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Rogério Mendonca de Carvalho, Maria del Carmen Janerio Perez,
Fausto Miranda Jr

Background. Traditional volumetry based on Archimedes’ principle is the gold
standard for the measurement of limb volume, but the routine use of this technique
is discouraged because of several disadvantages.

Objective. The purpose of this study was to evaluate intraobserver and inter-
observer reliability of direct measurements of wrist-hand volume using a new com-
municating vessels volumeter based on Pascal’s law.

Design. A reliability study was conducted.

Methods. To evaluate the reliability of the communicating vessels volumeter in
generating measurements, 30 hands of 15 participants (9 women, 6 men) were
measured 3 times each by 3 observers, totaling 270 volumetric results.

Results. Measurement time was short (X�3 minutes 42 seconds). The intraclass
correlation coefficient (ICC) was .9977 for observer 1 and .9976 for observers 2 and
3. The interobserver ICC was .9998. The standard error of measurement was about
3 mL for all observers; the interobserver result was 1 mL. The interrater coefficient
of variance (CV) was 1.15% for the series of 9 measurements collected for each
segment; the intrarater CV was 1.20%.

Limitations. No swollen hands were measured, and measurements were not
compared with the gold standard technique. Thus, accuracy of the new volumeter
was not determined in this study.

Conclusion. A new device has been developed for plethysmography of the
extremities, and the results of its use to measure the volume of the wrist-hand
segment were reliable in both intraobserver and interobserver analyses.
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Hand volume measurements are
particularly useful for patients
with burns, rheumatoid arthri-

tis, or generalized lymphedema, or
after mastectomy, soft tissue injury,
or surgery.1 Also, hand volumetry
can be used for patients with trau-
matic lesions, edemas, deformities,
or anomalies. When persistent, hand
edema may slow the recovery pro-
cess and can be associated with dif-
ferent comorbidities. Moreover, it
may produce a state of functional
incapacity by limiting muscular elas-
ticity, decreasing the articular range
of motion, shortening the aponeuro-
sis, or even leading to tissue necro-
sis. This situation requires early
detection and systematic monitoring
and control so that treatment
approaches can be reviewed and
undesirable consequences avoided.2

Several measurement techniques can
be used in hand therapy (eg, circum-
ference measurements,3–5 the figure-
of-eight method,6,7 volumetry,1,8,9

bioelectrical impedance,10–13 com-
puter programs1 that record the mea-
surements). Use of the Perometer
( Juzo, Wuppertal, Germany) recently
has been suggested as a simple and
quick alternative method for measur-
ing limb volume. It is an optoelec-
tronic imaging device that has been
designed specifically for measuring
limb volume, circumference, con-
tour, and cross-sectional area.8 How-
ever, perometry measurement is
based on the assumption of a circular
or elliptical cross-section. The hand
cannot be reliably measured because
it deviates markedly from the circle
or ellipse in cross-section. Other
drawbacks of the device are its rela-
tively high cost and large size, which
hinder measurement outside the
clinic and preclude bedside use.14–16

In relation to the traditional overflow
method, the design of most volume-
ters, in which the outflow spout is
located below the top,5 makes it dif-
ficult to immerse the hand so that
the water level aligns with the line

drawn at the wrist.1 Indeed, the
major reason for not including hand
volume as part of routine assess-
ments is the absence of a readily
available and clinically feasible
method to estimate hand volume.
Thus, there is a clear need for an
alternate method of estimating hand
volume.4

A new device, called the “communi-
cating vessels volumeter” (CVV), has
been developed for use in plethys-
mography.17 Its operation is based
on Pascal’s law and the hydrostatic
paradox (Stevin’s law), which asso-
ciates pressures to water columns
of different surfaces. The design and
physical principles involved in its
development, in theory, may elimi-
nate all the inhibiting factors of
the traditional water displacement
method. The technical features of
the CVV have already been pre-
sented in a previous publication17;
therefore, the hypothesis tested in
this study was that the new device
would generate reliable intra-
observer and interobserver measure-
ments of the volumes of wrist-hand
segments evaluated.

The purpose of this study was to
evaluate intraobserver and inter-
observer reliability of preliminary
measurements of wrist-hand volume
using a small-scale prototype of a
novel CVV.

Materials and Method
Participants
Screening interviews and physical
examinations with a physical thera-
pist were conducted for the selec-
tion of the population of volunteers
according to the inclusion and exclu-
sion criteria. Individuals who were
aged 18 to 60 years, had a body mass
index below 30 kg/m2, were in good
health on the day of evaluations,
and agreed to participate were
included in the study. Individuals
who were using corticosteroids or
had cardiac insufficiency, any type

of lymphedema in any part of the
body, kidney insufficiency or any
other problem that might affect cir-
culation or blood pressure (not con-
trolled with medication), moderate
to severe mycosis of the fingernails
or interdigital spaces of the hands,
rheumatic or chronic inflammatory
disease that could affect the acral
joints, infection, or latex allergy
were excluded.

