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ABSTRACT

Estimates of the incidence of arm swelling
after axillary lymph node dissection for breast
cancer range from 10 to 37%. Yet the subjec-
tive sensation of edema is described in at least
54% of patients. The purpose of this research
was to examine the structural changes
occurring in the subcutaneous tissue that
might explain these subjective complaints
using multiple imaging modalities. Two female
cadavers with unilateral breast amputation
and axillary dissection were studied. The
dermal and subcutaneous layers of both arms
were visualized with high frequency ultra-
sonography, and magnetic resonance imaging
and spectroscopy (MRS), and tissue biopsies
were taken for histological evaluation.

On the operated side, ultrasound imaging
showed a hyperechogenic subcutis and the 
fat-to-water relationship in adipose cells was
higher as measured by MRS. Dissection of 
the arms revealed structural adipose tissue
changes, which were confirmed by microscopic
evaluation.
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Lymphedema is the most common and
significant complication after axillary lymph
node dissection for breast cancer treatment.
The incidence of swelling has been reported
in a wide range from 10% to 37%, due to use
of different measurement techniques and
varying definitions of swelling.

Patients without a clinically evident or
objectively measurable increase of arm
volume not uncommonly have a subjective
sensation of arm swelling (1). A study of
Schrenk et al (2) reported that 54% of
patients with axillary lymph node dissection
report a mild to moderate sensation of arm
swelling. Kuehn et al (3) found a discrepancy
between the self-reported symptom intensity
for edema and the objective findings on
physical examination. This degree of intensity
was classified as more severe by patients
themselves than would have been suggested
by the results of clinical examination. In 
prior studies by van derVeen et al (4,5)
concerned with the incidence of edema,
44.9% of the patients complained of
subjective edema, of whom 53.5% had no
objectively measurable edema. 

The aim of this study was to investigate
whether structural changes in the soft tissues
occur in patients with axillary lymph node
dissection without overt edema as an
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explanation for this subjective feeling of arm
swelling. Ultrasonography, magnetic
resonance imaging and spectroscopy were
used for visualization of the tissues and
images were compared with microscopic
findings from tissue biopsies.

SUBJECTS, MATERIALS, AND METHODS

For the imaging studies and histologic
examination of tissue, two human cadavers
with unilateral breast amputation and
axillary lymph node dissection were studied.
There was no visual difference in arm
volumes suggesting post-operative arm
edema. In one cadaver, circumferences were
measured at 4 cm intervals from wrist to
axilla and arm volume calculated from the
truncated cone formula, and a small 8%
greater volume (116 ml) was recorded on the
operated compared to non-operated side.

The different levels for imaging and
tissue biopsy were marked on the arms.

Ultrasound Imaging

Dual images were obtained using a
Siemens ultrasound system with an 11 MHz
transducer. Images on the anterior side of the
arm were taken transversely to the length
axis of the arm. Field size was set to 256 mm
wide and 128 mm depth. A two-dimensional

image was produced, recorded by computer,
and viewed in gray scale.

The thickness of the dermis and the sub-
cutis was determined by measuring between
the entry echo and the dermis/subcutis
boundary for skin thickness and between the
bottom of the dermis and the line generated
by the fascial connective tissue sheet overlying
the muscle for subcutis. 

Magnetic Resonance (MR) Imaging and
Spectroscopy

MR imaging and spectroscopy were
carried out using a 1.5T Symphony MR
system (Siemens, Erlangen, Germany) (Fig. 1).
Both arms were positioned in a phased array
coil (12 segments) with the body in a supine
position. Vitamin A pearls were attached 
to the skin with adhesive tape on 6 levels as
markers.

Two-dimensional T2 axial and transverse
images (Turbo Spin Echo) were generated
with time of repetition (TR) = 3910 ms, time
of echo (TE) = 104 ms and flip angle (FLα) of
90°. The field of view (FOV) was 160 X 160
mm, the matrix (Ma) 224 X 320 mm and the
thickness of a slice 3 mm. T1 TSE settings
were TR = 884 ms, TE = 12 ms, FLα of 180°,
FOV = 120 X 120 mm, Ma = 180 X 320 mm
and slice thickness 3 mm. MP-RAGE
(Magnetization-Prepared Rapid-acquired

Fig. 1. MRI setting: arms are positioned in a phased
array coil for imaging using the 1.5T Symphony 
MR system.

