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Abstract

Background: Lymphedema measurement is vital to select appropriate treatment and monitor its progress.
Quantifying lymphedema in the head and neck area is challenging. The use of tissue dielectric constant (TDC)
measurements has shown promising results in other body areas. This study aims to determine the test-retest
reliability of a TDC measurement protocol developed for the head and neck area.

Methods and Results: A detailed measurement protocol, including eight measurement points per side, was
developed. Subsequently, the reliability of the protocol was tested in a sample of healthy participants (n =50, 28
males). Using the LymphScanner (Delfin, Finland), participants were subjected to two measurement sessions.
Each measurement point was measured three times per session. Test-retest reliability for each point was eval-
uated using intraclass correlation coefficients (ICCs) and standard errors of measurement (SEMs). Using the
average of three measurements, reliability was good to excellent for all points (ICCs 0.81-0.95), with small
measurement errors (SEMs 1.51-2.86). The reliability of a single measurement was moderate to excellent for
all measurement points (ICCs 0.58-0.87), with larger, but still small, measurement errors (SEMs 1.65-3.39).
When using single measurements, the lowest ICCs were found for the temporal (left 0.73 and right 0.67) and
submandibular (left 0.58 and right 0.77) locations.

Conclusion: Measurements with the LymphScanner, taken according to the developed protocol, are reliable in
healthy participants. We recommend using the average of three measurements to optimize reliability. The pro-
tocol is fit for further testing in patient populations and for determining normal values in a larger scale study
with healthy subjects.
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Introduction feeling of heaviness, tightness, or numbness; and reduced
mobility. In addition, they have increased infection risk due

EAD AND NECK LYMPHEDEMA (HNL) affects between to their lymphedema.>*™® Often, external lymphedema is
35% and 75% of people treated for head and neck accompanied by internal mucosal lymphedema, character-
cancer.' ™ Patients suffering from HNL can experience pain; ized by hoarseness and swallowing problems, sometimes
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leading to laryngeal dysfunction. Prolonged lymphedema
is associated with structural changes such as adipogenesis,
fibrosis, and chronic inflammation.’

Despite the high prevalence, the subject has received rel-
atively little attention in the scientific literature compared
with breast cancer-related lymphedema. At the same time,
serious challenges for managing HNL exist. One of these
challenges is how to reliably quantify HNL for diagnosis and
evaluation of treatment and for prospective surveillance in
high-risk patients.

Currently, there is no generally accepted gold standard
for measuring lymphedema. For the extremities, bioimpe-
dance, spectroscopy, water volumetry, tape measurement,
and perometry have shown good reliability and validity.*
Measurement of HNL, however, is more complex. This is due
to the anatomical shape, external structures (eyes, nose, and
mouth), and internal structures (vessels, nerves, glands, and
bone structures) that sit close together.

Research into the reliability, validity, and clinical appli-
cability of measurement methods for the head and neck area
is scarce.*® A few studies have studied measurement
instruments for quantifying HNL, including clinician-
administered assessment criteria and the use of computed
tomography, ultrasound, tape measurement, or tissue dielec-
tric constant (TDC).*'* TDC has shown promising results
for measurement of lymphedema in the breast region."”

Mayrovitz et al. conducted several studies examining the
reliability of TDC at various measurement points, including
the face and neck.'®'® However, a structured and reliable
protocol for HNL assessment using TDC measurement is still
lacking. Therefore, we developed a detailed assessment
protocol. The measurement protocol consists of eight mea-
surement points per side of the head and neck. Each mea-
surement point is measured in triplicate.

In this study, we studied the test-retest reliability of the
protocol in healthy participants. As a secondary objective, we
assessed the impact of taking single measurements, instead
of triplicate measurements, on the reliability of the protocol.

Methods
Participants

In this cross-sectional test-retest study, we recruited a
convenience sample of healthy participants. Eligible subjects
were older than 45 years. For the purpose of this study, we
considered participants to be ‘‘healthy’’ if they had never
been diagnosed with and treated for head and neck cancer,
had no other acute active disease, and did not have lymphe-
dema in the head and neck area.

Exclusion criteria were active inflammatory skin condition
in the face and/or neck, the presence of facial hair (as this
hinders adequate contact of the LymphScanner with the
skin), and use of medication that might affect local TDC
values (i.e., systemic corticosteroids). A sample size of 50
participants was considered feasible and would yield ade-
quate precision (i.e., sufficiently narrow confidence intervals
[CIs]) under the expectation that reliability parameters would
exceed 0.70."

