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Abstract

Objectives The aim of this study was to assess the role of

magnetic resonance diffusion-weighted imaging (DWI) in

the characterization of parotid gland tumors using different

b values.

Methods Thirty-six patients with 41 parotid masses were

included in this prospective study. DWI images were ob-

tained using three different b values (100, 500, and 1000 s/

mm2). The final diagnosis was made by fine-needle aspi-

ration cytology or histopathological examination. The

mean apparent diffusion coefficient (ADC) values of be-

nign lesions versus malignant lesions, pleomorphic ade-

noma versus Warthin’s tumor, pleomorphic adenoma

versus malignant lesions, and Warthin’s tumor versus

malignant lesions were compared using the ADC values

obtained with b = 500 and b = 1000 s/mm2. When sig-

nificant differences were found for these comparisons,

cutoff points were determined by receiver-operating char-

acteristic curve analysis.

Results The mean ADC value of benign lesions (n = 32)

was significantly higher than that of malignant lesions

(n = 9). The mean ADC value of pleomorphic adenoma

was significantly higher than that of both Warthin’s tumor

and malignant tumors. No significant differences between

the ADC values of Warthin’s tumor and malignant tumors

were detected.

Conclusions DWI with both b = 500 and b = 1000 s/

mm2 may be helpful for the distinction between pleomor-

phic adenoma and Warthin’s tumor, and between pleo-

morphic adenoma and malignant tumors, but is not efficient

for the differentiation of Warthin’s tumor from malignant

tumors.

Keywords ADC value � Diffusion-weighted imaging �
Parotid gland � Parotid tumor

Introduction

Salivary gland tumors account for 3 % of all head and neck

tumors, and 80 % of these tumors originate from the par-

otid gland [1]. Although 1 % of Warthin’s tumors undergo

malignant transformation, the corresponding rate is about

25 % in pleomorphic adenomas. To reduce local recur-

rence, a pleomorphic adenoma should be removed with its

capsule. While benign tumors are treated with less ag-

gressive surgical approaches, malignant tumors require

wide surgical resection. Thus, preoperative diagnosis of the

benign or malignant nature of parotid gland tumors is im-

portant, because it can change treatment planning.

In recent years, magnetic resonance imaging (MRI) and

MRI-based advanced techniques have become the pre-

ferred diagnostic tools for differential diagnosis of parotid

gland tumors, because of their excellent soft tissue
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resolution, ability for multiplanar imaging, and absence of

ionizing radiation [2–5]. Diffusion-weighted imaging

(DWI) is one of the advanced techniques and is mainly

based on the random motion of water molecules within

the voxel. In addition to qualitative analyses, quantitative

assessment of diffusion is feasible using apparent diffu-

sion coefficient (ADC) maps. ADC values can be calcu-

lated automatically from DWI series and are used in

preference to diffusion coefficient values, because diffu-

sion coefficient values can be affected by capillary per-

fusion, temperature, and magnetic susceptibility. In

addition, ADC values can reflect both normal tissue fea-

tures (extracellular space size, viscosity, cell density, fiber

type and density) and tumoral tissue features (tumor cell

differentiation level, presence of necrotic or cystic areas,

tumor cell density, nucleus/cytoplasm ratio) [2, 6]. High

ADC values indicate free motion of water, while low

ADC values are indicative of restricted motion. There-

fore, the high cellular density of malignant tumors gives

rise to low ADC values, whereas high ADC values are

calculated for necrotic, fibrotic, and inflamed tissues be-

cause of the low density of cellular components. Thus,

DWI yields functional data, while MRI provides mor-

phological information. In consideration of the variety

and complexity of salivary gland tumors, it can be pre-

dicted that DWI may help in the diagnosis, characteriza-

tion, and differentiation of these tumors.

The aim of this study was to evaluate the efficacy of

DWI as a non-invasive technique in the diagnosis and

differentiation of parotid gland tumors.

Materials and methods

Forty-one patients who underwent conventional MRI and

additional DWI examination between March 2011 and

March 2012 for a suspected or known parotid gland mass

were prospectively investigated. The local ethical com-

mittee approval was obtained to conduct the study and all

patients provided written informed consent for the addi-

tional DWI examination.

