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Purpose: This study investigated the effectiveness of major salivary gland ultrasonography 
(MSGUS) using a new grading system and shear wave elastography (SWE) in evaluating the 
major salivary glands of patients with Sjögren syndrome (SjS).
Methods: This prospectively-designed cross-sectional study included 49 SjS patients and 49 
healthy controls. Major salivary glands were examined with gray-scale ultrasonography and SWE. 
A new grading system for salivary glands was developed using MSGUS findings. The sensitivity, 
specificity, positive predictive value (PPV), and negative predictive value (NPV) of MSGUS and 
shear wave velocity (SWV) values were investigated. The MSGUS grading system and SWV values 
were evaluated together by logistic regression analysis. A cutoff value of SWE for salivary glands 
was determined.
Results: The sensitivity, specificity, PPV, and NPV of MSGUS were 69.4%, 73.5%, 72.3%, and 
70.6% for the submandibular gland and 69.4%, 65.3%, 66.7%, and 68.1% for the parotid 
gland, respectively. The mean SWV values of the parotid and submandibular glands were 
significantly higher in SjS patients than in controls (P<0.05). The sensitivity, specificity, PPV, and 
NPV for the submandibular gland (cutoff, 1.95 m/s) and the parotid gland (cutoff, 2.39 m/s) were 
69.4%, 52%, 59.1%, and 63% and 82.7%, 83.7%, 83.5%, and 82.8%, respectively. Adding 
SWE to the parotid gland grading system increased the sensitivity and specificity (sensitivity, 
82.7%; specificity, 83.7%).
Conclusion: Evaluating the salivary glands using MSGUS with a new grading system and SWE 
may contribute to the diagnosis of SjS. The combination of MSGUS and SWE may be a promising 
tool for diagnosing SjS.
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Introduction

Sjögren syndrome (SjS) is a chronic, inflammatory, autoimmune disease characterized by xerostomia 
and xerophthalmia, the main histopathological feature of which is lymphocytic infiltration, affecting 
exocrine glands such as salivary and lacrimal glands [1]. In addition to the clinical and laboratory data 
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used to determine salivary gland involvement in the 2002 American-
European Consensus Group (AECG) criteria for the diagnosis of SjS, 
findings from salivary gland scintigraphy, labial salivary gland biopsy, 
non-stimulated sialometry, and sialography have been accepted as 
diagnostic criteria [2-4]. However, imaging methods were excluded 
from the diagnostic criteria in the most recent scoring-based criteria 
[5]. Sialography and labial salivary gland biopsy are important but 
invasive methods for the diagnosis of SjS. Scintigraphy is a sensitive 
but nonspecific method, and these methods may cause false-
positive results [2,3]. In recent studies, it has been reported that 
major salivary gland ultrasonography (MSGUS) is an inexpensive, 
easily accessible, radiation-free, reproducible method that has 
high accuracy in the diagnosis of SjS [2,3]. In addition, MSGUS 
has been proposed as a convenient and noninvasive alternative to 
sialography, sialoscintigraphy, and labial salivary gland biopsy for 
the diagnosis and classification of SjS [6-8]. Studies that scored 
major salivary gland parenchymal changes in SjS according to gray-
scale ultrasonography (US) findings in the literature have reported 
a wide range of sensitivity (43%-90%) and specificity (84%-
100%) [2-4,7,9]. More recently, a simplified scoring system based 
on parenchymal heterogeneity in gray-scale US examinations, which 
is relatively easy to use, has been created [10,11]. However, the 
wide variety in diagnostic performance may result from the use of 
different semi-quantitative and operator-dependent scoring systems 
for parenchymal changes. Shear wave elastography (SWE) is an 
evolving US imaging modality in which shear waves are generated 
by a specially produced transducer used to differentiate benign 
versus malignant lesions and to obtain quantitative measurements 
of tissue stiffness in many organs and tissues [12-14]. Typically, 
shear waves are generated by the US radiation force in tissue with 
an acoustic repulsion pulse, and the shear wave propagation velocity 
is measured. The measurement is used alone or converted into the 
Young modulus for a quantitative assessment of tissue stiffness [15]. 
Several recent studies have shown that SWE of the major salivary 
glands is a potentially useful parameter for the diagnosis of primary 
SjS [16-18]. However, no studies have compared the diagnostic 
performance of MSGUS scores and shear wave velocity (SWV) values 
for the diagnosis and classification of SjS. The aim of this study was 
to compare the diagnostic performance of MSGUS using a new 
grading system and SWE imaging for SjS with major salivary gland 
involvement, and to evaluate the diagnostic contribution of SWE to 
MSGUS.

