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Abstract

Objective: Preoperative foresight of primary parotid tumors is decisive for surgical planning. We aimed to assign the role of 3 tesla diffusion-weighted magnetic 
resonance (3T DW-MR) imaging, apparent diffusion coefficient (ADC) mapping, aging, and gendering in differentiating the primary parotid tumor subtypes on 
the basis of histopathological correlation.
Methods: Thirty-one primary parotid tumors and tumor-free contralateral parotid glands of the same patients were evaluated retrospectively. The 3T DW-MR 
imaging, ADC, calculated apparent diffusion coefficient value, and demographic data were compared, and receiver operating characteristic analysis was carried 
out with histopathological results. A P-value <.05 was considered to be statistically significant.
Results: The apparent diffusion coefficient value of primer parotid tumors (n = 31) was 1.43 ± 0.51 × 10–3 mm2/s, of benign parotid tumors (n = 25) was 1.61 ± 
0.38 × 10–3 mm2/s [Warthin tumors (n = 7): 1.14 ± 0.20 × 10–3 mm2/s, pleomorphic adenomas (n = 18): 1.80 ± 0.24 × 10–3 mm2/s], of malignant parotid tumors 
(n = 6) was 0.69 ± 0.25 × 10–3 mm2/s, and of normal parotid gland (n = 31) was 0.94 ± 0.18 × 10–3 mm2/s. Statistically, an intergroup differences was found between 
malignant and benign parotid tumors (P < .001). An intragroup difference was found between Warthin tumor and pleomorphic adenoma (P < .001). The results 
showed that aging and gendering were significantly different within primary parotid tumors (P < .001).
Conclusion: Using the results of 3T DW-MR imaging and ADC mapping with aging and gendering may provide preoperative primary parotid tumor character-
ization. The ADC value and age and gender might be useful in differentiating benign malign primary parotid tumors including subtypes such as Warthin tumor 
and pleomorphic adenoma. This aspect might be applied in routine applications.
Keywords: 3T DW-MR imaging, ADC mapping, primary parotid tumor, benign parotid tumor, Warthin tumor, pleomorphic adenoma, malignant parotid tumor

INTRODUCTION
The largest salivary glands and parotid gland have a specific structure; saliva is secreted through the parotid duct and digestion starts in the mouth.1,2 
Reports observed that parotid glands have a large variety of textures with aging and gendering and have a different histopathological subgroup of 
primary parotid tumors.3-6 Pleomorphic adenomas display myxoid and chondroid matrices.7 Adenoid carcinoma has myxoid, hyalinized, and muci-
nous matrices.8 The management of parotid tumors needs a detailed figure of the histopathological processes affecting the parotid glands. While 
local residue and recurrence risk are high in pleomorphic adenomas (>80%), they are less in Warthin tumors (<5%) with regard to the same surgical 
procedure.9,10 Determining a convenient surgical procedure for primary parotid tumors is not only a differential diagnosis between groups of malig-
nant or benign parotid tumors but also a distinction of benign histopathological subgroups including Warthin tumor and pleomorphic adenoma.8,11

Image-guided fine-needle aspiration biopsy (IG-FNAB) is approved as a useful method for preoperative differential diagnosis, with cytopathologi-
cal accuracy between 80% and 90% in primary parotid tumors.10,12 IG-FNAB risk might be a potential inoculation, which can spearhead a higher 
possibility of local residue recurrence, particularly in malignant parotid tumors and pleomorphic adenomas.8,11 The cytopathological differential 
diagnosis for several primary parotid tumors might be unfeasible or difficult.9,10 Pleomorphic adenomas have a labile histopathological design 
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that could mimic adenoid and mucoepidermoid carcinomas.13 By using 
IG-FNAB alone, the distinction between adenoma and adenocarci-
noma is mostly impossible.10

Magnetic resonance (MR) imaging can identify the characteristics of 
primary parotid tumors and determine the contiguity and extension.14,15 
However, routine MR imaging cannot differentiate primary parotid 
tumors from histopathological subtypes by preoperative planning and 
operation procedure alone.10-13 Diffusion-Weighted (DW) MR imag-
ing, apparent diffusion coefficient (ADC) mapping, and calculated 
ADC values depict random molecular diffusion of the parotid gland 
and affect gland perfusion and salivating.15-17 The adjustment b-factor is 
critical and decisive in determining ADC mapping. There is an inverse 
relationship between the ADC value and the b-factor. High b-factors 
are preferred to minimize the effect of the parotid gland.18

