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AHHOTAUNA

Bsederue. CoBpeMeHHbIM CTaHJApPTOM HEMHBA3MBHOW AMArHOCTUKM COCYAMCTOM CMCTEMbl ABMAETCA OYMNIEKCHOEe
CKaHupoBaHue. BapmabenbHOCTb COCYOMCTOM aHaTOMWMWM NPeabsABNAET BbICOKME TpebOBaHMA K e€ 3HaHWI0 Y Bpaven
YNbTPa3BYKOBOW AMArHOCTUKM.

Lene. YTOUHUTL BapuaHTbl KAMHWMYECKOWM aHAaTOMWMM COCY[OB MOAKONIEHHOM 06M1acTM C MOMOLLbIO AYNNEKCHOrO
CKaHMPOBaHWUA U aHaTOMMYECKOr0 NpenapupoBaHus.

Mamepuanel u Memodsl. B pabote 6biny MCMNONb30BaHbl AaHHbIE, MOMyYeHHbIE NPU AYNIEKCHOM CKaHWUPOBaHWUK
apTepuii M BEH HUMMKHUX KOHEYHOCTEM Y NaUMeHTOB 6e3 MaTonNorMu COCYOMCTOM CUCTEMbl HUMKHUX KOHEYHOCTEW,
npoxoamBluMx obcnepoBaHue cocyamcton cuctembl: 200 naumenToB B Bo3pacTte 18-92 ropa. B KauecTBe KoHTpons
6bInn B3ATHI AaHHbIE aHAaTOMMYECKOro npenapupoBaHuA 50 aMnyTUPOBaHHBIX HUMKHUX KOHEYHOCTEN C NpeaBapUTesbHbIM
3aMo/HEHMEM BEHO3HOW CUCTEMbI CUHTETUYECKMM FeneM CUHEro LiBeTa.

Pesynemamei. Mo faHHBIM aHaTOMUYECKOrO NPenapupoBaHuA, [Ba CTBOSIA NOAKONEHHOM BEHbI B AUCTANIbHON YacTu
nogKoneHHoM obnacty bbinn naeHTUGUUMpoBaHsbl B 86,0% HabntopeHuin. TunuyHoe BnageHMe Manow NOAKOMKHON BEHbI
¢ popMmpoBaHMeM cadeHononInTeanbHoro coycTbA BcTpeTunock B 60,0% cnyyaes. Mo AaHHbIM OYNAEKCHOMO CKAaHUPOBaHMA,
B 1,9% HabniopgeHun 6bina BbiABNEHA BbiICOKaA 6UdypKaLumA noaKoneHHoW apTepuu. [1Ba cTBONA MOOKONEHHOM BeEHbI
B OMCTanbHOW 4acTy NOAKONEHHOM obnactu BCTpeTunmuch B 82,4% cnyvaes, NPUYEM MeaMalnbHbIA CTBOM MPAKTUYECKM
Bcerga 6bin bonblue natepanbHoro. BrnageHne Manoi MOAKOMHOM BeHbl B MOMKONEHHYI0 BeHy BCTpetunock B 63,0%
cnyyaes. B 7,2% HabniogeHuin oHa Briajana B 0fHY M3 BHYTpUMbIWeYHbIX BeH. B 0,95% HabniogeHwit bbina BbifBReHa
nepdopaHTHan BeHa B NOAKONEHHOM 0bnacTu. CypanbHble BeHbl MAEHTUOULMPOBANMCE Y BCEX MALMEHTOB — MO [BE BEHbI
C MeauanbHOM 1 faTepasibHOM NOBEPXHOCTEN, pacnoiaranch No 60KaM OT CypanbHbIX apTepuii U GOpMUPYA eOuHbINA CTBON
nepea CMAHMEM C NOAKONEHHOW BEHOW.

