SAGE Open Medicine

Original Article
SAGE Open Medicine
Assessment of the interstitial fluid in the & The Author(9 2015
. Reprints and permissions:
subcutaneous tissue of healthy adults sagepub.coukjournalshermissionsrav
. smo.sagepub.com
using ultrasonography SerGE

Terumi Ueda-luchi', Naoki Ohno?3, Tosiaki Miyati?3, Misako Dai?,
Mayumi Okuwa?, Toshio Nakatani2, Hiromi Sanada*
and Junko Sugama?3

Abstract

Objective: Lymphoedema involves swelling, especially in the subcutaneous tissues. For lymphoedema management to
be successful, it is necessary to remove the interstitial fluid. Subcutaneous echogenicity may be associated with interstitial
fluid, but echogenicity is not an indicator for the evaluation of management because we do not directly compare
echogenicity with the interstitial fluid. We aimed to identify an outcome indicator for the evaluation of interstitial
fluid using ultrasonography. We assessed the correlation between echogenicity and transverse relaxation rate (R,) on
magnetic resonance imaging.

Methods: This was an observational study. Healthy adults with leg swelling after activity for >8 h were recruited. The legs of
I3 women were evaluated using ultrasonography, magnetic resonance imaging and measurements of the limb circumference
before and after an intervention to reduce the swelling.

Results: Echogenicity in the oedema group was greater than that of the controls. Echogenicity decreased with reductions in
oedema. The range of the strongest correlations with the changes in R, occurred at echogenicity values of 48—144 (Pearson’s
correlation coefficient: r=-0.63 and p<0.01). Thus, it was possible to evaluate the interstitial fluid using echogenicity.
Conclusion: The outcome indicators for the evaluation of interstitial fluid using ultrasonography were echogenicities in the
range of 48—144, and these values were valid for assessing the interstitial fluid in the subcutaneous tissue.
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Introduction
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For lymphoedema therapy to be successful, it is necessary
to remove the interstitial fluid from the subcutaneous tissue
in an early stage. Nurses and other health professionals
administer lymphoedema management protocols. The aim of
lymphoedema managements is to reduce swelling by decon-
gesting the impaired lymphatic pathways, reducing the lym-
phatic load, promoting the development of collateral
drainage routes and stimulating the functions of the remain-
ing patent routes.* In the clinical setting, the limb circumfer-
ence (or limb volume) has been the most frequently used
parameter for evaluating management protocols.® However,
this technique involves indirect measures of the changes in
the interstitial fluid, and muscle atrophy, fibrous tissue depo-
sition, and weight gain may be inaccurately attributed to
fluid accumulation.” In a previous study, the difference in the
limb circumference (i.e. the difference between the limb cir-
cumferences of the affected and unaffected sites) was not
associated with lymphoedema management.® Outcome indi-
cators for the evaluation of lymphoedema management pro-
tocols are needed to directly measure the interstitial fluid in
the subcutaneous tissue. Magnetic resonance imaging (MRI)
may be the most accurate technique because MRI can clearly
differentiate between the fluid and adipose tissue and because
quantification is possible using the relaxation times in the
subcutaneous tissue.? In the tissue, fluid exhibits the longest
transverse relaxation time (T,), and T, of the adipose tissue
is lower.? The transverse relaxation rate (R,) indicates the
tissue density in the water, and it is theoretically fit with the
water signal. However, this technique cannot be used in rou-
tine examinations due to its high-cost and time-consuming
nature.

Ultrasonography can be used to evaluate structural
changes in the tissues.! Ultrasonography is also non-invasive
and allows for real-time processing. Ultrasonography has
three advantages. The first is that ultrasound devices can be
operated with a simple button; therefore, it is possible for
many health professionals to easily use ultrasonography. The
second advantage is that handy-type ultrasound devices that
can be used to assess patients at the bedside have been
developed.!? Finally, high-frequency devices have infiltrated
the clinical setting and allow for the assessment of skin con-
ditions in which nurses and many health professionals are
interested. Therefore, these devices are easy for many health
professionals to adopt in the clinical setting. In previous
studies, the tissue structure was less homogeneous,!!~13 and
echogenicity of the oedematous tissue was higher than that
of the normal subcutaneous tissue.!'''? Suehiro et al.!4
showed that subcutaneous echogenicity was linearly corre-
lated with lymphoedema staging. Echogenicity is altered by
the conditions surrounding the tissue. Therefore, subcutane-
ous echogenicity may be associated with the interstitial fluid
in the subcutaneous tissue.

