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INTRODUCTION 
The popliteal artery (PopA) despite its short length 

is characterised by a wide variety of pathology. Along 
with common arterial diseases, such as atherosclerosis 
obliterans, aneurysmatic dilatation, also encountered 
are rare lesions (cystic adventitial disease of the PopA) 
and specific lesions (popliteal artery entrapment 
syndrome) [1]. The significance of a qualified approach 
in treatment of injuries of the PopA whose frequency 
increases annually is also undeniable: the highest level 
of invalidization and the greatest number of amputations 
are registered namely in injuries of this localization 
and are beyond all comparison with injuries of any 
other arteries of the lower limbs [2, 3]. Occlusive-
stenotic lesions of the PopA may also frequently lead 
to severe ischaemia of the limb and to high amputation, 
since reconstructive interventions thereupon are not 
always effective, especially in the remote period. This 
is connected with the fact that in spite of a similar clinical 
pattern, treatment policy and prognosis do differ, which 
dictates the necessity of further studying  peculiarities 
of diseases of this localization.  

Anatomical peculiarities of the popliteal artery. 
Applying the term “trifurcation” to the PopA seems 

to be not quite justified: the division of the PopA into 
the anterior tibial artery (ATA), posterior tibial artery 
(PTA) and peroneal artery (PA) within a distance 
of not more than 5 mm from each other (type IB) 
is encountered only in 2.4% of cases [4], and as reported 
by Morries, et al in 2.9% [5]. The most frequently 
encountered variant of the anatomical division of the 
PopA is type IA – below the fissure of the knee joint 
there is division of the PopA into the ATA and the 
tibioperoneal trunk (Fig. 1); its frequency varies from 
81.8 to 93.6% [4–7]. This is followed by different 
variants of high origin of one of the arteries of the crus – 
type II (Fig. 1) – with a prevalence of about 3.9% [4], 
amongst which predominates type IIA accounting 
for about 2.2% of all cases [4, 8]. The incidence rate 
of hypoplasia/aplasia of arterial branches – type III – 
amounts to approximately 3% of the anatomical variety, 
with type IIIA (Fig. 2) – hypo-/aplasia of the PTA – 
is encountered in more than half of cases (1.7%) [4, 8]. 
The mean diameter of the PopA immediately below 
the intercondylar plane  amounts to 8.0 mm (95% CI 
7.29–8.7 mm), the length of the PopA from the above-
mentioned plane to the site of the origin of the ATA 
is 60.1 mm (95% CI 53.8–62.4 mm) [4]. 
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The PopA is divided into three segments defined as 
follows: segment P1 – extending  from the Hunter canal 
through the intercondylar space to the proximal edge 
of the patella (it is considered as the most mobile region 
in connection with which this portion is also referred to as 
dynamic); segment P2 – from the proximal edge of the 
patella to the central region (from this portion originates 
the vascular network of the knee joint in connection 
with which it is also called collateral) and segment P3 – 
from the centre of the knee joint to the site of the origin 
of the ATA [9, 10]. However, this classification was 
developed in terms of static anatomy. Currently, a series 
of studies are under way on examining the PopA during 
movement, forming a conception of dynamic anatomy. 
For this purpose, conventional arteriography is followed 
by examining the PopA in bending of the lower limb in the 
knee joint [11]. Additionally the following definitions 
were introduced:  a hinge point (HP) – the first bend 
of the PopA at an acute angle relative to the femoral 
bone, detected on bending of the limb in the knee joint; 
accessory flexions – any other bends of the PopA. Based 
thereupon, segments of the PopA were singled out above 
and below the «hinge point», with no HPs observed at the 
level of the knee joint line [12]. 

Embryology of the popliteal artery. The popliteal 
artery differs fundamentally from other arteries of the 
lower limbs by its embryological development, which 
predetermines propensity for specific pathologies. Lower 
limb arteries develop from two different arterial basins: 
sciatic (or axial) basin and the basin of the external iliac 
artery [1]. Both systems originate from the primitive 
iliac artery supplying blood to the caudal portion of the 
embryo and formed resulting from uniting the umbilical 
artery with the proximal portion of the fifth lumbar 
dorsal intersegmental arteries [13]. The sciatic artery 
is formed on day 30 of intrauterine development when 
the embryo is 5–6 cm long.  It is located parallel to the 
sciatic nerve and descends in a group of posterior flexors 
of a lower limb passing in the area of the knee between 
the tibial bone and popliteal muscle [14]. By day 32 
of development, with the embryo’s length measuring 8 
mm, there forms the second arterial system – the external 
iliac artery passing through a group of ventral flexors 
of the limb and giving rise to the femoral artery.  At 42 
days of intrauterine life, when the length of the embryo 
amounts to 14 mm, there develops the superior 
communicating branch (ramus communicans superius), 
joining the femoral artery with the proximal segment 
of the axial artery through the abductor hiatus [15]. 
In turn, the sciatic artery is divided into three segments: 
proximal (above the anastomosis with the femoral artery), 
deep, and distal (below the level of the popliteal muscle). 
During the next week of embryonic development, 
the proximal component of the axial artery gives rise 
to a branch that runs superficial to the popliteus muscle 

