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Objectives: To explore the utility of diffusion tensor imaging (DTI) and acoustic radiation
force impulse (ARFI) imaging in the diagnosis of parotid tumours.
Methods: 51 patients with parotid tumours were examined with DTI on 3.0-T MRI and
ARFI imaging on an ultrasound scanner before surgery. Values of apparent diffusion
coefficient (ADC), fractional anisotropy (FA) and shear-wave velocity (SWV) were calculated
and analyzed with independent samples Wilcoxon–Mann–Whitney test. Cut-off values,
sensitivity and specificity were calculated with receiver-operating characteristic (ROC) curve
analysis. The value of combination was calculated through parallel test for the cut-off value of
ADC, FA and SWV (combination5 0 or 1); then, ROC analysis was performed with
pathological results as the gold standard to calculate the sensitivity and specificity for the
combination of the three parameters distinguishing benign and malignant parotid tumours.
Pathological diagnosis for every patient was made post-operatively from the tumour tissue
taken during operation.
Results: There was a significant difference between benign and malignant tumours in the
values of ADC, FA and SWV (p5 0.032, p5 0.011 and p, 0.0001); a significant difference
in the values was also found between pleomorphic adenoma and malignant tumour (p5
0.0012, p, 0.0001 and p5 0.0002). The diagnosis cut-off points between benign and
malignant tumours for ADC, FA and SWV were 1.023 1023 mm2 s21, 0.24 and 2.76 m s21,
respectively; the sensitivity for ADC, FA and SWV was 87.50, 62.50 and 68.75%; the
specificity was 45.71, 82.86 and 97.14%. Analysis of the combination of the three parameters
increased the sensitivity, specificity, Youden index and area under the ROC curve compared
with analysis of each parameter alone for distinguishing benign and malignant tumours.
Conclusions: The diagnostic value of the combination of the three parameters for
distinguishing benign and malignant parotid tumours is the best; SWV is the preferred
indicator. Parameters of DTI and ARFI may reflect the histological characteristics of parotid
tumours and predict benignancy and malignancy and could provide quantitative information
about the tumour. Combination of DTI with ARFI imaging had obvious advantage for the
diagnosis of parotid tumours than each alone.
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Introduction

Parotid tumours account for approximately 3% of all
head and neck tumours.1 Parotid glands exhibit the
largest variety of histologic types and subtypes of
primary neoplasms, except female genital system
neoplasms.2 80% of parotid tumours are benign
tumours, with about 85% of benign tumours being
pleomorphic adenoma. Surgery is the most effective
approach for parotid tumour management,3 and pre-
operative histological diagnosis as well as qualitative
evaluation of tumour histological properties before
surgery is crucial. Tumour resection of pleomorphic
adenoma without histological confirmation before
surgery would result in 20–45% of risk of local
recurrence;4–7 it would be reduced to about 1.5–6% by
excision of the lateral parotid gland with facial nerve
preservation.3,8,9 Moreover, the risk of facial paralysis
and malignant transformation would be increased by
repeated operations.10

Ultrasound, MRI and CT are non-invasive approaches
and are commonly used for the evaluation of parotid
lesions. However, these conventional imaging approaches
are less precise owing to the overlap in the appearance of
parotid tumours.11–14

Diffusion-weighted imaging is a technique that could
obtain the spatial diffusion map of free-water protons
for evaluating molecular diffusivity under motion re-
striction within the tissues and could be measured with
the apparent diffusion coefficient (ADC).15 Diffusion
tensor imaging (DTI) is an extension of diffusion-
weighted imaging and could measure the incoherent
directional distribution of diffusivity with fractional
anisotropy (FA).16,17 The FA or ADC value has
a strong correlation with cell density,18 and malignant
tumours usually have a reduced ADC value and an el-
evated FA value.19,20 While DTI is widely applied in
multiple organs,18,21–24 its application, particularly the
FA value in parotid tumours, is rarely reported.
Acoustic radiation force impulse imaging (ARFI)

describes mechanical tissue properties.25 Briefly, the
application of acoustic push pulses generates localized
displacements within a selected region, whose shear-
wave velocities (SWVs) can be measured by ultrasound
waves and expressed quantitatively in metre per second.
SWV has a positive correlation with tissue elasticity and
hardness. The stiffer the tissue, the higher the SWV will
be. It could quantitatively measure the elasticity prop-
erties and assess the tissue structure changes and tissue
stiffness of tumours.25 Stiffness of tumours could be
changed with alterations of cancer cellular density and
components of the tissue and blood vessels. The appli-
cation of SWV in the diagnosis of parotid tumour
has been reported by several studies.25,26 SWV might ef-
fectively differentiate benign from malignant tumours,
pleomorphic adenoma from adenolymphoma.
Our study aimed to determine the feasibility of ADC,

