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nerve bifurcation was always proximal to the tibial artery within a distance ranged from 0.5 to 3.5cm. With
reference to the Medio-malleolar- calcaneal axis the commonest type of bifurcation observed was type II in
posterior tibial artery and type I in tibial nerve. The number of medial calcaneal nerve was ranged from 1 to 3
and was taking origin either from tibial nerve, lateral planter nerve or both. Except in one case all the medial
calcaneal branches arose within the tarsal tunnel. Conclusion: Posterior tibial artery is always superficial to
the tibial nerve with a varying level of bifurcation in the tarsal tunnel .The medial calcaneal nerve are variable
in number and arises from lateral planter nerve, tibial nerve or both. It has the clinical implication in the
management of surgical condition like tarsal tunnel syndrome, fractures in the ankle region as well as for
carrying out procedure like nerve block.
Keywords: Tarsal tunnel, Tibial nerve, Posterior tibial artery.

INTRODUCTION
The neurovascular bundle along with the tendons
of extrinsic muscles of the sole passes through the
tunnel which is present in between the posterior
aspects of medial malleolus and medial aspect of
calcaneum.The tunnel is known as tarsal tunnel and
is situated medial to the ankle, lying deep to the
flexor retinaculum. It transmits the tendon of
tibialis posterior, flexor digitorum longus, posterior
tibial vessels, tibial nerve (TN) and their
termination and tendon of flexor halluces longus.[1]
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The posterior tibial artery (PTA) is accompanied by
two veins and Tibial nerve. Terminally it is deep to
flexor retinaculum and abductor halluces. Further
deep to the flexor retinaculum the nerve vessels and
tendons lies in separate compartments.[2]The medial
calcaneal nerve is a branch of the posterior tibial
nerve or lateral planter nerve with a wide range of
branching point.[3]
In podiatric medicine knowledge about the
anatomical location, bifurcation and the branching
pattern of TN and its relationship with the
bifurcation of PTA and any variation in the tarsal
tunnel is necessary for the management of various
clinical conditions like chronic heel pain, tarsal
tunnel syndrome, fractures in the tarsal regions,
nerve block etc. With the available cadavers used
for teaching MBBS students the present study was
undertaken to observe the branching pattern and the
bifurcation of TN and its relationship with the
bifurcation of PTA.
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RESULTS

The study was carried out in 30 lower limbs of
adult cadavers irrespective of gender and
anatomical side .The lower limbs with any gross
injuries or deformities of the foot were excluded
from the study. The dissection was carried out by
giving longitudinal incision of the posterior crural
region extending up to the heel followed by the
removal of skin and the superficial fascia over the
region of tarsal tunnel well below up to the medial
margin of the sole. The deep fascia was identified
and traced below to identify the formation of flexor
retinaculum. The vertical incision was given over
the flexor retinaculum to expose the fibrosseous
compartment which was underlying deep to it.[2]
Keeping the foot placed perpendicular to tibia in
anatomical position the neurovascular bundle was
identified and slowly separated from its
surrounding fascia from distal leg till the sole. The
relationship and the point of bifurcation of
posterior tibial artery and the tibial nerve were
recorded. The number and the source of origin of
medial calcaneal nerve was observed. For the
classification of the bifurcation point of the artery
and the nerve a 1cm broad reference line called
Medio-malleolar calcaneal axis (MMC axis) was
used as a grid and was grouped as type I, II and III
as described by Bilge et al[4] MMC axis was drawn
by using two cotton thread tied in sharp needle and
fixed at 1cm apart extending from the tip of the
medial malleolus to the medial tubercle of the
calcaneum [Figure 1]. Type I, II and III represented
proximal to, deep to, and distal to this axis
respectively. In order to define the extent of tarsal
tunnel and to define the bifurcation level of nerve
and the vessels the present study also referred the
technique used by Torres et al. where they included
the area of 2cm proximal and distal to the MMC
axis as the extent of tarsal tunnel.[5]

Although the flexor retinaculum over the tarsal
tunnel was identified by their thick fibre
arrangements but their extent was difficult to define
as they blend unnoticeably with the surrounding
deep fascia .This finding is in agreement with
various previous workers.[1,2,6] On exposure of the
flexor retinaculum the nerve and the vessels were
wrapped in a separate fibrous sheath and were also
separate from the neighbouring tendons running in
their own fibrous tunnel. On dissection of the
neurovascular bundle in the tarsal tunnel the PTA
was running superficial to the TN and the
bifurcation point of tibial artery was overlapping
the bifurcation of tibial nerve in most of the cases
[Figure 2]. In the present study the TN and the PTA
were bifurcating with in the tarsal tunnel in all the
cases except in one case where the tibial nerve was
bifurcated at higher level just outside the tunnel as
defined by Torres et al. but the tibial artery was
bifurcating within the tunnel. With reference to the
MMC axis and according to the Bilges
classification the PTA bifurcation was of Type II in
28 cases (93.3%),Type III in 2( 6.6%) cases and
TN bifurcation was of type I in 27( 90%) and type
II in 3 (10%) of the cases. Type I in PTA and Type
III in TN was not seen in any of the 30 cases.
[Table1] The bifurcation of TN was proximal to the
bifurcation of PTA and the distance between the
point of bifurcation between PTA and TN were
ranged from 0.5cm to 3.5cm. Medial calcaneal
nerves (MCN) was originating from variable
position and their number ranged from 1 to 3
branches [Figure 3]. In 17(56.6%) cases the MCN
was given by Lateral planter nerve and in
13(43.33%) cases it was given by both tibial and
lateral planter nerve. Single MCN was seen in
7(23.33%), two MCN in 16(53.33%) and three
MCN in 7(23%).Most of the MCN originated
within the tarsal tunnel at a distance of 0.5cm to
2cm proximal to the MMC axis except in one case
where single MCN arose 3.5cm proximal to the
MMC axis.

