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Objectives: To provide information on superficial
veins of the lower limb such as anatomic variations,
valve distribution, termination forms, and histological
properties of vein walls.

Methods: Two hundred greater saphenous veins
in 200 patients and 10 cadavers were investigated.
Ultrasound examinations were performed in the

672

Department of Radiology, Ataturk Hospital between
December 2004 and October 2005.

Results: The lateral accessory branch of the great
saphenous vein was found in 75 persons while
in 48 persons no major branch was encountered.
In addition, medial accessory branch of the great
saphenous vein was observed in 17 (8.5%) on
both sides. The popliteal type of termination was
found in 211 cases. The small saphenous vein gave
off perforating branches to the popliteal vein in 29
persons. The diameters of such veins were all measured
on both sides of the cadavers and ultrasonographically
on patients. Statistical analyses revealed no significant
difference. One hundred and fifty-six valves were
classified according to their position and type. The
maximum number of valves was found in the first
interval and the minimum number was in the second
interval. The valves were mostly in Type III format.

Conclusion: Knowledge on the anatomic variations
and characteristics of the valves of the superficial
veins of the lower limbs can be helpful in clinical
practice and surgical operations concerning the lower
extremity.
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he great and small saphenous veins are superficial

veins of the lower extremity, which are placed
beneath the skin between the 2 layers of superficial
fascia. The great saphenous vein, the longest vein in the
body, begins in the medial marginal vein of the dorsum
of the foot and ends in the femoral vein whereas
the small saphenous vein begins behind the lateral
malleolus as a continuation of the lateral marginal vein
and ends in the popliteal vein."? The complex structure
of the lower extremity anatomy and inadequate
information on this system are believed to be the
reasons for recurrent varicose veins and post-surgical
complications.> Additionally, since the superficial veins
of extremity are also used as autograft, understanding
the distribution of valves is of utmost importance.*
Of the entire population in Western countries, 1-3%
is known to have venous problems at some point in
their lives. Seen more frequently in women than men,
chronic venous insufficiency is caused by slow blood
circulation in the lower extremities. This syndrome may
occur due to blockage or valvular insufficiency’® and, if
left untreated, may lead to pulmonary embolism, which
can cause sudden death with a mortality rate of 60-85%.
Approximately 200,000 patients died every year in the
United States due to pulmonary embolism.® Venography
was the standard method in the demonstration of
the venous system until the last decade. Nowadays,
Doppler ultrasonography is currently accepted as the
gold-standard method in the anatomical and functional
assessment of valvular insufficiency.” Ultrasonography
reveals veins directly and shows blood circulation. The
resulting anatomical information is used to choose the
appropriate treatment and guides the surgery.® Good
knowledge of the anatomical structure and variations
of insuficient veins ensures more successful surgical
outcomes. With the recent advancement of surgical
methods (Subfacial Endoscopic Vein Surgery), a good
knowledge of venous anatomy has become even more
important.” Conducted with the help of radiological,
anatomical and histological examinations, the present
study aims to identify the anatomical structures,
variations, endings, valve locations and types of
superficial veins of the lower extremity, and to reveal
the histological characteristics of vein walls.

Methods. Color Doppler imaging was performed to
evaluate the 400 lower extremities in 200 subjects (93
males and 107 females). Age ranges were between 13
and 85 years. The local institutional board of ethics
initially approved this study. All the ultrasound images
belong to the patients who attended the Radiology
Department of Atatiirk Hospital with leg pain. None
of them was diagnosed of venous insufficiency. The

study was completed between December 2004 and
October 2005 by using a 5-10 MHz EUB-6000 Hitachi
ultrasound. Patients with a history of venous surgery,
sclerotherapy and deep vein thrombosis were excluded
from the study. The existence of the great saphenous
vein medial and anterolateral branches in the sapheno-
femoral junction of both extremities was assessed and,
if existent, their thickness was compared after finding
the inguinal ligament. Following this, small saphenous
vein examination was performed in the same subjects.
The small saphenous vein was scanned throughout its
length and sapheno-popliteal junction locations were
recorded. The anatomical study was conducted on
the 20 lower extremities obtained from 10 cadavers (4
females, 6 males) at the Anatomy Departments of the
Medical Schools of Gazi, Baskent, Ankara and Yeditepe
Universities. The study aimed to detail the anatomy
of lower extremity veins, identify their variations and
endings, and find the valve locations. No pathological
findings regarding venous disease were obtained in the
cadavers. The numbers, locations and types of valves in
the great saphenous vein were identified. In order to
find the anatomical locations and the number of valves
on the great saphenous vein, the part between saphenous
opening and the line that joins the medial malleolus to
the lateral malleolus was divided into 9 equal segments.
The segments were later numbered from 1 to 9, starting
at the proximal towards the distal.'’

