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and pleomorphic adenoma
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Objectives: The aim of this study was to compare apparent diffusion coefficient (ADC)
values from diffusion-weighted MRI (DWI) among normal salivary glands, cases with
sialadenitis and cases with pleomorphic adenoma of major salivary glands.
Methods: 22 patients (totalling 44 major salivary glands) diagnosed with either unilateral
sialadenitis (on either parotid or submandibular gland) or parotid gland pleomorphic
adenoma were selected. Contralateral non-affected glands (normal) were also analyzed. DW
images were achieved using a spin-echo pulse sequence with a 1.5-T MRI device. Mean ADC
values were compared among the three groups analyzed (contralateral normal glands,
sialadenitis and pleomorphic adenoma).
Results: The mean ADC values were significantly higher in cases of parotid sialadenitis
(p5 0.001), but not in cases of submandibular sialadenitis (p5 0.466), as compared with the
contralateral non-affected glands. Cases of pleomorphic adenoma presented the highest ADC
values of the study. In addition, one-way ANOVA test revealed a significant difference
among the three groups of parotid glands analyzed.
Conclusions: Within the limitations of this study, the present results suggest that DWI allows
for differentiation between parotid sialadenitis and pleomorphic adenoma.
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Introduction

Sialadenitis is a condition that represents inflammation
of the acinoparenchyma of a salivary gland. It can result
from various conditions such as obstruction of the sal-
ivary duct, trauma, infection (viral or bacterial) and
systemic diseases, among others. The condition may be
acute or chronical, leading to fibrosis of the glandular
parenchyma in some situations.1

Clinically, recurrent acute sialadenitis, as a conse-
quence of duct obstruction, may produce excessively
thick saliva. In chronic salivary gland disorder, the

symptoms are similar, but less intense: swelling of the
affected gland is usually reported with less discomfort
and overlying tenderness. Such symptoms may also be
observed in neoplastic lesions of the salivary glands
such as pleomorphic adenoma.1,2

The advent of MRI in dentistry has led to important
advances in the field of oral diagnosis.3,4 MRI provides
multiplanar imaging with satisfactory soft-tissue con-
trast using non-ionizing electromagnetic fields. One of
the MRI modalities is diffusion-weighted imaging
(DWI), which takes into account water motion at the
molecular level, within voxels of a tissue.5

In general, lesions and tumours with high cellularity
or cellular swelling tend to present lower apparent

Correspondence to: Dr Arthur Rodriguez Gonzalez Cortes. E-mail: arthuro@
usp.br
Received 20 June 2016; revised 16 August 2016; accepted 4 October 2016

Dentomaxillofacial Radiology (2017) 46, 20160257
ª 2016 The Authors. Published by the British Institute of Radiology

birpublications.org/dmfr

https://doi.org/10.1259/dmfr.20160257
mailto:arthuro@usp.br
mailto:arthuro@usp.br
http://birpublications.org/dmfr


diffusion coefficients (ADCs). Accordingly, ADC val-
ues have been reported to be lower in malignant
tumours, as compared with benign tumours,6–8 and in-
flammatory lesions.9

For alterations of the salivary glands, MRI might
be decisive for the diagnosis and can also contribute
to defining the stage of the disease.10,11 Sialadenitis
is usually detected by MRI techniques,12 but its
imaging presentation may mimic a salivary gland
tumour.13 Furthermore, various salivary gland tumours
may show similar characteristics on MRI.13 Among
the evaluated image-based techniques, DWI seems to
be promising at diagnosing tumours of the salivary
glands,6,14,15 and even at classifying their histological
subtypes.16,17 However, little is known on the use of
DWI to diagnose and differentiate between reactive and
neoplastic inflammatory lesions of major salivary
glands. We hypothesized that ADC values from DWI
would differ significantly between sialadenitis and
pleomorphic adenoma.
Thus, the aim of this study was to compare ADC

values from DWI among normal salivary glands, cases
with sialadenitis and cases with pleomorphic adenoma.

Methods and materials

Subjects
Approval was obtained from the ethics committee of the
university of this study (protocol number: 981.097). The
guidelines of the Helsinki Declaration were followed in
this investigation. All patients willing to participate in
this study signed an informed consent form.

Inclusion and exclusion criteria
This study was performed on consecutive patients from
a private dental clinic, between March 2012 and May
2013. All patients presented with a clinically suspected
unilateral reactive inflammatory or neoplastic lesion of
either the parotid or submandibular salivary gland. All
diagnoses were defined as either sialadenitis (confirmed
by punctate cytological analysis or histological analysis)
or pleomorphic adenoma (confirmed by histological
analysis).
Patients with MRI susceptibility or motion artefacts

were excluded from the study. Insufficient clinical or
imaging data were also considered as exclusion criteria.