The Dutch Central Committee on Research Involving
Human Subjects (CCMO) confirmed that this study did not
fall within the scope of the Dutch legislation on medical
research with human subjects and that formal medical ethical
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approval was not required. Nonetheless, we adhered to
medical ethical research principles. All participants were
informed about the study and measurement methods and they
provided written informed consent before participation in
the study.

Measurements

We collected data on the following characteristics of the
included participants: sex, age, body—mass index (BMI), skin
type, alcohol use, smoking, and medication use. BMI was
calculated (kg/m?) using weight measurements obtained
using a digital scale with an accuracy of 1% and the
body length, as reported by each participant. Skin type was
divided into six categories, according to the Fitzpatrick
classification.?

Habitual alcohol consumption was registered dichoto-
mously (any vs. never) and in the average number of units per
week. The smoking behavior of participants was classified as
yes, no, or stopped. For those who smoked or had stopped,
we calculated packyears (the average number of packs of
cigarettes (or equivalent) smoked multiplied by the years
during which the participant had smoked) based on self-
report. Medication use included only medication that
could potentially affect the amount of interstitial fluid (e.g.,
corticosteroids).

Local tissue water levels by TDC values were measured
using the LymphScanner. This device generates electro-
magnetic waves at a frequency of 265 MHz and transmits
them, through a coaxial probe, to the skin to a depth of
2.5mm. The LymphScanner measures the TDC, which is
then converted to a percentage water content value that can
be read from the display on the device (Delfin, Finland).

All measurements were done by two skin therapy students
and by the first author (C.R.A.), an experienced skin ther-
apist. The researchers had been trained in the use of the
LymphScanner and determination of measurement points
according to the protocol. The measurements took place at
the participants’ homes. The temperature and humidity of the
environment were registered. Participants were not allowed
to wear a face cream or foundation and they were also not
allowed to smoke, exercise, or drink a hot beverage an hour
beforehand.

Measurement protocol

The measurement protocol includes eight measurement
points per side. These points are located at the temporal,
cheek, jawline (above and below the mandibular bone),
submental, and neck regions. All points are related to easily
distinguishable anatomic landmarks (Table 1; Fig. 1). Mea-
surements are taken on both sides of the face, except for the
submental measurement point (5c).

Participants lie supine on a folding treatment bench for the
measurements, with the head and cervical spine in neutral
position. Each measuring point is determined using a tape
measure and marked with a skin pencil. LymphScanner
measurements are taken after 10 minutes of resting in the
supine position to avoid influence on the measurement of skin
reactions to palpation or marking.

One measurement session takes about 20 minutes.
We performed two measurement sessions, measuring each
point in triplicate in each session, using the ‘“‘spot mode” of
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TABLE 1. SUMMARY OF MEASUREMENT
PoINT LOCATIONS

Points Location description

1 Halfway between the lateral corner of the eye and
attachment of the auricular helix

2 Halfway between the lateral corner of the mouth
and the tragus

3a Halfway between the mandible and the lateral angle
of the mandible above the mandibular bone

3b Halfway between the mandible and the lateral angle
of the mandible, under the mandibular bone

4 Central submental space

S5a 25% from the attachment of the earlobe to the SC
joint, following the sternocleidomastoid muscle

5b 50% from the attachment of the earlobe to the SC
joint, following the sternocleidomastoid muscle

5c 75% from the attachment of the earlobe to the SC

joint, following the sternocleidomastoid muscle

SC joint, sternoclavicular joint.

the LymphScanner. Specific attention was given to the
pressure applied when placing the LymphScanner on the
skin. The intention was to apply as little pressure as possible,
by gently increasing pressure from an initial indication of
“low pressure’” on the device up to the point where a TDC
value could be obtained.

The test-retest sessions were performed on a single day,
with a minimum of 30 minutes and maximum of 60 minutes
between sessions. Between the two sessions, participants
remained at the measurement location. They did not drink hot

FIG. 1. Visual reproduction of the measuring protocol.
Dot, measurement point; line, determination of points.

beverages and were not physically active during that time.
Between the two measurement sessions, the marked points
were erased. Similar to the first measurement, the second
measurement started with 10 minutes of resting in the supine
position. Data were collected using Castor electronic data
capture.

Statistical analyses

Data were analyzed using R software for Mac, version
4.0.2. Descriptive statistics were calculated to characterize
the sample, using means and standard deviations (SDs) for
numerical variables following a (near) normal distribution,
medians and quartiles for non-normal numerical or ordinal
variables, and numbers and percentages for categorical
variables.