Table 1: Showing bifurcation of posterior tibial artery and tibial nerve in relation to the MMC axis.
Authors
Bilge et al.2003
Joshi et al.2006
D Malar 2016
Present study

Posterior tibial artery
Type I
Type II

Type III

Tibial nerve
Type I
Type II

Type III

10%
16.17%
3.33%

46%
11.76%
10%

85.2%
84%
85%
90%

0.89%
4%
5%
Nil

44%
72.04%
86.66%

14.7%
12%
10%
10 %

MMC-Medio-malleolar- Calcaneal axis.

Table 2: Studies showing different findings in the number of branches of medial calcaneal nerve.
Authors

1MCN

2MCN

3MCN

4MCN

Dellon et al.2002
Nidye et al. 2003
Joshi et al.2006
D Malar 2016
Present study

37%
80%
41.96%
50%
23%

41%
20%
41.96%
30%
53%

19%
15.1%
20%
23.33%

3%
0.89%
Nil
Nil

MCN- Medial calcaneal nerve.
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DISCUSSION
Various authors have studied about the tarsal
tunnel, its neurovascular relationship, branching
pattern and the termination of Tibial nerve.[2,4,6,7]
The present study was carried out to study the same
in embalmed cadavers from eastern India and to
compare the findings with previous studies. The
branching pattern of tibial nerve in the tarsal tunnel
are useful for explaining the pathologies associated
with chronic heel pain caused by the nerve
compression.[8]

Figure 3: Showing the origin of medial calcaneal
nerve. (LP- Lateral planter nerve, MP-Medial Planter
nerve).

Figure 1: Showing the MMC axis ( Medio-Malleolar
Calcaneal axis) and higher bifurcation of Tibial
nerve.

Figure 2: Showing the bifurcations of posterior tibial
artery and tibial nerve within and above the axis.
(PTA- Posterior tibial artery, TN- Tibial nerve, MPN
– Medial Planter nerve, LPN- Lateral Planter nerve)

PTA with its venaecomitantes were superficial to
TN in all the cases as described by the previous
author.[2] In the present study the TN and the PTA
were bifurcating within the tarsal tunnel except in
one case where the tibial nerve bifurcated at a
higher level just outside the tunnel as defined by
Torres et. al but the tibial artery was bifurcating
within the tunnel. The bifurcation of TN was
proximal to the bifurcation of PTA in all the cases
and the distance between them were ranged from
0.5cm to 3.5cm. This finding matched with the
findings of Bilge et al. and Joshi but in
disagreement with the statements given by the
authors McMinn and Dutta as quoted by Joshi et
al.[2] With reference to the MMC axis and
according to the Bilges classification in the present
study PTA bifurcation was of Type II in 28 cases
(93.3%),Type III in 2( 6.6%) cases and type I was
not seen in any of the cases but Bilge et el in their
study they have recorded maximum of type III
(46%) followed by type II (44%) and Type I (10%).
Similarly in another study by Joshi et. al it was
recorded as 72.04% of Type II followed by 16.17%
of type I and 11.76% of type III. The present
finding did not matched with the finding of Bilge et
al. but somewhat matched with the finding of Joshi
et al. where the maximum percentage of PTA
bifurcation were of Type II. Similarly TN
bifurcation was of type I in 27(90%) and type II in
3 (10%) of the cases and Type III were not seen in
any of the 30 cases. Various authors have recorded
the bifurcation of TN within 1 to 2 cm of the MMC
axis in 90% of the cases.[9-11] Since the
methodology adopted in the present study was
referred from the work done by Bilge et al. the
comparative table shows the finding of Posterior
tibial artery and tibial nerve bifurcation with
respect to MMC axis by certain authors [Table 2].
The present findings almost corresponds to the
findings of the previous authors except Type III
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CONCLUSION
Posterior tibial artery is always superficial to the
tibial nerve with a varying level of bifurcation in
the tarsal tunnel. The medial calcaneal nerve are
variable in number and arises from lateral planter
nerve, tibial nerve or both .Knowledge about the
neurovascular relation and the branching pattern of
tibial nerve in the tarsal tunnel is very important for
various procedure like nerve block, surgery for the
treatment of tarsal tunnel syndrome and fractures in
the tarsal region. Some of the findings in the
present study were not fully resembling to the work
done by a few authors which may further reinforce
the variable nature in the branching pattern and the
bifurcation of nerve and vessels in the tarsal tunnel.
.
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tibial nerve bifurcation that was not seen in any of
the cases whereas they have recorded in minimal
percentages.[2,4,6] Various workers have described
about the variable numbers and its branching
pattern of Medial Calcaneal nerve (MCN).In the
present study Medial calcaneal nerve were either
originating from tibial nerve, lateral planter nerve
or both. In the majority of the cases 53% had three
medial calcaneal nerve and 23.33% each had one
and two MCN .Single MCN was the branch of
lateral planter nerve in all the 23.33% cases. Figure
3 shows the comparative finding of number of
MCN by various author. Dellon et al. has reported
in his study the origin of MCL in 46% cases but it
was not seen in the present study.[7]