The parotid gland has a unique texture that increases fat accumula-
tion and other chances of aging and gendering.19,20 Primary parotid 
tumors contain complex tissues composed of myxomatous and lym-
phoid matrices and cystic and necrotic tissues.3 Primary parotid 
tumors may not be homogeneous due to the presence of cystic areas, 
necrosis, degeneration, or bleeding.9 Therefore, the evaluation of a 
large region of interest (ROI) in the myxomatous tumor might have 
misleading results in the primary parotid tumors.21,22 DW MR imag-
ing and ADC mapping can reveal biophysical disturbances associated 
with histopathological alterations in the tumoral process and might 
segregate with gantry strength.23,24 To minimize this dilemma and 
achieve optimum image quality and tissue, characterization using 3 
tesla (3T) DW-MR imaging with a 64-channel head and neck coil 
appears necessary.3,18 Demographic data might be useful in distin-
guishing primary parotid tumors.25 Benign parotid tumors are seen in 
younger patients, whereas Warthin tumor tendency is seen in elderly 
patients.26 Gender was not dominant in the primary parotid tumors, 
while male predominance was shown in Warthin tumor.5 In the current 
study, we investigated 3T DW-MR imaging and ADC mapping using 
aging and gendering of the benign and malign primary parotid tumor 

and common subtypes of benign parotid tumors such as Warthin tumor 
and pleomorphic adenoma with histopathological correlation and to 
check our data with previous literary instructions.

METHODS
The institutional ethics committee approved our study (date: July 5, 
2018, Session: 07, Decision: 18.07.24). Our medical study had retro-
spective consideration and was administered following the Helsinki 
Declaration. Moreover, this research was approved by the corporate 
ethics board. Thirty-one patients (20 females, 11 males; mean age 
43 (18-81) years) who had primary parotid tumors were included. 
The study group consisted of patients with operated primary parotid 
tumors. The control group was established as contralateral normal 
parotid glands of the same patients. The exclusion criteria were poor 
MR imaging, simple cyst, and metastatic parotid tumors. The 3T-DW 
MR imaging of patients was performed between 2016 and 2018. 
The study was conducted at Şanlıurfa Harran University Hospital 
Radiology Department.

Magnetic Resonance Imaging Protocol
Each patient with a primary parotid tumor underwent MR imag-
ing using the 3T MR scanner system (Magnetom Skyra, Siemens 
Healthcare, Erlangen, Germany) and using a 64-channel phasedar-
ray head and neck coil. Routine MR imaging was performed with 
T1-weighted (T1W) (Time to Repetition (TR): 300 ms, Time to Echo 
(TE): 2 ms, Flip Angle (FA): 70°), T2W (TR: 4930 ms, TE: 91 ms, FA: 
180°), turbo spin echo (tse), and fat saturation (fs) T1W (TR: 822 ms, 
TE: 13 ms, FA: 160°) images in the axial and T2W (TR: 4150 ms, TE: 
37 ms, FA: 160°) tse images in the coronal plane. After an intravenous 
injection rate of 3 mL/s of 0.1 mmol/kg Gadobutrol (Gadovist; Bayer 
Schering Pharma, Berlin, Germany) fs T1W (TR: 822 ms, TE: 13 ms, 
FA: 160°) axial and T1W (TR: 300 ms, TE: 2 ms, FA: 700) sagittal and 
coronal images were obtained. 3 Tesla DW MR imaging (TR: 6400 
ms, TE: 98 ms, FA: 90°, number of excitations (nex: 1, interslice: 0.5 
mm, field: 22 × 22, thickness: 5 mm, matrix: 128 × 128) was obtained 
in an axial plane using an echo-planar Spin Echo (SE) sequence with 
a b value of 1000 mm2/s tracing on conventional MR imaging. The 
acquisition time for 3T DW-MR images was 46 s.

