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Abstract 
Background: Salivary gland ultrasound has emerged as a promising, non-invasive method for 

diagnosing Sjogren's syndrome, a condition characterized by changes in the morphology of salivary 

glands.  

Methods: A study involving 66 Iraqi participants, including 33 diagnosed with Sjogren's syndrome and 

33 controls, utilized ultrasound to examine the parotid glands. This technique evaluated five key 

parameters: echogenicity, inhomogeneity, presence of hypoechogenic areas, hyperechogenic 

reflections, and clarity.  

Results: The study found that ultrasound was highly effective in diagnosing Sjogren's syndrome, with 

a diagnostic sensitivity of 81.8% and a specificity of 97.0%. Particularly noteworthy was the 

association of increased disease risk with specific ultrasound findings. A one-unit increase in the 

inhomogeneity score was linked to a 2.3-fold increase in the risk of Sjogren’s syndrome, and a one-unit 

increase in the presence of hypoechogenic areas score led to a 3.5-fold increase in risk.  

Conclusion: Drawn from the study highlights the utility of ultrasound in diagnosing Sjogren's 

syndrome. The presence of hypoechoic areas or parenchymal inhomogeneity on ultrasound proved to 

be highly accurate in distinguishing patients with Sjogren’s syndrome from those without the 

condition. This demonstrates that salivary gland ultrasound is a valuable and non-invasive diagnostic 

tool for Sjogren’s syndrome, offering a balance of ease, comfort, and accuracy. 
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Introduction 

Chronic and gradually progressing, Sjogren's syndrome (SS) is an autoimmune disorder 

distinguished by xerostomia and dry eyes, which are manifestations of lymphocytic 

infiltration of the exocrine glands. A minor yet noteworthy proportion of patients may 

develop malignant lymphoma; systemic manifestations affect approximately one-third of 

patients. The condition may manifest independently (primary SS) or in conjunction with 

other autoimmune rheumatic diseases such as vasculitis, rheumatoid arthritis (RA), systemic 

lupus erythematosus (SLE), mixed connective tissue disease, scleroderma, or primary biliary 

cirrhosis [1]. Distinguishing between the primary and secondary variants of the syndrome [2] 

is the second objective, in addition to subjective and objective evaluation of the ocular and 

sublingual components, which constitute the diagnostic approach to Sjogren's syndrome, 

which is quite complex. At present, complementary diagnostic techniques, including 

sialometry, sialoscintigraphy, and sialography, are utilized to evaluate the involvement of 

salivary glands in SS. These tests adhere to the classification criteria established by the 

American European Consensus Group (AECG). The utilization of these tests in conjunction 

with minor salivary gland (MSGB) biopsies may yield significant insights into the 

anatomical and functional impairments of these glands [3]. Nevertheless, their application in 

clinical settings is constrained by their inadequate specificity in diagnosing SS. Conversely, 

sialography and MSGB, while undeniably more specialized instruments, are invasive in 

nature and have the potential to induce distress in patients [4, 6]. Ultrasonography (US) has 

only lately been developed. Because it is non-invasive, does not utilize ionising radiation, 

can be repeated multiple times, and is available as an outpatient procedure, ultrasonography 

is more appealing. Excellent near field resolution is a result of the enhanced spatial 

resolution attained by the most recent iteration of machines and transducers. It is 

unsurprising that high resolution ultrasound (US) is becoming more prevalent in the field of 

head and neck imaging, given that the majority of structures and associated pathology in the  
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neck are located within one to five centimetres beneath the 

skin surface and that it achieves a superior resolution [7]. 

Furthermore, the technique's accessibility and affordability 

contribute to its growing popularity in this domain. The 

utility of US in diagnosing Sjogren's syndrome and as a 

potential source of classification criteria for this disease has 

been recognized by both researchers and clinicians. In 

addition, the introduction of novel therapeutic approaches 

for Sjogren's syndrome has generated a demand for reliable 

and user-friendly imaging instruments that can track the 

progression of the disease [8, 13]. Since then, the number of 

studies evaluating the use of US in the diagnosis of SS has 

increased. 

 

Methods 

66 Iraqi participants, ranging in age from 30 to 73 years, 

participated in the present investigation. The sample 

consisted of 33 adult volunteer subjects (4 males and 29 

females), comprising the control group, and 33 patients 

diagnosed with Sjogren's syndrome (4 males and 29 

females), comprising the Sjogren’s syndrome cases group. 

