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ABSTRACT
Aim  To describe salivary gland involvement in patients 
suspected of Sjögren’s syndrome (SS) using the OMERACT 
Ultrasound Scoring System for SS. Next, using different 
ultrasound cut-offs, to assess the performance of the 
scoring system for diagnosis and fulfilment of 2016 ACR/
EULAR SS classification criteria.
Methods  All patients referred to our department with 
a suspicion of SS in a 12-month period were included. 
All underwent grey-scale ultrasound of the parotid and 
submandibular glands prior to clinical examination, 
Schirmer’s test, unstimulated salivary flow, blood samples 
including autoantibody analysis. Labial biopsy was 
performed according to clinicians’ judgement. Images of 
the four glands were scored 0–3 according to the scoring 
system and a consensus score was obtained using a 
developed ultrasound atlas.
Results  Of the 134 patients included in the analysis, 43 
were diagnosed with primary SS (pSS) and all fulfilled the 
2016 American College of Rheumatology (ACR)/EULAR 
classification criteria. More patients with pSS compared 
with non-pSS had score ≥2 in at least one gland (72% vs 
13%; p<0.001). In patients with score ≥2 in any gland, 
significantly more had positive autoantibodies, sialometry, 
Schirmer’s test and positive labial biopsy compared 
with those with scores ≤1. The best ultrasound cut-off 
value for diagnosing pSS was ≥1 gland with a score ≥2 
(sensitivity=0.72, specificity=0.91).
Conclusion  The OMERACT Ultrasound Scoring System 
showed good sensitivity (0.72) and excellent specificity 
(0.91) for fulfilling 2016 ACR/EULAR criteria using cut-
off score >2 in at least one gland. Our data supports 
the use of ultrasound for diagnosing pSS and supports 
incorporation of ultrasound in the classification criteria.

INTRODUCTION
Sjögren’s syndrome (SS) is an autoimmune 
disease that mainly affects exocrine glands 
including the salivary and lacrimal glands. It 
is characterised by lymphocytic infiltration in 
exocrine glands and other organs that lead 
to structural damage. The symptoms include 
dry mouth, dry eyes and extraglandular symp-
toms such as arthritis, arthralgia and fatigue. 

SS is divided into primary SS (pSS), which is 
not associated with other connective tissue 
diseases (CTDs), and secondary SS, which is 
associated with other CTDs.

It may be challenging to establish the diag-
nosis, as it is not based on a single compo-
nent but on a constellation of symptoms, 
decreased function of exocrine glands, auto-
antibodies and demonstration of lymphocytic 
infiltration on labial salivary gland biopsy. 
The biopsy findings may be inconclusive or 
even negative.1

To ensure homogeneity across studies, clas-
sification criteria were published in 2016 in 
a collaboration between American College 
of Rheumatology (ACR) and EULAR. These 
criteria take into account several features 
with different weights: labial biopsy, autoan-
tibodies, ocular staining test, Schirmer’s test 
and unstimulated salivary flow rate. Labial 
biopsy and autoantibodies (anti-SSA (anti-
Ro) and anti-SSB (anti-La)) have the highest 
weight.2 Labial biopsy is an invasive proce-
dure with potentially severe side effects such 
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Sjögren’s syndrome.

What does this study add?
►► The validated consensus-based OMERACT Scoring 
System has an excellent specificity for diagnosing 
Sjögren’s syndrome in suspected patients.

How might this impact on clinical practice or 
future developments?

►► The OMERACT Scoring System and atlas may fa-
cilitate homogeneity of scoring salivary glands in 
routine care and supports the use of ultrasound for 
diagnosing Sjögren’s syndrome.
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as tissue necrosis and prolonged pain due to damage of 
small sensory nerve branches. Therefore, it is of pivotal 
interest to explore non-invasive procedures that may 
assist in diagnosing SS.