Bbigodbl. PesynbTaThl MCCNeA0BaHWSA BbIABUIM CriefyloLiMe BapyaHTbl aHaTOMUMK COCYA0B NOAKONIEHHOM 06nacTu: aBa
CTBOJ1a NMOAKONIEHHON BEHbI HUMKE LN KONEHHOr0 CycTaBa MAeHTUGMUMpYIoTCa ¢ YacToTor oT 85,7% no 86,0%; Bbicokas
budyprauma nofKoneHHoM apTepum BcTpedaetcA B 1,9% HabniogeHwid; cadpeHononnuTeantHoe COYCTbe BCTPEYaeTCs
¢ yvactoton ot 60,0% po 63,0%; B 0,95% HabmiopeHwit bbinu BbiABNEHbI NeppopaHTHble BEHbI MOAKOMEHHOW 0bnacTy;
npu 3TOM Manas NoJKOXHaA BeHa He GopMMpyeT cadeHOMnonIUTeanbHOro CoYCThbA.

KnioueBble cnoBa: 6apuaHmHas aHaGMOMUS; NOOKO/IeHHAA BeHa; NOOKOeHHAA apmepus; CapeHoNoNIUMeasbHoe CoyCmbe;
nepgopaHmHas 8eHa
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Clinical Anatomy of Vessels of Popliteal Region
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ABSTRACT

INTRODUCTION: A modern standard for noninvasive diagnostics of the vascular system is duplex scanning. The
knowledge of variability of vascular anatomy is essential for ultrasound doctors.

AIM: To clarify variants of the clinical anatomy of vessels of the popliteal region using duplex scanning and anatomical
preparation.

MATERIALS AND METHODS: The work used data of duplex scanning of the arteries and veins of the lower extremities
of patients without pathology of the vascular system of the lower extremities, who underwent examination of the vascular
system: 200 patients aged from 18 to 92 years. As control, the data of anatomical preparation of 50 amputated lower
extremities were taken, with preliminary filling the venous system with a blue synthetic gel.

RESULTS: In the course of anatomical preparation, two trunks of the popliteal vein were identified in the distal
popliteal region in 86.0% of observations. A typical drain of the small saphenous vein with formation of the saphenopopliteal
junction was encountered in 60.0% of cases. In duplex scanning, a high bifurcation of the popliteal artery was detected
in 1.9% of observations. The two trunks of the popliteal vein in the distal part of the popliteal region were encountered
in 82.4% of cases, and the medial trunk was almost always larger than the lateral one. The small saphenous vein drained
into the popliteal vein in 63.0% of cases. In 7.2% of observations, it drained into one of the intramuscular veins. In 0.95% of
observations, a perforator vein was identified in the popliteal region. The sural veins were identified in all the patients —
two on the medial and lateral surface positioned at the sides of the two trunks of the sural arteries, forming a single trunk
before confluence with the popliteal vein.

CONCLUSIONS: TThe study revealed the following anatomic variants of vessels of the popliteal region: two trunks of
the popliteal vein below the knee joint cleft in 85.7% to 86.0% of observations; a high bifurcation of the popliteal artery in
1.9%; saphenopopliteal junction in 60.0% to 63.0%; perforator veins of the popliteal region in 0.95% of observations; upon
that, the small saphenous vein does not form the saphenopopliteal junction.
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LIST OF ABBREVIATIONS

ATA — anterior tibial artery
ATV — anterior tibial vein
CT — computed tomography
DS — duplex scanning

PA — popliteal artery

INTRODUCTION

Thromboses of deep, superficial veins and arteries
of the lower extremities present the most important
problem of modern phlebology and vascular surgery.
According to the Association of Phlebologists of Russia,
the incidence of thrombosis of the superficial and
deep venous systems of the lower extremities in our
country reaches 0.3-1.6 cases per thousand people [1,
2]. The most severe complication of thrombosis of the
venous systems of the lower extremities is pulmonary
embolism, therefore, of high importance is their high
quality diagnosis [1, 3]. Another problem is arterial
thrombosis of the lower extremities, surgical treatment
of which is not always successful due to, among other
things, variant anatomy of vessels not identified at the
diagnostic stage.

The modern standard for examining patients with
superficial or deep vein thrombosis, arterial thrombosis,
and also with chronic diseases of the arteries and veins of
the lower extremities is duplex scanning (DS) [4, 5]. The
study at the level of the arteries and the femoropopliteal
and popliteal-tibial segments of the deep veins, as well
as superficial veins, is conducted using a linear sensor.
One of the most difficult areas to study from the point of
view of anatomy is the popliteal region [5].