Fig. 1. Anatomical variations of the popliteal artery (types I–II)

Fig. 2. Anatomical variations of the popliteal artery (type III)

Fig. 3. Embryology of the popliteal artery
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and joins with the distal segment of the axial artery [16]. 
With time, the deep segment of the axial artery involutes. 
Thus, the fully developed popliteal artery results from 
the fusion of several arterial elements: the superior 
communicating branch, part of the sciatic artery and the 
superficial PopA (Fig. 3).

Initially, both heads of the gastrocnemius muscle 
originate from the proximal tibia, uniting into a single 
bundle in the middle third of the crus and going distal 
to the calcaneal bone. With development, they migrate 
cranially along the femur to different extents. The final 
position of the medial head of the gastrocnemius 
muscle is more proximal to that of the lateral head 
and immediately caudal to the adductor hiatus, with 
the popliteal artery lying immediately lateral. [13, 
14]. These dynamic processes of muscle and arterial 
development create the potential for various non-
atherosclerotic pathologies of the region concerned.

Clinical case reports 
Below are examples of two patients diagnosed 

as having cystic adventitial disease of the PopA 
and popliteal artery entrapment syndrome.

A 40-year-old man was admitted to the department 
with complaints of pain in the right lower limb while 
walking a distance up to 300 m, chilliness of the 
right foot. He stated that the pain began for the first 
time after intensive sports exercises 6 months prior 
to admission (he had had a sports injury in the area 
of the right knee joint). Ultrasonographic duplex 
scanning (USDS) in the area of the right PopA 
revealed an unechogenic vesicular formation sized 
1.8×1.7×3.7 cm, with no vessel’s lumen in its projection 
detected. The findings of computed tomography (CT) 
demonstrated segmental occlusion of the PopA with 
good condition of the outflow pathways. No evidence 
of atherosclerotic lesions of the lower limbs was 
revealed.  

During the operation, with the patient lying in the 
prone position, through a posterior approach to the 
PopA we exposed and resected the PopA’s portion 

with cystic adventitial damage (Fig. 4, a, b). We carried 
out prosthetic repair of the PopA with a synthetic 
material (polytetrafluoroethylene) with the formation 
of an end-to-end anastomosis (for lack of an autovein 
available because of prior phlebectomy on both 
lower limbs). The postoperative period turned out 
uneventful, with the arteries of the foot showing major 
blood flow. Histological examination of the excised 
portion demonstrated a cystic adventitial lesion, 
with an unusual finding consisting in the presence 
of incompetent valvular apparatus of the vein in the 
lumen of the cyst (Fig. 4, c). At 12 months after 
the operation control CT arteriography demonstrated 
that the vascular graft was patent, with neither 
evidence of chronic ischaemia of the right lower limb 
nor disease relapse. 

A 29-year-old woman was admitted to hospital 
with the following referral diagnosis: “Obliterating 
atherosclerosis of the lower limb arteries, segmental 
occlusion of the left popliteal artery”. Studying her case 
history revealed that pain in the left gastrocnemius 
muscle during physical load had first appeared 4 
years before hospitalization, and within the past 12 
months  the symptoms of the disease were joined 
by intermittent claudication. At admission, the distance 
of pain-free walking amounted to 50 m. We initially 
intended to perform endovascular recanalization 
of chronic occlusion and balloon dilation of the PopA 
on the left, but, taking into consideration clinical 
and anamnestic data (professional daily physical 
loads – a dance teacher, young age), the woman 
was suspected of having popliteal artery entrapment 
syndrome which was then confirmed by the findings 
of CT arteriography of lower extremities and USDC 
of lower-limb arteries. The index of regional systolic 
pressure on the PTA and ATA amounted to 56% 
on the left and to 111% on the right. The PopA 
on the left was occluded to the ostium of the medial 
sural artery, with the rest major arteries found free 
from pathological changes. The findings of CT 
arteriography revealed that the PopA was compressed 

Fig. 4. Cystic lesion of the popliteal artery in the male patient: a – intraoperative photograph; b – macropreparation; c – micropreparation
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by the accessory muscle bundle of the medial head 
of the gastrocnemius muscle, corresponding to Type 
III lesion (Fig. 5). 

