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Abstract: Nerve entrapment and blood circulation impairment associated with the medial side of the ankle are not
uncommon. The purpose of this study was to describe the anatomical basis of neurovascular structures of the medial ankle
which comprised the number, origin, branching pattern, and branching point. Forty feet of fresh cadavers were examined by
using 2 reference lines: the malleolar-calcaneal (MC) and navicular-calcaneal (NC) axes. We recorded number, origin, length
of the 2 axes, the locations and widths of neurovascular structures on MC and NC axes, the branching point of neurovascular
structures, and the branching pattern of neurovascular structures was recorded and was separated into 5 types. The posterior
tibial nerve (PTN) bifurcated to plantar and calcaneal nerves and branched proximally to the tarsal tunnel (TT). The
posterior tibial artery bifurcated to plantar and calcaneal arteries and branched inferiorly to PTN and within the TT. The
calcaneal nerves and arteries had more variation of number and origin. The most common branching point of calcaneal
nerves and arteries is within the TT, except the medial calcaneal nerve. It branched proximally to the TT. The anatomical
knowledge from this study is important for the diagnosis and treatment of clinicians.
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Introduction

The clinical implications associated with several neuro-
vascular structures at the medial side of the ankle such as
nerve entrapment and impaired blood circulation. The tarsal
tunnel (TT) is the important structures which house the
posterior tibial nerve (PTN) and the posterior tibial artery
(PTA) including the associated branches of nerve and artery.

Corresponding author:

Pasuk Mahakkanukrauh

Department of Anatomy, Faculty of Medicine, Chiang Mai University,
Chiang Mai 50200, Thailand

E-mail: pasuko34@gmail.com

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

The medial wall of TT composed of the talus, calcaneus, dis-
tal tibia, medial malleolus. The flexor retinaculum forms the
TT’s roof. The TT is further separated into medial and lat-
eral tunnels by a fibrous septum. The medial tunnel houses
the medial plantar nerve (MPN) and artery, and the lateral
tunnel houses the lateral plantar nerve (LPN) and artery [1].
There are numerous anatomical studies of the neurovascular
structures at the medial of the ankle including identification
of its variations. The PTN bifurcates into the two plantar
nerves that are the medial and LPNs. The bifurcation point
of the PTN varies, such as within, proximal, or distal to the
TT [2-4]. Heel pain is the most common symptom that in-
volves T'T syndrome or heel spur [2, 3, 5, 6]. Moreover, some
researchers represent heel pain may be involved medial and
inferior calcaneal nerves (ICNs) [5, 7, 8]. The medial calca-
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neal nerve (MCN) branches from the PTN and its branches.
The MCN has a highly variable origin and a highly variable
number of branches. Its origin may be from the PTN, LPN,
and MPN [3, 9, 10]. The number of branch ranges from one
to five branches [9-12]. For the ICN, it can be called several
names such as Baxter’s nerve [13], the first branch of the
LPN, deep calcaneal nerve, and nerve to the abductor digiti
minimi (ADM) muscle [14]. It originates from the LPN [12].
The number of branches from this nerve is a single to two
branches, where a single branching pattern is the most com-
mon variation [10-12]. The knowledge of the medial and
ICNs at the medial heel region is essential for the diagnosis
and treatment of heel pain and TT syndrome [15, 16].

The vascular structures at the medial ankle have a simi-
lar pattern with the nerves. The PTA bifurcates into medial
and lateral plantar arteries which are distal to the PTN [2].
However, the medial calcaneal artery (MCA) may originate
from branches of the PTA. There are relatively few studies
on the branching pattern of these arteries [17]. Then, the
conditions involved with the MCA and inferior calcaneal
artery (ICA) such as TT syndrome, calcaneal nail, operative
procedure around the ankle [18] including the injuries of the
main branch of these arteries. If the MCA, inferior artery,
and their main branches were injured from these conditions,
the related structures may be affected. Hence, the anatomical
knowledge of vascular structures is essential for clinicians to

Fig. 1. The reference lines: the MC axis and the NC axis. The MC
axis started from the medial M to the C. The NC axis that starts from
the N to the C. C, medial process of calcaneal tubercle; M, medial
malleolus; MC, malleolar-calcaneal; N, tubercle of navicular bone;
NC, navicular-calcaneal.
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treat patients.

The neurovascular structures at the medial side of the an-
kle have more variation, however, further knowledge is still
needed. This knowledge is important for clinicians to apply
for the diagnosis and treatment of patients at the medial
side of the ankle. The lack of anatomical understanding can
cause the failure of the treatment [19]. Hence, the purpose
of this study was to describe the branching pattern of neu-
rovascular structures of the medial ankle which comprise of
the branching point, bifurcation type, origin, and number of
a neurovascular structures.

