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ORIGINAL STUDY

Normal head and neck lymph nodes topography based
on the dataset of the visible human
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ABSTRACT
The number, size and cross-sectional location of normal sized head and neck lymph nodes based on the dataset of the “Visible
Human” were investigated. New data on the location of normal sized lymph nodes in anatomical optical microtome sections were
acquired. “Invisible” nodes were identified, i.e., normal size head and neck lymph nodes with diameters of less than 3 mm
diameter which remain “invisible” for imaging methods such as CT or MRI. The identified nodes were classified conform to the
CT-based nodal classification of Som et al. (1999) and the recently proposed consensus guidelines of Gregoire et al. (2003).
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INTRODUCTION
A standardization of the procedure for delineation of
target volumes for 3D CRT and IMRT has been recently suggested in the form of consensus guidelines
from the DAHANCA, EORTC, GORTEC, NCIC,
RTOG groups4. These recommendations were the
results of a consensus meeting of the Brussels and
Rotterdam groups4,8,18 and of the North America
(NCIC, RTOG) oncological cooperative group1. The
consensus proposals were presented and representative clinical target volumes (CTVs) consistent with
those guidelines were illustrated on CT sections and
published last year in Radiation Oncology4. The most
important data on head and neck lymphatics was the
classical work of Rouviere14. Data on the topographical distribution of the head and neck lymphatics
could be found in the work of Richter and Feyerabend13. Finally, a cross-sectional atlas for nodal areas
identification was recently published by MartinezMongue et al9.
Important information concerning the topography of neck lymphatics in axial optical slices from the
“Visible Human” male and female, together with and
in comparison to the more familar CT or MRI axial
slices, will be presented here to further refine the actual classifications of neck lymphatics.
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DATA ACQUISITION
FROM THE VISIBLE HUMAN
The data presented here were obtained by detailed
investigation of the optical anatomic axial microtome
slices of the head and neck region of the “Visible
Human” female and male16,17. The optical slices were
recorded every 1 mm interval. The resolution of the
images investigated was 28 pixel per cm. Special attention was devoted to the topography as well as the
number and size of lymph nodes.
Details on the Visible Human dataset and on digital image processing and cadaver sectioning have been
published by the Visible Human group16. Extensive
description of the 3D reconstruction procedure is presented in the chapter by Qatarneh in this book.

DATA ACQUISITION IN EARLIER STUDIES
In the original guidelines of the Rotterdam proposals, a
radical modified neck dissection was performed on a cadaver and the various boundaries of the node levels
were demarcated10. These boundaries where then translated onto a second frozen cadaver which had been CT
scanned and cut into 5 mm thick sections. The boundaries of the surgical levels were then precisely projected
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of normal lymph nodes in the human body determined in this manner. The majority of the identified
lymph nodes were between 1 to 4 mm in size. None of
the available imaging methods could describe normal
size lymph nodes of this dimension. All the data presented here are strictly morphological in regards to
nodal location. Data on the anatomic patterns of lymphatic drainage should be taken from other sources.
The original description of the six levels of neck nodes
proposed by Som et al.15 and the boundaries of each
level are shown in table 1 and figure 1.
Figure 1 The level classiﬁcation of the neck lymphatics as proposed
by Som et al.15

CRITERIA FOR SELECTION AND
DELINEATION OF NECK NODE LEVELS
onto the matched CT slices. Despite the clear indication
where lymph nodes could be expected, no data on the
topography of identified normal sized lymph nodes
emerged from that investigation since normal sized
lymph nodes could not be seen on the CT slices.
The obvious advantage of the acquisition of data
from the Visible Human female and male is that crucial anatomic information can be accurately explored
non-invasively on the computer screen.
To the best of this group’s knowledge, this presentation is the first attempt in the literature to describe
the anatomical location as well as the number and size

Level I (Ia and Ib)
Level I includes the submental (level Ia) and submandibular lymph nodes (level Ib). The Rotterdam
and the Brussels classifications consider different
areas for the level Ia and Ib as seen in the original
figure 2. In fact, the two systems exhibit major differences at every level in how they define what area
belongs to each level, as can be seen in figure 2. The
location of the submental and submandibular lymph
nodes in the Visible Human female and male are
shown in figures 3 and 4.