Under epidural anaesthesia with the patient lying 
in the prone position via the posterior S-shaped 
approach we performed an operation consisting 
in removal of the compression, lateral autovenous 
plasty of the left PopA with a patch from the small 
saphenous vein. The postoperative period turned 
out uneventful, with no complications. Control 
USDS revealed positive dynamics: the major blood 
flow through the PopA and crural arteries restored, 
the regional systolic pressure index amounted 
to 108%.  The woman was discharged on POD 4 
in a satisfactory condition with complete regression 
of symptoms of chronic arterial insufficiency. Control 
examination at 24 months after surgery showed no 
evidence of relapses, presence of pulsation on the 
PTA and ATA, with walking and physical activities with 
no limitations.

DISCUSSION 
Popliteal artery entrapment syndrome (PAES) is an 

anomalous relationship between the popliteal artery 
and its surrounding musculotendinous structures. 
In 1879, T.P.A. Stuart, an Edinburgh medical student, 
first described an unusual anatomical variant of the 
popliteal artery which he had dissected from a gangrenous 
limb [17]. However, the significance of this anomaly 
was not recognized until 1965 when Hamming and Vink 
in the Netherlands described the clinical syndrome which 
is associated with entrapment of the popliteal artery. 
In their study of 1,200 patients suffering from calf and foot 
claudication, 12 (1%) were less than 30 years of age 
and five of these had PAES [18]. The incidence of PAES 
has been reported to range from 0.17% [19] to 3.5% 
[20] in a review of 20,000 asymptomatic Greek soldiers 
and a study of autopsy specimens, respectively, leading 
the authors to conclude that only a small proportion 
of cases give rise to symptoms. The concomitant 
entrapment of the popliteal vein with the artery has been 
reported in only 7.6% of cases [21]. Approximately 80% 

of patients are males younger than 30 years of age [15]. 
Popliteal artery entrapment syndrome is a congenital 

abnormality consisting in functional occlusion of the 
artery due to accretion of the muscle or tendon with 
the wall of the PopA. This abnormality results from 
a developmental defect in which the PopA passes medially 
and beneath the medial head of the gastrocnemius muscle 
or slides along this muscle, which results in compression 
of the artery. Rarely, a compressing structure is an 
abnormal fibrous band of the popliteal muscle, located 
beneath the medial head of the gastrocnemius muscle.

Currently, six types of PopA compression are singled 
out: 

– type I: the medial head of the gastrocnemius 
is located normally and arises from the upper posterior 
portion of the medial femoral condyle, whereas 
the PopA circumflexes the muscular trunk posteriorly 
around and medially, forming a loop. Such variant 
is a consequence of early formation of the PopA relative 
to the process of migration of the medial head of the 
gastrocnemius muscle;

– type II:  the medial head of the gastrocnemius 
originates from the lateral portion of the medial femoral 
condyle or even from the intercondylar space, and the 
artery is located medially and beneath it but has a vertical 
direction, not forming enlarged loops. This variation 
is possible in early formation of the PopA and arrested 
migration of the medial head of the gastrocnemius; 

– type III: the PopA is compressed by the accessory 
head – a muscle bundle, being part of the medial head 
of the gastrocnemius, travelling to the medial/lateral 
femoral condyle. Hence, the PopA passes between 
the normal and abnormal parts of the medial head;

– type IV: the PopA is compressed by the deeper 
located popliteal muscle or fibrous band  of similar 
localization; 

– type V: the PopA is “strangulated” together with 
the popliteal vein. Such case was first described in 1967 
by Rich and Hughes. In 1996, Di Marzo reported 
35 patients with compression of the popliteal vein, 
of these, 28 cases had compression of veins alone, and 7 
concomitant with the artery;

Fig. 5. Computer tomograms (arteriography) of lower limbs of the woman diagnosed with and treated for popliteal artery entrapment syndrome 
(type III), 3D reconstruction
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– type VI: functional compression of the PopA in its 
normal anatomical location, occurring in plantar flexion 
of the foot. This pathology was first described by Levien 
in 1997. Amongst the most probable causes is hypertrophy 
of the musculature in the popliteal region in professional 
athletes.