Materials and Methods

Forty fresh legs were randomly dissected which were
donated from the Department of Anatomy, Faculty of Medi-
cine, Chiang Mai University, Chiang Mai, Thailand. This
study was approved by the Research Ethics Committee, Fac-
ulty of Medicine, Chiang Mai University (Study code: ANA-
2561-05229). Only cadavers with sufficient quality and no ev-
idence of surgical intervention at the ankle were included in
this study. Cadavers were disarticulated at the knee joint and
the tibial artery was identified at the proximal end of the leg.
Then, the tibial artery was injected with a silicone solution
and was left to solidify. Each leg was placed in the anatomi-

Fig. 2. The boundary of the TT expanded +2 cm from the MC axis.
The solid line (=) presented the MC axis. The dotted line (-+*)
presented the MC axis with +1 ¢cm width. The dashed line (---)
presented the MC axis with +2 ¢cm width. C, medial process of
calcaneal tubercle; M, medial malleolus; MC, malleolar-calcaneal; N,
tubercle of navicular bone; T'T, tarsal tunnel.
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cal position and the superficial structures were carefully re-
moved to identify the neurovascular structures at the medial
side of the ankle. The nerves were the PTN, the MPN, the
LPN, the MCN, and the ICN. Moreover, the vascular struc-
tures composed of the PTA, the medial plantar artery (MPA),
the lateral plantar artery (LPA), the MCA, and the ICA. This
study used 2 reference lines: the malleolar-calcaneal (MC)
axis which started from medial malleolus to medial process
of the calcaneal tubercle and navicular-calcaneal (NC) axis
which started from tubercle of navicular bone to medial pro-
cess of the calcaneal tubercle as shown in Fig. 1. The bound-
ary of the TT was proximal and distal to 2 cm from the MC
axis as shown in Fig. 2. After the neurovascular structures
had exposed, photographs of the neurovascular structures
were taken, the number and origin of their branches were
also recorded. Parameters such as (1) the length of the MC
axis and NC axis, (2) the locations of neurovascular struc-
tures on MC axis and NC axis, (3) the widths of neurovas-
cular structures on MC axis and NC axis, (4) the branching
point of neurovascular structures were measured. The dis-
tances of the branching point of neurovascular structures

LNM N

LMC

LNC
C

Fig. 3. Location and width of the neurovascular structures on the MC
axis and the NC axis. LMC, locations of neurovascular structures on
malleolar-calcaneal axis from medial process of calcancal tubercle;
LMM, locations of neurovascular structures on malleolar-calcaneal
axis from medial malleolus; LNC, locations of neurovascular
structures on navicular-calcaneal axis from medial process of calcaneal
tubercle; LNM, locations of neurovascular structures on navicular-
calcaneal axis from tubercle of navicular bone; M, medial malleolus;
MC, malleolar-calcaneal; NC, navicular-calcaneal; WM, widths of
neurovascular structures on MC axis; WN, widths of neurovascular
structures on NC axis.
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were recorded as X-coordinate and Y-coordinate. The X-axis
was the reference lines which were the MC axis and NC axis.
The Y-axis was a perpendicular line to the X-axis. The me-
dial malleolus and tubercle of navicular bone were set to zero
for measurements. Moreover, the medial process of calcaneal
tubercle was set to zero for the measurement of locations
of neurovascular structures on the MC and NC axis. The
locations, widths, and branching points of neurovascular
structures were shown in Figs. 3 and 4. The distance superior
to the axis which was indicated as a positive value. On the
other hand, the distance inferior to the axis was labeled as a
negative value. Furthermore, the branching patterns of the
PTN and PTA were also recorded and were classified into 5
types, based on the study of Torres and colleagues [20]: Type
I presented that the bifurcation was proximal to the axis
and inside the TT; Type II presented that the neurovascular
structures bifurcated at the axis; Type III presented that the
bifurcation was distal to the axis and inside the TT; Type IV
presented that the bifurcation was proximal to the axis and

Fig. 4. The distance of the branching point of the neurovascular
structures on the MC axis and NC axis (X-coordinate) and the
perpendicular distance from the branching point of the neurovascular
structures to MC axis and NC axis (Y-coordinate). The solid line (—)
presented the distance of the branching point of the neurovascular
structures from the medial malleolus on the MC axis. The dotted line
(+++) presented the perpendicular distance from the branching point
of the neurovascular structures to MC axis. The dashed line (---)
presented the distance of the branching point of the neurovascular
structures from the medial malleolus on the NC axis. The long-
dashed line (— ——) presented the perpendicular distance from the
branching point of the neurovascular structures to NC axis. C, medial
process of calcaneal tubercle; M, medial malleolus; MC, malleolar-
calcaneal; N, tubercle of navicular bone; NC, navicular-calcaneal.
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outside the TT, and Type V presented that the bifurcation
was distal to the axis and outside the tunnel. All parameters
were measured by using a digital vernier caliper (INOX IP54
calipers; Micro Precision Calibration Inc., Mitutoyo, Sao
Paulo, Brazil). All data were recorded and calculated using
Microsoft Excel 2017 (Microsoft office 365, Redmond, WA,
USA). The results were expressed as mean+SD and/or range
of minimum and maximum values. All pictures in this study
were drawn by Microsoft PowerPoint (Microsoft) based on
the dissected structures.

