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Abstract
Objective
This study aimed to investigate the performance of 2-dimensional shear wave elastography (2D-SWE) in the assessment
of major salivary glands (MSG) involvement in patients with Sjogren’s Disease (SjD), compared with B-mode ultrasound
(B-mode US), both individually and in combination, and to evaluate the association between elastography parameters and
clinical and laboratory data.

Methods
This cross-sectional study included 52 patients with SjD and 48 age, sex and ethnicity-matched healthy controls. Clinical
and laboratory characteristics of the patients were recorded. MSG were assessed by B-mode US, and 2D-SWE, in both
parameters [elasticity and shear wave velocity (SWV)].

Results
B-mode US and SWE parameters revealed significant differences between patients with SjD and healthy controls.
Analysis of the four MSG combined demonstrated that SjD patients had higher values of elasticity (15.2+2.9 vs.
9.3+0.8 kPa; p<0.001) and SWV (2.2+0.2 vs. 1.820.1m/s; p<0.001) compared with controls. Both elasticity and SWV
showed excellent diagnostic performance for SjD (AUC=0.982 and 0.983, respectively). Comparatively, the elastography
parameters showed higher AUCs than B-mode US (AUC=0.852). Combining both methods provided superior predictive
ability (AUC=0.985) compared to isolated use of B-mode US. No significant correlations were observed between SWE
parameters and clinical or laboratory features, except for the glandular domain of the ESSDAI (r=0.286; p=0.040).

Conclusion
Elastography seems to be a promising tool for providing additional diagnostic value in SjD. 2D-SWE, either alone or in
combination with B-mode US, may contribute to the assessment of MSG as a quantitative, non-invasive and feasible
imaging method. However, further studies are needed to validate this technique.

Key words
Sjogren’s disease, Sjogren’s syndrome, major salivary glands, shear-wave elastography, B-mode ultrasound

Clinical and Experimental Rheumatology 2025; 43: 000-000.



Elastography of major salivary glands in Sjogren’s disease / M.L. Lemos Lopes et al.

Maria Liicia Lemos Lopes, MD, PhD
Virginia Fernandes Moga Trevisani, MD, PhD
Diego Ustarroz Cantali, MD, PhD
Rafael Coradin, MD

Luana Marinho Gongdlves, MD
Mariana Lopes de Castro, MD

Gabriele Carra Forte, PhD

Maria Fernanda Peruci Felippe, UGMD
Bruno Hochhegger, MD, PhD

Please address correspondence to:
Virginia Fernandes Moga Trevisani
Universidade Federal de Sao Paulo,
Disciplina de Emergéncia e Medicina
Baseada em Evidéncia,
Departamento de Reumatologia da
Universidade de Santo Amaro,

Rua Butucatu 744,

04023-062 Sdo Paulo, SP, Brazil.
E-mail: vmoca@uol.com.br

Received on July 28, 2025; accepted in
revised form on November 3, 2025.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2025.

Competing interests: none declared.

Introduction

Sjogren’s disease (SjD) is a common
chronic systemic autoimmune rheu-
matic disease, characterised by lym-
phoplasmacytic infiltration of exocrine
glands that mainly affects the salivary
and lacrimal glands, leading to im-
mune-mediated secretory dysfunction,
and generally presenting as xerostomia
and xerophthalmia (1). Sicca symp-
toms, fatigue and joint pain occur in
more than 80% of patients with this
disease (2). In addition, systemic mani-
festations are present in almost 50%
of patients, including pulmonary, ar-
ticular, cutaneous, muscular, haemato-
logical, renal and neurological involve-
ment (2, 3). An important and poten-
tially life-threatening complication of
SjD is B-cell non-Hodgkin lymphoma,
which develops predominantly in the
major salivary glands (MSG) (4, 5).
The prevalence of SjD varies widely
around the world being estimated at
0.03% to 2.7%, and affects predomi-
nantly women between 40-60 years of
age, in a variable proportion of 9-20:1.
The variability and lack of specificity
of signs and symptoms of the disease
often lead to a delay in diagnosis (6),
by which time there is frequently sig-
nificant glandular damage (7).

The current classification criteria for
SjD, established by the American Col-
lege of Rheumatology (ACR) and the
European League Against Rheumatism
(EULAR) in 2016 (8), are based on
clinical and laboratory abnormalities
and do not include any imaging meth-
ods of the MSG.

Currently, B-mode US of MSG is one
of the most often used imaging meth-
ods to assess structural alterations of
the MSG with high accuracy in the
diagnosis of SjD (9) However, there is
wide variability in the diagnostic per-
formances of B-mode US in different
reports, likely due to the use of differ-
ent scoring systems, as well as the sub-
jective and operator-dependent nature
of this method (10).

