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Differentiation of benign and malignant lesions of the tongue by
using diffusion-weighted MRI at 3.0 T
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Objectives: Diffusion-weighted MRI (DWI) has been introduced in head and neck lesions
and adds important information to the findings obtained through conventional MRI. The
purpose of this study was to assess the role of DWI in differentiating benign and malignant
lesions of the tongue at 3.0-T field strength imaging.
Methods: 78 patients with 78 lingual lesions underwent conventional MRI and DWI with
b-values of 0 and 1000 s mm22 before therapy. The apparent diffusion coefficient (ADC)
maps were reconstructed, and the ADC values of the lingual lesions were calculated and
compared between benign and malignant lesions of the tongue.
Results: The mean ADC values of the malignant tumours, benign solid lesions and cystic
lesions were (1.08 ± 0.16)3 1023, (1.68 ± 0.33)3 1023 and (2.21 ± 0.35)3 1023 mm2 s21,
respectively. The mean ADC values of malignant tumours were significantly lower (p, 0.001)
than those of benign solid lesions, and the mean ADC values of benign solid lesions were
significantly lower (p, 0.001) than those of cystic lesions. Receiver operating characteristic
analysis showed that when an ADC value ,1.313 1023 mm2 s21 was used for predicting
malignancy, the highest accuracy of 95.3%, sensitivity of 92.6% and specificity of 97.3% were
obtained.
Conclusions: ADC values of benign and malignant lesions are significantly different at 3.0-T
imaging. DWI can be applied as a complementary tool in the differentiation of benign and
malignant lesions of the tongue.
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Introduction

An early and accurate differentiation of malignant
tumours of the tongue from benign lesions is critical for
treatment planning and prognosis.1–3 Since location of
the tongue is superficial, the pathological biopsy is
commonly used for the pre-operative diagnosis. However,
the biopsy is invasive, and the results are not always
conclusive.4 Therefore, pre-operative imaging plays an
important role in treatment selection and surgical plan-
ning. CT and conventional MRI are used to localize
lingual masses and delineate their extent.5,6 However,

accurate diagnosis and differentiating malignant from
benign pathologies are likely to be difficult because of
unspecific and overlapping imaging findings.7

Recently, diffusion-weighted MRI (DWI) has been
introduced in the differentiation of head and neck
tumours as a relatively new technique that depicts mo-
lecular diffusion, which is the random motion of water
protons in biological a tissues. The random motion,
classically called Brownian motion, is affected by cellu-
lar packing, intracellular elements, cell membranes and
macromolecules present in various tissue compartments.
The extent of molecular diffusion can be quantified in
terms of the apparent diffusion coefficient (ADC). The
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ADC values reflect the microstructure or pathophysio-
logical state of a tissue and are inversely correlated with
tissue cellularity.8–10 Some studies reported the application
of DWI with calculation of ADC in the differentiation
between benign and malignant head and neck masses.11–15

However, most studies used 1.5-T field strength. To our
knowledge, there is only one report on using ADC
measurements for differentiating malignant from benign
lesions of the tongue at 1.5-T MR.16 However, it is
reported that the quantitative ADC values obtained at
1.5 T may not be transferable to 3.0 T.17

The purpose of our study was to investigate the di-
agnostic value of the ADCs calculated from DWI in
distinguishing between benign and malignant lesions of
the tongue at 3.0-T field strength imaging.

Methods and materials

This retrospective study was performed on 87 consecu-
tive patients with lingual lesions from May 2012 to
August 2014. All patients underwent conventional MRI
and DWI at The First Affiliated Hospital of Zhengzhou
University (Henan, China) without previous biopsy,
surgery or treatment. Nine subjects were excluded from
the study owing to lesions ,1 cm on MR images (n5
4), obvious susceptibility artefacts (n5 4) or motion
artefacts (n5 1). The final diagnoses were made histo-
logically by using either surgery (n5 67) or biopsy (n5
9), and two inflammatory lesions were established with
follow-up studies that revealed disappearance or re-
markable regression of the lesions after antibacterial
therapy. One patient had two lesions with different
image characteristics, and the lesion that was the cause
of the patient’s chief complaint was selected for ADC
analysis. Thus, 78 patients with 78 lingual lesions were
enrolled in this study. This study was approved by the
local institutional ethics committee, and informed con-
sent was waived because this was a retrospective study.
MR examinations were performed on a 3.0-T whole-