Subcutaneous echogenicity is not an outcome indicator
for evaluating lymphoedema management protocols because
we do not directly compare the changes in the echogenicities

with the interstitial fluid. B-mode ultrasound devices are
used to measure the morphology of the internal organs and
lesions on the body surface, but these devices are not used to
measure the interstitial fluid based on echogenicity.
Echogenicity is easily altered by the pressure and angle of
the probe!® and by image processing in the ultrasound
devices, which makes it less reliable. To solve this issue of
low reliability, one researcher has performed all the meas-
urements while maintaining a constant probe pressure and
angle. Additionally, we used only a single ultrasound device
and the stabilized image processing of that ultrasound device.

We aimed to identify the outcome indicators for the eval-
uation of the interstitial fluid in the subcutaneous tissue
using ultrasonography. We assessed the correlation between
the echogenicities and the R, values in healthy adults. We
hypothesized that the correlation between echogenicity and
R, would be stronger than the correlation between the limb
circumference and R,. Both lymphoedema and oedema
occur in healthy adults and are present whenever there is an
imbalance between capillary filtration and lymph drainage
regardless of the aetiology.!> Therefore, we recruited healthy
adults.

Materials and methods

Subjects

This was an observational study. All participants who met
the following inclusion criteria were recruited: (1) age
>20years, (2) healthy women without cardiovascular disease
and (3) swollen legs after working for >8h primarily while
standing. Participants with pacemakers or metal in their bod-
ies and those who were claustrophobic were excluded. The
ethics committee of Kanazawa University approved this
study (permit no. 509), and all participants gave informed
written consent.

Procedure

MRI, ultrasonography and leg circumference measurements
were evaluated before and after the intervention for swelling
reduction. As a control, ultrasonography and leg circumfer-
ence measurements were also performed in the absence of
swelling. Control measurements were conducted within 4h
of waking. The intervention that was performed to reduce
swelling involved leg eclevation and vibration for 20 min.
These interventions have previously been shown to increase
blood flow and reduce oedema in swollen legs.'®!7 A Rela
Wave (Global Micronics, Kashiwa, Japan) was used for the
vibrator. The frequency and horizontal vibration were 47 Hz
and 1.78 ms’, respectively. The vibrator was placed under the
legs with a cushion composed of urethane and expandable
beads that was 80cm long, 80 cm wide and 5 cm thick. The
participants placed their legs on the centre of cushion, and
they lied in the supine position while elevating their legs.
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MRI

Using a 0.4-T open MRI system (APERTO Eterna; Hitachi
Medical Corporation, Tokyo, Japan), multiple spin-echo
(SE) images of the leg were acquired with the following
parameters: repetition time, 2500 ms; echo times, 30 and
75 ms; slice thickness, 8 mm; matrix size, 256 X 256; number
of signals averaged, 1; receiver bandwidth, £45.1kHz; and
field of view, 220 mm. Next, the T, images were calculated
from the multiple SE images on a pixel-by-pixel basis. On
the T,-weighted coronal images, the centre between the pop-
liteal fossa and the lateral malleolus (anterior site) and three
points in the same plane (posterior, medial, lateral sites) were
marked so that the corresponding transverse MR image
could be selected.

Ultrasonography

A Mylab™ Five (Esaote, Genoa, Italy) was used at 1S MHz
for the ultrasound investigations. The probe was placed
transversely on the leg, and the images of the skin, subcuta-
neous tissue, muscle and occasionally bone were obtained.
The measurement dimensions were set to 4.0cm wide and
deep. The gain was adjusted to 88%. Sample ultrasound
images were acquired at the three markers (i.e. the posterior,
medial and lateral sites). Ultrasound images were also
acquired while maintaining the probe pressure to clearly
describe the small saphenous vein. We performed three
measurements per marker site, and the intraclass correlation
coefficient (ICC) for the echogenicity measurements was
0.99 (p<0.01).

