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Background: Most lymphatic imaging examinations of the lower limb require intradermal or subcutaneous injection of tracer mate-
rial into the foot to demonstrate the lymphatic vessels; however, no standard protocol exists, and single or multiple injections are

applied at different sites.

Purpose: To determine the three-dimensional relationships between each lymphatic group of the lower limb and corresponding

regional lymph nodes.

Materials and Methods: A total of 130 lower limbs (55 from men and 75 from women) from 83 fresh human cadavers were studied.
Lympbhatic vessels were first visualized by using indocyanine green fluorescent lymphography with 19 injection sites in the foot,
classified into four distinct lymphatic groups (anteromedial, anterolateral, posteromedial, and posterolateral); dilute oil-based con-
trast material was then injected. Next, specimens were scanned with CT and three-dimensional images were analyzed.

Results: 'The anteromedial and anterolateral lymphatic groups of the lower-leg lymphatic vessels were independent of each other and
connected to different regional lymph nodes in the inguinal region. The posteromedial group and the anteromedial group in the
lower leg drained to the same inguinal lymph nodes. Only the posterolateral group of lymphatic vessels in the lower leg drained to
the popliteal lymph nodes. Leg lymphatic drainage pathways were independent of genital pathways.

Conclusion:  Standard injection sites at the web spaces between the toes did not help visualize some lymph nodes of the lower leg.
Additional injection sites in the medial, lateral, and posterior aspect of the foot would be better for evaluating the whole lymphatic
pathways and regional lymph nodes and for improving understanding of leg lymphedema.

©RSNA, 2019
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Imaging of the lymphatic vessels is an essential tool for
diagnostic assessment of lymphedema. Lymphoscintig-
raphy is the current reference standard for lymphatic im-
aging (1-3). SPECT (4), indocyanine green (ICG) fluo-
rescent lymphography (5-7), and MR lymphography (8)
are emerging techniques. Lymphatic imaging of the lower
limb requires intradermal or subcutaneous injection of
tracer or contrast material in the foot to demonstrate the
lymphatic vessels. No standard protocol exists, and single
or multiple injections are applied at different sites.

Each lymphatic vessel has an independent origin in the
foot. The lymphatic vessel often branches and converges
throughout its course, but it is uncommon to have inter-
connections with adjacent lymphatic vessels to produce a
network. These characteristics allow us to categorize the
lymphatic pathways in the lower limb into groups. Con-
ventionally, the lymphatic pathways are divided into two
groups: an anteromedial group connecting to the superfi-
cial inguinal lymph nodes and a posterolateral group con-
necting to the popliteal lymph nodes (9,10).

Few anatomic studies have addressed the lymphatic
vessels because of technical difficulties with their identifi-
cation. Kinmonth and Eustace (11) developed lymphan-
giography and found that leg lymphedema is caused by
deterioration of lymphatic vessels, lymph nodes, or both
and that the pathologic process arose first in the lymph
node. However, current lymphatic imaging protocols
may miss information because of the lack of anatomic
knowledge regarding the relationship between lymphatic
vessels and their regional lymph nodes (12). Investigators
of a previous study of ICG fluorescent lymphography
in cadavers (13) classified lymphatic pathways into four
distinct groups in the lower limb: anteromedial, antero-
lateral, posteromedial, and posterolateral. Origins of the
lymphatic vessels in the foot may be defined in relation-
ship to these four lymphatic groups, which could be se-
lectively visualized with ICG lymphography.

A limitation of previous studies was that the relation-
ship between a lymphatic group and its regional lymph
nodes could not be determined with ICG lymphography
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Abbreviations
GSV = great saphenous vein, ICG = indocyanine green

Summary

This study identified suitable tracer injection sites for comprehensive
imaging of the lower limb to help evaluate leg lymphedema.

Key Results

» There are four lymphatic pathways in the lower leg (anteromedial,
anterolateral, posterolateral, and posteromedial) that drain mainly
to three lymph nodes; two nodes were in the superficial inguinal
region and one node was in the popliteal region.

= Three lymph nodes in two inguinal regions (inferior lateral 1 and
inferior lateral 2) and one lymph node in the popliteal region
(superficial popliteal) receive almost three-quarters (73%) of the
lymphatic drainage of the lower leg.