Results

The results showed the length of the MC axis was
77.22+5.56 mm (68.12-94.73 mm) and the length of the NC
axis was 63.97+5.28 mm (51.76-78.31 mm). The PTN and
PTA bifurcated into MPN, LPN, MPA, and LPA. The loca-
tions and widths of MPN, LPN, MPA, and LPA on MC axis
and NC axis was shown in Table 1. The MC axis and NC
axis were divided into four parts from medial malleolus. The
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main branches of PTN and PTA located in the third part of
the MC axis. For the NC axis, the MPN located in the second
part, the MPA located in the second part and third part. On
the other hand, the LPN and the LPA located in the third
part of the NC axis.

Posterior tibial nerve

The PTN in this study showed 40 legs which bifurcated
into two main branches: MPN and LPN. Furthermore, PTN
was the origin of the MCN and ICN (Table 2). The branching
point of PTN was superior to the MC axis in all cases which
separated into 2 types: Type I and Type IV. The bifurcation
of PTN was Type I in 20 cases and Type IV in 20 cases. The
distances of the branching point of the PTN located in the
second part on the MC axis and were shown in Table 3. After
PTN bifurcated to MPN and LPN, the plantar nerves ran
into their tunnels. The TT was separated into a medial TT
for MPN and lateral TT for LPN by fibrous septum.

Table 1. The locations and widths of MPN, MPA, LPN, and LPA on MC axis and NC axis

Measurements MPN MPA LPN LPA
Locations of neurovascular structures on MC axis from medial malleolus (mm) 39.62+4.19 44.76+4.45 49.47+4.88 53.56+5.12
Locations of neurovascular structures on MC axis from medial 34.00+3.85 30.22+2.96 24.1743.55 20.59+4.86
process of calcaneal tubercle (mm)
Width of neurovascular structures on MC axis (mm) 3.46+0.58 2.19+0.20 3.58+0.09 3.08+0.27
Locations of neurovascular structures on NC axis from tubercle 25.64+3.22 30.07+3.77 39.13+4.19 44.93+4.71
of navicular bone (mm)
Locations of neurovascular structures on NC axis from medial process of calcaneal 33.78+4.28 31.62+4.01 21.35+5.31 16.82+5.43
tubercle (mm)
Width of neurovascular structures on NC axis (mm) 4.40+0.31 2.14+0.21 3.50+0.16 2.234£0.22

Values are presented as mean+SD. MPN, medial plantar nerve; MPA, medial plantar artery; LPN, lateral plantar nerve; LPA, lateral plantar artery; MC,

malleolar-calcaneal; NC, navicular-calcaneal.

Table 2. Origin and number of MCN and ICN types

Number of branches of each MCN type (case)

Number of branches of each ICN type (case)

Origin 1 branch type 2 branches type 3 branches type 1 branch type 2 branches type
(8 cases) (15 cases) (17 cases) (35 cases) (5 cases)
PTN 2 5
PTNY 3 1
LPN 2 35 4
MPN 1
PTN, PTN, and MPN
PTN” and PTN 5
PTN” and MPN 1
PTN and MPN 3
PTN and LPN 1
PTN, LPN, and MPN 2

MCN, medial calcaneal nerve; ICN, inferior calcaneal nerve; PTN, posterior tibial nerve; LPN, lateral plantar nerve; MPN, medial plantar nerve. a)High division

branch of PTN.
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Medial calcaneal nerve axis in all types located in the second part on the MC axis.
The number and origin of MCN had more variations. The

most common type of MCN was three branches type (Table The first branch of MCN (MCN1)

2). The distance of the branching point of MCN on the MC The first branch of MCN found 40 cases. The MCN1 orig-

Table 3. The branching point of neurovascular structures on medial side of the ankle

Neurovascular structures No. MC axis NC axis
X-coordinate (mm) Y-coordinate (mm) X-coordinate (mm) Y-coordinate (mm)
Nerves
PTN 40 33.36+8.17 21.18+9.46
First branch of MCN 40 25.27+12.67 32.95+11.07
Second branch of MCN 32 25.49+19.02 26.68+13.96
Third branch of MCN 17 26.93+11.71 22.57+13.67
First branch of ICN 40 43.88+5.46 13.18+7.12
Second branch of ICN 5 52.09+5.87 5.3246.06
Arteries
PTA 40 47.00£5.02 5.68+3.98
First branch of MCA 40 42.69+12.12 15.18+10.85
Second branch of MCA 38 50.79+5.93 7.02+6.27
Third branch of MCA 31 50.72+7.08 4.11+5.33
Fourth branch of MCA 16 51.81+£6.32 3.68+4.11
Fifth branch of MCA 5 54.11+10.28 3.97+5.00
First branch of ICA” 38 58.44+6.27 -1.04+3.79 49.21+6.26 0.00
Second branch of ICA” 7 56.72 0.00 43.33+4.10 0.56+1.94
Third branch of ICA 2 39.64+5.48 -2.29+1.07

Values are presented as mean+SD or number only. MC, malleolar-calcaneal; NC, navicular-calcaneal; PTN, posterior tibial nerve; MCN, medial calcaneal nerve;
ICN, inferior calcaneal nerve; PTA, posterior tibial artery; MCA, medial calcaneal artery; ICA, inferior calcaneal artery. “Branched on NC axis three cases. ”

Branched on MC axis one case.

