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INTRODUCTION 

anagement of soft-tissue defects of the leg remains 
challenging especially the distal third which is 

considered to be the most difficult. It is often accompanied by 
exposure of tendons, bones and vessels. These defects are very 
difficult to resurface using random flaps because of lack of 
local skin laxity (Hwang et al., 1985).  

Lack of the muscular tissue in the distal third of the leg is 
a marked limitation to use local muscle flaps. Use of the 
distally based soleus muscle has been reported. Its use is 
limited to small defects as the muscle is very narrow. 
Surprisingly, the development of the muscular flaps, which are 
more complex and sophisticated, was before the development 
of the fasciocutaneous flaps, which are simpler and safer 
(Almeida et al., 2000).  

The development of fasciocutaneous flaps provided a 
therapeutic alternative for defects of the distal third of the leg and 
foot. Use of fasciocutaneous flaps for lower leg injuries was first 
described by Pontén (1981). Since then, a number of authors have 
described proximally and distally-based flaps which are based on 
perforating branches of main arteries of the leg.  

In the ankle region, a proximally based flap cannot easily 
include adequate donor tissue for the reconstruction, because 
the soft tissue is relatively tight, Reversed flow or distally based 
flaps from the lower leg have been used for heel reconstruction, 
including the distally based peroneal flap, the distally based 
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anterior tibial flap, the distally based posterior tibial flap, and 
the distally based sural neurocutaneous flap (Chang et al. 
2007).  Carriquiry et al. in (1985) mentioned that perforators in 
the distal leg form three groups, medial group originating from 
the posterior tibial artery, anterolateral group from the anterior 
tibial artery, and posterolateral group from the peroneal artery. 

In 1983 Donski and Fodgestam had described a distally 
based fasciocutaneous flap from the sural area to cover defects 
in the distal one third of the leg, they needed to delay the flap 
for one week to ensure the the Vascularity. Also, they did not 
explain the vascular basis of the flap. Masquelet et al. in (1988) 
had described the lateral supramalleolar flap based on the distal 
perforator of the peroneal artery which always emerges 5 cm 
above the lateral malleolus.  

In 1990, El-Fayoumy studied the posterolateral 
perforators of the peroneal artery on cadaver dissection. He 
concluded that the most constant perforators were the proximal 
one located at the junction of the proximal and middle thirds of 
the leg, and the most distal one located at a distance from three 
to five cm above the lateral malleolus.   

In 1995, Shalaby presented the distally based peroneal 
island flap supplied by the distal perforators of the peroneal 
artery. He used this flap to cover only defects on the distal third 
of the leg. In 2002, El-Fayoumy presented the modified 
distally based peroneal artery fasciocutaneous flap based on the 
distal perforator of the peroneal artery. He used this flap to 
cover defects on the distal third of the leg, ankle and foot. 
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Amarante et al. (1986) had defined the distally based 
posterior tibial artery flap based on two perforators present 
approximately 4 to 6.5 cm proximal to the medial malleolus. 
Sacrifice of one of the major arteries of the leg was a major 
disadvantage. The posterior tibial perforator-based flap was 
described by Koshima et al (1992). With this flap, defects on 
the medial aspect of the ankle and heel can be repaired. 

Wee in 1986 described the use of distally based anterior 
tibial flap for reconstruction of the lower leg and foot. Koshima 
et al. in 2003 had described the anterolateral and anteromedial 
malleolar flaps which are nourished by unknown, small 
perforators around the malleolar processes. On the basis of this 
experience, Chang et al. in  2007, have attempted to develop a 
more predictable and reliable perforator-based flap, the lateral 
retromalleolar perforator neurocutaneous flap, which is 
nourished by a small perforator located in the posterior lateral 
malleolar space. 