Magnetic Resonance Imaging Processing and Data Analysis
Apparent diffusion coefficient mapping was generated from 3T 
DW-MR images for each patient, and ADC values were calculated 
manually by using the ellipsoid ROI for the appropriate placement of 
the primary parotid tumor and the contralateral normal parotid gland, 
in the same patient with routine MR image guiding, excluding cystic 
and necrotic areas. The ADC value from the contralateral normal gland 
was calculated in the same patient from the control group. For each 
measurement of parotid tumor and normal parotid glands, the ROI was 
placed at 4 mm2 as symmetrically as possible except for intra-parotid 
lymph nodes and retromandibular vein.

Histopathological Analysis
After 3T DW-MR imaging, histopathological examinations were 
handled for the primary parotid tumors that were surgically resected 
to support definitive histopathological data in all patients. An experi-
enced pathologist (M.E.G.) evaluated all surgical resection specimens. 
Histopathological subtypes of the primary parotid tumors (n = 31) were 
benign parotid tumors (n = 25), including Warthin tumor (n = 7), pleo-
morphic adenoma (n = 18), and malignant parotid tumor (n = 6), includ-
ing mucoepidermoid carcinoma (n = 2), squamous cell carcinoma 
(n = 2), non-Hodgkin lymphoma (n = 1), and leiomyosarcoma (n = 1).

MAIN POINTS

•	 The largest salivary glands and parotid gland have a specific structure. 
Parotid glands have a large variety of textures with aging and gender-
ing and have a different histopathological subgroup of primary parotid 
tumors.

•	 Management of parotid tumors needs a detailed figure of the histo-
pathological processes affecting the parotid glands. While local resi-
due and recurrence risk are high in pleomorphic adenomas (>80%), 
they are less in Warthin tumors (<5%) with regard to the same surgical 
procedure.

•	 The apparent diffusion coefficient (ADC) value of pleomorphic ade-
noma was significantly higher than that of Warthin tumor and malig-
nant parotid tumor. The ADC value of Warthin tumor was lower than 
that of the pleomorphic adenoma and higher than that of the malignant 
parotid tumor. By aging in pleomorphic adenoma was lower when 
compared to Warthin tumor and malign parotid tumor, and gendering 
in Warthin tumor was male dominance when compared to pleomor-
phic adenoma and malign parotid tumor. 3 Tesla DW-MR imaging 
and ADC mapping with aging and gendering might be useful in dif-
ferential diagnosing of malignant and benign parotid tumors including 
Warthin tumors and pleomorphic adenomas.
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Statistical Analysis
The obtained ADC values of the primary parotid tumor and contra-
lateral normal parotid gland from all patients were evaluated by the 
Shapiro–Wilk normality test to see whether ADC values showed nor-
mal distribution. One-way analysis of variance (ANOVA) and post-hoc 
least significant difference test (Tukey) were used for normal distributed 
data. The data were recorded as mean ADC value ± SD. Whether the 
data were normally distributed or not was evaluated with the Shapiro–
Wilk test. For comparisons between the 2 groups, normally distributed 
parameters were evaluated with the Student’s t-test and non-normally 
distributed parameters were evaluated with Mann–Whitney U test. For 
comparisons between more than 2 groups, normally distributed param-
eters were evaluated with 1-way ANOVA and non-normally distrib-
uted parameters were evaluated with Kruskal–Wallis H test. Results 
were expressed as the mean difference and P-value. Differences among 
the ADC values and demographic data for malign and benign parotid 
tumors, within common benign parotid tumors including Warthin 
tumor and pleomorphic adenoma, and normal parotid gland were 
evaluated using 1-way ANOVA. If the P-value was significant, a mul-
tiple comparison test was used to determine the differences between 
groups. We averaged the ADC value of primary parotid tumors and 
healthy parotid glands of each patient. Statistical analyses were per-
formed with Statistical Package for the Social Sciences version 23.0. 
(IBM SPSS Corp.; Armonk, NY, USA) . 3 Tesla DW MR image analy-
sis was implemented independently by 2 head and neck radiologists 
(A.D. and V.K.). The difference between malignant and benign pri-
mary parotid tumors and common benign subtypes of Warthin tumor 
and pleomorphic adenoma was investigated, and the threshold value 
was determined using receiver operating characteristic (ROC) analysis. 
Statistically significant value was accepted as P < .05.

RESULTS
Thirty-one primary parotid tumors [7 Warthin tumors, 18 pleomorphic 
adenomas, 6 malignant parotid tumors (2 mucoepidermoid carcinomas, 
2 squamous cell carcinoma, 1 non-Hodgkin’s lymphoma, and 1 leio-
myosarcoma)] and 31 contralateral normal parotid gland were included 
in the current study.

