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Abstract
Objective
To analyse intraobserver and interobserver reliability of colour Doppler (CD) ultrasonography of the major salivary
glands (SGUS) in patients clinically suspected of Sjogren’s disease (SjD).

Methods
One hundred consecutive outpatients visiting the University Medical Center Groningen for a diagnostic trajectory
because of a suspicion of SjD were evaluated using CD ultrasonography of the submandibular and parotid salivary
glands. All images were independently assessed by four observers (two experienced observers, one lesser experienced
resident, one inexperienced trainee) in two sessions using the Outcome Measures in Rheumatology (OMERACT)
CD scoring system (scale 0-3). A total score was calculated as the sum of the scores of the 4 glands (scale 0-12).
Intra- and interobserver reliability, and reliability of live versus static scores were determined. Factors influencing
variability in scores were analysed.

Results
Intraobserver weighted Cohen’s kappa’s of individual glands ranged from 0.23 (inexperienced observer) to 0.81
(experienced observer). Intraclass Correlation Coefficients (ICCs) for intraobserver reliability of the total CD score
ranged from 0.53 (inexperienced observer) to 0.90 (experienced observer). The ICC for intraobserver reliability of
live scoring compared to static images was 0.72. ICCs for interobserver reliability of the total CD score were 0.81 for
session 1 and 0.71 for session 2. Patient variance was 74.1%, whereas residual variance contributed 15.5% to the
total variance.

Conclusion
CD SGUS is a reliable imaging technique to visualise intraparenchymal vasculature in patients suspected of SjD,
and therefore could be an asset in daily clinical practice. It requires, however, experience and prior training.
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Introduction

Sjogren’s disease (SjD) is a chronic
systemic autoimmune disorder with a
female-to-male ratio of 9:1 (1, 2). The
prevalence is 61 cases per 100,000 in-
habitants, with onset typically in mid-
dle age, but SjD can develop at any age,
either independently or alongside with
other autoimmune diseases like rheu-
matoid arthritis or systemic lupus ery-
thematosus (1, 3). SjD is characterised
by immune-mediated damage to the ex-
ocrine glands, particularly the lacrimal
and salivary glands, leading to symp-
toms such as dry eyes and dry mouth
(sicca symptoms) (1, 3,4).

Until now, a gold standard to diagnose
the disease, i.e. a single test with high
sensitivity and high specificity which
can successfully discriminate patients
with SjD from non-SjD controls, is
lacking. As a result, a variety of diag-
nostic tests is implemented in the diag-
nostic work up (5, 6).

Ultrasonography of the major salivary
glands (SGUS) is increasingly used due
to its non-invasive nature and cost-ef-
fectiveness for diagnosing SjD, show-
ing good to excellent intra- and inter-
observer reliability (7-9). SGUS is not
yet but has been suggested to be added
as additional item in the 2016 American
College of Rheumatology/European
League Against Rheumatism (ACR/
EULAR) classification criteria (10, 11).
Colour Doppler (CD) ultrasonography
offers potentially additional diagnostic
and monitoring benefits by evaluat-
ing glandular vascularisation, which
may indicate the level of inflammation
(12-14). Assessment of inflammatory
activity using CD ultrasonography can
possibly aid in evaluating disease pro-
gression and effect of therapeutic inter-
ventions. However, before assessing its
clinical benefit in SjD, reliability of the
technique should be studied first.
Recently, the Outcome Measures in
Rheumatology (OMERACT) ultra-
sound working group developed the CD
OMERACT scoring system (13). A pi-
lot study showed good to excellent reli-
ability for vascularisation evaluation in
major salivary glands, but limitations
like small sample size and inclusion
of only experts in SGUS to score CD
images necessitate additional research

(13). Therefore, the primary aim of this
study was to analyse the intra- and in-
terobserver reliability of CD ultrasono-
graphy in evaluating the major salivary
glands in patients clinically suspected
of SjD as well as to identify potential
sources of variation in outcomes. The
secondary aim was to assess the reli-
ability of CD ultrasound when compar-
ing live scoring of the salivary glands
with static image assessments.