Of the 41 patients, three with sialadenitis and two with

parotid gland abscess were excluded from the study. The

patients with sialadenitis were diagnosed based on their

clinical status and morphological MRI findings. No

histopathological/cytopathological assessments were per-

formed for these lesions. Meanwhile, a histopathological

diagnosis was available for the patients with parotid gland

abscess. Consequently, the final study was conducted with

36 patients (25 males and 11 females). The mean age of the

patients was 51.2 years (range 11–87 years). Two patients

with Warthin’s tumor had more than one lesion, and a total

of 41 lesions were evaluated in the study.

All MRI examinations were performed at a 1.5 Tesla

MR system (Excite II; General Electric, Milwaukee, WI,

USA) using a head and neck coil. The following sequences

were obtained: precontrast and postcontrast transverse T1-

weighted spin-echo (repetition time/echo time: 659 ms/

12 ms; 256 9 192 matrix; 6-mm slice thickness; 1-mm

intersection gap; 24 9 24-cm field of view; one signal

acquired); sagittal short tau inversion recovery (repetition

time/echo time: 5650 ms/35 ms; 256 9 224 matrix; 5-mm

slice thickness; 1-mm intersection gap; 32 9 32-cm field

of view; 150-ms inversion time; 10 echo-train length);

coronal T1-weighted spin-echo (repetition time/echo time:

550 ms/12 ms; 256 9 224 matrix; 5-mm slice thickness;

1-mm intersection gap; 34 9 34-cm field of view; one

signal acquired); transverse T2-weighted fast spin-echo

(repetition time/echo time: 2875 ms/85 ms; 256 9 192

matrix; 6-mm section thickness; 24 9 24-cm field of view;

15 echo-train length; one signal acquired); and coronal T2-

weighted fast spin-echo (repetition time/echo time:

3425 ms/102 ms; 256 9 224 matrix; 5-mm section thick-

ness; 34 9 34-cm field of view; one signal acquired).

Contrast-enhanced images were obtained after intravenous

injection of 0.1 mmol/kg non-specific gadolinium agent

with a delay of about 2 min.

DWI was performed before intravenous contrast agent

administration. A multisection spin-echo single-shot echo-

planar sequence was used. Sensitizing diffusion gradients

were applied sequentially in the x, y, and z directions with

b values of 0, 100, 500, and 1000 s/mm2. The parameters

for DWI were as follows: transverse plane; TR: 7125 ms;

TE: minimum; field of view: 24 9 24 cm; matrix:

128 9 128; slice thickness: 6 mm; intersection gap: 1 mm;

number of excitations: 4.

ADC maps were automatically generated from the DWI

sequences using the different b values. ADC values were

measured using a circular region of interest of

0.67–0.70 cm2. Two to six measurements were taken for

each lesion and the mean measurement was calculated. The

measurements were performed in solid parts of the lesions

with restricted diffusion. If there were no areas with re-

stricted diffusion, areas with increased diffusion were used.

For heterogeneous lesions, conventional MRI examinations

were reviewed and the solid enhanced part of each lesion

was considered for measurement. Cystic necrotic parts of

the tumors were not included in the measurements. All

images were interpreted by consensus by two radiologists

with 8 and 5 years of experience in head and neck imaging,

respectively.

After conventional MRI and DWI, fine-needle aspiration

cytology (FNAC) or surgery was performed in all patients,

with the exception of an 11-year-old patient with a previ-

ous diagnosis of parotid gland hemangioma. In 15 lesions,

the final diagnosis was made by cytopathological analysis
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only, because no histopathological specimens were avail-

able for patients who did not undergo surgery. In one le-

sion, the diagnosis was confirmed by histopathological

analysis of the surgical specimen. In 24 lesions with both

cytopathological and histopathological diagnoses, the

histopathological diagnosis was preferred. The ADC values

of each lesion were compared with the histopatho-

logical/cytopathological data.

Statistical analyses were performed using SPSS 11.5

software (SPSS Inc., Chicago, IL, USA) and MedCalc�

v12.7.5 software (MedCalc Software, Ostend, Belgium).

The Kolmogorov–Smirnov test was used to compare

samples with a reference probability distribution. To de-

termine the significance of differences between benign and

malignant lesions, Student’s t test was employed. The

histopathological findings of the tumors were categorized

into three groups. One-way ANOVA was used to compare

the mean ADC values among the three groups. Dual

comparisons between the three groups were made using

Tukey’s test. A receiver-operating characteristic (ROC)

curve analysis was performed to determine the threshold

values. Values of p \ 0.05 were considered to be statisti-

cally significant.

