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Abstract

Objective: We aimed to evaluate patient satisfaction after surgery for both single and two adjacent neuromas.

Methods: We reviewed the data of patients treated operatively for interdigital neuromas between 2003 and 2016. We interviewed them
and administered the Self-Reported Foot and Ankle Score questionnaire. Patient scores were then analyzed categorically, and variation
between groups was assessed.

Results: Sixty-two patients were available for review. Thirty-one patients had a single interdigital neuroma excised and 31 had two adja-
cent interdigital neuromas excised. Twenty-eight of the 31 (90%) patients with a single neuroma had good or excellent results while 23
(74.2%) of those with adjacent neuromas had similar outcomes. One patient with a single neuroma had a poor result while four patients
with adjacent neuromas had poor results. The mean score was 41 (excellent) for patients with a single interdigital neuroma and 37
(good) for those with adjacent neuromas (p=0.473). The majority of patients in both groups would undergo surgery again.

Conclusion: We found no statistically significant difference in outcomes of patients who undergo surgery for either single or two adja-
cent interdigital neuromas. General patient satisfaction is good and/or excellent post excision.
Level of Evidence II; Prognostic Studies; Retrospective Study.
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susceptible to microtrauma. In addition, high-heeled shoes
with a narrow toe box can cause compression of the metatar-
sal heads and push the common digital nerve up against the
unyielding transverse intermetatarsal ligament®©®,

Introduction

The clinical symptoms of interdigital neuroma, also known
by the eponym Morton’s neuroma, were first described by Ci-
vinni® in 1835, Durlacher® in 1845, Coughlin and Pinsonneault
in 2001, In 1876, Morton® reported on a case series of pa-
tients with similar symptoms. However, he attributed the

An interdigital neuroma is a tumor-like mass of perineu-
ral, epineural, and endoneural fibrosis with loss of myelina-

symptoms to trauma/injury to the fourth metatarsophalan-
geal joint.

Interdigital neuroma is now known to be a benign condition
of the interdigital plantar nerve. Clinically, patients present
with pain in the forefoot, typically radiating to the toes and
aggravated by wearing tight shoes®. It commonly affects the
third web space, followed by the second web space, and ra-
rely occurs in the first and fourth web spaces. The common
digital nerve in the third web space, formed by branches of
the lateral and medial plantar nerve, is thought to be relatively
thicker and more tethered in the web space, making it more
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ted nerve fibers®®, The diagnosis of interdigital neuroma is
mainly a clinical one®™. Pastides et al.® reported a 98% sen-
sitivity based on history and clinical examination alone. They
recommended the use of magnetic resonance imaging (MRI)
or ultrasound (US) to identify multiple neuromas or localize
the web space when it is clinically unclear. Sobiesk et al./®
assessed the effectiveness of US to accurately identify inter-
digital neuromas and reported that it can predict the pre-
sence, size, and location of neuromas with a 100% sensitivi-
ty and an 83.3% specificity. US is therefore a cost-effective,
noninvasive modality that can be used for equivocal cases
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of neuroma to confirm the diagnosis. The management of
interdigital neuromas includes both conservative and ope-
rative treatment. Conservative therapies include accommoda-
tive footwear, anti-inflammatory medications, innersoles, and
physiotherapy®®™. In addition, local injection of corticoste-
roids, sclerosing agents, and local anesthetic has been found
to provide short-lived relief of symptoms. Surgery is usually
reserved for intractable symptoms despite optimal conser-
vative therapy. Outcome studies of operative treatment of
neuromas generally address patients with a single neuroma.
Most of these studies have reported satisfactory outcomes
following operative management of single interdigital neuro-
mas®e7men To our knowledge, only one study looked prima-
rily at the clinical results of patients who had more than one
neuroma excised{®,

The existence of multiple interdigital neuromas in the same
foot has been reported as rare by some authors; however, Va-
lero et al.?” recently showed a 65.2% prevalence of multiple
neuromas in the same foot. Benedetti et al.®™® evaluated 19
feet with simultaneous adjacent neuromas, which were ma-
naged surgically, and reported outcomes that were compara-
ble to those reported by other authors for single neuromas®.
To our knowledge, no other studies in the published English
medical literature have addressed this since Benedetti et al.
No studies have directly compared outcomes in patients with
single versus adjacent neuromas.