Test-retest reliability for each point was evaluated using
intraclass correlation coefficients (ICCs) and standard errors
of measurement (SEMs). To assess the decrease in reliability
of the measurement protocol by taking single measurements
instead of triplicate measurements, we calculated two ICCs
for each point: one using the average of the three measure-
ments, using a two-way, mixed, absolute agreement, average
measure definition, and one based on only the first of the
three measurements taken, using a two-wa;/, mixed, absolute
agreement single measurement definition.”’

An ICC smaller than 0.50, between 0.50 and 0.75, between
0.75 and 0.90, and greater than 0.90 indicates poor, moderate,
good, and excellent reliability, respectively.?* For measuring a
group of patients, an ICC value of 0.70 is acceptable. For
individual measurements that underlie clinical decision mak-
ing, an ICC value of 0.90 is recommended.'® Because TDC
values may differ systematically based on sex, we performed a
sex-stratified post hoc analysis of ICCs and SEMs and addi-
tionally calculated the mean absolute differences of each point
for the sample as a whole as well as stratified by sex.

Results

Fifty participants (28 males and 22 females) were inclu-
ded. Their mean age was 60 years (SD 7; range 46-85) and
mean BMI was 27.9 (SD 4.6; range 18.4-40.2) and 90% had
skin type II or type III. Participant characteristics are shown
in Table 2. Sixteen of the participants were medication free.
Thirty-four participants were using medication (Table 2).
None of the participants used topical corticosteroids in the
head and neck area. During measurements, the mean room
temperature was 20.3°C (SD 0.9; range 18.5-22), with mean
humidity of 40.16% (SD 5.5; range 25-51).

For single measures, ICCs of the test-retest ranged from
0.58 (95% CI 0.358-0.734) to 0.87 (95% CI 0.782-0.926).
The SEM varied between 1.65 and 3.39 (Table 3). The lowest
ICCs, single measures, were found for the temporal spot (left
0.73 and right 0.67), submandibular spot (left 0.58 and right
0.77), and the highest point in the neck (left 0.772 and right
0.713). The average of three measurements resulted in good
to excellent reliability for all points, with ICCs between 0.81
(95% CI 0.633-0.893) and 0.95 (95% CI 0.898-0.976). The
SEM varied between 1.51 and 2.86 (Table 4).

The post hoc sex-stratified analysis showed that in our
research population, male participants have a higher mean
value than female participants. Furthermore, in general, ICCs
were somewhat lower and SEMs were slightly higher. The
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TABLE 2. PARTICIPANT CHARACTERISTICS

Variables Participants (n=50)
Sex

Male 28

Female 22
Age, years 60 [SD 7.0]
BMI (kg/m?) 27.9 [SD 4.6]
Skin type

1 3

1I 28

111 17

v 2

\% 0

VI 0
Alcohol

No 16

Yes 34
Glasses a week 7.5 [1.25-107*
Smoking

No 20

Yes 8

Stopped 22
Packyears 25.5 [13.25-39]*
Medication 34

Diuretics 2

Prednisone 2

Antidepressants 3

Topical corticosteroids 0

Beta-blockers 5

Other 34

?median [interquartile range].
BMI, body—mass index; SD, standard deviation.

mean absolute differences between measurements in the full
sample were mostly comparable to those in the subsamples
(Table 5).

Discussion

This study aimed to determine the test-retest reliability of a
TDC measurement protocol developed for the head and neck
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area in healthy participants. The reliability was good to
excellent, indicating that the protocol could be used for rep-
eated measurements on the individual level. The study also
showed that reducing the number of measurements per point
decreases the reliability for some points below a clinically
acceptable level and should therefore not be recommended.

Insufficient reliability when taking single measurements
was observed for some, but not all, measurement locations.
The locations with lower reliability included the temporal
region (location 1) and below the mandible (location 3b).
Both measuring points are close to the bone, which may
increase the influence of probe placement. In addition, earlier
research mentioned that TDC points close to bones and ten-
dons showed lower reliability and higher measurement errors
and should therefore be used with caution.*?

The additional time needed to take the measurement in
triplicate is ~ 5 seconds per measurement, resulting in a total
of 3 extra minutes. Considering the limited increase in time
and the substantial increase in reliability, we believe this
is worth the effort. However, we conducted our study in a
healthy population. One might argue that the pressure applied
during measurement could disperse some of the lymph fluid
when lymphedema is present. This could then impact the
validity and possibly the reliability in triplicate measure-
ments. To investigate whether this is the case, further res-
earch should be carried out in a patient population with
lymphedema after head and neck cancer.

