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Abstract

Introduction One of the underestimated causes of pain in the heel area is neuropathy of the medial calcaneal
nerve, which can both imitate and accompany plantar fasciitis. Some researchers note that neuropathy
of the medial calcaneal branch of the tibial nerve is the cause of pain syndrome localized in the heel area.
Knowledge of the main landmarks and anatomical variability of the medial calcaneal nerve passage in the foot
can facilitate anesthesia, surgical interventions, including hydrodissection.

Purpose To determine the anatomical variability of the medial calcaneal nerve, including the level
of its origin, transverse diameter and topographic location relative to the main anatomical landmarks
of the medial calcaneal area in order to use the obtained data in foot surgery, regional anesthesia
and differential diagnosis of pain syndrome localized in the calcaneal area.

Materials and methods Dissection of the medial heel region was performed in 16 cadavers (32 feet). For each
specimen, we measured the thickness of the tibial and medial calcaneal nerves, as well as the distance
(centimeters) from the tip of the medial malleolus to the point where the medial calcaneal nerve branched
off from the tibial nerve, and to the bifurcation point of the tibial nerve into the medial and lateral plantar
nerves.

Results The study found that the medial calcaneal nerve branched from the tibial nerve at a distance
of 2.7+ 0.7 cm distal to the tip of the medial malleolus. The cross-sectional diameter of the nerve varied
and averaged 1.9 # 1.2 cm. In 15.6 % of cases, the medial calcaneal nerve had an additional branch. In the vast
majority of cases (72 %), it terminated within the subcutaneous fat of the medial aspect of the calcaneous.

Discussion The findings confirmed considerable anatomical variability of the medial calcaneal nerve.In 15.6 %
of cases, it originated from the lateral plantar branch, which is consistent with the findings of other researchers.
The morphological features of branching in the tibial nerve and its distal segments are of particular importance
in foot surgery. Unintentional nerve injury is possible during interventions in the region of the tarsal tunnel
(including radiofrequency denervation or endoscopic release).

Conclusion This cadaveric study confirmed marked anatomical variability of the medial calcaneal nerve.
These findings expand our understanding of the variable anatomy of the heel area and may aid in interpreting
clinical cases of pain caused by compression or trauma to the medial calcaneal nerve, as well as in performing
regional anesthesia.
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INTRODUCTION

Understanding the anatomy of the medial heel area of the foot is fundamental for the diagnosis
and treatment of various diseases associated with pain in the foot. Plantar fasciitis is one
of the most common diseases characterized by pain in the heel area. Pain in the heel area
in patients with plantar fasciitis is often considered a manifestation of enthesopathy, but the cause
of pain may also be associated with neuropathic factors [1]. Pathological changes in this disease
occur primarily at the site of attachment of the plantar fascia to the calcaneus [2]. Pain persists
throughout the period of professional activity, which has a significant negative impact on the quality
of patients’ life. The issue of chronic damage to the plantar fascia continues to be the subject
of scientific discussions in contemporary traumatology and orthopaedics [3]. Researchers associate
the development of plantar fasciitis with a number of predisposing factors, including biomechanical
disorders, excessive mechanical loads, pronounced pronation of the foot, restriction of dorsiflexion
in the ankle joint, as well as traumatic effects [4, 5].

One of the underestimated causes of pain in the heel area is neuropathy of the medial calcaneal nerve,
which can both imitate and accompany plantar fasciitis. Some researchers note that neuropathy
of the medial calcaneal branch of the tibial nerve is the cause of pain syndrome localized in the heel
area [6, 7], which is also confirmed by electrophysiological studies [8]. Currently, this neuropathy
is characterized as an independent nosological condition or as a concomitant condition in plantar
fasciitis [9], since the transmission of afferent pain impulses occurs along the medial calcaneal
nerve of the foot [10].

Purpose To determine the anatomical variability of the medial calcaneal nerve, including its origin
level, transverse diameter and topographic location relative to the main anatomical landmarks
of the medial calcaneal region in order to use the obtained data in foot surgery, regional anesthesia
and differential diagnosis of pain syndrome localized in the calcaneal area.

