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Abstract

Background: Dysphagia may occur in up to 44% of patients with head and

neck cancer (HNC) treated with radiation therapy and up to 84% of patients

treated with surgery. To test the extent of dysphagia, the 100 mL water swal-

low test (WST) was developed. In this study, reliability of the 100 mL WST was

determined in patients with HNC and healthy subjects.

Methods: Thirty-three patients and 40 healthy subjects performed the WST

twice on the same day. To assess reliability, the intraclass correlation coeffi-

cient (ICC2,1), standard error of measurement, smallest detectable change, and

limits of agreement were calculated.

Results: Good to excellent correlations were found for patients with HNC

(number of swallows; ICC = 0.923, duration; ICC = 0.893), and excellent cor-

relations for healthy subjects (number of swallows; ICC = 0.950, duration;

ICC = 0.916).

Conclusion: The 100 mL WST has a good to excellent reliability in patients

with HNC and healthy subjects.
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1 | INTRODUCTION

Swallowing is a physiological process formed by oral, pharyn-
geal, and esophageal phases.1 It occurs due to neuromuscular
actions involving sensitive cranial, motor, and parasympa-
thetic nerves.2 Its purpose is to transport food from themouth
to the stomach, promoting hydration and nutrition. In order
to be successful at this, a number of rapid, coordinated, and
accurate events have to occur, such as soft palate elevation,
vocal fold closure, pharyngeal muscle contraction, laryngeal
elevation and anteriorization, and epiglottis lowering.3 These
mechanisms occur involuntarily after stimulation of sensory
receptors, especially located in the oropharyngeal cavity.2 A
lack of onset or delayed onset of these events can be a sign of
dysphagia. Dysphagia is a significant toxicity resulting in diffi-
culty in swallowing, caused by abnormalities in structure or
function of cartilaginous, bony, muscular, or neural anatomy
involved in normal swallowing.4 Complications such as mal-
nutrition, aspiration, and subsequent pneumonia can occur.4

Dysphagia can not only lead to a reduction of intake, but to a
reduction in peoples' activities and social interactions as well,
with corresponding negative changes to quality of life.5

Dysphagia may occur in up to 44% of patients with head
and neck cancer (HNC) treated with radiation therapy
(RT) and up to 84% of patients treated with surgery.6,7 In
addition, up to two out of three HNC patients may present
with dysphagia at the time of diagnosis, and silent aspiration
is present in 14% to 18% of patients pretreatment.8

RT-related toxicity may consist of dysphagia caused by the
irradiation of swallowing related normal tissues, fibrosis,
edema, ulcers, vascular toxicity, and osteoradionecrosis.9,10

Chemotherapy can add to the effects of RT and cause
edema,mucositis, and fibrosis.4 Surgical resection of the soft
palate, floor of mouth, or base of tongue can cause severe
swallowing dysfunction as well,6 compromising lingual
mobility, muscle strength, mastication, muscle action, and
muscle coordination.4,8 The most common procedure to
evaluate dysphagia, swallowing safety, and efficiency in
patients with HNC is based on video-endoscopy, such as
fiberoptic endoscopic evaluation of swallowing (FEES).8,11

However, these procedures are time consuming and require
special equipment. Therefore, the 100 mL water swallow
test (WST) was developed.11,12 This test requires minimal
equipment, is easily accessed, and provides quantitative
measures of swallowing performance. It is therefore used as
a standardized test for screening dysphagia.13 In addition,
the WST may be better in reflecting swallowing in everyday
life in comparison to FEES, because it allows the patients to
self-select the size of each bolus swallowed.11 In previous
research, the WST was performed in neurological patients,
where it had high inter-rater reliability, a difference on aver-
age of 2.4% between two measurements, when assessing
videotaped swallowing movies.12,14 Besides, the WST has

been validated using video fluoroscopy in patients with neu-
rogenic dysphagia, with a sensitivity and specificity up to
85.5% and 91.7%.15 It showed no significant inter-rater dif-
ferences or differences between tests over a 48 h period.12

The WST has proven to be an excellent test to help identify
patients at risk for dysphagia and aspiration, and can be
used to monitor swallowing performance over time.11,16 In
order to detect changes that may occur in the WST out-
comes after treatment, test–retest reliability is an important
test criterion, most oftenmeasured with an intraclass corre-
lation coefficient (ICC).17 Besides, to interpret repeated
measurement scores, it is important to use the smallest
detectable change (SDC) scores to determine whether a
change in scores is significant and not a measurement
uncertainty. The SDC is crucial for clinicians and
researchers to determine the real change in repeated mea-
surements for individual patients.18 The reliability of the
WST has been tested in patients withmotor neuron disease,
in which a high inter-rater reliability was found.19 How-
ever, to our knowledge, test–retest reliability has not been
performed in patients with HNC yet. The purpose of this
study was therefore to assess the reliability of the WST in
patients with HNC. In order to detect differences in reliabil-
ity that may occur in a different population, the reliability
was tested in healthy subjects as well.