Materials and methods

Patients

This cross-sectional study was con-
ducted in the Sjogren’s expertise cen-
tre at the University Medical Centre
Groningen (UMCG), a tertiary referral
centre. Between July 2023 and Novem-
ber 2023, a total of 100 consecutive
patients clinically suspected of SjD, i.e.
patients with sicca symptoms, swollen
salivary glands, and/or systemic dis-
ease manifestations such as fatigue and
arthralgia, who visited the outpatient
clinic for a diagnostic and ultrasono-
graphic evaluation, was included in this
study. A sample size of 100 patients was
used to obtain acceptable confidence
intervals for the reliability parameters
(15). Authorisation for the utilisation
of research materials was secured from
the Medical Ethics Review Committee
(METc) (approval no. 016/120) at the
UMCG.

Procedures

Each patient underwent examination
by an experienced ultrasonographer
(AS or KD) using an ultrasonographic
scanner (Esaote MyLabSeven, Genova,
Italy), which was equipped with a high-
resolution linear scanner operating at a
frequency range of 3—13 MHz (8). The
following baseline settings were ap-
plied for the examination of the parotid
and submandibular glands: image depth
2.5cm, one focus point at 1 cm below
the skin’s surface, CD frequency up
to 8.3MHz (range 3.6-8.3MHz) and
pulse repetition frequency of 750 Hz.
All patients underwent scanning in a
supine position with the neck slightly
extended and the head slightly turned
to the contralateral side. Patients were
instructed not to eat or drink one hour
before ultrasonographic evaluation.
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Table I: CD score table of both sessions.

Session 1
Observer 1 Observer 2 Observer 3 Observer 4 Total
LSm Grade 0 4 2 3 0 9 (2.3%)
Grade 1 51 37 39 43 170 (42.5%)
Grade 2 39 45 41 56 181 (45.3%)
Grade 3 5 16 17 1 39 (9.8%)
LPar Grade 0 9 4 3 4 20 (5%)
Grade 62 60 60 65 247 (61.8%)
Grade 2 25 31 33 30 119 (29.8%)
Grade 3 4 5 4 1 14 (3.5%)
RSm Grade 0 9 2 5 0 16 (4%)
Grade 1 54 50 49 57 210 (52.5%)
Grade 2 32 37 36 43 148 (37%)
Grade 3 3 11 10 0 24 (6%)
RPar Grade 0 11 4 4 5 24 (6%)
Grade 1 61 64 53 72 250 (62.5%)
Grade 2 24 27 39 23 113 (28.3%)
Grade 3 4 5 4 0 13 (3.3%)
Session 2
LSm Grade 0 9 2 6 0 17 (4.3%)
Grade 1 43 44 40 15 142 (35.5%)
Grade 2 37 44 43 72 196 (49%)
Grade 3 10 10 11 13 44 (11%)
LPar Grade 0 10 3 4 4 21 (5.3%)
Grade 1 61 71 46 4 219 (54.8%)
Grade 2 21 23 46 51 141 (35.3%)
Grade 3 7 3 4 4 18 (4.5%)
RSm Grade 0 6 0 14 (3.5%)
Grade 1 55 62 51 16 184 (46%)
Grade 2 35 31 36 79 181 (45.3%)
Grade 3 4 5 5 21 (5.3%)
RPar Grade 0 12 3 2 2 19 (4.8%)
Grade 1 55 71 4 46 226 (56.5%)
Grade 2 27 23 41 50 141 (35.3%)
Grade 3 6 3 2 14 (3.5%)

LSm: left submandibular gland; LPar: left parotid gland; RSm: right submandibular gland; RPar: right

parotid gland; CD: colour Doppler.

Examination of the parotid glands con-
sisted of both axial and coronal planes,
whereas the submandibular glands
were exclusively examined in the coro-
nal plane. Both grey-scale (GS) and CD
images of the glands were collected. In
addition, the glands were immediately
scored using the Hocevar, OMERACT
GS, and OMERACT CD scoring sys-
tems (13, 16, 17).

