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Summary. Civinini Morton’s Syndrome (CMS), better known as Morton’s Neuroma, is a benign enlargement
that typically affects the third common digital branch of the plantar nerve. It is a common cause of metatarsalgia
leading to debilitating pain. It prefers the female gender, with a female to male ratio of 5:1 and an average age
of 50 years at time of surgery. Precise aetiology remains under debate, with four etiopathogenetic theories often
cited in the literature. Clinical symptoms, physical exam and instrumental evidence are important in assessing
and grading the disease. Biomechanics seem to play an important role, especially regarding the usefulness of
correct footwear. The first approach in the early stages of this condition usually begins with shoe modifications
and orthotics, designed to limit the nerve compression. In order to prevent or delay the development of CMS,
shoes should be sufficiently long, comfortable, broad toe-boxed, should bear a flat heel and a sufficiently thick
external sole which should not be excessively flexible. Most authors suggested that an insole with medial arch
support and a retrocapital bar or pad, just proximal to the metatarsal heads, displaces the pressure sites and can
be beneficial to relieve the pain from the pinched nerve. A threshold period of 4.5 months appears to emerge
from the results of the analysed studies, indicating that, beyond this period and in neuromas larger than 5-6 mm,
orthotics and/or shoes modifications do not seem to give convincing results, proving to be more a palliation for
the clinical condition to allow an acceptable life with pain rather than a real treatment. (www.actabiomedica.it)
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Introduction

Civinini Morton’s Syndrome (CMS), better
known as Morton’s Neuroma, is a benign enlargement
that typically affects the third common digital branch
of the plantar nerve (1).

The magnitude of the problem is still unknown,
although the condition has documented predispos-
ing factors. It affects about 30% of the population and

prefers the female sex, with a female to male ratio of
5:1 (2) and an average age of 50 years at time of sur-
gery (3).

The pathology is bilateral in 21% of cases, affects
the third intermetatarsal space (IMS) in 66% of cases,
the second in 32%, known as Hauser’s Neuroma, and the
fourth in 2%. Multiple locations are almost rare (1, 4).

It was first reported by Filippo Civinini in 1835
and later by Durlacher in 1845, who described it as a
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neuralgic condition. Finally, in 1876 Thomas George
Morton wrongly described the pathology as a subluxa-
tion of the fourth metatarsophalangeal (MTP) joint
(5). Hoadley, in 1883, first excised an interdigital neu-
roma from the third IMS of a foot (6). In 1940, Betts
introduced the notion of “neuroma” and compression
of the plantar nerve below the intermetatarsal liga-
ment (7).

Histology shows that it is not really a neuroma,
but a perineural fibrosis with intraneural sclerohyalin-
osis (8); therefore, authors as Weinfield and Myerson
proposed the more correct term of “interdigital neuri-
tis” (9). Classical symptoms are a tingling and burning
sensation in the forefoot with an irregular numbness in
the affected toe (1). It is a common cause of metatar-
salgia (10), along with hallux rigidus (11,12) and hal-
lux valgus (13), in the overload typology.

Anatomy and pathophysiology

Neuroma consistsofabulgein theinterdigital nerve
just distal to the metatarsal transverse ligament and

Fig.1 The schematic drawing of the neuroma in the typical
third intermetatarsal space, just distal to the metatarsal trans-
verse ligament and before the forking of the digital nerves.

proximal to the forking of the digital nerves (Figure 1).
Entrapment of the interdigital nerve between the
intermetatarsal ligaments is the principal reason in
the occurrence of CMS (14). Macroscopically it has
a typically glossy fusiform shape, from white to yel-
lowish appearance and a relatively soft texture (1). The
common plantar digital nerves are final boughs of the
medial and lateral plantar nerves passing in the IMS,
under the intermetatarsal ligaments. Every common
digital nerve goes through the plantar aponeurosis and
splits into 2 branches supplying the plantar skin of the
toes. Smaller ramifications give innervations to the ad-
jacent metatarsals, MTP joints and plantar skin, under
the metatarsal heads (15).

