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Abstract
Objective
Current evidence on how training influences the reliability of salivary gland ultrasound (SGUS) image scoring is
scarce, particularly in the context of Sjogren’s disease (SjD). This study aimed to address this gap by evaluating the
effect of a structured training workshop on inter-observer reliability in SGUS scoring among clinicians assessing
patients with SjD.

Methods
25 healthcare professionals from 10 countries, with varying SGUS expertise participated. In random order, SGUS
images of 20 suspected SjD patients were assessed before and after the workshop. Images included grey-scale (GS)
and colour Doppler (CD) scans of the submandibular and parotid glands and were scored using the OMERACT GS
and CD scoring systems. Intraclass correlation coefficients (ICC) assessed overall inter-observer reliability, and
participant vs. SGUS-expert reliability (gold standard-participant agreement). Analyses were stratified by SGUS
experience (none vs. =1 year).

Results
The inter-observer reliability ICC for the total OMERACT score was 0.68 pre-workshop vs. 0.79 post-workshop for GS,
and 0.73 pre-workshop vs. 0.72 post-workshop for CD. Training significantly improved the gold standard-participant
ICC GS (0.06+0.12, p=0.020), particularly for the submandibular glands, while the CD ICC showed a minor,
non-significant improvement (0.03+0.09, p=0.129). Inexperienced participants (n=11) showed significant ICC
improvement for the total GS OMERACT score (0.1310.13, p=0.012), whereas experienced participants (n=14)
showed a negligible change (0.01+0.09, p=0.624). No significant differences were observed for CD scoring.

Conclusion
A training workshop was associated with improvements for inter-observer reliability for GS SGUS, particularly in
submandibular gland assessment and among inexperienced participants. The effects on CD scoring were minimal.
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Introduction

Sjogren’s disease (SjD) is a systemic
autoimmune disease, with an estimated
prevalence of 61 cases per 100.000 in-
dividuals (1). SjD is characterised by
lymphocytic infiltration in the exocrine
glands, especially the salivary and lacri-
mal glands, and experienced symptoms
such as dry eyes and mouth (2-4). SjD
has a negative impact on the quality of
life due to, amongst others, symptoms
of fatigue, dryness and pain, depression
and anxiety, and a decreased physical
ability, which all affect daily activities
and social well-being (5, 6).
Diagnosing SjD is challenging due to
its complex nature, and frequently non-
specific and variable symptoms (7).
The current 2016 American College of
Rheumatology - European Alliance of
Associations for Rheumatology (ACR-
EULAR) classification criteria (8), al-
though intended to classify patients for
studies, are commonly used as a guide
to assess whether the patient has SjD or
not. Studies suggest that salivary gland
ultrasound (SGUS) could be a valuable
tool to add to the ACR-EULAR clas-
sification criteria. Namely, SGUS has a
promising diagnostic accuracy for SjD,
offering a good sensitivity and specific-
ity (9-11). Furthermore, Jousse-Joulin
et al. reported that incorporating SGUS
into classification criteria improves
their sensitivity, while Le Goff et al.
demonstrated that SGUS improved the
performance of the criteria, especially
in patients with atypical presentations
(12, 13). In our diagnostic cohort study,
the accuracy of the ACR-EULAR clas-
sification criteria remained excellent
for the clinical diagnosis of SjD after
incorporating the SGUS OMERACT
score, providing a more balanced set of
objective glandular items (14).
Ultrasound has several advantages: it
is a non-invasive, non-irradiating, non-
expensive, and widely available imag-
ing technique that can provide real time
information about the glands and their
morphological abnormalities (11, 15-
18). SGUS is a dynamic examination,
and the outcome relies on the skills
and experiences of the operator, which
might result in variability and chal-
lenges with consistency (17, 19). Until
now, studies regarding the reliability

of SGUS were performed with well-
trained and experienced ultrasonogra-
phers. There is limited information on
the reliability of less experienced ob-
servers and the potential effect of train-
ing on their ability to read ultrasound
images.