Materials and Methods

Compliance with Ethical Standards
This prospectively-designed cross-sectional study was approved by 

the Institutional Review Board of Noninvasive Clinical Studies at 
the Muğla Sıtkı Kocman University Faculty of Medicine (Protocol 
number: 72855364-050.01.04.00.81/17625). Written informed 
consent forms in accordance with the Helsinki Declaration were 
obtained from all participants.

Study Group
Between September 2018 and January 2020, 49 SjS patients 
(including primary and secondary SjS), many of whom were newly 
diagnosed, were included in this study. The diagnosis of SjS was 
made according to the AECG criteria, which included a standard 
clinical examination performed by an experienced rheumatologist, 
serological and laboratory tests, ocular tests, and salivary gland 
biopsy (for 35 patients). Forty-nine healthy adult volunteers without 
rheumatologic or salivary gland diseases were recruited as the 
control group, and sonographic examinations (MSGUS and SWE) 
were performed in these volunteers. The exclusion criteria were an 
inability to assume the appropriate position for the US procedure, 
the use of parasympatholytic drugs or drugs affecting the salivary 
glands, the diagnosis of sarcoidosis, hepatitis C and human 
immunodeficiency virus infection, and a history of radiotherapy in 
the head and neck region. Whether the patients were diagnosed 
with SjS was known prior to imaging. The focus score results (graded 
between 0 and 4 according to mononuclear cell infiltration) and the 
duration of disease were recorded in the SjS patients.

Imaging Technique: MSGUS Grading
In this study, Samsung Medison RS80A Prestige ultrasound system 
(Samsung Medison Co. Ltd., Seoul, Korea) equipped with a linear 
3-12 MHz probe was used in MSGUS. During the scan, participants 
were in a supine position and the ultrasound probe was gently 
coupled to the body surface with a sufficient amount of ultrasound 
gel. The bilateral parotid glands and submandibular glands were 
evaluated. In MSGUS, the following parameters were evaluated 
in the longitudinal and transverse planes: echogenicity, margin, 
border features, parenchymal homogeneity, and internal structure 
(hypoechoic areas, cysts, echogenic bands/reflections, calcifications, 
and ductal dilatations). A new grading system was developed using 
the findings of gray-scale US in light of the current literature [2,3,7]. 
This new grading system takes a value between 0 and 10, based 
on the sum of four scoring parameters. The median value for the 
submandibular and parotid glands of all cases was used as the 
cutoff value. According to the cutoff value, a score of 0-1 points 
was classified as grade 0 (no involvement), a score of 2-4 points 
as grade 1 (mild involvement), a score of 5-7 points as grade 2 
(moderate involvement), and a score of 8-10 points as grade 3 
(severe involvement) (Figs. 1-3). All ultrasound acquisitions and 
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grading were performed by the same physician with 5 years of gray-
scale US experience.

Imaging Technique: SWE Imaging
SWE was performed with a linear transducer with a frequency 
range of 2-9 MHz, using an elastography application working 
with the acoustic radiation force imaging-based point SWE (pSWE) 
technique. The bilateral parotid glands and submandibular glands 
were identified under the guidance of gray-scale imaging. After the 
transducer was placed perpendicular to the measurement area, at 
least 10 SWE measurements were obtained in the different regions 
of the salivary gland (e.g., central, peripheral, and subcapsular 
areas) without visible vessels of each salivary gland and cystic areas 
during breath-holding. Measurements were made with a region of 
interest measuring 0.5 cm×0.5 cm with a depth range of 0.5-3 
cm. Each SWE measurement gave an estimate of SWV in meters per 
second and kilopascals. For each salivary gland measurement, an 
attempt was made to keep the interquartile range-to-median ratio 
(IQR/M) below 30% and the reliability measurement index (RMI) 
value at 0.4 and above [19-22] (Figs. 4, 5). All SWE measurements 
were performed by the same physician with 3 years of SWE imaging 

experience. Intraobserver and interobserver agreement was not 
evaluated. 

