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The treatment of popliteal artery (PA) disease 
with stenting or stent-grafting procedures has 
renewed the interest in the definition of its ana-
tomic features at rest and, more compelling and 
intriguing, during knee movements, as the popli-
teal region is a very dynamic anatomic segment 
[1]. The main problem related to endovascular 
devices applied to PA is represented by the close 
relationship with the knee joint [2–4]. PA is sus-
ceptible to simultaneous forces of flexion, exten-
sion, and rotation [5]. Ageing and atherosclerosis 
cause elongation and loss of elasticity of PA, 
which may consequently kink upon flexion of the 
knee [6, 7].

The PA is conventionally divided into three 
segments:

 1. From its origin, at the adductor hiatus, to the 
origin of the superior genicular arteries.

 2. From the origin of the superior genicular 
arteries to the origin of the inferior genicular 
arteries.

 3. From the origin of the inferior genicular arter-
ies to the terminal branching.

However, this classic division may be modi-
fied in relation with the response of the artery to 
the mechanical stress caused by knee move-

ments. In particular, the origin of the popliteal 
segment of the arterial tree may be placed slightly 
more cranially, at the take-off of the descending 
genicular artery (arteria anastomotica magna, the 
branch of the superficial femoral artery directly 
contributing to the knee arterial network). This, 
because the artery, on dynamic imaging studies, 
looks relatively fixed at the origin of the descend-
ing genicular artery and at the origin of the ante-
rior tibial artery [8–10].

Closely referring to the challenges of endo-
grafting, Kropman et al. [5] consider the follow-
ing three segments:

P1:  Between the adductor hiatus and the top of 
the knee cap

P2: Until the split of the knee articulation
P3: Until the division into the crural arteries

These Authors stress the fact that the bending 
point of the knee is located between segments P1 
and P2.

As for stent grafting for aneurysmal disease, 
Kolvenbach and Pinter [11] make a distinction 
between above-knee and below-knee aneurysms, 
as flexing movements of the knee joint appear 
responsible for early graft thrombosis in most 
cases.

Normally, the diameter of PA ranges between 
5 and 9 mm [12–14].

Relying on US measurements, Wolf et al. [15] 
report a diameter of 6.0 ± 0.8 mm in women and 
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of 6.8 ± 0.8 mm in men. They observed a larger 
diameter in the proximal and middle portions of 
the artery and a difference of 2  mm or more 
between the proximal and distal portions. 
According to these Authors and others [16] the 
PA diameter is related with age, gender and body 
surface or body mass index.

Ebaugh et al. [17] determined, through com-
puterized planimetry based on CT scan, the 
diameter of PA at the adductor hiatus and at the 
level of femoral condyles (proximal and middle 
segments) in 104 limbs of 52 patients with 
abdominal aortic aneurysm (considered at risk 
for PA aneurysm) and in 18 limbs of nine patients, 
matched for sex and age, without aortic aneu-
rysm (evaluated for deep vein thrombosis). They 
found a significantly larger PA diameter in the 
former group and that, in the subjects at risk, the 
middle segment was larger than the proximal 
one; as a consequence, they hypothesized a dilat-
ing diathesis in subjects at risk for PA aneurysms, 
with a predisposition of PA to enlarge in its mid-
portion; in contrast with Sandgren et  al. [18], 
who excluded a generalized dilating diathesis in 
patients with abominal aortic aneurysms as far as 
the arteries of lower extremity are concerned.