Results

The study included 41 parotid gland tumors with diameters

ranging from 10 to 48 mm. Of the 41 lesions, 32 were

benign and 9 were malignant. The most common benign

and malignant tumors were pleomorphic adenoma (Fig. 1)

and lymphoma (Fig. 2), respectively. The histopathological

distribution of the lesions and the mean ADC values ob-

tained with the different b values (100, 500, and 1000 s/

mm2) are shown in Table 1.

After the histopathological subtypes were classified, the

mean ADC values of benign and malignant lesions were

compared. We also made dual comparisons between

pleomorphic adenoma versus Warthin’s tumor, pleomor-

phic adenoma versus malignant tumors, and Warthin’s

tumor versus malignant tumors, because we found sig-

nificant differences between the mean ADC values of these

groups by one-way ANOVA (p = 0.008 for b = 100;

p \ 0.001 for b = 500; p \ 0.001 for b = 1000).

For benign lesions versus malignant lesions, the mean

ADC values of benign masses were significantly higher

than those of malignant masses for each b value (Table 2).

The cutoff points for b = 100, b = 500, and b = 1000 for

the differentiation of benign and malignant masses are

provided in Table 3.

For pleomorphic adenoma versus Warthin’s tumor, there

was a significant difference in the mean ADC values for

b = 500 (p \ 0.001) and b = 1000 (p \ 0.001), but no

significant difference in the values for b = 100

(p = 0.122) (Fig. 3). The mean ADC value of pleomorphic

adenoma was significantly higher than that of Warthin’s

tumor. The calculated cutoff points for each b value ac-

cording to the ROC curve analysis, and the sensitivities and

specificities of these values are shown in Table 4.

For pleomorphic adenoma versus malignant tumors, the

mean ADC values demonstrated significant differences for

all b values (Fig. 4). The mean ADC value of pleomorphic

adenoma was significantly higher than that of malignant

tumors (Table 5). The sensitivities and specificities of the

cutoff points based on the ROC curve analysis are shown in

Table 6.

For Warthin’s tumor versus malignant tumors, there was

no significant difference between the ADC values of

Warthin’s tumor and malignant tumors for all b values. The

mean ADC values are shown in Table 7.

The sensitivities and specificities of DWI with both

b = 500 (Table 8) and b = 1000 (Table 9) were similar

for the discrimination of the subgroups of parotid tumors.

However, b = 500 was selected to summarize the findings

of our study, and this b value was used for comparisons

with the literature based on the minimally higher specificity

of b = 500 compared with b = 1000 in our study.

Discussion

Accurate identification of parotid tumors before surgery is

very important, because such characterization can result

in completely different management or treatment recom-

mendations. Imaging is one of the essential tools to

achieve this identification. MRI is the preferred imaging

modality for defining these tumors, as well as for

demonstrating the location or extent of the lesions, their

perineural/perivascular spread, and the involvement of the

facial nerves.

The signal intensity, enhancement pattern, and mor-

phology of the mass are principally interpreted for char-

acterization of a parotid lesion [7, 8]. Christie et al. [9]

stated that a poorly defined margin is the only, and most

discriminative, feature for predicting malignancy. The T2

signal intensity of a tumor is another remarkable parameter

[9, 10]. It was emphasized that T2 hypointensity of a

parotid tumor may indicate malignancy, while T2 hyper-

intensity may reflect a benign nature [7]. On the contrary,

some studies stated that the T2 signal intensity did not play

a role for predicting the benign or malignant nature of a

lesion [8, 11]. Moreover, the signal changes in granulo-

matous or inflammatory diseases may be confusing. Swartz

et al. [12] indicated that the signal characteristics and tu-

mor homogeneity could be correlated with histopatho-

logical features. However, tumor homogeneity was not

Oral Radiol

123



found to be consistent with the histopathological findings

in another study [11]. Freling et al. [8] reported that tumor

margins, homogeneity, and signal intensity did not accu-

rately distinguish benign lesions from malignant lesions.

However, infiltration into deep structures, such as the

parapharyngeal space, muscles, and bone, can provide a

more significant clue for the malignant nature of a lesion.