The diagnostic performance of MSGUS with the new grading 
system and SWV values in distinguishing salivary gland involvement 
and the diagnostic contribution of SWE to gray-scale US were 
evaluated. The relationships of the duration of the disease and focus 
scores with the mean SWV values in SjS patients were investigated.

Statistical Analysis 
The data were statistically analyzed using SPSS version 22 (IBM 
Corp., Armonk, NY, USA). The conformity of numerical data to a 
normal distribution was evaluated by the Kolmogorov-Smirnov 
test and the skewness-kurtosis test, and hypothesis tests were 
determined according to the availability of parametric assumptions. 
Categorical data are shown as number and percentage, while 
quantitative data are shown as median (range) and mean and 
standard deviation. Statistical significance was investigated using 
the Mann-Whitney U and Kruskal-Wallis tests for continuous 
variables. Categorical variables were evaluated using the Spearman 
square or Fisher exact chi-square test. The cutoff values were 
determined from a receiver operating characteristic (ROC) curve and 
the optimal cutoff point was identified according to the Youden test. 
The sensitivity, specificity, and area under the ROC curve (AUROC) 
were used as diagnostic performance indicators. The diagnostic 
performance obtained by using MSGUS and SWE together for 
the diagnosis of SjS was also evaluated by multiple binary logistic 
regression. The relationships of the parameters and their odds ratios 
(ORs) were investigated. A P-value of less than 0.05, reflecting 
a 95% level of confidence, was considered to indicate statistical 
significance.

Results

This study included a total of 98 participants (11 men and 87 
women). The SjS group included 49 patients (7 men and 42 women) 
with a mean age of 51.2±13.4 years (range, 18 to 78 years). 
The control group included 49 healthy volunteers (4 men and 45 
women) with a mean age of 47.4±12.5 years (range, 21 to 78 
years). There was no statistically significant difference between the 
patient and control groups in terms of age and sex (P>0.05). The 
mean disease duration in the SjS group was 3.53±3.00 years, and 
the percentage of newly diagnosed patients was 36.7% (n=18).  
Patients with a disease duration of 0-5 years constituted 73.5% 
(n=36) of all patients. The symptoms of all newly diagnosed patients 
(especially dry mouth and dry eyes) started at least 3 months before, 
and at most 6 months before, the US examinations. Labial salivary 
gland biopsy was performed in 71.4% (n=35) of the patients. 

Parenchyma echogenicity scoring
0: Normal echogenic signal 
1: Decreased echogenic signal
Parenchyma homogeneity scoring
0: Homogeneous parenchyma structure 
1: Minimal heterogeneous parenchyma structure
2: Prominent heterogeneous parenchyma structure
3: Gross-coarse heterogeneous parenchyma structure
Internal structure scoring 
0: Hypoechoic area/no echogenic band-reflection
1: Several diffuse hypoechoic areas/echogenic band-
    reflection
2: Multiple scattered hypoechoic areas/echogenic band-
    reflection and multiple cysts
3: Numerous scattered hypoechoic areas/echogenic band-
    reflection and multiple cysts or calcifications
Edge/Border (contour) scoring
0: Smooth boundary properties 
1: Partially identifiable, focal irregular border features
2: Fuzzy boundary features whose boundaries cannot be 
    clearly defined 
3: Boundary features that cannot be identified, cannot be 
    distinguished from the surrounding parenchyma
  0-1 points: grade 0 (no involvement)
  2-4 points: grade 1 (mild involvement)
  5-7 points: grade 2 (moderate involvement)
8-10 points: grade 3 (severe involvement) 

Fig. 1. Major salivary gland ultrasonography points and grading 
method of the submandibular and parotid glands. 
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16.3% (n=8). In the control group, the distribution was as follows: 
grade 0, 65.3% (n=32) and grade 1, 34.7% (n=17). The mean 
MSGUS grades for the parotid glands in the patient and control 
group were 1.27±1.10 and 0.35±0.48, respectively. The MSGUS 
grades are shown in Table 1. Statistically significant differences were 
found between the patient and control groups in MSGUS grades 
(P<0.001). 

The sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) of MSGUS imaging for distinguishing 
submandibular gland involvement were 69.4%, 73.5%, 72.3%, 
and 70.6%, respectively. Its sensitivity, specificity, PPV, and NPV 
for differentiating parotid gland involvement were 69.4%, 65.3%, 
66.7%, and 68.1%, respectively. The mean SWV values for the 

The focus score was 0 in 18.4% of patients (n=9), 1 in 16.3% of 
patients (n=8), 2 in 8.2% of patients (n=4), 3 in 20.4% of patients 
(n=10), and 4 in 8.2% of patients (n=4).

In the SjS patient group, the distribution of grades for the bilateral 
submandibular glands was as follows: grade 0, 28.6% (n=14); 
grade 1, 34.7% (n=17); grade 2, 16.3% (n=8); and grade 3, 20.4% 
(n=10). The mean MSGUS grade of the submandibular glands was 
1.29±1.1. In the control group, the distribution of grades was as 
follows: grade 0, 73.5% (n=36) and grade 1, 26.5% (n=13). The 
mean MSGUS grade of the submandibular glands was 0.27±0.45. 
In the evaluation of the bilateral parotid glands, the distribution of 
grades in the patient group was as follows: grade 0, 28.6% (n=14); 
grade 1, 32.7% (n=16); grade 2, 22.4% (n=11); and grade 3, 

Fig. 2. MSGUS grading for the submandibular gland.
A. Normal submandibular gland is described as grade 0. B. Submandibular gland with decreased echogenic signal, focal irregular border 
features minimally heterogeneous parenchyma structure, several hypoechoic areas and echogenic bands are described as grade 1. C. 
Submandibular gland with decreased echogenic signal, uncertain boundaries, prominent heterogeneous parenchyma structure, and multiple 
scattered hypoechoic areas and echogenic bands are described as grade 2. D. Submandibular gland with decreased echogenic signal, gross-
coarse heterogeneous parenchyma structure, unidentified boundaries, numerous scattered hypoechoic areas and echogenic bands are 
described as grade 3. MSGUS, major salivary gland ultrasonography.

A B

C D
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submandibular glands of SjS patients were statistically significantly 
higher than those of the control group (right side: 2.22±1.52 m/s 
vs. 1.93±1.08 m/s, P=0.009; left side: 2.37±1.60 m/s vs. 2.02±1.08 
m/s, P=0.009). The mean SWV values for the parotid glands of 
SjS patients were statistically significantly higher than those of 
the control group (right side: 3.14±2.23 m/s vs. 2.17±1.21 m/s, 
P<0.001; left side: 3.17±2.20 m/s vs. 2.08±1.21 m/s, P<0.001). 
The mean SWV values are summarized in Table 2. The ROC curve of 
elasticity values for distinguishing the salivary glands of SjS patients 
from those of healthy controls is shown in Fig. 6. The AUROC for 

Fig. 3. MSGUS grading for the parotid gland.
A. Normal parotid gland is described as grade 0. B. Parotid gland with decreased echogenic signal, focal irregular border features, minimally
heterogeneous parenchyma structure, several hypoechoic areas and echogenic bands are described as grade 1. C. Parotid gland with 
decreased echogenic signal, uncertain boundaries, prominent heterogeneous parenchyma structure, and multiple scattered hypoechoic areas 
and echogenic bands are described as grade 2. D. Parotid gland with decreased echogenic signal, gross-coarse heterogeneous parenchyma 
structure, unidentified boundaries, numerous scattered hypoechoic areas and echogenic bands are described as grade 3. MSGUS, major 
salivary gland ultrasonography.