Fifteen people (9 women and 6 men)
were selected as study participants,
and 30 nonedematous hands were
evaluated 9 times each: 3 observers
measured each wrist-hand segment 3
times, which generated 270 volume
measurements for the study. The
participants’ ages ranged from 20
to 47 years (X�26, SD�6.9). Their
height ranged from 1.55 to 1.73 m
(X�1.63, SD�0.06) for women
and from 1.69 to 1.81 m (X�1.73,
SD�0.05) for men. Their weight
ranged from 49 to 66 kg (X�58.6,
SD�6.1) for women and from 80 to
93 kg (X�83.8, SD�5.1) for men.
Body mass index ranged from 19.57
to 24.24 kg/m2 (X�21.82, SD�1.59)
for women and from 24.42 to 29.76
kg/m2 (X�27.88, SD�1.88) for men.
All participants were right-handed.
All volunteers agreed to participate
in the study and signed an informed
consent statement approved by the
Ethics in Research Committee of the
Federal University of São Paulo.

Three observers were invited to par-
ticipate: 2 physical therapists and a
third-year undergraduate physical
therapist student, all with no previ-
ous personal or academic connec-
tions with this study or the work of
the main author. All observers were
trained to become familiar with the
procedure at 2 time points: 2 days
before the study and 1 hour before
the beginning of the measurements
on each of the 2 examination days.
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Procedure
A glass prototype of the CVV, made
to order (Hermex Indústria e Comér-
cio de Artigos de Vidro para Labo-
ratório Ltda, São Paulo, Brazil)
according to the technical design of
the patent seekers, was used for this
study. It is composed of 3 communi-
cating vessels: an immersion cham-
ber for the segment, a volumetric
column, and a balloon for the suc-
tion of air residues. The components
formed a hermetic system for the
evaluation of the segment, which
was protected by a glove to be
attached to the immersion basin; the
opening to introduce the hand then
was sealed.

Two rings manufactured from poly-
vinyl chloride (PVC) and acrylic, one
chamfered for the fixation of the
border of the glove and the other to
restrict the upper expansion of the
glove, were used as coupling devices
at the upper edge of the immersion
basin. A cylindrical device manufac-
tured in aluminum with an upper
winding platform elevating to 5.5 cm
from the bottom of the immersion
basin was fixed to the inside of this
base with adhesive foam to serve as a
baseline reference to limit the sub-
mersion of the wrist-hand segment.
Sterilized surgical gloves (New Hand,
Lemgruber, Avenida das Américas,
Rio de Janeiro, Brazil) were used as
the interface between the segment
evaluated and the water in the
immersion basin. To standardize the
volume added by the gloves, all vol-
unteers wore #8.0 gloves (medium
large) regardless of the size of the
hands examined. An analogical sub-
mersible thermometer was fixed
with a suction cup to the internal
wall of the immersion basin to mon-
itor water temperature during the tri-
als. The vacuum source was a 70-W
portable tracheal aspirator (Aspira-
max, NS Indústria de Aparelhos
Médicos Ltda, São Paulo, Brazil) for
home use. A level was used on the
table where the volumeter was

placed during the tests to ensure the
horizontal position of the hydrostatic
levels. To record the ending time for
each measurement, a large digital
clock was fixed on the wall above
the table where the volumeter was
placed. The water inside the immer-
sion basin was kept within the ther-
mal interval defined by Boland and
Adams18 by using a portable electri-
cal heater.

All of the 270 evaluations were per-
formed on 2 days. Four volunteers
(3 women and 1 man) were evalu-
ated on the first day, and the other
11 (6 women and 5 men) were eval-
uated on the second day. All mea-
surements were made in the order
of volunteer arrival. The volunteers
were previously instructed not to ask
the evaluators about the volume of
their hands during or after examina-
tion, to keep their gaze fixed ahead
during evaluations, and not to look at
the volumetric column. The observ-
ers were trained to perform the mea-
surements, and each session con-
sisted of 1 measurement for each
observer for each wrist-hand seg-
ment (right and left) for the same
volunteer.

At the beginning of the evaluation,
the volunteer was placed in an ortho-
static position next to the volumeter,
without any accessories such as
watches, bracelets, or rings on their
hands, wrists, or fingers. The
observer asked the volunteer to put
the #8.0 sterile glove on the hand
under examination. The baseline
reference for all measurements was
7 cm.