In 1990, El-Fayoumy studied the superficial sural artery 
in cadavers and emphasized the presence of vascular 
anastomosis between the sural artery and the perforators of the 
peroneal and posterior tibial arteries. In 2002 he used the 
reversed flow superficial sural artery flap in 21 patients to 
cover defects on the distal third of the leg, ankle and foot. He 
reported that the flap can be raised to include the whole 
posterior aspect of the leg without sacrifice of a major blood 
vessel of the leg, and has a wide arc of rotation. 
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The distally based sural neurocutaneous flap which is 
supplied by the vascular axis around the sural nerve, originally 
described by Masquelet et al. in 1992.  It has been used widely 
for reconstruction of heel defects. The distal pivot point of the 
sural neurocutaneous flap was designed at the most distal 
septocutaneous perforator from the peroneal artery, which was 
5 cm (range, 4 to 7 cm) above the tip of the lateral malleolus.  

Recently, distally based flaps with a wide pedicle have 
evolved to perforator-based flaps with a narrow perforating 
vessel.  Therefore, small vascular perforators around the ankle 
region may be helpful for flap design. The advantages of the 
pedicled perforator based flaps include; (1) easy rotation of the 
flap around the perforator; (2) dog-ear deformity of the pedicle 
can be avoided; (3) it is a sufficiently large flap design and 
preserves the areolar tissue around the feeding perforator to 
prevent vascular kinking and stretching; (4) it moves the pivot 
point distally, thus reducing operative trauma and morbidity of 
the lower leg donor site; (5) require no sacrifice of the major 
vessels or muscles of the lower legs and foot, and (6) in young 
female patients, use of adipofascial flaps makes donor scars 
more acceptable (Chang et al., 2007).  

A reliable method for the precise identification of the 
perforators would be extremely valuable. Several approaches 
have already been described. Selective angiography can 
provide an accurate picture of the source vessels and their 
branches, but it is an invasive technique and results in radiation 
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exposure (Satoh et al. 1993). Magnetic resonance imaging may 
be less invasive, but requires great sophistication and expense 
(Geoffrey 2003).   

Audible identification of superficial arteries and veins 
using Doppler Sonography (DS) could be one of the diagnostic 
methods. DS is non-invasive, portable, simple to use, and 
relatively easy to interpret. It has the advantage of precise 
localization of cutaneous perforators with a high sensitivity 
with high true positive rate (Giunta et al., 2000). Although, it 
has low specificity, that it may be too sensitive, even vessels 
that are too small to support a skin flap can be detected. Often, 
the exact takeoff of perforators can not be identified especially 
if they arise from superficial axial source vessels because of 
significant background noise (Geoffrey, 2003).  

Color Duplex Imaging consists of the same transducer of 
DS which is used to obtain a gray-scale and a color spectrum. It 
has a high sensitivity for detecting vessels that are as small as 
0.2 mm in diameter. The perforator diameter can be identified 
with the use of digital calibers. Color Duplex Imaging offers a 
high predictive index of the adequacy of a given perforator, as 
the haemodynamic characteristics of that perforator can be 
observed directly, also, sites of any pathology could be detected 
by observation of any turbulence or acceleration of the flow. 
The course of the perforator can also be detected. The 
recognition of these capabilities has led to the widespread use 
of color duplex imaging for the preoperative evaluation of the 
perforators (Geoffrey, 2003). 
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 Unfortunately, in spite of the voluminous and ever-
increasing anatomical knowledge, a systematic mapping of the 
precise locations of the dominant cutaneous perforators is 
difficult. Extensive experience by Taylor et al. (1990) with total 
body anatomic studies on cutaneous perforators had shown that 
variation in their site, size and orientation was the rule even in the 
same individual.  Thus, the preoperative identification of the 
perforators would establish a greater versatility for cutaneous and 
adipofascial flaps (Geoffrey, 2003). 
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AIM OF THE WORK 

 To detect the perforators in the lower one third leg and the 
ankle region by using color duplex ultrasonography for 
planning of perforator-based pedicled flaps in cases of 
reconstruction of lower third leg and foot. 