Our study reviewed a series of patients who underwent surgery
by a single surgeon, and we investigated their self-reported
satisfaction after surgery for both single and adjacent neu-
romas. The hypothesis of this study was that simultaneous
excision of adjacent neuromas would yield poorer outcomes
compared to single neuroma excision.

Methods

Ethics approval was obtained from the University of Witwaters-
rand ethics and scientific committee (M171067).

The primary aim of this study was to assess the outcomes
of surgery undertaken for interdigital neuroma. Secondarily,
we compared the outcomes in patients with a single neuroma
versus those with adjacent neuromas in the same foot. We
reviewed the data of patients managed surgically for inter-
digital neuromas by a single surgeon between January 2003
and January 2016. We included all adult patients who had
undergone surgery for either single or adjacent interdigital
neuromas. Patients with concomitant foot disorders or those
who had other surgery to the foot in question were excluded.
All patients had undergone preoperative US investigation,
which confirmed the presence of either single or double neu-
romas in the foot. The US was performed by a sonographer
with 21 years of musculoskeletal experience using a 12 MHz
linear-array transducer. A hypoechoic mass, which could be
identified in the longitudinal plane and on dynamic studies
during side-to-side compression of the forefoot, was consi-
dered diagnostic of a Morton’s neuroma (Figure 1).

The surgery was performed by the senior author. All ope-
rations were performed under general anesthesia with a
tourniquet. No nerve blocks were used. A dorsal incision was
made either over the second or third web space for excision
of single neuromas, or the third metatarsal for excision of two
adjacent neuromas to allow access to both the second and
third web spaces. The deep transverse ligament was then
transected. Each neuroma was then excised (Figure 2). All
specimens were sent for histology, and analyses confirmed
them to be interdigital neuromas. The wounds were closed
using subcuticular sutures. Postoperatively, patients were
placed in a padded dressing and kept heel walking as tolera-
ted for two weeks.

Left 2nd web space
Dist 1.26cm

Dist 0.833 cm

Figure 1. Red arrow shows a hypoechoic mass seen on ultrasound
suggestive of interdigital neuroma.

Figure 2. Image shows interdigital neuroma post exci-

sion from the third web space.
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All patients were contacted independently by one of the
authors, who was not involved with the surgeries. Patients
were asked to complete the validated Self-Reported Foot
and Ankle Score (SEFAS). The SEFAS questionnaire has
good psychometric properties for evaluation of patients
with different disorders and operative procedures around
the forefoot, hindfoot, and ankle joint®2®_|f a patient had
bilateral operations, the worst foot was scored. A total
SEFAS score of O represents the most severe disability while
a score of 48 represents normal function. A score less
than 20 was graded as poor, 20-29 as average, 30-39 as
good, and 40-48 as excellent. The results were grouped ca-
tegorically based on whether the scores were poor, average,
good, or excellent. An analysis of variance (ANOVA) test was
then carried out to assess significance in the variation seen
between the two groups of patients. Statistical significance
was defined at 5% (p<0.05).

Results

The total number of neuromas was 114 in 62 patients. Thir-
ty-one patients had adjacent second and third web-space
neuromas in the same foot, with 12 patients having bilateral
foot involvement. Of the 31 patients with a single neuroma,
three had bilateral foot involvement (Table 1). Twenty-eight
patients had unilateral involvement, 20 of whom had third
web-space neuromas and 8 had second web-space neuro-
mas. The follow-up time for single neuromas ranged from 0.6
to 13.6 years, with a mean follow-up of 6.2 years. For adjacent
web-space neuromas, follow-up ranged from 0.5 to 11.2 years,
with a mean follow-up of 4.6 years.