The calculated ADC values (Table 1) for histopathologically confirmed 
primary parotid tumors were demonstrated as follows; the primary 
parotid tumor: 1.43 ± 0.51 × 10–3 mm2/s, the benign parotid tumor: 1.61 
± 0.38 × 10–3 mm2/s [Warthin tumor: 1.14 ± 0.20 × 10–3 mm2/s (Figure 1) 
and pleomorphic adenoma: 1.80 ± 0.24× 10–3 mm2/s (Figure 2)], the 

malignant parotid tumor: 0.69 ± 0.25 × 10–3 mm2/s (Figure 3); and the 
contralateral normal parotid gland: 0.94±0.18 × 10–3 mm2/s.

The age distribution of the primary parotid tumor was 42.9 ± 16.1 (18-
81) years, of the benign parotid tumor was 39.2 ± 14.5 (18-76) years 
(Warthin tumor: 55.0 ± 12.8 (39-76) years, pleomorphic adenoma: 
33.1 ± 9.8 (18-50) years), and of the malign parotid tumor was 58.3 ± 
13.7 (42-81) years.

Gender dispersion of the primary parotid tumor demonstrated a male 
predominance, as the male-to-female ratio was 20/11, that of the benign 
parotid tumor was 16/9, that of Warthin tumor was 7/0, that of pleomor-
phic adenoma was 10/8, and that of the malign parotid tumor was 4/2.

Box plots of ADC mapping of primary parotid tumors and individual 
aging are shown in Figure 4.

ADC mapping in the primary parotid tumor (Table 2), we found that 
pleomorphic adenoma had significantly higher ADC value than Warthin 
tumors (P < .001) and malign parotid tumors (P < .001). Warthin tumor 
had a higher ADC value and a statistically significant difference than 
malign parotid tumor (P = .007). The normal parotid gland has a sig-
nificantly lower ADC value than the pleomorphic adenoma (P < .001). 
Nevertheless, the normal parotid gland ADC value was lower than the 
Warthin tumor (P = .176) and higher than malignant parotid tumors 
(P = .146) but not statistically significant and hence indistinguishable.

Table 1.  ADC Mapping of Primary Parotid Tumors

Groups n Gender Age (Years)
ADC Value 

(Mean ± SD)
Primer parotid 
tumor

31 20 male/11 female 42.9 ± 16.1 
(18-81)

1.43 ± 0.51 × 
10–3 mm2/s

Benign parotid 
tumor

25 16 male/9 female 39.2 ± 14.5 
(18-76)

1.61 ± 0.38 × 
10–3 mm2/s

Warthin tumor 7 7 male/0 female 55.0 ± 12.8 
(39-76)

1.14 ± 0.20 × 
10–3 mm2/s

Pleomorphic 
adenoma

18 10 male/8 female 33.1 ± 09.8 
(18-50)

1.80 ± 0.24 × 
10–3 mm2/s

Malign parotid 
tumor

6 4 male/2 female 58.3 ± 13.7 
(42-81)

0.69 ± 0.25 × 
10–3 mm2/s

Normal parotid 
gland

31 20 male/11 female 42.9 ± 16.1 
(18-81)

0.94 ± 0.18 × 
10–3 mm2/s

ADC, apparent diffusion coefficient.

Figure 1.  A 42-year-old female with left parotid pleomorphic adenoma. A–C, benign parotid tumor located in deep lobe tumor on axial 3T DW-MR image (A) and 
ADC mapping (B) and histopathological image (C) myoepithelial cells without atypia are observed on myxoid ground (HE, ×400).
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Figure 2.  A 69-year-old male with right parotid Warthin tumor. A–C, benign parotid tumor located in superficial lobe on axial 3T DW-MR image (A) and 
ADC mapping (B) and histopathological image (C) lymphoid stroma, cystic structures covered with oncocytic cells and eosinophilic secretion in the cyst lumen 
(HE, ×200).

Figure 3.  A 58-year-old female with right mucoepidermoid carcinoma. A–C, located in right superficial lobe malignant parotid tumor on axial 3T DW-MR image 
(A) and ADC mapping (B) and histopathological image (C) mucin-containing tumor tissue consisting of atypical epithelial cells is observed (HE, ×400).

