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Abstract
Aim: To evaluate the ultrasound (US) modifications [grey scale, Doppler, 2D-share wave elastography (2D-SWE)] of
salivary (parotid and submandibular) and lacrimal glands in healthy people and patients with diabetes mellitus and/or obesity,
with or without sialosis. Material and methods: We evaluated 170 patients (1020 glands, 1700 grey scale and Doppler images), split in two groups (group 1- healthy people, group 2- obese and/or diabetes patients, with or without sialosis). For each
patient we assessed the parotid, submandibular and lacrimal glands in grey scale US (echogenicity, homogeneity, glandular
contour, posterior border, lymph nodes), color Doppler US and 2D-SWE. All images were analyzed by two examiners blinded
to each other or to patients. Results: The interobserver agreement was strong or moderate for all parameters. In group 2, the
salivary glands had increased echogenicity, homogeneous aspect and invisible posterior border (all p<0.001). There was no
significant variation of elasticity modulus in the groups analyzed (5.46±1.57 vs 5.67±1.81 in parotid, 8.63±1.84 vs 8.55±1.94
in submandibular and 9.47±2.1 vs 9.53±2.23 in lacrimal glands, all p<0.05) or according to the body mass index (BMI), sex,
patient age, the aspect in grey scale/Doppler US or the presence of sialosis (all p<0.05). Conclusion: The main US differences
between healthy people and patients with diabetes mellitus and/or obesity are suggested by the echogenicity, homogeneity,
posterior border and the size of glandular area. No significant differences of elasticity modulus were found between the analyzed groups or related to BMI, sex, patient age or other grey scale/Doppler US items analyzed.
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Introduction
Ultrasound (US) is considered to be the first-line imaging technique in investigating the salivary glands [1].
Only in selected cases (suspected malignant tumors or
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lymph nodes, the presence of masses in the deeper lobe
of parotid gland or under the mandible) computed tomography (CT) or magnetic resonance imaging (MRI)
are necessary [2]. The normal salivary gland has a regular contour, homogeneous US aspect, intermediate echogenicity and lymph nodes. The deep parotid lobe may
be difficult to be completely examined by US, especially
due to the acoustic shadow of the mandibular ramus [3].
Elastography was recently introduced in the evaluation of the salivary glands’ stiffness [4-6], strain elastography (SE) and acoustic radiation force impulse (ARFI)
techniques being the first ones used to characterize the
tumoral pathology or the diffuse inflammatory diseases.
Recently, share wave elastography (SWE), a real-time,
quantifiable and user-independent method, gains atten-
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tion for salivary glands investigation. The elasticity is
expressed as elasticity modulus (or Young’s modulus),
measured in kiloPascals (kPa) or as shear wave velocity,
measured in meters/second (m/s).
The applicability of SWE in evaluating liver fibrosis,
breast or thyroid pathology, etc. was already demonstrated [7-9], but for salivary gland the utility of the method is
still unclear, mainly due to insufficient reported data [10,
11] and lack of standardization of the normal values. No
differences between sexes and increase in parotid stiffness with age or body mass index (BMI) were found [12,
13] and no specific data about the parotid modifications
in the presence of diabetes mellitus was published. For
pediatric population, values of normal parotid gland elasticity using SWE were recently published [14], but more
measurements are needed.
Lacrimal gland US is less used in clinical practice.
The superficial location in superolateral part of the orbit
permits the evaluation in good conditions, the gland being recognized as a small hypoechoic, homogenous area
[15]. No data on the elastography of the lacrimal glands
were published.
Apart from the inflammatory (including autoimmune) diffuse diseases of the salivary glands, a particular
pathology in which the glands are diffusely modified is
sialosis (or sialoadenosis) a chronic, diffuse, non-inflammatory, non-neoplastic disease, associated with bilateral
painless swollen parotid glands [16]. The most common
causes are chronic alcoholism, diabetes and obesity, but
there are other incriminated rare conditions, such as malnutrition, bulimia or drugs [16]. Histological evaluation
found contradictory results about acinar enlargement and