Usually, the third common digital nerve, arising
from the medial plantar nerve, receives a communicat-
ing bough from the lateral plantar nerve, which passes
deep to the transverse metatarsal ligament. This is the
narrowest space, and for that reason, the nerve there is
less mobile during weight bearing. This might explain
why it is a common location for the pathology (16).
Female sex is usually the most affected, suggesting that
the high heeled and tight footwear are contributing
factors in the aetiology of this disorder (17).

The precise cause is still not clear. Until today, four
etiopathogenetic theories have been propounded (18):
chronic traction damage (16), inflammatory environ-
ment due to intermetatarsal bursitis (19), compression
by the deep transverse intermetatarsal ligament (20)
and ischemia of vasa nervorum (21).

Nevertheless, some of these biomechanical con-
victions are still debated. The sideboard that CMS
should more commonly affected the third IMS in a
more pronated foot, because of hyper mobility of the
lateral column, is not supported anymore from the
last studies. Even the rational hypothesis that subjects
with a high body mass index (BMI) should increase
pressure in the forefoot during the propulsive phase
of walk, which could traumatize plantar IMS nerves,
was not confirmed by recent studies on gait analysis.
However, a strong association between CMS and re-
striction of ankle dorsiflexion was proved (22).

It was proposed that the common digital nerve
of the third IMS is thicker than the others, as it is
the result of an anastomosis between two nerve trunks
(23). Another possible anatomical consideration is
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the increased mobility of the fourth ray (moving on
the cuboid), compared to the third (fixed to the cu-
neiform), which could predispose to inflammation. In
addition, some authors affirm that the distal metatar-
sal transverse ligament may compress the interdigital
nerve (24).

In this view, the use of high heels is another pre-
disposing factor, as it can further increase compression
on it (17). Finally, some studies also described trauma
as a possible cause (25).

Signs and symptoms

When CMS is suspected, medical history and
physical examination play a pivotal role in the diag-
nostic process. It is important to listen the patient’s
symptoms, often described in a very suggestive way.
The foot inspection should search for the exact trig-
ger points, distinguishing between intermetatarsal and
metatarsal pain (1).

The typical symptom is a burning pain between
the metatarsal heads, often radiating to the two corre-
sponding toes, with cramps and hyperesthesia/dyses-
thesia (26). The pain is intense and so debilitating that
the patients become afraid and anxious about walking
or even putting their foot to the ground. The disorder
is that of a severe, sharp, sometimes piercing pain that
occurs abruptly while walking. At onset, relief of pain
can be obtained by massaging the foot or manipulating
the toes. In the worst cases, pain becomes debilitat-
ing and patients are timorous about walking. In other
cases, patients describe milder symptoms of burning or
tingling sensations (27).

Description is not always typical, and it is impor-
tant to thoroughly interrogate the patient; it is to be
underlined however, as a discriminating element, the
disappearance of the pain at rest and the reappearance
under weight-bearing. Pathognomonic of the syn-
drome is the so-called “sign of the shop window”, a cu-
rious and picturesque expression used by some special-
ists (28) to indicate the urgent need to remove the shoe
that covers the affected foot: the patient (frequently a
woman), to be unnoticed in the manoeuvre, stops in
front of a shop window pretending to observe it.

Diagnosis

Clinical evaluation

CMS evaluation is mostly clinical and requires an
accurate physical examination, carried out with the pa-
tient in the supine position. On inspection, foot is ap-
parently normal, with absence of any deformity. Rarely
a diastasis of the digital fornix is not present, however
it is a common sign to all pathologies that create ten-
sion in the IMS, such as bursitis and MTP capsulitis
(28).