2 | MATERIALS AND METHODS

Patients were included when they had been diagnosed with
oral, oropharyngeal, hypopharyngeal, laryngeal, or unknown
primary HNC. Patients were included at the University Medi-
cal Center Utrecht (UMCU), the Netherlands, and were
referred for either RT, chemo radiation therapy, or surgery,
with a curative intent, between September 2016 and June
2018. Patients with recurrent or residual disease, cognitive
impairments, and patients having trouble understanding and
reading the Dutch language were excluded. Healthy subjects
could respond to a flyer outside the hospital, and were
included when they were 18 years or older. The study proto-
col for patients with HNC is part of the NET-QUBIC
research,20 and was approved by the Medical Ethics Commit-
tee of the Netherlands (NL45051.029.13). A random selection
of the total NET-QUBIC research (N = 154) was taken, and
patients were asked before the start of the measurements if
they would want to perform the WST twice. The study proto-
col for healthy subjects was approved by the Medical Ethics
Committee of the UMCU (18/701). General information
about age, sex, tumor site, tumor stage, and treatment were
collected for patients with HNC, and about age and sex for
healthy subjects. Before participating, all subjects received
oral and written information about the study, before signing
written informed consent.
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2.1 | 100 mL WST

During the 100 mL WST, a subject was asked to drink
100 mL of water as quickly as is comfortably possible.
The time to swallow this 100 mL (in seconds) and the
number of swallows were counted. The researcher coun-
ted the number of swallows by touching the larynx, and
the subject was asked to count the number of swallows
simultaneously, as a control reference. Timing started
when the water touched the bottom lip, and stopped
when the larynx came to rest after the last swallow.14

From these measurements, the following parameters
could be calculated: the swallowing volume (the amount
of mL per swallow), the swallowing capacity (the
amount of mL per second) and the swallowing speed (the
time per swallow). Swallowing volume was calculated by
dividing the number of mL by the number of swallows.
Swallowing capacity was calculated by dividing the num-
ber of mL by the duration. Swallowing speed was calcu-
lated by dividing the duration by the number of
swallows. Subjects failed the test when they coughed or
choked post swallow, had a wet voice quality post swal-
low, or were unable to drink the whole 100 mL.11 When

a person was unable to drink the 100 mL, the residual
water was measured and noted. Subjects were instructed
to perform the WST two times, with an interim period
between 15 min and 2 h, with the same rater and testing
conditions for all subjects.

2.2 | Statistical analyses

Test–retest reproducibility of the WST outcomes was tested
by a two-way random, single measurement, absolute agree-

ment, ICC2,1 calculated as MSR�MSE
MSRþ k�1ð ÞMSEþk

n MSC�MSEð Þ, in

which MSR = mean square of rows; MSE = mean square
for error; MSC = mean square for columns; k = number
of measurements; and n = number of subjects. Cutoff
points for the ICC were chosen as poor (<0.5), moderate
(0.5–0.75), good (0.75–0.90), and excellent (>0.90).21,22

The standard error of measurement (SEM) was calculated

as SD� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� ICCð Þp

.23 For the SD, the standard deviation
of the difference between the two WSTs was used. The
SEM percent change (SEM%) was calculated as

SEM=�Xð Þ�100 , in which �X is the mean of all

TABLE 1 Subject characteristics of

patients with head and neck cancer and

healthy subjects

Characteristics Patients (n = 33) Healthy subjects (n = 40) p value

Age (median, IQR) 65 (12) 31 (28) <0.001*a

Sex

Male 30 (91%) 20 (50%) 0.002**b

Female 3 (9%) 20 (50%)

Tumor site

Oropharynx 15 (46%) NA -

Larynx 10 (30%)

Oral cavity 5 (15%)

Hypopharynx 2 (6%)

Unknown primary 1 (3%)

Tumor stage

I 7 (21%) NA -

II 9 (27%)

III 2 (6%)

IV 15 (46%)

Primary treatment

RT 17 (52%) NA -

CRT 11 (33%)

Surgery 3 (9%)

Surgery with PORT 2 (6%)

Abbreviations: CRT, chemo radiation therapy; IQR, interquartile range, PORT, postoperative radiation
therapy; RT, radiation therapy.
aMann–Whitney U test.
bChi-square test.