Figure 4.  Box plots of apparent diffusion coefficient value (A) and ageing (B) associated with primary parotid tumors: Warthin tumor, pleomorphic adenoma, 
malignant parotid tumor, and normal parotid gland.

Table 2.  Intergroup ADC Comparisons, Post-Hoc Test

Groups Benign Parotid Tumor Warthin Tumor Pleomorphic Adenoma Malign Parotid Tumor
Normal Parotid 

Gland
Primer parotid tumor <0.001
Benign parotid tumor <0.001 <0.001
Warthin tumor <0.001 0.007 0.176
Pleomorphic adenoma <0.001 <0.001 <0.001
Malign parotid tumor <0.001 0.007 <0.001 0.146
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With aging in the primary parotid tumor (Table 3), we found that the 
age of the malign parotid tumor was higher than that of the benign 
parotid tumor (P = .028) and the age of the Warthin tumor was higher 
age than that of pleomorphic adenoma (P < .010).

Gendering in the primary parotid tumor, Warthin tumor had a higher 
male predominance than pleomorphic adenoma and malign parotid 
tumor.

Using the distinction performance of ROC analysis in the diagnosis 
of primary parotid tumors was appreciated. The sensitivity, specificity, 
positive and negative predictive value, area under the curve (AUC), 
and 95%CI were evaluated (Table 4). The cutoff value for benign and 
malignant parotid tumors was 0.96 × 10–3 mm2/s and that for Warthin 
tumor and pleomorphic adenoma was 1.41 × 10–3 mm2/s. The 95% CI) 
was 0.95-1.00. Sensitivity and specificity were 96% and 100%, respec-
tively, and positive and negative predictive values were 86% and 100%, 

respectively (Figure 5). Interobserver correlation for 3T DW-MR imag-
ing and ADC mapping was high (0.96 intraclass coefficient).

DISCUSSION
Among all organs, the parotid gland is the organ with the largest tumor 
subgroup histopathologically. Tumors often originate from the parotid 
gland. Salivary gland tumors constituted 3%-12% of head and neck 
regional tumors and 2%-3% of tumors that can be observed in the whole 
body.1 Also, parotid gland tumors are 80% of salivary gland tumors.27 
The most common benign parotid tumors are Warthin tumors and pleo-
morphic adenoma.28 The possibility of the primary parotid tumor is 1 of 
these 2 tumors that should be considered first.11,29 Pleomorphic adenoma 
tends to be seen in younger patients than Warthin tumors and malig-
nant parotid tumors.5 Pleomorphic adenoma is well-circumscribed, 
encapsulated, and slightly lobulated, containing myxoid, mucoid, and 
chondroid matrices which provide prominent hyperintense and hypoin-
tense heterogenous areas due to the epithelial component on T2W-MR 

Table 3.  Intergroup Age Comparison, Post-Hoc Test

Groups Benign Parotid Tumor Warthin Tumor Pleomorphic Adenoma
Malign Parotid 

Tumor
Normal Parotid 

Gland
Primer parotid tumor <0.001
Benign parotid tumor 0.028 0.667
Warthin tumor <0.010 0.980 0.243
Pleomorphic adenoma 0.010 0.004 <0.141
Malign parotid tumor 0.028 0.980 0.004 0.117

Table 4.  Primary Parotid Tumors, ROC Analysis Between Each Groups

ADC value Cutoff Value Sensitivity Specificity PPV NPV AUC 95% CI
Primer parotid tumor and normal parotid gland 0.93 80 61 67 76 0.79 0.67-0.92
Benign parotid tumor and malign parotid tumor 0.96 96 100 86 100 0.99 0.95-1.00
Pleomorphic adenoma and Warthin tumor 1.41 100 71 90 100 1.00 1.00-1.00
Pleomorphic adenoma and primer parotid tumor 1.37 100 63 62 100 1.00 1.00-1.00
Warthin tumor and primer parotid tumor 0.93 100 72 46 100 0.80 0.57-1.00
Malign parotid tumor and primer parotid tumor 0.96 96 100 40 92 0.98 0.95-1.00
Benign parotid tumor and normal parotid gland 1.34 80 100 91 88 0.93 0.87-1.00
Pleomorphic adenoma and normal parotid gland 1.36 100 100 100 100 1.00 1.00-1.00
Warthin tumor and normal parotid gland 0.98 86 65 35 95 0.76 0.57-0.95
Malign parotid tumor and normal parotid gland 0.75 67 81 40 92 0.78 0.56-0.96
ADC, apparent diffusion coefficient; AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic.