At this point, the observer asked the
volunteer to submerse the segment
partially so that the edge of the glove
could be fixed into the chamfer in
the fixation ring previously con-
nected to the upper edge of the
immersion basin. The edge ring with
its acrylic blades open then was cou-
pled to the upper edge of the larger

cylinder over the glove and above
the fixation ring. The air remaining
between the glove and the basin
water was removed by activating the
vacuum generator connected to the
top of the spherical balloon by a
latex tube.

The wrist-hand segment was sub-
mersed until the distal extremity of
the third finger touched the center
of the upper platform of the baseline
reference. Figure 1 illustrates the
process of immersion of the hand
into the device filled with water and
removal of residual air using a tra-
cheal aspirator. Volume was read
always in the same order: first
observer 1, then observer 2, and
finally observer 3.

Between measurements of the same
wrist-hand segment by observers 1
and 2 and by observers 2 and 3, the
volunteers were asked to pull the
hand up to the upper edge of the
immersion basin and then move it
back slowly to submerse it to the
same baseline reference position and
resume the same process from the
“zero” point of evaluation.

Data Analysis
The sample size of 15 participants
was determined according to the
total number of samples used in
major studies that calculated reliabil-
ity for traditional water displacement
plethysmography.9,19–21 Demographic
data and descriptive measurements
are presented as mean and standard
deviation. The standard error of mea-
surement (SEM)22 was determined
for later comparisons of variables (in
milliliters). A graph for the results
of measurements was built accord-
ing to volume (and its respective
means) collected by each observer
from each wrist-hand segment per
participant.

A mixed linear model23,24 was
applied to test method reliability,
taking into account logarithmic
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transformation of the data and inter-
ference from other variables
(observer, repetition, sex, side, time,
temperature, and sex-side inter-
action). In this model, the logarithm
of volume was used to stabilize vari-
ance and minimize data asymmetry
because volume measurements are
positive variables and follow gamma
distribution.25 Heteroscedasticity
was tested after logarithmic transfor-

mation. All other reliability calcula-
tions—SEM, intraclass correlation
coefficient (ICC), and coefficient of
variance (CV)—were performed
based on nonlogarithmic measure-
ment values (ie, expressed as
milliliters).

Intrarater reliability. The 2-way
mixed-effects model of the ICC was
used to measure intraobserver reli-

ability (intrarater ICC). Values closer
to 1 indicate better results. Intrarater
reliability also was analyzed accord-
ing to percentage CV, namely standard
deviation of the mean (intrarater
CV%). Differences in measurements
between volunteers for the same
observer, under this perspective,
were classified as a group (observer
1 group, observer 2 group, and
observer 3 group). The intrarater
CV% of the 3 measurements made
by each observer was calculated for
each of the 30 segments, and means
of results represented the intrarater
CV% generated by the tests con-
ducted by the same observer.

Interrater reliability. The ICC also
was used to measure interobserver
reliability (interrater ICC). Interrater
CV% was calculated for each wrist-
hand segment of each participant.
The standard deviation of all vol-
umes calculated for the same seg-
ment divided by the mean of these
measurements represented the inter-
rater CV% values found in the device
tests.

Results
The length of the first tests ranged
from 1 to 7 minutes (X�3 minutes
42 seconds, SD�1 minute 18 sec-
onds) from the end of the preceding
procedure to the reading of the value
on the volumeter column during the
current measurement. This calcula-
tion also took into consideration the
time to tare the device, the time to
prepare the participant to put on the
glove and to adjust the glove to the
edge of the basin, and the time for
the suction of the remaining air
between the glove and the water
with the aspirator and the waiting
time to reestablish the hydrostatic
balance among the 3 communicating
vessels. The duration of the proce-
dures that did not require taring or
preparation, in which time was
recorded from the end of the preced-
ing procedure to the reading of the
volumetric column during the cur-

Figure 1.
Set of photographs displaying the hand inside the communicating vessels volumeter
(CVV) filled with water: (A) introduction of the hand into the immersion basin, with the
edge of the glove fixed into the chamfer in the fixation ring (note the upper expansion
of the glove, because the edge ring has not yet been positioned); (B) positioning of the
edge ring with its acrylic blades open prior to the complete submersion of the hand;
(C) appearance of the glove before removal of residual air (note the unevenness of the
glove); (D) process of suction of residual air; and (E) a close-fitting glove after removal
of residual air (one ring was deliberately left on the third finger to better illustrate the
phenomenon).
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rent procedure, ranged from 0.5 to
2 minutes (X�42 seconds, SD�18
seconds).

