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Objective: To investigate diffusion-weighted magnetic resonance imaging (MRI) findings of parotid
gland lesions in addition to conventional MRI findings and demographic data.
Methods: A retrospective evaluation was made of the
demographic data, histopathologic data, preoperative
conventional and diffusion-weighted MRI of 74 patients who underwent parotidectomy. The patients
were categorized according to the histopathology
(pleomorphic adenoma [PA], Warthin’s Tumor [WT]
and malignant Tumor [MT]).
Results: Histologically, 30 patients had PA, 27 patients had WT, and the remaining 17 patients had
MT. The mean age of the PA, WT and MT groups
were 44±21 (20-72), 55±10 (41-71) and 62±20 (2176) years, respectively. The WT (81%) and MT (70%)
groups were male dominant, while the PA group
showed female dominance (55%). The PA group
showed statistically significant difference in terms
of age (p<0.05) and gender (p=0.009) compared to

Introduction

Salivary gland tumors constitute about 3-6% of all
head and neck tumors, and 80% are located in the
parotid gland (1). Parotid gland tumors are predominantly benign tumors and the most common
type is pleomorphic adenoma (PA). Approximately a quarter (15-32%) of the cases show malignant
histology (2). The standard treatment of parotid tumors is surgical excision, and in most cases
superficial parotidectomy is sufficient. Warthin’s
tumor (WT), which is the second most common
benign parotid gland tumor, can be approached
more conservatively as the incidence of malignant
transformation is low. However, total parotidectomy and additional elective neck dissection may be

the other two groups. The median apparent diffusion
coefficient (ADC) values for the PA, WT and MT
groups were 1.99±0.94 (1.10-2.41) x 10-3 mm2/s,
0.92±0.35 (0.21-1.79) x 10-3 mm2/s and 1.20±0.34
(0.78-1.47) x 10-3 mm2/s, respectively. PA was differentiated from the other two groups (p=0.001). The
sensitivity and specificity for distinguishing PAs from
WT was 97% and 85%, respectively, when the ADC
cutoff value was 1.25; and for distinguishing PAs
from MT was 77% and 83%, respectively, when the
ADC cutoff value was 1.35.
Conclusion: ADC measurements are useful for the
differentiation of PA from both WT and MT; and
can be used as a complementary tool to predict the
histopathology in the preoperative planning of parotid tumors.
Keywords: Parotid neoplasms, magnetic resonance
imaging, diffusion-weighted imaging, apparent diffusion coefficient, pleomorphic adenoma

required in parotid tumors with deep lobe localization and high-grade malignant tumors (MT).
Therefore, whether the histopathology is malignant or benign is particularly important in preoperative planning of the surgery. In addition, considering the difficulty and relatively lower facial
protection rates of revision-complementing total
parotidectomies, preoperative information about
the histopathology is critical to avoid morbidities.
Patient demographic information and some clinical features of the parotid mass contribute to the
malignant-benign distinction. Pain, facial paralysis, rapid growth, skin infiltration and irregular
boundaries suggest malignancy (2), whereas an
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older age, smoking history, and male gender increase the probability of a Warthin’s benign lesion (3). In addition to this clinical
information, preoperative imaging provides valuable information for surgical planning, such as the location of the mass and
its relationship with vital structures (4). Ultrasonography (USG)
guided fine needle aspiration biopsy (FNAB) is the most commonly used imaging method with high diagnosis rates (81-98%
in benign and malignant distinction) (5, 6). There is, however,
a risk of tumor seeding during this intervention, which might
increase the risk of recurrence (7). In addition, insufficient sampling because of the heterogeneity of the lesions and the need
for an experienced cytologist to detect specific histopathology,
increases false positive or false negative rates. Furthermore, the
inability to evaluate deep structures and operator-dependence
are the other shortcomings of USG. Another imaging modality
is computed tomography (CT), but this is used less commonly
than X-rays and has contrast-related side effects (8).
The use of magnetic resonance imaging (MRI) has become
more prevalent with increased availability, and with technological advancements it now contributes substantially to preoperative planning. Despite the disadvantages of the above-mentioned modalities, MRI is non-invasive and does not expose the
patient to radiation. Most importantly, it provides information
about the location of the mass, its relationship with vital structures and the presence of accompanying lymphadenopathy in
the neck. Recent studies have shown that different parameters in
MRI can be used for benign - malignant differentiation (9-11).
In this context, the contribution of conventional findings such
as lesion morphology, signal intensity, enhancement pattern
has been investigated (4). It has also been stated that apparent
diffusion coefficient (ADC) measurements obtained with diffusion-weighted imaging (DWI), which provides quantitative information about the microcirculation and vascularization properties of the mass, can contribute to this differentiation (10-13).
It also has the important advantage that this measurement can
be carried out practically without the need for contrast agents.
However, there is a controversy related to ADC values where
some found it useful for benign malignant differentiation while
others found an overlap (14). Therefore, the aim of this study
Main Points