When examining the popliteal vessels, the first
thing of interest in patients diagnosed with deep vein
thrombosis (DVT) is the number of trunks of the popliteal
vein (PV), their topography and patency, and in patients
with arterial pathology, the level of bifurcation of the
popliteal artery (PA) and its patency, since these factors
determine the choice of access in surgical treatment.
DS is performed along a vertical line drawn through the
middle of the popliteal region, that is, along the line of
projection of the popliteal vessels [5].

Normally, the PA and PV are presented by single
trunks, with the PV running over the artery at the medial
side in the distal part and at the lateral side in the proximal
part. In the canalis popliteus (the upper third — 3-7 cm
below the knee joint), PA divides into the anterior tibial
artery (ATA) and posterior tibial artery (PTA), which are
accompanied by homonymous veins. The anterior tibial
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PfV — perforator vein

PTA — posterior tibial artery
PTVs — posterior tibial veins

PV — popliteal vein

SPJ — saphenopopliteal junction
SSV — small saphenous vein

artery and homonymous veins penetrate the anterior
intermuscular bed of the leg through the opening in the
interosseous membrane, posterior tibial vessels remain
in the canalis popliteus.

Ultrasound doctors divide the popliteal vessels into
three segments:

P1 — from the place of exit from the adductor canal
to the upper edge of patella,

P2 — at the level of the knee joint cleft,

P3 — up to the level of bifurcation of PA/confluence
of the anterior tibial veins (ATVs) and posterior tibial
veins (PTVs) into the popliteal vein [5].

In practice, two levels of popliteal vessels are
usually distinguished — above or below the knee joint
cleft.

It is interesting that in clinical practice, the
anatomical variants of the popliteal vessels are
encountered with the popliteal vein represented by two
trunks or with a high bifurcation of the popliteal artery.
This creates difficulties in the diagnosis, since blood
clots in the second trunk of the PV may be overlooked,
and in the case of high bifurcation of the PA, the wrong
access may be chosen for its isolation or the wrong
vessel may be selected for distal anastomosis of the
femoropopliteal bypass [6, 7]. Besides, knowledge
of anatomical variants with high division of the PA is
necessary when performing orthopedic operations [7].

The presence of the extramuscular sections of sural
veins in the popliteal region draining into the popliteal
vein, and the location of the saphenopopliteal junction
(SPJ) in this area also complicate the identification of
vessels. Besides, there are data on the localization of
perforator veins (PfVs) in the popliteal region [8].

The aim of this study to clarify the clinical anatomy
of the vessels of the popliteal region using duplex
scanning and anatomical preparation.

MATERIALS AND METHODS

The study included 200 patients aged from 18 to
92 years without vascular pathology according to DS
data obtained when undergoing examination of the
vascular system on outpatient visit to the polyclinic of
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Ryazan Regional Clinical Cardiologic Dispensary. The
work was approved by the Local Ethics Committee of
Ryazan State Medical University (Protocol No. 14 of
April 11, 2022). DS was conducted on MyLab Alpha
(Esaote, Italy) and Acuson Sequoia 512 (Siemens,
Germany) expert class ultrasound systems using a linear
sensor with 3-15 MHz frequency and a convex sensor
with 3-7 MHz frequency [1].

As control, the data of anatomical preparation of 50
amputated lower extremities of patients with obliterating
atherosclerosis of arteries of the lower extremities
without pathology of the venous system were taken,
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with preliminary filling the venous system with a blue
synthetic gel.

Statistical analysis was carried out using Excel
2016 (Microsoft Corporation, USA) and SPSS 26.0
(IBM Company, USA) software. The results are presented
as the arithmetic mean and the error of the arithmetic
mean. The confidence level was taken to be 95%
probability of difference (p < 0.05).

RESULTS

The results of anatomical preparation are given in
Table 1.