A standardised training pathway for in-
experienced health care professionals
could improve SGUS reliability. Ulti-
mately, the intention is to broaden the
pool of clinicians using SGUS, thereby
facilitating its wider and more consist-
ent application. Quéré et al. demon-
strated that videoconference training
helped sonographers to interpret grey-
scale images (20). However, their study
did not assess the training effect on the
observers and did not incorporate col-
our Doppler SGUS, uncovered areas
that merit further investigation. There-
fore, we performed a study to assess
whether an international training work-
shop to standardise ultrasound scoring
in SjD could enhance the reliability of
observers. The primary objective was to
determine whether attending the train-
ing improved inter-observer reliability
of participants. The secondary objec-
tive was to assess whether the training
produced a measurable learning effect,
evaluated by comparing the inter-ob-
server reliability between participants
and experienced SGUS operators.

Material and methods

Participants and workshop training
The study was conducted among health-
care professionals attending the salivary
gland ultrasound pre-conference work-
shop at the 16™ International Symposi-
um Sjogren’s Disease, on the 21% April
2024, Egmond aan Zee, the Nether-
lands. Each participant provided before
the exercise the following information:
gender, age, experience in SjD, number
of years with experience in SGUS, and
experience with ultrasound in general.
In the first round, participants were
asked to score anonymised SGUS im-
ages from 20 patients suspected of hav-
ing SjD two weeks to at latest one hour
prior to attending the workshop using
the OMERACT grey-scale (GS) and
colour Doppler (CD) scoring systems,
in a Microsoft Teams environment (21,
22). While the images were viewed in
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the same online environment, the dis-
play conditions like screen size, resolu-
tion, or light conditions were not stand-
ardised among the participants, reflect-
ing real life practice. The participants
received detailed written information
via e-mail, explaining how to access the
images, how to score them, and how to
upload their scoring. Every participant
filled out a standardised scoring chart.
Then all participants attended the ultra-
sonography workshop, as planned. The
workshop was a structured, 2-hour ses-
sion focusing on enhancing the skills
of the participants in assessing ultra-
sonographic images of the major sali-
vary glands and interpreting the find-
ings. The workshop’s content included
instructions on the basics of salivary
gland ultrasound, recognition of the
most common ultrasonographic glan-
dular abnormalities, practical advice on
standardising image assessment, and
information about the scoring systems.
In the last part of the workshop, par-
ticipants were shown a different set of
ultrasonographic images of the major
salivary glands (not included in the reli-
ability exercise described in this article
to avoid influencing the results of this
study) and were asked to score them by
using an online voting platform. The
correct scoring of each image was then
revealed and discussed through an on-
line platform to enhance learning.
Within a timeframe of two weeks to one
month following the workshop, partici-
pants completed a second-round as-
sessment of the ultrasound images. The
series of SGUS images were from the
same patients as in the first round, but
presented in a different, random order
to avoid evaluation bias.

Patients

20 subjects suspected of having SjD
with a variety of ultrasonographic
characteristics were selected. All pa-
tients had visited the department of
Rheumatology and Clinical Immunolo-
gy, University Medical Center Gronin-
gen between July 2023 and November
2023, and underwent SGUS imaging
as part of the routine diagnostic work-
up. Their images were selected from an
existing dataset. Eight high-resolution
static ultrasound images from each
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patient were collected, anonymised
for all patient information, i.e. name,
gender, date of examination, diagnosis
and clinical characteristics. The images
were organised into PowerPoint pres-
entations. For each patient, a separate
PowerPoint file was created for the
pre-workshop assessment, and for the
post-workshop assessment. Each Pow-
erPoint file consisted of 8 slides: one
ultrasound image per slide for GS and
CD assessment: the left submandibular
(LSm), the left parotid (LPar), the right
submandibular (RSm), and the right
parotid (RPar) glands. These Power-
Point files were subsequently uploaded
to a safe Microsoft Teams environment,
where the study participants could ac-
cess and evaluate them.

Ultrasound equipment

The patients included in this reli-
ability study were examined using
the same ultrasonography machine
(Esaote MyLabSeven, Genova, Italy),
equipped with a high-resolution linear
probe operating at a frequency range
of 3—13 MHz. Patients were instructed
to refrain from eating or drinking one
hour prior to the ultrasonography ap-
pointment. The machine settings that
were applied for the CD examination
of the salivary glands were as follows:
image depth 2.5 cm, one focus point at
1.0 cm below the surface of the skin,
CD frequency up to 8.3 MHz (range
3.6-8.3 MHz) and pulse repetition fre-
quency of 750 Hz. The submandibular
glands were examined in the longitu-
dinal plane, while the parotid glands
were examined in both longitudinal and
transverse planes. Both GS and CD im-
ages of the glands were collected (23).