= The posterolateral lymphatic vessels of the lower leg were the only
group connecting to the popliteal lymph node.

= Conventional lymphangiography injection protocols that use only
injections into toe web spaces demonstrated only the anteromedial
pathway and did not depict other lymphatic pathways.

because of its limited penetration depth of about 2 cm from the
skin surface; ICG lymphography could depict the lymphatic
vessels below the knee but could not consistently depict those
in the thigh. To address this limitation, in this study we used
CT lymphangiography to elucidate a detailed three-dimensional
anatomy of lymphatic vessels in the lower limbs. We also sought
to determine whether there is a consistent relationship between
each lymphatic group in the lower limb and the regional lymph
nodes.

Materials and Methods
One hundred thirty lower limbs (55 from men and 75 from

women) from 83 fresh human cadavers were studied. Cadavers
with lymphedema, scars, or an amputated limb were excluded.
The cadavers were transported to the anatomy laboratory in the
Department of Human Morphology, Okayama University, at
the earliest opportunity. All donors had provided written wills
to donate their bodies for medical education and research. This
study was approved by the ethics committee at Okayama Uni-
versity Graduate School of Medicine (reference K1605-020).
ICG lymphography was used to identify the lymphatic ves-
sels, and CT was used to help determine the three-dimensional
relationship between the lymphatic vessels and their regional
lymph nodes.

ICG Lymphography

ICG, 25 mg (Diagnogreen; Daiichi Sankyo, Tokyo, Japan),
was diluted with 10 mL of pure water. Injection sites were
marked around the foot along the border between the dor-
sum and planta. A total of 19 injection sites in the foot were
selected (Fig 1), and 0.05 mL of ICG solution was subcuta-
neously injected by using a 1-mL syringe with a 30-gauge
needle. Immediately after the injections, gentle hand massage
was applied at each injection site and then to the lower limb.
The lymphatic vessels were identified with a near-infrared
camera system (ASI224MC; Suzhou ZWO, Suzhou, China)

(excitation: 760 nm; emission: 830 nm), and massage was
continued until ICG reached above the knee (14). Sequential
still images were obtained with a camera slider system, and
montages of the images were made with imaging software
(Image Composite Editor; Microsoft, Redmond, Wash). The
lymphatic vessels in the lower limb were classified into four
lymphatic groups: anteromedial, anterolateral, posterome-
dial, and posterolateral (Fig 2) (assessed by A.S. and S.K, with
10 and 12 years of experience in lymphography, respectively)
as detailed in a previous report (15).

CT Lymphangiography

lodized oil (Lipiodol; Guerbet Japan, Tokyo, Japan) solution
(20%) diluted with diethyl ether (Tokyo Chemical Industry, To-
kyo, Japan) was used as the contrast material. The skin around
the ankle was incised carefully under a microscope, and identi-
fied lymphatic vessels were cannulated with a 32-gauge needle.
lodized oil solution was injected gently with a 2-mL glass sy-
ringe. The amount of injection was usually more than 1 mL per
lymphatic vessel, and injection was stopped after leakage from
the needle hole was noted.

CT was performed with a multisection scanner (Alexion
TSX-032A; Toshiba Medical Systems, Tochigi, Japan) by using
axial scanning (120 kVp; 100 mA; slice thickness, 1.0 mm; slice
interval, 0.5 mm; field of view, 319; speed, 0.75). CT images
were transferred to an image workstation (Virtual Place; AZE,
Kawasaki, Japan) to characterize iodized oil-enhanced lym-
phatic vessels and lymph nodes (Figs 3, 4).

In the first study of 10 lower-limb specimens (eight right
legs and two left legs), all lymphatic vessels were cannulated and
injected with the contrast material. In the second study, only
one lymphatic group was injected with contrast material per
specimen. Thirty legs were used to investigate each lymphatic
group, and a total of 120 cadaver specimens were used for all
four groups.