• In parotid lesions, preoperative histopathology information is
critical in terms of planning the extent of the surgery and avoiding morbidity
• MRI is a non-invasive modality which can be used for preoperative benign - malignant differentiation.
• In addition to the conventional findings (such as lesion morphology, signal intensity, enhancement pattern), apparent diffusion coefficient (ADC) measurements obtained with diffusion-weighted imaging (DWI) reveals promising information.
• The results of our study showed that pleomorphic adenoma
(PA) can be accurately differentiated from malignant and Warthin’s tumors according to ADC values.
• ADC measurements can prevent unnecessary biopsies in the
majority of parotid tumors since the most common type of parotid tumor seen is PA.
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was to investigate the relationship between the conventional
signal intensity level and ADC values on MRI with the histopathological results of the parotid gland operations which were
performed in our clinic in a five-year period. This may provide
an opportunity to predict the parotid masses without the need
of invasive interventions.

Methods

From the surgical archives, 142 patients were identified who
underwent surgery in our department for a parotid mass in the
years 2014 through 2018, and of these, those with preoperative
MR images were included in the study. Patients were excluded
from the study if there was no MRI examination (50 patients), if
there was MRI examination but no diffusion-weighted imaging
(DWI) sequences (eight patients), and if they had a diagnosis
of recurrent parotid masses (six patients) or inflammatory lesions (two patients). Patients with lymphoma histopathology
(two patients with high diffusion restriction) were not included in the statistical analyses in order to eliminate extreme values and obtain ADC homogeneity in the malignant histology
group. Thus, retrospective evaluation was performed using the
demographic data, the histopathologic data and the MRI results
of the remaining 74 patients. The study was approved by the
Clinical Research Ethics Committee of University of Health
Sciences, Ankara Numune Training and Research Hospital
(Approval Date: September 5, 2019; Approval Number: E1047-2019) and all procedures followed were in accordance with
the Helsinki Declaration. Informed consent was preoperatively
obtained from all participating subjects. Histopathological diagnoses were obtained from the surgical specimens and three
study groups were defined according to the histopathologic examination results (pleomorphic adenoma, Warthin’s Tumor and
malignant tumor).
MRI
A 1.5 T MR unit (Excite, GE Medical Systems, Milwaukee,
WI, USA) was used for MRI, and images were obtained with
head and neck array coils. The gradient power was 33 mT/s. In
the evaluations, T1- and T2-weighted axial sequences were used
and features for this sequences were 500 ms TR, 15.7 ms TE
for T1-weighted images, and 3000 ms TR, 104.8 ms TE for
T2-weighted images. The mutual utilized features for both images were: 3 mm slice thickness, 0.5 mm inter-slice gap; 20×20
cm field of view, 320×224 matrix, 3 excitations. T2-weighted
images were achieved with fast spin echo (FSE) sequences. Additionally, DWI sequence images (10,000 ms repetition time,
85.8 ms echo time, 4 mm slice thickness, 1 mm inter-slice gap,
128×128 matrix) were performed with echo planar single shot
spin echo imaging (b values=0 and 1000 s/mm2). In order to
obtain three sets of DWI diffusion gradients, three different
orthogonal directions (x, y, z axes) were performed. ADC measurement results were obtained automatically.
Image Analyses
ADC maps were obtained automatically from DWI sequences. ADC data were calculated through a circular region of interest 0.67-0.70 cm2. The mean measurement value was de-
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rived from two to six measurements for each lesion by both
senior radiologists who did not know the histopathology.
These measurements were executed at solid parts of the lesions
where diffusion was restricted. If the mass did not have any
area of diffusion restrictions, increased diffusion fields were
used. In heterogeneous tumor masses, cystic necrotic portions
were not considered, but the solid components were used for
the measurement. In conventional MRI, lesion signal intensity
on T1-weighted images was indicated as hypointense if the
intensity level was equal to or lower than that of muscle intensity, and as hyperintense if the intensity level were brighter
than that of the muscle. T2-weighted intensity was reported
as hypointense if the intensity level was lower than that of the
normal parotid tissue, and as hyperintense if the intensity level were equal to or brighter than that of the normal parotid
tissue. The classification was made according to a part of the
lesion ≥50% in heterogeneous lesions.
Statistical Analysis
Study data were analyzed statistically using IBM Statistical
Package for Social Sciences version 22 software (IBM SPSS
Inc.; Armonk, NY, USA). Conformity of the data to normal
distribution was assessed using the Kolmogorov-Smirnov test.
Continuous variables were presented as median±interquartile
range and discrete variables as frequencies and percentages. The

