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ABSTRACT

Accurate quantitative assessments are cru-
cial to understanding development of diseases
and their effective treatments. Various vali-
dated perimetry and volumetry measurement
methods for patients with lymphedema exist
and each has its own advantages and limita-
tions and choosing the right instrument is
essential. PeriKit® (PK) is a new measurement
device that requires validation. This single-
blind, cross-sectional study compared three
assessment methods for perimetry and volu-
metry of the lower limb: conventional tape
measure (CTM); optoelectronic infrared volu-
meter (Perometer® (OS) as the gold standard);
and PK. Correlation coefficients between
measurements were "strong" to "very strong".
The ICC of the lower limb was the highest for
PK (0.995), followed by the CTM (0.986) and
the OS (0.974). PK had the lowest dispersion of
results for all segments. Despite its poor reli-
ability, CTM is widely used because of its low
cost and portability. The OS is simple, ergo-
nomic, and doesn’t require calibration, but
suffers from imperfections such as the absence
of distal extremities (i.e. feet, hands, fingers,
etc.) as well as cost. PK has succeeded in
reducing many of the problems associated with
measurement thanks to its standardized
methodology which offers high repeatability.
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PK can replace OS and CTM, but OS or CTM
can’t replace PeriKit® because they are more
dispersed and less accurate.

Keywords: PeriKit®, perimetry, limb volume,
optoelectronic scanner, conventional tape
measure, lymphedema

Quantifying limb circumferences and
volumes, especially in the lower limb which is
more complex to measure, can generate con-
flicting results. There is a lack of longitudinal
studies of sufficient size that assess the quality
and measurement of edema, especially for the
lower limb (1).

Little is known about the value of accu-
rate circumference measurement (2). Volu-
metry is a valuable and non-invasive diag-
nostic aid for several disorders (3). However,
circumference is most often the basis of vol-
ume measurements. When taking body mea-
surements, it is important to get as close as
possible to the most precise information in
order to objectify the evolution of pathologies
and treatments (4). The use of perimetry is
therefore helpful in many fields e.g.: in neurol-
ogy, where amyotrophy or hypertrophy must
be identified (5,6); in nutrition, to monitor
weight loss or gain (7); and in surgery, to
quantify a blood effusion (8). The field of
lymphology is not an exception to this need for
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precise measurements (9-11) with volumetric
monitoring recommended for patients at risk
for breast cancer-related lymphedema (BCRL)
treatment (12). Pre-operative measurement
followed by regular post-treatment measure-
ments could detect subtle variations in volume
and enable rapid intervention allowing better
management (13). Currently, each of these
fields require accurate and reliable measure-
ment tools that allows an analysis leading to
results as close as possible to reality: the Gold
Standard (GS). The GS unfortunately does
not take into account many needed practical
parameters (cost, size, weight, ease and time of
use, adaptability, etc.) (4). For daily practice, a
GS is not always the ideal method and further
studies are needed to explore the effectiveness
of potential tools in these specific applications.

The Optoelectronic scanner (OS) (consid-
ered as the GS in this study) allows the mea-
surement of limbs in 3 dimensions by means of
an infrared system integrated into a frame in
which the entire limb is passed longitudinally
(14,15). Another instrument used in our study
is the conventional tape measure (CTM)
which allows the limb to be reconstructed by
comparing it to a series of stacked cones (the
cone method), each corresponding to a cylin-
drical portion of the limb. The volume of the
limb can then be calculated by summing the
volumes of these individual cones whose
dimensions are measured at regular intervals
along the length of the limb (16-18).

PeriKit® (PK) is the third instrument in
this study (Harfouche Methodology). It is a
new circumferential measurement instrument
that consists of the PeriBase (longitudinal tape
measure) and the PeriTape (perpendicular tape
measure). The PeriBase is attached to the root
of the limb and its tape measure unrolls longi-
tudinally along the limb being measured. It is
then attached to the extremity of the limb (mal-
leoli, styloid) on a bony landmark. This tape
measure allows PeriTape to be attached per-
pendicularly to the limb being measured (19).

The aim of this study is to test a new
device, the PK, for measuring lower limb
volume changes and to define its intra-observ-
er repeatability. This study also aims to ob-
serve whether PK is interchangeable with OS

Permission granted for single print for individual use.

117

and CTM, two widely used techniques for
monitoring limb volumetry.