Table 1. Anatomical Variants of Vessels of the Popliteal Region by Anatomical Preparation Data

. . . . Saphenopopliteal/ .
Level of Popliteal Popliteal Artery Popliteal Vein Sural Veins Saphenosural Junction Perforator Vein
Region
Number of trunks, n/%

Above knee joint 1/100 1/100 4/100 1/60 -

cleft

Below knee joint 1/100 2/86 4100 16 -

cleft

In the anatomical preparations, no anatomical
variants of the PA were found. The PV at the level above
the knee joint cleft was also represented by one trunk,
but below the interarticular knee joint cleft, two PV
trunks were identified in 86.0% of cases, and in 46.5%
this was a true duplication, i.e. division of a single trunk
of the PV formed by the confluence of the PTV and ATV,
into two vessels, located at the sides of the PA and then
uniting immediately above the knee joint (Figure 1); in

53.5%, a high formation of the PV was revealed, i.e. the
confluence of the PTV and ATV at the level of the knee
joint cleft (Figure 2).

A typical drain of the small saphenous vein (SSV)
with formation of SPJ occurred in 60.0% of cases, in
6.0% of cases the SSV drained into one of sural veins
(Figure 2A). Sural veins occurred in all preparations in
the quantity of four vessels (Figures 1, 2). The DS results
are given in Table 2.

Table 2. Anatomical Variants of the Vessels of the Popliteal Region by Duplex Scanning

. . . . Saphenopopliteal/ .
Level of Popliteal Popliteal Artery Popliteal Vein Sural Veins Saphenosural Junction Perforator Vein
Region
Number of trunks, n/%
Above knee joint 1/100 1/100 4/100 1/63,0 0,95
cleft
Below knee joint 1/100 2/85,7 4/100 1172 -
cleft
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Fig. 1. An anatomical preparation of the topography of the vessels of the popliteal region (photos of the authors).
Notes: (1) Popliteal vein; (2) Popliteal artery; (3) Sural veins. The mouths of the posterior tibial and anterior tibial arteries are on the green
tourniquets
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Fig. 2. An anatomical preparation of the topography of the vessels of the popliteal region (photos of the authors).
Notes: (1) Popliteal vein; (2) Popliteal artery; (3) Sural veins; (4) Small saphenous vein. The mouth of the anterior tibial artery is on the green
tourniquet, the entry of the popliteal vein is on the yellow ones.
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On duplex scans, PA was always represented by one
trunk, in &4 patients (1.9%), high bifurcation of PA was
found at the level of the proximal part of the popliteal
fossa — 2 c¢m above the knee joint cleft. It is important
to note that ATA runs in the initial parts isolated from
the anterior tibial veins at an angle approximate to 60°
relative to the course of PA (while the ATV runs at an
angle approximate to 90°), and connects to the ATV only
in the anterior intermuscular bed of the leg (Figure 3).

Interesting data on the location of PA were obtained
by DS. In the proximal part of the popliteal fossa, PA
was located relative to the midline, and in the distal part
it was displaced laterally and coursed 1.51 + 1.4 cm
medial to the head of fibula (Figure 4).

Two trunks of the PV in the distal part of the
popliteal region were found in 85.7% of cases, and the
vessel located medially from the PA was almost always
larger than the one located laterally (Figure 5). Statistical
analysis showed no statistically significant difference
between the data of anatomical preparation and DS for
this feature (p = 0.959).

Tom 32, N2 3, 2024
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The SSV drained into the popliteal vein with the
formation of the SPJ in 63.0% of cases, in 7.2% of
cases the SSV drained into one of the sural veins,
which had no statistically significant difference from the
data of anatomical preparation (p = 0.708, p = 0.775,
respectively). Interestingly, in 0.95% of cases, a PfV was
found that opened into the PV. Upon that, the SSV passed
in close proximity to it, but did not connect to it and did
not form the SPJ. In 29.8% of cases, the SVJ did not
form connections with the deep veins in the area of the
popliteal fossa.

The sural veins were visualized in all patients,
usually two on the medial and lateral surfaces, forming
a single trunk before joining the PV and located at the
sides of the sural arteries. It is important to note that
the sural artery is a fairly large vessel, 2.8 + 0.3 mm
in diameter, which suggests its significant role in the
development of collateral circulation in patients with
peripheral atherosclerosis (Figure 6).

