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Abstract

Primary Sjögren’s syndrome (pSS) is a systemic autoimmune disease that affects exocrine glands, 
especially salivary and lacrimal glands, leading to their progressive destruction. With highly differen-
tiated clinical course the approach to the definition of pSS is constantly evolving and the pSS clas-
sification criteria have been modified over the past years. In the past sialography and scintigraphy 
were frequently used in pSS diagnostics. Recently no imaging method has been included in the pSS 
classification criteria. That raises the question about the benefits of using novel imaging techniques 
such as ultrasonography, elastography and magnetic resonance imaging to diagnose and monitor 
pSS patients. The purpose of this review is to evaluate the advantages and limitations of widely 
used imaging methods in pSS and their possible future development.
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Introduction
Primary Sjögren’s syndrome (pSS) is one of the most 

common autoimmune inflammatory rheumatic diseas-
es. With its chronic course the disease has a destruc-
tive effect upon salivary and lacrimal glands, causing 
xerostomia and keratoconjunctivitis sicca. Some pSS 
patients have systemic organ involvement, and in the 
course of pSS the risk of lymphoma development is in-
creased [1]. That is why it is vital to diagnose and treat 
the disease without delay.

Over the years the attempt to classify the disease has 
changed. Between 1965 and 2012, 12 various classifica-
tions and/or diagnostic criteria sets were established [1]. 

Current classification criteria for pSS were published in 
2016 by the American College of Rheumatology (ACR) and 
the European League Against Rheumatism (EULAR) [2]. 
They consist of five points (Table I):
•	 anti-SSA/Ro antibody positivity, 
•	 focal lymphocytic sialadenitis in minor salivary gland 

biopsy (MSGB) with a focus score ≥ 1 (over 50 mononu-
clear cells in one focus in 4 mm2 cross-sectional area), 

•	 an abnormal ocular staining score (or van Bijsterveld 
score), 

•	 Schirmer’s test result < 5 mm/5 min, 
•	 unstimulated whole saliva flow rate below 0.1 ml/min.

These criteria replaced the ones from 2012 created 
by the American College of Rheumatology [3] and the 
ones from 2002 established by the American-European  
Consensus Group [4]. Although the diagnostic tech-
niques have developed over time, still there is no evi-
dent place for any of the imaging methods in the current 
classification criteria of pSS.

However, the literature describes studies showing 
the importance of ultrasound in pSS diagnostic, correla-
tions of changes in ultrasound with the progression/
severity of the inflammatory process in MSGB or the du-
ration of the disease [5, 6]. 

Other imaging tests, such as classical sialography 
or magnetic resonance sialography, are still applicable 
to assess the function of the salivary gland, and the in-
troduction of a new non-invasive technique for assess-
ing various organs, which is elastography, may also be 
useful in assessing salivary gland changes. This article 
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discusses available and new methods of imaging the 
salivary glands useful in the diagnosis of pSS.

Sialography
Sialography is one of the first imaging methods used 

for patients with pSS. It was introduced in the 1950s [7]. 
This method enables the assessment of major salivary 
gland ducts by the injection of a small amount of con-
trast medium into the salivary duct, followed by routine 
X-ray projections. The results are interpreted through 
the score system of Rubin and Holt (Table II) that con-
sists of five classes of severity and is based both on the 
morphological abnormalities and the amount of con-
trast collection [7, 8].

Although sialographic examination is an invasive 
method and it requires the use of an iodized contrast 
agent, for decades sialography has been the gold stan-
dard technique for pSS diagnostics. It is contraindicat-
ed in patients with infection, inflammation or allergy 
to iodine [9]. 

Additionally, specificity of parotid sialography is not 
very high as sialographic patterns associated with pSS 
are also seen in other lympho-epithelial lesions or in 
recurrent parotitis of childhood [10]. The specificity of 
sialography ranges from 82.0% to 100% and sensitivity 
ranges from 77.7% to 95.8% [11, 12]. Also, the experience 
of a radiologist may be crucial to sialography results [12].

As sialography’s diagnostic value has its limitations, 
alternative imaging procedures such as magnetic res-
onance sialography, dynamic magnetic resonance sia-
lography and computed tomography sialography have 
been evaluated. 

Starting from the 1980s parotid CT sialography was 
introduced [13]. It was used to indicate surgical land-
marks and relationships of the facial nerve to any parotid 

masses or to differentiate kinds of tumours rather than to 
assess the changes in the parotid’s structure in pSS. 