Table 1
The boundaries of the level of the neck lymphatics proposed by Som et al.15
Recommendations for boundaries of neck regions
Level
I

II

Recommended boundery
Cranial: Mylohyoid muscle; Caudal: Hyoid bone
Anterior: Symphisis menti; Posterior: Posterior edge of submandibular gland
Lateral: Medial edge of mandible; Medial: Lateral edge of anterior belly of digastric muscle
Cranial: Cranial base; Caudal: Bottom edge of hyoid bone
Anterior: Posterior margin of submandibular gland; Posterior: Posterior edge of SCM
Lateral: Medial edge of SCM; Medial: Medial edge of vessel bundle, paraspinal muscle

III

Cranial: Cranial: Bottom edge of hyoid bone; Caudal: Lower margin of cricoid eartilage
Anterior: Posterlateral edge of sternohyoid muscle; Posterior: Posterior edge of SCM
Lateral: Medial edge of SCM; Medial: Medial edge of vessel bundle, paraspinal muscle

IV

Cranial: Lower margin of cricoid cartilage; Caudal: Cranial border of clavicle
Anterior: Posterolateral edge of SCM; Posterior: Anterior edge of paraspinal muscle
Lateral: Lateral border of SCM; Medial: Medial border of vessel bundle, lateral border of thyroid

V

Cranial: Cranial base; Caudal: Cranial border of clavicle
Anterior: Posterior edge of SCM; Posterior: Anterior edge of trapezius muscle
Lateral: Platysma muscle, skin; Medial: Paraspinal muscle

Retropha-ryngeal

Cranial: Base of skull; Caudal: Cranial edge of body of hyoid bone
Anterior: Levator veli palatini; Posterior: Prevertebral muscles
Lateral: Medial edge of vessel bundle; Medial: Midline

Abbreviations: SCM = sternocleidomastoid muscle; Vessel bundle = internal carotid artery and internal jugular vein.
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The Ia lymph nodes in the Visible Human were
more dorsal located than they are at level Ia of the
Brussels proposal. Level Ib should include only the
periglandular lymph nodes. Study of these data indicates that the boundaries for the level Ia and Ib nodes
are not correctly represented in either of the two proposals. A definitive answer to this subject could most
certainly be obtained if at least all the currently available
databases of Visible Humans (2 americans, 2 koreans
and 2 chinese) were to be examined2,16,17,19.
We identified 4 level Ia lymph nodes in the Visible
Human female and 3 level Ia nodes in the male. In
the female there were 12 level Ib lymph nodes identified, seven on the left side and 5 on the right side.
Corresponding to the Rotterdam group the dorsal
Figure 2 Diﬀerent areas for the level Ia and Ib

a

b

c

d

Figure 3 Anatomical optical slices with: a) the bucal lymph nodes (yellow circle), b) and c) the submandibular (yellow circle), and d) the submental lymph
nodes (orange circle) in the Visible Human female neck.

Figure 2 Optical slices with the submental and submandibular lymph nodes (yellow), level II (red) and level V lymph nodes (pink) in the Visible Human male neck.
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Figure 5 The ﬁrst level II lymph node on the left side (red) of the neck and

Figure 6 Level II lymph nodes. The level IIa lymph node area (yellow

the parotis gland lymph nodes onboth sides (orange).

contour) with one level IIa lymph node (yellow dot) and one level IIb lymph
node (red dot) on the right side. The level II lymph nodes area is delineated on
the left side of the neck (red contour).

part of level II is included in the level V. The level V of
the Rotterdam group is not so extended further dorsal
as the level V of the Brussels group (figure 2). We identified 15 level I lymph nodes in the investigated Visible
Human male. The size of these lymph nodes was between 1 and 4 mm. As seen in figures 3 and 4 the level
Ib nodes were localized periglandular (around the submandibular gland) and the level Ia nodes close to the
midline and in a much lower position in the axial slices
than in the slice level represented in figure 1. The area
where we identified the level Ia nodes corresponds to
the area delineated in the paper of Nowak et al.10 and
recently by Lengele7.