Fig. 3. Duplex scan of a patient with a high division of the popliteal artery.
Notes: (1) Anterior tibial artery; (2) Posterior tibial artery; (3) Anterior tibial veins; (4) Popliteal artery.
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Fig. 4. Duplex scan of the bifurcation region of the popliteal vessels — the distance from the head of fibula is 16.4 mm.
Notes: (1) Popliteal vein; (2) Popliteal artery; (3) Anterior tibial artery; (4) Anterior tibial veins.

Fig. 5. Duplex scan of the popliteal vein: (A, B, E) topography of the popliteal vein (level above the knee joint fissure);

(C, D, F, G) two trunks of the popliteal vein below the knee joint cleft.
Notes: (1) Popliteal vein; (2) Popliteal artery.
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Fig. 6. Duplex scan of the sural artery; (A) B-mode; (B) Color Doppler mapping made; (C) Spectral Dopplerography made.

Notes: (1) Popliteal artery; (2) Sural artery.

DISCUSSION

It is well known that the diagnostics of vascular
diseases is not always easy, especially for young doctors.
The main cause of difficulty is the variant anatomy of the
vascular system. Therefore, the doctor’s task is, first,
to correctly identify vessels, and, second, to directly
describe pathological process and make a diagnosis.

High bifurcation of PA is one of the commonest
variants of PA anatomy [5]. According to the data of
studies based on anatomical preparation, the incidence
of high division of PA to ATA and PTA ranges from 0%
to 5% [9-11]. Be reminded that normally PA divides
to ATA and PTA at the level of the lower margin of the
popliteal muscle.

According to angiographic examinations (computed
tomography (CT) angiography or X-ray contrast angio-
graphy), high origin of the ATA occurs with a frequency
of 1.2% to 5.2% [12-14].

It is interesting that when searching for works
devoted to the variant anatomy of the popliteal vessels,
only one study was found based on DS data. A. J. Tindall
et al. reported that on examination of 100 patients, high
division of the PA was found in 6% of cases [15].

Inthe course of our work, at the anatomical stage of the
study, high bifurcation of the PA was not found in a
single case, which corresponds to the data of £. Olewnik,
et al. [9].

By DS data, the incidence of high bifurcation of
the PA was comparable with the data of angiographic
studies, but it was fewer than in the work of A. J. Tindall,
et al. [15]. It is necessary to emphasize once again

DOI: https://doi.org/10.17816/PAVLOVIT12411

that the popliteal fossa region is complex in terms of
vascular topography, and the sural arteries, located right
in this region, could be mistaken for high bifurcation of
the PA. However, the sural arteries always originated
from the posterior surface of the PA, while with a
high bifurcation of the PA, the ATA originated from
the lateral or posterior surface of the artery. Another
important practical point may be the fact of the PA
deviation towards the lateral side in the distal part of
the popliteal fossa, therefore the ultrasound sensor
should be positioned slightly outwards the midline
at the level of the distal part of the popliteal fossa.
Besides, identification of variant anatomy of the PA is
facilitated by positioning the ultrasound sensor lateral
to the head of fibula (Figure 3).

It is important to note that the identified variants
of high origin of the ATA were not aberrant vessels
whose principal difference is location between the
popliteal muscle and the tibia.

Just a while ago, X-ray contrast phlebography was
the standard for assessing the morphofunctional state
of the venous system in clinical practice. However, the
radiation load and invasiveness of the procedure pushed
it into the background, and nowadays it is used only in
complex diagnostic cases [4]. The most commonly used
method of X-ray contrast phlebography is retrograde
phlebography, although the best contrasting of the
venous system is achieved when using intraosseous
procedure, although this method is most invasive and
painful for the patients.

D. J. Quinlan, et al. based on retrograde phlebography
data from patients with chronic venous insufficiency,
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reported visualization of two vessels at the popliteal
fossain 42% of cases [16]. To note, a complete anatomical
picture using this method, can only be obtained with
incompetence of both PV trunks.