Hydrostatic level was low (300 mL)
for 8 volunteers, medium (350–400
mL) for 5, and high (450 mL) for 2. In
all 15 volunteers, hydrostatic level
was the same for the 2 sides of each
volunteer. Two attempts at measur-
ing the correct hydrostatic level
were necessary only for the right

hands of 2 volunteers on the first
evaluation day. For all other seg-
ments, correct hydrostatic levels
were achieved in the first attempt.
Minimum water temperature during
trials was 24°C, and maximum
temperature was 28°C (X�26.1,
SD�1.1).

Baseline references were set at 7 cm
for all participants except 1 volun-
teer, for whom the baseline refer-

ence was 5.5 cm. For this partici-
pant, the water level of the
volumetric column did not reach the
graded scale when the baseline ref-
erence of 7 cm was used, even at a
hydrostatic level of 300 mL, which
showed that the volume of each of
her hands was below 300 mL. The
smallest value measured was 300
mL, and the largest value measured
was 512 mL (X�374, SD�62). The
Table shows intraobserver and inter-
observer mean measurement values,
standard deviations, intrarater and
interrater CV% values, and SEM val-
ues according to the unit of volumet-
ric measurement.

The ICCs at a 95% confidence inter-
val (95% CI) calculated by the
intrarater analysis were .9977 for
observer 1 and .9976 for both
observers 2 and 3. The interrater ICC
was .9998.

Figure 2 is a scatter plot graph show-
ing the participant number (1–15)
(on the x-axis) and the volume mea-

Table.
Mean Values (SD) and Intraobserver and Interobserver Values According to Percent
Coefficient of Variation (%CV) and Standard Error of Measurement (SEM)

Variable

Observer

1 2 3

Trial 1 volume, mL 372 (60) 373 (60) 373 (60)

Trial 2 volume, mL 374 (64) 373 (64) 374 (64)

Trial 3 volume, mL 375 (65) 375 (65) 375 (66)

Trials 1–3 volume, mL 374 (62) 374 (62) 374 (63)

Mean standard deviation within each
participant over all 3 trials (within
each observer), mL

4 4 4

Intrarater CV%/SEM, mL 1.19/3 1.20/3 1.20/3

Interrater CV%/SEM, mL 1.15/1

Figure 2.
Volume measurements for each participant by observer (3 measurements per hand). Each measurement is represented by an “X,”
and mean measurement values from the same participant by observer are represented by an “O” (bold circle) (generated in R
environment, R free statistical software, available at http://www.r-project.org).
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sured by each observer (on the
y-axis) of both wrist-hand segments
(total of 6 measurements, 3 on each
side) of each volunteer.

The application of the mixed linear
model revealed no differences
among the means for the observers
or among repetitions when P�.05.
The calculation of heteroscedasticity
showed that the sets of volumetric
measurement logarithms in this
study were nonheteroscedastic (ie,
their variances were statistically
equal).

Discussion
The CVV is a device whose operating
principles are intended to overcome
technical disadvantages related to
the clinical applicability of volume-
try, and the intrarater and interrater
reliability results, standard devia-
tions, and SEM values for CVV
obtained in this study were compa-
rable to those previously reported in
the literature for hand volumetry
using the overflow method.2,6,8,21,24

The ICC for a 95% CI was signifi-
cant26 for both intrarater and interra-
ter analyses. Interrater ICC is one of
the grounds for criticism of water
displacement volumeters, being
lower than that for intrarater analysis
according to Deltombe et al.27 The
clinical relevance of this fact lies in
the need to develop measurement
methods that are less dependent on
the rater, ideally allowing different
observers to obtain very similar val-
ues for the same hand evaluated.
Thus, patients with altered hand vol-
ume could have similar prognoses
and readings of treatment outcomes,
regardless of the attending health
professional. For the CVV under
study here, interrater ICC was high
and as statistically significant as the
individual ICC. Interrater ICC was
numerically greater than intrarater
ICC, which may reflect changes
occurring over time in the volume of
the segment evaluated due to situa-

tions such as the participant’s rest-
ing position between measurement
sessions. As previously reported by
some authors, volume normally var-
ies over time, increasing in hands
that are resting in favor of gravity
at the intervals between assess-
ments.18,28,29 This phenomenon
should be considered in future stud-
ies, and its impact may be minimized
by standardizing a resting position
between assessments that supports
the segment under evaluation
against gravity.