Limb circumference

The limb circumference was measured at the centre between
the popliteal fossa and the lateral malleolus. A single
researcher performed each measurement three times. The
ICCs that were generated were 1.00 (p<0.01).

Calculations of R, with MRI

To correlate the echogenicities and the R, values, regions of
interest (ROIs) were selected in the three marker sites (i.e.
the posterior, medial and lateral sites). The ROIs were 4 cm
wide, and their thicknesses matched the subcutaneous tissue.
To assess the correlation with limb circumference, ROIs
were set in all the subcutaneous tissues. Changes in the T,
relaxation rates (AR,) before and after the intervention were
calculated using the following equation

1 1
AR, = — = —
T, oedemareduction T> oedema situation

The T, oedema reduction indicates the mean T, after the
intervention, and the T, oedema situation indicates the mean

T, before the intervention. The measurements of the T, val-
ues were performed using ImageJ (v 1.46r; National Institutes
of Health, Bethesda, MD, USA).

Principles of ultrasound

Echogenicity indicates the brightness of the image. An ultra-
sound wave is emitted from the ultrasound probe and is then
propagated through the body. In this process, echogenicity is
altered due to phenomena such as attenuation and reflection.!?
The reflection of ultrasound waves occurs at the surface
boundaries between different types of media (e.g. bone and
water).!0 Hyperechogenicity and hypoechogenicity indicate
that echogenicity of an area is greater or less than that of the
surrounding tissue, respectively.

Echogenicity calculations

We switched from a grey scale to a 16-colour scale (range of
pixel intensities: 0-255) for imaging using the ImageJ analy-
sis software to facilitate the observation of changes in echo-
genicity. The ROIs were 4cm wide, and their thicknesses
matched the subcutancous tissue. To quantitate the ultra-
sonographic echogenicity, we selected the range of echo-
genicity that exhibited the strongest correlation with the R,
values. For the ultrasound imaging, we calculated the echo-
genicity levels of the pixels, and the changes in echogenicity
rates (AU) before and after the intervention were calculated
using the following equation

(B-0

AU = x100

where A indicates the echogenicity levels of the pixels in the
controls, B indicates the echogenicity levels of the pixels in
the reduced oedema (i.e. after the intervention) and C indi-
cates the echogenicity levels of the pixels in the oedematous
situation (i.e. before the intervention).

Limb circumference

We calculated the mean of three measurements, and the rate
of change in the limb circumference was calculated using the
following equation

aL=L=1 100
o
where o indicates the mean circumference in the control, f3
indicates the mean circumference in the reduced oedema (i.e.
after the intervention) and y indicates the mean circumfer-
ence in the oedema condition (i.e. before the intervention).

Statistical analysis

Pearson’s product—-moment correlation coefficient was used
to examine the correlation between (AU) and (AR,). AL and
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Table I. Characteristic of participants.

ID Age (years) Height (cm) Weight (kg)
| 30 155.0 50.0
2 36 160.0 50.0
3 28 162.0 50.0
4 30 148.0 52.0
5 29 168.0 62.0
6 25 162.0 50.0
7 27 168.0 53.0
8 29 150.0 50.0
9 26 147.0 36.5
10 30 166.0 54.0
Il 28 155.0 49.0
12 27 159.0 53.0
13 28 163.0 65.0
Average 28.7 158.7 51.9

AR, were not normally distributed; therefore, non-paramet-
ric coefficients (i.e. Spearman’s rank correlation coeffi-
cients) were used. The data were analysed using the SPSS
v19 statistical software (IBM—SPSS, Inc. Chicago, IL, USA).
In all, 23 images were required according to sample size cal-
culation. The main result was echogenicity in ultrasonogra-
phy, and the sample size mentioned here does not mean the
number of subjects but the number of images. Sample size
estimates were based on the following: customary effect
size, 0.60; a level, 0.05; power, 80%.!8

Results

In all, 13 healthy adults ranging in age from 25 to 36 years,
in height from 147 to 168cm and in weight from 36.5 to
65 kg participated in the study (Table 1). All participants had
Japanese ethnic backgrounds.