Table 4. Origin and number of branch of MCA type and ICA type

Origin Number of branch of each MCA type (case) Number of branch of each ICA type (case)
1 (2 cases) 2 (7 cases) 3 (15cases) 4 (11 cases) 5 (5 cases) 1 (29 cases) 2 (7 cases) 3 (2 cases)
PTA 1 1
LPA 1 3 1 29 7 2
PTA and MPA 1 1
PTA and LPA 1 4 2 2
LPA and MPA 1 3 1 1
PTA, LPA, and MPA 6 7 2
PTA, PTA and MCA, and LPA 1

MCA, medial calcaneal artery; ICA, inferior calcaneal artery; PTA, posterior tibial artery; LPA, lateral plantar artery; MPA, medial plantar artery.

Table 5. Branching pattern of PTN and PTA

Branching pattern of PTN Branching pattern of PTA
Authors Year No.
Typel Typell ~ Typelll TypelV — TypeV Typel Typell Typelll TypelV TypeV
Dellon and Mackinnon [2] 1984 31 22.58%  54.84% 16.13% 6.45%
Heimbkes et al. [36] 1987 60 100%
Havel et al. [3] 1988 68 45.59% 38.24% 8.82% 7.35%
Bilge etal. [4] 2003 50 84% 12% 4% 10% 44% 46%
Torres and Ferreira [20] 2012 50 52% 14% 22% 12%
Malar [24] 2016 20 85% 10% 5%
Tamang et al. [23] 2016 30 90% 10% 93.3% 6.6%
Yang et al.” [18] 2017 60 70% 7% 18% 71.7%  28.3%
Iborraetal. [22] 2018 12 91.7% 8.3%
Present study 2020 40 50% 50% 97.5% 2.5%

PTN, posterior tibial nerve; PTA, posterior tibial artery. YPTN branched at the tarsal tunnel border 5%.
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inated from PTN, LPN, and MPN. MCNI1 bifurcated supe-
rior to the MC axis in 30 cases which separated into 2 types:
Type I and Type IV. The branching pattern of MCN1 was a
Type I in three cases and Type IV in 27 cases. For the other
ten cases, they highly branched from the PTN, therefore
the method in this study cannot be used for measurements.
Moreover, the MCNI1 divided into the small branches in 30
cases which branched superior to MC axis in 28 cases and
highly branched in two cases. The distances of the branching
point of MCNI were shown in Table 3.

The second branch of MCN (MCN2)

The second branch of MCN was found in 32 cases. They
originated from the PTN, MPN, LPN, and both the PTN and
MPN. The branching point of MCN2 was superior to the
MC axis in 23 cases which separated into two types: Types I
and IV. The bifurcation of MCN2 was Type I in 13 cases and
Type IV in 15 cases. The other four cases highly branched
from the PTN which cannot use the method in this study for
measurement. Moreover, the MCN2 divided into the small
branches in 17 cases which branched superior to the MC axis
in 16 cases and branched on the MC axis in one case. The
distances of the branching point of MCN2 on the MC axis
included the distance of the branching point of MCN2 at the
origin of the MC axis and before the origin of the MC axis
in one case and four cases, respectively. The distances of the
branching point of MCN2 were shown in Table 3.

The third branch of MCN (MCN3)

The third branch of the MCN was identified in 17 cases
originating from the PTN and MPN. The branching point
of the MCN3 was superior to the MC axis in 14 cases and
bifurcated on the MC axis in one case which separated into
Type L II, and IV. The bifurcation of MCN3 was Type I in
six cases, Type II in one case, and Type IV in eight cases.
The other two cases branched high above the PTN and were
not suitable for the method in this study for measurement.
Moreover, the MCN3 divided into the small branches in two
cases which branched superior to the MC axis. The distances
of the branching point of MCN3 were shown in Table 3.

Inferior calcaneal nerve

The ICN had one to two branches. Most ICN originated
from the LPN. The most common type of ICN was a single
branch type (Table 2). The distance of the branching point
on the MC axis of ICN located in the third part on the MC
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axis in all cases.

The first branch of ICN (ICNI)

The first branch of ICN was found in all cases and origi-
nated from the LPN in all cases except one case which origi-
nated from the PTN. The branching point of the ICN1 was
superior to the MC axis in all cases which separated into two
types: Type I and Type IV. The bifurcation of ICN1 was Type
I in 34 cases and Type IV in six cases. Moreover, the ICN1
divided into the small branches in 28 cases which branched
superior to the MC axis in 21 cases and branched on the MC
axis in seven cases. The distances of the branching point of
ICN1 were shown in Table 3.

