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ABSTRACT

We conducted a reliability comparison
study to determine the intrarater and
interrater reliability and the limits of
agreement of the volume estimated by
circumferential measurements using the
frustum sign method and the disk model
method, by water displacement volumetry,
and by infrared optoelectronic volumetry in
the assessment of upper limb lymphedema.
Thirty women with lymphedema following
axillary lymph node dissection surgery for
breast cancer surgery were enrolled. In
each patient, the volumes of the upper limbs
were estimated by three physical therapists
using circumference measurements, water
displacement and optoelectronic volumetry.
One of the physical therapists performed
each measure twice. Intraclass correlation
coefficients (ICCs), relative differences, and
limits of agreement were determined.
Intrarater and interrater reliability ICCs
ranged from 0.94 to 1. Intrarater relative
differences were 1.9% for the disk model
method, 3.2% for the frustum sign model

method, 2.9% for water displacement
volumetry, and 1.5% for optoelectronic
volumetry. Intrarater reliability was always
better than interrater, except for the
optoelectronic method. Intrarater and
interrater limits of agreement were
calculated for each technique. The disk
model method and optoelectronic volumetry
had better reliability than the frustum sign
method and water displacement volumetry,
which is usually considered to be the gold
standard. In terms of low-cost, simplicity,
and reliability, we recommend the disk
model method as the method of choice in
clinical practice. Since intrarater reliability
was always better than interrater reliability
(except for optoelectronic volumetry),
patients should therefore, ideally, always be
evaluated by the same therapist.
Additionally, the limits of agreement must
be taken into account when determining the
response of a patient to treatment. 
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The reported incidence of lymphedema
after breast cancer surgery ranges from 6%
to 30% (1). The extent of axillary operation
and exposure to axillary radiotherapy are
independent risk factors for the
development of lymphedema (2).
Lymphedema can cause heaviness,
discomfort, impaired function, subcutaneous
tissue infection, and an unsatisfactory
appearance. Lymphedema treatment
programs provided by physical therapists
are multimodal, including a combination of
manual lymphatic drainage, pneumatic
compression, bandaging, sleeve wearing,
and education (3,4). In our practice, we need
to use rapid, simple, non-invasive and
reliable measurement tools for
determination of the volume of upper limb
lymphedema (4,5). Currently, water
displacement volumetry is considered to be
the gold standard (6,7). Other commonly
used techniques include estimation of the
volume from measurements of the limb
circumference with tape, and infrared
optoelectronic volumetry (8). Skin
tonometry (9), bioelectrical impedance (10),
and computed tomography (11) have also
been proposed. There is no report in the
literature comparing the reliability of the
four most frequently used methods for the
assessment of upper limb volume. Specific
objectives of the study were: (1) to assess
the intrarater and interrater reliability of the
volume estimated from circumferential
measurements, water displacement
volumetry, and optoelectronic volumetry;
(2) to compare the intrarater and interrater
reliability of these different methods; (3)
and to determine the limits of agreement of
each method.

METHODS

Subjects

Thirty women with chronic arm

lymphedema secondary to unilateral breast
cancer treatment volunteered for the study.
The diagnostic criterion for lymphedema
was a clinically evident involvement of the
arm. All subjects were included from a
rehabilitation program provided in our
department including manual lymphatic
drainage, pneumatic compression, and
bandaging. Written informed consent was
obtained from all subjects and the study was
approved by the Ethics Committee of our
institution. Fifteen subjects had been treated
for breast cancer on the right side and 15 on
the left side. All subjects had undergone
axillary lymph node dissection, 27 had
undergone total mastectomy, and 3 partial
mastectomy. Eight subjects had undergone
chemotherapy and all but one had
previously had radiation therapy to the
breast and axillary nodes. Exclusion factors
were a continuing neoplastic process,
bilateral surgery, recent lymphangitis, and
brachial plexitis. Age ranged from 46 to 79
years (63 ± 9 years, mean ± SD), their body
height ranged from 152 to 176 cm (162 ± 6
cm) and their body weight ranged from 48
to 103 Kg (74 ± 12 Kg). The median delay
between surgery and appearance of
lymphedema was 28 months (interquartile
range: 12;64). The median delay between
the appearance of lymphedema and the
study was 126 months. The precipitating
factor was unknown in 20 cases (67%),
unusual effort in 4 cases (13%), both direct
trauma and reconstructive surgery in 2
cases, and lymphangitis and orthopedic
device in one case.