The shape of the forefoot, the sub-metatarsal
plantar skin and the position of the toes are carefully
assessed. The metatarsal motility, plantar and dorsal
flexion of the MTP joints are gently tested. Then, the
attention moves on to the palpatory exploration of the
IMS, where a tenderness and a dorsal bulging with a
possible enlargement of the IMS might be appreciated
(1). It’s very important to identify the pain, usually
not located on the metatarsal heads, for a differential
diagnosis (4). In these cases, it will be important to
exclude other factors such as joint instabilities, fore-
foot conditions (first ray insufficiency, second metatar-
sal syndrome, bursitis), mid-hindfoot deformities (pes
cavus), arthritis in the MTP joint, remote causes that
act mechanically under the forefoot (retraction of gas-
trocnemius or Achilles tendon) or even to investigate
some specific bone condition as Frieberg’s disease (1).

In presence of an atypical presentations such as
a localization in the second space or the presence of
multiple “neuromas” on the same foot, a mechanical
“overload” disorder must be ruled out (29).

To help give an accurate clinical evaluation, a full
foot and ankle examination should be performed with
particular attention to gait, footwear, over-pronation,
sensory disturbances and soft-tissue changes (16).

Subsequently, an accurate examination of digital
sensitivity should be performed, both with a pointed
instrument and with a vibratory tuning fork. The vi-
bratory sensitivity of the tip of the toe is generally the
most compromised (30). A characteristic sign is the
“numbness of the toes”, when the opposite surfaces
of the adjacent fingers show a reduced sensation (31);
some authors call it “book page hypoesthesia” (28).

Various clinical tests are described in literature.
The pressure can be practiced while tightening the
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metatarsal heads with the other hand, and this may be
associated with a painful and palpable “click” sensation
(Mulder’s sign) (29). This test demonstrated a 94-98%
sensitivity (32). Another useful test is the “Thumb in-
dex finger squeeze” that appears to have the highest
specificity and sensitivity (33).

Among provocative tests, Cloke and Greiss (34)
described the “digital nerve stretch test” with 100% of
sensitivity: the toes on either side of the affected IMS
are passively fully extended, with the ankles in dorsi-
flexion and the foot on the examiner’s knees. Discom-
fort or pain in the IMS of the affected foot indicates a
positive result.

Other authors (29, 32, 35) describe a similar test,
the “Laségue sign of the toes”, in which pain and hy-
poesthesia are evoked by forcing dorsal flexion of the
toes and reduced by proximal interphalangeal joints
flexion.

Imaging

As is often the case in medicine, the diagnosis of
the disease is mainly clinical but rarely physical exami-
nation is considered sufficient; therefore, complemen-
tary exams are required. The most dependable method
to clarify the diagnosis is a local anaesthetic injection,
not always accepted by the patient (1).

X-rays appears to be essential as a first line imag-
ing approach, to investigate other possible causes of
metatarsalgia such as (36): tarsal-metatarsal joint stiff-
ness, metatarsal hypermetria, Frieberg’s disease, toe
deformities and MTP instabilities. However, in order
to eliminate possible doubts, sonographic (US) confir-
mation is usually the instrumental investigation mostly
utilized (14), certainly reliable and easy to prescribe, as
it is fast and inexpensive for the patient. The imaging
must be carried out with plantar and back, transversal
and longitudinal US scans with a 7.5 MHz high fre-
quency probe. The neuroma appears as homogeneously
hypoechoic mass, well recognizable by the adjacent
hyperechoic fat and by the shadow of the metatarsal
cortex. Shapiro (37) and Quinn (38) state a diagnostic
reliability around 95% for lesions larger than 5 mm,
being 2 mm the maximum limit of the normal nerve.

Currently, US should be performed with a dynamic
technique (dynamic US), as proposed by Torriani (39)
and then by Perini (40), recreating the “click” described

by Mulder during the examination (29). The dynamic
US would be very effective for recognizing masses larger
than 3.5 mm using a 10MHz probe (40). The most re-
cent studies appear to confirm that the high sensitivity
of US (0.91) is equal to (p=0.88) that of the Magnetic
Resonance Imaging (MRI) (0.90) for identification of
neuroma and its thickness (41). MRI offers additional
advantages in the diagnosis of CMS, but it must be con-
sidered a second level investigation with the limit, as in
the US, to recognize lesions smaller than 4 mm (42).