A B

C D

Table 1. MSGUS grading of the submandibular and parotid 
glands

Group 1 (n=49) Group 2 (n=49)

0 1 2 3 0 1

SMG 14 (28.6) 17 (34.7) 8 (16.3) 10 (20.4) 36 (73.5) 13 (26.5)

PG 14 (28.6) 16 (32.7) 11 (22.4) 8 (16.3) 32 (65.3) 17 (34.7)
Values are presented as number (%).
MSGUS, major salivary gland ultrasonography; group 1, patient group; group 2, 
control group; SMG, submandibular gland; PG, parotid gland.
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the submandibular gland was 0.652 and the 95% confidence 
interval (CI) was 0.575-0.730. Using a cutoff value of 1.95 m/s, the 

sensitivity, specificity, PPV, and NPV were 69.4%, 52%, 59.1%, and 
63%, respectively. The AUROC for the parotid gland was 0.887 and 
the 95% CI was 0.839-0.936. Using a cutoff value of 2.39 m/s, the 
sensitivity, specificity, PPV, and NPV were 82.7%, 83.7%, 83.5%, 
and 83.8%, respectively. The diagnostic performance of MSGUS and 
SWE for major salivary gland involvement in SjS is summarized in 
Table 3. 

In SjS patients, the mean SWV values of the parotid gland were 
significantly higher than those of the submandibular gland (right 
side: 3.14±2.23 m/s vs. 2.22±1.52 m/s, P<0.05; left side: 3.17±2.20 
m/s vs. 2.37±1.60 m/s, P<0.05). In SjS patients, no statistically 
significant differences in elasticity were found between the right-
side submandibular gland and parotid glands and the corresponding 

Table 2. Comparison of the mean SMV values across groups
Group Stiffness value (m/s) P-value

SMG (right) 1 2.22±1.52 0.009

2 1.93±1.08

SMG (left) 1 2.37±1.60 0.006

2 2.02±1.08

PG (right) 1 3.14±2.23 <0.001

2 2.17±1.21

PG (left) 1 3.17±2.20 <0.001

2 2.08±1.21
Mean SMV values, stiffness values; group 1, patient group (n=49); group 2, control 
group (n=49); SMG, submandibular gland; PG, parotid gland.

S.Shearwave Stiffness (kPa) Stiffness (m/s) Depth (cm) RMI
1 23.7 2.81 0.7 0.8
2 34.1 3.37 0.7 0.6
3 36.5 3.49 0.7 0.7
4 31.2 3.22 0.7 0.7
5 23.3 2.79 0.7 0.8
6 33.3 3.33 0.7 0.6
7 36.8 3.50 0.7 0.8
8 36.8 3.50 0.7 0.7
9 36.6 3.49 0.7 0.8

10 38.4 3.58 0.7 0.7
Median 35.3 3.43
IQR/M 21.2 11.15

Fig. 4. Shear wave elastography (SWE) measurements in the 
parotid gland. The figure presents SWE measurements of the 
parotid gland. For each salivary gland measurement, the interquartile 
range/median ratio (IQR/M) was kept below 30% and the reliability 
measurement index (RMI) values at 0.4 and above.

38.4 kPa
Depth 0.7 cm
RMI 0.7

S.Shearwave Stiffness (kPa) Stiffness (m/s) Depth (cm) RMI
1 55.0 4.28 1.4 0.4
2 35.9 3.46 1.1 0.9
3 31.7 3.25 1.1 0.7
4 45.9 3.91 1.1 0.7
5 44.1 3.83 1.1 0.8
6 45.3 3.88 1.1 0.6
7 37.7 3.54 1.1 0.8
8 50.0 4.08 1.1 0.8
9 39.9 3.64 1.1 0.9

10 37.6 3.54 1.1 0.8
11 33.1 3.32 1.1 0.6

Median 39.9 3.64
IQR/M 25.1 12.36

Fig. 5. Shear wave elastography (SWE) measurements in the 
submandibular gland. The figure presents SWE measurements of 
the submandibular gland. For each salivary gland measurement, the 
interquartile range/median ratio (IQR/M) was kept below 30% and 
the reliability measurement index (RMI) values at 0.4 and above.