Measurement Procedures

All subjects were assessed on both
arms (lymphedema side and contralateral
side) at the beginning of the treatment. The
procedure used was similar to our clinical
practice. The evaluation of the arms
included measurement of their
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circumference with a tape, and volume
determination by water displacement
volumetry and by infrared optoelectronic
volumetry. Three physical therapists
performed all measurements in a random
order one after another on each patient.
There was no additional wait time between
the different examinations so volume should
not have changed between successive
measurements. The first therapist (PT1)
performed each measure twice while the
second (PT2) and third (PT3) performed
each measure once in order to limit the
duration of the experiment (the complete
procedure took approximately 1 hour). PT1
was an undergraduate physical therapist
student while PT2 and PT3 had experience
in lymphedema measurement of 8 and 15
years, respectively. Before starting the
study, the three physical therapists practiced
the techniques together but they worked
independently during the study. An
independent examiner collected the data for
statistical analysis.

Circumferential measurements

For circumferential measurements,
subjects were placed in a sitting position
with forearms pronated (Fig. 1). A plastic
tape measure with an accuracy of 1 mm was
placed around the arm, always in direct
contact with the skin but without excessive
pressure. Measurements of arm
circumference were made with the tape at
the level of the metacarpal shaft for the
hand, just below the ulnar styloid process
for the wrist, and every 5 cm along the arm
20 cm distal and 20 cm proximal to the
lateral epicondyle. The circumference was,
therefore, measured in 12 different places.
The marks were completely erased between
each measurement performed by a different
therapist. 

The volume of the arm was calculated
from the circumference measurements by

two methods. The simplest method is the
frustum sign model method (also called
single truncated cone method), which uses
physics to determine the volume of a
truncated cone. The application of this
formula involves measurement of only the
lower (c) and the upper (C) circumferences
of the arm. The circumferences chosen were
located at the wrist for the lower
circumference and 20 cm proximal to the
lateral epicondyle for the upper
circumference. The formula is V=h (C  + Cc2

+ c  )/12B, where h is the distance between2

the upper and lower circumference (15).
The second method is the disk model
method (also called summed truncated cone
method), which divides the arm into 10
disks with a height of 5 cm. The formula
considers the base of the first disk as the
circumference at the hand and subsequent
disks at 5 cm intervals until 20 cm above the
epicondyle. The volume is then calculated
as the sum of the individual disk volumes
using: V=G (C  h/4B), where C is the2

circumference of the disk and h is the height
of the disk (7). 

Water displacement volumetry

Water displacement volumetry was
performed with a volumetric device (Arm
Volumeter®, Volumeters Unlimited,
Phoenix, AZ 85032) filled with water at
20/C (Fig. 2). Subjects were seated and
instructed to put their arm vertically with
the elbow straight in the pronated position
into the cylinder, up to a dermographic skin
mark located 15 cm below the acromion.
The overflowing water was weighed with an
electronic balance (Philips HR 2385/A
Austria) which had an accuracy of 1 gr. We
chose to weigh the water instead of
measuring the volume of overflowing water
because volume determination with
graduated cylinders had lower accuracy (10
ml for a 250 ml graduated cylinder) than the
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electronic balance (accuracy of 1 gr). The
kilogram weight was converted to milliliters
using the standard conversion of 1kg = 1000
mL.