Ultrasound is a promising non-invasive tool in the eval-
uation of the salivary glands for parenchymal changes 
related to SS.3 The ultrasound features range from mild 
inhomogeneity of the glandular tissue to gross cystic, 
nodular and fibrosing changes with only minimal or 
no normal glandular tissue. Changes in the glands are 
strongly correlated between right and left parotic gland 
(PG) and between right and left submandibular gland 
(SMG), while changes in the PGs and the SMGs are less 
strongly correlated.4

Ultrasound of the large salivary glands may improve 
fulfilment of the pSS classification criteria if given the 
same weight as other minor items according to previous 
studies.5 6 Furthermore, ultrasound can be used for moni-
toring treatment effects in clinical trials7 8 and several 
scoring systems have been proposed.9–12

To further facilitate the use of ultrasound for diagnosing 
and monitoring pSS in routine care and in clinical trials, 
the OMERACT Ultrasound Working Group has devel-
oped and validated definitions of glandular pathology 
and based on these definitions the group has developed 
and validated a consensus-based semiquantitative grey-
scale scoring system.13 14 The proposed OMERACT Ultra-
sound Grey-scale Scoring System has shown substantial 
intra-reader and inter-reader reliability.14

The primary aim of the current study was to describe 
the frequency and degree of salivary gland involvement 
in a cohort of patients suspected of SS, using the newly 
developed OMERACT Ultrasound Grey-scale Scoring 
System for SS. Furthermore, to assess the sensitivity, spec-
ificity, positive and negative predictive value for fulfilling 
the classification criteria of pSS when using different cut-
offs based on the ultrasound scoring system. Finally, to 
investigate the performance of ultrasound of the salivary 
glands when incorporated in the classification criteria as 
a minor criterion.

METHODS
This was a cross-sectional, observational study of all 
patients referred to the Center for Rheumatology and 
Spine Diseases, Rigshospitalet, Copenhagen, who were 
suspected of having SS (ocular and/or oral dryness) in 
the period March 2017 to March 2018. In this period, 
ultrasound was used in addition to routine clinical investi-
gation to facilitate the diagnosis in SS suspected patients.

On the day of the first clinical visit, all patients had an 
ultrasound examination of the salivary glands performed. 
Subsequently, the patients had their clinical visit with full 
clinical examination, Schirmer’s test, unstimulated sali-
vary flow, standard blood samples and autoantibody anal-
ysis according to routine practice in our clinic (a panel 
of 14 autoantibodies (EliA CTD Screen (Thermo Fischer 
Scientific)), including anti-SSA (anti-Ro), anti-SSB 

(anti-La), as well as antinuclear antibodies (ANA), IgM 
rheumatoid factor (IgM-RF), anti-cyclic citrullinated 
peptide (anti-CCP)). The clinicians managing the 
patients were aware of the ultrasound results. Labial 
biopsy was only performed in patients where doubt 
remained over the final diagnosis.

Ultrasound
The ultrasound examinations were done by three rheu-
matologists with >10 years of experience in musculoskel-
etal ultrasound and >5 years of experience in scanning 
salivary glands. A GE Logiq E9 R5 (Milwaukee, Wisconsin, 
USA) ultrasound machine with a ML6–15 linear array 
transducer was used for all examinations. The ultrasound 
examination was performed with the patient in supine 
position and included longitudinal and transverse scans 
of the parotid glands and longitudinal scans of the SMGs. 
Grey-scale ultrasound images of each gland were assessed 
for hypoechogenicity and vesicular pattern according to 
the scoring system. Still images and video clips (4 s) of all 
four glands in all patients were stored. The ultrasound 
examination took less than 10 min.