Level II (IIa and IIb)
The original description of Robbins11 of the upper
limit of level II was the base of the skull. In practice
surgeons use the insertion of the posterior belly of
the digastric muscle to the mastoid as the cranial limit
of level II. No radiological criteria for the upper limit
of level II exists.
The Brussels guidelines used the bottom edge of
the body of C1, which is easily identifiable on CT
scans4. Examining the neck lymphatics of the Visible
Human male, the most upper level II lymph nodes
appear at the level of the second cervical vertebral
body. The most upper level II lymph node was located at the level generally used as the upper margin
of the neck dissection and is very similar to that used
by the neck surgeons as seen in figure 5.
In the Visible Human female, the most upper level
II nodes were identified at the level of the C1 vertebral body. Robbins et al.11,12 used the spinal accessory
nerve (SAN) to sub-divide level II into IIa (anterior to
a vertical plane defined by the nerve) and IIb (posterior to that plane). Because the SAN cannot be identified on CT scans, the Brussels guidelines used a

criteria from radiological point of view proposed by
Som et al.15, and take the posterior edge of the Internal Jugular Vein (IJV) for the subdivision between
levels IIa and IIb. The only valid criteria for subdivision of level II is that taken from the point of view of
development and functionality of these lymphatics.
Based on these considerations, possible subdivision
of the level II nodes could be between the nodes
around the IJV as taken as IIa (very close to the vessels) and the nodes dorsal to the IJV located in the fat
loge as IIb (figure 6).

Level III
A subdivision of the level III lymph nodes in IIIa
and IIIb similarly to the subdivision of the level II
lymph nodes was never proposed. From the point of
view of the development and functionality there are
no arguments for such a subdivision. From the therapeutic point of view there are likewise no advantages
to be found in the introduction of such a subdivision.
These level III nodes were considered and adequately treated as a unit by the surgeon and radiation oncologist. On each side there were 20 level III
lymph nodes identified in the Visible Human male.
Level IV
The caudal limit of level IV lymph nodes was decided by the panel4 to be set 2 cm cranially to the cranial edge of the sternoclavicular joint. The cranial limit
of level IV is the caudal edge of the cricoid cartilage.
The lymph nodes around the IJV belong to this level.
The data from the Visible Human shows that the
lowest level IV lymph node is at a level lower than that
used by the neck surgeon. We identified 29 level IV
lymph nodes on the left neck and 25 on the right side.
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Level V
Level V includes the lymph nodes of the posterior
triangle group. According to Robbins12 level V is limited cranially by the convergence of the SCM and the
trapesius muscles and caudally by the clavicle. For the
cranial limit for level V, it was recently proposed to
use the lower two thirds of the SAN6. From the radiological point of view, a horizontal plane crossing the
cranial edge of the body of the hyoid bone appears as
a reliable landmark for the cranial limit of level V4.
For the caudal limit of level V, it appears from examination of neck dissection procedure, that surgeons
never dissect the neck further down to the cervical
transverse vessels. It was thus agreed by the panel to
set the caudal limit of level V at CT slices encompassing the cervical transverse vessels. Anteriorly, it is limited by the posterior edge of the SCM muscle and
posteriorly by the antero-lateral border of the trapezius muscle. Panel recommendations for the level V are
shown in figure 7.
A virtual line joining the antero-lateral border of
both trapesius muscles can be used to set the posterior limit of level V. The level V defined at the level
of the cricoid cartilage as proposed by the earlier
paper of the Brussels3 and Rotterdam10 groups is
shown in figure 8. The panel’s recommendation for

a

Figure 7 The dorsal border of the level Vb as proposed by the panel group
(from Gregoire et al.).