Image scoring system

The participants of the workshop were
asked to assess the set of images using
the OMERACT GS and OMERACT
CD scoring systems, which are both
established methods for grading glan-
dular abnormalities (21, 22).

The OMERACT grey-scale scoring
system uses an ordinal scale from O to
3 as follows: grade 0, normal appearing
salivary gland parenchyma; grade 1,
minimal change: mild inhomogeneity
without hypo/anechoic areas; grade 2,

moderate change: moderate inhomoge-
neity with focal hypo/anechoic areas;
and grade 3, severe change: diffuse
inhomogeneity with hypo/anechoic ar-
eas occupying the entire gland surface
(1). The OMERACT CD system simi-
larly uses an ordinal scale from O to 3:
grade 0, no vascular signals; grade 1,
focal vascular signals; grade 2, diffuse
vascular signals detected in <50% of
the gland; and grade 3 diffuse vascular
signals detected in >50% of the gland
(22).

Data analysis

- Inter-observer reliability

The overall inter-observer reliability
was evaluated among all participants for
the pre- and post-workshop rounds. We
hypothesised that inter-observer reli-
ability would be lower in the first round
(i.e. pre-workshop round), due to non-
standardised image assessment. We fur-
ther hypothesised the inter-observer re-
liability would increase post-workshop
(in a second round), reflecting increased
consistency among the participants fol-
lowing the standardised instructions
during the workshop training.

- Gold standard-participant agreement
To evaluate the SGUS image scor-
ing ability of the participants, a ‘gold
standard-participant agreement’ was
used. The workshop trainers, K.D. and
A.S. were considered the gold stand-
ard, they had previously scored the
images and demonstrated excellent
inter-observer agreement based on pre-
vious studies (10). The gold standard-
participant agreement was determined
by calculating inter-observer reliability
between each participant and the work-
shop trainers, K.D. or A.S., by compar-
ing their ultrasound scores for each im-
age. This agreement was calculated for
each participant at two timepoints, i.e.
pre- and post-workshop. The pre- and
post-workshop values were compared
to determine whether the scoring ability
of the participants had improved after
the workshop.

A sub-analysis was conducted to evalu-
ate if the effects of the workshop train-
ing were larger for less experienced ob-
servers. The participants were divided
into two groups: participants with no
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prior SGUS experience (0 years) and
participants with prior SGUS experi-
ence (at least 1 year).

To assess the effect of training on the
reliability of ultrasonographers in dis-
tinguishing whether SGUS findings
are compatible with SjD or not, we
performed an additional analysis us-
ing previously established OMERACT
GS cut-offs for SjD that have demon-
strated diagnostic value in earlier stud-
ies. SGUS was considered compatible
with SjD based on the following cut-off
criteria: (i) compatibility with SjD if
the highest single-gland score was =2
across the four salivary glands (24, 25);
and (ii) compatibility with SjD if the to-
tal OMERACT GS score was =5 (25).

Statistical analysis

Mean (+SD), median (IQR) or n (%)
was used for descriptive statistics of
normally distributed data, non-normal-
ly distributed data and categorical data,
respectively. Graphical interpretation
of histograms Q-Q plots were used to
determine the distribution of the data.
Fleiss’ kappa (FK) was utilised to
quantify overall inter-observer reliabil-
ity (26). FK values were interpreted as
follows: <0.00; poor agreement, 0.00—
0.20; slight agreement, 0.21-0.40; fair
agreement, 0.41-0.60; moderate agree-
ment, 0.61-0.80; good agreement, and
0.81-1.00; excellent agreement (10).
Weighted Cohen’s kappa (WCK) was
used to evaluate the gold standard-par-
ticipant agreement for each individual
gland. Cohen’s kappa (CK) was used to
calculate the gold standard-participant
agreement for the OMERACT grey-
scale diagnostic cut-offs. The same in-
terpretation as for FK was applied for
interpreting the WCK and CK values.
To assess overall inter observer reliabil-
ity and overall gold standard-participant
agreement across all four glands, we
calculated the sum score (range: 0-12)
by adding the scores of the LSm, the
LPar, the RSm, and the RPar glands. In-
traclass correlation coefficients (ICCs;
two-way mixed effects model, single
measures, absolute agreement) were
used to assess the overall inter observer
reliability and overall gold standard-
participant agreement on the sum score
of GS and CD assessment (10).
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Table I. Overall inter-observer reliability among participants pre- and post-workshop.