Infrared optoelectonic volumetry

The infrared optoelectronic volumetric
measurement was performed with a
commercially available device
(Volometer®, Bösl Medizintechnik,
Aachen, Germany). Subjects were seated
and instructed to put their arm horizontally
into the Volometer with the elbow straight
in the pronated position with the tip of the
middle finger placed down the device (Fig.
3). The Volometer consists of a horizontally
movable frame equipped with infrared light
emitters and receptors. The infra-red light
beams are interrupted by the introduction of
the arm into the frame. The shadow is
captured on the X and Y-axis. By moving
the frame along the long axis of the arm a
measure is automatically performed every
cm for a distance of 40 cm. The arm volume
is then calculated from these measures.

Data Analysis

The reliability of measurements was
studied using three methods. We computed
the intraclass correlation coefficient (ICC)
with 95% confidence interval in a two-way
random model (subject and measurement).
This parameter expresses the part of the
measurement variability that is due to the
subjects with respect to the total
measurement variability due to the subject
and the observer. We also computed the
difference between two measurements,
divided by their mean and multiplied by 100
to obtain what is called the relative
difference. The intrarater relative difference
is the difference between the two
measurements performed by physical
therapist PT1. The interrater relative

difference is the difference between the
measurements performed by physical
therapist PT2 and PT3. These pairs of
measurements were compared using the
Wilcoxon signed rank test, which was also
used to compare the intrarater and interrater
differences of the various methods. Lastly,
we determined the limits of agreement
according to Bland and Altman (12). These
values are estimated by the mean difference
(bias) ± two standard deviations of this
difference. They represent the limits of
reproducibility from the observed
experiments which are to be considered as
acceptable or not from a clinical viewpoint.
Statistical analysis was performed with
SPSS statistical software (SPSS Inc.,
Chicago, IL).

RESULTS

Table 1 lists the intrarater and
interrater intra-class correlation coefficients
(ICC), means and standard deviations of
relative differences, and limits of agreement
of the volumes estimated from
circumferential measurements by the
frustum sign and the disk model methods,
from water displacement volumetry, and
from optoelectronic volumetry. All
techniques had satisfactory ICC, ranging
from 0.937 to 0.997. The ICCs for intrarater
and interrater reliability for the frustum sign
method were 0.96 and 0.94, respectively.
The ICCs for the intrarater and interrater
reliability for the disc model method, water
displacement volumetry, and optoelectronic
volumetry were 0.99.The intrarater relative
differences for the frustum sign method (3.2
± 4.6%) and water displacement volumetry
(2.9 ± 2.9%) were greater than for the disk
model method (1.9 ± 2.9%) and
optoelectronic volumetry (1.5 ± 1.4%)
(p<0.001). The interrater relative
differences for the frustum sign method (4.8
± 3.2%) and water displacement volumetry
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(4.5 ± 3.8%) were greater than for the disk
model method (3.1 ± 2.2%) (p<0.001 and
p=0.003, respectively). The optoelectronic
volumetry had the lowest interrater relative
differences (1.7 ± 1.6%) (p<0.001). The
intrarater relative differences were lower
than interrater relative differences for the
volume estimated from circumferential
measurements (p<0.001) and for water
displacement volumetry (p<0.001) while
there was no significant difference for
optoelectronic volumetry (NS).The
intrarater limits of agreement of each
technique were smaller than the interrater
limits of agreement for all techniques except
optoelectronic volumetry. Table 2 lists the
limits of agreement of the intrarater and
interrater circumferential measurements at
each level.

