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ARTICLE INFO ABSTRACT

Article history: Background: The dorsalis pedis artery poses a wide range of anatomical variations. Their embryological
Received 10-10-2020 dimensions along with clinical importance cater the interest of anatomists on the artery. The available
Accepted 27-10-2020 literature lacks in giving a proper insight into their development.

Available online 11-01-2021 Aims: The present study aimed at studying the variations in the origin of dorsalis pedis artery by cadaveric

dissection and to provide an embryological basis for them.
Materials and Methods: Dissection was conducted on fifty free lower limbs of formalin fixed cadavers.

Key erf'ds: . Variations in the origin of the artery were noted. The variations were embryologically correlated and their
Dorsalis pedis linical rel iewed
Dissection clinical relevance were reviewed.
Els:)ec ) Results: Of the 50 limbs dissected, normal origin of dorsalis pedis artery was found in 46 limbs (ie:92%).
m' r)(o ogy In three cases (6%) the artery originated from one among the other leg arteries. In one specimen the dorsalis
Variations . i
pedis artery (DPA)was absent.
The variations were correlated with the embryological development of axis and femoral artery branches.
The variations were also classified under the standardized popliteal artery variants.
Conclusions: The arterial variations are embryological imprints. Knowing them provides great help for
vascular surgeries, flap procedures, managing ischemic or diabetic foot, club foot correction etc. Imaging
the vessels before surgery is always advocated.
© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.
1. Introduction The dorsum of foot is mainly supplied by dorsalis pedis

artery. It is the continuation of anterior tibial artery distal
The lower limb in man is specially designed for locomotion (o the ankle. It courses straight on the medial side of the
and weight bearing. The foot being the extreme end of  dorsum giving branches and then dips into the sole to
lower limb is vulnerable to injuries especially in diabetic  complete the plantar arterial arch.
patients. The healing process of wounds depends on
an effective arterial supply. Foot may also succumb to
ischaemic changes if arterial supply is compromised due to
atherosclerosis, diabetes mellitus or Buerger’s disease.

Many significant variations from the classically
described pattern have aroused profound interest. In certain
cases, the dorsalis pedis artery has been found to be absent.
Sometimes the posterior tibial or peroneal artery may

The three below-knee arteries, namely the anterior tibial become the major source of supp]y to the dorsum. In some
artery, the posterior tibial artery and the peroneal artery,  cases the artery may be so thin or so short that distal part of
provide rich nourishment to the foot through their branches  dorsum is nourished by the plantar arteries.

and ample anastomosing channels. Clinically, palpation of the dorsalis pedis arterial

pulsation is important, particularly in suspected cases
* Corresponding author. of arterial disorders like thromboangitis obliterans,
E-mail address: dranjugeorgetp @gmail.com (A. George). thrombosis, acute embolism etc. Knowledge of the
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variations will be useful in deciding whether the absence
of pulse in dorsalis pedis artery is due to thrombosis of the
vessel, or due to an abnormal course, or its absence.

In cases of below-the-knee arterial occlusion, salvaging
the ischaemic limb with the help of dorsalis pedis artery
bypass graft is of great value. Cutaneous,! myocutaneous?
or osseocutanous® flaps based on dorsalis pedis have
been in use in reconstructive surgeries. It can be a local
transposition flap for the foot, or a free flap to reconstruct
defects in head and neck, upper or lower extremities.* In
rare cases where peroneal artery supplies the distal part
of foot, peroneal artery-based fibular transfer (useful in
maxillofacial surgery) could put the distal part of the limb
at risk.”

A precise knowledge of the vascular anatomy of lower
limb and its variations around the ankle is also indispensable
for surgical techniques like transluminal angioplasty,
embolectomy, bypass graft procedures, ankle arthroscopy
and surgical release of club foot. It is also important for
radiologists while interpreting the angiographic or doppler
images of leg arteries.

Variations in the origin of blood vessels and their
anomalous course can be attributed to their development.
Depending on the functional dominance, some vessels
regress, and some others deviate from their origin and
course, from the principal vessel.® Limbs are characterized
by numerous vascular interconnections so that one vessel
can compensate for the other and thus maintain the pressure
within the system.”