MATERIALS AND METHODS

This study was carried out at the Oncolo-
gy Revalidation Department of the UZ Brussel
Hospital, between 22/02/2021 and 22/04/2021.
The participants were recruited on a voluntary
basis and met the following exclusion criteria:
patients under 18 years of age (minors); inca-
pacitated subjects; and patients with lower
limb amputations or major deformities. A
study on healthy subjects represented a first
step in establishing the validity of the method
(20). Once the method has shown convincing
results under simplified conditions, studies
can be envisaged on people with pathologies
such as lymphedema, in order to validate the
accuracy of the PK in complex clinical situa-
tions (21).

Studies of intra-observer variability are
usually performed on about 25 "limbs" (22).
This study is therefore above average since we
recorded measurements on 33 lower limbs.
The average age of the participants was 37.31
+ 24.26 years (range 18 to 93 years), with a
body mass index (BMI) of 25.53 (kg/m?) + 4.04
(kg/m?) (range 20.13 to 35.51 kg/m?). Only
6.25% of the subjects were left-handed, but
both dominant and non-dominant legs were
analysed. 37.5% of the legs belong to women
and 62.5% to men. For lower limb measure-
ment, 3 devices were selected: a conventional
rolling plastic tape measure with millimeter
accuracy (+/-1mm), the Rollfix® model
(Hoechstmass Balzer GmbH, Sulzbach,
Germany); a mobile optoelectronic volumeter,
Perometer® 1000M (Pero-System GmbH,
Woupertal, Germany) whose results were re-
corded and analysed with Peroplus™ software
(14); and the prototype No. PKPT7050001 of
the PeriKit® (Just A New Health SRL,
Beauvechain, Belgium).

Measurement Methodology
Protocols for taking perimetry (for limbs,

except hands and feet) and volumetry (for
hands an feet) measurements have been
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Flg L Characteristic findings of 3D NMRL include the early Mist pattern (left) and the advanced Spray (middle)
and Inky (right) patterns.

defined by some national or regional health
social security agencies in order to ensure the
assessment and follow-up of treatments for
lymphedema (LO). Since no internationally
validated protocol exists, the protocol used
was based on the protocol established by the
INAMI/RIZIV (Belgian health social securi-
ty). For the lower limb, the practitioner starts
by making an erasable mark at the top of the
lateral malleolus, followed by other marks
every 4cm in a distal-to-proximal direction up
to the knee (at the top of the head of the fibu-
la) or up to the proximal part of the thigh (at
the antero-superior iliac spine) (1,23), depend-
ing on the segment of interest. The circumfer-
ences are then measured at each marker using
a flexible CTM and perpendicular to the axis
of the measured segment. The operation must
be repeated 3 times (at least) so that the aver-
age of the measurements (rounded to the near-
est centimeter per INAMI/RIZIV, but this
study utilized millimeter- see below) at each
segment can be used for the volume calcula-
tion, which will be done using specific soft-
ware. Obtaining measurements of the foot was
not developed in this study because the OS
was not capable of such measurements (24).
Our study was cross-sectional and single-
blinded. No participant was diagnosed with
lymphatic pathology. Each lower limb is
measured with the 3 devices in a randomly
defined order to avoid remembering the values
(14). The major investigator took the total
measurements 5 times with each device,
switching devices after each set of measure-
ments. Moving and repositioning between
each measurement avoided potential bias in
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the study based on the individual's position
(25). The secondary investigator read the mea-
surements taken, observed any measurement
errors/difficulties, and reported them in data
log (26). We rounded the measurements to the
nearest millimetre (unlike the INAMI/ RIZIV
protocol) to ensure greater reliability. This ap-
proach is more appropriate in a method vali-
dation study and reduces precision bias (27).

Procedure

The three devices are pictured in Fig. 1.
To define the highest point of the thigh, we
have used the following: For PK and CTM,
the largest multiple of 4cm, Scm below the
inguinal crease for women and below the
bursa for men. For OS, the largest multiple of
4cm below the bursa and the same on the
inguinal fold. As the measurements were
randomised, the highest measurement was the
one defined by the first measurement.

Conventional Tape Measure: The partici-
pants were measured in underwear, supine on
the examination table, with knee straight and
the heel resting high on a lower limb support.
The foot is relaxed to avoid straining the
muscle structures and thus affecting the total
volume of the limb (23). A Micropore® is
placed along the length of the lower limb,
from the malleolus to the highest point of the
thigh as described above, and markings
perpendicular to the axis of the lower limb are
made every 4cm with a dermographic pencil
on the Micropore®. The maximum length was
noted for retaking measurements. Circumfer-
ences are then measured above each line using
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as similar pressure as possible. After measure-
ment, the Micropore® is removed. We calcu-
lated volumes from the perimetry measure-
ments using the truncated cone formula.