Elastography is a new complemen-
tary technique of the US to overcome
the limitations of B-mode US in SjD
(7). Several ultrasound elastography
techniques have been developed us-
ing different excitation methods. There

are two main modalities of elastogra-
phy: strain imaging and shear wave
imaging (SWI). SWI is a quantitative
method that employs different techni-
cal approaches: transient elastography,
and acoustic radiation force impulse
(ARFI). ARFI-based techniques in-
clude point shear wave elastography
(p-SWE), and 2-dimensional SWE
(2D-SWE) (11-14).

SWE uses ARFI to generate shear
waves. This technique reports the shear
waves velocity (SWV) in meters per
second (m/s) or converts the value into
Young’s modulus, a quantitative esti-
mate of tissue elasticity, in kilopascals
(kPa). Both SWV and the elasticity
modulus increase with tissue stiffness
and with loss of gland elasticity (11,
12).

The most recent SWE technique is 2D-
SWE, which allows the operator to be
directed by both anatomical and tissue
stiffness information. The sonographer
chooses an adequate region of interest
(ROI), as the most representative part
of the gland (15). 2D-SWE accesses
tissue stiffness over a much larger area
than p.SWE and provides a numeri-
cal value (11, 14, 15). This objective
quantitative result reduces the opera-
tor-dependency and subjectivity of this
method (7, 16).

Some studies have shown that elas-
tography may be useful for diagnos-
ing SjD at stages when morphological
abnormalities of the MSG are not yet
present (17, 18), as well as for identi-
fying patients with suspected parotid
lymphoma (15, 19).

Based on the above, the current study
aimed to evaluate the performance of
2D-SWE in assessing MSG involve-
ment in patients with SjD, in compari-
son to B-mode US, both individually
and in combination. Additionally, the
study sought to explore the correlations
between elastography parameters, and
clinical and laboratory findings.

Material and methods

Study design and participants

This cross-sectional study, conducted
between June 2024 and January 2025,
included 52 consecutive patients aged
18 years or older with SjD, during
their routine clinical care. All of whom
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met the 2016 ACR/EULAR classifica-
tion criteria for SjD (8) and were un-
der regular follow-up at two tertiary
rheumatology outpatient clinics spe-
cializing in SjD. Exclusion criteria
included having another autoimmune
rheumatologic disease, C hepatitis, hu-
man immunodeficiency virus infection,
sialolithiasis, sarcoidosis, amyloidosis,
IgG4-associated disease, lymphoma or
other tumours of the MSG, and previ-
ous head or neck radiotherapy. The
control group, matched to patients by
age (+ 3 years), sex, and ethnicity, was
composed of 48 volunteers aged 18
years or older without rheumatologic
autoimmune disease, salivary gland
disease or sicca symptoms. Control
participants were recruited among the
patients’ relatives and hospital staff
during the study period. Matching was
performed manually to ensure com-
parable distributions of demographic
characteristics between groups.

All participants provided written in-
formed consent, in accordance with the
Declaration of Helsinki. The study pro-
tocol was approved by the Research Eth-
ics Committee of the Federal Univer-
sity of Health Sciences of Porto Alegre
(CAAE: 45083421.5.0000.5345), Ir-
mandade da Santa Casa de Misericor-
dia de Porto Alegre Hospital (CAAE:
45083421.5.3001.5335), and Pontifical
Catholic University of Rio Grande do
Sul, Sdo Lucas Hospital (SLH) as a co-
participant institution.

Clinical data

Clinical data including age, sex, eth-
nicity, disease duration, duration of
symptoms and presence and duration
of mouth dryness (<5 years; =5 years)
were collected. Systemic disease activ-
ity was evaluated according to the EU-
LAR Sjogren’s Syndrome Disease Ac-
tivity Index (ESSDAI) (20, 21) scored
from 0-123 and divided into three
groups: low activity (<5), moderate
activity (5-13) and high activity (=14).
The glandular domain of the ESSDAI
was classified into three categories (no
activity, low activity and moderate ac-
tivity) based on the degree of MSG en-
largement. The patient-reported symp-
toms were recorded from the EULAR
Sjogren Syndrome Patient Reported
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Table I. The OMERACT ultrasonographic grading system for diagnosing Sjogren’s dis-

ease.

Grade Descriptions

0 normal parenchyma

1 minimal change (mild inhomogeneity without anechoic/hypoechoic foci)

2 moderate change (moderate inhomogeneity with focal anechoic/hypoechoic foci surrounded
by normal tissue)

3 severe change (diffuse inhomogeneity with anechoic/hypoechoic areas occupying the entire

gland surface

Adapted from Jousse-Joulin et al. (25).