The high-resolution images from each
patient were randomised and anony-
mously processed in two rounds in a
PowerPoint presentation. Before a CD
ultrasound image of a gland, a corre-
sponding GS ultrasound image was
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added as an anatomical reference as
well as to take vascular signal over-
projection from extra-parenchymal
vasculature around the salivary glands
into consideration. Per patient a Pow-
erPoint was created including 8 images
respectively, i.e. one showing the left
submandibular (LSm) GS ultrasound
image, one showing the LSm CD ul-
trasound image, one showing the left
parotid (LPar) coronal GS ultrasound
image, one showing the LPar coronal
CD ultrasound image, one showing the
right submandibular (RSm) GS ultra-
sound image, one showing the RSm
CD ultrasound image, one showing the

right parotid (RPar) coronal GS ultra-
sound image and one showing the RPar
coronal CD ultrasound image.

Images were scored by four observers:
two experienced observers (observer 1
and observer 2), one lesser experienced
resident (observer 3) and one inexpe-
rienced trainee (observer 4). Observers
received written instructions on how
to score. Prior to scoring, images from
10 patients diagnosed with SjD, not
included in this reliability study, were
scored in a calibration session to train
the observers in consistent scoring of
the ultrasonographic images. After
that, all images of the 100 consecutive
patients suspect of SjD were scored in-
dependently by the four observers in 2
sessions (2 weeks apart) to determine
intra- and interobserver reliability.

Ultrasonographic assessments

of colour Doppler images

For scoring purposes, the CD OMER-
ACT scoring system was used (13).
This scoring system ranges from 0O to 3,
where: 0; no visible vascular signals in
the glandular parenchyma, 1; focal dis-
persed vascular signals in the glandular
parenchyma, 2; diffuse vascular signals
detected in less than 50% of the gland,
and 3; diffuse vascular signals in more
than 50% of the glandular parenchyma.
In addition, in session 2, the presence
of extra-parenchymal vasculature seen
with CD was scored as an additional
variable. A score of O represented ab-
sence, while a score of 1 represented
the presence of extra-parenchymal vas-
culature.

Data analysis

Intraobserver reliability was assessed
by comparing the CD ultrasound scores
obtained during the first and second
session of each individual observer.
In addition, the reliability of live scor-
ing, as originally done during the visit
of the patient, compared to scoring of
static images was examined by com-
paring the live CD ultrasound scores
with the CD ultrasound scores from the
same experienced observer obtained in
session 1. Interobserver reliability was
assessed by comparing the CD ultra-
sound scores across different observers
for both sessions. Interobserver reli-
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Total CD score

Difference

Fig. 1. Differences in total colour Doppler score.

Observer 1 session 1

Observer 1 session 2

Observer 2 session 1
Observer 2 session 2

Observer 3 session 1

Observer 3 session 2
Observer 4 session 1

a QObserver 4 session 2

For each patient, the mean of the 8 observations (4 observers, 2 sessions) and the difference of these
8 observations from the mean were calculated and plotted against each other. CD: colour Doppler.

ability was evaluated among all pos-
sible observer pairs. Weighted Cohen’s
Kappa (WCK) was used to evaluate the
intraobserver reliability, the reliability
of live vs. static scoring, and interob-
server reliability for each individual
gland. WCK 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 (8, 18).
Overall interobserver reliability was
determined by comparing the CD ultra-
sound scores of each gland among all
observers. Fleiss kappa (FK) was uti-
lised to quantify overall interobserver
reliability when scoring static images.
The same interpretation as WCK was
applied for interpreting the FK values
(8, 18). Lastly, the intra- and interob-
server reliability was assessed by com-
paring the sum scores of the CD assess-
ment for all four glands across all four
observers. The sum score was calcu-
lated by adding the CD scores of the
LSm gland, the LPar, the RSm gland,
and the RPar gland (range: 0-12). In-