These patients were selected in accordance with the 

American European Consensus Group’s revised European 

criteria for Sjogren’s syndrome [14]. Excludable were 

patients who had received radiation therapy for the head and 

neck, had a history of hepatitis C infection, had AIDS, had 

preexisting malignancy, sarcoidosis, graft-versus-host 

disease, or were prescribed anticholinergic medications. In 

order to facilitate access, each participant assumed the 

supine position, with the head turned counter-laterally and 

the neck hyperextended. Pupils were paired and five 

parameters were assessed using a semi-quantitative scoring 

system [15]. The initial parameter was parenchymal 

echogenicity, which was evaluated by comparing it to the 

thyroid gland or by examining the surrounding anatomical 

structures (muscular structures, subcutaneous fat) in cases of 

concurrent thyroid gland disease. We assigned a grade of 1 

if the echogenicity was diminished to a level comparable to 

that of the thyroid. Graded from zero to three, homogeneity 

ranked second. A homogeneous gland received a grade of 

zero, distinct inhomogeneity received a grade of one, 

extensive inhomogeneity received a grade of three. The 

presence of hypoechogenic areas, which were rated on a 

scale of zero to three, constituted the third factor (grade 

zero: nonexistent; grade one: sporadic; grade two: multiple; 

grade three: copious). Fourth was the category of 

hyperechogenic reflections, which were assigned a grade 

between zero and three: zero (none), one (a few, dispersed), 

two (multiple), and three (many). The fifth grade, which 

ranged from 0 to 3, assigned the clarity of the borders of 

salivary glands as shown in Figures (1) and (2). Grade 0 

corresponded to clearly defined, regularly spaced borders, 

grade 1 to partially defined borders, grade 2 to ill-defined 

borders, and grade 3 to invisible borders. The effectiveness 

of five US component scores in distinguishing cases with SS 

from controls was evaluated using discriminant analysis [16]. 

 

 
 

Fig 1: Normal parotid gland ultrasound 

 

 
 

Fig 2: parotid gland of Sjogren’s syndrome patient ultrasonograph; Black arrow (HPA), red arrow (HPR), white arrow (salivary gland 

border) 

 

Results 

The frequency of US findings of SS study group SS in the 

parotid glands by mean of US grading to show the severity 

of the disease demonstrated that; it was highest for RPE 

with 60.6% then PHA in grade II-several with 42.4% then 

IH grade II evident IH with 40.9% then PHR in grade I-few 

(scattered) with 33.3% and finally clearness of salivary 

gland border with 33.3% for clear, regular defined borders, 

table (1). 
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Table 1: Frequency distribution of SS cases group by selected US 

features of disease severity in the parotid gland 
 

Parotid gland N % 

Reduced Parenchymal echogenicity 

Normal 26 39.4 

Abnormal (Reduced) 40 60.6 

Inhomogeneity 

Grade 0-Homogenous 4 6.1 

Grade I-Mild inhomogeneity 25 37.9 

Grade II-Evident inhomogeneity 27 40.9 

Grade III-Grossly in homogenous 10 15.2 

Presence of hypoechogenic areas 

Grade 0-Absent 5 7.6 

Grade I-few (scattered) 10 15.2 

Grade II-Several 28 42.4 

Grade III-Numerous 23 34.8 

Presence of hyperechogenic reflections 

Grade 0-Absent 12 18.2 

Grade I-few (scattered) 22 33.3 

Grade II-Several 20 30.3 

Grade III-Numerous 12 18.2 

Clearness of salivary gland borders 

clear, regular defined borders 22 33.3 

Grade I-partly defined borders 21 31.8 

Grade II-ill-defined borders 18 27.3 

Grade III-borders not defined 5 7.6 

Total 66 100 

 

As shown in table 2, by the ROC analysis all the previously 

mentioned scores had an almost perfect (ROC area almost 

equal to 1) diagnostic performance. 

 
Table 2: ROC area for selected US scores when used to predict a 

diagnosis of SS differentiating it from controls 
 

 ROC area P 

Presence of hypoechogenic areas score 0.978 <0.001 

Inhomogeneity score 0.971 <0.001 

Total score for submandibular glands 0.942 <0.001 

Presence of hyperechogenic reflections score 0.916 <0.001 

Reduced Parenchymal echogenicity score 0.893 <0.001 

Clearness of salivary gland borders score 0.807 <0.001 

The multivariate models include the multiple logistic 

regression model and discriminant analysis. As shown in 

table 3, a multiple logistic regression model with the 5 US 

component scores as the independent (explanatory 

variables) was used to assess the net and independent effect 

of each of these variables on the risk of having SS as the 

dependent variable. The backward selection method resulted 

in a model containing only 2US component scores that 

significantly contribute to the risk of having the disease. 

These components are IH and PHA score. For each one-unit 

increase of IH score significantly increase the risk of having 

the disease by 2.3 times after adjusting for the other 

independent variable included in the model. For each one-

unit increase of PHA significantly increases the risk of 

having the disease by 3.5 times after adjusting for the other 

independent variable included in the model. The model 

containing only 2 out of 5 component US cores was 

statistically significant and able to classify the study 

subjects with an overall accuracy of 93.9%. 