The developing lower limb bud is initially supplied by
the axis artery to the limb. The femoral artery which is the
major supply of lower limb is formed and canalized only
later in intra-uterine life, and replaces the primitive axial
artery. This change in arterial channels may also provide a
chance for variations to occur.

Clinical relevance and embryological correlations makes
the dorsalis pedis artery and its variations worth studying.

2. Materials and Methods

Dissection was done on fifty free lower limbs of cadavers.
Dorsum of foot of these limbs were carefully dissected for
the dorsalis pedis artery and its branches. An H shaped
incision was made on the anterior part of leg and foot
extending from the middle of leg to the proximal end of
interdigital clefts. After reflecting the skin and superficial
fascia, the superior and inferior extensor retinacula were
identified. Both retinacula were divided to explore the artery
beneath.

The artery was first searched for in the middle of the
ankle and then followed distally. The proximal part of the
artery was dissected carefully to confirm its origin. In case
of variant origin search was continued proximally towards
the rest of the leg to find the status of anterior tibial artery.
The posterior crural region was also explored, to identify

any vessel contributing to the formation of dorsalis pedis.
In such cases any change in the normal appearance of the
other leg arteries were also looked into. The presence of
any embryological remnant like persistent sciatic artery was
looked for in the thigh.

The dorsalis pedis artery and its branches were painted
for clearer view. The limbs were numbered and then
photographs were taken. All the relevant observations were
noted down and analyzed in depth. An effort was also
made to provide an embryological basis to account for the
observed variations. So also the clinical relevance of the
different variations was looked into.

2.1. Study design

This was a descriptive study done by cadaveric dissection,
conducted on fifty free lower limbs.

2.2. Inclusion criteria

The lower limbs of embalmed adult male and female
cadavers, available in the Department of Anatomy of
Pushpagiri Institute of Medical Sciences and Research
Centre

2.3. Exclusion criteria

1. Presence of ischemic features like ulcers, gangrene on
the limb.

2. Bony deformities of the lower limb, especially in the
region of ankle and foot.

3. Limbs with thick walled arteries having an undulating
appearance and presence of collaterals (signs of
atherosclerotic occlusion).

2.4. Statistical analysis

The incidences of variations were calculated as percentages
and plotted as tables and graphs.

3. Observations

The dorsalis pedis artery is classically described as the
continuation of anterior tibial artery on the dorsum of foot.
In the present study, in the majority of feet (46 cases), the
arterial supply to the dorsum of foot was provided by the
anterior tibial artery i.e., the origin of dorsalis pedis artery
was considered normal in 92% of cases (Table 1).

Table 1: Variations in origin

Origin Number Percentage
Normal 46 92%
Variation 3 6%
Absence 1 2%

In three cases (6%) which we call variant origin, the
artery originated from one among the other leg arteries.
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Table 2: Details of dorsalis pedis arteries with variant origin

Specimen Features Other leg arteries Persistent sciatic art. Femoral artery

Limb 19 Perforating branch of Peroneal hyperplastic; Nil Normal
peroneal joins ant. tibial to compensates for
form dorsalis pedis hypoplastic post. tibial

Limb 28 Ant. tibial hypoplastic; Peroneal hyperplastic; Nil Normal
perforating branch of Normal post. tibial
peroneal—dorsalis pedis

Limb 30 Ant. tibial aplastic; Normal peroneal & post.  Nil Normal
perforating branch of post. tibial arteries
tibial—+dorsalis pedis

The details regarding each of the observed variations in
the origin of dorsalis pedis have been compiled in Table 2.
Hypoplastic

Fig. 1: Limb 19

In the limb numbered 19, a perforating branch of
peroneal artery which entered the anterior crural region
about five centimetres proximal to the ankle has been found
to join the anterior tibial artery (ATA) to become the dorsalis
pedis artery (Figure 1). The peroneal artery (PR) in the
posterior crural region appeared hyperplastic. The posterior
tibial artery (PTA) was also small in caliber, ending in the
upper part of the posterior crural region (Figure 2). Arteries
of the sole were also given off from peroneal artery. No
significant change in size was noted in other lower limb
arteries. There was no embryological remnant like persistent
sciatic artery.