traclass correlation coefficients (ICCs;
two-way mixed effects model, single
measures, absolute agreement) were
used to assess the intra- and interob-
server reliability of observers on this
sum score of CD assessment (8). ICCs
>0.70 were considered as acceptable,
with ICCs >0.80 as good agreement be-
tween observers (15). Variance compo-
nents analysis, utilising type III ANO-
VA, was applied to analyse sources of
variation in ultrasonographic scores.
In this analysis ‘observer’, ‘patient’,
and ‘session’ were considered ran-
dom factors. In addition, their 2-way
interactions were examined. Negative
variance components were set to zero.
Error variation was calculated by sub-
tracting patient variation from the sum
of all sources of variation. The propor-
tion of factors’ contributions to both
the total variation and error variation
was expressed as a percentage. For
each patient, the mean of the 8 obser-
vations (4 observers, 2 sessions) and
the difference of each observation from
the mean was calculated and plotted.
Statistical analysis will be conducted

using IBM SPSS Statistics 28 (SPSS,
Chicago, IL, USA).

Results

Patient characteristics

Median age of the 100 included pa-
tients clinically suspected of SjD was
56 years (interquartile range (IQR)
44,65) (Supplementary Table S1). In
total, 87% of the patients were female.
Median total Hocevar score was 20
(IQR 8;28), and median total OMER-
ACT GS score was 7 (IQR 2;10).

Colour Doppler scores

In both sessions grade 1 and grade 2
were scored most frequently (Table I).
Submandibular glands were generally
assigned higher scores compared to pa-
rotid glands. In addition, scores tended
to be higher in session 2 compared to
session 1. Overall, experienced ob-
server 1 tended to score lower than the
mean, where inexperienced observer 4
scored higher than the mean, especially
in session 2 (Fig. 1).

Intraobserver reliability

Observer 1 exhibited the highest in-
traobserver reliability, with good to
excellent agreement for all 4 glands,
WCK values ranged from 0.72 to 0.81
(Table II). Observer 4 showed the low-
est intraobserver reliability, with WCK
values ranging from 0.23 to 0.58. The
highest WCK values were observed
for the parotid glands. Observer 1 and
observer 2 had the highest WCK val-
ues for RPar, while observers 3 and 4
had the highest WCK values for LPar.
ICCs as a measure for total CD score
intraobserver reliability ranged from
0.53 to 0.90. Overall experienced ob-
server 1 demonstrated the highest ICC,

Table II. Intraobserver reliability.

Observer LSm LPar RSm RPar Total CD score
WCK (95%CI) WCK (95%CI) WCK (95%CI) WCK (95%CTI) ICC (95% CI)
Observer 1 0.76 (0.66;0.85) 0.72 (0.61;0.84) 0.76 (0.65;0.87) 0.81 (0.71;0.90) 0.90 (0.85;0.93)
Observer 2 0.70 (0.58;0.81) 0.67 (0.54;0.80) 0.59 (0.46;0.71) 0.73 (0.60;0.86) 0.83 (0.72;0.89)
Observer 3 0.67 (0.59;0.79) 0.75 (0.64;0.86) 0.70 (0.58;0.81) 0.74 (0.62;0.86) 0.89 (0.84;0.92)
Observer 4 0.32 (0.19;0.45) 0.58 (0.45;0.71) 0.23 (0.12;0.34) 0.43 (0.30;0.57) 0.53 (-0.08;0.80)

Live observation vs. static image session 1

0.43(0.23;0.63)

0.56 (0.37;0.75)

0.51 (0.31;0.70)

0.60 (0.42;0.78)

0.72 (0.54;0.84)

Scoring session 1 vs. scoring session 2.

WCKs: weighted Cohen’s kappa’s; ICC: intraclass correlation coefficients; CI: confidence intervals; LSm: left submandibular gland; LPar: left parotid
gland; RSm: right submandibular gland; RPar: right parotid gland; CD: colour Doppler.
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Table III. Interobserver reliability of session 1 and 2.