Optoelectronic Scanner: The participant is
in their underwear and standing with foot in
the OS frame on a marker on the associated
support. Standing upright, the other foot is
placed on a chair in front. The knee is then
bent and hands placed on it. A perimeter
marker is then placed around the ankle at the
level of the malleoli, which will be used to
define the start of the measurement during the
analysis (28). The device is then moved along
the axis of the lower limb until it reaches the
most proximal part of thigh as possible (close
to the root of the limb) and then returned to its
initial position (28). Care should be taken to
ensure that the person being measured does
not touch any part of the frame at any time
and that there is no rotation or tilting of the
limb (28), which can lead to volume change
(23). In order to prevent a volume change that
may be due to an upright position, participants
were asked to stand only during the measure-
ment of the OS and to return to the horizontal
position for the rest of the measurements. The
OS uses its own formula for calculating the
volume and it is not possible to take measure-
ments every 4cm as the OS takes measure-
ments every 0.4cm +0.1cm. We therefore had
to take the closest measurement to 4cm. The
impossibility of taking measurements at strict
4 cm intervals with the OS is not an obstacle
because the device is used on the same patient
by the same observer. Regardless of the exact
intervals, a device can be repeatable with
intra-observer consistency (29). However, this
limitation can cause problems when com-
paring the OS with other measurement meth-
ods, as it is necessary to obtain standardised
intervals for optimal data consistency between
techniques.

PeriKit®: The participant is placed in the
same position as for the CTM. According to
the Harfouche Methodology (4), the PeriBase
(PB) is aimed to eliminate positioning errors
when taking circumferential measurements
and prevent marking the skin of the patient
with ink. It is attached at the highest point of
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the thigh by the large strap(s), as described
above. The PB tape is perforated each 1 cm. It
is unrolled along the limb and attached to the
instep of the foot just below the malleoli by the
thin strap, forming the “Reference Point”. As
the PB tape measure is inextensible, one
“Confirmation Point” is defined (4). This
confirmation point is unique and steady on
each limb (i.e., mole, scar, tattoo, etc.). It is
then defined and encoded using a photogra-
phy attached to the participant's file. This
fixed distance between the confirmation and
reference point ensures the repeatability of all
the measurements each 4cm. The PeriTape
(PT) is the precision circumference measuring
instrument. It is equipped with an isotonic
spiral that delivers a constant tension insuring
its precision and repeatability. The PT pin is
inserted in each 4 cm holes of the PB. No
pressure must be applied on the skin when the
measurements are taken. Thanks to the per-
pendicular superposition of the PB tape and
the PT tape, the perpendicular of the PT tape
is easily achieved. We calculated the volumes
from perimetry measurements using the
truncated cone formula.

RESULTS

In order to have identical limb measure-
ments to facilitate accurate comparison and to
meet the INAMI standard of taking measure-
ments every 4 cm, we established that the
lower volume ends at 40 cm from measure-
ment O (which, in retrospect, corresponds to
the average measurement of the knee fossa in
our participants), and that the upper volume
is defined from 40 cm to the most proximal
part of the lower limb. We defined the total
volume as going from measurement 0 to the
most proximal measurable point (sum of the
two previous volumes).

Data were compared by calculating the
mean and standard deviation (SD), 95%
confidence interval (CI), and coefficient of
variation (CV). For all results, a p-value <
0.001 was considered highly significant (30).
For the 3 volumes (total, lower, and upper
segment), in most cases (75%), we observed
the largest mean SD (161.53ml) for OS and
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TABLE 1

Standard Deviation and Coefficient of Variation Values for Total Volume

(Lower Limb + Thigh), Lower Volume (Lower Limb), and Upper Volume
(Thigh) for Each of the Three Devices

Measuring devices Mean SD (ml) Mean CV (%) [Min:Max] SD (ml) [Min:Max] CV (%)
CTM (Total) 110.92 1.41 [20.00: 367.17] [0.38: 4.11]

PK (Total) 55.18 0.82 [9.22: 88.81] [0.12: 1.48]

OS (Total) 161.53 2.05 [49.19: 501.94] [0.29: 7.89]

CTM (Lower) 34.00 1.06 [3.86: 86.50] [0.14: 3.02]

PK (Lower) 24.89 0.81 [11.29: 49.07] [0.32: 1.72]

OS (Lower) 52.06 1.41 [11.96: 139.20] [0.50: 3.27]