Image evaluation
The newly developed and validated OMERACT semi-
quantitative Grey-scale Scoring System for SS (0–3) was 
applied in the study. The scores are defined as: grade 
0, normal parenchyma; grade 1, mild inhomogeneity 
without anechoic or hypoechoic areas and hyperecho-
genic bands; grade 2, moderate inhomogeneity with focal 
anechoic or hypoechoic areas; and grade 3, severe inho-
mogeneity with diffuse anechoic or hypoechoic areas 
occupying the entire gland or a fibrous gland.14 Based 
on text definitions and image examples that were avail-
able in the original publications,13 14 an ultrasound atlas 
with four imaging examples per grade for each gland 
was developed by one of the participating rheumatolo-
gists with ultrasound experience (VF) and approved by 
all three participating rheumatologists performing and 
scoring the ultrasound examinations (see figure 1). The 
full atlas is available as online supplemental file 1. In all 
patients, a consensus score was obtained for all glands 
based on the stored still images and video clips using the 
atlas. The consensus scoring was done with the assessors 
blinded to all clinical and laboratory results.

Ultrasound as a minor criterion in the classification criteria
To assess the potential value of ultrasound of the salivary 
glands as a minor criterion in the classification criteria of 
pSS, 1 extra point was added to the score used in ACR/
EULAR 2016 criteria, when at least one gland had an 
ultrasound score of 2 or 3.

Statistics
Characteristics of pSS and non-pSS were compared 
using t-test, χ2 test and Cochran-Armitage test of trend 
as appropriate. In total, six provisional ultrasound cut-
offs were tested: ≥1 gland with ultrasound score 1, 2 or 
3; ≥1 gland with ultrasound score 2 or 3; ≥1 gland with 
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ultrasound score 3; ≥2 glands with ultrasound score 1, 
2 or 3; ≥2 glands with ultrasound score 2 or 3; ≥2 glands 
with ultrasound score 3. The diagnostic performance of 
these ultrasonography cut-offs was examined using the 
2016 ACR/EULAR classification criteria as reference 
standard. The number of labial biopsies that could poten-
tially be avoided when using ultrasound was estimated.

RESULTS
We included all 143 patients with suspected SS (sicca 
symptoms, ie, ocular and/or oral dryness) who were 
referred to our department during a 1-year period. Nine 
patients were excluded from the main analysis due to, for 
example, previous radiation therapy to the head or neck 
or secondary SS (see figure  2). Among the remaining 
134 patients that were included in the main analysis, 43 
(32%) were clinically diagnosed with pSS and all of these 
also fulfilled the 2016 ACR/EULAR classification criteria, 
while the remaining 91 (68%) patients with sicca symp-
toms did not receive a clinical diagnosis of pSS or fulfilled 
the 2016 ACR/EULAR classification criteria. Data for 
the ACR/EULAR classification criteria were complete, 

except for 27 (20%) patients that could not be formally 
assessed since labial biopsies were not performed: 21 
patients were not offered a labial biopsy because the clin-
ical suspicion for SS was very low, 1 patient had no labial 
biopsy performed due to pregnancy, while 5 patients who 
were recommended a biopsy did not wish to undergo the 
procedure. In total, 45 of the 134 (34 %) patients had 
a labial biopsy performed. Thirty of these patients were 
anti-SSA negative and 6 of these biopsies were positive.

Ultrasound findings and classification criteria for pSS
Demographic data for the whole cohort and for those 
fulfilling and not fulfilling the ACR/EULAR classifica-
tion criteria are shown in table 1. A significant difference 
between the two subgroups was seen for all parameters 
except sex and anti-CCP.

Of 134 patients, 43 (32 %) patients had at least one 
gland with an ultrasound score 2 or 3, and 37 (28%) 
patients had at least two glands with an ultrasound score 
2 or 3. The proportion of patients with ≥1 gland with 
an ultrasound score 2 or 3 was much higher in patients 
with pSS compared with patients without pSS (31 (72%) 

Figure 1  OMERACT Ultrasound Scoring System for Sjögren. Representative examples of images reflecting the written 
definitions of the OMERACT scoring system grade 0–3 for (left) the parotid gland and (right) the submandibular gland. The 
examples can also be seen in the atlas—online supplemental file 1.

https://dx.doi.org/10.1136/rmdopen-2020-001516
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patients and 12 (13%) patients, respectively; p<0.001). 
Similarly, the proportion of patients with ≥2 glands with 
an ultrasound score 2 or 3 was much higher in patients 
with pSS compared with patients without pSS (30 (70%) 
patients and 7 (8 %) patients, respectively; p<0.001). The 
SMGs were affected slightly more frequently than the 
parotid glands (see table 1).