*p < 0.001; **p < 0.05;
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measurements of test and retest. The SDC was calculated

as 1:96� ffiffiffi
2

p �SEM.24,25 The SDC percent change (SDC
%) was calculated as SDC=�Xð Þ�100 , in which �X is the
mean of all measurements of test and retest.

In order to check for systematic bias, variability and
agreement, Bland–Altman plots were constructed by
plotting the test–retest difference versus the mean value
of the test and retest. The agreement between the two
tests was summarized using the mean difference and SD
of the difference, and the 95% limits of agreement (LoA)
were calculated as Mean± 1.96� SD.26

A power analysis was conducted, with an expected
ICC of at least 0.7. A p1 value of 0.9 was chosen, there-
fore the sample size had to be at least 18.4.27 Data were
tested for normality using a Shapiro–Wilk test. Because
data were not normally distributed, a Wilcoxon signed
ranks test was conducted to examine differences
between the test outcomes of the WST for both patients
with HNC and healthy subjects. A paired samples t-test
was conducted to examine differences between the
number of swallows reported by the researcher in com-
parison to the number of swallows reported by the
patient or healthy subject. A Kruskal–Wallis test was
conducted to examine differences in WST outcomes
according to sex and age.

All analyses were performed using Statistical Package
for the Social Sciences (SPSS) version 25 (Chicago, Illi-
nois). A p-value below 0.05 was considered statistically
significant.

3 | RESULTS

Thirty-three patients with HNC and 40 healthy subjects per-
formed the WST twice on the same day. In Table 1, subject
characteristics are depicted for patients with HNC and
healthy subjects. The median age for patients with HNC
was 65 years (91% male), and 31 years (50% male) for
healthy subjects. All subjects were able to drink the 100 mL
of water, and no missing data were reported. For the patient
group, 10 patients performed the test before treatment,
5 patients 3 months after treatment, 5 patients 6 months
after treatment, 5 patients 12 months after treatment, and
8 patients 24 months after treatment. No significant differ-
ences (p = 1.00) were reported between number of swal-
lows reported by the researcher (mean = 4.25, SD = 2.41)
in comparison to the subject (mean = 4.25, SD = 2.43). Sig-
nificant differences were found for age and sex between
patients with HNC and healthy subjects (p < 0.001 and
p = 0.002, respectively). Mean and median scores are
depicted in Table 2 for patients with HNC and healthy sub-
jects, and for test and retest.T
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All swallowing parameters (number of swallows,
duration, swallowing volume, swallowing capacity, and
swallowing speed) showed good to excellent test–retest
correlations for patients with HNC (ICC > 0.75), and mod-
erate to excellent correlations for healthy subjects
(ICC > 0.70) (Table 3). The SEM values indicated that
there is an expected random variation in the different
parameters of 5.9% to 19.1% for patients with HNC, and of
4.0% to 13.8% for healthy subjects. The SDC values indi-
cated that the difference between two tests needs to be
higher than this SDC value to be considered a true change
in swallowing, which is not caused by a measurement
uncertainty. Therefore, the difference for the different
parameters needs to be higher than 16.5% to 52.8% for
patients with HNC, and 11.1% to 38.2% for healthy subjects.
The Bland–Altman plots (Figures 1 and 2) showed that 95%
of the data lie between the LoA, indicating no systematic
variation in performance between two measurements.

The Wilcoxon signed ranks test showed no significant
differences between test and retest for all swallowing param-
eters except swallowing volume in patients with HNC. The
Kruskal–Wallis test showed a significant effect for age for all
parameters (number of swallows, p < 0.001, duration,
p < 0.001, swallowing volume, p= 0.001, swallowing capac-
ity, p < 0.001, swallowing speed, p= 0.005). Number of swal-
lows and duration increase with age, and swallowing
volume, swallowing capacity, and swallowing speed decrease
with increasing age. In addition, a significant effect was
found for sex for number of swallows (p = 0.033) and
swallowing volume (p= 0.044). Women need a higher num-
ber of swallows and have a lower swallowing volume in

comparison tomen. Duration (p= 0.257), swallowing capac-
ity (p = 0.257), and swallowing speed (p = 0.373) did not
show an affect for sex.