Later, MR sialography was discovered. This examina-
tion is used to assess the ductal system of the parotid 
salivary gland without using any exogenous contrast 
agents [14]. It is a non-invasive method which allows 
one to detect disorders in parotid salivary glands typical 
for SS. MR sialography allows one to depict the subtle 
changes in the parotid gland ducts, and specific findings 
of numerous cystic changes in the salivary glands that 
represent dilated intraglandular ducts can also be iden-
tified on MRI sialograms [15]. 

Interestingly, the changes seen on MRI sialograms 
in pSS may precisely reflect progression of the disease  
[15, 16]. In the Niemela [17] study MR sialography was 
compared to ultrasonography and MRI. The author found 
that it was the most sensitive method among the others 
despite the fact that the tested sample of patients was 
relatively small. Both MRI sialography and conventional 
MRI are non-invasive methods that provide information 
of morphologic changes in parotid glands and can be 
used as diagnostic indicators of pSS. It seems that MR 
sialography is more sensitive but on the other hand con-
ventional MRI provides information on the pathologic 
changes of glandular parenchyma [18]. 

Another technique based on traditional sialography 
is dynamic magnetic resonance sialography that may 
noninvasively and quantitatively evaluate the secretion 
function of parotid glands. In this method images are 
acquired before and after the administration of citric 
acid or vitamin C tablets placed on the tongue [19, 20]. 
The pattern characteristic for pSS is the so-called “ap-
ple-tree-like structure” [19].

Scintigraphy

Major salivary gland scintigraphy is a non-invasive 
nuclear imaging technique. This method through radio-
active tracer infusion of technetium-99 (99mTc) pertech-

Table II. Scoring system of sialography by Rubin and 
Holt [7]

Stage Description

Normal image Without contrast media collection

Punctate image Refers to contrast media collection  
≤ 1 mm in diameter

Globular image Contrast media collection between  
1 and 2 mm in diameter

Cavitary image Contrast media collection ≥ 2 mm  
in diameter

Destructive image Complete destruction of gland  
parenchyma

Table I. ACR-EULAR Classification Criteria for primary 
Sjögren’s syndrome [2]

Weight Item

3 Labial salivary gland with focal lymphocytic  
sialadenitis and focus score ≥ 1

3 Anti-SSA (Ro) +

1 Ocular staining score ≥ 5  
(or van Bijsterveld score ≥ 4) in at least one eye

1 Schirmer ≤ 5 mm/5 min in at least one eye

1 Unstimulated whole saliva flow rate ≤ 0.1 ml/min

The classification of SS applies to any individual who meets the 
inclusion criteria (symptoms of oral or ocular dryness or 1 extra-
-glandular manifestation of pSS), does not have any conditions 
considered as exclusion criteria (history of head and neck radiation 
treatment, active hepatitis C infection (with positive PCR), acquired 
immunodeficiency syndrome, sarcoidosis, amyloidosis, graft versus 
host disease, IgG4-related disease), and who has a score ≥ 4.
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netate permits evaluation of glandular function by 
assessing the distribution and speed of elimination of 
the radio-tracer after secretory stimulation (e.g. lemon 
juice) [9]. 

A quantitative score system for scintigraphy was in-
troduced in 1971 by Schall et al. [21] for xerostomia as-
sessment in pSS patients. It consists of grades from 0 to 
4 and in 1993 salivary gland scintigraphy was included 
in pSS criteria in the Preliminary European Classification 
Criteria for Review Imaging in primary Sjögren’s Syn-
drome [22]. In later criteria from 2002 only some scin-
tigraphy parameters such as delayed uptake, reduced 
concentration, and/or delayed secretion of the tracer 
were taken into consideration with no reference to any 
specific classification score [4].

One reason why the scintigraphy has disappeared 
from pSS criteria since 2012 may be its moderate sen-
sitivity of up to 89% and very low specificity of around 
50% [9]. It is related to the abnormal scintigraphy pat-
tern in other major salivary gland diseases character-
ised by a secretory dysfunction such as chronic recur-
rent sialodochoadenitis, salivary gland inflammation of 
a different etiology or simply in involutionary glandular 
changes in elderly people [23].

Although scintigraphy should not be used to differ-
entiate between pSS and other pathological process-
es of salivary glands, it should still remain one of the 
tools of pSS course evaluation. A study conducted by 
Ramos-Casals et al., in Barcelona [24], on a significant 
number of 405 pSS patients revealed the association 
between the degree of involvement shown by parotid 
scintigraphy and the disease prognosis. 