The superficial inguinal lymph nodes were categorized into
five regional groups (four quadrants and central) divided by the
great saphenous vein (GSV) and a horizontal line at the saphe-
nofemoral junction. A previous anatomic study named these
regional groups as superior medial, superior lateral, inferior me-
dial, inferior lateral, and central (Fig 5) (12). We further grouped
the lymph nodes in the inferior lateral or inferior medial groups
into three lymph node groups. We coded lymph nodes along
the GSV as inferior lateral 1 or inferior medial 1, those near the
horizontal line as inferior lateral 3 or inferior medial 3, and those
in between as inferior lateral 2 or inferior medial 2. The deep in-
guinal lymph nodes were coded as deep inguinal, and they were
located in the deep aspect close to the femoral artery and vein.
Superior lateral, superior medial, and central lymph node groups
were not categorized into subgroups. The popliteal lymph nodes
were divided into two groups separated by the deep fascia: super-
ficial popliteal (Fig 5) and deep popliteal. In total, there were 10
potential inguinal locations and two popliteal locations.

We documented the locations of the first-tier nodes that each
lymphatic vessel group initially reached and the location of sub-
sequent second-tier nodes. We also measured the short axis of
each identified lymph node on the CT image and the distance
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Results

Lymphatic Vessel Study
In the first part of our study, in-
volving 10 cadaver specimens,
we mapped and recorded the
lymphatic vessels with ICG fluo-
rescent lymphography on the
CT images for all entire courses
from the injection sites to the
inguinal and popliteal lymph
nodes (Fig 3).

Lymphatic vessels within
the same group divided and

Figure 1:  Schematic shows injection points of indocyanine green around the circumference of the foot (Reprinted, with merged frequently and had oc-

permission, from reference 13).

Figure 2:  Images from indocyanine green fluorescent lymphography in single lower limb in

cadaver specimen. Lymphatic vessels were divided info four groups according to the quadrant in
which the vessels fraversed at the ankle: posteromedial [yellow), anteromedial (blue), anterolateral
(green), and posterolateral (red).

casional connections with the

other group. The posterolateral
group did not show any connections with the other
three groups. The lymphatic vessels in the other
three lymphatic groups were distinguishable and
independent in the lower leg, but they gradually
gathered above the knee and ran in a bundle along
the GSV in the thigh. Thus, we were unable to elu-
cidate the relationship between each lymphatic
group and its regional lymph nodes in the inguinal
region.

With selective injection into the lymphatic ves-
sels of each individual group (study 2: 30 cadaveric
specimens per lymphatic group, 120 specimens in
total), we successfully identified which lymphatic
vessel connected to which lymph nodes.

Posteromedial Group

One or two lymphatic vessels in this group were
identified immediately above the deep fascia close
to the GSV at the posteromedial aspect of the an-
kle level (Figs 4, A, E1 [online]). They ran along
the main trunk of the GSV, and usually one or two
vessels connected to lymph nodes in the inguinal
region (Fig E2 [online]). The lymphatic vessels
crossed over the GSV in the middle thigh to the
lateral side of the GSV. They sometimes branched
both in the lower leg and the thigh around the
knee. These branches sometimes entered into the
Hunter (adductor) canal located at the medial as-
pect of the middle third of the thigh and ran be-
low the deep fascia to become the deep lymphatic
vessels (six of 30, 20.0%).

Anteromedial Groups

One to five lymphatic vessels in this group were
identified at the anteromedial aspect of the ankle
level (Figs 4, B, E3 [online]). The lymphatic vessels
in this group ran in the anteromedial aspect of the

between the center of each node and the horizontal plane at the lower leg. Their course was a gentle sigmoidal curve parallel to
saphenous hiatus (A.S. and S.K., with 10 and 15 years of experi- the cutaneous branches of the GSV in the lower leg and to the
ence in CT, respectively). main trunk of the GSV in the thigh (Fig E2 [online]). They ran
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along the lateral side of the GSV in the upper thigh
and converged immediately before connecting to
their regional nodes. They never branched to the
deep lymphatic vessels but remained superficially
above the deep fascia.

Anterolateral Group

One or two lymphatic vessels in this group were
found in the middle of the subcutaneous fat layer
at the anterolateral aspect of the ankle (Figs 4, C,
E4 [online]). They traveled in the anterolateral as-
pect of the lower leg and gradually changed their
course toward the anteromedial aspect. The lym-
phatic vessels in the anterolateral group were inde-
pendent from the anteromedial group in the lower
leg. They ran along the lateral side of the GSV
and on the sartorius muscle in the proximal thigh.
They never branched to the deep lymphatic vessels
and stayed superficially above the deep fascia.