body MR unit (MAGNETOM® Skyra®; Siemens
Healthcare, Erlangen, Germany) with an integrated
20-channel head and neck coil. Sedation was routinely
achieved in children under 10 years old using oral chloral
hydrate (70–80mg kg21 body weight) in 11 patients. Be-
fore DWI, T1 weighted spin echo images [repetition time/
echo time (TR/TE) of 2000/9ms], T2 weighted turbo spin
echo images (TR/TE of 3800/92ms) and T2 weighted
turbo spin echo images with fat suppression (TR/TE of
7440/125ms) were obtained in the transverse plane, with
a section thickness of 5mm, an intersection gap of 1mm,
a field of view of 243 24 cm and an acquisition matrix of
2563 256. 24 transverse images of each sequence covered
the lesions and areas of drainage from the regional lymph
nodes. T2 weighted images with fat suppression (TR/TE of
4000/94ms) were obtained in the coronal plane, with the
same pulse sequence parameters.
DWI was obtained at the same section position as the

axial T1 weighted images by using the spin echo single-shot

echo-planar sequence. The parameters were as follows:
TR/TE of 3200/70ms, field of view of 243 24 cm, an ac-
quisition matrix of 1923 192, 24 sections and section
thickness of 5 mm with an intersection gap of 1 mm.
Diffusion-probing gradients were used in the x-, y-,
and z-directions with b-values of 0 and 1000 s mm22.
ADC maps were automatically generated by the
manufacturer software built into the MR unit (Syngo®

REVEAL; Siemens Healthcare). Acquisition time for
DWI was 48 s. After intravenous bolus injection of 0.1
mmol kg21 gadopentetate dimeglumine (Magnevist®;
Bayer Schering Pharma AG, Berlin, Germany), enhanced
T1 weighted images (TR/TE of 884/6.8ms) were obtained
with or without fat suppression.

The quantitative analysis of the ADC map was made
by one radiologist (15 years’ experience in head and
neck MRI) who was blinded to the clinical information
and histopathological results. The region of interest was
drawn within the centre of the lesions (avoiding the
peripheral 2-mm internal to the circumference) on the
ADC maps using an electronic cursor at the Siemens
MMWP workstation (Syngo multimodality work-
places; Siemens Healthcare). In measuring the ADCs,
region of interests were placed on the solid-appearing
areas for the solid masses (avoiding cystic or necrotic
portion) and on the cystic parts for the cystic lesions
using both DWI and conventional MRI as reference
images, including T1 weighted, T2 weighted or contrast-
enhanced T1 weighted images. The mean ± standard
deviation of the ADC values for the lingual lesions was
calculated.

Statistical analyses were performed by using SPSS® v. 11.0
software (SPSS Inc., Chicago, IL). The Kolmogorov–
Smirnov (K–S) test was used for diagnosis normality of
data distribution. As all data were revealed to be para-
metric with normal distribution, an independent samples
t-test was used to compare between the two groups. To
compare more than two groups, one-way analysis of
variance was used. Receiver operating characteristic
curve analysis was used to determine the cut-off point
with highest accuracy and sensitivity as the optimal
ADC threshold value to differentiate between benign
and malignant lesions. The area under the receiver
operating characteristic curve was also calculated. A
probability p-value, 0.05 indicated a statistically sig-
nificant difference.

Results

There were 37 patients with malignant tumours (age
range, 11–81 years; mean age, 52.71 ±16.11 years; male :
female ratio, 28 : 9), including 24 squamous cell carcino-
mas, 6 adenoid cystic carcinomas, 4 non-Hodgkin’s
lymphomas, 1 mucoepidermoid carcinoma, 1 epi-myo-epi
carcinoma and 1 metastasis. 27 patients (age range,
2–84 years; mean age, 31.75 ±27.88 years; male : female
ratio, 12 : 15) had benign solid masses that consisted
of 18 cases of vascular malformation, 6 inflammatory
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lesions, 1 schwannoma, 1 hamartoma and 1 lingual thy-
roid. 14 patients (age range, 1–74 years; mean age, 21.46 ±
23.07 years; male : female ratio, 9 : 5) had cysts.

Table 1 displays the mean ADC values of the ma-
lignant and benign histological diagnoses. Figure 1
shows the distribution of ADC values. The mean
ADC values of the malignant tumours, benign solid
lesions and cystic lesions were (1.08 ± 0.16)3 1023,
(1.68 ± 0.33)3 1023 and (2.21 ± 0.35)3 1023 mm2 s21,
respectively (Figures 2–4). A statistically significant
difference was found among the three groups
(p, 0.001). The mean ADC values of the malignant
tumours were significantly lower (p, 0.001) than
those of the benign solid masses, and the mean ADC
values of the benign solid masses were significantly
lower (p, 0.001) than those of the benign cystic
lesions.