FA and SWV for the differential diagnosis of parotid

tumours. The utility value of these three parameters’
combination was also explored.

Methods and materials

Subjects
51 patients with histopathologically diagnosed parotid
tumour post-operation were included in this study
(18 males and 15 females); the mean age was 45 years
(range 6–71 years). The course of disease was from
3 months to 10 years. Two doctors (with 25 and
28 years’ experience in oral maxillofacial surgery and
pathology) reviewed the operation and biopsy results.
Consensus was reached in between the two reviewers in
relation to the histopathological diagnosis. In cases of
disagreement, a third reviewer (a radiologist and pa-
thologist with 28 years’ experience) was consulted for
a settlement. The inclusion criteria were as follows: (1)
patients who were histopathologically diagnosed post-
operation based on classification of head and neck
tumours in World Health Organization 2005;27 (2)
patients without any invasive examinations and any
treatments including biopsy, radiation and chemother-
apy before MRI and ARFI inspection; and (3) patients
with high-quality diffusion tensor and ARFI images.
All patients underwent parotid routine MRI and DTI
on clinical 3.0-T MRI systems, routine ultrasound ex-
amination and ARFI on colour ultrasonic scanner be-
fore surgery. All patients signed the informed consent
forms, and the local ethics committee approved
the study.

Image techniques
All examinations were performed on a Siemens Skyra
3.0-T MRI system and on ACUSON S2000 ultra-
sound scanners (Siemens Medical Solutions, Erlangen,
Germany). DTI was performed using an eight-channel
circular receiver head and neck coil. The parameters
of the echoplanar sequence were the following: repe-
tition time 3700 ms, echo time 95 ms, field of view 230
3 230 mm, section thickness of 4 mm with an inter-
section gap of 0 mm, b-values of 0 and 800 mm2 s21,
20 orthogonal directions and acquisition time 4 min
and 39 s.

ARFI imaging was performed by using a linear-
array transducer 9L4 with a frequency of 7–12MHz.
Two-dimensional and Doppler images of lesions were
observed multidimensionally. The transducer was
gently put on the surface of parotid masses vertically,
and the imaging mode was shifted to ARFI imaging by
selecting the maximum cross-section of masses when
images were clear. Then, regions of interest were se-
lected in the solid of masses to avoid calcification,
areas of sac and liquid dark regions. SWVs were
recorded for each tumour.

Dentomaxillofac Radiol, 45, 20160100 birpublications.org/dmfr

DTI and ARFI imaging in differential diagnosis of parotid tumours
2 of 8 Yu et al

http://birpublications.org/dmfr


Image interpretation
The workstation Siemens Syngo® Via 101532 (Siemens
Healthcare, Erlangen Germany) was used to generate
parametrical maps of ADC and FA after DTI. A
standardized region-of-interest size of 40–50mm2 was
drawn in the solid part of the parotid tumour and the
mean values of ADC and FA were measured. The
images were evaluated by two experienced radiologists
by using the double-blind method. The acquisition and
evaluation of all ARFI images were performed by two
experienced doctors (15 and 20 years’ experience in
head and neck radiology).