In patients with adjacent web-space neuromas, 23 (74.2%)
had excellent or good outcome scores. Of these, 18 (58%)
had excellent outcome scores and 5 (16%) had good outcome
scores. Four (12.9%) had average outcomes, and four (12.9%)
had poor outcomes. Of those with poor outcomes, one pa-
tient reported moderate pain while the other three reported
severe pain affecting them most days and limiting their acti-
vities of daily living. Of the 31 patients, 24 (77.4%) said they
would have surgery again. One patient, despite a poor func-
tional score, said he would still have surgery again (Table 2).

For the patients with single neuromas, 28 (90%) had excel-
lent or good outcome scores. Twenty-one (67.7%) of these
patients had excellent outcome scores while seven (22.6%)
had good scores. Two (6.4%) patients had average scores
while only one (3.2%) patient had a poor outcome score. The
patient with the poor outcome complained of persistent pain
and swelling in the foot, which felt similar to the neuroma
pain he had prior to surgery (Table 2). Twenty-seven (87%)
patients said they would have the procedure done again.
Surprisingly, three of the four patients who said they would
not repeat the procedure had either good or excellent sco-
res. The reason for declining a repeat operation included pain
felt in the immediate postoperative period and bothersome
numbness of the foot postoperatively.
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Table 1. Patient demographics stratified according to whether
they had single or adjacent neuromas (n=62). The table further
shows the proportion of patients who would repeat the proce-
dure in the single vs. double adjacent neuroma groups

Single (n=31) Adjacent (n=31)

Female (n=50) 23 27
Male (n=12) 8 4
Mean age 58.4 years (34-74) 55.1 years (41-71)
Unilateral 28 19

Left 13 4

Right 15 15
Bilateral 3 12

Number of patients who
would have surgery again

Yes 27 (87%)
No 4 (13%)

24 (77%)
7 (23%)

Table 2. Results stratified according to the Self-Reported Foot
and Ankle Score (SEFAS): scores less than 20 were regarded as
poor, 20-29 as average, 30-39 as good, and 40-48 as excellent
(n=62)

Differences between
(p=0.05)

Single neuroma
(n=31)

Adjacent neuroma
(n=31)

Groups

Excellent 21(67.7%) 18 (58.1%) 0.473
Good 7 (22.6%) 5 (16.1%) 0.866
Average 2 (6.5%) 4 (12.9%) 0.448
Poor 1(3.2%) 4 (12.9%) 0.814

Among the patients with bilateral operations but single neu-
romas on either side, two (66.7%) of the three had excel-
lent outcomes while one (33.3%) reported good function.
However, among the patients with bilateral surgery and ad-
jacent neuromas, only five (56%) of the nine had excellent or
good results while two (22%) had average outcomes and two
(22%) had poor outcomes.

The mean outcome score was 41 (excellent) for the patients
with single neuromas and 37 (good) for those with adjacent
neuromas. However, this difference was not statistically sig-
nificant (p=0.13). While there was no statistical difference be-
tween groups for patients who had poor outcomes in either
group, there was only one patient from the single neuroma
group versus four from the adjacent neuroma group (p=0.81).
In subgroup analyses, the mean score for patients who had
excellent scores was 46 in the single neuroma group and 45
in the adjacent neuroma group, with no statistically signi-
ficant difference (p=0.47). Overall, there was no difference
between involvement of the right, left, or both feet in the sin-
gle neuroma group (p=0.600)) or the adjacent neuroma group
(p=0.153). In addition, there was no difference in outcomes
between men and women within each group (single group
p=0.829, adjacent group p=0.879).
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An interdigital neuroma is a common affliction with well-do-
cumented clinical presentation, diagnostic work-up, and ma-
nagement. Operative management is a well-recognized
treatment option, and thus a study to evaluate outcomes of
this common procedure is warranted. This study showed
comparably good outcomes post excision of the interdigital
neuroma(s) and no difference between patients with single
or adjacent neuromas. Of the patients who reported poorer
outcomes, the majority complained of troublesome numb-
ness and difficulty with uneven surfaces as the causes of their
dissatisfaction. In addition, some patients reported unbeara-
ble pain in the early postoperative period. Nonetheless, most
patients in either group said they would repeat the proce-
dure. In addition, our study has shown that the existence of
simultaneous adjacent neuromas is more common than pre-
viously reported.