LSm LPar RSm RPar Total CD LSm Vasc  LPar Vasc RSm Vasc RPar Vasc
WCK WCK WCK WCK score ICC CK CK CK CK
(95%CI) (95%CI) (95%CI) (95%CI) (95%CI)
Session 1
Overall *0.46 #0.66 #0.52 #0.63 0.81 - - - -
(0.40;0.53) (0.59;0.72) (0.46;0.59) (0.57;0.69) (0.72;0.87)

Observer 1 vs. 0.55 0.62 0.58 0.75 0.81 - - - -
observer 2 (0.43;0.67) (0.49;0.74) (0.47;0.70) (0.64;0.87) (0.47;091)

Observer 1 vs. 0.63 0.69 0.72 0.68 0.86 - - - -
observer 3 (0.51;0.74) (0.56;0.81) (0.61;0.83) (0.56;0.80) (0.40;0.94)

Observer 1 vs. 0.42 0.66 0.54 0.63 0.76 - - - -
observer 4 (0.28;0.55) (0.53;0.79) (0.42;0.67) (0.50;0.76) (0.66;0.84)

Observer 3 vs. 0.72 0.73 0.60 0.78 0.89 - - - -
observer 2 (0.61;0.82) (0.60;0.85) (0.48;0.73) (0.67;0.89) (0.83;0.92)

Observer 2 vs. 045 0.78 0.46 0.68 0.75 - - - -
observer 4 (0.33;0.57) (0.69;0.89) (0.33;0.59) (0.57;0.80) (0.59;0.84)

Observer 3 vs. 0.51 0.75 0.57 0.54 0.74 - - - -
observer 4 (0.40;0.62) (0.64;0.87) (0.45;0.68) (0.41;0.67) (0.58;0.83)

Session 2

Overall *0.35 *0.49 *0.30 #0.50 0.71 *0.27 #0.29 *0.38 *0.24

(0.29;0.40) (0.42;0.55) (0.24;0.37) (0.44;0.56) (0.53;0.81)  (0.19;0.35) (0.21;0.37) (0.30;0.46)  (0.16;0.32)

Observer 1 vs. 0.62 0.59 0.59 0.61 0.82 0.11 0.16 0.31 0.13
observer 2 (0.51;0.73) (0.46;0.72) (0.46;0.73) (0.48;0.74) (0.75;0.88)

Observer 1 vs. 0.68 0.59 0.70 0.54 0.81 0.14 0.12 0.37 0.18
observer 3 (0.58;0.79) (0.46;0.71) (0.59;0.81) (0.41;0.67) (0.70;0.88)

Observer 1 vs. 0.27 0.51 0.20 0.54 0.58 0.14 0.23 0.35 0.26
observer 4 (0.16;0.38) (0.38;0.63) (0.10;0.29) (0.42;0.66)  (-0.003;0.81)

Observer 2 vs. 0.52 0.50 0.51 0.53 0.76 047 0.57 0.60 0.39
observer 3 (0.39;0.64) (0.36;0.63) (0.38;0.64) (0.38;0.69) (0.66;0.84)

Observer 2 vs. 0.37 0.47 0.22 0.54 0.56 0.34 0.48 0.29 0.36
observer 4 (0.23;0.50) (0.34;0.60) (0.12;0.33) (0.40;0.68) (0.01;0.79)

Observer 3 vs. 0.26 0.71 0.23 0.64 0.67 0.33 0.50 0.35 0.47
observer 4 (0.14;0.38) (0.59;0.83) (0.13;0.33) (0.51;0.78) (0.23;0.84)

*Fleiss’ kappa.
WCK: weighted Cohen’s kappa; CK: Cohen’s kappa; ICC: intraclass correlation coefficients; CI: confidence intervals; LSm: left submandibular gland;
LPar: left parotid gland; RSm: right submandibular gland; RPar: right parotid gland; CD: colour Doppler; Vasc: extra-parenchymal vasculature.

followed by the lesser experienced ob-
server 3, experienced observer 2 and
lastly inexperienced observer 4.

Live vs. static scores

WCKs of the 4 individual glands
ranged from 0.43 to 0.60. Intraobserver
reliability of live scoring compared to
delayed scoring on static images by the
same experienced observer expressed
in overall ICC was 0.72 (Table II).