These data suggest that the tumor margins, homogeneity,

and signal features may not be sufficient for characteriza-

tion of most parotid tumors [7, 13–17]. Because more in-

formation is needed, specific MRI techniques, such as

DWI, MR spectroscopy, and dynamic contrast-enhanced

MRI, have become more frequently used for this purpose

[18–20]. In the present study, we investigated the diag-

nostic efficacy of DWI with different b values in the pre-

operative characterization of parotid gland tumors.

The mean ADC values of benign masses were sig-

nificantly higher than those of malignant masses for each of

the three b values examined in our study. In the literature,

the ADC values of benign parotid gland tumors were found

to be higher than those of malignant tumors in most stud-

ies. Thus, it was suggested that ADC values could differ-

entiate between benign and malignant parotid gland tumors

[14, 18, 21]. One exception was a study conducted by

Matsushima et al. [22], in which no significant difference

between the ADC values of 17 benign tumors and 15

malignant tumors was found. Therefore, the authors

claimed that ADC values could not be used to differentiate

benign and malignant masses.

Several previous studies have calculated cutoff points

for benign and malignant masses. In the studies by Wang

et al. [18], Srinivasan et al. [23], and Inci et al. [24], the

Fig. 1 A 51-year-old male with pleomorphic adenoma in the right

parotid gland. a The lesion is markedly hyperintense (arrow) on a

transverse fat-saturated T2-weighted image. b Homogeneous and

marked enhancement is seen within the lesion (arrow) on a

postcontrast fat-saturated T1-weighted image. c The lesion (arrow)

shows high signal intensity on DWI. d On the corresponding ADC

map, the peripheral areas of the tumor (arrow) show mild restricted

diffusion (mean ADC values in the central and peripheral portions of

the lesion are 2.15 9 10-3 and 1.7 9 10-3 mm2/s, respectively)
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cutoff points were calculated to be 1.22 9 10-3,

1.3 9 10-3, and 1.3 9 10-3 mm2/s, respectively. These

cutoff points, obtained with a b value of 1000 s/mm2, were

slightly lower than our cutoff point (1.4 9 10-3 mm2/s),

and this can be attributed to several factors. First, the

number of malignant tumors was limited in our study.

Fig. 2 A 60-year-old female with diffuse large B cell lymphoma. a A

fat-saturated T2-weighted transverse image shows a well-demarcated

hyperintense lesion (arrow) in the left parotid gland. b A postcontrast

fat-saturated T1-weighted image demonstrates mild homogeneous

enhancement within the lesion (arrow). The lesion (arrow) is

hyperintense on DWI (c) and the corresponding ADC map

(d) shows marked restricted diffusion (mean ADC value of the lesion

is 0.69 9 10-3 mm2/s)

Table 1 Histopathological

diagnoses of lesions and their

mean ADC values for different

b values

Histopathological diagnosis Mean ADC values (910-3 mm2/s)

b = 100 b = 500 b = 1000

Pleomorphic adenoma (n = 16) 2.04 ± 0.61 1.88 ± 0.28 1.68 ± 0.28

Warthin’s tumor (n = 13) 1.59 ± 0.60 1.21 ± 0.40 1.01 ± 0.46

Myoepithelioma (n = 1) 1.26 1.70 1.43

Lipoma (n = 1) 0.56 0.18 0.13

Hemangioma (n = 1) 3.99 3.13 2.80

Small cell lung carcinoma metastasis (n = 1) 0.47 0.53 0.45

Adenoid cystic cancer (n = 1) 1.30 1.59 1.35

Squamous cell tumor (n = 3) 1.92 ± 0.19 1.27 ± 0.30 1.10 ± 0.20

Diffuse large B-cell lymphoma (n = 4) 0.88 ± 0.37 0.71 ± 0.14 0.75 ± 0.21

ADC apparent diffusion coefficient, n number of lesions
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Second, malignant tumors were not a unique group, and

there were several tumor types with different degrees of

differentiation and structural differences that might have

affected the ADC values. These facts might have con-

tributed to the discrepancy between the cutoff points. The

higher cutoff point (1.6 9 10-3 mm2/s) for b = 500 in our

study is understandable, because the ADC values calcu-

lated from low b value images are expected to be higher

than those calculated from high b value images.

