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Abstract

The posterior tibial artery normally arises from tibial-fibular trunk at the popliteal fossa, together with the fibular artery.
The classic course of the posterior tibial artery is to run between the triceps surae muscle and muscles of the posterior
compartment of the leg before continuing its course posteriorly to the medial malleolus, while the fibular artery runs
through the lateral margin of the leg. Studies of both arteries are relevant to the fields of angiology, vascular surgery and
plastic surgery. To the best of our knowledge, we report the first case of an anastomosis between the posterior tibial
artery and the fibular artery in their distal course. The two arteries joined in an unusual “X” format, before division of
the posterior tibial artery into plantar branches. We also provide a literature review of unusual variations and assess the
clinical and embryological aspects of both arteries in order to contribute to further investigations regarding these vessels.
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Resumo

A artéria tibial posterior e a artéria fibular se originam do tronco tibiofibular, na fossa poplitea. A trajetéria classica da
artéria tibial posterior é correr entre o triceps sural e os mUsculos do compartimento posterior da perna, e, entdo, seguir
posteriormente ao maléolo medial. Ja a artéria fibular corre na margem lateral da perna, seguindo profundamente
aos musculos. O estudo dessas artérias ¢ relevante para o campo da angiologia, cirurgia vascular e cirurgia plastica.
O presente trabalho é o primeiro relato de caso de uma anastomose entre ambas artérias, na porgao distal de suas
trajetdrias. Tais artérias se anastomosaram em formato de “X’, antes da divisdo da artéria tibial posterior em ramos
plantares. Foi feita uma revisdo de literatura das variagdes de tais artérias, dando énfase ao aspecto clinico e embriolégico,
de modo a contribuir para novas investigagoes sobre esses vasos.
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Rare arterial anastomosis

INTRODUCTION

Many anatomical variations in the origins, trajectories,
distribution and anastomoses of the arteries of the
lower limbs have been described. The femoral artery
supplies the thigh, while the popliteal artery supplies
the leg and foot.'”

The posterior tibial artery (PTA) and the fibular
artery (FA) are branches of the tibial-fibular trunk
(TFT), located at the popliteal fossa. The TFT usually
describes a trajectory of 1 to 8 cm after the popliteal
artery emits the anterior tibial artery (ATA). It is usually
followed by two veins and the tibial nerve. The PTA
runs down the posterior face of the leg, following the
posterior surface of the tibia, accompanied by two
veins, and is located posteriorly to the triceps surae
muscle and anteriorly to the posterior tibialis muscle
and the flexor digitorum longus muscle, giving off
muscular branches for the posterior compartment.>®?

In the foot, the PTA runs along the medial
retromaleolar canal, medially to the calcaneal tendon,
emitting malleolar and calcaneal branches before
dividing into the lateral and medial plantar arteries.
It is responsible for the blood supply to the posterior
muscles of the leg and the plantar region of the
foot.3° At its origin, the FA runs laterally between
the posterior tibialis muscle and the flexor hallucis
muscle. It is also followed by two veins. The FA emits
a nutrient artery for the fibula, muscular branches
for the lateral and posterior muscles of the leg, and
calcaneal branches.**?

Variants differing from this pattern can be explained
by segmental hypoplasia, abnormal fusions or
absence.*!® Knowledge of these variations is useful
in the fields of angiology and vascular surgery, while
in plastic surgery vascular flaps (either from the PTA
or the FA) have been used to restore the contours and
function of the mandible and other regions, meaning
that the anatomy of these vessels is vital to the success
of such procedures.>!!"'* Albeit uncommon, cases of
pseudoaneurysms'* and aneurysms'® of the PTA have
been reported in the literature.

Moreover, with the recent increase in the numbers
of diabetic patients, critical limb ischemia due to
multiple and large occlusions of the lower limb vessels
is becoming more and more common; therefore
knowledge of these arteries is needed in order to
avoid amputations.'®

We report a previously undescribed anatomic
variation of the PTA and FA and present a review of
significant anatomic variations and their clinical and
embryological features.
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CASE REPORT

A 50-year-old male cadaver fixed with a 10%
formalin solution (cause of death unknown) was
dissected during Anatomy classes. While dissecting
the right lower limb, we observed an uncommon
relationship between the PTA and the FA along their
course (Figure 1). The left lower limb exhibited
normal anatomy.

In this case, the origins of both arteries were as
normal, but in the ankle the vessels underwent an
“X-shaped” anastomosis, prior to the origin of the
plantar branches from the PTA (Figure 2).

Figure 1. Medial view of posterior region of the right leg. The
FA is visible (C). The triceps surae tendon (A), and the PTA (D)
are seen following their regular course. The anastomosis is also
visible (B).

Figure 2. Medial view of the retro-maleolar region of the right
ankle. The FA (C) and PTA (D) are visible following their courses,
the anastomosis in “X”" (B) can be observed, and the triceps surae
tendon (A) is visible.



