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ABSTRACT

Lymphedema is swelling of soft tissues by
accumulation of lymphatic fluid due to failure
of the lymphatic drainage system. Although
most measures for lymphedema focus on
change of volume or size of the extremity, the
physical properties of the tissue such as
resistance to compression are also of clinical
importance because they affect the quality of
life of lymphedema patients. In this study, we
aimed to compare the thickness and resistance
to compression of the skin and subcutis
between the affected and unaffected arms of
patients with lymphedema by using ultra-
sonography together with the compression
technique, and we also investigated the factors
that have an influence on the results. 
Thirty-nine patients with post-mastectomy
lymphedema participated in this study. All
ultrasonographically-assessed thicknesses of
skin and subcutaneous tissue in affected
upper arms and forearms were significantly
larger than the contralateral (p<0.05) while
all resistances to compression values were
significantly lower (p<0.05). These results
suggest that measuring the resistance to
compression and thickness using the
compression method with ultrasonography
may be a valuable tool for evaluating
lymphedema after breast cancer surgery.
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Lymphedema is a swelling of soft tissue
that occurs as a result of the failure of the
lymphatic drainage system (1). The
accumulation of lymphatic fluid, and often
accompanying chronic inflammation of the
affected tissue, can further lead to fibrosis
and thickening of the subcutaneous tissues 
(2-3). Lymphedema can be divided into
primary (inborn errors) or secondary from
obstruction. Secondary lymphedema can 
be caused by trauma, infection, tumor
infiltration, surgical dissection of lymph
nodes, or radiation therapy. The majority of
cases of secondary lymphedema in the upper
extremities develop after surgery for breast
cancer (1) with a reported post-mastectomy
prevalence ranging from 5% to 60% (4-14). 
In addition, post-mastectomy lymphedema
has a significant impact on the quality of life
of cancer survivors (15).

Objective assessment of lymphedema
estimates the change in volume and physical
properties of affected swollen tissues.
Volumes can be measured by volumetry or
circumference measurement with using a
measuring tape. Volumetry is based on water
displacement or optoelectronic estimation
(16-19). Optoelectronic volumetry uses the
interruption of infrared light beams by the
limb that is placed inside a special device
with rows of infrared light emitting diodes. 
It calculates the volume of the limb auto-
matically and accurately (18-19). However, 
it cannot evaluate tissue changes in
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lymphedema such as fibrosis. Although
tonometry can reveal the change of physical
properties of the affected tissue (elasticity), 
it is not sufficiently reliable (20-24).

Measurement of the change of tissue
characteristics is important not only because
volumetric change alone cannot signify the
severity of lymphedema, but also because the
denatured tissue itself can have clinical
implications (15). The soft tissue charac-
teristics are significantly associated with the
quality of life (QOL) of lymphedema patients.
The hard, heavy and tight arm is especially
associated with reduced QOL in these
patients (25). Magnetic resonance imaging
(MRI), computed tomography (CT), and
ultrasonography have been applied to
evaluate the change of subcutaneous tissues
in lymphedema patients (22-24). MRI
demonstrates a honeycomb pattern within the
epifascial compartment along with thickening
of the skin and trabecular structures, which
suggests dilated collateral lymphatic vessels
in the swollen subcutis. However, the cost of
MRI impedes its clinical use. CT is useful for
monitoring the outcome of decongestive
therapy, but it was of limited utility because
of radiation exposure (22-24,26-28). In
contrast, ultrasonography can be readily
applied in an outpatient clinic. It can
visualize the thickening of the cutaneous,
epifascial and subfascial compartments and
the accumulation of interstitial fluid, and it
allows for the indirect evaluation of fibrosis
(29, 30). In ultrasonography, the hyper-
echogenic subcutis can be observed due to
interlobular and intralobular water
accumulation, increase of adipose tissue, and
interlobular and intralobular fibrosis (30-31).
Another emerging diagnostic technique for
the clinical evaluation of lymphedema is
bioelectric impedance. This technique
facilitates the noninvasive quantification of
extracellular fluid in the extremities (22,32-
33), and it is finding increasing application 
in the early detection and management of
lymphedema (34). 