The structural changes were observed on the 16-colour
scale (Figure 1). In the controls, ‘a deep blue colour’ covered
the subcutaneous tissue. However, in the oedema situation,
echogenicity was higher than that observed in the controls,
which corresponded to the increases in the blue and green
colours. In the reduced oedemas, echogenicity was decreased
as evidenced by the reductions in the amounts of blue and
green. The range of the strongest correlation with the R, val-
ues was 48-144 echogenicity (R2=0.4015; Table 2).

The AU, AR,, and AL results are shown in Table 3. The
mean (range) AU of the 48—144 range of echogenicity values
was —0.05% (—0.43% to 0.12%), and the mean (range)AR,,
which was compared with the ultrasound imaging, was
2.82x107°S7" (—4.68 <107 to 21.33x107°S™"). The mean
(range) ALwas —1.95% (—5.45% to 0.28%), and the mean
(range) AR,, which was compared with the limb circumfer-
ence, was 1.68x1070S7! (=1.58x107¢ to 5.19 x 107°S™1),

A significant negative correlation was observed between
AU in the range of 48—144 echogenicity and the AR, values

in terms of the comparison with the ultrasound imaging
(Pearson’s correlation coefficient: »=—0.63 and p<0.01;
Figure 2). However, no significant correlation was observed
between the AL and AR, values in terms of the comparison
with the limb circumference (Spearman’s rank correlation
coefficient: r=—0.13 and p=0.68; Figure 3).

Discussion

Our findings indicate that the echogenicities in the range of
48-144 correlated with the R, values; thus, echogenicity
may be a valid indicator for assessing the interstitial fluid in
the subcutaneous tissue. Echogenicity is a relatively subjec-
tive tool' because ultrasound images are easily altered by
alterations in the pressure and angle of the probe!? and by the
image processing that occurs in ultrasound devices; these
factors make echogenicity less reliable. To address this issue
of low reliability, a single researcher performed the measure-
ments using a single ultrasound device. The ICCs in the 48—
144 echogenicity range were 0.99 (p<0.01), and they
exhibited high reliability. It was possible to evaluate the
interstitial fluid by improving the reliability. We assessed all
the ranges of echogenicity and found that echogenicity was
correlated with the R, values only in the range of 48-144.
The R, value is likely proportional to water;!® therefore, the
48144 echogenicity range may measure the interstitial fluid
in the subcutaneous tissue.

In this study, increased echogenicity was observed in the
oedema condition in the range of 48—144. In previous stud-
ies, oedematous tissue structures have been found to be
hyperechogenic compared with the normal subcutaneous
tissue.!11214 Tassenoy et al.!! reported that oedematous sub-
cutis exhibits an echogenicity that is 141.9% higher than that
of normal subcutis. Increased echogenicity of the subcutane-
ous tissue with a blurring of the interface between the subcu-
taneous tissue and the skin has also been previously reported
in lower lymphoedema.?® These changes have been observed
in various inflammatory conditions.?! Therefore, the intersti-
tial fluid may influence echogenicity. The novel finding of
this study is that echogenicity was associated with the inter-
stitial fluid only in the range of 48—144.

The findings of this study supported our hypothesis that
the correlation between echogenicity and R, would be
stronger than the correlation between limb circumference
and R,. The lower limb circumference was not correlated
with R, (Spearman’s rank correlation coefficient: »=—0.13
and p=0.68; Figure 3). In the clinical setting, limb circum-
ference (or limb volume) has been the most frequently used
measure for evaluating lymphoedema therapies.® However,
this technique cannot differentiate between bone, muscle, fat
and fluid. In contrast, ultrasonography can directly describe
the subcutaneous tissue. These differences may explain why
the correlation between echogenicity and R, was greater than
that between R, and limb circumference. However, this
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Figure |. Ultrasound images of (a) oedema situation, (b) oedema reduction and (c) control leg (ID 3). In the controls, ‘the deep blue
colour’ covered the subcutaneous tissue. In the oedema situation, ‘the blue and green colours’ were increased. In oedema reduction,

‘the amount of blue and green’ was reduced.
indicates subcutaneous tissue.

study included a small sample (n=13) in the correlation
between limb circumference and R,. We cannot state that
limb circumference does not indicate a change in interstitial
fluid.