4 | DISCUSSION

The aim of this study was to determine the reliability of
the WST for patients with HNC and healthy subjects. The
results showed moderate to excellent reliability for all
measures (ICC > 0.70). The SEM values for patients with
HNC were 0.28 (number of swallows), 2.24 (duration [s]),
4.83 (swallowing volume [mL]), 1.59 (swallowing capac-
ity [mL/s]), and 0.20 (swallowing speed [s]), which are
small considering the range of outcome possibilities. The
SDC values were 0.79 (number of swallows), 6.21 (dura-
tion), 13.38 (swallowing volume), 4.40 (swallowing capac-
ity), and 0.55 (swallowing speed), indicating that the
outcomes of the WST have to change with at least these
values before the observed change over time can be con-
sidered a true change in swallowing function and not
potentially the result of a measurement uncertainty. The
Bland–Altman plots show that 95% of the measures lie
between the upper and lower LoA with a consistent
variability.

In all measures except swallowing speed, the SEM%
and SDC% values were lower in healthy subjects in com-
parison to patients with HNC, indicating the importance
of calculating these values for a specific population.

In previous research, no significant differences were
found in swallowing speed between the first and fourth

TABLE 3 Reliability of the WST for the parameters number of swallows, duration, swallowing volume, swallowing capacity, and

swallowing speed. Both patients with head and neck cancer and healthy subjects are depicted

Diff. test–retest
mean (SD) 95% LoA ICC2,1 (95% CI) SEM SEM% SDC SDC%

Patients (n = 33)

Number of swallows 0.33 (1.02) 2.33 to �1.67 0.923 (0.846 to 0.962) 0.28 5.9% 0.79 16.5%

Duration (s) 1.97 (6.84) 15.38 to �11.44 0.893 (0.793 to 0.946) 2.24 19.1% 6.21 52.8%

Swallowing volume (mL) �3.30 (10.02) 16.34 to �22.94 0.768 (0.577 to 0.879) 4.83 17.6% 13.38 48.8%

Swallowing capacity (mL/s) �0.65 (4.74) 8.64 to �9.94 0.888 (0.787 to 0.943) 1.59 10.1% 4.40 27.9%

Swallowing speed (s) 0.09 (0.77) 1.61 to �1.43 0.935 (0.873 to 0.967) 0.20 8.5% 0.55 23.6%

Healthy subjects (n = 40)

Number of swallows �0.03 (0.66) 1.27 to �1.32 0.950 (0.908 to 0.973) 0.15 4.0% 0.41 11.1%

Duration (s) 0.40 (1.89) 4.11 to �3.29 0.916 (0.847 to 0.954) 0.55 10.0% 1.52 27.6%

Swallowing volume (mL) 0.75 (8.83) 18.06 to �16.56 0.928 (0.869 to 0.961) 2.37 6.5% 6.57 18.0%

Swallowing capacity (mL/s) 0.01 (6.75) 13.23 to �13.21 0.880 (0.785 to 0.935) 2.34 8.9% 6.48 24.6%

Swallowing speed (s) 0.07 (0.39) 0.84 to �0.69 0.733 (0.551 to 0.849) 0.20 13.8% 0.56 38.2%

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; LoA, limits of agreement; SEM, standard error of measurement; SDC, smallest
detectable change.
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test over a 48-h period.12 This is in correspondence to the
results found in this research, were there is a high reli-
ability between the first and second test, over a 2-h
period. Swallowing speed is correlated with age, as found
in this research.12,14,19 However, previous research is
inconclusive about the correlation between swallowing
speed and sex: although most research found a
correlation,12,14,19 this was not always the case (including
this research).13 With increasing age, speed decreases
while time per swallow increases, and speed is most often
lower in women in comparison to men. In addition, vol-
ume per swallow and swallowing capacity are greater in
men.19 This is in correspondence to the results found
in this research, where swallowing volume is correlated
to sex. In addition, in this research, a significant effect for
age on number of swallows, duration, and swallowing
capacity was found, and an effect for sex on number of
swallows.