Gland Pre-workshop Post-workshop
Left Sm GS 023 0.28
Left Par GS 0.32 0.38
Right Sm GS 0.14 0.25
Right Par GS 0.37 0.40
Total GS (ICC) 0.68 0.79
Left Sm CD 0.35 0.36
Left Par CD 0.54 047
Right Sm CD 0.34 029
Right Par CD 0.59 045
Total CD (ICC) 0.73 0.72

Sm: submandibular gland; Par: parotid gland; GS: grey-scale; CD: colour Doppler.
Kappa values for individual glands are reported as weighted Cohen’s kappa, while kappa values for
total OMERACT scores are presented as Intraclass Correlation Coefficients (ICC).

The gold standard-participants kappa
values followed a normal distribution.
To assess the effects of the workshop
training on the scoring ability of the par-
ticipants, the pre- and post-workshop
gold standard-participant agreements
were compared using a paired sample
t-test. Additionally, a sub-analysis was
performed by stratifying participants by
the level of experience into 2 groups;
and the gold standard-participants
agreements pre- and post-workshop
were compared separately within each
group using a paired sample t-test.
Statistical analysis was made using
IBM SPSS Statistics 28 (SPSS, Chi-
cago, IL, USA).

Results

Participants of the workshop

The workshop was attended by 110 in-
dividuals, and 37 of them accepted the
invitation to participate in this study.
Of the 37 participants that accepted
the invitation, 10 did not complete
both rounds, and two had incomplete
assessments. This resulted in a total
of 25 participants from 10 countries
(Brazil, China, Denmark, Italy, Ja-
pan, the Netherlands, Norway, USA,
South Korea, and Switzerland) who
agreed to participate in this study and
completed the both the pre- and post-
workshop assessments. Participants
included 13 rheumatologists, four oral
medicine experts, three physician as-
sistants, two dentists, two oral and
maxillofacial surgeons, and one PhD
student. The mean age of participants
was 47.0+12.3 years. Nearly all par-
ticipants had previous experience with
diagnosing SjD patients (96%, n=24).

Eleven (44%) did not have any previ-
ous SGUS experience, and 14 (56%)
had at least one year of SGUS experi-
ence. Among the observers with SGUS
experience, the median experience was
1.5 (1.0-7.0) years.

Patients

The median patient age was 58 (44—66)
years, the majority was female (90%,
n=18), and 40% (n=8) had a Hocevar
score greater than 15 (16). The mean
total OMERACT grey-scale score was
5.1+4.0, while the mean OMERACT
CD score was 5.9+2.6. A more detailed
overview of the patients’ character-
istics can be found in Supplementary
Table S1.

Overall inter-observer reliability

After the workshop, there were im-
provements in inter-observer reliabil-
ity in scoring GS images for all four
glands. Kappa values were as follows:
the LSm improved from 0.23 pre-
workshop to 0.28 post-workshop, LPar
from 0.32 to 0.38, RSm from 0.14 to
0.25, and RPar from 0.37 to 0.40. The
total OMERACT score also showed
improvement, the ICC increased from
0.68 to 0.79. For the CD images, the
improvements were limited. Kappa val-
ue increased only for LSm (from 0.35
to 0.36). The kappa values decreased
for the other glands, with the LPar
dropped from 0.54 to 0.47, RSm from
0.34 to 0.29, RPar from 0.59 to 0.45.
The total OMERACT score showed a
slight change, the ICC decreasing from
0.73 t0 0.72. An overview of the results
is shown in Table I.