CTM (Upper) 88.38 1.91 [16.30: 357.44] [0.47:7.09]

PK (Upper) 40.24 1.10 [14.02: 82.86] [0.44: 1.87]

OS (Upper) 122.72 2.97 [34.10: 482.13] [0.71: 14.49]

TABLE 2

Intraclass Correlation Coefficient (ICC), 95%
Confidence Interval (CI), and P-Value for Total

Volume (Lower Limb + Thigh). Lower Volume

(Lower Limb) and Upper Volume (Thigh) Measured
by the Three Devices. By Convention. Repeatability
is Judged to be Very Good if ICC Values are > 0.91 (14)

Measuring devices ICC CI n-value
CTM (Total) 0.985640 [0.98: 0.99] < 0.00001
PK (Total) 0.995384 [0.99: 1.00] < 0.00001
OS (Total) 0.973577 [0.96: 0.94] < 0.00001
CTM (Lower) 0.991718 [0.99: 1.00] < 0.00001
PK (Lower) 0.995960 [0.99: 1.00] < 0.00001
OS (Lower) 0.985537 [0.98: 0.99] < 0.00001
CTM (Upper) 0.979767 [0.97: 0.99] < 0.00001
PK (Upper) 0.995569 [0.99: 1.00] < 0.00001
OS (Upper) 0.972648 [0.95: 0.99] < 0.00001
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TABLE 3
Interchangeability of the Measurements by

the Three Devices Evaluated by the Pearson
Correlation Coefficient Comparing PK and
CTM, PK and OS, and CTM and PK

Matching measuring | r-value p-value
instruments

PK -CTM 0.980090 < 0.00001
PK - OS 0.779511 < 0.00001
CTM - OS 0.811128 < 0.00001

the smallest mean SD (55.18ml) for PK, and
the largest CV (2.05%) for OS and the smallest
CV for PK (0.82%). For the CTM, the disper-
sion values are generally halfway between the
OS and the PK (Table 1). PK thus shows the
smallest dispersion results.

The intraclass correlation coefficient
(ICC) was also calculated to obtain the repeat-
ability. Repeatability is evidence of reliability.

121

For all measurements, the ICCs are above
0.91, which is equivalent to very good repeat-
ability for all devices (31). Based on the 95%
CI and the ICC, the PK has better repeatabil-
ity (Table 2) (32). Also, the Pearson correlation
coefficient (r), which allows to see if two series
are correlated or not was calculated (33). The
correlation coefficient is very strong between
the PK and the CTM (0.980090), and strong
between the PK and the OS (0.779511), and
between the CTM and the OS (0.811128)
(Table 3) (34).

Examining interchangeability using
Bland-Altman plots resulted with the largest
dispersion for total volume for OS ([-18.46:
6.18]) and smallest for PK ([-2.12: 3.69]). For
volume measured in the lower limb, the largest
dispersion is for the OS ([-3.30: 5.49]). The
values obtained by the CTM ([-2.09: 3.21]) and
the PK ([-2.27: 3.11]) are similar. For the
volume measured in the thigh, the largest
dispersion for the OS ([-37.15: 8.56]) and
smallest for the PK ([-3.28: 4.55]). The CTM
([-7.84: 4.42)) is between the two measure-
ments, about 5% more dispersed than the PK
(Table 4; Fig. 2).

TABLE 4
Interchangeability of the Measurement (Bland-Altman values) for CTM. OS,

and PK for Total Leg, Upper Leg, and Lower Leg Comparing Average (%),
95% Confidence Interval, and [Min: Max]

Measuring devices Average (%) CI 95% (%) [Min: Max] (%)
CTM (Total) 0.15 [-3.38: 3.68] [-5.04: 3.85]
PK (Total) 0.32 [-2.25: 2.88] [-2.12: 3.69]
OS (Total) -0.21 [-8.41: 7.99] [-18.46: 6.18]
CTM (Lower) 0.37 [-2.15: 2.88] [-2.09: 3.21]
PK (Lower) 0.46 [-2.23: 3.14] [-2.27:3.11]
OS (Lower) 0.21 [-3.45: 3.87] [-3.30: 5.49]
CTM (Upper) -0.02 [-5.33:5.28] [-7.84: 4.42]
PK (Upper) 0.18 [-3.34: 3.70] [-3.28: 4.55]
OS (Upper) -0.52 [-15.37: 14.32] [-37.15: 8.56]
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Fig. 2. Schematic diagrams of the 3D NMRL image patterns based on characteristic 3D NMRL findings. The 3D
NMRL stage of thigh and lower leg was determined based on the number of segments with Advanced patterns and
Early patterns. The 3D NMRL stage was determined using the total numbers of the thigh and lower leg stages and

the foot stages.