Figure 5.  Receiver operating characteristic analysis graphs in primary parotid tumor—normal parotid gland (A), benign parotid tumor—malignant parotid tumor 
(B), and Warthin tumor—pleomorphic adenoma (C).
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imaging.8,23 Pleomorphic adenoma contains various textures, including 
secretory glands, epithelium, and surrounding fatty stroma.7 Glandular 
areas in adenoma and adenoid group tumors can consist of fluid depos-
its. Causatively, protons move freely in fluid accumulation areas and 
reflect a high ADC value in pleomorphic adenoma.16,30

We peruse the role of 3T DW-MR imaging and ADC mapping in rec-
ognizing primary parotid tumor histopathological subtypes. Our study 
showed that there was a prominent distinction between malignant and 
benign parotid tumors and within Warthin tumor and pleomorphic ade-
noma. Pleomorphic adenoma had a higher ADC value than Warthin 
tumor, malignant parotid tumor, and normal parotid gland. Warthin 
tumor and malignant parotid tumor might be nearly isointense, indis-
tinguishable from a normal parotid gland on ADC mapping. Aging and 
gendering might be associated with increasing recognition of primary 
parotid tumors. The core of our outcomes from this study is using aging 
and gendering ADC mapping might be a prominent foresight in the dif-
ferential diagnosis of primary parotid tumors.

The parotid gland has a unique and inhomogeneous texture, which 
consists of the interstitium and salivary components, and has shown 
extensive individual variety and changes with aging and gendering.6,9 
The parotid gland indicates a decreasing ADC value due to increased 
fat aggregation.19 In a recent study, malignant parotid tumors and the 
Warthin tumors had been reported to appear isointense to the normal 
parotid gland on ADC mapping.9 However, The ADC value of the 
malignant parotid tumor was lower than the normal parotid gland and 
the ADC value of the benign parotid tumor and the Warthin tumor was 
higher than normal parotid gland but it was not statistically significant 
in our study.

In another study, a small proportion of pleomorphic adenoma was 
reported to exhibit a typical shiny hyperintensity.7,16 Nevertheless, pri-
mary parotid tumors cannot be diagnosed using routine MR imaging 
properties.10,16 Warthin tumor is inclined to be seen in older patients 
than pleomorphic adenoma with a male predominancy.5 Warthin tumor 
is well-edged, unencapsulated, and lobulated, with cystic components 
and colloid matrices.30 Warthin tumor consists of rich lymphoid areas, 
germinal centers, and prominent follicles and exhibits hypercellularity, 
higher microvesselling, and micronecrotic changes.3 Hypointensity on 
DW-MR imaging and ADC mapping is usually observed in the Warthin 
tumor as well as in malignant parotid tumors.16,17 No significant dif-
ference was observed between Warthin tumor and malignant parotid 
tumors, so there was overlapping with ADC mapping in most of the 
study.1,16

Malignant parotid tumors can be histopathologically diagnosed accord-
ing to mitotic activity, cellular anaplasia, necrosis, and neural inva-
sion.31 Malign parotid tumors, including lymphoma, carcinoma, and 
carcinosarcoma or mixed tumors, exhibit hypercellularity and limited 
proton diffusion space of extracellular fields, as a result of restricted 
DW-MR imaging.23 Malignant parotid tumors, such as adenoid cystic 
carcinoma and mucoepidermoid carcinoma, indicate an increased sig-
nal intensity reflecting the cystic component due to mucin secretion.8,17 
Malignant parotid tumors exist lower ADC values than Warthin tumors; 
and also benign parotid tumors exist lower ADC values than Warthin 
tumors.5 Cystic carcinoma and pleomorphic adenoma had higher ADC 
values and overlapping.10 Therefore, most authors reported that ADC 
mapping could not discriminate between benign and malignant parotid 
tumors.8,16 Carcinosarcoma is a mixed malignant primary parotid 
tumor, an extremely rare but important subgroup of malignant parotid 

tumors characterized by reproducing from pleomorphic adenoma or 
primarily de novo.32,33 In contrast to these findings, ADC mapping of 
malignant parotid tumors was lower than benign parotid tumors in our 
study, and there was no overlap between malignant and benign parotid 
tumors.