Index (ESSPRI) (22, 23) using the
average of the scales for pain, fatigue
and dryness (0-10) and divided into
two groups (<5 and =5). The ESSPRI
Dryness Domain (0-10) was also clas-
sified into <5 and =5. The non-stimu-
lated whole saliva flow rate (NSWSF)
was measured in 15 min (<0.1mL/min
and >0.1mL/min) (24), and Schirmer’s
test in 5 min (=5mm and >5mm). La-
bial salivary gland biopsy (LSGB) was
performed (focus score =1 and <1) and
immunological profiles including anti-
nuclear antibodies (ANA), rheumatoid
factor (RF), anti-SSA/Ro, and anti-
SSB/La, were collected.

Ultrasound examination:

B-mode US and 2D SWE

Patients and controls underwent a
standardised US evaluation in a single
visit. All participants were examined
in the supine position. The four major
glands (bilateral parotid and subman-
dibular glands) were assessed using
B-mode US and 2D-SWE modalities.
Routine B-mode US was performed
before the 2D-SWE, with a portable,
stand-alone US system (Aplio a / Can-
on Medical Systems, Otawara, Japan),
equipped with elastography software
and a 5-14 MHz linear transducer.

All imaging exams were carried out in
the radiology department of SLH and
were performed by the same physician,
a board-certified radiologist, with over
five years of experience in elastogra-
phy, blinded to the clinical data of the
subjects.

Imaging technique:
B-mode US Grading
The B-mode US of the MSG was
evaluated in longitudinal and trans-

verse planes, according to the scoring
system of the Outcome Measures in
Rheumatology Clinical Trials (OMER-
ACT) working group, for parotid and
submandibular glands (grade 0-3) (25).
Evaluation of echogenicity and homo-
geneity of each salivary gland was as-
sessed and scored semi-quantitatively
in four grades, as presented in Table I.
The highest score was recorded as the
total score for each patient. Grades 2
and 3 represent pathological changes,
consistent with SjD alteration (25-27).

Imaging technique: 2D-SWE

The 2D-SWE of the MSG was per-
formed after switching the echograph
to the shear wave mode only in the
transverse plane. MSG were identified
under the guidance of grey-scale imag-
ing. The transducer was placed perpen-
dicular to the measurement area with
an adequate quantity of ultrasound
gel, and no pressure was applied to the
examined tissue. Measurements were
made using a ROI, measuring Ixlcm.
The ROI was selected as the most rep-
resentative part of the gland, without
visible vessels and cystic areas. Fol-
lowing a 3-s interval to complete col-
our filling within the sampling frame,
the acquired frame was stored. Eight
consecutive measurements (quantifi-
cation cursors) at two deep positions,
in four lateral directions were placed
within the ROI in the gland, each pro-
viding the values for SWV in m/s and
an estimated elasticity value in kPa,
defined with Young’s modulus (tissue
stiffness). The highest and lowest of
all 8 measurements were eliminated.
The remaining 6 measurements were
taken for each gland and the averages
of the SWV, and the elasticity modu-
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Fig. 1. B-mode ultrasound and 2D-shear wave elastography of the major salivary glands in a patient with Sjogren Disease. A) B-mode ultrasound grade 2 in
the right parotid gland; B) B-mode ultrasound grade 3 in the left submandibular gland; C) 2D-shear wave elastography parameters in the right parotid gland
[elasticity (kPa) and shear wave velocity (m/s)]; C1) color-coded image with placement of the Q-box and four quantification cursors; C2) corresponding
B-mode ultrasound image of the right parotid gland; C3) obtained values of the eight consecutive quantification cursors and the mean of the elasticity and
the shear wave velocity of the six selected measurements.

lus were calculated automatically
by the ultrasound machine. For each
salivary gland measurement (kPa),
the interquartile range-to-median ratio
(IQR/M) was maintained below 30%
to ensure measurement quality (14).
The mean of the elasticity modulus
and SWV measurements of the four
glands, as well as the parotid and sub-
mandibular glands, separately, were
used in the analysis. Examples of a B-
mode US and a 2D-SWE scan of the
salivary glands in the SjD group are
presented in Figure 1.

Statistical analysis

Statistical analysis was performed us-
ing IBM SPSS Statistics software, ver-
sion 21.0 (IBM Corporation, Armonk,
NY, USA). The distribution of vari-
ables was assessed using the Shapiro-
Wilk test. Categorical variables are
described as absolute frequencies and
percentages, while continuous vari-
ables are expressed as mean + standard
deviation (SD) when normally distrib-
uted, or as median and interquartile
range (IQR) when asymmetrically dis-
tributed.