The second branch of ICN (ICN2)

The second branch of ICN was found only in five cases
and originated from the LPN in all cases. The branching
point of ICN2 was in the TT in all cases that separated into
two types: Type I in four cases and Type II in one case. More-
over, the ICN2 divided into the small branches in three cases
which branched on the MC axis in two cases and branched
superior to the MC axis in one case. The distances of the
branching point of ICN2 were shown in Table 3.

Posterior tibial artery

The PTA in this study represented 40 cases which divided
into the MPA and LPA. Moreover, the PTA was the origin
of the MCA and the ICA which were shown in Table 4. All
cases of the PTA bifurcated in the TT. The PTA bifurcated
superior to the MC axis which separated into two types:
Type I in 39 cases and Type III in one case. Other types were
not represented. The distance of the branching point of PTA
located in the third part on the MC axis and were shown
in Table 3. The branching point of PTA was lower than the
branching point of PTN (closed to MC axis). After the PTA
bifurcated to the MPA and LPA, the plantar arteries ran into
their tunnels that accompanied the nerves. In their tunnels,
the plantar arteries ran lower than the plantar nerves.

Medial calcaneal artery

The number and origin of MCA had more variations. The
most common type of MCA was three branches type (Table
4). The distance of the branching point of MCA located in
the third part on the MC axis in all cases.
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The first branch of MCA (MCA1)

The first branch of MCA was found in 40 cases. They
originated from the PTA and LPA. The branching point of
the MCALI was superior to the MC axis in all cases which
separated into two types: Type I and IV. The bifurcation of
the MCALI was Type I in 30 cases and Type IV in ten cases.
Moreover, the MCALI divided into small branches in 15 cases
which branched superior to the MC axis in all cases. The
distances of the branching point of MCA1 on the MC axis
included the distance of the branching point of MCAL1 before
the origin of the MC axis in one case. The distances of the
branching point of MCA1 were shown in Table 3.

The second branch of MCA (MCA2)

The second branch of MCA was found in 38 cases. Their
origins were the PTA, MPA, LPA, and both the PTA and
MPA. The MCA?2 bifurcated superior to the MC axis in 34
cases and on the MC axis in four cases which separated into
three types: Type L, II, and IV. The bifurcation of MCA2 was
Type I in 33 cases, Type II in four cases, and Type IV in one
case. Moreover, the MCA?2 divided into small branches in 21
cases which branched superior to MC axis in all cases except
one which branched on the MC axis. The distances of the
branching point of MCA2 were shown in Table 3.

The third branch of MCA (MCA3)

The third branch of MCA was found in 31 cases. Several
origins included the PTA, MPA, and LPA. The branching
point of MCA3 was superior to the MC axis in 27 cases.
In the four other cases, they branched on the MC axis in
three cases and branched inferior to the MC axis in one.
They separated into four types: Type I in 26 cases, Type II
in three cases, Type III in one case, and Type IV in one case.
Moreover, the MCA1 divided into small branches in 12 cases
which branched superior to the MC axis in seven cases and
branched on the MC axis in five cases. The distances of the
branching point of MCA3 were shown in Table 3.

The fourth branch of MCA (MCA4)

The fourth branch of the MCA was found in 16 cases.
Several origins included the PTA, MPA, and LPA. The
branching point of MCA4 was superior to the MC axis in 12
cases. The four other cases branched on the MC axis in three
cases and branched inferior to the MC axis in one case. They
separated into three types: Type I in 12 cases, Type Il in three
cases, and Type III in one case. Moreover, the MCA4 divided
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into small branches in four cases which branched superior
to the MC axis in three cases and branched inferior to the
MC axis in one case. The distances of the branching point of
MCA4 were shown in Table 3.

The fifth branch of MCA (MCA5)

The fifth branch of the MCA was found in five cases
originating from the MPA or LPA. The branching point of
MCAS5 was superior to the MC axis in all cases except one
which branched inferior to the MC axis. They separated into
two types: Type I in four cases and Type III in one case. The
distances of the branching point of MCAS5 were shown in
Table 3.

Inferior calcaneal artery

The number of ICA had one to three branches. The most
common type of ICA was a single branch type. The number
and origin of ICA were shown in Table 4.

The first branch of ICA (ICAI)

The first branch of ICA was found in 38 cases and all orig-
inated from the LPA. Most of the ICA1 bifurcated within the
TT. The branching point of ICA1 was separated into three
types: Type I in seven cases, Type II in 12 cases, and Type
IIT in 16 cases. Also, the ICA1 branched on the NC axis in
three cases. Moreover, the ICA1 divided into small branches
in eight cases which branched superior to the MC axis, on
the MC axis, and on the NC axis in four cases, one case,
and three cases, respectively. The distances of the branching
point of ICA1 located in the fourth part on the MC axis in 35
cases. For the remaining three cases, the distance of branch-
ing point of ICAI located in the fourth part of the NC axis.
The distances of the branching point of ICA1 were shown in
Table 3.