Lymphoma, which forms an important subgroup of malignant parotid 
tumors, is characterized by diffuse and abundant infiltration of ana-
plastic lymphoid cellular in the germinal center and conspicuous fol-
licles.16,34 The ADC value of lymphoma is lower than carcinomas.5,17 
Lymphoma grouped in malignant parotid tumors with carcinomas in 
our series has a low ADC value. Therefore, lymphoma and malignant 
parotid tumors with low ADC values can be distinguishable from 
benign parotid tumors, including Warthin tumors and pleomorphic ade-
noma. The ADC mapping of malignant parotid tumors was lower than 
benign parotid tumors in our study, and there was no overlap between 
malignant and benign parotid tumors. By the way, we demonstrate that 
ADC mapping is helpful and can differentiate benign and malignant 
parotid tumors.

Management of primary parotid tumors is complicated due to their 
diversity, complex structure, various histopathological subgroups, 
and even subgroups exhibiting different biological behaviors.4,11 
Preoperative evaluation and deciding the appropriate surgical proce-
dure requires a high-diagnostic technique.20,33 Routine MR imaging is 
useful in differential diagnosis and frequently encounters distinctive 
morphological features.16,22 Benign parotid tumors and also pleomor-
phic adenoma markedly hyperintense heterogeneous in T2W-MR 
imaging.7,13 Warthin tumors with excess cystic components might 
resemble pleomorphic adenoma, and smaller cystic components might 
mimic malignant parotid tumors.5 Heterogeneous hypointensity with 
contour irregularity might be facilitates diagnosis in malignant parotid 
tumors.1,5 Preoperative differential diagnosis of a primary parotid tumor 
is important in terms of preoperative surgical planning.11,35 Benign pri-
mary parotid tumors such as Warthin tumors and pleomorphic ade-
nomas are excised with lobectomy, and subtotal parotidectomy, but 
malign parotid tumors are resected by total parotidectomy.16,36

MR imaging assists in determining the signal intensity, boundary, lat-
erality, plurality, location, extension, and invasion of adjacent muscular 
and fascial parapharyngeal planes and facial nerve for surgical resection 
planning in primary parotid tumors.16,34 Magnetic resonance imaging 
is widely used to differentiate malignant parotid tumors with irregu-
lar and vague margins, extraglandular extension, and accompanying 
lymph nodes.2,30 Inhomogeneity and hypointensity of T2W MR imag-
ing mostly suggest malignant parotid tumors, but it not sufficient to 
differentiate diagnosing them alone.11,23 A benign parotid tumor might 
be an inhomogeneous nautre resembles malignant parotid tumors.8 
Therefore, the precise diagnosis of a primary parotid tumor with vari-
ous histopathological subgroups cannot be situated by MR imaging.1 
Contrast-enhanced MR imaging could be used with diagnostic success, 
but using gadolinium has become lessened in recent years, and there is 
a need to develop new MR techniques without gadolinium.1,14