To compare patients with SjD and
healthy control subjects, the chi-square
test was used for categorical variables,
and the Student’s t-test for continuous
variables with a normal distribution.
Comparisons of the mean values of
elasticity and SWV among the parotid
and submandibular glands were con-
ducted using the paired Student’s test.
The diagnostic performance of the
evaluated methods was determined us-
ing Receiver Operating Characteristic
(ROC) curves, including calculation of
the area under the curve (AUC), sensi-
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tivity, and specificity. The Youden in-
dex was used to define the optimal cut-
off points for distinguishing between
individuals with and without SjD.
Logistic regression models were con-
structed to predict the presence of SjD.
Parameters obtained from B-mode US,
elasticity values, and a combined mod-
el integrating both variables were ana-
lysed separately. The predictive per-
formance of the models was assessed
through the odds ratio [Exp(B)] with
corresponding 95% confidence inter-
vals (95% CI), model fit (Nagelkerke’s
R?), discriminative ability (AUC), and
overall accuracy (proportion of correct
classifications). Model comparisons
were performed using the likelihood
ratio test.

Correlations between clinical variables
and SWE parameters related to SjD
were assessed using Pearson’s cor-
relation coefficient for symmetrically
distributed data and Spearman’s cor-
relation coefficient for asymmetrically
distributed data.

The significance level adopted for all
analyses was 5% (0=0.05).

Results

A total of 100 participants were includ-
ed in the study, comprising 52 patients
with SjD and 48 healthy individuals.
No statistically significant differences
were observed between the groups re-
garding age, sex, and race (Table II).
Among patients with SjD, the median
symptom duration was 13 years (IQR:
8-19), while the median time since di-
agnosis was 6 years (IQR: 3—11). The
mean ESSPRI score was 6.1+2.2, with
the dryness domain being the most af-
fected. The median ESSDAI score was
6 (IQR: 2—-11), with 44.2% of patients
classified as having low disease activ-
ity, 34.6% as moderate activity, and
21.2% as high activity. In the glandular
ESSDAI, 61.5% of patients exhibited
no activity, while 38.5% presented low
or moderate activity. A labial salivary
gland biopsy (LSGB) was performed
on 19 (36.5%) SjD patients, with a fo-
cus score of =1 in 14 (73.7%) of them.
Additional clinical and laboratory char-
acteristics are presented in Table III.
The B-mode US assessment revealed
significant differences between pa-
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Table II. Baseline characteristics of the study population.

Sjogren’s disease Health subjects p-value
(n=152) (n=48)
Age (years), mean + SD 596119 58.8 +14.7 0.755
Sex, n (%) 0.732
Female 51 (98.1) 47 (97.9)
Race, n (%) 0.836
White 36 (69.2) 35 (72.9)
Mixed-race 9 (17.3) 9 (18.8)
Black 6 (11.5) 3 (6.3)
Indigenous 1(1.9) 1 (2.1

n: sample size; SD: standard deviation.

Table III. General clinic and laboratorial characteristics of Sjogren’s disease patients.

n=52
Time to symptom onset (years), median (IQR) 13 (8-19)
Diagnosis time (years), median (IQR) 6 (3-11)
Diagnosis time, n (%)
<5 years 18 (34.6)
5 — 10 years 19 (36.5)
> 10 years 15 (28.8)
Duration of xerostomia, n (%)
< 5 years 4 (7.7)
> 5 years 48 (92.3)
ESSPRI total score, mean + SD 6.1+22
ESSPRI total score, n (%)
<5 16 (30.8)
=5 36 (69.2)
ESSPRI dryness score, mean + SD 6.5+245
ESSPRI dryness score, n (%)
<5 9 (17.3)
>5 43 (82.7)
ESSDALI, median (IQR) 6(2-11)
ESSDALI n (%)
Low activity 23 (44.2)
Moderate activity 18 (34.6)
High activity 11 (21.2)
Glandular ESSDALI, n (%)
No activity 32 (61.5)
Low activity 16 (30.8)
Moderate activity 4 (1.7
NSWSF, n (%)
<0,1 mL/min 43 (82.7)
> 0,1 mL/min 9 (17.3)
Schirmer’s test, n (%)
<5Smm/5min 38 (73.1)
>5mm/5Smin 14 (26.9)
Positive ANA, n (%) 44 (84.6)
Positive RF, n (%) 25 (48.1)
Positive Anti-SSA/Ro antibody, n (%) 42 (80.8)
Positive Anti-SSB/La antibody, n (%) 19 (36.5)

n: sample size; SD: standard deviation; IQR: interquartile range; ESSPRI: EULAR Sjogren’s Syndrome
Patient Reported Index; ESSDAIL: EULAR Sjogren’s Syndrome Disease Activity Index; NSWSF: non-
stimulated whole saliva flow; ANA: antinuclear antibody; RF: rheumatoid factor.

tients with SjD and healthy individu-
als. Regarding B-mode US scores,
80.8% of SjD patients had grades 2-3
across the four glands, in contrast to
only 10.4% of controls, however, 10
patients (19.2%) with SjD had grades
0-1 (Table IV).

