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Anatomical study of the medial plantar proper digital nerve
using ultrasound

Thomas Le Corroller 2 . Elodie Santiago " - Arnaud Deniel® - Anne Causeret? - Pierre Champsaur " - Raphaél
Guillin®

Abstract
Purpose To determine whether ultrasound allows precise assessment of the course and relations of the medial plantar proper

digital nerve (MPPDN).

Materials and methods This work was initially undertaken in six cadaveric specimens and followed by a high-resolution
ultrasound study in 17 healthy adult volunteers (34 nerves) by two musculoskeletal radiologists in consensus. Location and
course of the MPPDN and its relationship to adjacent anatomical structures were analysed.

Results The MPPDN was consistently identified by ultrasound along its entire course. Mean cross-sectional area of the nerve was
0.8 mm” (range 0.4—1.4). The MPPDN after it branches from the medial plantar nerve was located a mean of 22 mm (range 19—
27) lateral to the medial border of the medial cuneiform. More distally, at the level of the first metatarsophalangeal joint, mean
direct distances between the nerve and the first metatarsal head and the medial hallux sesamoid were respectively 3 mm (range 1—
8) and 4 mm (range 2-9).

Conclusion The MPPDN can be depicted by ultrasonography. Useful bony landmarks for its detection could be defined. Precise
mapping of its anatomical course may have important clinical applications.

Key Points

* The medial plantar proper digital nerve (MPPDN) rises from the medial plantar nerve to the medial side of the hallux.

* Because of its particularly long course and superficial position, the MPPDN may be subject to trauma, resulting in a condition
known as Joplin's neuroma.

» The MPPDN can be clearly depicted by ultrasound along its entire course. Precise mapping of its anatomical course may have
important clinical applications.

Introduction

The medial plantar proper digital nerve (MPPDN) is a termi-
nal branch nerve arising from the medial plantar nerve, which,
in turn, is the larger and terminal branch of the tibial nerve [1,
2]. The MPPDN originates from the medial side of the medial
plantar nerve below the abductor hallucis muscle (Fig. 1). In
its course in the medial compartment, the nerve is located
between the flexor hallucis brevis medially and flexor
digitorum brevis laterally, and gives off a muscular branch to
the flexor hallucis brevis [3]. The nerve pierces the plantar
fascia posterior to the tarsometatarsal joint and courses distally
through subcutaneous tissues (Fig. 1). It supplies innervation
to the medial plantar aspect of the first metatarsophalangeal
joint (MTPJ), hallux and tip of the toe [3-5].
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Fig. 1 (a) Plantar schematic
anatomical view of a right foot
illustrating the medial plantar
proper digital nerve (arrowheads)
originating from the medial side
of the medial plantar nerve (long
arrow) below the abductor
hallucis (AH) muscle. (b—d)
Coronal T1-weighted SE MR
images of a right foot exhibiting
the medial plantar proper digital
nerve (MPPDN) (arrowhead)
course distally through
subcutaneous tissues

Because of its particularly long course and superficial po-
sition, the MPPDN may be subject to trauma, which results in
a condition known as Joplin’s neuroma [6]. Repetitive
microtrauma to the nerve during gait may occur in patients
who are anatomically predisposed by the presence of a first
metatarsal prominent bony ridge. Another cause of Joplin’s
neuroma is biomechanic derangement with a plantar-flexed
first ray and forefoot valgus. Overpronation during the pro-
pulsive period of gait may cause abnormal shearing forces,
which can result in progressive perineural fibrosis of the nerve
[3]. In the same way, sporting activities that require repetitive
pivoting, impact and motion at the first MTPJ, such as run-
ning, soccer, basketball, snow skiing and ballet dancing, may
cause the nerve to become enlarged and painful [3]. Clinically,
patients present with numbness, dysaesthesia and pain of the
medial plantar aspect of the great toe. Tinel’s sign can often be
elicited on percussion on the medial plantar aspect of the first
MTPIJ [3]. Differential diagnosis typically includes medial
hallux sesamoid pathology, turf toe, arthritis and bursitis.

Conditions that affect the peripheral nerves are generally
evaluated through a combination of history, clinical

examination and electrodiagnostic studies. However, because
electrodiagnostic studies neither allow visualisation of intrin-
sic abnormalities of peripheral nerves nor provide information
about their relationship to adjacent anatomical structures,
high-resolution ultrasound (US) has become an attractive
complement for assessing the peripheral nervous system [7,
8]. First, US is known to offer certain advantages over other
imaging modalities: it is a readily available, non-invasive and
cost-effective method. Then, in the setting of a superficial
neuropathy, US provides higher spatial resolution than mag-
netic resonance (MR) imaging and characterizes tissue move-
ment in real time, making it an ideal imaging technique.