Statistical analysis
All statistical analyses were performed with the statis-
tical package for medical statistics (MedCalc® v. 15.6
for Windows; MedCalc, Ostend, Belgium). All the
values of ADC, FA and SWV were presented as
mean ± standard deviation (�x± s). For comparison
of ADC, FA and SWV values between benign
and malignant tumours, and between pleomorphic ad-
enomas and adenolymphomas, independent samples
Wilcoxon–Mann–Whitney test was conducted after
Kolmogorov–Smirnov test for normal distribution.
ANOVA was used for testing data homogeneity. With
histopathological diagnosis as the gold standard and the
maximum sum of the sensitivity and specificity, the cut-
off values of ADC, FA and SWV for differentiating
malignant from benign tumours and pleomorphic ade-
nomas from adenolymphomas were obtained with
receiver-operating characteristic (ROC) curve analysis;
the sensitivity and specificity were also obtained with
ROC analysis. For combination analysis, parallel test
was performed to obtain the cut-off values of ADC, FA
and SWV (combination5 0 or 1); then, ROC analysis
was followed to attain the sensitivity, specificity, are
under the ROC curve (AUC) and Youden index (J).
p, 0.05 was considered to have a statistically signifi-
cant difference.

Results

The sample of 51 parotid tumours consisted of 35 be-
nign and 16 malignant tumours. In the 35 benign
tumours, there were 16 pleomorphic adenomas, 15
adenolymphomas, 2 basal cell adenomas and 1 multiple
nodular acidophil adenoma and 1 myoepithelioma. The
16 malignant tumours consisted of 5 mucoepidermoid
carcinomas, 3 acinic cell carcinomas, 3 salivary duct
carcinomas, 2 basal cell carcinomas, 1 adenoid cystic
carcinoma, 1 adenocarcinoma and 1 carcinoma ex
pleomorphic adenoma.

Values of apparent diffusion coefficient, fractional
anisotropy or shear-wave velocity are different between
benign and malignant tumours
Previous studies indicated that there was a significant
difference in the ADC values between benign and

malignant parotid tumours. ADC values could effec-
tively predict the histological changes of salivary gland
masses.28,29 However, the use of SWV in the differ-
ential diagnosis of parotid tumours was controver-
sial.25,26 In order to further validate the previous
reports and determine whether FA could be used to
differentially diagnose malignant from benign parotid
tumours, the values of ADC, FA and SWV were
compared between benign and malignant tumours.
ADC values were larger in benign tumours than in
malignant tumours (p5 0.0322) (Table 1). SWV val-
ues were significantly greater in malignant tumours
than in benign tumours (p, 0.0001) (Table 1),
whereas FA values were significantly lower in benign
tumours than in malignant tumours (p5 0.0108)
(Table 1). Differences in these three values between
benign and malignant tumours are also demonstrated in
Figures 1 and 2.

Values of apparent diffusion coefficient, fractional
anisotropy and shear-wave velocity are different between
pleomorphic adenoma and adenolymphoma
There were reports showing that pleomorphic adenoma
had the highest ADC values among all the benign
tumours.28,30 Adenolymphomas that are composed of lym-
phatic components surrounded by a capsule have lower
SWV values.26 To further validate the utility of ADC,
FA and SWV in the differential diagnosis of pleomorphic
adenoma from adenolymphoma, their values of ADC,
FA and SWV were compared. In agreement with the
above reports, values of ADC and SWV were signifi-
cantly higher in pleomorphic adenoma than in adeno-
lymphoma, whereas FA values were significantly lower
in pleomorphic adenoma than in adenolymphoma (p5
0.0012 for ADC, p, 0.0001 for FA and p5 0.0002 for
SWV) (Table 1).

The cut-off, sensitivity and specificity values of apparent
diffusion coefficient, fractional anisotropy and shear-
wave velocity for the differential diagnosis of
parotid tumours
To obtain the cut-off values of the three parameters for
the differential diagnosis of benign from malignant
tumours, and pleomorphic adenoma from adenolym-
phoma, ROC analysis was performed; at the same time,
the sensitivity and specificity were calculated. The cut-
off points of ADC, FA and SWV were 1.02, 0.24 and
2.76 for the differential diagnosis of benign from ma-
lignant tumours, and they were 0.98, 0.19 and 2.03 for
the differential diagnosis of pleomorphic adenoma from
adenolymphoma (Tables 2 and 3 and Figure 3). The
specificity and sensitivity for distinguishing benign and
malignant tumours were 87.50% and 45.71% for ADC,
62.50% and 82.86% for FA and 68.75% and 97.14% for
SWV (Table 2 and Figure 3). The specificity and sen-
sitivity for differentiating pleomorphic adenomas from
adenolymphomas were 80.00% and 81.25% for ADC,
93.33% and 93.75% for FA and 86.67% and 87.50% for
SWV (Table 3 and Figure 4).
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Combination of the three parameters for the differential
diagnosis of benign from malignant tumours
To test whether the combination analysis of the three
parameters is better than each alone in distinguishing
benign from malignant tumours, parallel test was used
for the cut-off values of ADC, FA and SWV. Variables
including the sensitivity, specificity, AUC and Youden
index (J) were obtained by ROC analysis (Table 2 and
Figure 3). Combination of the three parameters is su-
perior than ADC and FA alone for the differential di-
agnosis of benign from malignant tumours (p5 0.0003
and p5 0.0043).