In the limb numbered 28, the perforating branch of
peroneal artery seemed to give rise to the dorsalis pedis

posterior tibial artery

Hyperplastic
peroneal artery

Fig. 2: Limb 19

artery about five centimetres above the lateral malleolus
(Figure 3). The anterior tibial artery with a thin end was
also found to join it just proximal to the ankle. The peroneal
artery in the posterior crural region appeared hyperplastic.
However the posterior tibial artery appeared to be normal in
calibre. No significant change in size was noted in the other
lower limb arteries. There was no embryological remnant
like persistent sciatic artery.

Perforating branch of peroneal artery

Anterior tibial artery

Fig. 3: Limb 28
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In the limb numbered 30, the anterior tibial artery was
found to be aplastic (Figure 4), and the posterior tibial artery
was found to give rise to the dorsalis pedis artery. The
posterior tibial and peroneal arteries were normal (Figures 5
and 6). No significant change in size was noted in the other
lower limb arteries. No embryological remnants could be
noted.

Fig. 5: Limb 30

Perforating branch of PTA

Fig. 6: Limb 30

In limb numbered 41, the anterior tibial artery failed to
continue into the dorsum of foot as dorsalis pedis (Table 3).
It was seen to divide into medial and lateral branches

about eight centimetres above the ankle (Figure 7). The
medial branch was seen ending in the ankle region, and
the lateral branch gave off one medial tarsal branch and
one lateral tarsal branch. The arcuate artery was totally
absent. The first dorsal metatarsal artery was seen to
arise from the plantar arterial network. Posterior tibial
appeared hyperplastic while peroneal artery was normal. No
significant change in size was noted in other lower limb
arteries. No embryological remnant could be detected in the
specimen.

G
. A~ Antentor tibial artery
F B - Lateral branch
’ C - Medial branch
¢ D - Lateral malleolar artery
? E - Lateral tarsal artery
F - Medial tarsal artery
A

G - Dorsal metatarsal arteries

Fig. 7: Limb 41

4. Discussion

4.1. Development of lower limb arteries

The lower limb buds of the embryo develop by the end
of fourth post fertilization week.® The early supply to
developing limb bud, the axis artery, arises from the dorsal
root of umbilical artery. It is also called as the sciatic artery
[arteria nervi ischiadica]. It traverses the entire developing
limb and terminates in the region of foot by dividing into a
small network of branches.

At 12 mm stage (about 38 days post fertilization) the
axial artery is seen passing along the dorsal aspect of thigh,
and then coursing down between the tibia and the popliteus
behind the knee. It then descends down between the tibialis
posterior and the interosseous membrane of the leg. In the
foot it gives a perforator which traverses the sinus tarsi
dorsally, to enter into the formation of an arterial network
which supplies the dorsum of foot, the dorsal rete. It also
provides branches which are seen to enter into the plantar
rete as well [Figure 8].

At 14 mm stage, femoral arterial channels sprout from
the external iliac artery through the ventral aspect of the
thigh, and join the axis artery above the knee.
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Table 3: Absence of dorsalis pedis artery

Specimen Features Other leg arteries Femoral artery Persistent sciatic
art.
Limb 41 Anterior tibial divided into PTA appeared Normal Nil
medial & lateral branches hyperplastic, PR normal
above the ankle
The axis artery at this stage gives off two branches Femors
. . . . s wmaral artery ok i
in the leg at the proximal end of popliteus, i.e., tibialis ’ :
posterior superficialis artery (TPSA) and peronea posterior
superficialis (primitive fibular artery). Both of them traverse
dowp and gain .entry 1ntq the sole. At the distal end of Tiiska poatecics
popliteus, the axis artery gives off a sprout called perforans ) . ——
cruris artery which pierces the interosseous membrane and Agieri L recament
later becomes the artery of the anterior compartment of . Batma povtene
leg.[Figure 9] Besams s ey viperfis
Starmueem wtee
Fenz
Aot qrtery
Tiu
{,‘_- Peplttem
Ay o s e
. frmag donal re'e
[=terasecus membeaty #—— o
Flimer kaliazis oy Flastar e
Tobiaks postenat
Fig. 9: Arterial development at 14 mm

Dreenal pete

Fig. 8: Arterial development at 12 mm

By 16 mm stage a tibialis anterior pars distalis artery
continues to grow from the perforans cruris artery and
courses down through the anterior crural region, identical
to the path taken by the adult anterior tibial artery. %0

By thel8 mm stage a new channel seems to descend
down from primitive fibular artery, lying between the tibialis
posterior and flexor hallucis longus. This artery, named
inferior communicating artery communicates with the axis
artery above the lateral malleolus, and later forms the adult
peroneal or fibular artery. ! [Figure 10].