The second branch of ICA (ICA2)

The second branch of the ICA was found in nine cases.
They originated from LPA in all cases. The branching point
of ICA2 was Type II in one case. Besides, the ICA2 branched
on the NC axis in four cases, branched low from NC axis in
one case, and branched superior to NC axis in three cases.
Moreover, the ICA2 divided into small branches in one
case which branched on the MC axis. The distances of the
branching point of ICA2 located in the third part on the
MC axis in one case, on the other hand, the distance of the
branching point of ICA2 located in the third part of the NC
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axis in eight cases. The distances of the branching point of
ICA2 were shown in Table 3.

The third branch of ICA (ICA3)

The third branch of the ICA identified two cases which all
originated from the LPA. The branching point of the ICA3
was inferior to the NC axis. The distances of the branching
point of ICA3 were shown in Table 3. They located in the
third part on the NC axis.

Discussion

There were several studies on the neurovascular struc-
tures branching pattern at the medial side of the ankle [2-
4, 10, 18, 20-28]. The researchers studied these structures
related to the T'T and its clinical implications [2-4, 10, 18, 20-
23]. The location, branching point, and branching pattern of
the neurovascular structures were essential for the manage-
ment of several clinical conditions. The clinical conditions
related to the neurovascular structures at the medial side of
the ankle such as TT syndrome [29-31], heel pain [15, 16], the
atrophy of ADM muscle [32], and avascular necrosis of the
talus [33-35]. The treatment of each condition depended on
the knowledge of the neurovascular structures for successful
treatment. Furthermore, the anatomical variations of neuro-
vascular structures had differences in each population.

The previous studies relate the location of the plantar
nerves to the MC and NC axes [4, 36]. Heimkes and col-
leagues [36] and Bilge and colleagues [4] measured the loca-
tion of the MPN from medial malleolus and the location of
the LPN from the medial tubercle of the calcaneus. They
represented that the safe area for neurovascular structures
approximated 20 to 25 mm from medial malleolus and 25
to 30 mm from the medial tubercle of the calcaneus. More-
over, Heimkes and colleagues [36] measured the location
of the MPN from navicular tubercle and the location of the
LPN from the medial tubercle of the calcaneus on the NC
axis. The safe distances for neurovascular structures ap-
proximated 15 mm from medial malleolus and 30 mm from
the medial tubercle of the calcaneus. In this study, the areas
approximated 35 mm from medial malleolus and 20 mm
from the medial tubercle of the calcaneus on the MC axis
may be safe for clinical procedures and will not damage the
neurovascular structures. For the NC axis, the safe distances
for neurovascular structures approximated 25 mm from
medial malleolus and 20 mm from the medial tubercle of the

Table 6. The studies of origin and number of branching of MCN

Number of branching

Origin of MCN

MPN 2nerves >2nerves

Bifurcation
of PTN

PTN

No. Type of sample

Year

Authors

15
54

18
47

Patients

20
68
20

1984
1988
1995
1999

Dellon and Mackinnon [2]

Havel et al. [3]

14 (>1 branch)

13

Embalmed

12 (>1 branch)

15

Embalmed

Davis and Schon [21]
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10

Embalmed (13)

Fresh (2)
Patients

15

Louisia and Masquelet [10]

16
1-4 branches

35

31

39

56

48

85

2002
2006

Dellon et al. [9]

15

11

Embalmed

Fresh
Fresh

50

Govsa et al. [11]

17
None

38
24

6
16
31
15

29
29
21

50
24

3
13
22
16

45

7
24
21
17

2
18

Embalmed
Embalmed
Embalmed
Embalmed
Fresh
MCN, medial calcaneal nerve; PTN, posterior tibial nerve LPN, lateral plantar nerve; MPN, medial plantar nerve.

50
11
90
60
20
30
60
40

2012
2015
2015
2015
2016
2016
2017
2020

Torres and Ferreira [20]

Kim et al. [12]
Kim et al. [39]
Sharma et al. [40]
Malar [24]
Tamang et al. [23]
Yang et al. [18]
Present study
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calcaneus. The safe areas for neurovascular structures in this
study differed from the previous studies [4, 36] because the
MPA and LPA were measured in this study. The information
could be applied to the surgical approach about the safe areas
for pin insertion.

The PTN or tibial nerve in one of the branches of the sci-
atic nerve [3]. The PTN divided into two main branches such
as MPN and LPN including the MCN and ICN. The bifurca-
tion of PTN in the consensus of the previous researchers oc-
curred in the T'T which was different from the current study.
The bifurcation point of the PTN in this study bifurcated su-
perior and without the tarsal tunnel (Table 3). Furthermore,
the bifurcation type of PTN in this study based on the clas-
sification of Torres and colleagues [20]. The types of branch-
ing points in this study were different from the previous
studies (Table 5) [2-4, 18, 20, 22, 24]. These findings of the
different types of bifurcation of PTN were important. The
high division of the PTN in this study may be related to the
development of the T'T syndrome in the patients [2]. In addi-
tion, the race and/or the individual difference related to the
different findings in this study. Clinically, the TT syndrome
could be caused by the neurovascular entrapment in the TT.
The compression of the neurovascular structures could be
caused by the excessive tension of the flexor retinaculum,
bone deformities surrounding the TT, bleeding, and adhe-
sions caused by trauma, neuroma, space-occupying lesions,
the placement of the foot in inversion and eversion posi-
tions [29-31]. The data of these structures, PTN, PTA, and
their branches, might improve the anatomical knowledge of
neurovascular structures. The branching point of PTN and
PTA and the location of their branches might be used as a
guideline for the diagnosis and treatment of some diseases of
the tarsal region [15, 16, 37, 38]. The knowledge of the PTN’s
division level is important for the diagnosis and treatment of

Table 7. The studies of origin and number of branching of ICN
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the patient of TT syndrome and numerous surgical proce-
dures. Moreover, this knowledge could be applied in a PTN
block which should be injected superiorly to the axis.