Figure 1 shows the modified Bland-Alt-
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Pre-workshop

Post-workshop

Fig. 1. Systematic differences
in ultrasound scores using the
OMERACT Grey-scale (GS)

6 . 6 ° scoring system. For each of
" o 1 s 13 the 20 patients, the mean score
4 . — 14 of 25 observers was calcu-
o ® B . . 3 e 15 lated. The differences between
2 ‘\’ . . v 4 . 16 each observation and the mean
3 !0 x v °x g 17 were plotted against the mean.
S _"_.l ® Y e¥ £ ¢ 5 The left plot shows the pre-
5 0'_'__! RS A A é 6 v 18 workshop results, while the
?5: o? ‘.:\5 . v 10‘ 15 a 7 s 19 right plot displays the post-
2 o '_.x;"‘! - v 8 e 20 workshop results. Each sym-
. ° ‘v‘ . . " 9 . 21 1.301.19 the legend represents an
a4 Y5 ® individual observer.
. ° e 10 . 22
. 6 1 e 23
12 = 24
8 . s 25
Total OMERACT GS score Total OMERACT GS score
Pre-workshop Post-workshop Fig. 2. Systematic differences
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" e 23 resents an individual observer.
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Total OMERACT CD score

Total OMERACT CD score

man plots illustrating the total OMER-
ACT GS scores and shows larger dif-
ferences between the 25 observers for
the first pre-workshop round compared
to the second post-workshop round,
particularly for the mid-range scores
(3-7). The post-workshop plot shows
clustering of scores around the mean
and fewer outliers.

Figure 2 shows the modified Bland Alt-
man plots illustrating the total OMER-
ACT CD scores, showing no substantial
changes in the distribution of pre- and
post-workshop scores.

Effect of workshop training on

gold standard - participant agreement
The training workshop improved the
agreement of participants with the gold
standard. For the grey scale images, the
total OMERACT score showed a sig-
nificant increase in ICC by 0.06+0.12
(p=0.020). Among the individual
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glands, the LSm and RSm showed a sig-
nificant increase in WCK by 0.08+0.15
(p=0.015) and 0.06+0.14 (p=0.050)
respectively. Although improvement
was observed for the WCKs of LPar
and RPar by 0.05+0.16 (p=0.12), and
0.03+0.11 (p=0.13) respectively, these
changes were not statistically signifi-
cant.

For the CD images, the total OMER-
ACT score showed a non-significant
improvement in ICC of 0.03+0.09
(»=0.129). Among the individual
glands, a significant WCK increase of
0.08+0.10 (p<0.001) was observed for
the LSm and the WCK for LPar stayed
the same 0.00+0.13 (p=0.903). The
RSm and RPar showed a non-signif-
icant decrease in WCK by -0.02+0.14
(»p=0.583) and -0.01+0.12 (p=0.700),
respectively. Table II presents an over-
view of the gold standard-participant
reliability pre- and post-workshop.

Effect of the workshop on gold
standard participant agreement

using cut-off scores

When applying the OMERACT GS
cut-offs, the gold standard-participant
agreement showed some improvement
after the workshop. Specifically, using
the cut-off score of the OMERACT GS
score =2 in any single gland, the mean
CK increased by 0.08+0.25 (p=0.062),
which did not reach statistical signifi-
cance. In contrast, when using the cut-
off of the total OMERACT GS score =5
across the four glands, the CK showed
a small but significant improvement by
0.10£0.21 (p=0.031) after the workshop.

Effect of the workshop on gold
standard participant agreement

based on participant’s experience

For grey-scale images, observers with
no experience demonstrated a signifi-
cant improvement in the ICC for to-
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Table II. Gold standard-participant agreement: pre- and post-workshop.

Median score

Median score

Median score Pre-workshop

Post-workshop

Changes in kappa Two-sided p

(Q1-Q3) by (Q1-Q3) scored by  (Q1-Q3) as scored kappa kappa values
gold standard ~ participants before by participants after
the training the training

