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Purpose: The normal submandibular gland (SMG) and parotid gland (PG) are thought to have
similar homogeneous ultrasound (US) hyperechogenicity; however, this has not been extensively
investigated. The aim of this study was to determine whether the normal SMG and PG have
similar US echogenicity.

Methods: We included 969 consecutive adult patients with normal salivary glands. The patients
were categorized into three age groups: group 1 (19 to 29 years, n=27), group 2 (30 to 49
years, n=273), and group 3 (=50 years, n=669). The echogenicities of the SMG and PG were
prospectively evaluated by an experienced radiologist. Computed tomography (CT) attenuation
in Hounsfield units (HUs) was quantitatively measured for the SMG, PG, and sternocleidomastoid
muscle in 140 patients.

Results: Relative to the PG, the echogenicity of the SMG was similar in 706 (73.0%) and
homogeneously hypoechoic in 263 patients (27.0%). The frequency of SMG hypoechogenicity
decreased with increasing age (group 1, 59.3%; group 2, 36.3%; group 3, 22.1%; P<0.001).
The CT attenuation levels (in HUs) of the SMG and PG were significantly higher in patients with
hypoechoic SMGs than in patients with SMG echogenicity similar to that of the PG (P<0.001).
Conclusion: Hypoechogenicity of the SMG was observed in more than a quarter of this sample
of adults with normal salivary glands. The SMG may be inadequate as a reference standard for
evaluating thyroid nodule echogenicity in patients with diffuse thyroid disease with decreased
echogenicity.
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Introduction

The major salivary glands, including the parotid gland (PG) and submandibular gland (SMG), normally
exhibit homogeneous and hyperechoic ultrasound (US) echogenicity relative to the adjacent neck
muscles [1,2]. Although Katz et al. [3] reported that the SMG was more hypoechoic than the PG,
the normal PG and SMG have been generally thought to have homogeneous hyperechogenicity
comparable to the echogenicity of the normal thyroid gland [4,5]. Thyroid nodule echogenicity is
an important US feature for predicting the risk of malignancy [6-8]. The current US guidelines
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for nodular thyroid disease recommend that the echogenicity of
thyroid nodules be described in comparison with the anterior neck
muscles and the surrounding thyroid parenchyma [6-8]. However,
in patients with underlying diffuse thyroid disease with decreased
parenchymal echogenicity, assessment of the nodule echogenicity
can be inaccurate and problematic. When the surrounding thyroid
parenchymal echogenicity is abnormally low, some thyroid US
guidelines recommend that the echogenicity of thyroid nodules
be described in comparison to the strap muscles and abnormal
surrounding thyroid tissue on US reports [6,7]. Meanwhile, some
European US guidelines have proposed that the SMG could be
an alternative reference for evaluating the echogenicity of thyroid
nodules in cases of decreased echogenicity of the surrounding
thyroid parenchyma [8,9]. This latter guideline is based on the
empirical observation that the normal echogenicity of the SMG is
similar to that of the thyroid gland. However, this assumption is not
proven and requires further research.

Although most agree that the major salivary glands have similar
US echogenicity, no study has compared the echogenicity of the
normal PG and SMG, and the conventional understanding of this
relationship lacks evidence. Therefore, the purpose of this study
was to determine whether the normal SMG and PG have similar
US echogenicity. We also sought to investigate the relationships of
SMG echogenicity with age, sex, and computed tomography (CT)
attenuation.

Materials and Methods

This retrospective study was approved by the institutional review
board of Gangneung Asan Hospital (GNAH 2020-2-009), and the
requirement for informed consent was waived.

Patients

Between April 2017 and November 2017, 1245 consecutive
adult patients underwent neck US for thyroid nodules (n=925),
postoperative surveillance of thyroid cancer (n=209), diffuse thyroid
disease or goiter (n=42), lymphadenopathy (n=33), neck mass
(n=13), salivary gland disease (n=13), hyperparathyroidism (n=3),
neck discomfort (n=3), voice change (n=3), and deep neck infection
(n=1). In this study, we included patients with normal salivary
glands, defined as persons who had no clinical history of salivary
disease and no suspicion of salivary gland disease on clinical and
US assessment. We excluded 276 patients after reviewing their
electronic medical records and performing a prospective assessment
of the US features of the salivary glands. The exclusion criteria were
as follows: patients who had received radioactive iodine therapy
after thyroidectomy due to thyroid cancer (n=207), patients with
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salivary gland tumors (n=14), patients with suspected chronic
sialadenitis showing bilateral diffuse heterogeneous echogenicity of
the PG or SMG regardless of clinical features (n=13), patients with
unilateral focal or diffuse hypoechogenicity of the PG or SMG (n=12),
patients with symmetrical homogeneous mild hypoechogenicity
of the bilateral PG regardless of clinical features (n=8), patients
who underwent radiation therapy on the neck due to head and
neck cancer (n=6), patients with periglandular foreign bodies with
severe posterior acoustic shadowing (n=2), patients with a deep
neck infection around the salivary glands (n=1), and patients in
whom prospective US evaluation of the salivary glands was not
conducted (n=13) during the study period. The PG was considered
normal for this study only if the bilateral PGs showed symmetrical
homogeneous hyperechogenicity and lacked clinical suspicion of
salivary gland disease. Regarding the SMG, bilateral symmetrical
homogeneous hypoechogenicity was considered indicative of a
normal SMG if the patient had no clinical history or symptoms of
salivary gland disease and no other coexisting US abnormalities,
including heterogeneous echogenicity, focal parenchymal lesions,
sialectasia or sialolithiasis, and glandular enlargement or atrophic
change of the SMG.