As far as we know, this study is one of the very few outcome
studies addressing adjacent interdigital neuromas. Despite
the well-documented demographics and management options,
long-term outcomes post excision of the interdigital neuroma
have rarely been reported®®2-29 Coughlin et al.®® reported
85% excellent or good results in their patients post excision.
They also reported that adjacent neuromas or bilateralism
did confer lower scores. Kasparek and Schneider®” reported
75% good or excellent results in their review of patients post
excision of interdigital neuromas. However, they reported a
significantly worse outcome in patients who had multiple
neuromas excised (p=0.038). Bucknall et al.®® also reported
no statistical significance between single and adjacent neu-
roma excision using clinical scores. Their follow-up was only 6
months, patient-reported outcomes were not compared, and
patients with concomitant foot surgery were not excluded.
In contrast, Reichert et al.®® reported that patients who had
single neuroma excision did significantly better than those
who had adjacent neuroma excision. However, the adjacent
neuroma group only had 8 patients compared to 33 patients
in the single neuroma group. Our cohort had 31 patients in
both the single and adjacent neuroma groups.

In a smaller series (n=19), Benedetti et al.?™® reviewed clini-
cal results of patients with simultaneous adjacent interdigi-
tal neuromas and reported outcomes comparable to those
of the single interdigital neuroma literature. They reported
that 84% of their patients had acceptable results. In our case
series, 74% of patients with adjacent neuromas had excel-
lent or good outcomes post excision. The existence of adja-

cent neuromas has been a subject of skepticism. Valero et
al.f” recently reported on the incidence of multiple Morton
neuromas in the foot. In 279 feet, they found an incidence
of 65.2% for adjacent neuromas. They concluded that mul-
tiple neuromas in the same foot should not be regarded as
a rare condition and in fact suggested that the presence of
one neuroma should prompt the search for another. All our
patients underwent US examination prior to surgery to assess
adjacent neuromas, and all specimens taken at the time of
surgery were sent for histology. In all cases, the histological
examination confirmed the diagnosis of interdigital neuro-
ma. Our study confirms that the existence of simultaneous
adjacent neuromas is more common than previously repor-
ted. The authors recommend preoperative US examination by
a musculoskeletal sonographer in suspected interdigital neuro-
ma cases to confirm the diagnosis, identify the affected web
space, and look for adjacent neuromas.

This study was a prospective analysis of retrospective data,
which is a potential limitation. We used a well-documented,
validated SEFAS questionnaire to assess patient satisfaction.
In addition, we excluded patients with concomitant foot di-
sorders or those who had additional procedures done at the
time of surgery to remove any potential confounders. Our
hypothesis was disproved, as there was no statistical diffe-
rence in patient-reported outcomes between single versus
adjacent neuroma excision.

Conclusion

This study was a long-term follow-up of patient outcomes
following excision of either single or adjacent neuromas. Our
review of 62 patients demonstrated no statistical difference
in outcomes between groups. In our case series, patients with
single interdigital neuromas had excellent or good outcomes
post excision. Similar to the previously mentioned studies,
patients with adjacent neuromas had lower outcome scores
in our study. Despite the difference not being statistically
significant, we suggest advising patients with adjacent neu-
romas of a slightly lower success rate post excision. In ad-
dition, gender, side of lesion, and bilateral foot involvement
showed no difference in outcomes. Dissatisfaction was ge-
nerally derived from postoperative pain or long-term numb-
ness post excision, which made navigating uneven surfaces
difficult. Overall, most patients had excellent or good results
and would recommend the surgery. More studies, particularly
prospective randomized controlled studies, are required to
further elucidate this area of interest.
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