In a study9 in which the volume of
30 nonedematous hands was mea-
sured using the overflow method by
3 clinicians with 3 to 8 years of expe-
rience in hand volumetry, without a
standardized protocol, and the find-
ings compared with the measure-
ments of 30 nonedematous hands
by 3 undergraduates with minimal
knowledge of hand volumetry but
using a standardized protocol, SEM
and intrarater and interrater ICC
results were more consistent in the
undergraduate group. In the present
study, which also used raters inexpe-
rienced in the method under study
and an assessment protocol and
guidelines, SEM and intrarater and
interrater ICC results were consis-
tent with those of the group using a
standardized protocol in the study by
Farrell et al.9 Once the CVV begins to
be used as a valid alternative to con-
ventional methods in clinical prac-
tice, future research might elucidate
whether experience will eliminate
the use of strict standardization in
assessment protocols to produce
reliable measures.

Other authors,6,29 who did not per-
form a third measurement (retest) or
used only control hands in larger
samples,2 found higher SEM values
and numerically lower ICC values
for the overflow method than those
reported for the CVV in this study.
These findings probably were due to
the fact that, in larger samples, sta-

tistical tests become more sensitive
to volumetric differences of the
method under analysis and to the
need for a third measurement when
a more accurate analysis of test reli-
ability is desired.

The international standard to evalu-
ate the reliability of anthropometric
measurements recommends that 3
nonconsecutive measurements should
be made by 3 different observers.30

This standard, used in the present
research, has been reported as
acceptable for the validation of mea-
surements in other hand volumetry
trials5,9 and should be adopted in
future studies that analyze agree-
ment and accuracy between the CVV
and the overflow method.

Good reliability in similar samples
also was found for hand circumfer-
ence measurements6,24 using the
figure-of-eight method, a technique
as inexpensive as the price of a
tape measure, which involves a
1-dimensional measurement of the
segment under evaluation. Accord-
ing to Pellechia,6 the figure-of-eight
method is more time-efficient than
the gold standard of volumetry. The
tape measure method requires less
than 1 minute, whereas volumetry
takes several minutes to be com-
pleted. However, hand circumfer-
ence measurements, although more
time-efficient and requiring less
equipment, have not always pro-
duced acceptable intraobserver and
interobserver reliability results.7

Evaluation times using the CVV were
shorter than those reported for tra-
ditional volumetry (about 10 min-
utes) and close to those found for
circumferential measurements.2,6,7

The short time needed for this tech-
nique was attributed, mostly, to the
fact that observers did not have to
worry about possible water losses
due to abrupt flow and did not need
to ensure slow immersion of the seg-
ment until the liquid stabilized, as
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recommended for the overflow
method.1,3,4,8,21,28,31,32 Therefore, the
hermetic CVV system allows the
relatively quick introduction of the
hand in the immersion basin and
immediate volumetric reading
because the displaced liquid does
not have to be transferred to other
containers.

The glove protected the hand of vol-
unteers from direct contact with
water,33,34 a factor that may favor the
indication of the method for seg-
ments with open or dressed wounds
and venous ulcers.4 Moreover, the
technique does not require constant
replenishments between assess-
ments, as in the case of overflow
methods.35 The CVV method was
considered to be hygienic, without
water loss between assessments, as
reported for the traditional water
displacement method.36,37 Initial
instructions for its use were easy to
follow and did not cause any embar-
rassment to the participants or
observers. In addition, the glove pro-
vided a potential safeguard against
cross-transmission of infections.31

In this study, intrarater and interrater
CV% also showed low results. The
low variability of intrarater measure-
ments is well illustrated in Figure 2,
with the volume of both hands of
each volunteer close to the mean
value (slightly greater or less than,
depending on which side was evalu-
ated). Likewise, the nearly specular
heights of the points plotted for each
volunteer across the 3 graphs in
Figure 2 suggest very close interrater
measurements. Another study27

showed that intrarater CV% was sig-
nificantly lower for optoelectronic
volumetry (1.5%) and the disk model
method (1.9%) than for water dis-
placement volumetry (2.9%) and the
frustum sign method (3.2%). The
interrater CV% values were 1.7%,
3.1%, 4.5%, and 4.8%, respectively,
for these methods. A recent study2

using overflow measurements of 200

nonedematous hands demonstrated
an interrater CV% of 17.65%. The
principle of indirect measurement,
inherent in all methods, may explain
the greater intraobserver variance
values, as measurements strongly
depend on the observer, except in
optoelectronic volumetry.

The results of the mixed linear
model, with log-transformed mea-
surement values, confirmed that
there were no statistically significant
differences at P�.05 among the
repeated measurements by each
observer or among the measure-
ments made by different observers.
These results indicate that CVV is
a potentially reliable technique for
hand volume measurement, although
further tests with edematous hands
should be conducted to confirm its
applicability as a safe option in clin-
ical practice.