MRI scans
All patients were scanned with an eight-channel head
coil in a 1.5-T MRI scanner (OptimaMR360; GE
Medical Systems, Milwaukee, WI). All scans were ac-
quired using the coronal orientation with a field of view of
403 403 40 cm3 and a matrix of 1603 160 pixels.
Radiofrequency pulse and gradient modes were set to
“fast”, with a phase resolution of 100%. DW images were
achieved using a spin-echo (SE) pulse sequence with
260 pixel bandwidth, 6 averages, 6000-ms repetition time,
96-ms echo time, 9-mm slice thickness (intersection

gap5 0mm) and 17 slices, resulting in a total acquisition
time of 24min per scan. MRI data were retrieved from the
digital imaging and communications in medicine files in
the meta-data window of an open-source digital imaging
and communications in medicine viewer (OsiriX 6.0;
Pixmeo, Geneva, Switzerland) and recorded.

Apparent diffusion coefficient calculation
All ADC values were calculated using the same soft-
ware (Func Tool; GE Medical Systems, Milwaukee,
WI). Initially, regions of interest enclosing the area of
the major salivary glands were defined. For the quan-
titative determination of the ADC, DW images with
different gradient strengths (b-factor: 800, 1500 s/mm2)
were recorded. ADC measurements were performed
using the following equation:

ADC5log½ðS0=S1Þ=ðb1 2 b0Þ�;

where S0 refers to signal intensity on non-DW images;
S1 refers to signal intensity on DW images; b0 refers to
0 mm2 s21; and b1 varies from 1 to 1500 mm2 s21. Since
this method is entirely automated and reproducible,
a single observer performed all calculations.

Statistical analyses
Sample size was determined to give the study a power of
80%, at a level of significance of 5%. Normality for
ADC values was assessed using the Shapiro–Wilk test.
Mean comparisons between salivary glands affected
with sialadenitis and their contralateral non-affected
glands were performed individually for parotid and
submandibular cases using the Student’s t-test. In ad-
dition, mean ADC values at parotid salivary glands of
three groups (normal gland, sialadenitis and pleo-
morphic adenoma) of different patients were compared
with one-way ANOVA test. To examine individual
differences between groups, Tukey’s post hoc test
was utilized.

All statistical analyses were performed at a level of
significance of 5%, using the IBM SPSS® Statistics 17
software (IBM Corp., New York, NY; formerly SPSS
Inc., Chicago, IL).

Results

25 subjects were initially enrolled in the study. Three
subjects were excluded owing to insufficient clinical/
imaging data. As a result, 22 subjects were included in
the study (16 females and 6 males; mean age of 41.32 ±
6.21 years), totalling 44 major salivary glands analyzed
with DWI. From the 15 patients with sialadenitis, 7 of
them presented sialadenitis on a parotid gland, and the
other 8 presented sialadenitis on a submandibular gland.
All lesions were unilateral. Histopathological confirmation
was obtained in all cases analyzed. Histological examples
of the conditions diagnosed are depicted in Figure 1.
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Normality of ADC values was confirmed (p. 0.05)
for the three groups analyzed (contralateral non-
affected glands, sialadenitis and pleomorphic ade-
noma). Mean ADC results are available in Table 1. A
significant difference of ADC values was found between
parotid sialadenitis and contralateral non-affected
glands, according to the Student’s t-test results (p5
0.001) (Figure 2). However, no significant difference
was observed between the same groups for sub-
mandibular salivary glands (p5 0.466).

In addition, for the parotid glands, one-way ANOVA
test revealed a significant difference among the
three groups analyzed (p5 0.001; Figure 3). Tukey’s
post hoc test showed significant differences between
non-affected glands and sialadenitis (p5 0.001)

and between sialadenitis and pleomorphic adenoma
(p5 0.020) (Figure 4).

Discussion

Imaging diagnosis of reactive inflammatory and neo-
plastic lesions of the major salivary glands can be

Figure 1 Histological aspects of representative cases: (a) obstruction of a salivary gland excretory duct due to a calcified calculus. The periductal
inflammation can be noted (haematoxylin and eosin, original magnification 3 150). (b) Chronic sialadenitis in a case of lupus erythematous
(haematoxylin and eosin, original magnification 3 200). (c, d) Pleomorphic adenoma of the parotid gland: in (c), a nodular neoplasm surrounded
by a fibrous pseudocapsule can be noted. In (d), the neoplasm is composed of spindle myoepithelial cells, ductal structures and a myxoid
amorphous material (haematoxylin and eosin, original magnification 3 40 and 3 400, respectively).