Still, to the best of our knowledge, no description of
the MPPDN by means of sonography has been reported.
Because precise mapping of the course of this nerve may
have significant clinical implications, such as avoiding
injury to it during bunion surgery, diagnosing iatrogenic
injuries or guiding an elective neural blockade, the aim of
our study was to determine whether US allows precise
assessment of the MPPDN and its relationship to adjacent
anatomical structures.



Materials and methods
Anatomical study in cadavers

In compliance with institutional safety and ethics regulations,
this study was initially undertaken on six formalin-embalmed
cadaveric lower limbs amputated at the distal leg level (one
male and two female, mean age at death 89 years) to prelim-
inarily assess the US depiction of the MPPDN and gain a
better understanding of its anatomical course. None of the
cadavers showed prior evidence of external foot injuries or
surgical procedures on the ankle and foot region. The speci-
mens were placed in lateral rotation and were examined using
an iU22 (Philips Medical Systems) and a 17.5-MHz linear
probe. A staff radiologist with 12 years of experience and a
fellow in musculoskeletal radiology performed all the exami-
nations in consensus. The visibility of the MPPDN was scored
according to a four-level scale: 0—not visible; 1—identified
with difficulty; 2—clearly identified without internal nerve
structure visibility; and 3—clearly identified with internal
nerve structure visibility [9]. The cross-sectional area and
course of the MPPDN were recorded. Bony landmarks for
nerve detection were defined. First, the distance between the
MPPDN after it branches from the medial plantar nerve and
the medial border of the medial cuneiform was measured
using US (Fig. 2a). Second, at the level of the first MTPJ,

Fig. 2 Axial US images obtained in a cadaveric specimen showing a
hypoechogenic ovoid structure (arrowhead) along the theoretical course
of the medial plantar proper digital nerve (MPPDN) at the level of the
medial cuneiform below the abductor hallucis (AH) muscle (a), and at the
level of the medial and lateral sesamoids (MS and LS) of the hallux
medially to the flexor hallucis longus tendon (thick arrow) (b)

the direct distances between the nerve and the first metatarsal
head and the medial hallux sesamoid were noted (Fig. 2b).
Then, China ink was injected under ultrasound guidance in
contact with the presumed MPPDN at its point of branching
from the medial plantar nerve and at the level of the first
MTPIJ. Finally, a cadaver dissection was performed to validate
the US data. A skin and subcutaneous flap was reflected from
the tibial malleolus to the medial aspect of the hallux. The
medial plantar nerve was identified distal to the tarsal tunnel.
The course of the MPPDN was analysed, and the three previ-
ously defined distances were measured again.

Ultrasound study in volunteers

After giving their informed consent, 17 healthy adult volun-
teers, seven males and ten females (mean age 32 years, age
range, 24-43 years) with a mean body mass index (BMI) of
21.5 (range 19.5-25) participated in the study. The volunteers
presented no traumatic or surgical history, and no symptoms
referable to the peripheral nervous system. A second team of
two new operators, another staff radiologist with 12 years of
experience and a fellow in musculoskeletal radiology per-
formed all the examinations in consensus. Patients were ex-
amined in the supine position with lateral rotation of the foot
using an iU22 (Philips Medical Systems) and a 17.5-MHz
linear probe. Initially, the probe was placed in a transverse
direction at the midfoot level. At this location, the medial
plantar nerve was identified below the abductor hallucis mus-
cle and followed distally. The MPPDN could be seen as a
distinctive nerve that was separated from the medial plantar
nerve. Power Doppler was used in all examinations to differ-
entiate the nerve from the adjacent vessels. The visibility,
cross-sectional area and course of the MPPDN and its rela-
tions to the surrounding structures were then analysed in real-
time while imaging. The previously defined distances be-
tween the nerve and the medial border of the medial cunei-
form, and, more distally, at the level of the first MTPJ, be-
tween the nerve and the first metatarsal head and the medial
hallux sesamoid were recorded bilaterally.