Each device was then compared to the
others, two by two (Table 5; Fig. 3). For the
lower limb-only comparison, the PK versus
CTM results appears to be comparable and
therefore interchangeable (186.01ml). This
was in contrast to comparisons between the
PK and OS (-869.77ml) and between the CTM
and OS (-1055.77ml). However, PK seems to
have similar results to the OS than CTM, with
a smaller 95% ClI, despite the larger minimum
and maximum. For the thigh comparison only,
no results are interchangeable. The PK
appears to be much closer to OS values (-
417.82ml) than CTM (-589.82ml). Both PK
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and CTM underestimate the values given by
the OS with underestimation by CTM being
much bigger. For the total volume of the lower
limb, the values are comparable as for the
thigh.

DISCUSSION
Circumferences and Volumes

Concerning volume measurements, the
ICC’s calculated for the three devices are

high, similar, and have very good repeatabil-
ity. But good repeatability of volume does not
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Total Leg, Upper Leg, and Lower Leg for Average (ml), 95% Confidence Interval,

TABLE 5
Comparison of Measurements (Bland-Altman) between CTM, OS, and PK for

and [Min: Max] Comparing 2 devices to each other

123

Measuring devices Average (ml) CI 95% (ml) [Min: Max] (ml)
PK VS CTM (Total) 186.01 [-314.14: 686.16] [-110.83: 1117.91]
PK VS OS (Total) -869.77 [-1629.11: -110.42] [-1950.46: -290.94]
CTM VS OS (Total) -1055.77 [-1915.77: -195.78] [-2056.61: -269.43]
PK VS CTM (Lower) 14.00 [-165.67: 193.68] [-170.72: 226.77]
PK VS OS (Lower) -451.95 [-778.58: -125.32] [-929.30: -177.82]
CTM VS OS (Lower) -465.95 [-802.04: -129.86] [-881.96: -133.60]
PK VS CTM (Upper) 172.00 [-201.70: 545.70] [-78.08: 940.06]
PK VS OS (Upper) -417.82 [-935.46: 99.82] [-1059.44: 14.00]
CTM VS OS (Upper) -589.82 [-1208.98: 29.33] [-1425.52: -135.83]

mean that the device is really repeatable in
terms of circumference. PK, CTM, and OS are
basically perimetric devices. Even the OS, of-
ten mistakenly called a volumeter, has circum-
ference measurements based on ellipses, which
are more reliable because they are easier to
measure with fatty or muscular limbs (35,36).
The OS has other important qualities,
including absence of contact between the de-
vice and patient's skin. This eliminates diffi-
culties associated with "classic" measurement
with CTM, i.e. inconsistent tension (often too
big, especially in the case of LO) placed on the
tape measure (23) and stigma of notations on
the skin, etc. However, PK also manages to
eliminate some of these disadvantages by
using an isotonic tension by means of a cali-
brated spring, and because it does not require
markings on the skin. OS is not capable of
analysing a whole limb (distant extremities
cannot be measured) with difficulties for the
upper thigh (37) in the classical vertical posi-
tion. In addition, segmental analysis remains
inaccurate in terms of circumferences. On the
contrary, one advantages of perimetry is the
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ability to segment the limb and to assess varia-
tions in volume, even small ones, over relative-
ly small areas (impossible with the current GS
since it only considers the complete volume).
Unfortunately, CTM results always show
strong and inconsistent volumetric over- or
underestimations, probably due to volume ap-
proximation formula used to calculate circum-
ferences to volume, and by regular measure-
ment errors (28,38). There are several types of
calculations for moving from circumferences
to volume. Each type of formula can cause dif-
ferent variations depending on the type of limb
morphology (limb size, dominance, amount of
fat, etc.) (14). The cylinder formula would be
more efficient but would overestimate the
values (39,40). The more widely used truncat-
ed cone formula underestimates values up to
300ml and its results are higher than the stan-
dard error of measurement (15,41,42). How-
ever, the shorter the limb, the less underesti-
mation there will be. Perhaps the 4cm height
defined by INAMI/RIZIV should then be
lowered to further increase the value of
perimeter methods (43). This will inexorably
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Fig. 3. The prevalence of fluid infiltration on NMRL. The total prevalence of each pattern in all areas (P < 0.001)
(A). The prevalence of Mist (B), Spray (C), and Inky (D) patterns according to the ICG-L stage (P < 0.001). The
association between the prevalence of predominant NMRL findings and the ICG-L stage (P < 0.001) (E) and
between the prevalence of the NMRL stage and the ICG-L stage (P < 0.001) (F).

increase the time of the measurement.