Compression syndrome is diagnosed by various 
combinations of the following studies: positional stress 
test (the patient is asked to perform plantar flexion of the 
foot while the physician offers resistance and checks 
the pulse on the arteries of the foot), USDS, CT, magnetic 
resonance imaging (MRI) and direct angiography [22]. 
The most rational algorithm consists in performing 
ultrasonographic examination with positional stress test 
followed by MRI (magnetic field strength from 1.5 to 3 T) 
in three stages: 1 – determining the relative position of the 
PopA and surrounding tissues at rest; 2 – study during 
load (change of dorsiflexion and plantar flexion until 
the appearance of pain syndrome); 3 – in the position 
of plantar flexion with administration of contrast medium 
after the above-described load [23]. 

Surgical treatment of young patients with no risk 
factors consists in restoration of the normal anatomical 
relationships between the muscle and artery in the 
popliteal fossa [24]. The most preferable is the projection 
approach to the PopA with the patient lying in the 
prone position, which we resorted to. In so doing, early 
diagnosis and surgical treatment of even asymptomatic 
lesions appear to yield better results [15]. 

Adventitial cystic lesion is a rarely encountered 
nonatherosclerotic occlusive-stenotic disease of the 
peripheral arteries, characterized by the formation of cysts 
with colloidal (mucous) content in the adventitial layer 
[25]. This pathology was first reported by Atkins and Key 
in 1946, describing cystic degeneration in the iliac artery 
[26].  Approximately 600 cases have hitherto been 
described in the literature [27, 28]. Most frequently cystic 
lesions are encountered in men (with a male-to-female 
ratio of 4:1) aged 40–50 years (mean age 46 years, range 
from 5 to 80 years) and predominantly localize in the 
popliteal segment (although sporadic cases of damage 
to iliac, axillary, radial, femoral arteries and even veins 
were reported) [29]. The aetiopathogenesis is uncertain, 
with four theories being implicated [30]:

• theory of chronic traumatisation according to which 
daily reflex/extensor loads result in detachment of PopA 
adventitia from the media, followed by haemorrhage 
from the vasa vasorum network into the formed cavity 
and transformation to a cyst under the influence of local 
enzymes. Relapsing microhemorrhages lead to increased 
sizes of the cyst, narrowing of the arterial lumen, followed 
by thrombosis of the vessel involved;

• theory of systemic disorder of collagen metabolism 
supposes proclivity propensity of tissues to mucinous-
myxomatous degeneration. The theory was developed 

by Linquette, et al in 1967 and based on the results 
of histological study of skin samples. Its main contradiction 
is lack of signs of a systemic lesion during long-term 
follow-up of patients with cystic adventitial degeneration;

• theory of true ganglion (synovial, articular theory) 
is based on biochemical (content of hyaluronic acid) 
and histological similarity between the adventitial cyst 
and ganglion (dropsy of the joint capsule). According 
to this theory, cysts are formed initially as structures 
of the synovial capsule of the joint near the arterial wall;

•  impai rment  o f  embryonic  deve lopment , 
consisting in migration of mucine-secreting cells 
from the mesenchymal tissue of the neighbouring  
joint into the adventitia. This theory is favoured 
by a communication between the cyst and joint, found 
in a large number of cases. 

Currently, the most evidence-based is the synovial 
theory confirmed by a connection of the cyst with 
the neighbouring joint. Cyst formation begins with 
a capsular rent that leads to the tracking of synovial fluid 
along the arterial branch of the respective artery, in case 
of localization in the popliteal region – along the middle 
genicular artery. Therefore, Desy and Spinner insist 
on the importance of performing MRI prior to operation 
in order to reveal a communication of the adventitial cyst 
with the cavity of the joint, and that the pathogenetic 
stage of surgical treatment should consist in ligation of the 
connection identified [29]. 

CONCLUSION
Knowledge of anatomical variants of the division 

of the PopA makes it possible to decrease the probability 
of iatrogenic vascular injury and to avoid such 
complications as formation of arteriovenous fistulas, 
false aneurysms of the PopA after various orthopaedic 
and vascular operations. It is necessary to remember 
uncommonly encountered in clinical practice pathologies 
of the PopA, which in many cases remain undiagnosed 
preoperatively which may lead to selection of an incorrect 
surgical policy. In particular, local occlusion of the 
PopA is usually considered from the point of view of an 
atherosclerotic process or arteritis and is quite often an 
impetus for using endovascular methods of treatment, 
which in these cases are not always preferable.  The use 
of “open” operations in such pathology often consists 
in performing bypass interventions, which are neither 
too physiological, whereas a direct approach to the PopA 
is used in clinical practice rather rarely. 
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