Results

The anatomical data obtained from the cadavers are shown in
Table 1. In every cadaveric specimen, the axial US images
identified a hypoechogenic ovoid structure along the theoret-
ical course of the MPPDN. The China ink could be injected in
the vicinity of the nerve under US guidance in every case at its
point of branching from the medial plantar nerve and at the
level of the first MTPJ. The mean visibility score of the
MPPDN was 2 (range 1-3). The mean cross-sectional area
of the nerve was 1.1 mm?> (range 0.9—1.5). The MPPDN after
it branches from the medial plantar nerve was located a mean



Table 1 Anatomical results of six cadaveric specimens

US results Anatomical dissection
Nerve visibility score (0-3) 2 (1-3) N/A
Cross-sectional area (mm?2) 1.1 (0.9-1.5) N/A
D medial cuneiform (mm) 20 (18-22) 21 (19-22)
D first metatarsal head (mm) 8 (4-13) 7 (4-11)
D medial hallux sesamoid (mm) 3 (1-5) 4 (2-5)

Data shown include: the medial plantar proper digital nerve (MPPDN)
visibility score (0—not visible; 1—identified with difficulty; 2—clearly
identified without internal nerve structure visibility; 3— clearly identified
with internal nerve structure visibility); the MPPDN cross-sectional area;
and the mean distances, respectively, between the MPPDN after it
branches from the medial plantar nerve and the medial border of the
medial cuneiform, and at the level of the first metatarsophalangeal joint,
between the nerve and the first metatarsal head, and between the nerve
and the medial hallux sesamoid

of 20 mm (range 18-22) lateral to the medial border of the
medial cuneiform. More distally, at the level of the first MTPJ,
mean direct distances between the nerve and the first metatar-
sal head and the medial hallux sesamoid were respectively 8
mm (range 4—13) and 3 mm (range 1-5).

Subsequent cadaver dissection confirmed that the injected
structure visualized on US in fact represented the MPPDN
(Fig. 3a). The same mean distances measured anatomically
were 21 mm, 7 mm and 4 mm, respectively. Interestingly, in
four cases, the MPPDN demonstrated a slight enlargement at
the level of the medial hallux sesamoid (Fig. 3b).

The US data obtained in 17 volunteers (34 nerves) are
shown in Table 2. The mean visibility score of the MPPDN
was 2, which indicates that the nerve was consistently clearly
identified without internal nerve structure visibility. The mean
cross-sectional area of the nerve was 0.8 mm? (range 0.4—1.5).
The mean distance measured between the nerve after it
branches from the medial plantar nerve and the medial border
of the medial cuneiform was 22 mm (range 19-27). More
distally, at the level of the first MTPJ, mean direct distances
between the nerve and the first metatarsal head and the medial
hallux sesamoid were respectively 3 mm (range 1-8) and 4
mm (range 2-9). The MPPDN could be identified along the
majority of its course, from its point of branching from the
medial plantar nerve distal to the tarsal tunnel to the medial
side of the hallux (Fig. 3). Expectedly, the plantar and dorsal
terminal branches of the MPPDN that supply sensation to the
tip of the hallux were difficult to assess, given their small size
and the adjacent hyperechoic subcutaneous fat.

Discussion

The MPPDN is a terminal branch nerve arising from the me-
dial plantar nerve. The medial plantar nerve then divides at the

Fig. 3 Cadaver dissection of a right foot confirming that the structure
visualized on US that was injected with China ink did represent the
medial plantar proper digital nerve (MPPDN) (arrowheads) branching
from the medial plantar nerve (MPN) (long arrow) and coursing distally
between the abductor hallucis (AH) muscle medially and plantar fascia
(PF) laterally. Interestingly, the MPPDN in this specimen demonstrated a
slight enlargement (thick arrow) at the level of the medial hallux sesamoid

Table 2  Results for the 17 volunteers

Data (range)
Mean age (y) 32 (24-43)
Mean BMI 21.5 (19.5-25)
Nerve visibility score (0-3) 2 (1-3)
Cross-sectional area (mm?) 0.8 (0.4-1.5)
D medial cuneiform (mm) 22 (19-27)
D first metatarsal head (mm) 3 (1-8)
D medial hallux sesamoid (mm) 4 (2-9)

Data include demographics; the medial plantar proper digital nerve
(MPPDN) visibility score (0—mnot visible; 1—identified with difficulty;
2——clearly identified without internal nerve structure visibility; 3—clear-
ly identified with internal nerve structure visibility); the MPPDN cross-
sectional area; and the mean distances, respectively, between the MPPDN
after it branches from the medial plantar nerve and the medial border of
the medial cuneiform, and at the level of the first metatarsophalangeal
joint, between the nerve and the first metatarsal head, and between the
nerve and the medial hallux sesamoid