Certainly, MRI is superior in the differential di-
agnosis, for its sensitivity on pathologies such as stress
fractures, capsulo-synovitis of the MTP, synovial artic-
ular forms, or other pathologies of the soft tissues such
as lipomas, angiomas, tendon ganglia or connective
malignancies of the forefoot (43). Main indications for
MRI are unclear clinical assessment and cases when
more than one IMS is affected (1). Finally, it must be
bear in mind that a negative result does not exclude the
diagnosis (false negative 17%) (44).

Shoe modifications

Shoe modifications and orthotics can play an im-
portant role in the nonsurgical management of fore-
foot pathology. Therapeutic footwear may improve pa-
tient gait and increase the level of ambulation; on the
contrary, inadequate footwear can worsen the symp-
toms and be a contributing cause for the development
of the pathology. (45).

Already in 1897 Bradford (46) noted alterations
caused by incorrect shoes through an analysis of his-
torical art. Nowadays, women’s shoes continue to cause
deformity and predispose to injury, even more so than
in the past. Poorly fitting shoes are a major contribut-
ing factor to the difference in incidence of foot disor-
ders between men and women, mostly for those over
61 years of age (47).

Traditionally, men’s shoes tend to be wider and
have lower heels than women’s, and this could con-
tribute to explain the different incidence of CMS in
men compared to women, as described in some studies
with a female-to-male ratio as high as 18 to 1 (48).
As widely showed in pathophysiology, the prevalence

of several musculoskeletal conditions in women are
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largely the result of biomechanical changes caused by
ill-fitting shoes. In particular, the altered biomechan-
ics (associated with shoes with a narrowed toe box and
high-heeled shoes) has been linked to the genesis of
Freiberg disease, hallux valgus, Haglund’s syndrome,
hammer toe deformity, metatarsal stress fracture and,
above all, CMS (17, 48).

Thus, the first approach in CMS should consist
in patients’ education to avoid narrow and high-heeled
shoes (4). The objective of shoes modifications is to de-
liver the pressures uniformly over the sole of foot. Shoes
should be sufficiently long, comfortable, broad toe-
boxed, flat heeled and should bear a sufficiently thick
external sole, not excessively flexible (Figure 2) (2).
A rocker-bottom sole may be helpful (45). Some au-
thors showed that footwear and padding may be suc-
cessful in relieving symptoms in 32% of cases after a
mean of 4.5 months (17, 49) but they seem to achieve
lower satisfaction rates when compared with other
more invasive methods such as steroid injections (50).

In most cases, clinicians will also have to educate
the patient on lifestyle changes, such as losing weight
and starting a regular physical activity; both being use-
ful in most pathologies (51, 52).

Orthotics

Over the years, numerous studies have been car-
ried out to highlight the different effects of plantar
inserts for the foot comfort. Robbins and Gouw in
1991 (53) proposed that surface irregularities should
be added to the insoles of running shoes to improve
correct sensory inputs. In 1993,

Fig. 2 Predisposed and comfortable shoe for orthotics, with a
round toe-box and slight heel.

Villeneuve (54) used a small insert to maintain
postural equilibrium, by stimulating the mechanore-
ceptors in the plantar surface of the foot. Hayda et al.
(55), the following year, found that placing a pad just
proximal to the metatarsal heads provided significant
reductions in forefoot plantar pressures around the
first and second metatarsal heads. Burgess in 1997 (56)
evaluated a series of 10 non-pathological male patients
during walking, after one day wearing a pair of oxfords
(hard) and running shoes (soft), containing an insert
of 4 mm in height placed on a 0.8 mm EVA insole. He
noted that the insert was successful in both shifting
peak pressures from the medial to the lateral forefoot,
whilst reducing peak pressures simultaneously. This
was only evident in the hard shoe condition however,
suggesting that the footbed of the running shoe was
perhaps too soft to allow the insert to influence sen-
sory input sufliciently.

More recent studies show that the perceived feel
is best using wedge angles of 4 degrees and 5 degrees at
a heel height of 25 mm, 10 degrees and 11 degrees at a
heel height of 50 mm and 16 degrees and 18 degrees at
a heel height of 75 mm (57).