fatty infiltration [17]. The diagnosis is clinically suspected (enlargements of salivary glands) and is completed
with US evaluation or, rarely, using biopsy to rule out
other diagnosis [18]. US examination shows homogenous, hyperechoic and enlarged salivary glands [19]. To
our knowledge, there are no available data regarding the
salivary and lacrimal glands elastographic evaluation in
patients with sialosis.
In our experience, we frequently found modifications
during the routine grey scale US examination of salivary
gland parenchyma, modifications that were difficult to
interpret and correlate with the patient’s pathology.
The aim of our study was to evaluate the salivary and
lacrimal glands in healthy people and patients with diabetes mellitus and/or obesity (with or without sialosis)
using multimodal US (grey scale, color Doppler, elastography).
Material and methods
Patients
We conducted a prospective cross-sectional study,
from April to July 2018, on 221 consecutive patients referred to our day-hospital clinic. Patients with previous
radiation of the neck, hepatitis C, acquired immunodeficiency disease, sarcoidosis, autoimmune diseases or
with recent pathology of the salivary and lacrimal glands
were excluded (51 patients). Finally, a total number of
170 patients were included. Demographic data (age, sex,
weight, high) had been collected and clinical examination of the salivary glands and biological tests (cholesterol, triglyceride, glycemia, glycosylated hemoglobin)

Fig 1. Grey scale ultrasound of the parotid and submandibular glands. The echogenicity scale (atlas) of homogenous parotid glands
(a-d): a – normal with clear posterior border, b - slightly increased with visible posterior border, c - moderate increased with invisible
posterior border, d – highly increased and no visible posterior border; The echogenicity scale (atlas) of submandibular glands (e-h):
e - normal, f - slightly increased, g - moderate increased with partial visible posterior border, h – highly increased with invisible
posterior border
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had been performed. Body mass index (BMI) had been
calculated (kg/m2). Definitions of obesity, diabetes and
hyperlipemia were in agreement with international standards [20-22]. Each patient signed an informed consent
and the study was approved by the Ethics Committee of
University (nr. 166/2.04.2018).
US and SWE examination
The US and elastography were realized with Supersonic Imagine AixplorerUltimate machine (SuperSonic
Imagine, Aix-en-Provence, France) that has the SuperSonic Imagine’s UltraFast™ software technology, and
using the multi-frequency linear transducer (SL18-5
MHz).
In order to ensure homogeneous evaluation, prior to
the study, an atlas with representative images of each US
parameters evaluated was created (consensus D.F., M.M.
and C.B., all with more than 15 years of experience in
US) and was used as reference (fig 1 and 2).
The patients were examined in supine position, with
the head turned to the opposite side for parotid and lacrimal glands examination and the head slightly extended
for submandibular glands examination. The patients were
asked to breath normally and not to swallow during the
procedure. The glands were assessed in longitudinal and
transvers scans, but the measurements were performed
in transverse for parotid (at mandibular angle level) and
for lacrimal glands, and in longitudinal for submandibular glands (parallel to mandible). To establish the area of
salivary glands we used two methods: 1) by drawing the
surface area (measured surface area) and 2) by using the
formula (length x width)/2 (calculated surface area) as
previously described [23]. To better evaluate the area of
the salivary glands, the US focus was adjusted for deep
structures. The following parameters were evaluated:
echogenicity (0 - normal, 1 - slightly increased, 2 - moderate increased, 3 – highly increased), homogeneity (0
- homogeneous, 1 - inhomogeneous), glandular contour
(0 - regular, 1 - irregular), posterior border (0 - visible, 1
- invisible), lymph nodes (0 - absent, 1 - present) and parenchyma vascularization (0 - normal, 1 - increased). The
normal echogenicity was considered to be similar to the
normal thyroid gland. We used only two parameters for
the evaluation of lacrimal gland: echogenicity (0 - normal, 1 - increased) and homogeneity (0 - homogeneous, 1
- inhomogeneous). For color Doppler US pulse repetition
frequency was 700 Hz and color gain was adjusted dynamically to maximize visualization of the arteries while
minimizing the noise.
For 2D-SWE evaluation, a sufficient quantity of ultrasound gel was used and no pressure was applied on
the examined tissues. Because all the presetting for musculoskeletal system returned with improper elastography