MATERIAL AND METHODS

Dissection of the medial calcaneal region was performed in 32 feet of 16 cadavers (9 women
and 7 men). The average age of women was (47 * 11) years, their height averaged (164 * 6) cm;
the average age of men was (53 + 12) years and their height was (175 * 7) cm. Exclusion criteria
for the use of cadaveric samples were visible signs of previous trauma or surgery in the ankle or foot
area, pathological deformities, various injuries or external defects.

The study was conducted on the cadaveric material supplied for educational and scientific
activities, in compliance with the current legislation of the Russian Federation regulating the
handling of biological objects. All procedures complied with generally accepted ethical principles
and did not contradict the Helsinki Declaration of the World Medical Association (2013 edition).
The study was conducted at the facilities of the St. Petersburg State Healthcare Institution City
Pathological Anatomy Bureau of the Kalininsky District (St. Petersburg).

Statistical processing was performed using Microsoft Excel and SPSS Statistics v.22. For quantitative
variables, mean values, standard deviations (M*SD), and median (Me) were calculated. The normality
of distribution was assessed using the Shapiro-Wilk test. For comparing two groups, Student’s
t-test or Mann-Whitney U-test were used depending on the type of distribution. Differences were
considered statistically significant at p < 0.05.

Each lower limb was moved to the anatomical position and the foot was perpendicular to the tibial
axis to minimize measurement errors. Skin and subcutaneous fat were dissected by forming
a Y-shaped incision and the flaps were retracted for better visualization. The medial foot
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tendon-muscle complex and plantar aponeurosis were partially removed to expose the nerve
fibers. The tibial nerve and its branches were dissected from the distal third of the lower leg
to the plantar surface. In this study, the thickness of the tibial nerve and medial calcaneal nerve,
the distance (cm) from the apex of the medial malleolus to the point of origin of the medial calcaneal
nerve from the tibial nerve, and the point of division of the tibial nerve into the medial and lateral
plantar nerves were measured in each specimen. Additionally, the number of trunks of the medial
calcaneal nerve (the number of separate branches extending from the tibial nerve to the calcaneal
region) and the anatomical zone of the medial calcaneal nerve ending (in the subcutaneous fat
of the calcaneal region or at the medial tuberosity of the calcaneus) were determined.

RESULTS

During dissection, the medial calcaneal nerve was found in all 32 feet. The diameter (thickness)
of the tibial nerve in the tarsal canal region was (5.6 £0.5) mm (4.3-5.9 mm). The thickness (external
diameter) of the medial calcaneal nerve varied from 0.5 to 5.4 mm, averaging (1.9 * 1.2) mm (Fig. 1).

In most specimen (68.8%, 22 cases), the thickness
of the medial calcaneal nerve was 0.5-2.0 mm, in five
cases (15.6 %) it was 2.1-3.0 mm, in two cases (6.3 %)
it was 3.1-4.9 mm, and in three cases (9.4 %) it was
greater than or equal to 5.0 mm (the maximum value
was 5.4 mm) (Fig. 2).

Frequency

05<2.0 21-30 3.1-49 5.0-5.4

Fig. 1 Topographical picture of the medial calcaneal

region: A — tibial nerve; B — medial calcaneal nerve; Thickness of the medial calcaneal nerve (cm)
C —lateral plantar nerve; D — the first branch

of the lateral plantar nerve; E — continuation Fig. 2 Diagram of the distribution of the thickness
of the lateral plantar nerve; F — medial plantar nerve of the medial calcaneal nerve

The medial calcaneal nerve originated from the tibial nerve at different levels relative to the apex
of the medial malleolus: the minimum distance was 1.0 cm (proximal to the apex), the maximum
was 4.5 cm (distal, towards the foot). The average level of origin of the medial calcaneal nerve was
(2.7 £0.7) cm distal to the apex of the medial malleolus (Fig. 3).