33.1 kPa
Depth 1.1 cm
RMI 0.6
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left-side glands. Spearman correlation analysis showed a Spearman 
correlation analysis showed a high level of correlation between the 
each sides values of the submandibular glands (P<0.001, r=0.745), 
and a moderate correlation between the each sides values of the 
parotid glands (P<0.001, r=0.679). When the elasticity values of the 
bilateral salivary glands were compared according to the duration 
of the disease and focus scores in SjS patients, no statistically 
significant relationships were found (P>0.05).

The MSGUS and pSWE images, which were statistically significant 
for the diagnosis of salivary gland involvement in SjS patients, 

were evaluated together by logistic regression modeling. In model 
1, it was observed that sensitivity and specificity did not increase 
when SWE was added to MSGUS imaging for the evaluation of 
the submandibular gland (sensitivity, 69.4% vs. 69.4%; specificity, 
73.5% vs. 52%). The OR for the submandibular gland was 0.375 
(95% CI, 0.185 to 0.690) for pSWE and 0.148 (95% CI, 0.078 to 
0.283) for MSGUS. In model 2, it was observed that sensitivity and 
specificity increased when SWE was added to MSGUS imaging for 
the evaluation of the parotid gland (sensitivity, 69.4% vs. 82.7%; 
specificity, 65.3% vs. 83.7%). The ORs for the parotid gland were 
0.046 (95% CI, 0.021 to 0.099) for pSWE and 0.296 (95% CI, 0.136 
to 0.641) for MSGUS. 

Discussion

While objective tests with high accuracy are available to detect 
lacrimal gland involvement in SjS, there are no specific tests with 
sufficient diagnostic validity to show salivary gland involvement. 
The development of noninvasive, reliable, repeatable, and accurate 
diagnostic strategies with high diagnostic performance for salivary 
gland involvement would significantly benefit SjS patients. MSGUS 
is a noninvasive, easily accessible, inexpensive, radiation-free, and 
reproducible method used to evaluate the major salivary glands to 
aid in the diagnosis of SjS. There are many studies in the literature 
on the evaluation of major salivary gland involvement in SjS 
using gray-scale US. These studies have shown a wide variation in 
sensitivity (46%-92%) and specificity (73%-98%) of MSGUS for 
SjS [2,3,7,9,23,24]. The wide range of diagnostic performance may 
result from the use of different semi-quantitative and operator-
dependent scoring systems for parenchymal changes. In our study, a 
new grading system was made using a scoring system similar to that 
of previous studies [2,3,7,24]. The sensitivity and specificity of this 
new grading system were found to be 69.4% and 73.5% for the 
submandibular gland and 69.4% and 65.3% for the parotid gland, 
respectively. 

SWE, which has been used in recent years, is a new and 
noninvasive imaging method that quantitatively evaluates tissue 
stiffness. Lymphocytic infiltration, hyperplasia of ductal epithelium 
cells, and fibrosis of salivary glands are conditions that cause 
increased parenchymal stiffness and higher SWV values in SjS 
patients [25]. There are a few published studies regarding the 
contribution of SWE imaging to the diagnosis of primary SjS. In 
these studies, the sensitivity and specificity ranged widely for the 
submandibular gland (65%-87% and 44%-92%, respectively) 
and for the parotid gland (59%-92% and 50%-91%, respectively) 
[17,18,26-28]. The sensitivity and specificity rates of SWE were 
found to be 69.4% and 52% for the submandibular gland and 

Table 3. The diagnostic performance of MSGUS and SWE in 
major salivary gland involvement of SjS
Parameter Sensitivity (%) Specificity (%) PPV (%) NPV (%)

MSGUS

SMG 69.4 73.5 72.3 70.6

PG 69.4 65.3 66.7 68.1

SWE

SMG 69.4 52.0 59.1 63.0

PG 82.7 83.7 83.5 82.8
MSGUS, major salivary gland ultrasonography; SWE, shear wave elastography; SjS, 
Sjogren syndrome; PPV, positive predictive value; NPV, negative predictive value; 
SMG, submandibular gland; PG, parotid gland.