We do not know why the diagnostic accuracy of DWI

using b = 500 was similar (even better in means of

specificity) to that using b = 1000. However, these find-

ings may provide valuable data for clinical practice. MR

images obtained with high b values, such as b = 1000 s/

mm2, may be of low quality because of artifacts, which

may preclude calculation of ADC values of the lesion [18].

In such cases, ADC values calculated for b = 500 may be

confidently used for the discrimination of parotid lesions.

Conversely, ADC values obtained with low b values (0 and

100 s/mm2) have limited diagnostic utility, because they

contain a considerable effect of perfusion rather than the

diffusion weight.

In our study, the mean ADC value of pleomorphic

adenoma was calculated to be 1.86 ± 0.28 9 10-3 mm2/s

for b = 500, which was consistent with the literature. In

the studies by Motoori et al. [4] and Eida et al. [2], it was

indicated that pleomorphic adenomas with rich chondroid

and myxoid matrix showed high ADC values. In almost all

of our pleomorphic adenoma cases, the histopathological

analyses revealed a myxoid stromal component in the tu-

mors, which might explain the high ADC values.

In our study, the mean ADC value of pleomorphic

adenoma was significantly higher than that of Warthin’s

tumor (1.21 ± 0.4 9 10-3 mm2/s) and malignant tumors

(0.98 ± 0.41 9 10-3 mm2/s), with high sensitivity and

specificity of the calculated cutoff points. Warthin’s tumor

behaves less aggressively than pleomorphic adenoma and

malignant tumors [25, 26]. Despite treatment by enucle-

ation, the recurrence rate remains low [25]. Thus, preop-

erative differentiation of Warthin’s tumor from

pleomorphic adenoma and malignant tumors is valuable. In

the study by Inci et al. [24], the mean ADC value of

pleomorphic adenoma was higher than that of Warthin’s

tumor and malignant tumors. Yerli et al. [27] found that the

mean ADC value of Warthin’s tumor was significantly

lower than that of pleomorphic adenoma. In the study by

Habermann et al. [26], which included 43 pleomorphic

adenomas among 136 primary parotid gland masses, the

authors concluded that pleomorphic adenoma was distin-

guishable from all other tumors by its ADC values. Con-

sistent with this prior study, Yoshino et al. [5] found that

the mean ADC values of pleomorphic adenoma and War-

thin’s tumor were 1.99 9 10-3 and 0.89 9 10-3 mm2/s,

respectively. In the studies by Ikeda et al. [13], Yoshino

et al. [5], and Habermann et al. [26], the mean ADC values

of Warthin’s tumor were low and similar

(0.85 ± 0.14 9 10-3–0.96 ± 0.13 9 10-3 mm2/s). Ikeda

et al. [13] also concluded that the mean ADC value of

Warthin’s tumor was significantly lower than that of ma-

lignant tumors. On the contrary, Yerli et al. [14] suggested

that there was no significant difference between the mean

ADC values of Warthin’s tumor and malignant tumors.

Table 2 Mean ADC values for

different b values of benign and

malignant lesions

b values Parotid lesions Mean ADC values (910-3 mm2/s) p

100 Benign lesions (n = 32) 1.85 ± 0.76 0.031

Malignant lesions (n = 9) 1.23 ± 0.61

500 Benign lesions (n = 32) 1.59 ± 0.58 0.004

Malignant lesions (n = 9) 0.98 ± 0.41

1000 Benign lesions (n = 32) 1.38 ± 0.59 0.026

Malignant lesions (n = 9) 0.90 ± 0.32

ADC apparent diffusion coefficient, n number of lesions

Table 3 Sensitivities, specificities, and cutoff points with different b values for the differentiation of benign tumors from malignant tumors

b = 100 b = 500 b = 1000

AUC 0.74 0.82 0.76

Cutoff point according to ADC value (910-3 mm2/s) 1.8 1.6 1.4

Sensitivity [95 % confidence interval] 88.9 [51.8–99.7] 100 [66.4–100] 100 [66.4–100]

Specificity [95 % confidence interval] 56.3 [37.7–73.6] 53.1 [34.7–70.9] 51.6 [33.1–69.8]

AUC area under curve, ADC apparent diffusion coefficient
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They explained this finding by the fact that the majority of

their malignant tumors were cases of lymphoma. Similarly,

we did not find any significant difference between the ADC

values of Warthin’s tumor and malignant tumors. We think

that this finding arose because lymphoma accounted for a

large proportion (4/9) of our malignant tumors, similar to

the case for Yerli et al. [14].