Fig. 2. Photographic display of the locations for
tissue biopsies taken of the arm.
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TABLE 1
Mean Thickness of the Dermis and Subcutis of Both Cadavers

Thickness
Operated side Non-operated side

Mean dermis 0.67 mm 0.65 mm

Mean subcutis upper arm 9.0 mm 8.62 mm

Mean subcutis forearm 5.57 mm 6.25 mm

Fig. 3. Ultrasonographic images of the upper (a) and forearm (b) on the non-operated side and of the upper (c) and
forearm (d) on the operated side. Note a hyperechogenic subcutis on the operated side.

a b

c d

gradient echo) 3D images were obtained 
with TR = 2000 ms, TE = 4.3 ms, FLα = 12°,
FOV = 160 X 160, Ma = 256 X 256, and slice
thickness 2 mm. FLAIR (Fluid Attenuated

Inversion Recovery) images were obtained
with TR = 9000 ms, TE = 110 ms, FLα =
180°, FOV = 450 X 450, Ma = 512 X 256, 
and slice thickness 8 mm.
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Diffusion weighted echo planar images
were included in the MRI evaluation because
this sequence is very sensitive to cytotoxic
edema (increased water content in cells). In
order to get information about water and fat
distribution in lymphedema, a chemical shift
imaging sequence was applied. Images were
acquired with a TR of 1500 ms and TE of 135

ms. The voxel size was 3 x 5 x 8 mm3 and 
was situated in the subcutaneous layer in the
middle of the forearm.

Tissue Histology

Tissue biopsies were taken at the
different levels of imaging. Incisions were

TABLE 2
Amount of Fatty Acids Related to Water Content Measured by MRS

F/W Operated side Non-operated side

CH=CH (a) 3.01 1.43

-CH3 (c) 4.97 4.86

(CH2)n (d) 22.58 18.46

-CH=CH-CH2 (e) 13.64 7.35

Mean  Fatty Acids/Water 44.20 32.10

Fig. 4. Example of MRS of the subcutaneous tissue showing different peaks of fatty acids (a, c, d & e, see Table 2)
and water (b) in the non-operated arm.

baa

d

c

e
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Fig. 5. Magnetic resonance axial
images of the non-operated (left)
and operated (right) arms at the
second level: 3D MP-RAGE (a),
FLAIR (b), T1 SE (c), T2 SE (d),
diffusion weighted echo planar 
image (e).

a b c

ed

Fig. 6. Magnetic resonance axial
images of the non-operated (left)
and operated (right) arms at the
fourth level: 3D MP-RAGE (a),
FLAIR (b), T1 SE (c), T2 SE (d),
diffusion weighted echo planar 
image (e).
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made up to the level of the muscle fascia 
(Fig. 2). Tissues were formaldehyde fixed and
embedded in paraffin. Slices were stained
with Haematoxylin-Eosin for a general tissue
picture and with Masson Trichrome for
collagen visualization. This latter technique
stains nuclei blue-black, cytoplasm, muscle
cells and erythrocytes red, and collagen blue.
Microscopic images were recorded by
computer and viewed in Adobe Photoshop®.
The ImageJ program (National Institutes of

Health, Bethesda, MD, http://rsb.info.nih.gov/
ij/) was used to determine the cell area 
by calculating the surface of a selected area 
after setting the picture scale.

RESULTS

Ultrasound Imaging

Dermal and subcutaneous thickening 
of the operated arm was minimal for both

Fig. 7. Gross morphological structure of the arm displaying differences in fat presentation on the non-operated (a)
and operated side (b). Note also fibrotic adhesions seen on the operative side (c).

a b

c
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Fig. 8. Microscopic images of adipose cells from the non-operated (a) and operated side (b) showing larger cells less
densely packed on the operated side.

a b

cadavers. Table 1 summarizes thickness
measurements of the different layers.

Images depicted a hyperechogenic 
dermis and a hypoechogenic subcutis on the
healthy side. The subcutaneous layer on the
operated side was more hyperechogenic than
on the healthy side. Most changes were in the
portion of the subcutis near the muscle fascia
(Fig. 3). Few dermal changes are seen.