4.1 | Strengths and limitations

This study followed the COSMIN checklist (Consensus-
based Standards for the selection of health Measurement
INstruments) to ensure methodological and statistical

quality, and to reduce bias.28 A large research population
was used to test the reliability, and data were collected by
the same author (J. A. Vermaire). However, only three
female patients with HNC were tested, making it possible
to have missed sex effects in this population. Therefore,
the results found on sex differences between men and
women should be tested again in a larger population.
Because there were significant differences in age and sex
between patients with HNC and healthy subjects, these
groups are not comparable. Therefore, results should be
interpreted separately and can only be applied to subjects
with the same sex and age distribution.

Although both patients and healthy subjects per-
formed different tests and filled in questionnaires between
test and retest, it is possible that the time between test and
retest of approximately 15 min (healthy subjects) to 2 h
(patients) has caused recall bias, because previous
research used a 48-h time frame.12 However, no response
shift was found between the second and first test; the sec-
ond test did not always show an improvement compared
to the first test, which otherwise would have been visible
in the Bland Altman plots in Figure 1. Therefore, it is
believed that this possible bias is negligible. No inter-rater
reliabilities were tested, because this was believed to be
too time consuming for patients with HNC.

FIGURE 1 Bland–Altman

plots for patients with head and

neck cancer for the number of

swallows (A), duration (B),

swallowing volume (C),

swallowing capacity (D), and

swallowing speed (E). The

dashed line represents the mean

difference between test and

retest and the striped lines

represent the 95% limits of

agreement
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In this study, all patients passed the WST and thus
showed no signs of dysphagia or aspiration. This contra-
dicts previous results, which show that up to 84% of
patients suffer from dysphagia post-treatment,6 and that
the WST has a good sensitivity for the detection of aspira-
tion.13,16 One explanation could be that the WST missed
latent or silent aspiration in patients.11,13 In addition, a
random selection was made of different patients with
HNC before treatment up to 2 years after treatment. It
may be possible to have missed patients with severe dys-
phagia, because dysphagia is mainly seen 3 and 6 months
after treatment,11 and in patients with pharyngeal can-
cer.14 However, the swallowing speed calculated from the
WST provides an effective tool for screening for FEES
referral,15 in which dysphagia can be further evaluated.8

4.2 | Future research

The 100 mLWST has been validated using video fluoroscopy
in patients with neurogenic dysphagia with a sensitivity and
specificity up to 85.5% and 91.7%.15 In patients with motor
neuron disease, the WST had a high inter-rater reliability,
with bigger differences between subjects due to the effects of

age and sex.19 The high sensitivity, specificity, and inter-rater
reliability indicate that the WST is an excellent test to use
whenmeasuring swallowing performance. These finding are
equally important as the reliability testing performed in this
research, and should be taken into account as well when
reporting outcomemeasures on swallowing performance.

The results of the test–retest reliability can be used in
future research to provide insight in differences over time
and differences between different treatment modalities
for patients with HNC. Swallowing volume was signifi-
cantly different between test and retest for patients with
HNC. In addition, swallowing speed in healthy subjects
had a moderate reliability while all other ICCs show a
good to excellent reliability, and duration had a relatively
high SEM% and SDC% value. We therefore recommend
to especially use the parameter number of swallows in
future research, instead of the derivatives swallowing vol-
ume, swallowing capacity, and swallowing speed. The
SEM and SEM% values can be used to indicate the
expected random variation in WST outcomes at any given
time point before and after treatment for HNC. The SDC
and SDC% can be used to describe minimal changes
needed between measurements over time in order to be
clinically significant.22

FIGURE 2 Bland–Altman

plots for healthy subjects for the

number of swallows (A),

duration (B), swallowing

volume (C), swallowing capacity

(D), and swallowing speed (E).

The dashed line represents the

mean difference between test

and retest and the striped lines

represent the 95% limits of

agreement
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In conclusion, this study displays a good to excellent
reliability of the WST for the parameters number of swal-
lows, duration, swallowing volume, swallowing capacity,
and swallowing speed for both patients with HNC, and
moderate to excellent reliability for healthy subjects. We
recommend to especially use the parameter number of
swallows in future research, because this parameter
showed and excellent reliability and displayed the
smallest SEM% and SDC%. Based on the results found in
this study, we expect the results of the WST to be of good
reliability, and therefore reliable conclusions can be
made in future research using the WST.
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