Fig 2. Grey scale ultrasound of parotid (a) and submandibular
(b) glands showing inhomogeneous parenchyma

boxes, we used the presetting for thyroid examination.
We guided the 2D-SWE examination considering the
general rules for liver evaluation [24]. For measurements, we used the elasticity modulus (Young’s modulus E). A measurement was considered to be reliable
if the stability index was >90%. For salivary glands, a
3-mm diameter Q-box was placed in the superficial parenchyma in a representative homogeneous region (without vessels or lymph nodes) at 1.5 cm from the glandular
capsule. Three consecutive measurements were made at
the same depth and, using a multi Q-box function, the
machine returned mean and median values in kPa. For
the lacrimal glands, a 2-mm diameter Q-box was placed
in the middle of the lacrimal gland (fig 3). We acknowledged the presence of vertical striped or push artefact
[25] and all measurements were performed between the
artifactual stripes.
All the images were saved and stocked. The images
were analyzed by 2 examiners with 3 and 4-year experience (M.B. and O.S.) in salivary glands US. All the disagreements were solved by a third person (DF) with 20
years of experience in salivary gland US. Totally, 1700
grey scale and color Doppler images (10 images for each
patient) were analyzed by completing a standardized
worksheet with all analyzed parameters.
Statistical analysis
The distribution of the variables was evaluated using the Kolmogorov-Smirnov test. A descriptive analysis was performed and continuous data was reported as
mean and standard deviation. Continuous variables were
compared between groups using 2 independent sample
t-test for normal distributed variables and Man-Whitney
U for 2 samples in non-normal distributed variables. The
comparison of continuous variables between groups with
more than 2 levels was performed using Kruskal-Wallis
test in non-normal distributed variables. The association
between categorical variables was assessed using Chisquare or Fisher’s Exact test. Spearman rank correlation
was used to correlate non-normal distributed continuous variables. The inter-observer agreement was calcu-
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Fig 3. Exemplification of the 2D-SWE measurements in parotid (a), submandibular (b) and lacrimal (c) glands

lated using Cohen’s kappa for dichotomous variables and
weighted kappa for ordinal variables with more than two
categories. P-value <0.05 was considered statistically
significant. The analysis was performed using IBM SPSS
Statistics v.23 and Microsoft Excel 2017 for Office 365.
Results
A total number of 170 patients (123 women, mean
age 59.4±11.9 years) were included and they were split
in two groups: group 1 - healthy people and group 2 patients with diabetes and/or obesity. The demographic
data, area of the glands and the results of SWE measurements are detailed in Table I. Since we found significant

differences between the two modalities of area measurement, we used the traced areas for subsequent analysis.
No statistical difference between the groups regarding
the 2D-SWE measurements was found (all p>0.05).
The inter-observer agreement was strong for glands
contour, posterior border and vascularization in salivary
glands (k 0.93, 0.95, and 0.95, respectively). For the other parameters (echogenicity, homogeneity, lymph nodes)
the agreement was moderate (k 0.61-0.66). Considering
only 2 groups of echogenicity (normal and slightly increased versus moderate and highly increased), the interobserver agreement dramatically improved from moderate to strong, for both parotid and submandibular glands
(k 0.83 and 0.85).

Table I. Descriptive analysis of demographic data, glands area and elasticity index in healthy people (group 1) and patients with
diabetes and/or obesity (group 2)
Age
Sex (female)
BMI
Diabetes
Dyslipidemia
Parotid glands
Measured surface area (cm2)
Calculated surface area (cm2)
SWE (kPa)
Submandibular glands
Traced surface area (cm2)
Calculated surface area (cm2)
SWE (kPa)
Lacrimal glands
Traced surface area (cm2)
Calculated surface area (cm2)
SWE (kPa)

Group 1 (N= 79)

Group 2 (N= 91)

44.78±17.5 (22;82)
69.6
23.82±3.32 (17.96;29.99)
0
12.7

60.29±12.99 (24;89)
74.7
33.12±5.99 (19.43;60.14)
37.4
56

p-value
<0.001

4.63±1.39 (2.43;9.46)
3.42±1.12 (1.42;6.25)
5.46±1.57 (2.2;10.9)

6.99±2.4 (1.78;13.74)
4.52±1.18 (1.9;7.6)
5.67±1.81 (2.6;12.3)

<0.001
<0.001
0.49

2.9±0.69 (1.46;5.65)
1.77±0.49 (0.73;3.61)
8.63±1.84 (5.1;13.4)

3.37±0.99 (1.61;6.92)
1.99±0.64 (0.91;4.62)
8.55±1.94 (4.7;13.2)

<0.001
<0.001
0.56

0.04±0.01 (0.02;0.09)
0.03±0.02 (0.01;0.26)
9.47±2.1 (4.8;15.9)