DISCUSSION

Studies showed that the arteries of the lower limb
are derived from the dorsal region of the umbilical
artery, which forms the sciatic artery (SA), a branch
of the internal iliac artery.*® The SA is the main
supplier of blood to the early lower limb bud. During
stage 16 (14 mm embryo), the femoral artery appears
as a branch of the external iliac artery and forms
an anastomosis with the SA, thereby becoming the
source of the main blood supply to the lower limb.%!°
Afterwards, the proximal portion of the SA regresses
and is represented by the inferior gluteal artery and
the sciatic nerve artery. Its middle and distal portions
persist to form the popliteal and fibular arteries.
A superficial popliteal artery that passes superficially
to the popliteus muscle gives origin to the ATA.
The PTA is formed by an anastomosis between the
ecarly distal portions of the femoral artery and the
popliteal artery. Its regular anatomy is completed by
3 months of gestation.>!!17:18

Anatomic variants of these vessels often appear
as result of persistent primitive arterial segments,
segmental hypoplasia, abnormal fusions, or complete
absence; furthermore, these mechanisms can frequently
occur in combination.*!*”-'® Hypoplasia of one of
these vessels can cause abnormal blood supply to
the foot."?°

Variations in the origin and course of the PTA and
the FA have often been described after being detected
either during dissection of cadaveric specimens or by
arteriograms, Doppler exams, and duplex scanning
of living subjects. In our analysis, we found that the
PTA can be absent, hypoplastic or replaced in its
distal portion or replaced altogether by the FA!#61%;
it can penetrate the interosseous membrane to join
the ATA;! it may turn anteriorly and replace the ATA;'
it may supply all the common digital arteries'; it can
arise proximally to the ATA;?! it can arise at the knee
joint, above the tibial plateau;>*!*?! it can arise from a
common trunk with the ATA;' and it can arise directly
from the popliteal artery.* Additionally, the FA can be
hyperplasic, hypoplastic, absent or replaced by the
PTA;' it can sometimes give rise to the ATA;' it can
arise from the ATA;' it can become the peronea magna
artery in cases of absence of ATA and PTA;'*?? it may
give origin to the dorsalis pedis artery;? and it may arise
directly from the popliteal artery.'? Our report is the
first one to present this unusual form of anastomosis
between the PTA and the FA, although both arteries
had regular trajectories thereafter.

In cases of hypoplasia or aplasia of the PTA,
the FA exhibits compensatory hyperplasia, giving
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off branches to what would normally be the PTA’s
vascular territory.>*’ In the foot, if the PTA is absent,
the FA gives rise to the lateral plantar artery, while
the medial plantar artery is usually absent.®” Cases
have been described in the literature of idiopathic
clubfoot associated with absence of the PTA.® There
are also cases of aplasia of both the PTA and the ATA
and in these cases the FA is responsible for the blood
supply to the whole leg.>*

The FA also provides many fasciocutaneous and
musculocutaneous perforators to supply the skin and
muscles, albeit they are more common in the distal
portion of the FA. These branches exhibit arterial
anastomoses with each other in the subcutaneous
tissue, and it appears that the second, third and fourth
musculocutaneous branches have larger diameters
and should be used for fibular flaps.!!!?

Knowledge of these variant patterns is important
for evaluation of lower limb arteriograms and also in
respect for their clinical and surgical significance for
procedures such as vascular grafts, surgical repair,
transluminal angioplasty, and embolectomy and for
diagnosis of arterial injury.*!%121°21-24 Tn diabetics,
chronic arteriopathy is very dangerous, because it
causes disruption of the distal perfusion after many
years of progression. This can lead to insufficient
blood flow, causing ischemia and subsequent necrosis,
thus requiring amputation, although this situation is
changing due to recanalization techniques.!®

Although rare, true aneurysms of the PTA have
been described in the literature and they can often
compromise vessels and nerves.'* Pseudoaneurysms of
the PTA are also uncommon, but it has been reported
that they can cause nonunion of tibial fractures and
symptoms of lower limb ischemia due to thrombosis
and distal embolization.'*

The free fibular flap (FFF) has recently come to be
preferred for correction of mandible defects because
of its low morbidity and the fact that this procedure
allows a two-team approach.!”> Recent studies have
also proven that the fibular artery perforator flap is
useful for reconstruction of the skull, and its main
advantage would be the mobility of each component of
the tissue.** However, in cases of aplasia or hypoplasia
of the PTA, preoperative Doppler, ultrasound, MRI
or angiogram may be needed after an FFF procedure
to avoid lower leg ischemia, since the FA would have
been providing the blood supply to the PTA’s territory.!?

Since the PTA and the FA provide the blood supply
to the foot, their distal portions and trajectories should
be studied, due to the fact that ankle arthroscopy is
becoming a popular procedure to treat arthritis and
anatomical variations on this region can increase
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risk.!%? Distal branching patterns - such as ours - are
often difficult to assess particularly in the setting of
peripheral vascular disease and artery reconstruction.>!
An occlusion of the anastomosis described here could
cause full ischemia of the foot, since both arteries are
involved in supplying blood to this region.

Traumatic events in the Achilles region require
free-tissue transfer. A study performed by Vaienti et al.'*
reported that flaps using these vessels are safe and
their perforators enable surgeons to extract more tissue
to use in the reconstruction of the Achilles region.
Furthermore, recent studies have reported that flaps
from the lateral calcaneal artery (which is normally
a branch of the FA, although it can sometimes arise
from the PTA) is a good option for small injuries in
the calcaneal region, but this is contraindicated in
cases in which the lateral calcaneal artery provides
the supply for the whole foot.> In the present case,
we would advise not to use the distal portion of the
PTA or the FA for vascular flaps, since any type of
iatrogenic injury during surgery could cause massive
bleeding and hemostasis would be difficult, leading
to limb ischemia or death because of the anastomosis
in an unusual pattern.

Any type of vascular surgery in this area should be
planned preoperatively, since there are many variations
of the vessels in this region and some patterns of
vascular distribution can contraindicate fibular flaps.
Knowledge about the lower limb arteries is extremely
important in a number of conditions, since anatomic
variations can cause difficulties with diagnostic and
surgical procedures.
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