Ist segment: % proximal part of the distance
between the knee and hip. 2nd segment: % proximal
part above the femoral midpoint. 3rd segment: % distal
part below the femoral midpoint. 4th segment: femoral
Y distal part. 5th segment: the knee point and patella.
6th segment: Y% proximal part between the knee and
the line connecting medial and lateral malleolus. 7th
segment: Y% proximal part above the leg midpoint.
8th segment: ¥ distal part below the leg midpoint.
9th segment: leg % distal part. Valves were classified
into three groups according to the differences in the
relationships between venous branches and valves:'
Type I: no venous branching between valves. Type II:
the distance between distal branch and valve shorter
than the distance between the valve and proximal
branch. Type III: the distance between proximal branch
and valve shorter than the distance between valve and

distal branch.
Data obtained were recorded and examined
comparatively. In order to show the collagen fibers

in the structure of the great saphenous vein, samples
were stained with Masson trichrome stain. Similarly,
Gomori’s silver stain was used to show the reticular
fibers and Van Gieson stain to show the elastic fibers.
The vein walls and valve areas were examined using

Leica DM 4000 B microscope.
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All statistical analyses were calculated using the chi-
square test and Student’s t-test. In both the dependent
and independent groups, sample averages were
compared using the t-test. However, calculations of the
same subjects were made using the paired samples test.

Results. Results of radiological study. The major
branches at the femoral part of the great saphenous
vein (v. saphena magna) in 400 lower extremities were
compared with Doppler sonography. Of the 200 right
lower extremities, 107 (53.5%) had lateral accessory
branch of the great saphenous vein, 33 (16.5%) had
medial accessory branch of the great saphenous vein,
and no major branches were detected in 60 (30%)
individuals. On the left side, 89 individuals (44.5%)
had lateral accessory branch of the great saphenous
vein and 49 individuals (24.5%) had medial accessory
branch of the great saphenous vein. No major branches
were found in 62 individuals (31%). Right and left legs
were compared on both sides. It was observed that 75
subjects (37.5%) had lateral accessory branch of the
great saphenous vein on both sides; 17 (8.5%) had
medial accessory branch of the great saphenous vein on
both sides; 34 (17%) had medial accessory branch of the
great saphenous vein on the right and lateral accessory
branch of the great saphenous vein on the left; 12 (6%)
had no major branches on the right but medial accessory
branch of the great saphenous vein on the left; 14 (7%)
had no major branches on the right but lateral accessory
branch of the great saphenous vein on the left. No major
branches were found in 48 (24%) of the subjects (Figures
1a and 1b). The diameters of the great saphenous vein
near its termination into the femoral vein and those of

the small saphenous vein were measured and compared
on both sides and both gender (Table 1). Termination
forms and their numbers of the small saphenous vein
were examined on both sides. On the right side, the
termination point of the small saphenous vein was the
popliteal vein in 108 subjects (54%) whereas in 32
subjects (16%) it was terminating above the popliteal
vein. Termination to the great saphenous vein via deep
perforating branches was found in 46 subjects (23%)
and termination below the popliteal vein was found in
14 subjects (7%). On the left side, this ratio was found
to be 54 (27%) and 15 (7.5%).

Results of anatomical study. Irrespective of the valves
on the branches in the 20 dissected great saphenous vein,
a total of 156 valves were detected throughout the main

Table 1 - Diameters of great and small saphenous veins on ultrasound
images of 200 individuals.