In the absolute majority of specimen (84.4 %), the medial calcaneal nerve branched off from the
tibial nerve as a single trunk. In five cases (15.6 %), two separate trunks of the medial calcaneal
nerve were identified, branching off from the tibial nerve and directed to the medial tuberosity of
the calcaneus and into the subcutaneous fat layer (Fig. 4).

Comparison of right and left feet revealed no significant differences in the morphometric parameters
of the medial calcaneal nerve. There were also no differences in the thickness or origin of the medial
calcaneal nerve depending on gender (p = 0.541) (Table 1).
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Fig. 3 Topographical picture of the medial calcaneal Fig. 4 Topographical picture of the medial calcaneal
region: A — tibial nerve; B — level of the medial region: A — origin of the additional nerve trunk
calcaneal nerve origination from the tibial nerve; of the medial calcaneal nerve; B — medial calcaneal
C — medial calcaneal nerve; D — level of the apex nerve; C — lateral plantar nerve; D — additional
of the medial malleolus nerve trunk of the medial calcaneal nerve

Table 1

Medial calcaneal nerve thickness in the study group

Average thickness of the medial
calcaneal nerve, mm

Males 18 1.9 1.4 0.5 5.4
Females | 14 2.1 1.2 0.7 5

Gender | n Standard deviation | Minimal value | Maximum value

In typical cases (more than 80 %), the medial calcaneal nerve branched off from the tibial
nerve proximal to the bifurcation point for the medial and lateral plantar nerves. However,
in five cases (15.6 %), an atypical picture was found: the medial calcaneal nerve branched
off distal to the bifurcation. Thus, it branched off not directly from the trunk of the tibial nerve
but from the lateral plantar nerve. Therefore, the medial calcaneal nerve was a branch of the
lateral plantar nerve, indicating a developmental variant that is significant for understanding
the variability of innervation of the calcaneal region. The termination point of the medial calcaneal
nerve turned out to be relatively constant: 23 nerves (72 %) terminated in the subcutaneous fat
of the calcaneal region, forming there a branched network of thin branches that provide sensitive
innervation of the skin of the calcaneal region of the foot. In the remaining nine cases (28 %), the
branch of the medial calcaneal nerve reached the region of the medial tuberosity of the calcaneus,
where its terminal branches ran deep into the periosteum and ligamentous structures.

DISCUSSION

The medial calcaneal nerve is a small but clinically significant sensory branch that innervates
the medial and posteromedial surfaces of the heel of the foot, including the area above the calcaneal
tuberosity, the flexor retinaculum, and the subcutaneous fat of the calcaneal region [11]. The clinical
picture of medial calcaneal nerve neuropathy includes burning pain, paresthesia, numbness,
and hyperesthesia in the heel area. The pain increases with weight-bearing and in some cases occurs
at night. Patients often describe the sensation as “electric shocks” or “burning” [12]. The relationship
between plantar fasciitis and medial calcaneal nerve neuropathy has been confirmed by a number
of clinical studies. According to a number of authors, up to 18 % of patients with chronic plantar
fasciitis have signs of neuropathy. Verification of the diagnosis is especially important, since
treatment methods for these conditions may differ [13].
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Imaging techniques such as high-resolution ultrasonography and MRI can detect various
morphological changes in tissues, including fibrosis, fascial thickening, and nerve compression [14].
Combining imaging data with electrophysiological studies helps differentiate neuropathic pain
from enthesopathy and clarify the cause of chronic heel pain.

Chronic pain in the heel area can cause gait disturbance, compensatory overload of adjacent joints,
and, as a consequence, secondary pathologies in other parts of the musculoskeletal system [15].
Early diagnosis and a multidisciplinary approach based on knowledge of anatomical features
are key components of effective treatment of patients with pain in the heel area. Understanding
the anatomy, topography, and branching patterns of the medial calcaneal nerve of the foot is
essential in diagnosing heel pain, planning surgical interventions, and administering anesthesia.