level of the base of the first metatarsal bone into two terminal
branches: the medial branch that forms the first common dig-
ital nerve, and the lateral branch that forms the second and
third common digital nerves [1]. In its course in the medial
compartment, the MPPDN gives off a single muscular branch
to the flexor hallucis brevis [3]. The nerve pierces the plantar
fascia posterior to the tarsometatarsal joint and courses distally
through subcutaneous tissues to supply innervation to the me-
dial plantar aspect of the first MTPJ, hallux and tip of the toe
[3-5]. Because of'its particularly long course and superficial
position, the MPPDN may be subject to trauma, which results
in a compression neuropathy at the level of the first MTPJ
known as Joplin’s neuroma [6, 10]. Symptoms of Joplin's
neuroma are sharp pain mixed with burning, tingling, numb-
ness and paraesthesia to the medial and plantar aspects of the
first MTPJ and hallux [3]. Any light pressure or compression,
such as from a tight shoe, to the medial plantar aspect of the
first MTPJ may cause severe pain and paraesthesia. The diag-
nosis of MPPDN neuropathy usually requires confirmation
using nerve conduction studies, especially when conservative
treatment is unsuccessful [11, 12]. On the other hand, high-
resolution US, because it offers several advantages over other
imaging modalities, has become an attractive complement for
assessing the peripheral nervous system especially in the set-
ting of a superficial neuropathy [8]. As no description of the
MPPDN by means of sonography has been reported, the aim
of the present study was to determine whether US allows
precise assessment of the course of the MPPDN and its rela-
tions with adjacent anatomical structures.

Our results show that, despite the relative thinness of the
nerve, the MPPDN could be identified sonographically along
the majority of its course, from its point of branching from the
medial plantar nerve below the abductor hallucis muscle to the
medial side of the hallux. Here note that power Doppler im-
aging allowed detection of the proper plantar digital branch of
the medial plantar artery adjacent to the MPPDN, which was
especially helpful to identify the nerve sonographically. The
MPPDN was particularly well analysed from the point where
it pierces the plantar fascia to become subcutaneous to the
medial plantar aspect of the first MTPJ. Here, interestingly, a
slight enlargement of the nerve at the level of the medial hal-
lux sesamoid was frequently found anatomically, which may
well be a normal anatomical condition. Distally, the plantar
and dorsal terminal branches of the MPPDN that supply sen-
sation to the tip of the hallux were more difficult to assess,
given their very small size. Because bony landmarks can be
helpful in reliably identifying anatomical structures with US,
we evaluated in both cadavers and asymptomatic volunteers
the distances between the nerve and the medial border of the
medial cuneiform, and, more distally, at the level of the first
MTPJ, between the nerve and the first metatarsal head and the
medial hallux sesamoid. In the part of our work performed on
cadavers, these three distances measured by US were similar

to those measured anatomically. Then, in healthy volunteers,
these same three distances measured by US fell within the
range demonstrated anatomically. Overall, our data suggest
that the MPPDN may not only be subject to compression
neuropathy at the level of the first metatarsal head, but also
be at risk when performing a surgical approach to the medial
plantar aspect of the first MTPJ.

Some limitations may be considered inherent to the
methods used in this study. First, we dissected only six lower
limbs, which is a small number for an anatomical study.
Second, we did not analyse the intra- and interobserver varia-
tion in the US study of the MPPDN. The preliminary assess-
ment of the MPPDN undertaken in cadavers and the US ex-
aminations in healthy volunteers were performed in our study
by two separate teams comprised of one junior and one senior
operator. Finally, the results obtained in our volunteer popula-
tion might have been influenced by a ‘healthy’ BMI facilitat-
ing the US depiction of the nerve. It is important to note that,
in patients with a higher BMI, the course of the MPPDN may
be more difficult to assess with US, given the relatively small
size of the nerve.

Because the anatomy of the MPPDN may vary between
individuals, US mapping of the nerve may have useful clinical
implications. First, because the diagnosis of Joplin’s neuroma
usually requires confirmation, especially when conservative

Fig. 4 Sagittal plantar bilateral US images of the first ray obtained in the
same patient demonstrating a Joplin’s neuroma (thick arrow), and, on the
contralateral side, an intact medial plantar proper nerve (MPPN)
(arrowheads)



treatment is unsuccessful, sonography may become an attrac-
tive tool for diagnosing compression neuropathy of the
MPPDN. Second, the MPPDN could be blocked successfully
through US guidance, which may be a useful complement to
common postoperative analgesics. Then, because injury to the
MPPDN is not uncommon after bunion surgery, later resulting
in neuralgia and sensory loss in its innervation area, US could
help in the differential diagnosis of postoperative hallux pain
(Fig. 4).

In conclusion, our study has demonstrated that, in healthy
individuals, the course of the MPPDN can be depicted by US.
Useful bony landmarks for its detection could be defined. The
potential applications of this technique now need to be con-
firmed by further clinical studies.
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