DW-MR imaging as a functional MR imaging modality might be pro-
vide qualitative and quantitative evaluation by demonstrating random 
movement of protons in a microtexture in routine without gadolin-
ium.1,16 DW-MR imaging in head and neck have susceptibility artifacts 
and impaired imaging, swallowing, and movement.4,14 Using a 3T 
MR imaging system and a 64-channel head and neck coil with shorter 
imaging time and higher resolution, it is possible to obtain the optimal 
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DW-MR imaging and ADC mapping and calculate the ADC value 
of the parotid gland and primary parotid tumor.18-24 The ADC value 
increases with respect to increasing fluid content in the primary parotid 
tumor.16 Cystic and necrotic areas and pure cystic tumors might be 
excluded from ROI, to reflect the histopathology of the primary parotid 
tumor, and solid areas might be mapped and measured.10,30 In a recent 
study, a lower ADC value reflects restricted proton movement in highly 
cellular areas of Warthin tumors.5,16 However, in the aforementioned 
study, the authors included the whole tumor including necrotic cystic 
areas in the ROI.3 As we defined, we excluded the cystic necrotic area 
from ROI to avoid variable ADC mapping. In agreement with these 
findings, the ADC value of the Warthin tumor was higher than that of 
the malignant parotid tumors. Therefore, we found that ADC mapping 
was useful to discriminate benign parotid tumors, including Warthin 
tumors, from the malignant parotid tumor. In a recent study, the ADC 
value of malign parotid tumor, Warthin tumor, and pleomorphic 
adenoma were reported as a 1.04 ± 0.35 × 10–3 mm2/s, 0.97 ± 0.35 × 
10–3 mm2/s, and 1.74 ± 0.37 × 10–3 mm2/s.16 The ADC value in benign 
parotid tumor was 1.50 ± 0.48 × 10–3 mm2/s and in malignant parotid 
tumor was 1.07 ± 0.29 × 10–3 mm2/s.23 In a recent study, the primary 
parotid tumors suggest isointense with normal parotid gland without 
distinguish of differantial diagnosis.9 We revealed a little higher ADC 
value for the Warthin tumor (1.14 ± 0.23  × 10–3 mm2/s). Moreover, 
Warthin tumor has a propensity lower ADC value than pleomorphic 
adenoma, and higher than the malign parotid tumor. In agreeing with 
these findings, ADC mapping of the malignant parotid tumor and 
Warthin tumor was not significantly different from the normal parotid 
gland we studied. Even so, we noticed that ADC mapping might be 
helpful to differentiate malign from benign parotid tumors and Warthin 
tumor and pleomorphic adenomas but not from the normal parotid 
gland. Using 3T DW-MR imaging and 64-channel head and neck coil, 
to compose the ADC mapping and using aging and gendering might be 
useful in differentiate diagnosing from malignant and benign parotid 
tumors and Warthin tumor and pleomorphic adenoma.

Study Limitations
Our study has several limitations. First, there were limited primary 
parotid tumors, and therefore only a small number of subgroups of pri-
mary parotid tumors were included in the study, but smoking status 
was not addressed. We included Warthin tumors, pleomorphic adeno-
mas, and malignant primary parotid tumors because malignant parotid 
tumors were few and heterogeneous, and it is not possible to identify 
3T DW-MR imaging and ADC mapping in each subgroup statistically. 
Second, primary parotid tumor location, growth patterns, margins, sig-
nal intensity, cystic and necrotic content, and contrast enhancement 
were not evaluated, because this study was designed on standard head 
and neck MR imaging and focused on 3T DW-MR imaging ADC map-
ping. Thirdly, 3T DW-MR imaging ADC mapping was organized with 
b-values of 500-1000 sc/mm2, higher b-values (2000-3000 sc/mm2) 
might improve the study. However, there were several studies with 
conflicting results, and the first report was on qualitative and quan-
titative evaluation of primary parotid tumors using age, gender, and 
histopathological data using 3T DW-MR imaging and ADC mapping 
to characterize primary parotid tumors.

Further prospective studies must be carried out with a high number 
and wide histopathological subgroup of primary parotid tumors, and 
this evaluation method of primary parotid tumors using a cutoff value 
is expected to be an indicator of the distinction of the primary parotid 
tumor subgroups. Consequently, this research study can aid the rel-
evant literatüre and implies for future research and via emphasizing 

the 3T DW-MR imaging and ADC mapping, together with aging and 
gendering, on the distinction of malignant and benign parotid tumors 
and subgroups, which should be addressed in routine primary parotid 
tumor imaging protocol.

CONCLUSIONS
In conclusion, our results suggested that 3T DW-MR imaging and ADC 
mapping with aging and gendering could prominently improve the dis-
tinction of malignant and benign parotid tumors including Warthin 
tumors and pleomorphic adenomas. The ADC mapping of pleomor-
phic adenoma was significantly higher than that of Warthin tumor and 
malignant parotid tumor, but the ADC value of Warthin tumor was 
lower than that of the pleomorphic adenoma and higher than that of 
malignant parotid tumor. Aging in pleomorphic adenoma was lower 
when compared to Warthin tumor and malign parotid tumor, gendering 
in Warthin tumor was male dominance than pleomorphic adenoma and 
malign parotid tumor. It indicated that the 3T DW-MR imaging and 
ADC mapping with aging and gendering might be useful in differen-
tial diagnosing of malignant and benign parotid tumors, including the 
Warthin tumors and pleomorphic adenomas.
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