Of the 43 (32%) patients who had at least one gland 
with a score of 2 or 3, 35 (81%) of these patients had 
anti-SSA antibodies. The remaining 8 (19%) patients 
were negative for anti-SSA antibodies, 4 patients had a 
biopsy performed, of which 3 were positive and 1 was 
negative.

When the disease characteristics were summarised 
according to the highest ultrasonography score for gland 
pathology, see table 2, patients with a highest score of 2 
or 3 among all four glands had more frequently autoan-
tibodies, positive sialometry and positive Schirmer’s test, 
compared with patients who had a highest score of 0 or 1.

Diagnostic performance of ultrasonography findings using 
the 2016 ACR-EULAR pSS criteria as reference standard
We found that using a cut-off of ≥1 gland with score 2 
or 3 or ≥2 glands with score 2 or 3 had a good perfor-
mance for the diagnosis of pSS. These two cut-offs did 
not differ markedly in performance. Salivary gland ultra-
sound where ≥1 gland has score 2 or 3 had sensitivity 0.72 
and specificity 0.91; salivary gland ultrasound where ≥2 
glands had score 2 or 3 had sensitivity 0.70 and specificity 
0.94 (see table  3). Also, for the positive and negative 
predictive values only minimal differences were found 
when comparing these two cut-offs (table 3).

In contrast, we found that using a gland score of 1 as 
cut-off led to an unacceptably low specificity, while using 
a gland score of 3 as cut-off markedly decreased the 
sensitivity without a meaningful gain in specificity (see 
table 3).

Could biopsies potentially be avoided if ultrasound were a 
minor criterion in the classification criteria?
Labial biopsy and autoantibodies have the highest weight 
in the classification criteria. As labial biopsy is an inva-
sive procedure that should be limited to as few patients 
as possible, we assessed how the patients in our cohort 
would fulfil the classification criteria with or without 
labial biopsy given a scenario where ultrasound of the 
major salivary glands may substitute labial biopsy in the 
classification criteria. When reviewing the detailed points 
in the classification criteria for each patient, 32 (74%) 
of 43 patients that were classified as pSS could be classi-
fied without ultrasound and without biopsy, that is, solely 
based on positive anti-SSA or anti-SSB in combination 
with positive Schirmer’s test and/or positive sialometry.

If ultrasonography were used as an additional item in 
the classification criteria, whereby at least one gland with 
an ultrasound score 2 or 3 would give an additional point 
to the criteria score, this would allow additionally 8 (6%) 
patients to be classified as pSS (ie, 40 out of 43 patients 
would have a criteria score >4) without labial biopsy 
being performed. Thus, the addition of ultrasound to the 
criteria would lead to the potential avoidance of biopsies 
in 8 patients. Also, 33 (25%) patients could confidently be 
classified as non-pSS with ultrasound and without biopsy. 
Overall, in this cohort 73 (54%) of the 134 patients a 
biopsy would not lead to a different disease classification.