The knowledge of the MCN was important for the di-
agnosis and treatment of heel pain [15, 16]. Typically, the
MCN was one of the PTN’s branches. The origin of MCN in
the consensus of the previous researchers was similar to the
current study (Table 6) [2, 3, 9-12, 18, 20, 21, 23, 24, 39, 40].
Besides, the branching point of the MCN was highly vari-
able. The MCN could bifurcate proximal to the T'T, within
the TT, or distal to the TT [2, 3, 9-12, 18, 20, 21, 23, 24, 39,
40]. These findings from the previous and current studies
were important for the symptoms of the patient. The proxi-
mal branch of the MCN ran outside of the TT to the medial
side of the heel and the calcaneus [41]. It involved the jogger’s
heel which was the compression syndrome that caused heel
pain [42, 43]. Moreover, the MCN in the patient with the
TT syndrome in 35% to 40% might be spared. Within the
TT, the MCN was compressed which involved the localized
symptoms at the heel. Prolonged standing and walking may
be worsened symptoms. The rest and removal of the shoes
improved these symptoms [44]. The number of branches of
MCN type in this study differed from all previous studies
which were seen in Table 6 [2, 3, 9-12, 18, 20, 21, 23, 24, 39,
40]. In addition, our research found 28 types of branch pat-
terns of the MCN. Branching patterns of MCN in this study
were similar and different from MCN’s pattern of one previ-
ous study [20]. Our study was similar to the first pattern (two
cases), second pattern (four cases), third pattern (one case),
forth pattern (one case), seventh pattern (four cases), elev-
enth pattern (two cases), and twelfth pattern (two cases). The
current study differed from the previous study because we
had a high branching point of PTN. Therefore, the branch-
ing pattern had numerous patterns than the previous study.

Origin of ICN Number of branching
Type of - -
Authors Year No. Bifurcation
sample PTN LPN MPN 2nerves >2nerves 1 2
of PTN
Davis and Schon [21] 1995 20 Embalmed 20
Louisia and Masquelet [10] 1999 15 Embalmed (13) 14 1 15
Fresh (2)
Govsa et al. [11] 2006 50 Embalmed 41 5 2 2 50
Torres and Ferreira [20] 2015 50 Fresh 9 4 35 2 50
Kim et al. [12] 2015 11 Fresh 11 11
Iborraetal.” [22] 2018 12 Fresh 11
Present study 2020 40 Fresh 39 1 35 5

ICN, inferior calcaneal nerve; PTN, posterior tibial nerve; LPN, lateral plantar nerve; MPN, medial plantar nerve. “Trifurcation in 1 case.
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The knowledge of the ICN at the medial heel region is
essential for the diagnosis and treatment of heel pain [15,
16]. The ICN branched typically from the LPN, however,
its origin had variable [10, 11, 41]. The origin of ICN in the
consensus of the previous researchers was similar to the
current study (Table 7) [10-12, 20-22], except for one study.
Govsa and colleagues [11] found that most origins of the ICN
were the PTN. Besides, the branching point of the ICN was
highly variable. The ICN could bifurcate proximal to the TT,
within the TT, or distal to the TT. Most branching point of
the ICN in the previous studies was inside the TT [10, 11, 20,
22] which was similar to the current study. These findings
from the previous and current studies were important for the
symptoms of the patient. The pain point for compression of
the ICN was anterior to the posterior heel approximate four
to five cm or distal to the medial tubercle of the calcaneus.
The ICN’s compression caused burning pain which radiated
to the plantar foot at the lateral side [6] include the atrophy of
ADM muscle [32]. Moreover, the feeling of pain at the plan-
tar foot led to a change in the position of the patient’s feet
during walking [20]. The number of branches of ICN type in
this study differed from all previous studies which were seen
in Table 7 [10-12, 20-22]. In addition, our research found six
types of branch patterns of the ICN.

The knowledge of the various locations and branching
points of these nerves could improve the understanding
regarding heel pain especially the medial and inferior site
of the heel. Moreover, the calcaneal nerves might be endan-
gered during the calcaneal osteotomy [4]. This information
offers an application advantage for safe incisions, safe screw
insertions, external fixation at the calcaneus, diagnosis, and
treatment of medial ankle injuries including prevention of
neuroma formation during operation. Also, the anatomical
pattern of these nerves could improve regional ankle region
knowledge for surgical operations.