Table 1 Mean apparent diffusion coefficient (ADC) results of
the study

Salivary gland Group
Mean ADC value
(31023 mm2 s21) p-value

Parotid Normal 0.53 ± 0.25 0.001a

Sialadenitis 1.39 ± 0.26
Pleomorphic adenoma 1.91 ± 0.68

Submandibular Normal 0.84 ± 0.10 0.466b

Sialadenitis 0.97 ± 0.12
aOne-way ANOVA test. Bold value is indicating statistical signifi-
cance (p, 0.05).

bStudent’s t-test.

Figure 2 Mean apparent diffusion coefficient (ADC) results for
parotid and submandibular sialadenitis, in comparison with the
contralateral normal glands of each patient; *p, 0.05, according to
the Student’s t-test.
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challenging. In this context, MRI is a non-invasive
method that may contribute to defining the diagnosis.11

Areas with increased T2 signal intensity have a high
predictive value for the diagnosis of pleomorphic ade-
noma.18 In addition, DWI has been described as a use-
ful tool to obtain additional information on the function

of salivary glands19 and helps distinguish among dif-
ferent disorders.17,20,21 The latter finding is supported
by the present study, since significant ADC differences
were observed between different salivary gland lesions
(p5 0.001).

Despite the above-mentioned usefulness of DWI,
when used to assess parotid salivary glands, the tech-
nique is susceptible to transient signal loss, where ADC
values may be overexpressed.22 As suggested in the
aforementioned citation, in order to avoid such issues,
we performed a higher number of averages (six
experiments), as compared with similar studies.20,23

Little is known in the literature on the use of DWI to
differentiate and diagnose inflammatory lesions. A
previous study reported higher ADC values for lung
inflammatory lesions, as compared with cancer. On the
other hand, studies on oral tumours have reported even
higher ADC values in cases of pleomorphic ade-
noma.6,23 The aforementioned findings are in agreement
with the present study. On the other hand, different
mean ADC values for pleomorphic adenoma have been
reported in the literature. A study comparing with
malignant tumours found a mean ADC of 2.09 ± 0.16
(31023 mm2 s21) for cases of pleomorphic adenoma,6

whereas another study using DWI and dynamic
contrast-enhanced MRI found a mean ADC of 1.42 ±

Figure 3 Mean apparent diffusion coefficient (ADC) results for
parotid normal glands, sialadenitis and pleomorphic adenoma: there is
a significant difference among the three groups, according to the one-
way ANOVA test (p5 0.001).

Figure 4 Diffusion-weighted MRI of a case of pleomorphic adenoma at the left parotid gland: mean apparent diffusion coefficient values were
calculated for the selected regions of interest (ROIs) (circles).
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0.35,23 also contrasting with the mean ADC values
observed herein (1.91 ± 0.68). The aforementioned dif-
ference may be due to different pulse sequence param-
eters used in the SE sequence. Further studies with
larger sample sizes would be recommended to compare
the diagnostic performance of different SE T2 weighted
pulse sequences for screening pleomorphic adenoma of
the salivary glands.

The present study also strove to assess differences
between results for parotid and submandibular glands.
According to our findings, ADC values are significantly
higher in cases of parotid sialadenitis (p5 0.001), but
not in cases of submandibular sialadenitis (p5 0.466),
as compared with the contralateral non-affected glands.
This finding is in agreement with a previous study
concluding that DWI is more reliable to detect func-
tional changes in parotid glands, as compared with
submandibular ones.24 One of the possible reasons is
that the submandibular duct commonly presents phys-
iologic narrowing due to the mylohyoid muscle, which
makes it difficult to distinguish between pathologic
stenosis and physiologic narrowing.

One of the limitations of the present study is that no
comparison between imaging observations from con-
ventional MRI techniques and DWI could be per-
formed. Future studies would be recommended to
address the diagnostic performance of subjective eval-
uations of images from MRI and DWI for screening
sialadenitis and pleomorphic adenoma.

A further limitation of this study is that no ADC
comparisons could be performed among the different
histological types of the pleomorphic adenoma cases of
this study. On the other hand, previous studies have
indicated that fast SE pulse sequences might allow for
prediction of histologic classification of pleomorphic
adenomas and other salivary gland tumours.16,17 Fur-
ther studies with larger sample sizes would be recom-
mended to compare ADC results among different
histological types of pleomorphic adenoma using dif-
ferent MRI pulse sequences.

In conclusion, within the limitations of this study, the
present results suggest that DWI allows for differenti-
ation between reactive inflammatory and neoplastic
lesions of the parotid salivary glands.
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