At 22 mm stage, three arteries disappear, namely the
part of axis artery deep to popliteus, the primitive fibular
artery and the interosseous artery. At the same time in
the region superficial to the popliteus muscle, the popliteal
artery is formed by the fusion of proximal parts of tibialis
posterior superficialis and peronea posterior superficialis
arteries [Figure 11].

Between 22-25 mm stages (around 49-52 days post
fertilization), the femoral artery becomes the major source
of supply to the lower limb, incorporating some remnants



George, Alex and George / Indian Journal of Clinical Anatomy and Physiology 2020;7(4):354-362 359

superficnabe

Tibialis amteriar
pars distalis

artery

— Medial plantar artery

Lateral plastar artery

Fig. 10: Arterial development at 18 mm

Femoral atery
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Fig. 11: Arterial development at 22 mm
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of sciatic artery in it. The popliteal and peroneal arteries
are remnants of axial artery, whereas the anterior tibial and
posterior tibial are derived from the femoral system.?!2
Being a derivative of the axial artery, the peroneal artery is
constant and its true absence has never been reported. 314

4.2. Adult pattern of arteries

Fibular/ peroneal artery arises from the posterior tibial
artery 2.5 cm distal to popliteus. It descends in a fibrous
canal between tibialis posterior and flexor hallucis longus.
Reaching the inferior tibio-fibular syndesmosis, it ends
by dividing into a network of calcaneal branches. The
fibular artery has branches like the muscular arteries, the
nutrient artery of fibula, the perforating branches, the
communicating branch to posterior tibial artery etc. The
perforating branches of fibular artery are two in number.
The branch given off five centimeters proximal to lateral
malleolus pierces the interosseous membrane to anastomose
with the anterior lateral malleolar branch of anterior tibial
artery. The second perforator is a branch descending in
front of the tibio-fibular syndesmosis and anastomosing
with lateral tarsal artery. Both these branches can sometimes
enlarge to replace the dorsalis pedis artery.

The size of the fibular artery tends to be inversely related
to the size of the other arteries of the leg. It may be reduced
in size, but more often it is enlarged when it may join,
reinforce or even replace the anterior or posterior tibial
artery in the distal part of the leg and the foot.

Variability in the crural arteries depends on both the
regression of the sciatic artery, and on the persistence of
its junction with the primary femoral artery in the popliteal
region. 1©

4.3. Variations in the origin of dorsalis pedis

The dorsalis pedis artery was noted to have variations in
origin in three cases (6%). Complete absence of the artery
was noted in one case.

Vijayalakshmi et al., noted eight percent cases of variant
origin in their study. Ali M W et al., in1996 noted only
one percent of variant origin after dissecting 100 limbs. !
Rajeshwari et al., (2013) did not report any variation in
origin after studying the dorsalis pedis artery in cadaveric
limbs. '® However many individual cases of variant origin
have been reported in literature as case reports.

Kim D et al., in 1989 proposed a classification on the
popliteal and tibial arterial variants from their arteriographic
study on 1000 popliteal arteries and 495 tibial arteries
of leg and foot.'> Types I and II were concerned with
patterns of popliteal artery branching while type III was
regarding the hypoplasia or aplasia of tibial vessels (grouped
as ‘Hypoplastic or aplastic branching with altered distal
supply’). According to them Type IIIA was hypoplastic
posterior tibial artery and the distal posterior tibial artery
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replaced by the (hyperplastic) peroneal artery. Type IIIB:
hypoplastic anterior tibial artery and the dorsalis pedis
artery replaced by the (hyperplastic) peroneal artery. Type
ITIC: both the anterior tibial artery and the posterior tibial
artery are hypoplastic and both dorsalis pedis and posterior
tibial arteries were replaced by the peroneal artery. They had
also suggested that the variant arterial supply to the foot can
be suspected from the arteriographs of the popliteal region.