age and ADC values for each group (PAs, WTs and MTs) were
compared with Kruskal-Wallis non-parametric analysis of variance and Tamhane’s T2 test was used for multiple comparison.
The inter- and intra-observer reproducibility for ADC maps
measurements were evaluated using the intra-class correlation
coefficient (ICC) to assess the degree of absolute agreement
among ADC measurements. An ICC>0.80 was considered to
be indicative of acceptable agreement. The gender analysis results of the groups were compared with the Pearson Chi square
test. To determine the sensitivity and specificity of the images
for the prediction of tumor histology, Receiver Operating Characteristic (ROC) analysis was applied. A value of p<0.05 was
considered statistically significant.

Results

The study group comprised 47 (63.5%) male and 27 (36.5%)
female patients with a mean age of 51.8±12.9 years (range, 2076 years). Histologically, 30 patients had pleomorphic adenoma,
27 patients had Warthin’s tumor, and the remaining 17 patients
had malignant histopathology (five mucoepidermoid carcinoma,
four malignant melanoma, two adenocarcinoma, two acinic cell
carcinoma, one malignant epithelial tumor, one adenoid cystic
carcinoma, one salivary duct carcinoma and one squamous cell
carcinoma). The mean age and gender percentage for each group
are shown in Table 1. The PA group was younger compared to

Table 1. Gender data and mean ages of the study groups
			
			
Male
Female

Age (year)		
Median±interquartile
Kruskal-Wallis
range (min-max)
Test

Tamhane’s T2
multiple comparison
test

PA (30)

13 (45%)

17 (55%)

44±21 (20-72)		

(PA-WT) p=0.001

MT (17)

12 (70%)

5 (30%)

62±20 (21-76)		

(WT-MT) p=0.973

Histopathology (n)
WT (27)

22 (81%)

5 (19%)

55±10 (41-71)

p=0.001

(PA-MT) p=0.010

min: minimum; max: maximum; PA: pleomorphic adenoma; WT: Warthin’s tumor; MT: malignant tumor

Table 2. Intensity levels (hypointense and hyperintense) at T1- and T2-weighted images for each histopathology
		

		

Histopathology (n)

Hypointense

PA (30)

30 (100%)

MT (17)

15 (88%)

WT (27)
• Mucoepidermoid carcinoma (n:5)
• Malignant melanoma (n:4)
• Adenocarcinoma (n:2)

• Acinic cell carcinoma (n:2)

• Malignant epithelial tumor (n:1)
• Adenoid cystic carcinoma (n:1)
• Salivary duct carcinoma (n:1)

• Squamous cell carcinoma (n:1)

T1		

Hyperintense

Hypointense

0 (0%)

5 (17%)

25 (83%)

8 (47%)

9 (53%)

18 (66%)

9 (34%)

22 (81%)

4

1

3

3
2
2
1
1
1
1

PA: pleomorphic adenoma; WT: Warthin’s tumor; MT: malignant tumor

T2

2 (12%)
1
0
0
0
0
0
0

1
1
0
0
1
1
1

Hyperintense

5 (19%)
2
3
1
2
1
0
0
0
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the other two groups (p<0.05 for both groups) and female dominant (p=0.009).
The intensity levels on conventional MRI T1- and T2-weighted images for each of the histological types are tabulated in
Table 2. The PA, WT and MT groups of tumors were predominantly hypointense (100%, 66% and 88%, respectively) on
T1-weighted images. On T2-weighted images, PAs were hyperintense (83%), and WTs were predominantly hypointense
(81%). Unlike these benign lesions, the number of MTs on
T2-weighted images were nearly equal (47% hypointense and
53% hyperintense).
Intra- and interobserver agreements between the two radiologists were obtained for ADC values with mean ICCs of 0.946