Scintigraphy results were graded from 1 to 4 and 
patients diagnosed with class 4 involvement (the most 
severe) had a higher risk of developing parotid enlarge-
ment and severe extraglandular manifestations of the 
disease such as vasculitis or neurological, renal or lung 
involvement. What is more, patients with class 4 involve-
ment had much higher mortality and a risk of develop-
ing B-cell lymphoma. 

As the scintigraphy picture and salivary gland func-
tion may worsen in some patients with pSS with time, 
scintigraphy re-examination should be considered in the 
case of worsening of dryness symptoms. Interestingly, 
scintigraphy can be used not only to assess the involve-
ment of salivary glands, but also to reveal extra-glandu-
lar involvement. To achieve this effect whole-body so-
matostatin receptor scintigraphy with 99mTc-HYNIC-TOC 
may be performed. 

This was the subject of the Anzola [25] research 
whose results were published in 2019. In this study 
scintigraphy with 99mTc-HYNIC-TOC as well as conven-
tional sialoscintigraphy with 99mTcO4- was performed 

on patients with de-novo diagnosis of pSS and control 
subjects. The examination made it possible to identify 
active inflammatory processes not only in the salivary 
glands of pSS patients, but also in the joints [25].

Magnetic resonance imaging

Magnetic resonance imaging has been used since 
1996 to assess salivary glands in SS [26]. This meth-
od usually evaluates the appearance of signal inten-
sities on T1- and T2-weighted images. Additionally, fat 
deposition in the major salivary glands characteristic 
for this disease can be revealed in MR imaging by us-
ing short-inversion-time inversion recovery (STIR) and 
fat-saturation MR sequences [27]. 

Magnetic resonance imaging can be advantageous 
both in early and late stages of the disease. In the ini-
tial course of pSS glandular enlargement caused by the 
oedema may be observed and in the late course there 
is lobular destruction, associated with deposition of fat 
and fibrous tissue [9].

On T1 and T2 weighted images the typical feature of 
salivary glands in pSS is the so-called “salt-and-pepper” 
appearance that consists of small areas of hypo- and 
hyper-intensity. In the advanced stages of the disease 
the pathological condition of salivary glands results in 
diffuse micro- and/or macrocystic changes, which on 
T2-weighted images with fat-sat technique or inversion 
recovery are recognised as hyperintense areas [9].

Although MRI findings of all types of salivary glands 
may be evaluated, it is considered that the results for 
the sublingual glands have less diagnostic value for 
discriminating pSS than for submandibular and parot-
id glands due to their greater individual and age differ-
ences in the size and smaller volume [28]. Furthermore, 
heterogeneous signal intensity distribution in T1- and 
fat-suppressed T2-weighted MRI in patients with SS 
has higher specificity in the submandibular gland than 
in the parotid gland [28]. The heterogeneity and small-
er volume in the submandibular gland observed in MRI 
may be a good predictor for hyposalivation related to 
the progression of pSS [29].

Another aspect of pSS that is significant when decid-
ing which imaging method should be chosen not only to 
diagnose but to assess the stage and activity of the dis-
ease is an increased risk of developing lymphoma [1, 9]. 

Although there is an important overlap between be-
nign and malignant lesions in MRI in each patient with 
pSS it is vital to pay attention to any dominant, pain-
less mass in salivary glands. In different kind of tumours 
morphologic features, such as shape and margins, ex-
hibit considerable similarity. 
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Although ultrasound imaging has never been included 
in pSS criteria there have been attempts to make this 
method widespread and consider its accuracy in diag-
nosing process.

One of the biggest cohort studies assessing whether 
addition of SGUS to pSS criteria or replacement of cur-
rent criteria items by SGUS would influence its accuracy 
was conducted between 2014 and 2017 in the Nether-
lands [37]. The primary aim of the cited study was to 
evaluate whether presence of hypoechogenic areas as 
a criterion item influences the performance of pSS crite-
ria. There were 243 patients included (147 pSS patients 
and 96 non-pSS). All of them underwent salivary gland 
biopsy (labial, parotid or both) as well as salivary gland 
ultrasonography. Each SGUS result was scored from 0 to 
3 in the submandibular and parotid gland on the right 
side depending on the presence of hypoechogenic ar-
eas: 0 for no hypoechogenic areas, 1 for a few scattered 
areas, 2 for several areas, and 3 for numerous hypoecho-
genic areas. The statistical analysis revealed that a good 
distinction between pSS and non-pSS patients was the 
average SGUS score for hypoechogenic areas ≥ 1.5. This 
optimal cut-off value of SGUS ≥ 1.5 corresponds to sen-
sitivity of 72.1% and specificity of 93.8%. 