The first to study in vivo the effects of knee 
flexion on the morphology of PA were Browse 
et al. [19] from St. Thomas’ Hospital, in London, 
in 1979. They performed experiments on grey-
hounds, but the more interesting data derived 
from the arteriographic investigation on 10 male 
subjects, aged 45–65 years: six had normal ves-
sels, in four the lower limb arteries showed mild 
signs of atherosclerosis. The popliteal artery was 
measured, in the lateral projection, with straight 
leg, between the origins of two identifiable 
branches (the lower being the anterior tibial 
artery) and the measurement was repeated with 
the knee flexed at 55–140° (the fully flexed knee 
implying an angle of 30–45°). They observed a 
shortening of the artery of 0.11–0.36% per degree 
of flexion. For example, in one case, a 90° flexion 
determined the change of the arterial length from 
269 to 227  mm. No kinking or tortuosity was 
apparent in the anteroposterior projection; as 
well, no change in the arterial diameter was 
observed; however, crinkling of the internal sur-

face was observed on full bending. Looking at 
the arteriographic images in their paper, it is evi-
dent that some angles, opened either anteriorly or 
posteriorly, appear along the artery course when 
the knee is flexed.

Vernon et al. [20] studied in six limbs, post-
mortem, through arteriography, the modifications 
of the popliteal axis during knee flexion, and 
observed, in the sagittal plane, marked flexures in 
the upper part of the artery and a smooth curve in 
the lower part. These modifications took place 
between two fixed points: cranially the origin of 
the descending genicular artery and distally the 
origin of the anterior tibial artery.

Availability of MR angiography facilitated the 
study of the problem. Wensing et al. [9] studied 
22 healthy volunteers, dividing them into four 
age groups (20–30  years; 31–45  years; 
45–60  years; >61  years). Two basic consider-
ations come from their work:

 1. When the arterial axis leaves the adductor 
canal, the environment changes radically, 
from the firm support of the muscles of the 
thigh to the soft fatty tissue of the popliteal 
fossa.

 2. An excess of length of the artery is the conse-
quence of knee flexion; this is compensated in 
part by the longitudinal elasticity of the artery 
but contrasted by the hemodynamic force of 
blood flow, resulting an extra length which 
produces tortuosity and eventually kinking; 
these phenomena are enhanced by atheroscle-
rosis, which implies elongation and loss of 
elasticity of the affected vessel. The Authors 
used three-dimensional reconstructions to 
investigate tortuosity (i.e., the series of turns 
and twists between two points of the artery) 
and observed, when the knee is flexed, a 
concertina- like effect both in the adductor 
canal and in the popliteal fossa. This effect 
was different in younger and older subjects: in 
the latters, there was a trend to form more 
marked and sharper curves and as well to con-
centrate the compensatory mechanism in the 
popliteal fossa. This aspect of compensation 
in the elderly could derive from the fibrosis of 
perivascular tissue in the adductor canal, due 
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to ageing [21, 22], which obstacles the easy 
gliding of the artery; the artery, as a conse-
quence, would appear fixed at the level of the 
adductor canal. Moreover, in elderly subjects, 
curves in arterial course following knee flex-
ion persisted after knee extension.

Similar results were reported by Avisse et al. 
[8], who studied by arteriography and MRI the 
lower limbs of five non-atherosclerotic volun-
teers and put into evidence that, with increasing 
flexion of the knee, the popliteal artery becomes 
increasingly tortuous in the supra-articular por-
tion while the distal portion assumes an even cur-
vature that retracts the artery from the posterior 
surface of the tibia.

The movement of the artery away from the 
tibia during knee flexion was investigated by 
Shiomi et al. [10] by MRI, in relation to orthope-
dic procedures: in 15 volunteers, they observed at 
the level of knee joint and 15  mm below, an 
increasing distance of the artery from the tibia 
with progressive knee flexion.

Color flow Doppler sonography was used by 
Shetty et  al. [23] to study the variations of the 
course of PA during knee flexion, aiming to pre-
vent vascular complications during the proce-
dures of total knee replacement or high tibial 
osteotomy: the study involved the lower limbs of 
25 men and 25 women (aged 21–96 years, mean 
56.4 years) and the findings were supported by 
MR imaging, arteriography and cadaver dissec-
tions. The results were consistent with an increase 
of the distance of the artery from the tibia, when 
the knee was flexed at 90°, in most but not in all 
cases; variations in the branching of the artery 
and in the shape and volume of the popliteus 
muscle were supposed to be probably the cause 
of the lack of uniformity of response to the 
maneuver.