0.04±0.01 (0.01;0.17)
0.03±0.01 (0.009;0.1)
9.53±2.23 (3.8;15.5)

0.83
0.53
0.80

<0.001

The results are expressed as mean±standard deviation (SD) and minimum-maximum (min;max) or percent (%); N, number of patients;
BMI, body mass index; SWE, share wave elastography; kPa, kilopascals
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Comparing the US and SWE parameters, no significant differences were noted between left and right
glands (all p>0.05). Significant differences between
sexes were found for glands area (p<0.001) but not for
elasticity modulus. According to the age groups (20-40
years, 40-60 years, >60 years) the area of parotid and lacrimal glands was found to increase with the age (p<0.01)
but elasticity modulus had nonsignificant variations
(p>0.05). A positive statistical correlation was found between salivary glands area and BMI (as BMI increases,
the area becomes larger), but not for elasticity modulus
(fig 4).
Comparing the two groups (healthy people and patients with diabetes and/or obesity), we found that in
most of the diabetes and/or obese patients the salivary
glands had increased echogenicity, homogeneous aspect
and invisible posterior border (all p<0.001). The mean
values of the elasticity modulus had no significant difference between groups (Table II). Also, for lacrimal glands
there was no difference of mean elasticity modulus between the groups (9.47±2.1 versus 9.53±2.23, p=0.807).
No correlation between glycemia and glycosylated
hemoglobin and US parameters was established in diabetes patients (p>0.05). Also, in obese patients no correlation was found between US findings and cholesterol or
triglyceride levels (p>0.05).
We found 18 patients (19.8%) in group 2 with enlarged clinical parotid glands (sialosis subgroup). US
confirmed the increased dimensions of the parotid, found
in all cases moderate or highly increase in echogenicity
and invisible posterior border, but no significant difference in elasticity modulus was detected when compared
to non-sialosis subgroup.

Discussions
The main conclusion of our study is the lack of differences between elastic modulus of salivary and lacrimal
glands, in normal versus diabetes and/or obese subjects,
irrespective of sex, age, BMI or glands aspect in grey
scale or color Doppler US. Moreover, we found no significant differences in elastic modulus between sialosis
and non-sialosis patients.
These results were surprising as we started the study
by assuming that diabetes and obese patients have well
known elastographic liver modifications, due to non-alcoholic fatty liver disease (NAFD), pathology that can
be evaluated by elastography [26]. Parotid modifications
in grey scale US in these categories of patients were described [27]. Lack of fibrosis despite other histopathological modifications [17] probably explains our results.
The normal parotid elasticity in obese and/or diabetes
patients is of major importance – any elastic modulus
modification of the salivary and lacrimal glands has to
be carefully investigated, as its significance is most probably related to a salivary gland disease itself and is not a
response to the metabolic syndrome. Due to lack of the
convex probe, we did not investigate the elastic modulus
of the liver, so we can draw only indirect conclusions
about the presence of NAFD in our patients.
It is difficult to compare our SWE results with results
from other studies, as there are important differences
between published studies. The main differences are
related to the machines used: Toshiba Medical Systems
[14], Siemens Acuson S1000 [5] or Philips iU22 [10]. In
studies in which Supersonic Imagine Aixplorer machine
was used, the authors did not specify the type of Super-

Fig 4. The mean area and 2D-SWE elastic modulus of parotid, submandibular and lacrimal gland according to body mass index
(BMI) categories (<25, 25-30, 30-35, >35 kg/m2). The mean area increases as BMI increases in submandibular (a - blue line), parotid
(b - blue line) glands, but SWE values are constant for both salivary glands (a and b – green line). In lacrimal glands (c) there are no
variations of gland area (blue line) or elastic modulus (green line) according to BMI categories
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The results are expressed as a percentage or as mean±standard deviation (SD). Group 1, healthy people; Group 2, patients with diabetes and/or obesity; *, Statistics not available;
N, number of patients; SWE, share wave elastography, kPa kilopascals
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0 normal

Vascularization
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Lymph nodes
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1 invisible