The analysis of elastography parame-
ters, performed both collectively across
all MSG and individually, for each
gland, demonstrated statistically signif-
icant differences between patients with
SjD and healthy controls. The analysis
of the four MSG demonstrated that SjD
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Table I'V. Comparison between patients with Sjogren’s disease and healthy individuals ac-

cording to salivary gland ultrasound grades.

Sjogren’s diseas Healthy subjects p-value
(n=52) (n=48)
Parotid + submandibular glands <0.001
B-mode US Grade 0 — 1 10 (19.2) 43 (89.6)
B-mode US Grade 2 - 3 42 (80.8) 5 (10.4)
Parotid glands <0.001
B-mode US Grade 0 — 1 16 (30.8) 46 (95.8)
B-mode US Grade 2 - 3 36 (69.2) 2 (42)
Submandibular glands <0.001
B-mode US Grade 0 — 1 20 (38.5) 44 91.7)
B-mode US Grade 2 - 3 32 (61.5) 4 (8.3)
n: sample size; US: ultrasound. Chi-square test. Data presented as absolute value (%).
Table V. Elasticity and shear-wave velocity results in the study population.
Sjogren’s disease Healthy subjects p-value
(n=52) (n=48)
Parotid + submandibular glands
Elasticity (kPa) 152+£29 93+0.8 <0.001
Shear-wave velocity (m/s) 22+02 1.8+0.1 <0.001
Parotid glands
Elasticity (kPa) 157+3.6 93=+1.1 <0.001
Shear-wave velocity (m/s) 23+03 1.8+0.1 <0.001
Submandibular glands
Elasticity (kPa) 14.6+£3.1 93+1 <0.001
Shear-wave velocity (m/s) 22+02 1.8 <0.001

n: sample size; kPa: kilopascals; m/s: meters per second.
p-values were obtained using Student’s test. Data presented as mean + standard deviation.

Table VI. ROC analysis of grades of B-mode ultrasound and elastography parameters for

the diagnosis of Sjogren’s disease.

AUC Cut-off point ~ Sensitivity (%) Specificity (%)

Parotid + submandibular glands

B-mode US 0.852 =20 80.7 89.5

Elasticity (kPa) 0.982 9.90 98.1 833

Shear-wave velocity (m/s) 0.983 1.85 96.2 792
Parotid glands

B-mode US 0.825 >2.0 69.2 95.8

Elasticity (kPa) 0972 10.05 98.1 79.2

Shear-wave velocity (m/s) 0.980 1.85 96.2 79.2
Submandibular glands

B-mode US 0.766 =20 61.5 91.7

Elasticity (kPa) 0.954 10.12 942 854

Shear-wave velocity (m/s) 0.950 1.85 94.2 85.4

AUC: area under the curve; US: ultrasound; kPa: kilopascals; m/s: meters per second.

patients had higher values of elastic-
ity (15.2+2.9 vs. 9.3+0.8kPa; p<0.001)
and SWV (22402 vs. 1.8+0.1m/s;
p<0.001) compared to controls. Simi-
lar findings were observed in specific
analyses of the parotid and subman-
dibular glands. Statistically significant
differences were identified between the
parotid and submandibular glands in

SjD patients regarding the elastic mod-
ulus (p=0.022) and SWV (p=0.016),
suggesting a possible variation in tis-
sue stiffness according to glandular lo-
cation (Table V).

The elastography parameters of the four
glands in the 10 SjD patients with B-
mode US grades 0—1 also presented high-
er elasticity (13.8+2.9 vs. 9.2+0.6kPa;

p<0.001) and SWV values (2.1+0.2 vs.
1.8+£0.1m/s; p<0.001) compared to 43
controls with B-mode grades 0-1. None-
theless, no significant differences were
found between the group of patients
with B-mode US grades 0-1 and 2-3 in
elasticity (13.8+2.9 vs. 15.5+2.9kPa;
p=0.123) or SWV (2.1+0.2 vs. 2.3+x0.2
m/s; p=0.107).