Interobserver reliability session I

LPar showed the highest overall in-
terobserver reliability in the first ses-
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sion, with an FK of 0.66, whereas
LSm demonstrated the lowest overall
interobserver reliability, with an FK
of 0.46 (Table III). In pairwise com-
parison, RPar demonstrated the high-
est overall interobserver reliability,
with good agreement for comparisons
between observer 1 and observer 2
(WCK=0.75), observer 1 and observer
3 (WCK=0.68), and observer 2 and
observer 3 (WCK=0.78). The lowest
overall interobserver reliability across
all possible pairs, apart from the com-
parison between observer 3 and ob-
server 4 was found for LSm. Interob-

server reliability of the total CD score
between all the observers was good to
excellent with an ICC of 0.81 for the
first session. Comparisons between ob-
server 1 and observer 2, observer 1 and
observer 3, and observer 2 and observ-
er 3 revealed excellent interobserver
reliability for the total CD score, with
ICC values of 0.81, 0.86, and 0.89, re-
spectively.

Interobserver reliability session 2

On average, the FK, WCK and ICC
values from session 1 were higher than
those observed in session 2 (Table III).

Clinical and Experimental Rheumatology 2024
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Pairwise comparisons including ob-
server 4 tended to show lower WCKs
than pairwise comparisons between the
other 3 observers. RPar exhibited the
highest overall interobserver reliability
in the second session, with an FK of
0.50, whereas RSm showed the lowest
overall interobserver reliability, with a
FK of 0.30. Good to excellent interob-
server reliability for the total CD score
was observed with ICCs of 0.76 to 0.82
between observer 1, observer 2 and ob-
server 3, respectively.

Overall agreement on the presence of
extra-parenchymal vasculature was
fair with FKs between 0.24 and 0.38
(Table III). Prevalence of presence and
absence of extra-parenchymal vascu-
lature is presented in Supplementary
Table S2.

Sources of variation

Patient variance was 74.1%. The vari-
ance that could not be attributed to one
of the factors or their interaction (resid-
ual variance) contributed 15.5% to the
total variance. The interaction between
observer and session made the largest
contribution to error variance, followed
by the interaction between patient and
session. Main factors observer and ses-
sion, and the interaction between pa-
tient and observer did not contribute to
the error variance (Table IV).

Discussion

Our study showed that both intra- and
interobserver reliability of CD ul-
trasonography of the major salivary
glands using the OMERACT CD scor-
ing system is good, although training
is needed to build up experience. This
need is reflected in WCKs of 0.23-0.48
for the inexperienced observer versus
WCKs of 0.72-0.81 for the most ex-
perienced observer. Our results are in
line with the findings from Hocevar et
al. that overall intra- and interobserver
reliability of CD SGUS is good. (13).
Hocevar et al. reported slightly higher
kappa’s, i.e. an intraobserver reliability
with a Cohen’s kappa of 0.84 for all 4
glands combined and an interobserv-
er reliability with a Light’s kappa of
0.70 for all 4 glands combined (13). It
should be noted that the sample size in
their study was 11 times smaller (n=9)

Clinical and Experimental Rheumatology 2024

Table I'V. Impact of components influencing variation in ultrasonographic scores for colour
Doppler ultrasonography of the major salivary glands.

Variance estimates % of total % of error
Sources of variation Estimate variation variation
Patients 3.183 74.1 -
Observer 0 (-0.035) 0 0
Session 0 (-0.016) 0 0
Patient x observer 0 (-0.047) 0 0
Patient x session 0.112 2.6 10.0
Session x observer 0.336 7.8 30.2
Residual variance 0.666 15.5 59.8

Dependent variable: total colour Doppler score. Method: ANOVA, Type III, Sum of Squares. (Negative

variance components) were set to zero.

than in our study. Furthermore, the 9
observers in that study were all experts
in ultrasonographic evaluation of the
major salivary glands in SjD patients,
which was reflected in higher interob-
server reliability.