4.3.1. Types of variant origin

4.3.1.1. Peroneal artery contributing to dorsalis pedis. A
perforating branch of the peroneal artery was noted to join
the anterior tibial artery at the level of navicular bone, to
form the artery of the dorsum of foot [Figure 1] as seen in
limb number 19.

Since a variation in origin was noted exploration of other
lower limb arteries was also done to note their status. The
peroneal artery appeared hyperplastic. The posterior tibial
was small in caliber or appeared hypoplastic (Figure 2).
Small arteries to the sole of foot were also seen to be
given off from the peroneal artery. No significant change
in size was noted in other lower limb arteries. There was no
embryological remnant like persistent sciatic artery.

This variation was grouped type III C of popliteal arterial
variant.

4.3.1.2. Embryological correlation. In this limb, dorsalis
pedis artery was of lesser caliber compared to perforating
branch of peroneal artery. So the caliber of peroneal artery
could have been increased in order to compensate for the
reduced functional capacity of the anterior tibial artery. The
perforating branch in this case can be considered as the
source of major arterial supply to the dorsum. The pars
distalis part of the anterior tibial artery in the anterior aspect
of leg has developed but failed to reach its usual goal,
namely the arterial network on the dorsum of foot. And
therefore it has to be compensated by the enlargement of the
perforating branch which is a connection normally present
between anterior tibial and peroneal arteries.

The dorsalis pedis formed from peroneal and the anterior
tibial arteries accepting rather equal shares has been
reported by Lappas et al., (2% of cases).!” Such a case
was also reported by Huber in his study.?’ Both the arteries
jointly forming the dorsalis pedis artery, with apparently
almost equal contributions is not a commonly reported
occurrence in the available literature.

Suhani et al., in 2014 reported a case of simultaneous
occurrence of hypoplastic anterior and posterior tibial
arteries, both being replaced by a hyperplastic peroneal
artery.?! In that case both the dorsal and plantar aspects
of foot were supplied by the peroneal artery. Kim D
et al, and Kil SW et al., reported 0.2% and 0.8%
incidence of hypoplasia in the anterior and posterior tibial
arteries respectively from their arteriographic study on
infra-popliteal vessels. !>?? Lappas et al., reported 1.5% of

occurrence of similar hypoplasia in their dissection study.??
No further information could be obtained from other authors
who studied the same region.

Limb number 28 showed anterior tibial artery though
present was too hypoplastic to supply the area destined
for it and the perforating branch of peroneal artery was
continuing as dorsalis pedis artery [Figure 3]. The anterior
tibial artery terminated as a fibrotic band seemingly attached
to the perforating artery, as the latter pierced the tibio-fibular
interosseous membrane.

The other major arteries in this lower limb specimen were
also explored. The peroneal artery appeared hyperplastic
while the posterior tibial artery was normal. No significant
change in size was noted in other lower limb arteries. There
was no persistent sciatic artery notable.

This variation has been grouped under type III B of
popliteal arterial variant.

4.3.1.3. Embryological correlation. Here the anterior tibial
artery was very much hypoplastic and was seen just as a
fibrous connection with the perforating branch of peroneal
artery, about three centimetres above the ankle. The
perforating branch of peroneal artery was well developed
to compensate for the deficiency of anterior tibial artery.
Even then it could not supply the entire dorsum, and the
metatarsal arteries were being supplied by posterior tibial
artery via, the plantar network. Here, the pars distalis part
of tibialis anterior artery failed to reach its usual goal i.e.,
the dorsal arterial network. And so the peroneal artery had
to compensate for the supply of proximal dorsum through
its normal communication. Owing to the same reason, the
posterior tibial artery also has to supply the distal dorsum.

This anomaly with a normal posterior tibial artery, but
with aplastic or hypoplastic anterior tibial artery, getting
replaced by the peroneal artery, had been classified as type
IIIB among the popliteal artery variants.