Diaz et al. [24] used dynamic angiography to 
study the behavior of 63 PAs (in 57 patients with 
arterial disease) during knee movements: a static 
phase (knee bent at 100°) was followed by pas-
sive full extension of the knee. In all cases but 
one they observed the formation of one main and 
most acutely angled curvature hinged on a point 
(hinge point) that was never located at the level of 

the knee joint. The hinge point corresponded to 
the medial supracondylar tubercle and, in the 
horizontal plane with the knee extended, to the 
upper margin of the patella. Accessory flexions 
were observed in 46 arteries (73%) and were sig-
nificantly associated with high blood pressure.

An accurate postmortem study on the biome-
chanical forces involving the femoropopliteal 
arterial segment was published in 2005 by 
Smouse et al. [25] aiming to disclose the modifi-
cations of the arteries before and after implanta-
tion of stents and to explain the eventual adverse 
event of stent fracture. Fourteen limbs (seven 
dead bodies) were submitted to angiography in 
the neutral position (straight leg) and during hip 
and/or knee flexion to simulate walking, stair 
climbing and sitting-to-standing. The study was 
performed on native arteries and after insertion of 
nitinol stents into the superficial femoral artery 
and the PA. Knee flexion caused axial compres-
sion and bending of the artery in the popliteal 
fossa, behind the knee; no elongation, tortuosity, 
or twisting were observed. According to the 
Authors, longitudinal elasticity accounted for 
foreshortening of the vessel and, once reached 
the maximum effect, bending and curves allowed 
to complete accommodation of the artery to the 
reduced distance due to flexion; increasing rigid-
ity of the artery would reduce axial compression 
and enhance bending; rigidity is increased in the 
stented segments (particularly in zones of stent 
overlapping) and this may produce several curva-
tures instead of the smooth C-shaped curve of the 
normal artery. The different rigidity between 
stented and non-stented arterial segments may 
produce kinking at the ends of the former.

Klein et al. [26] studied in vivo the conforma-
tional changes of the femoropopliteal artery dur-
ing movement. Ten arteries of nine patients aged 
57 ± 10.2 years (most of them recently submitted 
to PTA but without occlusive disease) were inves-
tigated through a methodology which created 
three-dimensional models of the popliteal artery 
based on acquisition of images during routine 
peripheral angiography; this allowed quantitative 
assessment of changes in length, curvature, tor-
sion, twist angle, and new flexion angles (>15°) 
when passing from the straight leg position to the 
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crossed leg position. They observed that the knee 
movement necessary to cross the leg under evalu-
ation over the contralateral limb implied the fol-
lowing statistically significant changes: 
shortening of about 30%, increase of the main 
curvature and torsion, appearance of 1–5 (mean 
2.4) new flexion angles, appearance of a twist 
angle of 3.46 ± 1.61 degrees/cm.

All the above data, albeit partial and retrieved 
from limited experiences, witness the tremen-
dous mechanical stress to which the PA is sub-
mitted by the movements of the knee. Increase of 
arterial rigidity, due to spontaneous disease such 
as atherosclerosis or aneurysm or to stenting, 
intuitively would exaggerate the changes in mor-
phology and course.

A further insight into these phenomena may 
derive from computer studies on simulation of 
axial arterial length during locomotion and other 
daily activities [27].

Shortening, changes in the course and even-
tual tortuosity of PA during knee movements 
have been studied with different aims: the local-
ization of occlusive atherosclerosis [19], the pre-
vention of arterial damage during knee surgery 
[10, 23, 28], the choice of the more convenient 
stent-grafting technique [17, 25, 26, 29, 30]. The 
eventual influence on aneurysm formation 
remains obscure and a matter of speculation; the 
iterative bending and tortuosity could determine 
turbulence, which is considered one of the con-
current causes of aneurysmal dilatation [31].
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