Left Sm GS 1.5 (0.75;2.0) 20 (1.0;3.0) 1.0 (1.0;2.0) 036 +0.14 044 +£0.14 0.08 +0.15 0.015
Left Par GS 1.0 (0.0;2.25) 1.0 (0.0;2.0) 1.0 (0.0;2.0) 0.60 + 0.15 0.65+0.11 0.05 £0.16 0.124
Right Sm GS 1.0 (0.0;2.0) 20 (1.0;2.0) 20 (1.0;2.0) 0.28 + 0.16 034 +0.14 0.06 £0.14 0.050
Right Par GS 1.0 (0.0;2.25) 1.0 (1.0;2.0) 1.0 (0.0;2.0) 0.59 = 0.10 0.63+£0.11 0.03 +0.11 0.132
Total GS (ICC)* 5.1+40 59+34 53+35 0.72 £ 0.14 0.79 £ 0.08 0.06 +0.12 0.020
Left Sm CD 2.0 (1.0;2.0) 20 (2.0;2.0) 20 (2.052.0) 0.30 + 0.08 038 £0.07 0.08 +0.10 <0.001
Left Par CD 1.0 (1.0;2.0) 20 (1.0;2.0) 20 (1.0;2.0) 0.44 = 0.10 044 £0.11 0.00 +0.13 0.903
Right Sm CD 2.0 (1.0;2.0) 2.0 (2.0;2.0) 2.0 (1.0;2.0) 0.35 + 0.10 0.33+0.10 -0.02 +0.14 0.583
Right Par CD 1.0 (1.0;2.0) 1.0 (1.0;2.0) 1.0 (1.0;2.0) 046 + 0.10 0.46 +£0.09 -0.01 +0.12 0.700
Total CD (ICC)* 59+26 69+2.1 65+23 0.57 = 0.08 0.60 £ 0.00 0.03 +0.09 0.129

Sm: submandibular gland; Par: parotid gland; GS: grey-scale; CD: colour Doppler.
Kappa values for individual glands are reported as weighted Cohen’s kappa, while kappa values for total OMERACT scores are presented as Intraclass Correlation
Coefficients (ICC). *For total scores, mean +standard deviation (SD) is presented.

Table III. Gold standard-participant agreement: pre- and post-workshop based on experience.

0-Year experience (n=11)

Experience =1 year (n=14)

Pre-workshop

Post-workshop

Changes

Pre-workshop

Post-workshop Changes

Median score  Kappa Median score  Kappa Mean + p-value Median score Kappa Median score  Kappa Mean + p-value

(Q1-Q3) (Q1-Q3) standard (Q1-Q3) (Q1-Q3) standard

deviation deviation
Left Sm GS 2.0(1.0-3.0) 030+0.15 2.0(1.0-2.0) 0.39+0.14 0.09+0.17 0.079 1.0(1.0-20) 042+0.10 1.0(1.0-20) 048+0.13 0.06+0.14 0.113
Left Par GS 1.0(0.0-2.0) 0.54+0.17 1.0(0.0-2.0) 0.65+0.07 0.11+0.19 0.077 1.0(0.0-2.0) 0.64+0.11 1.0(0.0-2.0) 0.64+0.14 0.01=+0.13 0.880
Right Sm GS 20(1.0-3.0) 020+0.10 2.0(1.0-20) 023+0.11 0.03+0.13 0383 2.0(1.0-20) 0.34+0.17 1.0(1.0-20) 042+0.09 0.08+0.16 0.085
Right Par GS 1.0 (1.0-20) 0.54+0.10 1.0(0.0-20) 0.61 £0.08 0.07 £0.12 0.068 1.(0.0-20) 0.63+009 10(0.0-2.0) 0.64+0.13 001 £0.09 0.895
Total GS (ICC)* 63+£32 063+0.14 57%33 0.76+0.06 0.13+0.13 0.012 55+35 0.80 +0.10 51+£3.6 0.81+0.09 0.01 £0.09 0.624
Left Sm CD 2.0(2.0-3.0) 0.31+£0.08 2.0(2.0-3.0) 0.38+0.07 007008 0.010 20(2.0-20) 028+0.08 2.0(2.0-2.0) 0.38+0.08 0.10+0.12 0.010
Left Par CD 20(1.0-20) 044+0.11 1.0 (1.0-2.0) 0.42+0.09 -0.02 +0.15 0.642 1.0(1.0-20) 045009 1.0(1.0-20) 046+0.12 0.01£0.12 0.735
Right Sm CD 2.0(2.0-3.0) 034+006 2.0(20-3.0) 0.34+0.11 000£0.13 0959 20(1.0-20) 036+0.13 2.0(1.0-2.0) 0.33+0.10 -0.03 £0.15 0.485
Right Par CD 1.0(1.0-2.0) 045+0.11 1.0(1.0-2.0) 0.41+0.08 -0.04 +0.14 0.383 1.0(1.0-20) 047009 1.0(1.0-200 04900 0.02=+0.10 0.607
Total CD (ICC)* 72+19 055009 6925 057008 002+0.11 0.609 67+22 0.59 +0.08 67+£22 0.62+0.07 0.01£0.09 0.094