Given the lack of previous reliability studies on TDC
measurement in the head and neck area, we cannot directly
compare our results with others. However, in patients with
upper extremity lymphedema or lower extremity lymphedema,
measurement of local tissue water has been described as a
reliable technique.ls’z*%’26 In addition, Jonsson et al. measured
TDC values in the lower limbs in healthy women and men. The
range of ICCs and SEMs in that study was similar to ours.”?

Recently, Mayrovitz et al. related head and neck TDC
values to those measured in the extremities, in a nonlym-
phedema sample, in an attempt to provide normal within-
patient reference values and diagnostic cutoffs based on TDC
ratios.”” The authors made no mention of the reliability
of their protocol, and the protocol had not been published
previously.

TABLE 3. SINGLE MEASUREMENT OF PERCENTAGE LOCAL TISSUE WATER (PERCENTAGE WATER CONTENT)

Location  Side  First measurement (mean+xSD)

Second measurement (mean+SD) Icc

95% CI SEM

1 L 419172
R 41.3x6.7
2 L 40.4+72
R 39.3+8.9
3a L 42.4+8.1
R 42.6x7.1
3b L 39.3+£6.5
R 389+7.2
4 40.4£5.9
Sa L 42.11£6.8
R 41.6£6.5
5b L 46.5+6.0
R 45.4+7.7
S¢ L 48.0+6.0
R 46.5+6.1

41.5+£83 0.734  0.574-0.840 2.82
42.98£8.1 0.668 0.480-0.798  3.01
41.6x£8.4 0.724  0.561-0.833  2.89
40.4+8.1 0.872 0.782-0.926  2.33
42.7+8.7 0.806  0.682-0.885  2.65
43.8+7.3 0.808 0.682-0.887  2.32
40.98+7.1 0.575 0.358-0.734  3.39
39.4£75 0.771  0.629-0.863  2.60
41.2+6.2 0.813  0.692-0.889 1.90
42.5+8.1 0.772  0.631-0.864 2.45
42.1+£6.7 0.713  0.545-0.826  2.66
47.2+6.7 0.840 0.736-0.906  1.77
46.0£6.2 0.745 0.591-0.846  2.95
48.3+5.6 0.839 0.734-0.906  1.65
46.6£5.6 0.815 0.694-0.8900 1.77

95% CI, 95% confidence interval; ICC, intraclass correlation; L, left; R, right; SEM, standard error of measurement.
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TABLE 4. AVERAGE MEASUREMENTS OF PERCENTAGE LOCAL TISSUE WATER (PERCENTAGE WATER CONTENT)

Location  Side  First measurement (mean+SD)

Second measurement (mean+SD) Icc

95% CI SEM

1 L 42.1+£6.5
R 41.6x6.4
2 L 41.1+7.4
R 39.7+8.9
3a L 42.6%8.5
R 43.1+6.8
3b L 40.1£5.9
R 39.6+7.3
4 40.9+6.1
Sa L 42.8+£7.0
R 41.7+£6.6
5b L 46.9+5.8
R 45873
Sc L 48.3+5.8
R 46.9+6.3

41.9+8.1 0.896 0.817-0.941 2.10
43.1£8.1 0.897 0.809-0.943  2.05
42.6+8.6 0.906 0.828-0.948 2.27
41.3+£8.7 0953 0.898-0.976 1.93
42.97+8.2 0911 0.844-0950 2.53
43.99+7.4 0.924 0.866-0.957 1.87
41.9+6.6 0.819 0.659-0.901 2.1
39.8+7.3 0931 0.878-0.961 191
41.4+6.2 0.937 0.889-0.964 1.52
42.99+74 0926 0.870-0.958 1.90
43.0+5.99 0.810 0.663-0.893  2.86
47.3+6.6 0928 0.874-0.959 1.55
46.6x5.7 0.885 0.797-0.934 248
48.95+5.6 0919 0.858-0.954 1.65
46.99+5.5 0921 0.860-0.955 1.77

However, although not exactly the same, the measurement
locations used in that study were very similar to those used in
our protocol. We did not take measurements at the extremi-
ties, so we cannot compare TDC ratios of our sample with
those found by Mayrovitz et al. Although the use of TDC
ratios is an attractive approach because of its easy applica-
bility, such ratios may be influenced by characteristics such
as gender, skin type, and BML'%!7

Indeed, in the post hoc analysis, male participants seemed
to have higher TDC values than female participants.
Although this did not clearly translate to systematic differ-
ences in reliability between male and female participants, for
four of the measurement points, reliability was lower in male
participants. A possible explanation could be that in men, the
bone structures are more prominent at those locations, for
example, the mandibular region.