In this study, the water temperatures
used in the tests did not affect the
volume of segments measured.5–9,18

Furthermore, the ages of the 15 par-
ticipants with nonedematous hands
were similar to those in other trials
analyzing the reliability of volumet-
ric measurements.2,6,7,9

The resolution of our CVV prototype
was �1 mL. Devices that combine
weighing of the immersion system1

may ensure better resolutions at
�0.01 g, a value that a volumetric
column would achieve only if it were
imponderably high and thin, and its
design and manufacturing would be
infeasible due to its extreme fragil-
ity. In addition, the hybrid device is
significantly more expensive than a
typical volumetry set, which can be
purchased for a few hundred dollars.
A complete, commercially available
system to weigh displaced volume
may cost about US$2,400, which
is much less than the price of an
optoelectronic Perometer (about
US$50,000),1,20 but more than that
of a CVV, whose cost for this study,

which included its individualized
manufacturing out of large-scale pro-
duction, was about US$700.

Open systems require that the
immersion basin be replen-
ished1–9,15,16,18–21,27,31,33–41 for the
measurements of the same segment
by different observers. In the case of
the CVV, however, water does not
flow out, but rather goes up in the
graded column. Volumetric readings
in the CVV are provided immediately
and for each portion of the
immersed segment, which is similar
to what occurs in a scale to measure
body mass. Therefore, it is even pos-
sible to assess, in the same proce-
dure and while the system is hermet-
ically closed, 2 different portions of
the same limb.

A new technique for limb volume
measurement has been developed
using laser scanning technology.16 It
provides volume calculations for any
and all segments of the scanned
limb. This instrument calculates the
volumes from the data generated by
the readings of the 3-dimensional
topography of the scanned surface,
which creates a digital model of the
scanned object. According to its
developers, the comparison of laser
scan volumes proved to be extremely
accurate when measuring objects of
known volume. In addition, compar-
isons of laser scan measurements
with water displacement measure-
ments of objects of unknown vol-
ume suggest superior reliability.
They also reported that water dis-
placement consistently underesti-
mates volume at errors that increase
as the object volume increases. How-
ever, the high cost and long evalua-
tion times (5–10 minutes per limb,
from stabilization to assessment)16

are factors that discourage the use of
laser scanning on a routine basis.

Deltombe et al27 stated that the
assessment of reliability should be
the first priority because determina-
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tion of validity is necessarily biased
by confounding a supposed gold
standard with the reality and in prac-
tice the overflowing volumetry does
not give the exact volume of the
limb. In strictly technical terms, the
CVV is the first volumeter that uses a
truly direct technique to measure
human extremities by applying Pas-
cal’s principle to Archimedes’ law.
Optoelectronic perometry8,14,15 and
laser scanning16 involve computer-
based algorithm calculations for seg-
ment scanning, and circumferential
measurements3–5,27,31,38,40,42 demand
the use of mathematical formulas to
convert 1-dimensional measures into
volume units. Likewise, overflowing
is not a direct measurement tech-
nique (because it requires moving
the displaced contents into other
containers or weighing the over-
flow contents to obtain equivalent
mass units), nor a dynamic method
(because the final volume does not
match the time of immersion).34 In
view of the foregoing, we agree with
Deltombe et al27 that reliability
assessment is of paramount impor-
tance, especially in this study, which
is the first to report the findings of
the CVV. However, we acknowledge
the limitation of the measurements
presented here because the limits of
agreement of the CVV with the gold
standard were not determined and
the accuracy of the new method was
not assessed by comparison of hand
volumes against objects of known
volume (“phantoms”). In addition, it
is important that future research
evaluating the new method take into
account the assessment of swollen
hands and the device’s ability to
detect changes in volume.

Two conclusions can be drawn
based on this study. The intra-
observer and interobserver rates for
a new device for volume measure-
ment of extremities (ie, CVV), built
for the evaluation of the wrist-hand
segment, showed no significant dif-
ferences in reliability. Also, the anal-

ysis, alone or in combination, of
time, temperature, sex, side of the
wrist-hand segment, and interaction
between sex and side of segment
did not reveal any statistical differ-
ences between intraobserver or
interobserver measurements.
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teção Intelectual (NUPI), Paulista School of
Medicine, Federal University of São Paulo
(UNIFESP), funded the preparation of the
patent request for the Communicating
Vessels Volumeter, filed under number PI
0502899-0.

DOI: 10.2522/ptj.20110169

References
1 Hughes S, Lau J. A technique for fast and

accurate measurement of hand volumes
using Archimedes’ principle. Australas
Phys Eng Sci Med. 2008;31:56–59.