Magnetic Resonance Imaging and
Spectroscopy

The spectra depicted different peaks,
representing water, saturated and unsatu-
rated fat molecules (Fig. 4). The relative
amount of fat in the subcutis was calculated
by dividing the area under the water peak by
the area under the fat peaks (Table 2). The
highest values were shown on the healthy 
side but relatively more (un)saturated fat
molecules were found on the operated side.

Figures 5 and 6 show axial slices of the
second and fourth level 3D MP-Rage (a),
FLAIR (b), T1 weighted spin echo (c), T2
weighted spin echo (d), diffusion weighted
echo planar imaging (DW EPI) (e). 

On the sequences performed, including
DW EPI, there was no clear difference in the
signal intensity or morphological evaluation

that would suggest increased water content
(edema) or fibrosis in the subcutaneous layer.
No difference in muscle mass was seen.

Tissue Histology

Macroscopically, skin dissection of the
arms revealed a more granular pattern of the
subcutaneous fat tissue (Fig. 7a,b) and fibrotic
adhesions (Fig. 7c) to the dermal layer in the
operated arm.

Microscopically, the surface areas of
adipose cells determined using the ImageJ
program showed that the operated side cells
were significantly (p<0.001) larger and less
densely packed per unit area than on the
healthy side by an average of 50% (Fig. 8). 

Masson Trichrome staining demonstrated
collagen fibers in fibrotic bands within the
adipose tissue on both the operated side and
non-operated side.

DISCUSSION

Many studies have reported the presence
of subjective feelings of arm swelling in
patients following axillary lymph node dissec-
tion. We studied two female human cadavers
with unilateral mastectomy and axillary
lymph node dissection and without objectively
measurable edema of the upper limb. Despite
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the absence of arm swelling, imaging proce-
dures and tissue histological examination
revealed some structural tissue changes. 

Ultrasound imaging showed a hyperecho-
genic subcutis, but no increased thickness of
the dermal and subcutaneous layer and the
fat-to-water ratio in the subcutaneous layer
was higher on the operated side as measured
by MRS. Tissue dissection revealed structural
adipose tissue changes, which were confirmed
by microscopic evaluation.

In cases of advanced lymphedema,
ultrasonographic investigation (6-8) of
lymphedematous tissue has shown a
significant increase in the skin and subcutis
thickness. Dimakakos et al (7) described a
stone-pave picture: irregular subcutaneous
areas of increased echogenicity surrounded 
by thin non-echogenic bands. This was
attributed to intracellular fluid. Doldi et al (8)
interpreted the hypoechogenic subcutis layer
as fibrosclerosis. In the present study, only a
slight change in echogenicity was observed.
The edema had not evolved to an advanced
stage where this typical stone pave picture
can be seen.

MRI studies have confirmed this
thickening of both layers in cases of edema
(7,9-11). An increase of fat and adipogenesis
is also mentioned by Idy-Peretti et al (12) and
Case et al (11). A subcutaneous honeycomb
pattern has been reported by different
authors, with a variety of explanations about
the composition of this structure. Astrom et
al (13) describe it as an excess of interstitial
fluid between areas of fat lobules, free in
hydraulic chambers or trapped in collagen
tissue and hyaluronic acid molecules. Case et
al (11) and Fujii (9) also mention fat pockets
but surrounded by a trabeculum of fibrotic or
fluid-filled dilated lymph vessels. Dimakakos
et al (7) and Haaverstad et al (10) interpret
the finding as accumulated fat surrounded by
fibrotic tissue and fluid. Werner et al (14)
describe them as deep hydraulic chambers
separated by collagen fibers. In this cadaveric
study, no similar structural alternations were
observed with magnetic resonance imaging.

CONCLUSION

Despite absence of significant objectively
measurable arm swelling, subcutaneous tissue
changes take place in some patients as seen 
in this cadaveric study. These changes might
explain why in more than half of the axillary
lymph node dissections, patients complain of
subjective feelings of arm swelling. These
findings support the importance of a preven-
tive role for components of complex physical
therapy in patients without objectively
measurable edema after breast cancer treat-
ment in order to avoid or minimize these
ongoing structural tissue changes related to
sub-clinical lymphatic dysfunction.
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