DISCUSSION
In this cross-sectional, single-centre study of 134 patients 
with suspected SS, we applied the OMERACT Ultrasound 
Grey-scale Scoring System for parenchymal changes 
in the large salivary glands. Glands with grade 2 and 3 

Figure 2  Patient disposition. Patients with pSS: 2016 ACR/
EULAR criteria for pSS were fulfilled (at least four points), 
all had a clinical diagnosis of pSS. Non-pSS patients: 
2016 ACR/EULAR criteria for pSS not fulfilled (below 4 
points, 27 patients had 1–3 points according to the 2016 
ACR/EULAR criteria but did not have labial salivary gland 
biopsy, none of these had a clinical diagnosis of pSS). 
ACR, American College of Rheumatology; MALT, mucosa-
associated lymphoid tissue; non-pSS, patients without pSS; 
pSS, primary Sjögren’s syndrome; SLE, systemic lupus 
erythematosus; SS, Sjögrens syndrome.
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were much more frequent in patients fulfilling the ACR/
EULAR classification criteria than in patients who did 
not fulfil these criteria. Furthermore, a grade 2 or 3 in 
at least one gland had a high sensitivity and specificity 
for the diagnosis of pSS fulfilling the ACR/EULAR clas-
sification criteria and with a specificity only improving 
slightly when requiring pathology in at least two glands. 
This is partly in line with a previous study that suggested 
pathology in at least two glands for diagnosing pSS.13 
Furthermore, a gland score of 1 was more frequent in 
patients without pSS than in patients with pSS and had an 
unacceptably low specificity for pSS, indicating that grade 
1 may be considered a normal finding. A recent review 
paper15 addressed the large differences among published 
ultrasound scoring systems for salivary glands. We found 
that the consensus-based and validated OMERACT Grey-
scale Scoring System had an improved sensitivity (0.70) 
compared with and an excellent specificity (0.94) in line 
with previously published scoring systems.9–12 Further-
more, it is encouraging that the scoring system maintains 
a very high specificity in this study compared with other 
scoring systems, since a high specificity is necessary for 
the use in routine care. However, a normal ultrasound 
cannot rule out the presence of pSS.

We chose to evaluate the ultrasound findings in rela-
tion to fulfilment of the pSS classification criteria as 

reference standard to avoid circularity of reasoning. We 
acknowledge that patients with a clinical suspicion of pSS 
and high ultrasound scores might be considered by some 
to have pSS even though they do not fulfil ACR/EULAR 
classification criteria.

We assessed the possible impact of ultrasound for 
classifying pSS if incorporated into the classification 
criteria5 6 16–20 with a weight of 1 point, as previously 
suggested.4 5 In our study, 8 (6%) patients who had 3 
points in the current classification criteria would poten-
tially gain 1 additional point by ultrasound and then 
fulfilling the criteria for pSS. We do not yet have long-
term follow-up data available for those patients that were 
not diagnosed with pSS. In future studies, it should be 
pursued whether the ultrasound findings are predictive 
for developing other pSS features over time.

In the current study, we assessed to what extent biopsies 
could be avoided by adding ultrasound with a weight of 1 
into the classification criteria. Of the 134 patients, when 
using clinical examination and ultrasound assessment 61 
(46%) patients could avoid the invasive procedure and 
still be classified as pSS, thereby reducing the number 
of patients that needed to undergo labial biopsy to 73 
(54%). Although it seems that the systematic use of ultra-
sonography could reduce the number of labial biopsies, 
it needs further testing.

Table 2  Disease characteristics according to highest ultrasonography score among four salivary glands

Highest score among 
four glands,
US score 0

Highest score among 
four glands,
US score 1

Highest score among 
four glands,
US score 2

Highest score among 
four glands,
US score 3

Difference 
between groups, 
p value

No of patients 20 71 23 20

pSS/no-pSS 2 (10%)/18 (90%) 10 (14%)/61 (86%) 15 (65%)/8 (35%) 16 (80%)/4 (20%) <0.001