What is more, if positive SGUS was added to the 
pSS criteria with a weight of 1 point the optimal cut-off 
point of the modified ACR/EULAR score to discriminate 
between pSS and non-pSS would be ≥ 4 (as it is in the 
current criteria). The authors suggested that SGUS can 
possibly replace the ocular staining score, Schirmer’s 
test or unstimulated whole saliva flow in the classifi-
cation criteria but still the salivary gland biopsy or the 
measurement of anti-SSA antibodies remains the most 
important when making the diagnosis. However, it 
seems that SGUS should be analyzed together with the 
other components of the criteria in order to increase the 
accuracy of diagnosis.

Elastography

Elastography is another non-invasive imaging tech-
nique that is used to investigate the elasticity of soft 
tissues. It was first described in the 1990s, and since 
then it has been developed to enable qualitative and 
quantitative assessment of tissue stiffness [38, 39]. 
Elastography monitors tissue mechanical properties by 
measuring the response of examined tissue to acoustic 
energy. This method is based on the changed elasticity 
of soft tissues resulting from some specific physiological 
or pathological processes and is becoming widely used 
to differentiate affected from normal tissue [38]. There 
are two main types of elastography: strain imaging and 
shear wave imaging [40, 41]. 

Generally, almost all masses are hypo-intense com-
pared to salivary glands on non-enhanced T1 weighted 
images, and on contrast-enhanced images almost all 
salivary gland neoplasms enhance. On T2-weighted im-
ages usually hyper-intense masses seem to be benign, 
while intermediate and hypointense lesions seem to be 
malignant. As most of these features are non-specific 
in many cases cytological or histological assessment is 
obligatory [9]. 

Fortunately, the location of the salivary glands 
makes tissue sampling relatively simple to perform and 
radiologic diagnosis is not so highly demanded [30]. 
However, MRI still can be used in local staging as most 
lymphomas initially involve the neck organs. MR imag-
ing focused on the cervical regions can be used in the 
follow-up [31].

Ultrasonography
Salivary gland ultrasonography (SGUS) has been 

used for the diagnosis and follow-up of pSS for more 
than 25 years [32]. It has an established role in detect-
ing typical structural salivary gland abnormalities char-
acteristic for this disease. Currently, B-mode SGUS is 
one of the most often used imaging methods to assess 
structural changes of the salivary glands. It is a non- 
invasive, inexpensive, accessible, repeatable test with-
out exposure to ionizing radiation. 

Since 1992 there have been a few SGUS scores de-
veloped [33] and they exist as many different variants. 
The most often used scoring systems are the one devel-
oped by De Vita [32] and the simplified scoring system 
proposed by Theander a few years ago [34]. The first 
one assesses 4 salivary glands (2 submandibular and 
2 parotid) with scores from 0 to 4 and the final score is 
the sum of the scores of the 4 glands (0–16). The simpli-
fied version is based on the homogeneity of glands. The 
glands are scored from 0 to 4 and the highest score in 
any of the 4 salivary glands is set as the final score [34].

As there still exist various scoring systems in 2012 
the ACR/EULAR aimed to standardize SGUS in order to 
maximize its usefulness in pSS. There has been an in-
ternational consensus reached to define echostructural 
abnormalities characteristic for pSS and to set up a pre-
liminary atlas of changes in salivary glands [35]. 

Furthermore, in 2016 the European Community 
funded a project called “HarmonicSS” [36] dedicated to 
patients with pSS [33]. This project aimed to develop dif-
ferent and novel imaging approaches in pSS and there 
was also an attempt to use artificial intelligence for sali-
vary gland damage assessment by SGUS in pSS.

So far many studies have demonstrated the accura-
cy and reliability of using ultrasonography in diagnosing 
and differentiating pSS from non-pSS sicca syndrome. 
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In strain imaging tissue stiffness is measured by ap-
plying external tissue pressure. The stiffer the examined 
tissue is, the less it deforms. There are a few subtypes 
of strain imaging: strain elastography (i.e. real time 
tissue elastography, Elastoscan) with manual compres-
sion and ARFI imaging (i.e. Virtual Touch Imaging) with 
acoustic radiation force impulse excitation [40]. Shear 
wave imaging is a quantitative method which exploits 
the fact that shear waves propagate faster in hard than 
soft tissue. What is important, shear waves propagate in 
a direction orthogonal to the direction of the tissue dis-
placement, not as ultrasonic waves that propagate in the 
same direction as the tissue displacement. Among shear 
wave imaging it is possible to distinguish point shear 
wave speed measurement (i.e. Virtual Touch Quantifi-
cation – VTQ), shear wave speed imaging (both of them 
with acoustic radiation force impulse excitation) and 
transient elastography (i.e. Fibroscan) with controlled 
external vibration as an excitation method [40].