Veins/side Gender No. of Mean + SD
patients

Right great saphenous ~ Female 107 6.1627 + 0.1740
vein Male 93 6.2743 + 0.1885
Left great saphenous Female 107 5.6700 + 0.1577
vem Male 93 5.8333 + 0.1884
Right small saphenous ~ Female 107 0.8925 + 0.1180
vein

Male 93 3.0245 + 0.1281
Left small saphenous Female 107 2.6529 +0.1091
ven Male 93 3.0176 £ 0.1217

Figure 1 - The termination of the great saphenous vein and its accessory
branches at the sapheno-femoral junction. a and b) show the
accessory branches joining the great saphenous vein for line a
and b indicated in Figure 2. vsm - great saphenous vein, med.
acc - medial accessory branch of the great saphenous vein, lat.
acc - lateral accessory branch of the great saphenous vein, sfj
- sapheno-femoral junction, fv - femoral vein.
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Figure 2 - Valve (small arrow) between the great saphenous vein and one
of its accessory branches in the inguinal region. P - proximal, D
- distal, vsm - great saphenous vein, vsmam - medial accessory
branch of the great saphenous vein, vsmal - lateral accessory
branch of the great saphenous vein, v - venous valve.
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Table 2 - Segmental distribution of the valves of the great saphenous vein
in 10 cadavers. The average number of valves in each saphenous
vein is essential. The relation between position of the valves and
direction of circulation is important.

Intervals No. of valve (%)
1 35 (22.4)
2 9 (5.8
3 8 (5.1)
4, 19 (12.2)
5. 18 (11.5)
6. 20 (12.8)
7. 21 (13.5)
8. 11 (7.1)
9. 15 9.6)

Table 3 - Mode of termination of the small saphenous vein reported by
various authors.

Authors No. of Termination Termination Termination
patients  at popliteal above below
fossa (%)  popliteal popliteal
fossa (%)  fossa ( %)
Kosinski'” 124 57.3 33.0 9.7
Vasdeskis et al'® 64 60.0 30.0 10.0
Engel et a;" 62 78.0 15.4 6.6
Engel et al” 104 52.4 46.6 1.0
Labrapoulus et al'! 383 60.8 19.3 15.4
Present study 400 52.3 40.0 7.7

vein. In all subjects, there was a valve at the point where
the great saphenous vein runs into the femoral vein
(Figure 2). The number of valves and their percentages
are shown in Table 2. The valves on the great saphenous
vein and the venous branches opening to this vein
were classified according to the distance between the
valves. Ten valves (6.4%) were labeled Type I, whereas
8 (5.1%) were labeled Type II and 138 (88.5%) were
labeled Type III. Type III valves were found to be the
most common ones.

Results of histological study. Collagen fibers were
stained bright green using the Masson trichrome
staining method. It was seen that collagen fibers were
on the subendotel layer in tunica intima of the great
saphenous vein and between the muscle fibers of tunica
media. Tunica adventitia was found to have loose
connective tissue and many vasa vasorum. Where the

Figure 3 - Valve structure of the great saphenous vein (1: endotelial cell
nucleii; 2: intimal folds; 3: dense collagen fibers). (Masson
trichrome, x 400).

Figure 4 - Cross sectional view of the great saphenous vein. Elastic fibers
in the subendotelial layer, between the muscle fiber in tunica
media and in the valve. (1, valv; 2, coagulated blood). (Van
Gieson, x 40).

valves contacted the vein wall, collagen fibers were
observed in greater numbers (Figure 3).

Reticular fibers in the valve structure of the great
saphenous vein were stained black with silver stain and
had formed an anatomizing net structure. Through all
histological layers of the great saphenous vein and on the
subendotel layer of the valves, elastic fibers were found
stained brown by the Van Gieson method (Figure 4).