PK is also affected by underestimations,
which are less scattered and much lower than
CTM. 1t is therefore necessary to choose the
formula that best fits the clinical situation.
Usually, the frustrum or disc method is used.
Fixed reference points may compromise accu-
racy of the frustrum method as the measured
segment may not be a true truncated cone, but
it greatly facilitates the comparison between
different measurement techniques. With such
criteria, studies have shown that the disc
method is more accurate and efficient, and
that the frustrum method is too inaccurate for
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clinical situations with an r=0.72 for water
displacement (WD) compared to an r=0.90 for
the disc method (23,37). A study in LO
diagnosis showed that the frustrum method
diagnoses 63.4% of LO, compared to 85.3% for
the disc method and OS, and 90.3% for WD
(14). It appears that no one formula is good to
use in all cases, but the same formula should
be used in evaluation of the same patient- they
are clearly not interchangeable within one
patient. We should choose the best formula
depending on the situation that best correlates
with the shape of the lower limb (44). Moving
from an edematous to a healthy lower limb
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makes the measurement even more complex
as it requires 2 different calculations which
causes measurement bias. The frustrum meth-
od would be better than the disc method (23),
but accuracy of each model depends on the
shape of the limb segment: an edematous
lower limb or upper limb would be better
suited to the disc method, and the thigh or
healthy limb to the frustrum method. The
more deviation there is from an assumed trun-
cated cone shape, the bigger is the measure-
ment error. In this context, the truncated cone
method was used in this study since the study
focuses on healthy people and includes the
thigh. One study also defined that the truncat-
ed cone would be more effective for the lower
limb while the arm would appear to be more
uniformly edematous and therefore more
cylindrical than the lower limbs (45).

Interchangeability of Measurement

A 10% difference in volume appears to
confirm the presence of pathology (diagnostic
threshold) (2,46), so perhaps this order of
magnitude and the definition of interchange-
ability criteria should be reviewed? A diagnos-
tic criterion of 10% seems too close to the
measurement error of 10% or more measured
between different devices, so there could be
pathology with one device and no pathology
with another. The accuracy of a device seems
unavoidable to define whether or not there are
volume variations.

There are strong correlations between
CTM and OS (r=0.95) (47), but little agree-
ment between OS and CTM, as the latter
would overestimate limb volumes (25,38),
concluding that there is no interchangeability
between these 2 methods. PK is the device
with the least over- and/or underestimation of
the measurement compared to WD, ahead of,
respectively, the CTM and OS (30). There
would be a close agreement between the OS
and GS (3% difference) while the indirect
methods (disc and frustrum) would differ
between 8-12% (37). However, there is a lack
of studies conducted on the vertical OS, which
we used in this study. Other studies confirm
good results of the horizontal OS (15,48) and
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point out underestimation of volume measure-
ments of the CTM. The statistical indices of
the horizontal OS are therefore often general-
ised to the vertical version when in fact (35),
volume measurements differ when there are
differences in knee angle. This is due to
misalignment of the thigh and lower limb axes
with respect to the longitudinal axis of the OS,
e.g., during postural sway, and due to the
tensioning of certain muscle chiefs via the foot
resting on the floor. This implies that the
results obtained on the horizontal OS are not
generalizable to the vertical OS. This may
explain the lower ICCs measured for the OS
compared to those cited in literature. The
measurements established in this study for OS
are similar, but a bit lower than previous
studies (15,38), around 0.99, but the measure-
ment error of this method would only be
clinically "acceptable", by too large 95% CIs (-
934ml to 519ml) and too big SD (38). Indeed,
most studies only focus on the lower limb up
to 36 or 40cm in length, at knee level (25), as
they use a horizontal OS, not easily allowing
for higher measurements. Here, the study was
also done on the thigh, and the ICC is lower.
The OS would therefore be a good device for
the limbs, but only for the distal parts and
those less fatty or muscular. It is less repro-
ducible than PK. The differences in measure-
ment between the OS and the CTM are small,
but still significant (1).