We captured the changes in the interstitial fluids in the
subcutaneous tissues using the changes in the range of 48—
144 echogenicity, and we found that lymphoedema manage-
ments can be more easily evaluated with ultrasound devices.
To implement this technique, we would need to develop a
new management protocol that delays the progression of
lymphoedema.

The findings of this study have three limitations. The first
limitation is that only one expert in ultrasonography operated
a single ultrasound device. Ultrasound imaging is easily

altered!® by the operator and the image processing of ultra-
sound devices, and echogenicity is a relative evaluation. In
this study, we adjusted the imaging in a controlled manner,
and a single researcher performed all the measurements with
a single device. In a future study, we will need to examine
the inter-operator and inter-equipment variabilities.
References need to be inserted into the ultrasound images,
and adjustments need to be made to echogenicity to evaluate
the interstitial fluid in different health professions. The sec-
ond limitation is that the participants were healthy adults.
Suehiro et al.'* reported similar findings and described their
findings as ‘increased echogenicity limited to the area above
the muscular fascia’ in the early-stage lymphoedema.
Therefore, this study may have primarily evaluated patients
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Table 2. Correlation of echogenicity with T, relaxation rate.

Echogenicity R?

Echogenicity R?

Echogenicity R?

Echogenicity R?

Echogenicity R?

Echogenicity R?

Echogenicity R?

0-16 0.0018 80-96 0.0174 48-128 0.3446 64-176 0.1804 16208 0.0030 112-224 0.0299 192240 0.0002
0-32 0.0153 0-112 0.0000 64-144 0.2810 80-176 0.0421 32-208 0.0266 128-224 0.0221 208-240 0.0006
16-32 0.0317 l6-112 0.0009 80-144 0.0607 96176 0.0413 48-208 0.3435 144-224 0.0155 224-240 0.0003
048 0.0936 32-112 0.0034 96-144 0.0312 112-176 0.0421 64-208 0.1824 160-224 0.0055 0-255 0.0000
16—48 0.1096 48-112 0.2400 112-144 0.0341 128-176 0.0425 80-208 0.0438 176-224 0.0013 16-255 0.2874
32-48 0.1262 64112 0.1615 128-144 0.0362 144-176 0.0421 96-208 0.0378 192224 0.0003 32-255 0.0387
0-64 0.0368 80-112 0.0220 0-160 0.0050 160-176 0.0262 112-208 0.0317 208-224 0.0004 48-255 0.3464
16—-64 0.0424 96112 0.0190 16-160 0.0002 0-192 0.0087 128-208 0.0246 0-240 0.0007 64-255 0.1807
32-64 0.0417 0-128 0.0006 32-160 0.0149 16-192 0.0000 144-208 0.0169 16-240 0.0402 80-255 0.0442
48—-64 0.0035 16128 0.0002 48-160 0.3261 32-192 0.0299 160-208 0.0052 32240 0.0290 96-255 0.0339
0-80 0.0069 32-128 0.0030 64-160 0.1752  48-192 0.3470 176-208 0.0007 48-240 0.3438 112-255 0.0247
16-80 0.0100 48-128 0.3446 80-160 0.0384 64-192 0.1825 192208 0.0291 64-240 0.1796 128-255 0.0161
32-80 0.0003 64-128 0.2668 96160 0.0385 80-192 0.0435 0-224 0.0038 80-240 0.0438 144-255 0.0091
48-80 0.0772 80-128 0.0527 112-160 0.0421 96-192 0.0398 16-224 0.0108 96-240 0.0362 160-255 0.0022
64-80 0.1748 96-128 0.0254 128-160 0.0470 112-192 0.0363 32224 0.0313 112-240 0.0283 176-255 0.0005
0-96 0.0016 112-128 0.0285 144-160 0.0531 128-192 0.0313 48-224 0.3457 128-240 0.0204 192-255 0.0000
16-96 0.0044 0-144 0.0003 0-176 0.0058 144-192 0.0240 64-224 0.1816 144-240 0.0140 208-255 0.0000
32-96 0.0008 16-144 0.0435 16-176 0.0001 160-192 0.0100 80-224 0.0442 160-240 0.0048 224-255 0.0007
48-96 0.1648 32-144 0.0218 32-176 0.0194 176-192 0.0024 96-224 0.0374 176-240 0.0013 240-255 0.0014
64-96 0.1581 48-144 04015 48-176 0.3376 0-208 0.0044
R coefficient of determination.
Table 3. Three measurements per person.
ID Site AU (%) AR, correlated AR, correlated AL (%)
AU (107657 AL (1076S7")
| Posterior -0.36 7.25 2.90 -2.03
Medial -0.23 17.45
Lateral -0.43 21.33
2 Posterior -0.04 2.58 -1.57 0.00
Medial -0.10 3.96
Lateral -0.05 -0.30
3 Posterior -0.07 10.77 5.19 0.28
Medial -0.03 -0.75
Lateral -0.02 8.50
4 Posterior 0.07 0.42 0.19 -0.95
Medial -0.01 —4.68
Lateral -0.01 1.09
5 Posterior -0.05 6.40 3.13 -5.45
Medial -0.06 9.53
Lateral 0.08 0.57
6 Posterior 0.06 0.21 2.04 -1.39
Medial 0.02 -0.75
Lateral -0.21 426
7 Posterior -0.01 453 2.66 -2.42
Medial 0.02 7.07
Lateral -0.06 -0.61
8 Posterior 0.00 -0.81 3.03 0.00
Medial -0.13 4.58
Lateral 0.09 1.83
9 Posterior 0.08 479 3.57 -2.55
Medial -0.19 5.59
Lateral 0.12 2.48
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Table 3. (Continued)
ID Site AU (%) AR, correlated AR, correlated AL (%)
AU (107657 AL (1076S7")
10 Posterior -0.03 1.73 0.40 -3.83
Medial -0.04 2.19
Lateral -0.03 -0.71
| Posterior -0.02 3.22 0.67 -1.67
Medial -0.05 1.06
Lateral -0.05 1.38
12 Posterior -0.05 -1.61 1.25 -4.38
Medial -0.01 4.94
Lateral -0.02 0.29
13 Posterior -0.04 -1.60 -1.58 -0.98
Medial -0.02 -1.03
Lateral -0.02 2.05
Average -0.05 2.82 1.68 -1.95
0.2
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Figure 2. Correlation between AU of 48—144 echogenicity and AR,. A total of 39 samples with |3 participants were acquired.