Considering the B-mode US score cut-
off of =2, the assessment of the four
salivary glands yielded a sensitivity
of 80.7%, specificity of 89.5%, and
AUC of 0.852 (95%CI: 0.771-0.932)
for the diagnosis of SjD (Table VI, Fig.
2A). The ROC curve analysis of MSG
elastography parameters demonstrated
excellent diagnostic performance. The
total glands showed an AUC of 0.982
(95%CT: 0.962—-1.0) for elasticity, with
a cut-off of 9.90kPa, sensitivity of
98.1%, and specificity of 83.3%. The
SWV had an AUC of 0.983 (95%CI:
0.965-1.0), with a cut-off of 1.85 m/s,
sensitivity of 96.2%, and specificity of
79.2%. The parotid SWV demonstrated
the highest individual AUC of 0.980
(95%CI: 0.960-1.0) (Table VI, Fig. 2B
and 2C). Comparatively the elastogra-
phy parameters showed higher AUCs
than B-mode US for diagnosing SjD
across all four glands (Fig. 3).

The comparisons of elastography pa-
rameters with B-mode US grades (0-1
vs. 2-3) in parotid glands, among SjD
patients, demonstrated a trend towards
increased values of elasticity and SWV
in higher grades, although none of the
comparisons reached statistical signifi-
cance (Table VII).

Table VIII presents a comparison of the
different logistic regression models for
predicting SjD, based on the evaluation
of the four salivary glands using B-
mode US and elastography. The com-
bined model, integrating both meth-
ods, demonstrated the best predictive
performance, with an AUC of 0.985
(95%CI: 0.967-1.0) and accuracy of
94%, and the highest Nagelkerke’s R?
value (0.890), indicating excellent dis-
criminative ability.

Although the individual models, B-
mode US and elasticity, also demon-
strated high performance, with AUCs
of 0.852 (95%CI: 0.771-0.932) and
0982 (95%CI: 0.962-1.0), respec-
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Fig. 2. Diagnostic performance of B-mode ultrasound and elastography parameters for Sjogren’s Disease in isolated and combined salivary glands.

A) ROC curve of B-mode ultrasound; B) ROC curve of shear wave velocity; C) ROC curve of elasticity.
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Fig. 3. ROC curves comparing the diagnostic performance of elastography parameters (elasticity and
shear wave velocity) and B-mode ultrasound for differentiating Sjogren’s disease patients from healthy

controls, in four salivary glands.

tively, the combination of variables
further increased the diagnostic accu-
racy. The comparison between models,
performed using the likelihood ratio
test, showed that adding the elasticity
variable to the model containing only
B-mode US resulted in a statistically
significant improvement in model fit
(Ay?=48.17; df=1; p<0.0001). This
finding indicates that combining both
methods provides superior predictive
ability compared to the isolated use of
B-mode US. However, when compar-
ing the model based solely on elastic-

Clinical and Experimental Rheumatology 2025

ity with the combined model, the dif-
ference was not statistically significant
(Ay2=2.10; df=1; p>0.05), suggesting
that adding B-mode US to a model
already containing elasticity does not
provide a relevant additional gain in
predicting SjD.

Finally, no significant correlations
were observed between the elastogra-
phy parameters and clinical or labora-
tory variables, except for the glandular
domain of the ESSDAI, which showed
a positive, albeit modest, correlation
(r=0.286; p=0.040).

Discussion

The current study aimed to evaluate
the diagnostic value of the most recent
elastography technique, 2D-SWE, and
B-mode US, of the MSG in the diag-
nosis of SjD and verify if there are any
correlations between the SWE values
and some disease characteristics.

The results demonstrated that the 2D-
SWE of the MSG was an ultrasound
modality with excellent diagnostic per-
formance in discriminating between
SjD patients and healthy controls, and
that B-mode US also presented a very
good performance. Furthermore, both
techniques together are superior to B-
mode US alone and slightly higher than
SWE alone.

The importance of the B-mode US of the
MSG evaluation as a diagnostic tool for
SjD has been well established (10, 15).
B-mode US according to the OMER-
ACT score was used in our study to as-
sess the MSG. This method showed very
good performance in discriminating SjD
patients from healthy controls, but ap-
proximately 20% of the patients had an
inconclusive B-mode US score (<2) for
SjD, which was consistent with the lit-
erature (10). The diagnostic efficacy of
B-mode US for detecting salivary gland
involvement in patients with early-stage
SjD is limited as this method detects
structural damage.

2D-SWE may be useful for diagnos-
ing SjD at stages when morphological
abnormalities are not yet present (17,
18). Since 2014 the elastography util-
ity has been tested in the evaluation of
MSG in SjD (28, 29) using different
techniques and yielding varying re-
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Table VII. Comparison between elastography parameters and B-mode US grades of the
parotid and submandibular glands in patients with Sjogren’s disease.