Such anomaly had been reported in many studies. Huber
had observed six such cases (3%), Vijayalakshmi et al.,
had such four cases (8%) and Lappas et al., had three
such cases (1.5%) in their dissection studies. Proportions
of 7.1% (Adachi 1928),%* 5% (Keen 1961),%° 6% (Lippert
1985)2¢ have also been reported in literature. Shetty et al,
and Vaishnavi et al, also have reported one case each. 2728
Arteriographic studies also revealed the occurrence of
1.6% ' 1.7%?? and 2.3%>° of similar variations. Our single
case (2%) of hypoplastic anterior tibial also comes within
the range of 1.5% to 8% of such reported variations.

4.3.2. Posterior tibial artery contributing to dorsalis pedis
[Distal part of anterior tibial absent]

One among the fifty specimens i.e.,, limb number 30
(Figures 4, 5 and 6) showed aplasia of anterior tibial
artery. ATA terminated in the upper part of the anterior
compartment. A perforating branch of posterior tibial artery
was noted to continue as the dorsalis pedis artery. The
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posterior tibial artery in the region just above the ankle joint
gave a perforating branch which pierced the interosseous
membrane and continued as dorsalis pedis artery. The size
of the continuing dorsalis pedis artery was similar to that of
the perforating branch of posterior tibial artery. So it can be
considered as the main source of nourishment to the dorsum
of foot.

After giving off the perforator, the posterior tibial artery
entered the sole and divided into medial and lateral plantar
arteries (Figure 5). The femoral, popliteal and peroneal
arteries were of normal origin, course and termination
(Figure 6).

This type has not been classified specifically as any
popliteal variant.

4.3.2.1. Embryological correlation. The portion of anterior
tibial artery situated in the anterior compartment is the
developmental derivative of two embryonic vessels, namely
the perforating cruris artery and pars distalis of anterior
tibial artery. In the case of limb number 30, the perforating
cruris and anterior tibial recurrent branch formed from it
have retained a normal relationship as found in the embryo
of 14 mm length. The pars distalis which should develop
later (in 18 mm stage) had either failed to appear, or having
appeared had undergone degeneration, and the branch from
posterior tibial artery took up its function. The presence of
a large recurrent branch is more in favour of degeneration
after appearing, rather than a failure to appear.

Atanasova et al., reported a single case of posterior
tibial replacing hypoplastic or aplastic anterior tibial
artery.’® This was a rarer anomaly compared to the
compensation commonly given off from the peroneal artery.
Peroneal artery has communicating branches with anterior
and posterior tibial arteries and so in most cases the
peroneal artery was found to compensate for either of
their deficiencies. At the same time, posterior tibial artery
normally does not have a communicating branch to the
anterior tibial artery.

4.3.3. Dorsalis pedis artery absent

In the limb number 41, the anterior tibial artery was seen
dividing into a medial and a lateral branch (Figure 5) about
eight centimetres above the ankle. Both branches were noted
to be of reduced calibre. The medial branch ended in the
ankle region, and the lateral branch reached just antero-
medial to the lateral malleolus. It gave off a lateral malleolar
branch at this site, and then passing forwards it divided into
one medial and two lateral tarsal arteries over the talus.
The branches could not meet the needs of the rest of the
dorsum of foot and so all the dorsal metatarsal arteries were
noted to be arising from the arteries of the sole. This type
of absence of dorsalis pedis was not seen in the available
literature. Present study attributes a two percent chance for
absent dorsalis pedis artery.

There were other types of anatomical absence of dorsalis
pedis, as reported by Vijayalakshmi et al. But in their
description, there was the perforating peroneal artery which
failed to continue as dorsalis pedis artery distal to the ankle.
Other investigators reported percentages 12%,%° 6.7%,3!
3%2* and 2.2%7? of chances of absent dorsalis pedis artery
in their dissection studies. Robertson et al., quoted Hamilton
Bailey saying, in 10% of persons the dorsalis pedis artery
was congenitally absent in its usual position, and therefore
lack of its pulsation is valueless unless corroborated by other
signs of peripheral vascular disease.

4.3.3.1. Embryological correlation. The course of
the lateral branch over the lateral malleolus could
be satisfactorily related to the temporary ascendency
maintained by the perforating branch of peroneal artery
over the distal part of the tibialis anterior artery during a
sufficiently long period of development. This might have
resulted in an artery (corresponding to lateral branch)
ascending to join the pars distalis part of tibialis anterior
artery. This might have happened as anterior tibial artery
had smaller caliber to reach its usual region of supply.
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