Modern diagnostics of the lower extremity vein
diseases gives preference to noninvasive and minimally
invasive examination methods [2, 3]. The main method
used in the Russian Federation and widely used abroad
is ultrasound examination.

In the study by I. B. Casella, et al. on assessment
of the anatomy of the femoropopliteal segment of the
deep veins by DS data in patients with varicose disease,
duplication of PV was detected only in 2.2% of cases [17].
E. Dona et al. found duplication of PV only in 5% [18].

The data we obtained on topography of the popliteal
vein by DS, somewhat differ from both the data of the
classic anatomy and the data available in the periodical
literature. But it should be taken into account that PV can
be formed not only classically in the upper part of the
lower leg, but also in the popliteal region [4]. Accordingly,
within the borders of the popliteal region, two veins will
be present. Interestingly, endovascular surgeons often
identify not classic PV anatomy, but just two trunks.
E. A. Park, et al., based on CT angiography data, report a
high union of tibial vessels into the popliteal vein in 83%
of cases [19]. In our work, DS results were confirmed
by anatomic preparation, which is known to be a ‘gold
standard’ of vascular system examination permitting to
isolate and trace the course of absolutely all vessels.
Therefore, data about existence of two PV trunks in
the distal part of the popliteal region are important in
diagnosing DVT and require a careful assessment of
venous patency, which is actually a difficult task, since
echogenicity of thrombotic masses is very often similar
to that of the surrounding tissues.

An important practical aspect that will facilitate
identification of two trunks of the PV by DS, is the
maximal relaxation of muscles forming the border of
the popliteal region, since ventricumbent position of the
patient on examination of the popliteal vessels permits
optimal visualization of vessels only in the proximal part
of the popliteal region. The part below the knee joint
cleft can be clearly traced only to the upper margin of
soleus muscle, and in distal direction, visualization is
impaired by a large muscular mass and compression
of vessels at the level of the tendinous arch, while the
popliteal vessels normally divide several centimeters
below this margin.

According to the anatomical data, the SSV arises
from the superficial venous network of foot and is
located in the lower third of the lower leg — along the
outer edge of the Achilles tendon, in the middle and
upper third of the leg — in the splitting of the crural
fascia proper. In the popliteal region, SSV continues into
the terminal region — the SPJ, and drains into the PV.
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However, the classic SPJ occurs in no more than 60% of
cases [4, 20].

In our study, classic SPJ was identified in 60% of
anatomical preparations and in 63% of cases based on
DS data. The entry of the SSV into one of the sural veins
was detected in 6% according to anatomical preparation
data and in 7.2% according to DS data. In 0.95% of
cases, according to DS data, PfVs were detected in the
popliteal region, upon that, the SSV did not form SPJ, but
passed into the intersaphenous vein. The location of SSV
close to the PfV may lead to a false-positive conclusion
about the insufficiency or thrombosis of the SSV.

Limitations of this study were the variability of the
age and body build of patients, the presence of occlusive
lesions of arteries in the amputated lower extremities,
the lack of comparative CT angiographic control, and the
fact that the study was conducted at a single center.
At the same time, the aim of the work was to assess
the clinical anatomy of the popliteal region vessels, an
important difference between which and normal anatomy
is the interpretation of data from the points of view of
their clinical significance. That is why the topography data
of large vessels in the popliteal region were presented,
and occlusive lesions of arteries were a conventional
limitation for the preparation. CT angiography is a
promising method for studying the vascular system, it
is highly suitable for studying the arterial bed, at the
same time it has significant limitations for studying
the venous system of the lower limbs, so ultrasound
remains the gold standard in diagnosing venous diseases
of the lower extremities, while anatomical preparation
allows for a detailed assessment of the structural and
anatomical features of the venous system.

CONCLUSION

The results of the study revealed the following
variants of the anatomy of vessels of the popliteal region:

1) two trunks of the popliteal vein below the knee
joint cleft in 85.7% to 86% of observations;

2) high bifurcation of the popliteal artery in 1.9% of
observations;

3) saphenopopliteal junctions in 60% to 63% of
observations;

4) perforator veins of the popliteal region in 0.95%
of observations; upon that, the small saphenous vein
does not form saphenopopliteal junction.
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