In a previous study, we reported that

ultrasonography with a compression
technique is a reliable method to measure 
the thickness and “compliance” (or more
specifically resistance to compression) of the
skin and subcutis of the upper extremity in
healthy subjects (35). This parameter is
directly related to the hardness of soft tissue
in lymphedema. 

In this study, we compared the thickness
and resistance to compression (RC) of the
skin and subcutis between the affected and
unaffected arms of patients with post-
mastectomy lymphedema by using ultra-
sonography together with the compression
technique, and we also investigated the
factors that influence the results.

METHODS

Study Design

Eligible participants were patients with
secondary lymphedema resulting from
operation for breast cancer treatment.
Lymphedema was confirmed by clinical and
lymphscintigraphic examination. For clinical
diagnosis, circumference of the affected arm
must exceed that of the unaffected arm by
two or more centimeters using two points
above and below the olecranon or lateral
epicondoyle as described by Petrek at al (36).
Lymphscintigraphy was used to evaluate the
lymphatic drainage in the affected limb, and
all patients were confirmed to have an
obstructive pattern. Patients were excluded if:
1) the lymphedema was primary, irrespective
of the treatment for breast cancer; 2) the
swelling was bilateral; or 3) the patients had
undergone complex decongestive therapy or
other interventions for lymphedema within 
3 months.

The study participants were recruited
from an outpatient clinic of Seoul National
University Hospital, Seoul, Korea. The study
protocol was approved by the Institutional
Review Board of our hospital. The study was
explained to the participants, and written in-
formed consent was obtained from all subjects.
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Participants

After being assessed for eligibility and
obtaining consents, 39 breast cancer patients
participated in this study. The mean age was
57.1±10.2 years (mean ±SD), mean body
mass index (BMI) was 24.4±2.8, and mean
duration of lymphedema was 31.8±22.1
months. Among 39 patients, 28 (71.8%) were
treated by radiotherapy, and 35 (89.7%) were
treated by chemotherapy. Twenty-one
patients (53.8%) had metastatic tumors, and
18 (46.2%) had lymphedema on the side of
their dominant hand. Thirty-seven underwent
axillary lymph node dissection while 2
underwent sentinel lymph node resection
with modified radical mastectomy. The
location of the tumor was the upper outer
quadrant of the chest in 24 patients, the
upper inner quadrant in 5, the lower outer
quadrant in 4, the lower inner quadrant in 1,
and the location was not classified in 5. 

Outcome Measures

1) Ultrasonographic measurement (35)

The subjects were placed supine on
an examination table with the forearm
supinated and relaxed. An ultrasound unit
(Accuvix V10EX-DOM-00, Medison Co.,
Seoul, Korea) evaluated the soft tissue on the
upper arm and forearm with a 7.5 MHz

linear-array transducer. On the upper arm,
the transducer was placed 10 centimeter
proximal to the elbow crease along the line
between the midpoint of the medial and
lateral epicondyles of the humerus and the
bicipital groove. On the forearm, it was
placed 10cm distal from the elbow crease
along the line between the midpoint of the
medial and lateral epicondyles and the mid-
point of radial and ulnar styloid processes.

To measure the thickness of the skin
and subcutaneous tissue, an ultrasonographer
applied negligible pressure by pasting a
sufficient amount of lubricant so that the
contour of the tissue beneath a transducer
was not distorted (Fig. 1A). The images were
captured on the upper arm and forearm, and
the thickness of the skin, the subcutaneous
tissue and their sum were measured by the
ultrasound unit. Thickness of the dermis was
determined by measuring between the echo
entry and the dermis/subcutaneous tissue
boundary, and thickness of the subcutaneous
tissue was set between the bottom of the
dermis and the bright line generated by the
fascial connective tissue sheet overlying the
muscle (31). 