Age (mean±SD) 55.9±14.0 55.0±15.8 52.8±15.4 60.4±17.8 0.46

Sex, women 13 (65%) 60 (85%) 19 (83%) 18 (90%) 0.09

Symptom duration >2 years 10 (50%) 22 (31%) 12 (52%) 12 (60%) 0.12

Anti-SSA antibodies 7 (35%) 19 (27%) 15 (65%) 20 (100%) <0.001

Anti-SSB antibodies 1 (5%) 2 (3%) 5 (22%) 12 (60%) <0.001

Schirmer’s test positive 1 (5%) 6 (8%) 5 (22%) 8 (40%) <0.001

Sialometry positive 9 (45%) 24 (34%) 13 (57%) 16 (80%) 0.002

Performed labial salivary 
gland biopsies (positive)

8 (40%) (1 (13%)) 25 (35%) (6 (24%)) 9 (39%) (7 (78%)) 3 (15%) (1 (33%)) 0.02

P values, linear model for continuous variables and Cochran-Armitage test of trend for ordered categorical variables.
ACR, American College of Rheumatology; non-pSS patients, 2016 ACR/EULAR criteria for primary SS not fulfilled (below 4 points, 27 patients had 1-3 points according to the 2016 
ACR/EULAR criteria but did not have labial salivary gland biopsy); pSS patients, 2016 ACR/EULAR criteria for primary SS fulfilled (at least 4 points); SS, Sjögren syndrome; US, 
ultrasonography.

Table 3  Diagnostic performance of different US cut-offs using the 2016 ACR/EULAR primary SS criteria as reference 
standard

Sensitivity Specificity Positive predictive value Negative predictive value

At least one gland with US score 1, 2 or 3 41/43=95% 11/64=17% 41/94=44% 11/13=85%

At least one gland with US score 2 or 3 31/43=72% 58/64=91% 31/37=84% 58/70=83%

At least one gland with US score 3 16/43=37% 62/64=97% 16/18=89% 62/89=70%

At least two glands with US score 1, 2 or 3 38/43=88% 22/64=34% 38/80=48% 22/27=81%

At least two glands with US score 2 or 3 30/43=70% 60/64=94% 30/34=88% 60/73=82%

At least two glands with US score 3 15/43=35% 63/64=98% 15/16=94% 63/91=69%

ACR, American College of Rheumatology; SS, Sjögren syndrome; US, ultrasonography.
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Several studies have shown ultrasound of the large sali-
vary glands to have diagnostic value for pSS,10–12 which we 
also demonstrated using the new OMERACT Grey-scale 
Scoring System when considering grade 2 and 3 as sign 
of pathology. Ultrasound may be taken into consider-
ation when making a clinical diagnosis in patients with 
suspected pSS, if other parameters strongly indicate a 
clinical diagnosis of pSS, and we support the proposal of 
adding ultrasound into the classification. We hope that 
our atlas will help implement the use of ultrasound of 
the large salivary glands in patients suspected for pSS and 
ensure consistency in grading the lesions.

Strengths of this study include the application of the 
OMERACT consensus-based and validated Grey-scale 
Scoring System for SS and the development of an atlas, 
which ensured a uniform scoring in all patients. Further-
more, a recent study found the intra-rater and inter-rater 
reliability for the OMERACT Grey-scale Scoring System 
to be substantial to almost perfect among 20 rheumatol-
ogists.21 It might be considered a limitation that the clini-
cians were not blinded to the results of the ultrasound 
examination. However, in our data analysis we applied 
the ACR/EULAR classification criteria as gold stan-
dard in which ultrasound is not a part, and the poten-
tial impact of the ultrasound results to the clinician was 
therefore avoided.

CONCLUSION
The OMERACT Ultrasound Grey-scale Scoring System 
for SS has good sensitivity and excellent specificity for 
fulfilling the pSS classification criteria, when a grey-scale 
score of 2 or 3 in at least one gland is considered indic-
ative of SS syndrome. Our data supports that ultrasound 
play an important role for diagnosing pSS and should 
be considered incorporated in the classification criteria. 
The atlas, which is available as online supplemental file 
1, may be helpful in clinical practice and trials when 
grading lesions of the large salivary glands by ultrasound.
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