2 Ribeiro RCB, Lima SMPF, Carreira ACG,
et al. Inter-tester reliability assessment of
the volumetric measurement of the hand
in subjects without any changes in their
upper extremities. Acta Fisiatr. 2010;17:
3–7.

3 Sander AP, Hajer NM, Hemenway K, Miller
AC. Upper-extremity volume measure-
ments in women with lymphedema: a
comparison of measurements obtained via
water displacement with geometrically
determined volume. Phys Ther. 2002;82:
1201–1212.

4 Mayrovitz HN, Sims N, Hill CJ, et al. Hand
volume estimates based on a geometric
algorithm in comparison to water dis-
placement. Lymphology. 2006;39:95–103.

5 Karges JR, Mark BE, Stikeleather SJ, Wor-
rell TW. Concurrent validity of upper-
extremity volume estimates: comparison
of calculated volume derived from girth
measurements and water displacement
volume. Phys Ther. 2003;83:134–145.

6 Pellechia GL. Figure-of-eight method of
measuring hand size: reliability and con-
current validity. J Hand Ther. 2003;16:
300–304.

7 Maihafer GC, Llewellyn MA, Pillar WJ Jr,
et al. A comparison of the figure-of-eight
method and water volumetry in measure-
ment of hand and wrist size. J Hand Ther.
2003;16:305–310.

8 Lee MJ, Boland RA, Czerniec S, Kilbreath
SL. Reliability and concurrent validity of
the Perometer for measuring hand volume
in women with and without lymphedema.
Lymphat Res Biol. 2011;9:13–18.

9 Farrell K, Johnson A, Duncan H, et al. The
intertester and intratester reliability of
hand volumetrics. J Hand Ther. 2003;16:
292–299.

10 Mikes DM, Cha BA, Dym CL, et al. Bio-
electrical impedance analysis revisited.
Lymphology. 1999;32:157–165.

11 Cornish BH, Thomas BJ, Ward LC, et al. A
new technique for the quantification of
peripheral edema with application in both
unilateral and bilateral cases. Angiology.
2002;53:41–47.

12 Ridner SH, Dietrich MS, Deng J, et al. Bio-
electrical impedance for detecting upper
limb lymphedema in nonlaboratory set-
tings. Lymphat Res Biol. 2009;7:11–15.

13 Ng M, Munnoch A. Clinimetrics of volume
measurement in upper limb LE. J Lym-
phoedema. 2010;5:62–67.

14 Stanton AW, Badger C, Sitzia J. Non-
invasive assessment of the lymphedema-
tous limb. Lymphology. 2000;33:122–135.

15 Stanton AW, Northfield JW, Holroyd B,
et al. Validation of an optoelectronic limb
volumeter (Perometer). Lymphology. 1997;
30:77–97.

16 McKinnon JG, Wong V, Temple WJ, et al.
Measurement of limb volume: laser scan-
ning versus volume displacement. J Surg
Oncol. 2007;96:381–388.

17 Carvalho RM, Perez MCJ, Miranda F Jr.
Volumeter with communicating cham-
bers: presentation of a prototype with
reduced dimensions developed for objec-
tive assessment of hand volume. J Vasc
Bras. 2010;9:76–80.

18 Boland R, Adams R. Development and
evaluation of a precision forearm and hand
volumeter and measuring cylinder. J Hand
Ther. 1996;9:349–358.

19 Vayssairat M, Maurel A, Gouny P, et al. Leg
volumetry: a precise method for quantifi-
cation in phlebology [in French]. J Mal
Vasc.1994;19:108–110.

20 Galland C, Auvert JF, Flahault A, Vayssairat
M. Why and how post-mastectomy edema
should be quantified in patients with
breast cancer. Breast Cancer Res Treat.
2002;75:87–89.

Reliability of a Communicating Vessels Volumeter to Measure Wrist-Hand Volume

1336 f Physical Therapy Volume 92 Number 10 October 2012



21 Lette J. A simple and innovative device to
measure arm volume at home for patients
with lymphedema after breast cancer.
J Clin Oncol. 2006;24:5434–5440.

22 St. Ambrose University History of Psychol-
ogy website. Psychological tests and
assessment: standard error of measure-
ment (SEM). Available at: http://web.sau.
edu/WaterStreetMaryA/NEW%20intro%20
to%20tests%20&%20measures%20website_
files/standard_error_of_measurement.htm.
Accessed July 30, 2007.