In our study, the malignant group was mostly composed

of secondary tumors of the parotid gland, of which four

were lymphoma, one was a metastasis of small cell lung

carcinoma, and three were local invasion or metastasis of

squamous cell carcinoma, and only one lesion was a pri-

mary adenoid cystic carcinoma of the parotid gland. The

ADC value of the adenoid cystic carcinoma was

1.59 9 10-3 mm2/s. This was the highest ADC value

among the malignant lesions and was similar to the ADC

values of benign tumors. In this case, no clinical suspicion

favoring malignancy was present. Moreover, the FNAC

Fig. 3 A 53-year-old male with Warthin’s tumor within the right

parotid gland. a The lesion (white arrow) is slightly hyperintense on a

transverse fat-saturated T2-weighted image. Note the nodular-shaped

hyperintense area in the anterior portion of the lesion, which may

represent a cystic component (black arrow). b The solid component

of the lesion (arrow) shows mild to moderate enhancement on a fat-

saturated T1-weighted postcontrast image. The solid component of

the lesion (arrow) shows high signal intensity on DWI (c) and the

corresponding ADC map (d) shows restricted diffusion (mean ADC

value is 0.93 9 10-3 mm2/s)

Table 4 Sensitivities,

specificities, and cutoff points

with different b values for the

differentiation of pleomorphic

adenoma from Warthin’s tumor

b = 500 b = 1000

AUC 0.90 0.88

Cutoff point according to ADC value (910-3 mm2/s) 1.5 1.1

Sensitivity [95 % confidence interval] 84 [54.6–98.1] 84.6 [54.6–98.1]

Specificity [95 % confidence interval] 93.7 [69.8–99.8] 93.3 [68.1–99.8]

AUC area under curve, ADC apparent diffusion coefficient
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result was pleomorphic adenoma. However, on conven-

tional MRI sequences, the lesion, which was located in the

deep lobe, was found to invade the superficial lobe and

parapharyngeal space and encase the vascular structures.

These findings raised the suspicion of malignancy preop-

eratively. In the study by Matsushima et al. [22], the mean

Fig. 4 A 45-year-old female with a solid lesion in the deep lobe of

the right parotid gland, infiltrating the adjacent structures and

encasing the vessels. Although the initial cytopathological diagnosis

was pleomorphic adenoma, the final histopathological examination

revealed adenoid cystic carcinoma. a The lesion (arrow) is hyperin-

tense on a transverse fat-saturated T2-weighted image. b A

postcontrast fat-saturated T1-weighted image reveals homogeneous

and marked enhancement within the lesion (arrow). The tumor

(arrow) shows slightly high signal intensity on DWI (c) and the

corresponding ADC map (d) shows restricted diffusion (mean ADC

value is 1.58 9 10-3 mm2/s)

Table 5 Mean ADC values of

pleomorphic adenoma and

malignant tumors

b values Parotid lesions Mean ADC values

(910-3 mm2/s)

p

100 Pleomorphic adenoma 2.04 ± 0.61 0.008

Malignant tumors 1.23 ± 0.61

500 Pleomorphic adenoma 1.88 ± 0.28 \0.001

Malignant tumors 0.98 ± 0.41

1000 Pleomorphic adenoma 1.68 ± 0.32 \0.001

Malignant tumors 0.90 ± 0.32

ADC apparent diffusion coefficient

Oral Radiol

123



ADC values of four adenoid cystic carcinoma were higher

than those of all malignant lesions and the mean ADC

value of adenoid cystic carcinoma overlapped with that of

pleomorphic adenoma.

We found that the mean ADC value of lymphomas was

0.71 ± 0.14 9 10-3 mm2/s, which was lower than the

mean ADC value of malignant tumors. This was consistent

with the literature [2, 18, 24]. More abundant macro-

molecular proteins, as well as reduced extracellular space

because of high cellularity, are speculated to reduce the

ADC values in lymphomas [28]. The ADC value of the

metastatic small cell carcinoma was even lower than that of

lymphomas (0.5 9 10-3 mm2/s for b = 500). As with

lymphoma, this finding might be related to the homo-

geneity and increased cellularity of the tumor.

There were three cases of metastatic/invasive squamous

cell carcinoma to the parotid gland in our malignant group.