Following the exclusion of 276 patients, our study population
comprised 969 patients (784 women, 185 men; median age, 57
years; interquartile range, 40 to 74 years). The 969 patients were
categorized by age into three groups (group 1, 19-29 years;
group 2, 30-49 years; group 3, 250 years). Neck CT scans were
performed within 3 years before or after neck US in 140 of the 969
patients (14.4%) for the evaluation of thyroid tumors (n=120),
lymphadenopathy (n=10), neck masses (n=6), goiter (n=3), and
hoarseness (n=1).

US Examination and Image Analysis

All US examinations were performed with a 5- to 12-MHz linear-
array transducer (EPIQ7, Philips Healthcare, Bothell, WA, USA),
and the US echogenicity of the salivary glands was prospectively
evaluated by one experienced radiologist (D.G.N.) with 22 years
of experience performing thyroid and neck US. Both the PG and
SMG were examined with the patient in a supine position with the
head turned to the contralateral side. We assessed the echogenicity
of both the PG and the SMG with the same US scan parameters,
including the level of gain, the focal zone, and the application
of compound imaging (SonoCT). We compared the echogenicity
of the SMG to that of the superficial lobe of the ipsilateral PG
and divided patients accordingly into an isoechoic group and a
hypoechoic group. The isoechoic group included patients in whom
the echogenicity of the SMG was similar to that of the PG, while the
hypoechoic group contained patients in whom the echogenicity of
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the SMG was obviously hypoechoic compared to that of the PG (Figs.
1-3).

CT Image Analysis

CT scanning was performed with a single-slice CT scanner (n=1), a
64-slice CT scanner (n=97), or a 128-section CT scanner (n=42). The
CT attenuation (in Hounsfield units [HU]) of the SMG and PG was
quantitatively measured by a resident (I.C.) using a region of interest
of 45-55 mm’ on the unenhanced axial CT images. We obtained
the average attenuation (in HUs) on the ipsilateral superficial lobe of
the PG, SMG, and sternocleidomastoid muscle (SCM). We measured
the HU difference between the PG or SMG and the ipsilateral SCM
by subtracting the value for the PG or SMG from that of the SCM,
respectively (SCM-PG and SCM-SMG, respectively).

Data Analysis and Statistics

The continuous variables are presented as the mean+standard
deviation or the median (interquartile range) based on a parametric
or nonparametric distribution, respectively. The categorical variables
are reported as frequencies and percentages for each category.
The mean patient age was compared between the two SMG
echogenicity groups (the isoechoic and hypoechoic group) using
the Mann-Whitney U test. The chi-square test for trends was used
to investigate the relationship between SMG echogenicity and
age. The unpaired t test was used to compare the attenuation (in
HUs) of the PG, SMG, SCM-PG, and SCM-SMG between the two
SMG echogenicity groups. Spearman correlation coefficients were
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calculated between age and attenuation of the PG and SMG.
Statistical analysis was performed using SPSS version 23.0 for
Windows (IBM Corp., Armonk, NY, USA), and a significant difference
was indicated by a P-value <0.05.

Results

Age and Sex of Patients according to US Echogenicity of
the Normal SMG

Relative to the echogenicity of the normal PG, the US echogenicity
of the normal SMG was classified as isoechoic in 706 (73.0%) and
hypoechoic in 263 of the 969 patients (27.0%). No significant
difference in sex was observed between the two groups (P=0.598),
and the patients in the isoechoic group were slightly older

Table 1. Age and sex of patients according to US echogenicity of
the normal SMG

US echogenicity of the SMG”

Patient data P-value
Isoechoic Hypoechoic
No. of patients 706 (73.0) 263 (27.0)
No. of women 575 (81.4) 209 (79.5) 0.598
Age (year) 57.5(415-73.5) 53.0(32-74) <0.001

Values are presented as number (%) or median (interquartile range).

US, ultrasound; SMG, submandibular gland.