Pearson’s correlation coefficient: r=-0.63 and p<0.01.
R,: transverse relaxation rate.

with early-stage lymphoedema. However, in late-stage lym-
phoedema, large amounts of subcutaneous adipose tissue
and tissue fibrosis may develop and alter the tissue struc-
ture.* Indeed, the lymphoedemous subcutaneous tissue
exhibits several patterns of structural change.'> The use of
the echogenicity range of 48—144 may affect measurements
of the interstitial fluid. In the future, we need to assess
whether this technique is applicable for patients with lym-
phoedema. The third limitation is that the measurement sites
were the legs. We did not observe whether the 48-144

echogenicity range could be used to evaluate the interstitial
fluid in any region other than the lower limbs.

Conclusion

It is possible to evaluate the interstitial fluid using echo-
genicity. The outcome indicator for the evaluation of the
interstitial fluid using ultrasonography was echogenicity in
the range of 48—144, and this indicator was valid for assess-
ing the interstitial fluid in the subcutaneous tissue.
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Figure 3. Correlation between AL and AR,. A total of |3 samples with |3 participants were acquired. Spearman’s rank correlation
coefficient: r=—0.13 and p=0.68.

R,: transverse relaxation rate.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: The
study was performed with the support of a JSPS KAKENHI grant
(No. 26670919).

References

1.

Kim W, Chung SG, Kim TW, et al. Measurement of soft tissue
compliance with pressure using ultrasonography. Lymphology
2008; 41(4): 167-177.

Sitzia J, Stanton AW and Badger C. A review of outcome indi-
cators in the treatment of chronic limb oedema. Clin Rehabil
1997; 11(3): 181-191.