The ADC values of these cases were 1.61 9 10-3,

1.07 9 10-3, and 1.12 9 10-3 mm2/s, respectively, and

were not unique. Conventional MRI findings, such as

contour irregularity, invasion of the superficial parotid lobe

and parapharyngeal space, and suspicious involvement of

adjacent structures, were helpful for predicting the malig-

nant nature of these tumors, rather than the ADC values.

There was a lipoma in the study group. The mean ADC

values of this single case of lipoma were lower than those

Table 6 Sensitivities,

specificities, and cutoff points

with different b values for the

differentiation of pleomorphic

adenoma from malignant

tumors

b = 100 b = 500 b = 1000

AUC 0.85 0.96 0.95

Cutoff point according to

ADC value (910-3 mm2/s)

1.8 1.6 1.4

Sensitivity [95 % confidence interval] 88.9 [51.8–99.7] 100 [66.4–100] 100 [66.4–100]

Specificity [95 % confidence interval] 81.3 [54.4–96] 81.3 [54.4–96] 80 [51.9–95.7]

AUC area under curve, ADC apparent diffusion coefficient

Table 7 Mean ADC values of

Warthin’s tumor and malignant

tumors

b values Parotid lesions Mean ADC values (910-3 mm2/s) p

100 Warthin’s tumor 1.59 ± 0.6 0.374

Malignant tumors 1.23 ± 0.61

500 Warthin’s tumor 1.21 ± 0.4 0.293

Malignant tumors 0.98 ± 0.41

1000 Warthin’s tumor 1.01 ± 0.46 0.762

Malignant tumors 0.90 ± 0.32

ADC apparent diffusion coefficient

Table 8 Sensitivities, specificities, cutoff points, and discrimination values of DWI for b = 500

b = 500 Discrimination Cutoff point (910-3) Sensitivity (%) Specificity (%)

Benign lesions versus malignant lesions ? 1.6 100 53

Pleomorphic adenoma versus Warthin’s tumor ? 1.5 84 93.7

Pleomorphic adenoma versus malignant tumors ? 1.6 100 81

Warthin’s tumor versus malignant tumors -

Table 9 Sensitivities, specificities, cutoff points, and discrimination values of DWI for b = 1000

b = 1000 Discrimination Cutoff point (910-3) Sensitivity (%) Specificity (%)

Benign lesions versus malignant lesions ? 1.4 100 51.6

Pleomorphic adenoma versus Warthin’s tumor ? 1.1 84.6 93.3

Pleomorphic adenoma versus malignant tumors ? 1.4 100 80

Warthin’s tumor versus malignant tumors -
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of all malignant lesions at b = 500 and b = 1000. These

findings are consistent with the literature, because two

previous studies found overlapping low ADC values be-

tween malignant tumors and lipomas [26, 27]. The low

ADC values of lipoma may influence the cutoff points for

the discrimination of benign and malignant lesions, and this

may be a drawback of the present study. However,

although malignant tumors and lipomas have overlapping

low ADC values, the typical MRI signal features of lipoma

enable a correct diagnosis [27].

Our study had some limitations. First, because of the

small sizes of the lesions, the ADC measurements were not

optimal in some tumors. Second, in lesions with hetero-

geneous architectures, the ADC values were obtained from

enhanced solid parts. However, because of the unavoidable

small sizes of these areas, the measurements might have

been suboptimal and not representative of the whole le-

sions. The third limitation was the relatively limited

number and variety of malignant cases, compared with

Warthin’s tumor and pleomorphic adenoma cases, which in

turn affected the statistical analyses. For this reason, we

could not make comparisons between the subgroups of

malignant lesions. However, the incidence of malignant

parotid tumors is not high in general, and a similar

limitation was also valid for other studies in the literature.

In conclusion, DWI and ADC measurements obtained

with two different b values (500 and 1000 s/mm2) can add

more information to the differentiation of malignant and

benign parotid tumors. DWI may be helpful in the distinction

between pleomorphic adenoma and Warthin’s tumor, and

between pleomorphic adenoma and malignant tumors be-

cause the mean ADC value of pleomorphic adenoma is

significantly higher than that of Warthin’s tumor and ma-

lignant tumors. However, DWI is not useful for differenti-

ating Warthin’s tumor from malignant tumors because of the

overlapping mean ADC values of these two subgroups.
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