Discussion. Doppler ultrasound is the preferred
method of examination in the demonstration of
vascular normal anatomy, variations and pathologies.
Labropoulos et al'' have researched the major branches
of the great saphenous vein by using Doppler ultrasound.
While they were able to show the existence of medial
accessory branch of the great saphenous vein in 9% and
lateral accessory branch of the great saphenous vein in
18% of a total of 100 lower extremities, they found no
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major branches in 9% of the subjects. In a study on the
anatomical variations of the great saphenous vein in the
femoral part, Ndiaye et al'? found the lateral accessory
branch of the great saphenous vein in 15/40 cadavers,
and medial accessory branch of the great saphenous
vein in 5 cadavers. The study concluded that since
anatomical variations can be great and widespread, they
need to be considered prior to surgical operations. The
present study also investigated the great saphenous vein
using Doppler ultrasound and the results corroborated
the study of Labropoulos et al.' The studies performed
on cadavers confirmed the existence of medial and
lateral accessory branches of the great saphenous vein
in all 20 legs. These results are contradictory to those
of Ndiaye’s, which may be attributed to the difference
in the number of subjects. Caggiati and Stefano'? used
Doppler ultrasound to assess the diameters of the great
saphenous vein in 121 subjects and the diameters varied
between 1.8-6.2 mm and the movement from distal to
proximal was observed. Additionally, they also stated
that diameters became significantly narrower in areas
closer to branching.’® In the present study, the average
diameter of the great saphenous vein in females was 6.16
mm on the right and 5.67 mm on the left. In males,
it was 6.27 mm on the right and 5.83 mm on the left.
These results suggest no significant difference between
the right and left branches between the 2 gender. At
the same time, it was noted that while the diameters
increased at popliteal level and the point of entry into
the femoral vein, they decreased towards the distal.
These diameter measurements are similar to those made
by Caggiati and Stefano.”” However, since they did
not distinguish between the results of the 2 gender, a
healthy comparison could not be made. Watanabe and
Nishimato'* claimed that there was an irregularity in the
location of valves. Similarly, Perrin et al® reported that
the distance between valves was not constant and that
they were distally located to the main vein branching
points. Upon investigating the great saphenous vein and
its branches, Schinohara et al'® stated that the majority
of subjects had medial and lateral accessory branches of
the great saphenous vein, and that the valves were located
closer to branching points. The distance between valves
on the cadavers used in this study were not regular,
almost all valves were located closer to branching points.
limura et al'® identified 272 valves in 35 cadavers, and
a valve in each at the point where the great saphenous
vein opens to the femoral vein.'” They reported the
biggest number of valves in the first segment, stating
that segements in the 2nd and 3rd segments decreased,
and in the 4th and 7th segments it increased. They also
classified the valves on the great saphenous vein and the
branches opening to this vein according to the distance
between the valves. They found 6.3% of the valves as
type I, 4.9% as type II and the remaining 88.7% as
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type III. In the present study, all cadavers were found
to have a valve at the point where the great saphenous
vein opened into the femoral vein. While majority of
all valves were located in the 1st segment, this number
decreased in the 2nd and 3rd segments. At the popliteal
fossa level, the proportion increased again, thereafter,
valve numbers fell. These findings are similar with
those obtained in limura’s study. Likewise, of the 156
valves identified along the great saphenous vein in the
present study, 6.4% were labeled as type I, 5.1% as type
IT and 88.9% as type III. The anatomy of the small
saphenous vein, especially the way it ends varies greatly.
This has been investigated by many researchers.””"
Comparative results are given in Table 4. It is worth
noting that although the number of participants across
these studies varies, the proportions do not vary greatly.
Our results are very similar and parallel to those of
researchers. Crissmann?® emphasized the distribution of
elastic fibers inside the vein walls of the great saphenous
vein. Elastic fibers were present in all layers. Similarly,
Kugelgan et al*' mentioned the presence of elastic fibers
forming a net inside the vein wall, which was located
longitudinally along the vein in the form of thin fibers.
When we investigated the distribution of elastic fibers in
the present study, we found a concentrated presence of
elastic fibers on the subendotel layer. Therefore, results
of the present study are parallel to those of Crissmann
and Kugelgan studies.

In conclusion, the results of the radiological
examination suggested that the small saphenous vein
ended in many different ways. In the anatomical study,
the distribution of the valves on the great saphenous
vein suggested that they were in highest concentration
around the inguinal area, closer to the branches and
without a regular distance in-between. Of all the valves
that were identified, the one with the thickest wall was
found to be located next to the point where the lateral
and medial accessory branches opened to the great
saphenous vein. We believe that our results may prove
to be beneficial in clinical and surgical operations on
veins.
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