Posterolateral Group

One or two lymphatic vessels in this group were
found in the posterolateral aspect at the ankle level
(Figs 4, D, E5 [online]). They traveled along the
lesser saphenous vein and connected to the pop-
Figure 3:  CT lymphangiographic images of all lymphatic vessels in one cadaveric lower limb liteal lymph nodes at the popliteal fossa. They
in the first study. Arrowheads indicate, A, posteromedial, B, anteromedial, C, anterolateral, and, D, sometimes branched and connected to the antero-
posterolateral groups. medial or anterolateral group (five of 30, 16.7%).
Efferent lymphatic vessels from the popliteal
lymph nodes ran along the deep femoral artery to

connect with the deep lymphatic vessels in most
specimens (29 of 30, 96.7%). Efferent lymphatic
vessels in one specimen never went under the deep
fascia and stayed superficially above the deep fascia
in the thigh (one of 30, 3.3%).

Lymph Node Study
A total of 232 first-tier lymph nodes were identi-
fied in the second part of the study, which used
120 lower extremities. The locations of the nodes,
according to frequency, were as follows: inferior
lateral (73 of 232, 67.2%), inferior medial (30 of
232, 12.9%), popliteal (30 of 232, 12.9%), supe-
rior lateral (12 of 232, 5.2%), and deep inguinal
(four of 232, 1.7%) (Table). There were no nodes
in the superior medial region. The number of first-
tier nodes in inferior lateral 1, inferior lateral 2,
inferior lateral 3, inferior medial 1, inferior medial
2, inferior medial 3, and superficial popliteal loca-
tions were consistent, and only one lymph node
was identified per specimen. However, the num-
ber of first-tier nodes in superior lateral and deep
popliteal locations varied from one to three.
Measurements of the short axis of the first-tier
differerent legs of cadaver specimens. One selected lymphatic group was injected with contrast mate- nodes are summarized in the Table. Inferior lateral

rial in each specimen, as follows: A, posteromedial (yellow), B, anteromedial (blue), C, anterolateral 1 was the largeSt lymph node among all groups. In-
(green), and, D, posterolateral (red). ferior lateral 1, inferior lateral 2, inferior medial 1,

Figure 4: CT lymphangiographic images obtained with selective lymphatic group injection in four
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and inferior medial 2 lymph nodes were located at a median
of 36.8 mm (range, 8.9-74.9 mm), 28.6 mm (range, 5.4-57.3
mm), 39.2 mm (range, 13.5-49.8 mm), and 13.1 mm (range,
4.0-28.0 mm) below the saphenous hiatus, respectively. The
superior lateral lymph node was located a median of 16.5 mm
(range, 9.0-30.0 mm) above the saphenous hiatus.

Inguinal

Popliteal

Figure 5:  Schematic illusirates right inguinal lymph nodes (left) and
popliteal lymph node (right). Inguinal lymph nodes are divided into five
regions (four quadrants and a central region [C]) by a vertical dotted line
on the great saphenous vein and a horizontal dotted line at femoral hiatus.
Superior medial (SM), superior lateral (SL), inferior medial (IM), inferior
lateral (L), and central regions are noted. Inferior lateral and inferior
medial regions were further divided into subregions adjacent to the sa-
phenous vein (inferior lateral 1, inferior medial 1), near the horizontal axis
(inferior lateral 3, inferior medial 3), and in between (inferior lateral 2 or
inferior medial 2). The superficial popliteal lymph nodes (SP) were located
above the deep fascia.

Shinaoka et al

Correlation between Each Lymphatic Vessel Group and
Lymph Node Region

Correlations between each lymphatic vessel group and lymph
node region for first-tier nodes and for first-tier plus second-tier
nodes are summarized in Figure 6 and Figure E6 (online), respec-
tively. Figure 7 shows the relationship between lymphatic groups
and lymph nodes. The posterolateral group only reached to the
superficial popliteal lymph node, and the efferent lymphatic ves-
sel from the superficial popliteal lymph node connected to the
deep popliteal lymph node. Some branches of the posterolateral
group reached the inferior lateral 1 and inferior lateral 2 lymph
nodes. Lymphatic vessels in posteromedial and anteromedial
groups reached to the same regional lymph nodes: inferior lateral
1, inferior lateral 2, and inferior medial 1. Branches of the pos-
teromedial group sometimes reached to the deep inguinal lymph
node; the anteromedial group never reached the deep inguinal
lymph nodes directly. The anterolateral group reached the infe-
rior lateral lymph nodes and superior lateral lymph nodes, but
they never connected to the inferior medial lymph nodes.