 To correlate the results of color duplex ultrasonography with 
the surgical results. 
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VASCULAR ANATOMY OF THE LOWER LEG 

he leg is divided by the tibia, fibula and the interosseus 
membrane into 2 anatomic compartments, the anterior and 

posterior. The anterior compartment is further divided into 
anterior and anterolateral by a thick intermuscular fascia.  

 

 
Figure (1): Cross-section of the lower leg 
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Arterial supply of the lower leg: 

The blood supply of the lower leg derives from the 
popliteal artery which ramifies into the three main vessels of 
the lower leg, the anterior tibial artery, the posterior tibial artery 
and the peroneal artery (Gray, 2009). 

The popliteal artery: 

The popliteal artery is the continuation of the femoral 
artery when existing the Hunter's canal and courses through the 
popliteal fossa. It extends from the opening in the adductor 
magnus, at the junction of the middle and lower thirds of the 
thigh, downward and laterally to the intercondyloid fossa of the 
femur, and then vertically downward to the lower border of the 
popliteus muscle, where it divides into anterior and posterior 
tibial arteries (Gray, 2009).   

It is the deepest structure in the popliteal fossa, rendering 
it difficult to feel its pulsations. The popliteal vein crosses the 
artery superficially and the tibial nerve crosses from lateral to 
medial over the vein. The peroneal branch of the posterior tibial 
may arise early to form the popliteal trifurcation (Gray, 2009). 
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Figure (2):  The popliteal fossa (Gray, 2009). 

Relations: 

In front of the artery from above downward are the 
popliteal surface of the femur (which is separated from the 
vessel by some fat), the back of the knee joint, and the fascia 
covering the popliteus. Behind, it is overlapped by the 
Semimembranosus above, and is covered by the Gastrocnemius 
and Plantaris below. In the middle part of its course the artery is 
separated from the skin by deep fascia and fat, and is crossed 
from the lateral to the medial side by the tibial nerve and the 
popliteal vein, the vein being between the nerve and the artery 
and closely adherent to the latter. On its lateral side, above, are 
the Biceps femoris, the tibial nerve, the popliteal vein, and the 
lateral condyle of the femur; below, the Plantaris and the lateral 
head of the gastrocnemius. On its medial side, above, are the 
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semimembranosus and the medial condyle of the femur; below, 
the tibial nerve, the popliteal vein, and the medial head of the 
gastrocnemius (Gray, 2009). 

Branches: 

The popliteal artery has muscular, Cutaneous and 
genicular branches.  

1) The superior muscular branches, two or three in number, 
arise from the upper part of the artery, and are distributed to 
the lower parts of the adductor magnus and hamstring 
muscles, anastomosing with the terminal part of the 
profunda femoris.  

2) The cutaneous branches arise either from the popliteal 
artery or from some of its branches; they descend between 
the two heads of the gastrocnemius, and, piercing the deep 
fascia, are distributed to the skin of the back of the leg. One 
branch usually accompanies the small saphenous vein.  

3) The sural arteries are two large branches, which are 
distributed to the gastrocnemius, soleus, and plantaris. They 
arise from the popliteal artery opposite the knee joint. 

Manchot in 1889, described three vessels arising from the 
popliteal artery and running down over the gastrocnemius. Those 
are the arteriae suralis superficialis medialis, lateralis and mediana. 
The median superficial sural artery has been described by 
Haertsch (1981), and in the context of the vascularized sural nerve 
graft by Briedenbach and Terzis (1983).  
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The median superficial sural artery runs in the midline 
between the two heads of the gastrocnemius. Manchot (1889) 
described this artery as passing in the furrow between the two 
heads of the gastrocnemius. It descends in close contact with 
sural nerve and participates in the blood supply of the skin of 
the sural area.  