Fig. 6. Receiver operating characteristic (ROC) curve of shear 
wave velocity values for salivary gland involvement of Sjögren 
syndrome. The area under ROC curve and the cut-off value of 
shear wave velocity measurements were 0.652 and 1.95 m/s for 
submandibular gland, and 0.887 and 2.39 m/s for parotid gland, 
respectively. 
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82.7% and 83.7% for the parotid gland, respectively, in our study. 
The optimal cutoff value for the parotid gland in our study (2.39 m/
s) was similar to the value of 2.395 m/s reported by Knopf et al. [18] 
and close to the value of 2.34 m/s reported by Hofauer et al. [26]. 
The optimal cutoff value for the submandibular glands in our study 
(1.95 m/s) was similar to the value of 1.95 m/s reported by Hofauer 
et al. [26]. The population in the study of Hofauer et al. [26] was 
similar to that of the present study; however, their study reported 
higher diagnostic performance rates than this study.

Differences in cutoff values and diagnostic performance between 
the present study and other studies may be due to differences in 
sample size and the selection of different control groups. 

Unlike many previous studies, in the present study, the diagnostic 
performance of different ultrasonographic imaging modalities 
(pSWE and MSGUS) was examined separately and in combination. 
When pSWE and MSGUS were used together, there was a 
significant improvement in diagnostic performance for parotid gland 
involvement compared to evaluations using MSGUS only (sensitivity, 
69.4% vs. 82.7%; specificity, 65.3% vs. 83.7%). The OR for the 
parotid gland was 0.046 (95% CI, 0.021 to 0.099) in pSWE and 
0.296 (95% CI, 0.136 to 0.641) in MSGUS. In the literature, only 
a preliminary study by Chen et al. [28] investigated the diagnostic 
performance of combined MSGUS and SWE, and they found that 
the combination of MSGUS and SWE increased the sensitivity, but 
decreased the specificity in the evaluation of salivary glands. The 
principal difference of the present study from this preliminary study 
is the usage of a new grading system for MSGUS.

In the SjS patient group in the present study, the mean SWV 
values for the parotid glands were statistically significantly higher 
than the values of the submandibular glands, similar to previous 
reports in the literature (AUROC, 0.657-0.887; P<0.001 to 
P=0.009). The serous parotid gland is primarily involved in SjS, while 
the submandibular gland, with a mixed structure, is less affected. 
It has also been reported that lymphocytic infiltration, loss of acini, 
and the development of fibrosis may be more pronounced and/or 
may occur earlier in the parotid glands than in the submandibular 
glands [29]. In addition, Golder and Stiller [30], in their study 
analyzing the results of sialography; the lymphocytic infiltration 
observed in primary SjS patients was more severe in the parotid 
glands than in the submandibular glands. These histopathological 
changes and fibrosis, which may develop earlier and/or to a greater 
degree in parotid glands than in submandibular glands, may explain 
the significant difference in the mean stiffness values of parotid 
glands obtained in the present study. For this reason, the parotid 
gland should be the first choice of salivary gland in SWE imaging to 
evaluate salivary gland involvement in SjS.

This study has several limitations. First, this is a single-center 

study with a relatively limited sample size. Further studies with 
larger sample sizes are needed to confirm the findings of this study. 
The second limitation is that in some cases, the diagnosis was 
reached only by clinical, laboratory, and imaging methods without 
a histopathological diagnosis. In addition, the fact that most of the 
patients with SjS in our study were newly diagnosed and followed 
up in the early stage made it difficult to analyze the mean SWV 
values according to the duration of the disease. The third limitation is 
that intraobserver and interobserver agreement was not evaluated. 
While making measurements, care was taken to ensure that the RMI 
values and IQR/M were within the specified range. However, the 
lack of an evaluation of intraobserver and interobserver agreement 
means that the reliability of the SWV measurements was not 
sufficiently established. 

There has been a great deal of interest and effort to include 
US of the major salivary glands in the SjS classification criteria. 
The diagnostic efficacy of MSGUS in detecting salivary gland 
involvement in patients with early-stage SjS is limited, but it is 
thought that the addition of SWE to the MSGUS examination and a 
combined evaluation, especially for the parotid gland, may increase 
the diagnostic effectiveness of US for early-stage SjS.
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