US Grade O e 1 US Grade 2 e 3 p-value

Parotid + submandibular glands

Elasticity (kPa) 13.8+29 155+29 0.123

Shear-wave velocity (m/s) 2102 23+02 0.107
Parotid glands

Elasticity (kPa) 14.1+£28 16.1 £3.6 0.085

Shear-wave velocity (m/s) 22+02 23+03 0.066
Submandibular glands

Elasticity (kPa) 135+3.1 149+3.1 0218

Shear-wave velocity (m/s) 2102 22+02 0.220

US: ultrasound; kPa: kilopascals; m/s: meters per second.
Independent samples t-test. Data presented as mean + standard deviation.

Table VIII. Comparison of logistic regression models for predicting Sjogren’s disease in

the assessment of the four salivary glands.

Model Exp(B) (95% CI) Nagelkerke R? AUC Accuracy (%)
B-mode US 36.1 (11.4-114.6) 0.567 0.852 85
Elasticity 1.7 (2.3-12.8) 0.850 0.982 92
B-mode US + Elasticity 4.2 (0.68 —28.47) 0.890 0.985 94

0.253 (0.11 - 0.56)

AUC: area under the curve; Exp(B): odds ratio; CI: confidence interval; US: ultrasound.

sults (18, 30-35). 2D-SWE is a more
recent technique that has been used in
MSG in SjD (19, 36, 37) with the ad-
vantage that the stiffness is measured
over a much larger area (14). 2D-SWE
demonstrated superior diagnostics per-
formance compared to the other elas-
tography techniques (15, 19, 36, 37).
Furthermore, 2D-SWE reduces the
operator-dependency and subjectivity
of the results and provides objective
quantitative data (7). Although this
technique has been employed since
2020, the studies varied in method-
ology. In the present study, all MSG
were assessed, both collectively and
individually, using two elastography
parameters, thereby providing a more
comprehensive evaluation. Therefore,
it can be used for comparative purposes
in different studies.

Our results showed that the elasticity
modulus and SWV values of the MSG
successfully separate SjD patients from
controls demonstrating its usefulness in
the diagnosis of SjD, which is consist-
ent with the literature, both in works
that used the same technique (7, 36-43)
and in others that used different elas-
tography techniques (18, 28, 30, 33,
44) The higher SWE values in patients
compared to controls reflect the loss of

elasticity and increase in stiffness of the
MSG in SjD, as expected in a disease
that causes inflammation and fibrosis
in these glands. We compared patients
with established SjD with healthy con-
trols, which may have led to an overes-
timation of the results, although the so-
nographer was blinded to the diagnosis.
Based on recent studies using 2D-SWE
of the MSG in patients with SjD, Trom-
by et al. (45), stated that the diagnostic
performance of this technique is prom-
ising. However, further experience and
validation are still required (45).

The parotid SWV demonstrated the
highest individual AUC of 0.980
(95%CI: 0.960-1.0) with a cut-off
point for elasticity and SWV of 10.05
kPa and 1.85 m/s respectively, with
sensitivity in the elasticity modulus of
98.1 % and specificity of 79.2%. Ozer
et al. (38) also found the highest AUC
values for the parotid gland elasticity
modulus (0.937;95%-CI: 0.901-0.973),
with a sensitivity of 93.2% and speci-
ficity of 83.3%, but with higher cut-off
points of SWE parameters (13.90kPa
and 2.12m/s). Karadeniz et al. (7) found
a parotid cut-off value of 10.3kPa for
elasticity, with a sensitivity of 84.78%
and specificity of 95.65%, and an AUC
of 0.950 (95%-CI: 0.905-1.000) (7).

Prata et al. (41) also found that the pa-
rotid AUC for SWV was greater than
the submandibular AUC, with a cut-off
point of 1.96 m/s, a value closer to our
findings. The superior usefulness of the
parotid SWE, as found in our study, has
been demonstrated in many studies us-
ing different elastography techniques
(18, 30, 34, 35, 38, 41, 44, 46). This
discrepancy in gland affectation might
be explained by differences in the his-
tological composition of the salivary
glands (18). Golder et al. (47) indi-
cated that lymphocytic infiltrate was
more severe in parotid glands than in
submandibular glands in patients with
SjD. Nonetheless, other studies did not
find differences between MSG (17, 39,
40, 43) and few studies reported an
elasticity AUC of the submandibular
gland that was higher than the parotid
gland (33, 42). These differences show
the importance of evaluating the four
glands together.

Differences in diagnostic performance
and cut-off values between the present
study and other studies with 2D-SWE
may be due to patient demographics,
user dependency, and diverse ultra-
sound device (13, 38). Different equip-
ment can give different values of stiff-
ness within the same tissue in the same
patient (14).