Cormack and Lamberty (1986), in their anatomical 
study of the superficial sural vessels, observed that the median 
superficial sural artery arises from the popliteal artery in 48%, 
from the lateral sural in 39% or from one of the inferior 
genicular arteries in 13%. It then courses posteriorly piercing 
the deep fascia before joining the sural nerve and the small 
saphenous vein.   

The point at which the artery pierces the deep fascia is 
variable but is usually about halve way down the lateral head of 
gastrocnemius. It follows the lateral edge of Achilles tendon, 
and it either terminates or anastomoses with the supramalleolar 
branch of peroneal artery and posterior tibial artery. Rare cases 
have been reported in which this vessel was well developed that 
it continued all the way down to the foot and communicated 
with the lateral tarsal artery. The artery gives off many arteria 
nervosum to the sural nerve with septocutaneous perforators. 
Usually paired venae comitantes travel with the superficial 
sural artery (Cormack and Lamberty, 1986). 
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Medial and lateral sural arteries: 

The medial sural artery is slightly larger than the lateral 
sural. Each one supplies the corresponding head of 
gastrocnemius and divides into two or three longitudinally 
running branches within the muscle. These branches give off 
multiple small twigs to the muscle and larger branches that 
pierce the muscle and supply the overlying skin (Cormack and 
Lamberty, 1986).  

The lateral sural artery may give off superficial sural 
cutaneous branches before it enters the lateral head of 
gastrocnemius. One of them accompanies the medial sural 
cutaneous nerve, and one may run with the lateral sural 
cutaneous nerve and its peroneal communicating branch. The 
lateral sural artery gives the superficial median sural artery in 
39% of cases (Cormack and Lamberty, 1986).    

1) The superior genicular arteries, two in number, arise one on 
either side of the popliteal, and wind around the femur 
immediately above its condyles to the front of the knee joint. 

a. The medial superior genicular runs in front of the 
Semimembranosus and Semitendinosus, above the medial 
head of the Gastrocnemius, and passes beneath the tendon 
of the Adductor magnus. It divides into two branches, one 
of which supplies the Vastus medialis, anastomosing with 
the highest genicular and medial inferior genicular arteries; 
the other ramifies close to the surface of the femur, 
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supplying it and the knee-joint, and anastomosing with the 
lateral superior genicular artery. The medial superior 
genicular artery is frequently of small size, a condition, 
which is associated with an increase in the size of the 
highest genicular.   

b. The lateral superior genicular passes above the lateral 
condyle of the femur, beneath the tendon of the Biceps 
femoris, and divides into a superficial and a deep branch; 
the superficial branch supplies the Vastus lateralis, and 
anastomoses with the descending branch of the lateral 
femoral circumflex and the lateral inferior genicular 
arteries; the deep branch supplies the lower part of the 
femur and knee-joint, and forms an anastomotic arch 
across the front of the bone with the highest genicular and 
the medial inferior genicular arteries. 

2) The middle genicular artery is a small branch, arising 
opposite the back of the knee-joint. It pierces the oblique 
popliteal ligament, and supplies the ligaments and synovial 
membrane in the interior of the articulation. 

3) The inferior genicular arteries, two in number, arise from 
the popliteal beneath the Gastrocnemius.  

a. The medial inferior genicular first descends along the 
upper margin of the Popliteus, to which it gives branches; 
it then passes below the medial condyle of the tibia, 
beneath the tibial collateral ligament, at the anterior 
border of which it ascends to the front and medial side of 
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the joint, to supply the upper end of the tibia and the 
articulation of the knee, anastomosing with the lateral 
inferior and medial superior genicular arteries.   

b. The lateral inferior genicular runs lateralward above the 
head of the fibula to the front of the knee-joint, passing in its 
course beneath the lateral head of the Gastrocnemius, the 
fibular collateral ligament, and the tendon of the Biceps 
femoris. It ends by dividing into branches, which anastomose 
with the medial inferior and lateral superior genicular 
arteries, and with the anterior recurrent tibial artery. 

 

 
Figure (3): Anastomosis around the knee (Gray, 2009). 