and 0.882, respectively. The ADC values on DWI for the PA,
WT and MT groups are shown in Table 3, with the differentiation of PA from the other two groups (p=0.001). WT and
MT were similar in terms of the mean ADC value (p=0.111).
The lowest ADC value among the 74 patients was 0.21 x 10-3
mm2/s, seen in a case with WT. The lowest ADC values for MT
was seen in acinic cell carcinoma [0.95±0.35 (0.78-1.13)] x 10-3
mm2/s. The two cases of lymphoma showed the lowest ADC
values among malignant tumors [0.41±0.26 (0.22-0.60)] x 10-3
mm2/s and therefore excluded from the analyses to make the
malignant group as homogenous as possible.
The ROC analyses for the ADC values are shown in Figure
1. The area under the curve (AUC) was calculated as 0.948
and 0.927, respectively, for the differentiation of PA from WT

Table 3. Mean ADC values for each group and histopathology
		
		
		

ADC values (x10-3 mm2/s)
Median±interquartile range
(min-max)

PA (30)

1.99±0.94 (1.10-2.41) 		

(PA-WT) p=0.001

MT (17)

1.20±0.34 (0.78-1.47)		

(WT-MT) p=0.111

Histopathology (n)
WT (27)
• Mucoepidermoid carcinoma (n:5)
• Malignant melanoma (n:4)
• Adenocarcinoma (n:2)

• Acinic cell carcinoma (n:2)

• Malignant epithelial tumor (n:1)
• Adenoid cystic carcinoma (n:1)
• Salivary duct carcinoma (n:1)

• Squamous cell carcinoma (n:1)

Kruskal-Wallis
Test

0.92±0.35 (0.21-1.79)

p=0.001

1.20±0.24 (1.03-1.31)
1.16±0.41 (0.98-1.40)
1.12±0.39 (0.85-1.40)
0.95±0.35 (0.78-1.13)
1.47
1.00
1.21
1.26

ADC: apparent diffusion coefficient; min: minimum; max: maximum; PA: pleomorphic adenoma; WT: Warthin’s tumor; MT: malignant tumor

a

177

b

Figure 1. a, b. ROC analyses to differentiate (a) PA from WT, and (b) PA from MT

Tamhane’s T2 multiple
comparison test

(PA-MT) p=0.001
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Figure 2. a, b. Axial MRI images from a 48-year-old patient with histologically proven PA in the right parotid gland (white arrows). (a)
Hypointense signal intensity of the lesion in T1-weighted images, (b) hyperintense signal intensity of the lesion in T2-weighted images

a

b

c

Figure 3. a-c. The lesions (arrows) are hyperintense on DWI (upper images) and the corresponding ADC maps (lower images) shows marked
restricted diffusion for (a) right parotid PA, (b) left parotid WT, and (c) right parotid lymphoma cases. The mean ADC values of the lesions
were 2.190 x 10-3 mm2/s, 0.889 x 10-3 mm2/s, and 0.600 x 10-3 mm2/s, respectively

and MT. The sensitivity and specificity values for distinguishing PA from WT were 97% and 85%, respectively, when the
ADC cutoff value was 1.25; and 77% and 83%, respectively,
for the differentiation of PA from MT when the ADC cutoff
value was 1.35. The conventional MRI findings of PA in one
patient are shown in Figure 2. DWI and the corresponding
ADC maps for PA, WT and a case of lymphoma are shown
in Figure 3.

Discussion

The objective of this study was to investigate whether ADC
values in DWI, as practical features of MRI, can contribute to
preoperative histopathological differentiation in a clinical series.
These results show that ADC is invaluable for differentiating
PA, the most common parotid mass, from other histopathologies, rather than distinguishing malignant-benign lesions.
When the ADC map was used as an independent predictor
in the differentiation of PA from WT and MT, the respective
AUC values were 0.948 and 0.927 in the ROC analysis. It can
be concluded from these results that the ADC value can be accepted as a complementary tool to the clinical history, conventional MRI features and FNAB for the preoperative prediction
of histopathology.