Examing the correlation coefficient can be
misleading: a high r does not mean that 2
methods agree, which is why one should also
look at the limits of agreement (49). Even a
high correlation coefficient (r=0.93) between
the GS and extrapolation of data obtained by
the circumferential measurement with a trun-
cated cone can show that there is a huge gap
between 2 methods, as there is an unaccept-
able degree of agreement reflecting large vari-
ations in measurements (3,50). The r indicates
whether two series are correlated or not (51).
However, correlation does not mean agree-
ment, so care should be taken when drawing
conclusions from the Pearson coefficient even
if it is close to 1. In this study, the techniques
studied are highly correlated, but the Pearson
coefficient is not the most appropriate method
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to attest to agreement if used alone (37,52).
About Inter-rater Reliability?

Assessing intra-observer repeatability is a
crucial methodological step in establishing
accuracy of a device or method under con-
trolled conditions where the same observer
performs multiple measurements under iden-
tical conditions (53,54). Repeatability is con-
sidered the first step in method validation
studies because it ensures consistency of mea-
surements by a single observer before intro-
ducing variability due to different observers or
conditions (inter-observer reproducibility)
(52). This approach reduces the risk of differ-
ences in results being attributed to basic meth-
odological inconsistencies and strengthens the
validity of the instrument (29). The next stage
may focus on reproducibility, providing an
insight into the robustness of the instrument in
more realistic clinical situations (55). Testing
repeatability first therefore provides a reliable
and accurate basis for studying reproducibility
with greater confidence, ensuring that the
variations observed are due more to differ-
ences between observers or to measurement
conditions, and not to intrinsic inconsistencies
in the method (20). Future inter-observer
studies are needed and are in preparation.

Other Issues

The CTM has a wider distribution of
minimum and maximum values. The CTM is
less precise than PK and OS due to uncertain-
ty about the measurement location and this
can lead to significant volume variations, so
repeatability is not assured.

The OS is a non-contact device, but it is
sometimes necessary to place a physical
marker on the skin to isolate a limb segment.
This makes it difficult to compare it with
other devices, as the reference point at the
malleoli is not constant and varies from one
measurement to another. This also could be
influenced by the mobility of the skin in
relation to the bony landmark. Additionally,
the design of the device makes it difficult to
choose a similar starting value for each
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measurement. The procedure described in the
OS manual is to place plasticine around the
ankle so it does not match with the INAMI/
RIZIV method. In all cases, if a measuring
device is used intra-observer with its own mea-
surement methodology and repeatable starting
points, this constitutes a kind of measurement
‘standardisation’ for that device. However,
during patient follow-up, repeatability is rare-
ly guaranteed and there is no validated inter-
clinical or inter-observer methodology (general
standardisation of measurement). With PK for
example, the methodology for taking measure-
ments is completely standardised with prede-
fined confirmation points and reference points,
allowing standardisation and better reproduci-
bility of measurements (54). However, this
needs to be refined through more clinical stu-
dies. The use of such a methodology reduces
heterogeneity associated with different clinical
practices and ensures greater consistency of
measurements between different care sites. In
all cases, whatever the device used, the same
method must be used each time for the same
patient, which improves repeatability.

The OS would become the future GS due
to its many qualities during measurements
(1,15,37,56). However, its cost remains an
absolute obstacle for many practitioners and
its lack of accessibility is a problem for every-
day practice. Also, the OS presents the impos-
sibility of taking measurements every 4 cm
accurately, which leads to measurement errors
especially in the fatter or more muscular
segments. Although it has more segments
measured, which explains its higher accuracy.
Selecting a specific area in the lower limb or
thigh is difficult. The software does not offer
recognition of "irregular" points and the
delineation of a body segment must be done
manually. The analysis of the volume of this
segment does not always correspond to the
selected markers, which can vary by several
millimeters and therefore induce a summation
of the error. It does not measure hands/feet
and has difficulty measuring the ankle and
thigh (37). It measures an overall volume (it is
necessary to add manipulations to have a
precise segment) without differentiating bet-
ween a decreasing LO and/or an increasing
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muscle size. If the lower third of the leg con-
tains reduced muscle mass and there is a
decrease or increase in the lower third, it can
only be attributed to edema. However, the
upper third occupied by muscle can fluctuate.
In this case, circumferential measurements
have the advantage of being able to isolate the
lower third from the upper third.

One essential quality that a LO measuring
device must have is its ability to be sensitive to
changes in volume (43). Monitoring must be
able to show the slightest change in volume to
best anticipate and prevent the occurrence of
LO. The sensitivity of CTM to volume varia-
tions is 8%, OS is 6% and that of PK is 4%
(43). Summing volumes will increase the mea-
surement error and mask the segmental incon-
sistency that may exist (43). This increases the
value of taking circumferential measurements.