Discussion

DTI and ARFI imaging were valuable methods for the
quantitative measurement of tissue histological proper-
ties. In the present study, they have proved to have
merits for the differential diagnosis of parotid tumours.
Compared with previous reports that evaluated DTI
and ARFI imaging in parotid tumours, two prominent
findings were revealed in our study: (1) in addition to
ADC and SWV, FA was another valuable parameter
for the differential diagnosis of benign from malignant
tumours, and also for pleomorphic adenoma from

Table 1 Comparison of apparent diffusion coefficient (ADC), fractional anisotropy (FA) and shear-wave velocity (SWV) values between
malignant and benign tumours and between pleomorphic adenoma and adenolymphoma

Pathological diagnosis ADC (1023 mm2 s21) FA SWV (m s21) n
Malignant tumour 0.82 ± 0.22 0.25 ± 0.07 2.94 ± 0.39 16
Benign tumour 1.04 ± 0.37a 0.20 ± 0.06a 2.09 ± 0.52b 35
Pleomorphic adenoma 1.13 ± 0.24 0.16 ± 0.03 2.43 ± 0.25 16
Adenolymphoma 0.80 ± 0.24c 0.24 ± 0.03d 1.72 ± 0.55d 15

Wilcoxon–Mann–Whitney test was used for statistical analysis.
ap, 0.05, compared with malignancy.
bp, 0.0001, compared with malignancy.
cp, 0.01, compared with pleomorphic adenoma.
dp, 0.001, compared with pleomorphic adenoma.

Figure 1 A 32-year-old male with pleomorphic adenoma: (a) ultrasound—tumour is in the superficial lobe with well-defined borders and is
showing hypoechogenicity; (b) colour Doppler flow imaging—curvilinear form vessels (arrow) are present inside the tumour; (c) the shear-wave
velocity value within the region of interest is 2.32m s21 with acoustic enhancement in high-resolution ultrasound; (d) the traverse T1 weighted
image is showing a well-defined isointense muscle mass; (e) the short time inversion-recovery T2 weighted image is showing the homogeneous
hyperintense mass; (f, g) apparent diffusion coefficient (ADC) and colour fractional anisotropy (FA) maps—tumour with an ADC value 1.433
1023 mm2 s21 and an FA value of 0.17, respectively; and (h) haematoxylin–eosin staining (3100).
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adenolymphoma; (2) combination analysis of ADC, FA
and SWV was superior than each alone for the differ-
ential diagnosis of malignant and benign tumours, and
the sensitivity, specificity, AUC and Youden index (J)
were increased.

ADC values could be affected by changes in the water
molecule diffusion rate in the extracellular space. It was
reported that ADC values could effectively distinguish
the histological changes of salivary gland masses.29

Irfan et al found that there was a significant difference
in the ADC values between benign and malignant
tumours, and between pleomorphic adenoma and ade-
nolymphoma parotid tumours.28 Similar results were
revealed in our study. In contrast to Irfan et al,28 we
used 3.0-T high-field MR equipment and calculated
ADC values with b values of 0 and 800 s mm22. DTI in

3.0-T MRI has a higher signal-to-noise ratio and better
image quality compared with 1.5-T MRI. ADC values
were significant lower in malignant tumours than in
benign tumours, which indicated a negative correlation
between ADC value and cell density. However, the
specificity and Youden index of ADC for distinguishing
benign from malignant tumours were only 45.71% and
0.3321; this may have resulted from the similar ADC
values between adenolymphomas and malignant
tumours, because mucous cystic components and the
capsule surrounding the tumour found in malignant
tumours were also present in adenolymphomas
tumours.28