After the thickness was measured,
the ultrasonographer applied maximal
compression to measure the resistance to
compression (RC) of the tissue (Fig. 1B).
“Maximal compression” was defined as a
compression with a sufficient pressure where

Fig. 1. Ultrasonographic images of the arm of a patient with lymphedema demonstrating the thickness of the skin,
subcutaneous tissue, and their sum with minimal compression (A) and with maximal compression (B).
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additional compression could not produce 
a noticeable decrease in the thickness of the
soft tissue (35).

2) Calculation of resistance to
compression

Resistance to compression (RC) 
is a measurement that indicates the tendency
of the tissue to deform from its original
configuration as a result of a compressing
force. It was calculated with the fractional
change in thickness. We defined the RC as
the difference between the initial and
‘maximal compression’ thickness over the
initial thickness.

3) Protocols

The thickness and RC were measured
in the affected and unaffected upper extremi-
ties for each patient. They were assessed for

the skin, subcutis and then together, respec-
tively. Those parameters were compared
between the affected and contralateral arms.

The circumference was measured by
using a measuring tape for the bilateral upper
arms and forearms at the same points which
were used to measure the thickness with
ultrasonographic measurements. 

4) Demographic data

The demographic and clinical
variables for the patients were analyzed to
investigate the factors that influence the
ultrasonographic measurements. The
demographic variables included the age at
study enrollment, body mass index (BMI),
and clinical variables including history of
radiation therapy or chemotherapy, tumor
stage and location, presence of metastasis,
dominant side, whether self-decongestive
massage was performed, duration of

TABLE 1
Thickness of Lymphedema and Contralateral Arm Tissues 

without and with Maximal Compression (n=39)
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lymphedema, and degree of arm use as
represented by a visual analogue scale.

Data Analysis

All the statistical analyses were completed
using SPSS 16.0 software (SPSS Inc.,
Chicago, IL, USA). Thickness and RC were
compared between the lymphedematous and
contralateral arms by paired t-tests. The

influence of the demographic and clinical
data on the ultrasonographic measurements
was determined using multiple regression
analysis and independent t-tests. P-values 
less than 0.05 were considered statistically
significant.

RESULTS

Ultrasonography

Fig. 2. Thickness of the skin, subcutaneous tissue, and their sum without compression in the affected and
contralateral upper arms (A) and forearms (B) (*: p-value < 0.05)
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The thickness of the skin, subcutaneous
tissue, and their sum (Table 1) in the affected
upper arm (Fig. 2A) and forearm (Fig. 2B)
without compression were significantly larger
compared to contralateral. The values with
compression were significantly larger on the
affected upper arm (Fig. 3A) and forearm
(Fig. 3B) compared to the contralateral. The
RC of the skin, subcutaneous tissue, and their
sum in the affected upper arm (Fig. 4A) and

forearm (Fig. 4B) was significantly smaller
than the contralateral (Table 2). 

The Influence of the Demographic and
Clinical Data on the RC

Except for BMI, all the demographic and
clinical data, including age, body weight,
history of radiation therapy or chemotherapy,
tumor characteristics and location, metastasis,

Fig. 3. Thickness of the skin, subcutaneous tissue, and their sum with maximal compression in the affected and
contralateral upper arms (A) and forearms (B) (*: p-value < 0.05)
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dominant side, whether self decongestive
massage was performed, duration of lymphe-
dema and degree of arm use, were not
associated with tissue RC by multiple
regression analysis or independent t-tests.
Only the BMI was significantly correlated
with the subcutaneous RC in the affected
upper arm (p-value=0.023, R2=0.165).

DISCUSSION

Lymphedema is a dysfunction of
lymphatic drainage caused by malformation,
damage, or resection of the local lymph nodes
(1). The accumulation of interstitial macro-
molecules elevates the oncotic pressure of the
tissue, while the disruption and blockage of
lymphatics elevates the hydrostatic pressure
within the remaining lymphatics, and both
contribute to lymphedema. Stasis of protein-
rich fluid with impaired immune clearance in

Fig. 4. Compliance of the skin, subcutaneous tissue, and their sum with maximal compression in the affected and
contralateral upper arms (A) and forearms (B) (*: p- value < 0.05)

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.