Footbed shapes appear then to be essential to en-
hanced footwear comfort, regardless of the underly-
ing disease. Thus, when footwear modifications alone
are not enough, custom-made insoles could be de-
signed to correct hindfoot malalignments as varus or
valgus, support the medial arch, transfer the pressure
just proximal to the metatarsal heads, and reduce the
weights on pressure sites.

By decreasing metatarsal head loading and rede-
ploying plantar pressures in a harmonious manner (58,
59), insoles, in selected cases, may alleviate forefoot
problems (60).

In the case of CMS, some authors prefers a cus-
tom orthotics through foam impression methods, in
a neutral subtalar position, with a prolonged longitu-
dinal vault to support the first metatarsal, with a flat
metatarsal support (without olive or bar), in order
to favor the physiological pattern of the metatarsal
weight bearing, from lateral to medial, before the pres-
sure on the big toe (28).

Other authors suggested that a retrocapital bar
or pad, just proximal to the metatarsal heads displaces
the pressure sites and can be beneficial for symptoms
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(Figure 3). Metatarsal padding helps to spread and
cushion metatarsal heads to relieve the pain from the
pinched nerve. If needed, a cup can be added beneath
the painful metatarsal head or heads. Custom-made
toe inserts modeled in silicone rubber can be added
in patients having associated claw-toe deformity
(Figure 4) (60, 61).

Bennett (17) reports that 41% of patients treated
conservatively (shoes suitable for extra volume, un-
loading orthoses, soft metatarsal pads) demonstrate
significant improvements with these non-invasive
procedures. However, other authors (28) declare that
these treatments, in case of CMS confirmed by “im-
aging” and larger than 5-6 mm, do not seem to give
convincing results, proving them to be more a clini-
cal condition to live acceptably with pain rather than

a real treatment.

Figure 3. Insole with medial arch support, retrocapital bar just
proximal to the metatarsal heads with targeted shock absorber
insert in third intermetatarsal space.

Figure 4. Custom-made toe insert modeled in silicone rubber
added in patient affected by Civinini-Morton syndrome and as-
sociated with claw deformity of the third toe.

Kilmartin (62) examined 21 patients and states
that pain associated with CMS was not significantly
altered by changing the position of the foot with the
compressed felt orthosis (14% of cases).

Notwithstanding, this has not been confirmed by
latest studies. De Oliveira (63) in his randomized, con-
trolled, double-blind clinical trial analyzed 72 patients
and proved that customized insole with metatarsal and
arch support relieved pain during walking (P =0.048)
and improved patient-reported measures of function
(in general health domains (P <0.001) and physical ac-
tivity (P=0.025)).

In any cases, when modifications fail or if affected
individuals are no longer willing to make adjustments
to their lifestyle or shoe wear (64, 65), patients may
always choose to undergo surgery or other non-opera-
tive treatments such as US guided percutaneous radio-
frequency (66), alcohol or corticosteroids injection and
percutaneous electrostimulation-guided alcoholization

with phenol (67-69).

Conclusion

During the years, many therapies have been uti-
lized to treat symptomatic CMS. Among conservative
treatments, orthotics and shoes modifications have
been used to off-load the forefoot and thus reduce
pain from weight-bearing pressure. In order to prevent
or retard the development of CMS, shoes should be
sufficiently long, comfortable, broad toe-boxed, they
should have a flat heel and a sufficiently thick external
sole that is not excessively flexible.

A threshold period of 4.5 months appears to emerge
from the results of the studies, indicating that beyond this
period and in larger neuromas than 5-6 mm, orthotics
and/or shoes modification do not seem to give convinc-
ing results, proving to be more a clinical condition for liv-
ing acceptably with pain than a real treatment.

Despite this, use of orthotics may be considered a
safe and rational treatment before more invasive inter-
ventions, without any complications. Notwithstanding
a good quality of the selected articles, further studies
with a longer follow-up period and high quality ran-
domized controlled trials are needed to provide more
solid and accurate proofs.
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