Sm: submandibular gland; Par: parotid gland; GS: greyscale; CD: colour Doppler.
Kappa values for individual glands are reported as weighted Cohen’s kappa, while kappa values for total OMERACT scores are presented as Intraclass Correlation
Coefficients (ICC). *For total scores, mean +standard deviation (SD) is presented.

tal OMERACT score, increasing by
0.13+0.13 (p=0.012), compared to a
negligible improvement of 0.01+0.09
(p=0.624) among the group with expe-
rience. Similarly, improvement in the
WCK values for the individual glands
in the group without experience were
observed, with greater increases in re-
liability observed in the more experi-
enced group, however, these improve-
ments were not significant.

For CD images, there were no notable
differences in effects of the workshop
between the two groups. In both groups,
there was an increase in the LSm WCK,
in the group without experience by
0.07+0.08 (p=0.010), compared to
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0.10+0.12 (p=0.010) in the experienced
group. However, for the other glands
the changes in WCK or ICC values
were minimal and not statistically sig-
nificant in either group. Table III shows
an overview of the observer-reference
agreement pre- and post-workshop
based on the level of experience.

Discussion

Our results suggest that training has a
positive effect on overall inter-observer
reliability and gold standard-participant
agreement, with the most notable ben-
efits for less experienced participants.
This positive effect suggests that work-
shop training could help ultrasonogra-

phers to improve their scoring reliability.
Our findings align with the study of
Quéré et al. who suggested that video-
conferencing training could be a tool to
train sonographers (20). They reported
post-training inter-observer reliability
kappa values ranging from 0.23 to 0.54,
measured between participants and the
most experienced observer designated
as the reference score. In our study the
mean WCK values ranged between
0.34+0.14 and 0.65+0.11 for the GS in-
dividual glands, measured between the
participants and the gold standard. Qué-
ré et al. did not report an overall inter-
observer reliability, instead they meas-
ured inter-observer reliability pairwise,
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i.e. between each and every participant
separately, with WCK values ranging
from 0.23 to 0.87. In contrast, our study
found a fair agreement on the overall
inter-observer reliability among all par-
ticipants in GS scoring of the individual
glands using FK, ranging from 0.25
to 0.40. The pooled glandular assess-
ment demonstrated good inter-observer
reliability (ICC =0.79), the FK values
for the individual glands were lower.
While modest, the increases in gland-
level kappa may still be meaningful,
especially when baseline agreement is
fair to moderate. One possible explana-
tion might be that assessing each gland
in isolation might be more challenging
for observers compared to assessing
the overall status of the four major sali-
vary glands. Additionally, these results
could also be due to the different sta-
tistical properties of ICC and FK. ICC
tolerates minor differences in the larger
(0-15) pooled range score, while FK
adjusts for chance in a narrower (0-3)
categorical range, resulting in a stricter
reliability measure (27-29). However,
unlike our study, Quéré et al. did not re-
port pre-training kappa values or kappa
values for the individual glands, mak-
ing it difficult to objectify and compare
the effects of training (20).

In addition to GS scoring, we also as-
sessed the impact of training on the
scoring of CD images. To our knowl-
edge, this is the first study investigat-
ing the impact of training on the reli-
ability of scoring of CD images. While
the improvements in GS scoring are
promising, it is noteworthy that the ef-
fects of the workshop were limited on
the scoring of CD images, as there were
no significant improvements in the CD
scoring after the workshop. Although
overall inter-observer reliability was
generally higher for CD scoring com-
pared to GS scoring, the FK values for
GS scoring improved across all glands
post-workshop. In contrast, the FK
values for CD images post-workshop
stayed rather stable. The limited ef-
fect of the workshop on CD scoring
may be due to the relatively simple
and straightforward nature of the CD
scoring system, which already had a
high level of baseline agreement. The
CD OMERACT scoring system is less
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complex, since only vascular signals
are assessed, compared to GS images
where multiple elements of the gland
are assessed.