Another explanation could be that despite shaving, a short
stubble still influenced reliability of the LymphScanner
measurement in men. The overall lower ICCs in the sub-
groups mostly reflect reduced variation, which is probably
related to variation explained by sex as well as reduced
sample size in the subgroups. With few exceptions, mean
absolute differences were largely comparable for males and
females, which suggests comparable reproducibility of the
measurements.

However, these findings should be interpreted with caution
since the stratified analysis was unplanned and therefore had
a smaller sample size. In addition, other variables such as
age and skin type may also influence TDC values. To fully
appreciate the importance of such factors, a large study with
sufficient variation is needed. Such a study could also provide
reference values for healthy people.

Purcell et al.'” studied the validity of MoistureMeter D, the
earlier version of LymphScanner, for lymphedema assess-
ment in the head and neck area. Using a single reference
point, the submental location (our location 4), they showed
that the outcomes were significantly different in an HNL
group compared with a control group without lymphedema.
In their study, they also presented the mean TDC scores for
each level of the MD Anderson Lymphedema rating scale to
assess the distinctiveness of lymphedema severity. A higher
TDC score was associated with more severe lymphedema.'®
Although these findings support the construct validity of a

single TDC measurement for evaluating HNL, we believe
that a protocol including multiple locations should be pre-
ferred. In particular, when using the TDC measurements for
prospective surveillance, early lymphedema may be missed if
the measurement is restricted to a single location. In addition,
even chronic lymphedema can manifest in one place and not
in another.

The measurement protocol used in this study was devel-
oped based on clinical expertise and earlier reported land-
marks in the face.®'° The eight measuring points per side are
intended to cover all the different parts of the face and neck.
A recently published study, which was conducted during the
same time as our study, used only four measurement points in
the head and neck area.

These points correspond closely, although not exactly, to
four of the measurement points used in our protocol.?® The
reliability estimates in that study were somewhat lower and
with wider confident intervals compared with our findings,
which might be due to sample variation, longer time between
the two measurements, and differences in standard operating
procedures (e.g., positioning of patients).

Obviously, including more measurement points provides a
more comprehensive picture, but it comes at the cost of a
longer measurement time. Which measurement points are
most relevant in clinical practice, that is, in terms of sensi-
tivity to change or correlation with other outcomes such as
body image or function, could be a topic for further investi-
gation, preferably in prospective longitudinal studies.

Limitations and strengths

Although we used a convenience sample of healthy par-
ticipants, we kept an eye on gender balance and invited
participants within an age range similar to that which could
be expected for a head and neck cancer population.

While none of the participants had acute active disease,
some of them did use medication for chronic conditions. This
is as expected given the prevalence of chronic disease in a
relatively older population. In addition, the use of medication
that would likely affect TDC values was an exclusion crite-
rion. Still, we would not recommend clinicians or researchers
to consider the TDC values obtained in our study as reference
values for future use.
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The measurements for this study were carried out during
the COVID-19 pandemic. This introduced logistical issues
that led us to take measurements at participants’ homes,
which introduced differences in temperature and humidity
across participants. However, we compared measurements
within individuals, and all measurements were taken within
4 months of each other.

In addition, post hoc analyses of our data did not show
correlations between the TDC values and the temperature or
humidity. Therefore, we do not expect that these circum-
stances biased the reliability estimates. Nevertheless, when
applying the protocol for longitudinal analyses in clinical
practice, we would recommend performing measurements
under comparable conditions.

Over longer measurement intervals, when temperature
and humidity show larger variation, a correlation of these
variables with TDC values may still exist, which would
then affect the comparability of repeated measurements. To
ensure generalizability to clinical practice, we used a folding
treatment bench, which ensured that every participant had
the same starting position, similar to what would be used in a
clinical setting.

Conclusion

This study shows that the described assessment protocol is
reliable in a nonlymphedema population. Using triplicate
measurements is worth the additional effort. The protocol is
fit for further testing in an HNL population. In addition,
further research is recommended to obtain normal values in a
large and heterogeneous population and explore which par-
ticipant characteristics influence TDC values.
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