The most common use of elastography is to evalu-
ate liver fibrosis and renal fibrosis, characterise breast 
lesions, and assess thyroid nodules and lymph nodes 
[38, 42]. Less frequent applications include detection of 
ulnar neuropathy [43]. There are also studies showing 
the possible use of elastography in SS. 

One of the first articles on this topic was published 
in 2014 [44]. It presented the results of a study con-
ducted in Austria based on real-time tissue elastogra-
phy (RTTE) (a version of strain elastography) compared 
with the results of B-mode ultrasonography. There were 
45 pSS patients, 24 sicca patients without confirmation 
of pSS and 11 healthy subjects. The study showed that 
RTTE may be a valuable tool in pSS syndrome diagnosis 
and it can be used for the assessment of functional im-
pairment of salivary glands. 

Almost at the same time also shear wave imaging 
was implemented as an imaging technique for pSS [42]. 
One of the first studies on that issue tried to compare 
patients with sialolithiasis (33), Stensen’s duct stenosis 
(15), chronic inflammation (10), pSS (20) and healthy 
subjects in terms of parotid glands elasticity [42].  
Extraordinary high stiffness measured in kilopascals 
(kPa) was discovered in pSS compared to other groups 
and that encouraged investigators to perform further 
studies. Additionally, some data indicate that elastogra-
phy may also be a possible diagnostic tool for identifying 
early pSS changes in the salivary glands [45].

Other results were presented in a study published in 
2016 which aimed to compare real-time tissue elastog-
raphy, Virtual Touch Imaging (VTI) (both of them are ver-
sions of strain imaging) and VTQ (shear-wave imaging) 
in patients with pSS and non-pSS sicca syndrome [46]. 
These results suggest that the application of strain elas-

tography techniques such as RTTE and VTI seems to be 
non-significant with respect to the evaluation of salivary 
glands in pSS, whereas VTQ may be useful in identifying 
early stages of pSS.

What is more, in another study in patients with pSS 
it was possible to correlate the results of shear wave ve-
locity (SWV) elastography with the B-mode ultrasound 
score and systemic and glandular activity of the disease, 
and increased SWV might represent chronic glandular 
inflammation [47].

Shear wave imaging is a reliable, non-invasive, 
cost-effective modality for the assessment of gener-
alised parotid gland diseases such as pSS but still fur-
ther studies on this issue should be conducted.

Conclusions
Although not included in current classification cri-

teria for pSS, imaging techniques provide additional in-
formation about the involvement of the major salivary 
glands. 

Nowadays it seems that SGUS is more and more of-
ten used and in the future it may become a valid instru-
ment to ameliorate pSS diagnosis and evaluation. Sali-
vary gland ultrasonography with its high sensitivity and 
specificity, accessibility, non-invasive characteristics, 
repeatability and low cost is commonly used in clinical 
practice but it still lacks widely approved international 
standardization. 

Elastography, especially shear wave imaging, also 
seems to be an interesting and promising technique that 
may distinguish chronic glandular inflammation from 
a normal glandular tissue. It is an objective method but 
so far no studies on big cohorts of patients have been 
conducted. 

Magnetic resonance imaging may be used both in 
early and advanced stages of the disease. It is espe-
cially useful in detection of lymphoma, which is one of 
the most serious complications of pSS. However, MRI 
remains an expensive method and it is contradicted in 
some patients due to the use of a magnetic field. 

Functional assessment of salivary glands provided 
by scintigraphy although not useful when differentiat-
ing between pSS and other pathological processes may 
be beneficial to assess intensity of xerostomia and se-
verity of salivary gland dysfunction reported by patients. 

Sialography due to its invasiveness and the need 
of contrast medium application is not very often used 
in pSS patients but it still remains an important exam-
ination for other pathological conditions such as sialo-
lithiasis. It seems that traditional sialography in future 
may be replaced by more modern techniques based on 
it such as magnetic resonance sialography or based on 
other mixed techniques.
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All of the methods mentioned above provide differ-
ent information about the condition of salivary glands in 
pSS. Unfortunately, it is impossible to compare their use 
in clinical practice and it is difficult to evaluate different 
studies conducted on pSS patients as they were based 
on various pSS classification criteria and statistically val-
id groups of patients were not always examined.

The existing data and ongoing research deal with 
the challenge of establishing the best imaging method 
to evaluate damage in major salivary glands, which are 
the most commonly affected organs in pSS.

The authors declare no conflict of interest.
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