DISCUSSION

Precise determination of the volume of
upper limb lymphedema has three important
goals. The first is the early diagnosis of
lymphedema enabling appropriate treatment
before clinically significant lymphedema
develops. All women who receive axillary
lymph node dissection in the management of
breast cancer are at increased risk of
developing lymphedema and should be
referred to a physical therapist experienced
in lymphedema measurement in order to
provide proper assessment and adequate
information about lymphedema. This is of
importance as we know that delayed
intervention in reducing lymphedema may
result in poor functional outcomes. The
second goal is to follow the volumetric
evolution of the lymphedema and monitor
the effects of treatment. Many therapeutic
modalities such as manual lymphatic
drainage, pneumatic compression or
bandaging are effective in reducing the
volume of upper limb lymphedema but
individual responses to these different

treatments are often variable and largely
unpredictable. Precise knowledge of the
volume decrease subsequent to a given
treatment (lymphatic drainage or
compression for instance) may help to
determine the most effective treatment for
each patient in order to propose individual
programs based on the objective results
obtained by previous treatments. The last
goal is to facilitate comparison of different
treatments and methods applied to a large
population of patients in order to objectively
compare them.

The studies which have dealt with the
reliability of the different methods for
measurement of upper limb lymphedema
after breast cancer surgery were performed
to evaluate whether water displacement
volumetry, considered by some authors to
be the “gold standard,” could be replaced by
volume estimated from circumference
measurements (6,13-15). The authors
reported good correlation coefficients
varying from 0.93 to 0.99 for comparisons
of water displacement volumetry and the
frustum sign and disk model method
(6,13,14). A high correlation coefficient
between two methods indicates that the
volumes determined by these methods will
change in the same direction with both
methods. However, even if the correlation
coefficients are high, there can be
considerable discrepancy between methods
(7). By determining the limits of agreement
between two methods, all authors concluded
that calculated and volumetric
measurements are both reliable and closely
related but do not agree with each other, and
thus should not be used interchangeably
(6,13,14,16). Sander et al even concluded
that such an analysis cannot indicate which
method is preferable (13).The term “gold
standard” is, moreover, largely
inappropriate as in practice the water
displacement volumetry does not give the
exact volume of the limb (although the best
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method for “true” volume). The validity of
the different methods for the measurement
of upper limb lymphedema has to be
estimated by comparing each of these
methods with the exact volume, not with
one of the methods whatever its supposed
performance. Thus, we have restricted our
study to the assessment of the reliability of
the different methods and not to the
determination of the validity, which is
necessarily biased by confounding a
supposed gold standard with the reality. The
aim of our study was, thus, not to compare
the volume determined by different methods
nor to determine whether one method can be
replaced by another for volume
determination, but to compare the reliability
(by means of the relative differences) and to
determine the limits of agreement of the
different methods available for the
measurement of upper limb lymphedema
after breast cancer treatment. We found
good intrarater and interrater reliability for
the different methods with ICCs ranging
from 0.99 to 1. Only the frustum sign
method had lower reliability with ICCs
ranging from 0.94 to 0.96. Such results are
consistent with previous studies, which
report ICCs ranging from 0.96 to 0.99 (6,13-
17). Based on the ICC results, Sander et al
support the premise that different therapists
can reliably obtain the measurements if they
train together with an established protocol.
However, even if ICCs are high, intrarater
and interrater reliability expressed by means
of the relative differences can reveal
significant variation ranging from 1.5 ±
1.4% to 4.8 ± 3.2%. By comparing the
reliability of the different methods, we
found that the intrarater reliability was
always better than the interrater reliability
except for optoelectronic volumetry, which
had similar intrarater and interrater
reliability. The better intrarater than
interrater reliability is reinforced by the fact
that the intrarater reliability was calculated

from the measurements performed by an
undergraduate physical therapist student
with only limited experience in the methods
while the interrater reliability was
calculated from the measurements of the
two very experienced physical therapists
who had worked for 8 and 15 years,
respectively, in our lymphedema unit.
Therefore, except for optoelectronic
volumetry, we argue that ideally a patient
should always be evaluated by the same
therapist even if he/she has limited
experience. The intrarater reliability was
significantly better with optoelectronic
volumetry (1.5 ± 1.4%) and the disk model
method (1.9 ± 2.9%) than with water
displacement volumetry (2.9 ± 2.9%) and
the frustum sign method (3.2 ± 4.6%).