The main treatment modality for parotid masses is surgery.
Therefore, obtaining the maximum information about the histopathology preoperatively strengthens the decision-making capability of the surgeon in respect of the extent of the surgery and
informing the patient. As a regular approach to a disease, the epidemiology of parotid lesions, patient history and demographic
data will provide information about the pathology of parotid
lesions. Clinical features such as rigidity, rapid growth, pain and
facial paralysis suggest a malignant lesion. Patient age can also
add some information about the histopathology, as Warthin’s
tumor and malignant tumors are seen at a more advanced age,
whereas pleomorphic adenoma is seen at a younger age (2).
In the presented study, it was also found that PA was seen at
younger ages (p=0.001) with the median age of 44±21, 55±10
and 62±20 years, respectively, in the PA, WT and MT groups.
For the last decade, ultrasound with ultrasound-guided fine needle aspiration has been the first-line standard imaging modality.
This method has an overall good accuracy rate (approximately
95%) in cases where evaluation is made by an experienced cytologist (5, 6). There are, however, some limitations about FNAB
because it is an invasive procedure (7). It may also give false
negative and false positive results as it is operator and cytologist-dependent. Therefore, definitive results cannot be obtained.
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Currently, with increased accessibility to MRI and advancements in technology, the use of MRI in preoperative evaluation has become prevalent and some studies have claimed that
MRI alone, without FNAB, can be sufficient to manage parotid lesions (11, 15). Therefore, even the findings of conventional
MRI techniques contribute to the differentiation of whether the
lesion histopathology is malignant or benign. The findings of
border features (well defined or irregular), signal intensity on
T2-weighted images (hyperintense or hypointense), deep lobe
involvement, necrotic components, and the presence of lymphadenopathy presence will provide the surgeon with an idea before surgery (4, 16, 17). However, conventional MRI findings
are not sufficient, as the sensitivity and specificity of conventional MRI findings alone have been reported as 40% and 88%,
respectively (15). Nevertheless, conventional MRI features for
pleomorphic adenoma histopathology, such as smooth surface
and hypointensity on T1-weighted images and hyperintensity on T2-weighted images are characteristic in contrast to the
controversial results for WT and MT on T2-weighted images
(4, 11, 18). The findings of our study were in accordance with
the literature, as PA demonstrated 83% hyperintensity, and WT
and MT demonstrated 81% and 47% hypointense signaling on
T2-weighted images, respectively.
At the same time, especially adding DWI findings to conventional findings of MRI increases the sensitivity and specificity
to 70% and 93%, respectively (15). Furthermore, some studies
have investigated more detailed features such as measuring the
enhancement and washout patterns, and time signal intensity
curves for each tumor and have found that time to peak is
related to the microvessel extent and the washout ratio reflects
the stromal cellularity level (18). In such studies, PA characteristically showed a curve with a gradual increase followed by
a plateau. WT and MT showed similar curves of a steep rise
followed by a plateau. In these dynamic MR studies, accuracy
has been shown to be higher for WT (91.4%-97.9%), followed
by MT (81.3-97.7%) and PA (77.4-93%) (19). Rather than
the time signal intensity curves method, the ADC pattern
in dynamic MRI is commonly used and is easier to evaluate
without the need for a contrast agent (11, 17). Previous studies have focused on this, but the results are debatable as some
have concluded that it is possible to differentiate benign and
malignant tumors via ADC values whereas others have not
(9, 12, 14). Recent studies have revealed that on the basis of
DWI alone, PA could be distinguished from malignant lesions
whereas Warthin’s tumor could not because of an overlap with
malignant lesion ADC values (20). In some studies, myoepithelial adenomas have been shown to have ADC values similar
to those of PA (13), but this is not so important because both
lesions are benign and the extent of their surgeries are similar. However, the risk of progression of PA to malignancy is
higher than that of myoepithelial adenomas, so awareness of
recurrence should be higher. The results of our study showed
that PA can be accurately differentiated from malignant and
Warthin’s tumors and ADC is useful for the most common
histopathology differentiation in parotid lesions. The ADC
level in lymphoma was seen to be similar to the levels reported
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in previous studies, which were low compared to the histopathology of other malignancies (14). This could be a topic of
specific interest to be investigated in further studies to enable
avoidance of unnecessary surgery (10, 17, 21).
Using ADC values to differentiate the histopathology of parotid lesions is very important because the most commonly seen
type of parotid tumor is PA, and with the important diagnostic
information obtained from MRI, there is the possibility of preventing unnecessary biopsies in majority of the parotid tumors.

Conclusion

Combining the quantitative values obtained from ADC measurements on DWI with clinical history and conventional MRI
findings will add extra information for the differentiation of PA
from both WT and MT. This can be considered a substantial
complementary tool for the prediction of the histopathology in
preoperative planning for parotid tumors. Despite these promising results, the use of MRI to detect the exact histopathology
in parotid tumors is still in its infancy and more data is needed
with larger series.
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