In addition to ADC, values of FA, another parameter
of DTI, were measured in our study. FA is an indicator
for evaluating anisotropic sensitivity, and the FA value

Figure 2 A 56-year-old female with acnic cell carcinoma: (a) ultrasound—a hypoechoic mass with ill-defined borders having heterogeneity and
a lobulated shape is present; (b) colour Doppler flow imaging is showing several vessels inside the tumour (black arrow); (c) the shear-wave
velocity value within the user-defined region of interest is 2.43 m s21; (d) the traverse T1 weighted image is showing an ill-defined high–low mixed
mass; (e) the short time inversion-recovery T2 weighted image is showing a heterogeneous hyperintense mass, in which the hypointense signal lies;
(f, g) apparent diffusion coefficient (ADC) and colour fractional anisotropy (FA) maps—tumour with an ADC value of 0.693 1023 mm2 s21 and
an FA value of 0.29; and (h) haematoxylin–eosin staining (3100).

Table 2 Variables of receiver-operating characteristic (ROC) analysis for the three parameters analyzed either alone or in combination for the
differential diagnosis of benign and malignant tumours

Variables ADC FA SWV Combination
AUC 0.69 0.76 0.91 0.92
Cut-off point 1.02 (1023 mm2 s21) 0.24 2.76 (m s21) 0
Sensitivity (with 95% CI) 87.50 62.50 68.75 87.50
Specificity % (with 95% CI) 45.71 82.86 97.14 97.14
p-value (Z-test) 0.01 0.002 ,0.0001 ,0.0001
Youden index (J) 0.33 0.45 0.66 0.85

ADC, apparent diffusion coefficient; AUC, area under the ROC curve; CI, confidence interval; FA, fractional anisotropy; SWV, shear-wave velocity.
For combination analysis, parallel test was conducted first to obtain the combination, followed by ROC analyses to acquire all variables.

birpublications.org/dmfr Dentomaxillofac Radiol, 45, 20160100

DTI and ARFI imaging in differential diagnosis of parotid tumours
Yu et al 5 of 8

http://birpublications.org/dmfr


range is 0–1. FA values equal 0 for the isotropic con-
dition, in which diffusion is equal in all directions, and
FA values approach a value of 1 for extreme directional
inequality. To our knowledge, no studies with regard to
FA application in the differential diagnosis of parotid
tumours have been reported. It was reported that the
positive correlation of the FA value with tumour cel-
lularity, that is higher FA, was associated with higher
tumour cellularity.18,22–24 In agreement with previous
studies in other organs, our results showed that malig-
nant parotid tumours had higher FA values than benign
tumours. In our study, there was a significant difference
in the FA values not only between benign and malig-
nant tumours but also between pleomorphic adenomas
and adenolymphomas. The decreased diffusivity and
increased anisotropy in parotid malignant tumours may
be explained by cell density increase, which might have
caused water molecules to diffuse with a higher degree

of directionality, in contrast to benign tumours.24 Our
results also showed that FA had higher specificity than
ADC in distinguishing benign and malignant tumours,
and in distinguishing pleomorphic adenoma and ade-
nolymphoma. Moreover, compared with ADC, FA
exhibited higher sensitivity and specificity for dis-
tinguishing pleomorphic adenoma and adenolym-
phoma. Therefore, FA could be used as another
effective parameter for the differential diagnosis of pa-
rotid tumours.

ARFI imaging-based elastography was designed to
characterize the mechanical properties of tissues by us-
ing a short-duration acoustic radiation force to generate
a shear wave from the excitation region of the tissue.
The shear wave can be easily tracked and the propa-
gation distance per second, i.e. SWV, can be calculated
by a quantitative implementation named virtual touch
imaging quantification.25,31,32 The higher the elasticity
and hardness of the tissue, the farther the shear-wave
propagation will be, and the greater the SWV value will

Table 3 Variables of receiver-operating characteristic (ROC) analysis for three parameters each alone for the differential diagnosis of
pleomorphic adenoma and adenolymphoma

Variables ADC FA SWV
AUC 0.84 0.98 0.89
Cut-off point 0.98 (1023 mm2 s21) 0.19 2.03 (m s21)
Sensitivity (with 95% CI) 80.00 93.33 86.67
Specificity % (with 95% CI) 81.25 93.75 87.5
p-value (Z test) ,0.0001 ,0.0001 ,0.0001
Youden index (J) 0.61 0.87 0.74

ADC, apparent diffusion coefficient; AUC, area under the ROC curve; CI, confidence interval; FA, fractional anisotropy; SWV, shear-wave
velocity.
All the variables were obtained with ROC analysis.