 
Table 3: Multiple logistic regression model with the risk of having 

SS as the dependent variable and selected US component scores as 

the independent (explanatory variables). The backward selection 

method is used 
 

 Partial OR P 

Inhomogeneity score 2.3 0.031 

Presence of hypoechogenic areas score 3.5 0.024 

Overall model predictive accuracy = 93.9%. P (Model) < 0.001 

 

Also discriminant analysis was used to assess the relative 

importance of 5 US component scores in differentiating 

cases with SS from controls. The first two components, 

PHA and IH score were the strongest discriminating 

components between cases and controls, since they had the 

highest standardized discriminant coefficients. RPE score, 

PHR score ranked second in its discriminating ability. The 

Clearness of salivary gland borders score had the lowest 

value. The model was statistically significant and able to 

classify the study subjects with an overall accuracy of 

93.9%, table (4). 

 
Table 4: Discriminant analysis showing the relative importance of 5 US component scores in the context of case-control differentiation 

 

 Standardized discriminant function 

Presence of hypoechogenic areas score 0.89 

Inhomogeneity score 0.862 

Reduced Parenchymal echogenicity score 0.659 

Presence of hyperechogenic reflections score 0.617 

Clearness of salivary gland borders score 0.448 

Overall model predictive accuracy = 93.9%. Wilks' Lambda = 0.27. P (Model) < 0.001 

 

Discussion 

In the present study, sonographic grading was based on the 

qualititative US findings; and they were RPE, IH, PHA, 

PHR and clearness of gland border diagnostic of SS, these 

findings were reported in many studies like Mandel and 

Orchowski [17], Makula et al. [18] and Shimizu et al. [19]. The 

results of the study were slightly higher than a study made 

by Makula et al. [18] where RPE was detected in 66 parotids 

of the 124 parotids examined in about 53.2% and evident IH 

detected in 40 parotids, about 32.2%, while PHA was in 

agreement with a study made by Chikui et al. [20] as it was 

detected in 78 parotids of 182 parotids in about 42.8% but 

the PHR was detected in 46 parotids in about 25.2% which 

was lower than the present study, such variation could be 

due to different methodology. The ROC analysis showed 

that the performance of “IH” was (0.971 by ROC area with 

P <0.001) and “PHA” was (0.978 by ROC area with P 

<0.001) had an almost perfect diagnostic performance (ROC 

area almost equal to 1). Milic et al. [21] evaluated the 

diagnostic performance of US and scintigraphy in SS. 

Through ROC curves, US arose as the best performer (0.95 

± 0.01), followed by scintigraphy (0.86 ± 0.31). This finding 

is close to present study finding, the variation could be due 

to the sample size difference. On the other hand, Salaffi et 

al. [22] studied US findings in SS and evaluated them with a 

scoring system of 0-16 range, and the results were compared 

with minor salivary gland biopsy. Through ROC curve 

salivary US was the best performer (0.859±0.049) followed 
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by the minor salivary gland biopsy (0.698±0.068). The 

variation from the present study is due to different 

methodology used (different scoring system), also Salaffi et 
[23] found that the performance of US by ROC curves was 

0.89 which was the best performer than sialography (0.8) 

and scintigraphy 0.78, these results varies from our study in 

the difference in sample size as they examined 77 SS 

patients and 79 controls. Milic et al. [24] made a study to 

evaluate the diagnostic value of a novel US scoring system 

for parenchymal inhomogeneity ranging (0-12), as a useful 

single US criterion in the evaluation of salivary gland 

involvement in SS. Through ROC curves, US IH score was 

highly significant (0.96 ± 0.01). This result is in agreement 

with the result of the present study, the slight variation could 

be due to different sample size since they included in their 

study 159 SS patients (primary and secondary) with 36 

subjects served as controls. The multiple logistic regression 

model showed that only 2 out of 5 US component scores (IH 

and PHA score) that was statistically significant and able to 

classify the study subjects with an overall accuracy of 

93.9%. In Shimizu et al. [25] study the PHA was with 

accuracy of 84.8% and PHR with accuracy of 93.7% 

making them the 2 US findings out of 4 components that 

can differentiate SS patients with high accuracy, in the 

present study PHA and IH were the 2 US findings that can 

differentiate SS patients, this variation from our study is due 

to different scoring system used. Discriminant analysis that 

was used in the present study stated that PHA score and IH 

score were the strongest discriminating components 

between cases and controls, since they had the highest 

standardized discriminant coefficients, and they were 

statistically significant and able to classify the study 

subjects with an overall predictive accuracy of 93.9%, and 

this agrees with Makula et al. (26] study where IH and PHA 

showed the most important structural changes the salivary 

glands of SS patients. On the other hand, Ariji et al. [27] 

found that by discriminant analysis, PHA and HPR were the 

strongest components for differentiating SS patients from 

controls; this result is close to the present study with a slight 

variation that was due to different methodology used 

(quantitative scoring system). While Chikui et al. 2009 [20] 

found that by multivariate analysis, the finding of PHA was 

useful in predicting SS while PHR was not useful and these 

results are close to the present study, the slight difference is 

due to different methodology used.  

 

Conclusion 

This study leads us to believe that salivary gland ultrasound 

is a useful method in visualizing glandular structural 

changes in patients suspected of having Sjogrens syndrome 

which leads to the opportunity of including it among the 

tests for the diagnosis and the classification of the disease. 
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