The discrepancy in the impact of train-
ing on GS and CD scoring may lie in
the differences in complexity between
the two scoring systems. Jousse-Joulin
et al. outlined challenges in achieving
reliability in GS SGUS assessments
due to the wide range of abnormali-
ties that can be evaluated, including
echogenicity, homogeneity, hypo-
echoic areas, and calcifications. These
observations emphasised the need of a
standardised scoring system and expert
training (9). The difference in the reli-
ability between CD and GS is further
exposed in our study: especially in the
pre-workshop kappa values, with CD
kappas being higher than the GS kap-
pas. A study by Hocevar et al. reported
high inter-observer reliability for CD
SGUS in an exercise involving only
expert sonographers and static images,
with a Light’s kappa of 0.80 across all
four glands (22). In contrast Sluijpers
et al. observed lower agreement, with
overall inter-observer FK values be-
tween 0.46-0.66 in the first round and
0.35-0.50 in the second round, con-
ducted two weeks apart (23). These re-
sults are very similar to our results, as
we found FK values between 0.46 and
0.63 pre-workshop, and between 0.30
and 0.50 post-workshop. Sluijpers et al.
highlighted the need for training as they
showed that inexperienced observers
had a lower intra-observer reliability
compared to the most experienced ob-
servers (WCKs of respectively 0.23—
0.48 vs.0.72-0.81).

Applying cut-off scores for the OMER-
ACT GS showed that training particu-
larly improved agreement for the total
OMERACT score =5, while the single
gland =2 definition only showed a non-
significant trend. This could suggest that
training may be more effective in en-
hancing recognition of overall glandular
morphology pattern than isolated gland
changes, supporting the use of SGUS as
a cumulative measure in SjD diagnosis.
In addition, our results also suggest that
the effectiveness of workshop train-
ing varies per salivary gland evaluated.
Specifically, the workshop particularly

improved the scoring of the subman-
dibular glands, while the effects were
less pronounced for the parotid glands.
This difference may be due to anatomi-
cal and structural variations between
the two glands, which makes the sub-
mandibular glands more challenging to
assess. Parotid glands are larger, have
more homogenous structures that make
abnormalities easier to detect and make
consistent scoring easier compared to
submandibular glands (9). In contrast,
submandibular glands are anatomically
more complex, smaller, and not infre-
quently have more heterogenous echo-
texture, all factors that contribute to
lower reliability. These glandular specif-
ic findings provide further insight into
where training may be most impactful.
One of the main strengths of our study
is its design that enables comparison
of the scoring reliability over time (pre
and post intervention). Furthermore,
inclusion of a diverse group of partici-
pants enhances the representativeness
of the sample and provides valuable
insights into how the training can be
beneficial for less experienced sonogra-
phers. Additionally, by evaluating both
GS and CD images, as well as assessing
and reporting on individual glands, this
study delivers a comprehensive analy-
sis of SGUS reliability.

Among the limitations of this study is
the evaluation of static images only. As
Jousse-Joulin et al. noted, static images
differ from live image acquisition, and
thus the use of static images could lead
to the underestimation of the variability
observed in real life (31). Accordingly,
the applicability of our findings to real-
time SGUS in clinical settings will re-
quire further validation, ideally through
studies assessing reliability during live
ultrasonography. However, using static
images is a common practice when as-
sessing the reliability of SGUS, and its
use during reliability exercises allows
standardised conditions for the par-
ticipants and reduced variability, that
is potentially caused by differences in
ultrasound technique (10, 20, 23, 31).
Also, only a subgroup of the workshop
participants, 25 out of 110 (22.7%), par-
ticipated in the study, which raises the
possibility of selection bias. Those who
agreed to participate may have had a
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particular interest in SGUS, potentially
having greater knowledge and motiva-
tion, which could have resulted in an
overestimation of the results. Neverthe-
less, the diversity of the participants,
representing 10 countries worldwide
and various healthcare professions, and
the inclusion of both inexperienced and
experienced participants enhance the
generalisability of the findings. Lastly,
the use of a single ultrasound device
may be a limiting factor for generalis-
ability in centres with different equip-
ment with varying technical specifica-
tions (e.g. resolution, sensitivity, imag-
ing software). The goal of this study,
however, was to assess the effectiveness
of SGUS training using a particular
model or set of specifications, which
may be widely used or representative
of a standard device. Additionally, any
potential differences in imaging quality
due to variations in equipment could be
mitigated by proper training for opera-
tors and by applying imaging protocols.
In summary, a training workshop was
associated with improvements for inter-
observer reliability for GS SGUS, par-
ticularly in submandibular gland assess-
ment and among inexperienced partici-
pants. The effects on CD scoring were
minimal.
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