Olszewski WL, Ambujam PJ, Zaleska M, et al. Where do
lymph and tissue fluid accumulate in lymphedema of the
lower limbs caused by obliteration of lymphatic collectors?
Lymphology 2009; 42(3): 105-111.

Lymphoedema Framework. Best practice for the management
of lymphoedema. International consensus. London: MEP Ltd,
2006.

Stout NL, Brantus P and Moffatt C. Lymphoedema manage-
ment: an international intersect between developed and devel-
oping countries. Similarities, differences and challenges. Glob
Public Health 2012; 7(2): 107-123.

Oremus M, Dayes I, Walker K, et al. Systematic review: con-
servative treatments for secondary lymphedema. BMC Cancer
2012; 12: 6.

Warren AG, Janz BA, Slavin SA, et al. The use of bioimped-
ance analysis to evaluate lymphedema. Ann Plast Surg 2007,
58(5): 541-543.

10.

11.

12.

13.

14.

15.

16.

Tuchi T, Dai M, Sanada H, et al. Associations between the
treatments and outcomes of patients with upper and lower
lymphoedema in Japan: a cross-sectional observational study.
Int J Nurs Stud 2015; 52(5): 913-919.

Harada M, Amano Y, Matsuzaki K, et al. Quantitative
evaluation of intraarterial lymphocyte injection therapy for
lymph edema using MR imaging. Acta Radiol 1994; 35(5):
405-408.

Sanada H and Mori T. Bioengineering nursing: new hori-
zons of nursing research. 1st ed. New York: Nova Science
Publishers Inc, 2014, pp. 173-187.

Tassenoy A, De Mey J, Stadnik T, et al. Histological find-
ings compared with magnetic resonance and ultrasonographic
imaging in irreversible postmastectomy lymphedema: a case
study. Lymphat Res Biol 2009; 7(3): 145-151.

Tassenoy A, De Mey J, De Ridder F, et al. Postmastectomy
lymphoedema: different patterns of fluid distribution visu-
alised by ultrasound imaging compared with magnetic reso-
nance imaging. Physiotherapy 2011; 97(3): 234-243.

Dai M, Katayama M, Sugama J, et al. Imaging of interstitial
fluid in skin and subcutaneous tissue using dual-frequency
ultrasonography before and immediately after lymph drain-
age in breast cancer-related lymphedema patients. J Tsuruma
Health Sci Soc Kanazawa Univ 2013; 37(2): 13-21.

Suehiro K, Morikage N, Murakami M, et al. Significance of
ultrasound examination of skin and subcutaneous tissue in
secondary lower extremity lymphedema. Ann Vasc Dis 2013;
6(2): 180-188.

Kerchner K, Fleischer A and Yosipovitch G. Lower extrem-
ity lymphedema update: pathophysiology, diagnosis, and
treatment guidelines. J Am Acad Dermatol 2008; 59(2):
324-331.

Abu-Own A, Scurr JH and Coleridge S. Effect of leg elevation
on the skin microcirculation in chronic venous insufficiency. J
Vasc Surg 1994; 20(5): 705-709.



Ueda-luchi et al.

17.

18.

Julian MS, Karman C, Montgomery LD, et al. Plantar vibra-
tion improves leg fluid flow in perimenopausal women.
Am J Physiol Regul Integr Comp Physiol 2005; 288:
R623-R629.

Polit DF and Beck CT. Nursing research: principles and
methods (trans. J Kondo). 2nd ed. Tokyo, Japan: Igaku-shoin,
2010, p. 513 (in Japanese) (Reprinted from Nursing research:
principles and methods. 7th ed. Philadelphia, PA: Lippincott
Williams & Wilkins, 2004.).

19.

20.

21.

Matsushita T, Miyati T, Ohno N, et al. Simultaneous R,* and
liver fat-fraction measurement using modulus and real multi-
ple gradient-echo with low-field MRI. Med Imag Inform Sci
2011; 28(4): 97-101.

Naouri M, Samimi M, Atlan M, et al. High-resolution cutane-
ous ultrasonography to differentiate lipoedema from lymphoe-
dema. BrJ Dermatol 2010; 163: 296-301.

Fornage BD. Skin and subcutaneous tissues. Clin Diagn
Ultrasound 1995; 30: 85-95.