¥The SMG was classified as isoechoic when its echogenicity was similar to that of
the parotid gland and hypoechoic when its echogenicity was obviously lower than
that of the parotid gland.

B

Fig. 1. A 52-year-old woman with an isoechoic normal submandibular gland compared to the normal parotid gland.
The right submandibular gland (A) shows homogeneous hyperechogenicity similar to the right parotid gland (B).
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A

B

Fig. 2. A 60-year-old woman with a mildly hypoechoic normal submandibular gland compared to the normal parotid gland.
The right submandibular gland (A) shows homogeneous mild hypoechogenicity compared to the right parotid gland (B).

A

B

Fig. 3. A 28-year-old woman with a markedly hypoechoic normal submandibular gland compared to the normal parotid gland.
The left submandibular gland (A) shows homogeneous marked hypoechogenicity compared to the left parotid gland (B).

than those in the hypoechoic group (57.5 years vs. 53.0 years,
respectively; P<0.001) (Table 1).

US Echogenicity of the Normal SMG according to Age
Group

Of the 969 patients, 27 (2.8%) were aged 19-29 years, 273 (28.2%)
were aged 30-49 years, and 669 (69.0%) were 50 years old or
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older. Hypoechogenicity of the SMG was found in 16 (59.3%) of
the patients 19-29 years old, 99 (36.3%) of the patients 30-49
years old, and 148 (22.1%) of the patients 50 years old or older. As
age increased, the frequency of SMG hypoechogenicity tended to
decrease (P<0.001) (Table 2).
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Table 2. Frequency of hypoechoic normal SMGs according to
age group

a)
SMG Age group
echogenicity Group 1 Group 2 Group 3 P-value
(n=27) (n=273) (n=669)
Isoechoic 11 (40.7) 174 (63.7) 521(77.9) <0.001
(n=706)
Hypoechoic 16 (59.3) 99 (36.3) 148 (22.1)
(n=263)

Values are presented as number (%).
SMG, submandibular gland.
Group 1, 19-29 years; group 2, 30-49 years; group 3, =50 years.

Table 3. US echogenicity and CT attenuation of normal SMG and
PG

US echogenicity of the SMG”

CT data P-value
Isoechoic Hypoechoic

No. of patients 101 (72.1) 39(27.9)

CT attenuation
SMG (HU) 3524120 4444112 <0.001
SCM-SMG (HU) 17.0£13.7 10.8£11.5 0.013
PG (HU) —3294215 -16.5+18.9 <0.001
SCM-PG (HU) 85.1£24.9 71.7£18.8 0.003

Values are presented as number (%) or mean=standard deviation.

US, ultrasound; CT, computed tomography; SMG, submandibular gland; PG, parotid
gland; HU, Hounsfield unit; SCM, sternocleidomastoid muscle.

IThe SMG was classified as isoechoic when its echogenicity was similar to that of
the PG and hypoechoic when its echogenicity was lower than that of the PG.

Associations among US Echogenicity, CT Attenuation, and
Age

Among 140 patients who underwent a neck CT scan, the SMG
was isoechoic in 101 (72.1%) and hypoechoic in 39 (27.9%). The
mean CT attenuation (in HUs) of the SMG was significantly higher
than that of the PG in both the isoechoic (35.2 HU vs. -32.9 HU,
respectively; P<0.001) and hypoechoic groups (44.4 HU vs. -16.5
HU, respectively; P<0.001). The mean CT attenuation of the SMG
was significantly lower in patients with isoechoic SMGs than that in
patients with hypoechoic SMGs (35.2 HU vs. 44.4 HU, respectively;
P<0.001). The mean CT attenuation of the PG was significantly
lower in patients with isoechoic SMGs than in those with
hypoechoic SMGs (-32.9 HU vs. —=16.5 HU, respectively; P<0.001).
The mean CT attenuation levels of the SCM-SMG and SCM-PG were
significantly higher in patients with isoechoic SMGs than in those
with hypoechoic SMGs (P=0.013 and P=0.003, respectively) (Table
3). The CT attenuation levels of the PG and SMG showed significant
negative correlations with age (PG, r=-0.189, P=0.026; SMG, r=-
0.326, P<0.001).

346

Ultrasonography 40(3), July 2021

Insik Choi, et al.

Discussion

Our study demonstrated that 27.0% of patients with no clinical
or radiological evidence of salivary gland disease exhibited
hypoechogenicity of the SMG relative to the PG. The frequency of
SMG hypoechogenicity decreased with increasing age.