79

the extremity with damaged lymph nodes
permits repeated episodes of lymphangitis
and cellulitis. Such chronic inflammation
leads to further fibrosis and impairment of
the affected limb. Fibrosis causes tissue
change, which leads to altered physical
characteristics of soft tissue such as thickness,
elasticity and resistance to compression (2-3). 

These study results demonstrate that 
the thickness of the skin, subcutaneous 
tissue, and their sum increased in the arms
with lymphedema, when estimated by
ultrasonography using a no pressure
technique. These results are similar to those
of a previous study where Mellor et al
reported that skin thickness is more closely
correlated with arm edema than is the
subcutaneous thickness. They suggested that
the measurement of skin thickness using
ultrasound may be useful clinically for
diagnosing lymphedema and can help future
investigations of therapeutic techniques (37).

Chronic lymphedema leads to fibrosis,
which alters the elasticity and RC of the skin
and subcutaneous tissue in lymphedema
patients. Fibrosis can be measured by the
physical characteristics of the affected region.
We previously measured the RC using
ultrasonography with the maximal compres-
sion technique in healthy people, which had
relatively good inter-rater and intrarater
reliability (skin, 0.68<ICC<0.81; subcutaneous

tissue 0.85<ICC<0.96, total tissue,
0.85<ICC<0.97) (30). This method and
parameter is associated with hardness, which
is significantly associated with the QOL 
of lymphedema patients (25). However, this
method was not verified on lymphedema
patients, and we, therefore, designed this
study to examine the usefulness of this method
in lymphedema patients. We successfully
measured the RCs of the lymphedematous
and contralateral arms in the same patient to
minimize possible confounding factors. 

In our study, almost all the RCs of the
skin, subcutaneous tissue, and the total tissue
of the affected arm were significantly lower
than those of the normal arm using the
compression method. This finding indicates
that the skin and subcutaneous tissue of the
affected arms were stiffer than those of the
contralateral arms and further, that this
method confirms the feelings of hardness of
the affected arm reported by many lymphe-
dema patients. These results are similar to
those from a tissue tonometry study of
patients with lymphedema (20-21). Therefore,
these data indicate that ultrasonography is a
useful approach to evaluate the severity of
lymphedema because it can quantify the RC,
is relatively reliable (35), and is readily
available at many outpatient clinics. 

In order to explore other confounding
factors, we examined the association between

TABLE 2
Resistance to Compression (RC) in Lymphedema and Contralateral Arms (n = 39)
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these RC and thickness results and clinical
and demographic factors that might influence
the results. This analysis demonstrated that
only BMI was weakly related to the
subcutaneous RC of the affected upper arm
(R2=0.165), that is, the larger the BMI, the
more elastic the subcutis, suggesting that the
subcutaneous tissue of the affected upper 
arm in obese patients might be less stiff than
in slender patients.

One limitation of this study is that the
RC was calculated with relatively small
values, which means that the evaluators need
to pay close attention when applying this
compression method and using ultrasono-
graphy. In other words, the examiners must
be properly educated in this method and
perform it correctly. Further study is needed
to verify the method’s validity before it can be
widely used and also to assess the relationship
between RC and other clinical or therapeutic
outcomes of patients with lymphedema. 

CONCLUSION

Thickness of the skin and subcutis in the
upper arm and forearm was larger and the
RC smaller in post-mastectomy lymphedema
arms compared to contralateral arms. The
thickness and RC were not related to other
clinical or demographic factors, except BMI,
which was weakly correlated with the 
RC of the affected upper arm. This study
revealed that measurement of RC and
thickness using ultrasonography with the
compression method is a valuable tool for
evaluating lymphedema. We expect that 
our method could have significant clinical 
utility because it is reliable and readily
available in outpatient clinics.
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