Posterior border

97.5

0 regular

Glandular contour

88

12

0 homogeneous

1 inhomogeneous

Homogeneity

15.3

3 highly increased

49.5

8.8

24.2

22.8

1 slightly increased

0

Group 2
N= 91

37.7

Group 1
N= 79

2 moderate increased

0 normal

Echogenicity

Ultrasound
parameters

Table II. Comparison of ultrasound and share wave elastography parameters between healthy people (group 1) and patients with diabetes and/or obesity (group 2)
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sonic Imagine Aixplorer platform [12,13,27,28] and the
frequencies of the transducers used were different: 5-15
MHz [28,29], 6-13 MHz [12] or 4-15 [13,27]. We used
the Supersonic Imagine AixplorerUltimate machine with
5-18 MHz transducer. As there are no published comparative studies between all these systems/platforms and
transducers, no general conclusion can be reached. We
also found major differences concerning the protocol of
SWE examination: different depths for SWE data collecting, even in the same US scan, the dimensions of the
Q-box, the lack of data about the vertical striped artefact or the presetting program used. All these overline
the need for supplementary studies, in order to establish
interchangeable normal values.
The elastic modulus values obtained in salivary and
lacrimal glands (in submandibular gland higher compared to parotid gland, probably related to the different
anatomical structures that can be found in these glands)
can be used for further comparative studies. We are not
sure about the clinical relevance of the data obtained
from lacrimal glands examination, as no results were
published about pathological findings on elastography.
For the first time we compiled an atlas of grey scale
US modifications in these glands in healthy people and,
by extension, in diabetic and obese patients. The development of this atlas involved the consensus between 3
experts, after the analysis of more than 1000 images.
Despite the opinion that US is an operator-dependent
technique, generally we obtained strong inter-observer
agreement for the majority of the studied items. The
most challenging was the appreciation of echogenicity
when we used the 4 grades classification. High differences in appreciation appeared between grade 0 (normal)
and grade 1 (slightly increased) and also between grade
2 (moderate) and grade 3 (highly increased). As grade
0 and 1 were frequent encountered in normal subjects,
and 2 and 3 in diabetes/obese patients, we concluded that
grade 0-1 corresponds to normal variation and grade 2-3
is rather pathological (the classification in two classes of
echogenicity raised the agreement to strong).
Even if the salivary glands in healthy people are described as homogeneous [19], we found a part of the glands
to be rather inhomogeneous. The presence of multiple vessels in submandibular glands and the variability of longitudinal section could explain in part this inhomogeneous
appearance. The parenchyma of salivary glands in diabetes and/or obese patients was homogeneous in the majority of cases, probably due to the increased fatty deposition.
We found that the sectional area of parotid and submandibular gland increases with BMI, contrary to the
conclusions of Herman et al [13], probably related to
the low number of obese patients enrolled in their study.

Also, we found that the area of parotid and lacrimal gland
(but not submandibular gland) increased with age, as opposed to the observation published by Dost et al [30],
probably related to the lower mean age of the study group
(45 years compared to 59.4 years in our study).
Our study has several limitations. First limitation is
related to the lack of comparison of the US findings to the
biopsy specimens of parotid and submandibular gland.
Due to ethic considerations the biopsy was considered
an invasive method. Second, no comparison between US
and other imaging technique (especially MRI elastography) was realized. The comparison would be of great importance in assessing the gland fibrosis and fatty infiltration and to compare with US findings. Also, the glandular
area of salivary glands in patients with invisible posterior
border was sometimes difficult to be assessed (and this
can be a source of biases) and the comparison with other
imaging techniques would have been useful. The same
situation was encountered in several cases in which the
lacrimal gland was barely visible from orbital fat. Third,
we were not aware of the time period between the last
mastication and the US evaluation and we did not verify
if this could have had any influence on the SWE results.
Residual confounding by factors which we failed to control could have also influenced our results.
For future work, it would be interesting to correlate
the US data of parotid glands with diabetes characteristics of patients (year onset, the presence of diabetes
complications, controlled or uncontrolled diseases) or to
compare these findings with salivary flow rate or saliva
properties. Also, it would be interesting to longitudinally
monitor the healthy subjects with parotid grey scale US
modifications in order to evaluate the possible development of diabetes.
In conclusion our study describes a complex US and
2D-SWE evaluation of salivary and lacrimal glands in
healthy people and patients with diabetes mellitus and/
or obesity. The main differences between the groups are
suggested by the echogenicity, homogeneity, posterior
border and the size of glandular area (grey scale criteria).
No significant difference of elasticity modulus was found
in these groups.
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