Our study results suggest two clinical implications. First, bilateral
homogeneous hypoechogenicity of the SMG should not be mistaken
for salivary gland disorders such as autoimmune sialadenitis (Sjogren
syndrome) or 1gG4-related disease if the case involves no clinical
suspicion of sialadenitis and no other concurrent US abnormality
of the PG and SMG. Although Sjogren syndrome or 1gG4-related
disease may cause hypoechogenicity of the SMG, in most cases
this can be differentiated from physiologic hypoechogenicity of
the normal SMG by the presence of a heterogeneous echotexture,
nodular hypoechoic lesions, asymmetrical involvement, and
glandular enlargement or atrophic change [10-13]. Second, the
echogenicity of the normal SMG seems inappropriate as a reference
standard for assessing the echogenicity of thyroid nodules in cases
of thyroiditis with decreased parenchymal echogenicity because,
based on our study results, the normal SMG may exhibit physiologic
hypoechogenicity. The echogenicity of the normal PG may be more
appropriate as a reference standard for evaluating the echogenicity
of thyroid nodules in thyroiditis with decreased parenchymal
echogenicity. This is because most of the normal PGs exhibited
constant homogeneous hyperechogenicity in our study. However,
our results require further investigation involving a comparison of
the echogenicity of the normal PG and thyroid gland to evaluate
the reliability of the normal PG as a reference structure with similar
echogenicity to the normal thyroid gland. This study excluded eight
patients who had mild hypoechogenicity of the PG relative to the
normal thyroid gland from the study population, as our goal was to
exclude patients with potential salivary gland disorders even when
they had no clinical features of sialadenitis. Further investigation is
required to determine whether the normal PG may show physiologic
hypoechogenicity compared with the echogenicity of the normal
thyroid gland.

Although the mechanism of physiologic hypoechogenicity of
the normal SMG is uncertain, it may relate to normal variations
in the amount of adipose tissue and the histologic architecture of
salivary glandular tissue. It is well known that the normal PG has
a greater amount of adipose tissue and a lower CT attenuation
than the normal SMG [14]. This aligns with our findings that the CT
attenuation of the normal PG was significantly lower than that of
the normal SMG. Our study also showed that the CT attenuation
of the hypoechoic SMG was higher than that of the isoechoic SMG,
which suggests that the hypoechoic SMG may contain less fat tissue
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than the isoechoic SMG. Prior studies [14-22] have established
that the amounts of adipose tissue and fibrous tissue in both
the PG and the SMG tend to increase with age. These histologic
changes may explain our findings of age-related changes in the CT
attenuation of the PG and SMG. Notably, a prior study [14] reported
a similar result, specifically that the CT attenuation of the PG and
SMG decreased with increasing age. Therefore, the decrease in the
frequency of SMG hypoechogenicity with increasing age in our study
may also relate to the histologic changes in the normal salivary
gland that occur with age. However, the difference in the amount
of fat tissue between the PG and SMG cannot explain the similar
echogenicity of the SMG and the PG, because the CT attenuation
of the SMG was substantially higher than that of the PG in patients
who had similar echogenicity of the SMG and the PG (the isoechoic
group). Fat tissue can be hypoechoic or hyperechoic depending
on its heterogeneity [23]. PGs with complete fatty changes after
radioactive iodine ablation for the treatment of thyroid cancer
usually exhibit hypoechogenicity [24]. Tissue echogenicity is related
to the acoustic reflection caused by variations in the acoustic
impedance [25], and tissue with heterogeneous components may
display hyperechogenicity due to the presence of multiple acoustic
interfaces and increased acoustic reflections within the tissue.
Therefore, the amount of adipose tissue does not appear to be the
only factor that affects the echogenicity of the PG and SMG. Other
histologic features, including heterogeneous architectures composed
of acinar cells, excretory ducts, and connective tissue stroma with
fibrous septa, may be related to the echogenicity of the salivary
glands.

This study had several limitations. First, we could not determine
the presence of normal variation in the echogenicity of the PG
because we excluded all patients with decreased PG echogenicity,
even if they were not suspected of having a salivary gland disorder.
Second, pediatric patients were not included in this study, and the
proportion of SMG hypoechogenicity in normal pediatric salivary
glands therefore could not be determined. Third, we did not
assess the interobserver agreement regarding the echogenicity
of the salivary glands because only one experienced radiologist
prospectively evaluated the US echogenicity of the salivary glands. A
further prospective investigation of the interobserver agreement will
be necessary to validate the reliability of our observations. Fourth,
the number of young adult patients under 30 years was relatively
small in our study population. Further investigation with a large
population of young adults may be necessary to determine the
prevalence of the hypoechoic normal SMG in young adults.

In conclusion, SMG hypoechogenicity was observed in more
than a quarter of adults with normal salivary glands and was more
frequently found in young adults than in older individuals. Bilaterally
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symmetrical, homogeneously hypoechoic SMGs without other
glandular abnormalities should not be considered abnormal. The
echogenicity of the SMG may be inadequate as a reference standard
for evaluating thyroid nodule echogenicity in patients with diffuse
thyroid disease and decreased parenchymal echogenicity.
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