CONCLUSION

Volumetric measurements calculated
from perimetric measurements are considered
reliable, repeatable, and reproducible. The
choice of one technique over another depends
on access to the equipment, the operator,
pathology, and limitations of each method. PK
is the only device that can address all three of
these issues with the participant being his own
comparator for every technique (57). Several
points appear to be essential for measuring a
limb: using the right equipment in the right
situation; using the right formula to convert
circumferences to volumes; and not only fo-
cusing on the volume, but also on the circum-
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ferences which give essential information on
the progression/regression of volume. But it’s
also essential to select the right segment to
measure and to always use the same technique
in the same patient for a correct follow-up.

Concerning intra-observer repeatability,
PeriKit® seems sufficiently repeatable to
allow the monitoring of lower limb volumetry.
PK therefore provides consistently very simi-
lar intra-observer measurements. Examing
interchangeability between 2 methods for
monitoring lower limb volumetry, in terms of
measurement capabilities, OS or CTM can’t
replace PK, but PK can replace OS and CTM
(Table 6). 1t is not possible to find identical
measurements between PK, CTM, and OS,
among other things because of the impossibil-
ity for the OS to measure hands/feet.

For the measurement of lower limb vol-
ume, a fast, reliable, repeatable, and repro-
ducible method is needed today to make it as
accurate and patient friendly as possible (58).
Some practitioners have regular access to
minimal equipment and the more empirical
methods therefore play an essential role in
daily practice (44). A precise measurement is
useful for the patient to improve compliance
with treatment as well as to the practitioner,
who can make an early diagnosis, improves
therapy, or even compares several treatments
(16). A standardised assessment method
based on a tape is reliable and reproducible for
leg circumference (59) and volume calculated
from circumferences is the best measurement
method in terms of reliability, cost, time, and
limitation of use, etc (26).

TABLE 6
Comparison Summary Among the Three Different Measurement Devices.

The Best Method for each Comparison of Devices is Presented

Measuring devices Measurement of Measurement Ease of taking
extremities accuracy measurements
PKVS CTM PK PK PK
PKVS OS PK PK PK
CTM VS OS CIM CIM CIM
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CONCLUSION

Volumetric measurements calculated
from perimetric measurements are considered
reliable, repeatable, and reproducible. The
choice of one technique over another depends
on access to the equipment, the operator,
pathology, and limitations of each method. PK
is the only device that can address all three of
these issues with the participant being his own
comparator for every technique (57). Several
points appear to be essential for measuring a
limb: using the right equipment in the right
situation; using the right formula to convert
circumferences to volumes; and not only fo-
cusing on the volume, but also on the circum-
ferences which give essential information on
the progression/regression of volume. But it’s
also essential to select the right segment to
measure and to always use the same technique
in the same patient for a correct follow-up.

Concerning intra-observer repeatability,
PeriKit® seems sufficiently repeatable to
allow the monitoring of lower limb volumetry.
PK therefore provides consistently very simi-
lar intra-observer measurements. Examing
interchangeability between 2 methods for
monitoring lower limb volumetry, in terms of
measurement capabilities, OS or CTM can’t
replace PK, but PK can replace OS and CTM
(Table 6). 1t is not possible to find identical
measurements between PK, CTM, and OS,
among other things because of the impossibil-
ity for the OS to measure hands/feet.

For the measurement of lower limb vol-
ume, a fast, reliable, repeatable, and repro-
ducible method is needed today to make it as
accurate and patient friendly as possible (58).
Some practitioners have regular access to
minimal equipment and the more empirical
methods therefore play an essential role in
daily practice (44). A precise measurement is
useful for the patient to improve compliance
with treatment as well as to the practitioner,
who can make an early diagnosis, improves
therapy, or even compares several treatments
(16). A standardised assessment method
based on a tape is reliable and reproducible for
leg circumference (59) and volume calculated
from circumferences is the best measurement
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method in terms of reliability, cost, time, and
limitation of use, etc (26).

PK is a sensitive, accurate, and reproduci-
ble device that solves most of the issues cited
in this study (43,58). Its results are better than
those of CTM and OS. Several tools exist, all
with benefits and limitations. The OS, as a
« direct » measurement method, is widely
accepted as the GS, and many studies have
proven its validity, sensitivity, and specificity.
But in clinical practice, the PK can potentially
serve as an equal alternative based on results
from this study.
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