Discussion

This study demonstrates the three-dimensional detailed
anatomy of the course of the subcutaneous lymphatic vessels
from the ankle to the regional inguinal or popliteal lymph
nodes in cadaver lower-limb specimens. The data obtained
from multiple fresh cadaver specimens confirmed that the lym-
phatic vessels in the lower limb are divided into four distinct
lymphatic groups. Our findings of the relationship between
each lymphatic vessel group and their corresponding regional
lymph nodes suggested that three lymph nodes in two ingui-
nal regions (inferior lateral 1 and inferior lateral 2) and one in
the popliteal region (superficial popliteal) have a vital role in
receiving almost three-fourths (169 of 232, 72.8%) of the lym-
phatic drainage of the lower limb. These results will help guide
standardized

more injection

First-Tier Nodes in 120 Cadavers

sites based on human anatomy
to image the inguinal and

Node Location No. of Nodes (7 = 232)*

No. of Nodes per Location

Median Size (mm)* popliteal lymph nodes. They

Superior lateral 12 (5.2) 1-3
Superior medial 0 (0) 0
Inferior lateral 156 (67.2)
Region 1 92 (39.7) 1
Region 2 51 (22.0) 1
Region 3 13 (5.6)
Inferior medial 30 (12.9)
Region 1 22 (9.5) 1
Region 2 7 (3.0) 1
Region 3 1(0.4) 1
Central 0 (0) 0
Deep inguinal 4(1.7) 1
Popliteal 30 (12.9)
Superficial 26 (11.2) 1
Deep 4(1.7) 1-3

117 5-15.5) also [Lrox'/id'e a detaileii normal
NA lymphatic image to help lym-
phatic interpretation in patho-

11.6 (5.4-21.1) logic conditions, particularly

9.3 (6.2-13.8) lymphedema. They may also

7 (5.2-9) help guide sentinel node map-

ping, surgical planning of skin

8.9 (6.2-14.2) removal, and radiation therapy

5.8 (4.7-11.8) planning to reduce the inci-
5.6 (NA) dence of lymphedema.

NA Metastasis to the popliteal

5.4 (4.3-7.2) lymph node is possible in patients

with malignant melanoma in

8.0 (5.3-13.4) distal lower limbs. The reported

10.7 (5.7-14.3) prevalence of identification of

* Numbers in parentheses are percentages.

applicable.

" Measurements were obtained in the short axis. Numbers in parentheses are the range. NA = not

the popliteal lymph node during
sentinel node biopsy ranges from
1% to 20% (16). Conventional
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drainage from the posterolateral aspect of the heel, sole, and lateral
malleoli follows the lesser saphenous vein to the popliteal lymph
node. The posterolateral group was the only group connecting to

DI DP

SL SM

IiL3 IM3

IL1 iM1

Figure 6: Radar chart shows correlation between lymphatic group and loca-
tion of the first-tier node. Percentages represent the detection rate of the first-fier
node in each lymphatic group. Lymphatic vessel groups are color-coded as
follows: posteromedial (yellow), anteromedial (blue), anterolateral (green), and
posterolateral (red). Three regional lymph nodes received most of the lymphatic
fluid in lower limbs: inferior lateral (IL) 1 and 2 and superficial popliteal (SP). C =
central, DI = deep inguinal, DP = deep popliteal, IM = inferior medial, SL = supe-
rior lateral, SM = superior medial.

Figure 7:  Schematic shows lymphatic groups in the lower limb: posteromedial (yellow), anteromedial (blue),

anterolateral (green), and posterolateral (red) groups.

the popliteal lymph node from the posterolateral lymphatic ter-
ritory in the foot (Figs 4-6, E5, E6 [online]). It may be useful to
carefully image the popliteal lymph node with malignancies in this
tributary by using US, CT, MRI, or SPECT lymphoscintigraphy
before sentinel lymph node biopsy.