In our study, we reported lower WCKs
and ICCs for both the intra- and in-
terobserver reliability for observer 4.
Observer 4 was the least experienced
observer and had no experience with
ultrasonographic assessment of the
major salivary glands (both in B-mode
as well as CD) prior to this study. Al-
though, a consensus meeting had taken
place, our results show that more ex-
perience and training is required to
consistently score CD ultrasound sig-
nals. Additionally, assessment of the
submandibular glands seems more
difficult, as reflected by overall lower
kappa’s for all observers. A similar ob-
servation was described in the study by
Hocevar et al. (13). The lower kappa’s
for submandibular glands might be due
to the presence of the facial artery and
vein running through the submandibu-
lar gland which can potentially confuse
observers (19). Training observers in
recognising these vessels could im-
prove CD reliability.

As a matter of fact, agreement on the
presence of extra-parenchymal vascu-
lature was only fair with lower kappa’s
in comparison to kappa’s of the CD
scores. This demonstrates that it is
difficult to reliably recognise normal
extra-parenchymal vasculature and ad-
ditional training should be considered.
When comparing live scoring to static
images, lower WCKs and ICCs were
observed. Either the interpretation dur-
ing live scoring is different from static

scoring or that live scoring is based on
other images, which were not included
in the static reliability assessment. The
discrepancy in scoring can possibly be
attributed to the dynamic nature of per-
forming ultrasonographic evaluations.
Furthermore, during examination it is
easier to distinguish extra-parenchy-
mal CD signals, which can influence
scoring as well. Lastly, blood flow is
a dynamic process and is affected by
a multitude of factors, i.e. movement,
swallowing. This can potentially result
in a change of CD signal during exami-
nation (19, 20).

The largest source of variation was pa-
tient variance, indicating that most var-
iation in scoring is explained by actual
differences in vascularisation between
patients. These differences originate
from anatomical variation and varia-
tion in signal intensity. While, to our
knowledge, no previous data has been
published about sources of variation
in CD SGUS, this result is similar to
the sources of variation analysis of GS
SGUS by Delli et al. (8). They showed
that variance in scoring GS SGUS
could be mainly attributed to interac-
tion of observer and patient. Therefore,
they hypothesised that when monitor-
ing patients over time, the observed
change might not be only attributed to
the progression of the disease or effect
of medication, but also to the differ-
ences in scoring between the different
observers. Therefore, they suggested
that patients should ideally be scored
by the same ultrasonographer. Like-
wise, the present study showed that
variance in scoring CD SGUS could
be mainly attributed to interaction of
observer and session. Therefore, we
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hypothesise here that when monitor-
ing patients over time, the observed
change might not be only attributed to
the progression of the disease or effect
of medication, but also to the differ-
ences in scoring in different sessions.
As a result, we suggest that for longi-
tudinal assessment of CD images, all
images are collected and scored once
in the same session by the same trained
observer to ensure consistency.

A major strength of our study is the
relatively large number of consecutive
patients clinically suspected of SjD
who visited the Sjogren’s expertise
centre at the UMCG, reflecting a rep-
resentative patient population. Another
strength is the use of the OMERACT
CD scoring system, as this scoring
system was specifically developed by
a group of experts for assessing vascu-
lar signals in the major salivary glands
of SjD patients (13). The results of the
study should, however, be interpreted
with caution since they were primarily
based on the analysis of static images,
instead of live ones, although this is a
common approach in similar studies.
Our study focused on the reliability of
CD SGUS. With these data no state-
ments can be made, yet, regarding CD
SGUS clinical application. A future
study investigating CD signal and its
association with clinical, serological
and histological parameters in SjD pa-
tients is eagerly anticipated.

Conclusion

CD ultrasonography of the major sali-
vary glands is a reliable imaging tech-
nique to visualise intraparenchymal
vasculature in patients clinically sus-
pected of SjD. In addition, our study
showed that the ultrasonographer’s
experience plays a major role in con-
sistently scoring images. Ultrasono-
graphers should be trained to accurate-
ly identify normal extraparenchymal
vasculature.
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