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locations to compare differences in girth.
Periodically, total LV is calculated for
comparison over time. This method,
when used to calculate LV, is compar-
able, but not identical in results, to water
displacement.” Studies report correla-
tions with water displacement ranging
from 0.70 to 0.98.1320

While bilateral or serial circumferences
at various points of a body part are com-
monly used to quantify lymphedema,'?
several problems exist.® The circumfer-
ential method is time-consuming and
requires considerable experience.

Although this is the most commonly
used type of LV measurement in clinical
settings, measurement error potentially
may mask lymphedema occurrence or
progression, or falsely imply lymph-
edema.? For example, individuals mea-
suring limbs with a tape measure may
hold the tape very tightly or loosely
around the limb, causing variation in
circumferences applied in the formula to
calculate LV. It may be very difficult to use
the technique with accuracy in individuals
with large, loose skin folds or in those
with arthritis who cannot extend their
limbs. Although it is portable and inex-
pensive, it is a time-intensive method and
may be plagued by intra- and inter-rater
reliability issues.

Limits for acceptable difference
between repeated circumferential mea-
surements of the normal adult arm, fore-
arm and wrist are 0.2 cm,* a standard
that is rarely met in the clinical setting.
Armer reports the estimated standard
deviation of intra- and inter-rater mea-
surements over a multi-year research
study to be consistently in the 0.10 cm-
0.35 cm range.!

. Volume calculations assume a circular
circumference, which is seldom the case.
Because of its irregular shape, circum-
ference of the hand is an inaccurate way
of determining volume. There are also
severe limitations with this method when
skin damage exists. Handling of the
extremity and contact with equipment
raise hygienic concerns.'*Thus, limbs
with wounds are difficult to measure with
circumferences.

Infrared Perometry

The Perometer 400T/350S (Juzo®,
Cuyahoga Falls, OH) is an optoelectronic
volumetry (OEV) device developed to
meet the need for a quick, hygienic, and
accurate method of LV caiculation. It
works similarly to computer-assisted to-
mography, but uses infrared light instead

of X-rays.'® Transections are measured
every 3 mm and summed to the volume
by a computer.* In addition, volume and
transection of any part of the limb can be
measured, the shape of the limb or limb
segment can be displayed, and accurate
calculations of change in volume can be
made in seconds, using PeroPlus™®
computer software (Juzo®, 2002).

Assessment is performed on limbs in a
horizontal position or vertical position,
depending upon the model of the
perometer, The perometer maps a three-
dimensional graph of the affected and
non-affected extremities using numerous
rectilinear light beams. The perometer is
interfaced with a computer for data analy-
sis and storage. A three-dimensional
image of the limb is generated from the
data and LV is calculated using a modi-
fication of the disc method.®?° The data
are used to calculate the LV and limb
shape is displayed in seconds. Clothing
must be removed from the limb before
measurement and careful attention must
be paid to body position during the scan.
Consistency in positions used when
conducting multiple measurements is
essential for accurate comparisons over
time. The size and non-portable nature of
the most widely used model requires
patients to come into the clinic for limb
measurement. Recently, a portable model
has entered the market. Perometers can
be used to fit compression garments and
to determine LV. Because the frame does
not touch the skin, measurements can be
carried out on limbs with sensitive or
broken skin. It may be difficult to accur-
ately measure individuals who cannot
maintain a stable position.

Procedures for perometry are docu-
mented by the European research teams
of Tierney, et al.?° and Stanton et al.,"
and modified in work by Armer.? The
Perometer 400T/350S is reported to have
a standard deviation with repeated
measures of 8.9 ml, less than 0.5% of
the arm volume.’*# Test-retest with
perometry, water displacement, and
circumferences are reported by Armer
(2005) and colleagues,? demonstrating
perometry to be equally or more reliable
than circumferences, as compared to
water displacement.

Bioelectrical Impedance

Bioelectrical Impedance devices such
as the IMP XCA (ImpediMed, Queens-
land, Australia), are being used in re-
search settings in the United States and
in clinical settings outside the United
States to estimate extra cellular volume
and assess presence of lymphedema.

Most of these devices use a single-
frequency low voltage electric current to
determine extra cellular fluid (lymph).®
Individuals with pacemakers and metal
implants cannot be measured using BIA.
Clothing does not have to be removed
from the limb(s). Lightly adhesive
electrodes are placed on each hand,
each wrist and one foot. The procedure
takes less than one minute and is pain-
less. The devices are portable, allowing
measurements to be done in clinics and
community settings.

It is recommended that individuals lie
down while being measured with BIA,
although it is also possible for individuals
to sit with the arm extended in front
of the body and resting on a hard foam
surface during measurement. As with
infrared perometry, consistency in
positions used when conducting multiple
measurements is essential for accurate
comparisons over time. BIA technology
has been shown to be more sensitive,
reliable and valid than circumferential
tape measurement of the limbp.57.15.1621

Symptom Assessment

Self-reported symptoms of heaviness
and swelling are reported to correspond
with 2 cm or greater changes in limb girth
among women treated for breast cancer.?
Patients with lymphedema may also
experience subjective symptom changes
at less than 150 ml LV change.® Interviews
using a structured symptom assessment
tool, Lymphedema and Breast Cancer
Questionnaire (LBCQ), developed by
Armer and colleagues to guide elicitation
of symptoms, have proven useful in
validating lymphedema occurrence.?

LBCQ reliability was evaluated using
Kuder-Richardson-20 and the test-retest
method. Kuder-Richardson-20 revealed
an acceptable internal consistency
(r =.785) for all 19 items. Test-retest reli-
ability was evaluated using a sample of
healthy women without breast cancer or
lymphedema (n = 35) with a 2-hour test-
retest interval. Findings revealed a high
degree of reliability (r = .98).°

Validity was confirmed through
application of the self-report symptom
tool in two samples to: (1) differentiate
healthy women and women with known
breast cancer lymphedema; and (2)
predict limb swelling in a sample of
breast cancer survivors with yet unde-
termined lymphedema.® Self-report of
swelling and heaviness was associated
with 2 cm or greater circumferential
differences between limbs among
those treated for breast cancer
(c = .952).%