In the current study, as well as in others
in the literature, the comparison of B-
mode US and SWE showed that SWE
is better than B-mode US for the diag-
nosis of SjD patients (30, 38). How-
ever, Cheng er al. (39) found similar
results with both methods, and Prata et
al. (41) reported that B-mode US alone
was superior to SWE alone.

Although none of the comparisons be-
tween elastography parameters and B-
mode ultrasound grades (0-1 vs. 2-3)
among patients with SjD showed sta-
tistically significant increases in elas-
ticity or shear wave velocity values
with higher grades, in the parotid gland
alone, differences approaching the
threshold of significance were observed
for elasticity (p=0.085) and shear wave
velocity (p=0.066). This finding high-
lights the need for larger sample sizes
or longitudinal study designs.

Another important question is whether
SWE can aid in identifying SjD pa-
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tients before morphological abnor-
malities are detected on B-mode US.
In our study, 10 patients with SjD and
B-mode US grades 0-1 showed no sig-
nificant difference from those with B-
mode US grades 2-3 in either elasticity
or SWV but had significantly higher
SWE parameters compared with the 43
controls (grades 0-1) (p<0.001 for both
parameters). These findings suggest
that SWE may raise diagnostic suspi-
cion in patients who do not yet have
significant structural damage or have
only mild MSG involvement (19, 42),
even before morphological abnormali-
ties are detected on B-mode US.

The combination of B-mode US and
elastography modulus of the four
glands demonstrated excellent diagnos-
tic performance for SjD (AUC=0.985;
95%-CI1:0.967-1.0) better than B-mode
US alone, but similar to individual
SWE values. These findings suggest
that these techniques can complement
each other, helping not only in the di-
agnosis of SjD, but also in monitoring
the disease’s progression and response
to treatments. Other studies also found
that the sum of these two methods
showed better performance than using
each one (17, 30, 34, 36, 39).

The final objective of our study was to
explore potential correlations between
SWE parameters and clinical or labo-
ratory variables. Although the patients
included in this study showed a rela-
tively uniform distribution of ESSDAI
scores and disease duration, we did not
find significant correlations between
elastography parameters and ESSDAI,
disease duration, or most clinical and
laboratory variables. Such correlations
have also been rarely reported in pre-
vious studies (7, 30, 35, 36, 38). Inter-
estingly, most prior studies also found
no association with disease duration (7,
32, 35, 36, 38, 41), except for two (29,
48), suggesting that disease progres-
sion may vary among patients. Kimura-
Hayama et al. (31) found correlations
with ESSDAI, the ESSDAI glandular
domain, NSWSF, and hypocomple-
mentemia, but not with ESSPRI and
with LSGB. Similarly, in our study,
which included only 19 LSGB samples,
no correlations were observed between
SWE parameters and LSGB findings, in
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agreement with the results of Kimura-
Hayama et al. (31) and other studies (7,
18, 30, 38). In line with the study by
Kimura-Hayama et al. (31), Wang et al.
(49), in a recent investigation assessing
the value of SWE of the labial glands in
patients with SjD for evaluating disease
activity, also reported significant cor-
relations between SWE and ESSDAI,
as well as with hypocomplementemia.
Additionally, that study found positive
correlations between SWE findings and
elevated IgG levels, suggesting that
elastography may serve as a potential
prognostic marker in patients with SjD
(49). In our study, no correlations were
found between SWE parameters and
ESSPRI, NSWSF, or Schirmer’s test.
The only significant correlation was ob-
served with the glandular domain of the
ESSDAI, suggesting that the elasticity
modulus is positively associated with
greater glandular activity of the disease.
The present study has some limita-
tions. First, this study included a lim-
ited number of patients and a female
predominance, although this is compa-
rable to other studies in the literature
(32,34, 38,41). Second, we performed
a histopathological correlation with
SWE findings in a small number of pa-
tients. Third, our study only included
healthy volunteers as a control group,
and, finally, the major limitation of this
study was the lack of assessment of
interobserver variability. All B-mode
US and SWE examinations were per-
formed and interpreted by a single ex-
perienced radiologist who was blinded
to the diagnosis, which ensured internal
consistency but did not allow evalua-
tion of reproducibility across different
observers.

In conclusion, the results of the current
study showed that elastography seems
to be a promising tool with additional
diagnostic value in SjD. 2D-SWE alone
or in combination with B-mode US
may be beneficial in the assessment of
MSG, as a quantitative, non-invasive,
and feasible image method. However,
these findings need to be validated in
multicentre and larger studies, which
adopt an accurate protocol to standard-
ise this method, so that, in future, cut-
off values can be established on differ-
ent devices.
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