease in the size of neuroma. We
plan to study changes in Morton neuroma size after botu-
linum toxin injection in the future.

An interesting finding was the absence of adverse effects
in this series. The treatment was well tolerated and an
exacerbation of symptoms was not observed in any case. A
further relevant consideration is that these results were
achieved after a single injection, whereas other injectable
treatments have required repetition of the procedure on up
to four occasions.

The fundamental limitation of this study is the absence of a
control group and the data presented cannot therefore be
extrapolated to other populations. This was an initial clinical
investigation in the form of an open pilot study, the main aim
of which was to open a new line of investigation for the
treatment of neuropathic pain in Morton neuroma. The small
sample size and the lack of objective outcome measures can be
rectified in further studies. These limitations should be taken
into account when designing future prospective research.

5 Conclusion

The injection of onabotulinumtoxinA in Morton neuroma
has been shown to be useful to relieve pain and improve
function in a 3-month open pilot study. This finding opens
the door to further clinical research to determine the opti-
mal dose, possible improvements in the outcome through
the use of ultrasound-guided injection, and comparison of
the results of this new procedure with other procedures
commonly used in Morton neuroma. It would also be
interesting to determine the possible effects of treatment on
the size and characteristics of the neuroma.

To establish the role of onabotulinumtoxinA in Morton
neuroma, it will be necessary to perform clinical trials that
compare this new therapeutic option with the established
management options in order to determine its superiority or
inferiority, its profile of adverse effects and its relative cost.
Such studies would enable us to determine whether onab-
otulinumtoxinA offers any advantage over the other known
injectable treatments.
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