Figure 8 Comparison between the simpliﬁed Rotterdam (left side of the
neck, Arabic ﬁgures) and Brussels (right side of the neck, roman ﬁgures)
guidelines for the delineation of the neck levels (from Gregoire et al.4).

b

c
Figure 9 Representative optical axial slices from the Visible Human male with the neck lymphatics, the Delphian node (white), level II nodes (red), level III nodes
(yellow), level IV lymph nodes (pink), level V lymph nodes (green). a) the most upper situated level V lymph node on the right side (green), b) the most dorsal
situated level V lymph nodes on the right side of the neck (green), c) the most lower situated level V lymph nodes (green).
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Figure 10 Optical axial slice to exemplify the topography of the level V
lymph nodes. The symmetrically located lymph nodes belong to diﬀerent
levels since the SCM muscle is assymetric. On the right side the most dorsal
situated lymph node is considered as level V node and on the left side as a
level IIb node.

Figure 11 The distribution of the level VI lymph nodes (white dots) in
optical axial slices. The level IV lymph nodes are indicated with pink and the
level V nodes with green dots.
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the dorsal border of level V as seen in figure 7 looks
like a compromise between both groups.
None of the proposals described above consider the
real location where the first level V lymph node is actually located (figure 9a) and the topographical distribution of the level V lymph nodes as seen in figure 9b. The
real topography of the latero-dorsal most caudal situated
lymph nodes belonging to the level V in the representative optical axial slices investigated are shown in figure 9c.
It remains questionable what the difference is between
the most dorsal level IIb lymph node on the left side and
the most dorsal node on the right side which is considered to be a level V lymph node as shown in figure 10.
If the SCM muscle on the right side would be as wide as
on the left side than the right most dorsal situated lymph
node would be considered as a level IIb node (figure 10).

Level VI
The anterior neck compartment defined as level VI
contains the lymph nodes located in the visceral space.
The pre- and paratracheal nodes including the precricoid (Delphian) node and the perithyroid nodes including the lymph nodes along the recurrent laryngeal
nerve belong to level VI. The cranial edge is at the level
of the caudal edge of the cricoid cartilage. For the pretracheal nodes, the posterior limit is the trachea and
the anterior edge of the cricoid cartilage4.
The topographical distribution of the level VI lymph
nodes in the Visible Human male is shown in figure 11.
3D model of the neck lymphatics
The investigation of the lymphatics in the neck
using the data from the Visible Human made possible the representation in a 3D model as shown in figure 12. All nodes identified as belonging to the same
neck levels are colored with the same colour.
Retropharyngeal lymph nodes
The retropharyngeal lymph nodes lie within the
retropharyngeal space, which extends cranially from
the base of the skull to the cranial edge of the body of
the hyoid bone caudally.
The most superior lymph node of this group is
called the lymph node of Rouviere. Niether of the 2
expected retropharyngeal lymph nodes could be
identified in the Visible Human male5.

Figure 11 The 3D representation of the neck lymphatics in the 6 nodal
levels. Level I blue, level II-yellow, level III-pink, level IV-red, level V-green and
level VI-dark yellow. The lower part of the mandibula, the hyoid bone and the
upper margin of the cricoid cartilage are colored in grey. Also shown are the
mediastinal nodes - green, the tracheal bifurcation - brown, and the axillary
level I nodes - red, and the level II nodes - dark blue.

CONCLUSIONS
New data on the normal sized head and neck lymph
nodes based on the dataset of the Visible Human were
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acquired. The number, size and cross-sectional topography of the neck lymphatics in optical anatomic microtome cross-sections was investigated. The identified
nodes were classified conform to the Som et al. CT
based nodal classification and the recently proposed
consensus recommendations from Gregoire et al.4 were
critically discussed.
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