According to anatomical studies, the sciatic nerve in the distal direction divides into its main trunks
at the level of the popliteal fossa: the peroneal and tibial nerves. The tibial nerve passes behind
the medial malleolus and enters the proximal part of the tarsal canal where it divides into the lateral
plantar nerve, medial plantar nerve and medial calcaneal nerve. The branching of the main nerve
trunks has anatomical variability, including the medial calcaneal nerve [16].

There is evidence in the literature that the medial calcaneal nerve arises from the tibial nerve within
or proximal to the tarsal canal in most cases [17, 18]. The location of the medial calcaneal nerve is
of great importance for the diagnosis and treatment of pain in the heel area, tarsal canal syndrome,
soft tissue and joint injuries, and pain caused by perineurium fibrosis [19]. According to the literature,
when the medial calcaneal nerve branches off from the main trunk, the tibial nerve, it is most often
located superficially to the muscle that abducts the big toe and passes through or above the flexor
retinaculum. The medial calcaneal nerve and its branches do not penetrate the plantar arch or deep
structures of the foot [20]. The results obtained in the course of the study describe the origination
of the medial calcaneal nerve from the tibial nerve (in more than 80 % of cases), which is consistent
with the literature data.

The division of the medial calcaneal nerve into two main branches has been described: the anterior
branch which goes to the muscle that abducts the big toe, and the posterior branch which runs
to the skin, the medial surface of the Achilles tendon, the calcaneus, and the plantar fat pad [21].
Another study noted that the medial calcaneal nerve may branch off from the tibial nerve and/or
thelateral plantar nerve [22]. Our data confirm this statement: the medial calcaneal nerve maybranch
off not directly from the tibial nerve but from the lateral plantar nerve. Similar variants have been
mentioned previously, but according to our data, their frequency is about 15 %. This is somewhat
lower than reported in some foreign studies (about 27 %), which may be due to the sample size [23].

Researchers have found that the medial calcaneal nerve can also arise from the medial plantar nerve,
cross blood vessels in the calcaneal canal, and innervate the calcaneal region [24]. The number
of medial calcaneal nerves may vary from one to four, but five also were described [25, 26].
In the present study, two separate trunks of the medial calcaneal nerve were found in five cases
(15.6 %), arising from the tibial nerve and running to the medial tuberosity of the calcaneus and into
the subcutaneous fat layer. More than two trunks were not found, which may be due to the sample
size or individual characteristics of the biological samples studied.

The present study complements the existing anatomical data on the medial calcaneal nerve
and highlights the need for an individualized approach to interventions in the heel area. The results
may serve as a morphological basis for improving the diagnosis and prevention of neuropathic heel
pain.
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The results demonstrate significant anatomical variability of the medial calcaneal nerve.
In particular, the level of origination of the medial calcaneal nerve from the tibial nerve varies
in the range from 1 cm distal to 4.5 cm proximal relative to the landmark (apex of the medial
malleolus). This confirms the data of several studies on the variability of the routes of the calcaneal
branches of the tibial nerve. The study presents data on the thickness (diameter) of the medial
calcaneal nerve on cadaveric material, quantitatively describing this parameter with the calculation
of average and extreme values.

CONCLUSION

The anatomy of the tarsal canal and calcaneal nerves is important for orthopedists, traumatologists,
and neurosurgeons who perform foot surgery. Moreover, the variability in the thickness of the medial
calcaneal nerve means that the severity of clinical manifestations in its neuropathy may vary as larger
trunks are potentially more vulnerable to compression. For neurologists, knowledge of the variants
of the medial calcaneal nerve termination is important in diagnosing lesions. Thus, in subcutaneous
position of the medial calcaneal nerve end, a superficial location of pain points is possible, while
if it terminates at the calcaneus, symptoms can imitate plantar fasciitis. Knowledge of the main
landmarks and anatomical variability of the passage of additional trunks of the medial calcaneal
nerve can facilitate anesthesia, surgical interventions, including hydrodissection.
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