Investigators of a previous study using a cadaver model pro-
posed that the lymphatic vessels in the leg were divided into four
independent groups instead of the conventional two groups that
connected to the inguinal or popliteal lymph nodes (15). Because
of limited information about past anatomic studies, it has been
widely misunderstood that the lymphatic vessels are a full con-
nected network system, similar to veins. This may be why current
lymphoscintigraphy protocols use only a single tracer injection
site, commonly at the web space between the first and second
toes (2,17). According to our results, injection into this single web
space demonstrates the lymphatic vessels only in the anteromedial
group. The anteromedial and posteromedial groups did overlap in
the leg, but the anterolateral and posterolateral groups were inde-
pendent from them.

Although the posteromedial group had the same lymph node
distribution as the anteromedial group, it ran in a different layer
from the anteromedial group. Recent embryologic findings eluci-
dated that development of the lymphatic system was regulated by
peripheral blood vessels (18,19). Our findings in this study dem-
onstrated that lymphatic vessels in the anteromedial group were
accompanied by the GSV branches and those in the posterome-
dial group were accompanied by the GSV trunk. Therefore, we
speculate that development of anteromedial and posteromedial
groups is regulated by the branching pattern of the GSV and that
these two lymphatic groups may have a complementary relation-
ship. On the contrary, the posterome-
dial group had connection only with
the deep subfascial lymphatic vessels.
This superficial and deep connection
may function as a detour route to pre-
vent lymphedema when the superficial
lymphatic pathway was blocked.

We found that most lymphatic ves-
sels in the leg were connected to only
three lymph nodes (labeled as inferior
lateral 1, inferior lateral 2, and super-
ficial popliteal in Fig 5). SPECT has
been used to identify locations of sen-
tinel lymph nodes for vulvar or penile
cancer (20,21). These results suggested
that lymphatic drainage from the geni-
tal area reached to the superior medial
lymph node most commonly and also
to other lymph nodes (superior lateral,
central, and inferior medial lymph
nodes) but rarely reached the inferior
lateral lymph node. Our study helps
improve understanding of the func-
tional division of inguinal lymph nodes
in the five regions. In addition, lymph
node size might indicate lymphatic
function in the lower limb; the inferior
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lateral 1 lymph node was dominant (largest node), and inferior
lateral 2 and superficial popliteal lymph nodes were supplemental.
The sentinel nodes in the lower limb were separate from those
in the genital region; therefore, sentinel node biopsy for genital
cancer should not affect leg lymphatic drainage and cause lymph-
edema unless there are cancer metastases in more proximal lymph
nodes.

In previous lymphoscintigraphic studies, the diagnostic criteria
for impairment of lymphatic function included delayed visualiza-
tion, nonvisualization, or reduced number of lymph nodes. Dura-
tion of tracer concentration at regional lymph nodes was used for
quantitative analysis (22-28). However, the evaluation of tracer
uptake in the original lymph node in these studies was difficult
in leg lymphedema because of alteration of the lymphatic vessels.
Specification of the original lymph nodes in our study may help
refine quantitative lymphoscintigraphy for the lower limb to focus
on the function of these lymph nodes.

‘The most common site of tracer injection for lymphatic imag-
ing has been the web space between the first and second toes, with
the web space between the second and third toes as an alternative
(29). Injections into multiple toe web spaces have also been re-
ported (1,3,22). Our study and a previous study (12) confirmed
that toe web space injections demonstrated only the anteromedial
pathway and missed other pathways. We propose that two addi-
tional injection sites (sites 14 and 16 in Fig 1) are required for
analyzing the anterolateral group and their regional lymph nodes
(inferior lateral 2) and the posterolateral group and their node (su-
petficial popliteal). The combination of injection sites 7 (or 1),
14, and 16 would be appropriate for analyzing the three specific
lymph nodes for the lower limb.

A limitation of our study was that materials were cadaver speci-
mens. In future studies, we plan to use the new protocol with these
injection sites in patients with lymphedema to confirm transla-
tional capability of the cadaver study to a clinical setting.

In conclusion, we investigated the anatomy of lymphatic
vessels in the lower limb by using 130 cadaveric lower limbs.
We found that four distinct lymphatic groups took the roles
of lymphatic drainage in the lower limb and connected to
three first-tier nodes. These results should prompt recon-
sideration of tracer injection sites and evaluation of lymph
nodes for patients with lower-limb or genital malignancy
and improve lymphatic imaging for patients with lower-limb
lymphedema.
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