Thus, we propose the disk model
method as the best method to assess upper
limb lymphedema in routine office practice
especially when performed by the same
therapist. Girth measurement is a simple and
low cost technique that can be used
irrespective of skin condition and requires
minimal technology. Only a tape and a
personal computer are needed for volume
determination from circumferential
measurements (and the calculations can
even be done by hand if necessary). It took
approximately 10 minutes to perform
bilateral evaluation of the upper limbs.
Furthermore, circumferential measurements
provide interesting segmental information
on the location and extent of lymphedema.
Indeed, volume determination, whatever the
method used, gives a global assessment of
the upper arm. Circumferential
measurements, without volume calculation,
are often the most concrete way of
identifying the location of a lymphedema in
the upper limb and of assessing the effects
of treatment on each part of it. Technical
limitations, which may induce variability in
the measures, are differences in traction
applied on the tape, in positioning of the
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tape, and in landmark location. The infrared
optoelectronic volumetry has the best
reliability and is the only method that
provided no difference between intrarater
and interrater reliability suggesting that
different therapists can use it on the same
patient. It is also the quickest method, taking
only a few seconds, provides segmental
information (every centimeter), and can be
used when skin lesions are present. The
main limitation of the device is that the
measurement, performed only to a height of
40 cm, provides no information about
lymphedema located above the elbow. The
cost of the device limits its use to
specialized centers and clinical trials.

Water displacement volumetry is
considered by many authors as the best
method for volume measurement of the
lower and upper limbs (6,7). All the studies
undertaken to compare the volume
determined by different techniques have
used water volumetry as reference.
Recently, some authors have raised doubts
regarding the reliability of water
displacement volumetry. Sander et al
reported that other methods than water
displacement volumetry had smaller
measurement errors for both the arm and the
hand (13). We found that water
displacement volumetry provided lower
intrarater and interrater reliability than the
disk model method and optoelectronic
volumetry and that interrater reliability was
lower than intrarater reliability. Such poor
reliability can be explained by the fact that
our study was conducted in a clinical
situation where time is an issue, that
positioning the upper limb strictly vertically
in the device can be difficult, and that water
may not be correctly collected and weighed.
In addition, water displacement volumetry
cannot be used where there are skin lesions
and is not suitable in patients in the
immediate postoperative period. There is
also a risk of cross infection if the system is

not sterilized between patients at risk.
Changing or refilling the water and allowing
time for it to equilibrate also makes the
technique time consuming. 

In contrast with previous studies, we
did not use the limits of agreements to
determine the level of agreement between
two measurements methods but to determine
the clinical significance of variation of a
given method as initially developed by
Bland and Altman (12). Indeed, determining
the limits of agreement of a measurement
method is the only way to answer this
critical question: “How can we be sure that
changes in measure observed on a given
patient are due to the treatment and not to an
error in the measure caused by an
inappropriate method or usage?” The
intrarater and interrater limits of agreement
of each technique (Table 2) must be taken
into account before determining the
response of a patient to treatment. The
limits of agreement of the intrarater and
interrater circumferential measurements at
each level were approximately ± 1 cm for
the hand and ± 2 cm for the forearm and
arm. So we can be certain that modifications
of the circumference are due to the
treatment only if they are greater than 1 cm
for the hand and 2 cm for the forearm and
arm. In conclusion, we have demonstrated
that intrarater reliability is usually better
than interrater reliability for the different
methods used in volume determination of
the upper limb lymphedema. Therefore,
ideally, a patient should always be evaluated
by the same therapist. By comparing the
reliability of the different methods, we have
shown that the disk model method and
optoelectronic volumetry are the most
reliable methods. In view of its low cost and
simplicity, we recommend the disk model
method should be used in clinical practice.

CLINICAL MESSAGES
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1) Compared to water displacement
volumetry, the circumferential
measurement has better reliability.
This simple and low cost technique
should be considered as the method for
lymphedema measurement in clinical
practice.

2) Ideally, a patient should always be
evaluated by the same therapist even if
the latter has limited experience.
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