Figure 3 The receiver-operating characteristic (ROC) analysis of
three parameters each alone and in combination for the diagnosis of
benign and malignant parotid tumours: for combination analysis,
parallel test was performed to acquire the new variation combination,
followed by ROC analysis. The area under the ROC curve (AUC)
below the black dotted line is ,0.5. The sensitivity, specificity, AUC
of the combination is bigger than those of apparent diffusion
coefficient (ADC), fractional anisotropy (FA) and shear-wave velocity
(SWV) each alone.

Figure 4 The receiver-operating characteristic (ROC) analysis of
three parameters for the diagnosis of pleomorphic adenoma and
adenolymphomas: the area under the ROC curve (AUC) below the
black dotted line is ,0.5. Fractional anisotropy (FA) had the largest
AUC, sensitivity and specificity, while apparent diffusion coefficient
(ADC) had the smallest AUC. SWV, shear-wave velocity.
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be.25 Stiffness and elasticity of lesions could be changed
with alterations of cancer cellular density, components
of the tissue and blood vessels. ARFI imaging was de-
veloped in 2009.33 Similar to FA, values of SWV were
proved to be positively correlated with cell density.18,25

In agreement with this idea, our results showed that
malignant tumours had the highest SWV values. A
significant difference of SWV values was revealed be-
tween pleomorphic adenoma and adenolymphoma, but
there was no significant difference between benign and
malignant tumours.26 In contrast, another study from
Matsuzuka et al25 reported a significant difference in
the SWV values between benign and malignant
tumours. Our study indicated a significance difference
in the mean SWV values not only between benign and
malignant tumours, but also between pleomorphic ad-
enoma and adenolymphoma. Different findings from
our study and other studies may be attributed to the fact
that measurements of SWV in malignant tumours were
performed with virtual touch imaging quantification in
our study, and they could not be obtained beyond the
range with virtual touch quantification in the previous
study.25

In addition to the comparison of FA, ADC and SWV
values each alone, we also did the combination analysis
for the three parameters with parallel test and ROC
analysis. Our results showed that combination analysis
was superior to each alone for distinguishing benign
from malignant tumours. For ROC analysis, AUC is
a measure of the “overall diagnostic performance”,
because it averages all possible diagnostic thresh-
olds.34,35 The Youden index (J) is usually used to

evaluate the clinical diagnostic ability of a test36 and is
an optimal trade-off relative to sensitivity and speci-
ficity, but with the same weight for sensitivity and
specificity. In our study, the sensitivity, specificity,
AUC and Youden index (J) of the combination anal-
ysis were improved relative to the three parameters
each alone for distinguishing benign and malignant
parotid tumours, which suggested the superiority of
combination analysis. ROC analysis showed that there
was a statistical difference between AUCs of combi-
nation analysis and both ADC and FA (p5 0.0003
and p5 0.0043). This suggests that the diagnostic
value of the combination of the three parameters is the
best for distinguishing benign from malignant parotid
tumours.

There were several limitations in our study. The
patients had a large age span; the total amount of
patients was relatively small; and the number of cases in
each subgroup was low. These limitations may attribute
to the differences between some of our conclusions and
those of other reports and also prevented us from the
evaluation of combination analysis for the differential
diagnosis of pleomorphic adenoma and adenolym-
phoma. Therefore, these results have to be considered as
preliminary and need further investigations for
confirmation.

In conclusion, parameters of DTI and ARFI might
reflect the microstructure of parotid tumours and
therefore could provide quantitative information for the
tumour. Combination of DTI with ARFI imaging had
obvious advantage for diagnosing and differentially
diagnosing parotid tumours than each alone.
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