23 Laird NM, Ware JH. Random-effects mod-
els for longitudinal data. Biometrics. 1982;
38:963–974.

24 Pinheiro JC, Bates DM. Mixed-Effects Mod-
els in S and S-Plus. New York, NY: Spring-
er; 2000.

25 Box GEP, Cox DR. An analysis of transfor-
mations. J R Stat Soc Ser B (Methodol).
1964;26:211–252.

26 Fleiss JL. The Design and Analysis of
Clinical Experiments. New York, NY:
John Wiley & Sons Inc; 1986.

27 Deltombe T, Jamart J, Recloux S, et al.
Reliability and limits of agreement of cir-
cumferential, water displacement, and
optoelectronic volumetry in the measure-
ment of upper limb lymphedema. Lym-
phology. 2007;40:26–34.

28 Boland RA, Adams RD. Acute angles of
head-up tilt do not affect forearm and hand
volume. Aust J Physiother. 2000;46:123–
131.

29 Vasiliauskas R, Dijkers M, Abela MB, Lund-
gren L. Characteristics in addition to size
of the contralateral hand predict hand vol-
ume but are not clinically useful. J Hand
Ther. 1995;8:258–263.

30 Perini TA, Oliveira GL, Ornellas JS, Oliveira
FP. Technical error of measurement in
anthropometry. Rev Bras Med Esporte.
2005;11:86–90.

31 Man IO, Markland KL, Morrissey MC. The
validity and reliability of the Perometer
in evaluating human knee volume. Clin
Physiol Funct Imaging. 2004;24:352–358.

32 Oliveira ABC, Lara CPO, Lins SS, Cunha-
Filho IT. Comparison between inferential
measurements of lower limb edema utiliz-
ing the Leg-O-Meter and water displace-
ment. [in Portuguese]. Rev Bras Fisioter.
2006;10:43–49.

33 Belczak CEQ, Godoy JMP, Seidel AC, et al.
Assessing the influence of daily activities
in the volumetry of inferior limbs via cir-
cumference measurement and water dis-
placement volumetry. J Vasc Bras. 2004;
3:304–310.

34 Carvalho RM. Methods of Objective Eval-
uation of the Limbs’ Volume: Is the Over-
flow of Archimedes Just the Gold-
Standard of Literature? [in Portuguese].
São Paulo, Brazil: Brazilian Center of Sys-
temic Studies; 2007.

35 Damstra RJ, Glazenburg EJ, Hop WC. Val-
idation of the inverse water volumetry
method: a new gold standard for arm vol-
ume measurements. Breast Cancer Res
Treat. 2006;99:267–273.

36 Boonhong J, Osiri M, Werawatganon T.
Validity and reliability of girth measure-
ment (circumference measurement) for
calculating residual limb volume in below-
knee amputees. Chula Med J. 2007;51:77–
88.

37 Meijer RS, Rietman JS, Geertzen JH, et al.
Validity and intra- and interobserver reli-
ability of an indirect volume measure-
ment in patients with upper extremity
lymphedema. Lymphology. 2004;37:127–
133.

38 Megens AM, Harris SR, Kim-Sing C, McKen-
zie DC. Measurement of upper extremity
volume in women after axillary dissection
for breast cancer. Arch Phys Med Rehabil.
2001;82:1639–1644.

39 Perrin M, Guex JJ. Edema and leg volume:
methods of assessment. Angiology. 2000;
51:9–12.

40 Taylor R, Jayasinghe UW, Koelmeyer L,
et al. Reliability and validity of arm vol-
ume measurements for assessment of
lymphedema. Phys Ther. 2006;86:205–214.

41 Gebruers N, Truijen S, Engelborghs S, De
Deyn PP. Volumetric evaluation of upper
extremities in 250 healthy persons. Clin
Physiol Funct Imaging. 2007;27:17–22.

42 Ramos SM, O’Donnell LS, Knight G. Edema
volume, not timing, is the key to success
in lymphedema treatment. Am J Surg.
1999;178:311–315.

Reliability of a Communicating Vessels Volumeter to Measure Wrist-Hand Volume

October 2012 Volume 92 Number 10 Physical Therapy f 1337

http://web.sau.edu/WaterStreetMaryA/NEW%20intro%20to%20tests%20&%20measures%20website_files/standard_error_of_measurement.htm
http://web.sau.edu/WaterStreetMaryA/NEW%20intro%20to%20tests%20&%20measures%20website_files/standard_error_of_measurement.htm
http://web.sau.edu/WaterStreetMaryA/NEW%20intro%20to%20tests%20&%20measures%20website_files/standard_error_of_measurement.htm
http://web.sau.edu/WaterStreetMaryA/NEW%20intro%20to%20tests%20&%20measures%20website_files/standard_error_of_measurement.htm