In this study, we had clarified the location of the branch-
ing point of the PTA. From literature, the PTA divided from
the popliteal artery at the inferior border of the popliteus

Table 8. The studies of origin and number of branching of MCA
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muscle [28]. The PTA accompanied the PTN [26]. The MPA
and LPA bifurcated from the PTA at deep in the abductor
halluces muscle. The MPA supplied the instep of the foot,
moreover, the LPA supplied the lateral midfoot and forefoot
[41]. The branching point of the PTA in the previous studies
bifurcated distal to the PTN [4, 18, 23, 26] and located within
the TT [18, 23, 45] which were similar to the current study.
On the other hand, Bilge and colleagues [4] and Tamang and
colleagues [23] found that the PTA bifurcated distal to the
TT which was not found in this study. Clinically, the compli-
cations of the PTA involved avascular necrosis of the talus.
The PTA was one of the three extra-osseous arterial contrib-
uted branches which supplied the talus. Branches of the PTA
supplied medial, inferior, and posterior aspects of the talus
[33-35]. The PTA and its branches connected with other
arteries such as the anterior tibial artery and its branches
[17]. Each area of the talus was supplied with different anas-
tomosis networks [46]. The injured PTA might be led to the
talus necrosis. For the MPA, this artery was important for
endovascular recanalization because the MPA branched to
the superficial and deep branches which anastomosed with
other arteries to supply dorsum of foot or the first toe. In ad-
dition, the LPA formed the plantar arch and anastomosed
with anterior circulation for supply forefoot [26].

Researches of the MCA is still limited. This artery ran
inferior and branched like a tree to supply the medial heel
region [41]. The study of the number and origin of the MCA
was highly variable. The current study had different num-
bers, origin, and common types from the previous studies
which were shown in Table 8 [18, 39]. The branching point
of the MCA in the previous studies bifurcated distal to the
MCN [18, 39]. The MCA branched superior to the MC axis
[18, 39] which was similar to the current study. Furthermore,
our research found 23 types of branch patterns of the MCA
which differed from the previous study [18]. The origin and
number of MCA in the current study had differences. There-
fore, the branching pattern had several patterns than the pre-
vious study. Typically, the MCA was the first branch that bi-

Origin of MCA Number of branching
Type of : :
Authors Year No. Bifurcation 2 >2
sample PT. MPA . . 1 2 3 4 5
of PTA arteries arteries
Kim et al. [39] 2015 90 Embalmed 23 39 28 51 28 11
Yang et al. [18] 2017 60 - 35 23 2 6 28 18 8
Present study 2020 40  Fresh 2 5 17 16 2 7 15 11 5

MCA, medial calcaneal artery; PTA, posterior tibial artery; LPA, lateral plantar artery; MPA, medial plantar artery.
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furcated from the PTA at the ankle level [28]. Moreover, the
MCA was the first branch of the posterior circulation which
supplied the medial malleolus region and medial plantar heel
[26]. The causes of injuries involved the MCA such as TT
syndrome, calcaneal nail, and operative procedures which
might lead to a change in the blood supply of the related re-
gion [18].

The research of the ICA was also limited. The study of
the number and origin of ICA was not cleared. In this study,
the ICA bifurcated from the LPA which accompanied the
ICN. The ICA bifurcated within the TT closed to the medial
process of the calcaneus. Our research identified ten types
of branch patterns of the ICA. The complication of the ICA
might relate to the injury of the LPA, MPA, PTA, or MCA.
The injured ICA might affect the related structures which
were supplied from the PTA and its branches.

Clinically, the anatomical knowledge of vascular struc-
tures is essential information. The incision in operations
must be in the correct location. The blood flow should be lo-
cated on either side of the incision for optimized healing [17].
A free flap can be dissected out with high reliability. The
vascular knowledge could decrease the risk of distal tissue
necrosis in an amputated patient. Moreover, this knowledge
advantage for revascularization can increase wound healing
or healing of lesions.

This study may have been limited by the small cadavers.
Moreover, the shrinkage tissue of the cadaver after death
during dissection which may be occurred. Iborra and col-
leagues [22] compared the measurements from dissection
and the high-resolution US in cadavers showed that the high-
resolution US was as effective as the dissection of anatomical
variations of the nerves at the medial side of the ankle. The
noninvasive technique had a slight error about the number of
branches in one specimen. The small diameter of the nerves
may not be detected by the high-resolution US. However, the
comparison between the invasive and noninvasive measure-
ments could increase the reliability for clinicians to treat the
patients. In the future, the small invasive techniques will be
more success rate.

In conclusion, the knowledge of the location, width, num-
ber, origin, branching point, and branching types of neuro-
vascular structures at the medial side of the ankle could help
clinicians to understand the anatomy of these structures.
It will benefit for clinicians in making better patient treat-
ment decisions. Hence, the understanding of the anatomy
of nerves and vessels in the medial tarsal region is essential
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for clinicians. The anatomical knowledge of neurovascular
structures in the medial tarsal region will be a continued
study in the future.
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