There were also statistically significant differences
between ADC values of different malignant tumours
of the tongue (p, 0.001). Non-Hodgkin lymphomas
[(0.73±0.08)31023mm2 s21] revealed significantly lower
ADC values than squamous cell carcinomas [(1.12±0.11)3
1023mm2 s21] (p, 0.001) and adenoid cystic carcinomas
[(1.14 ± 0.10)3 1023 mm2 s21] (p, 0.001). There was
no significant difference in the ADC values between
squamous cell carcinomas and adenoid cystic carci-
nomas (p5 1.000). Within different benign solid
lesions, the highest ADC value was detected in pa-
tients with vascular malformation, and the ADC values
of inflammatory lesions [(1.35 ±0.23)3 1023 mm2 s21]
were significantly lower than those of vascular mal-
formation [(1.80 ± 0.29)3 1023 mm2 s21] (p5 0.005).
There was significant difference in the ADC values
between malignant tumours and inflammatory lesions
(p5 0.001).

Receiver operating characteristic analysis showed
that when the optimal threshold for the ADC was
1.313 1023 mm2 s21, the best result for distinguishing
between benign solid lesions and malignant tumours of
the tongue was obtained with a sensitivity of 92.6%, a
specificity of 97.3%, an accuracy of 95.3% and the area
under the curve of 0.963 (Figure 5).

Discussion

The results of this study demonstrated that the mean
ADC values of malignant tumours were significantly
lower than those of benign solid and cystic lesions. The
lower ADC values of malignant tumours were attrib-
uted to the pathophysiological status (hypercellularity
and enlarged nuclei). Hypercellularity reduces the ex-
tracellular matrix and the diffusion space of water
protons in the extracellular compartment, and enlarged
nuclei decreases the intracellular dimensions, both re-
sulting in decreased ADC values.11–13

The findings of this study are in concordance with
prior studies. Srinivasan et al12 demonstrated a signifi-
cant difference in ADC values between benign and
malignant lesions in the head and neck at 3.0-T imag-
ing. They established an optimal ADC threshold of
1.33 1023 mm2 s21 for differentiating malignant from
benign tumours. The ADC threshold of our study is very
similar to Srinivasan’s. In a study by Wang et al,11 the
researchers found that the ADC values of solid benign
masses were significantly higher than those of malignant
tumours in the head and neck, and the ADC values of
cystic lesions were significantly higher than those of solid
benign masses. These results were also supported by
Abdel Razek et al.14 To our knowledge, there is only one
previous report on DWI in the diagnosis of the tongue
tumours by Ai et al.16 Their results indicated that ma-
lignant tumours exhibited significantly lower ADC val-
ues (using b-values of 500 and 1000 smm22) than those
of benign lesions at 1.5-T imaging, and the ADCb5500
value was ,1.433 1023 mm2 s21 for predicting ma-
lignancy. Their ADC threshold was greater than ours.
This variation can be explained by multiple factors
including the use of different b-values, field strength
and also by the variation in histology of included
lesions. Within the benign lesions, Ai et al16 included
cystic lesions and they had no inflammatory lesions,
whereas our study had solid lesions (including in-
flammatory lesions) and cystic lesions as two groups,
resulting in a lower mean ADC value.

Table 1 Mean apparent diffusion coefficient (ADC) values of malignant tumours, benign solid and cystic lesions of the tongue (31023 mm2 s21)

Pathology Number ADC (mean± standard deviation)
ADC
(minimum)

ADC
(maximum)

Malignant 37 1.08 ± 0.16 0.68 1.32
Squamous cell carcinoma 24 1.12 ± 0.11 0.94 1.32
Adenoid cystic carcinoma 6 1.14 ± 0.10 1.04 1.29
Non-Hodgkin’s lymphoma 4 0.73 ± 0.08 0.85 0.68
Mucoepidermoid carcinoma 1 1.00 – –
Epi-myo-epi carcinoma 1 1.15 – –
Metastasis 1 1.27 – –
Benign 27 1.68 ± 0.33 0.98 2.43
Vascular malformation 18 1.80 ± 0.29 1.34 2.43
Inflammatory lesions 6 1.35 ± 0.23 0.98 1.67
Schwannoma 1 1.33 – –
Hamartoma 1 1.82 – –
Lingual thyroid 1 1.63 – –
Cyst 14 2.21 ± 0.35 1.16 2.63
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Although the result of this study demonstrated sig-
nificant difference in ADC values between benign and
malignant lesions, there was variability in ADC values
within each group. Within the malignant tumours,
lymphomas have more cellularity, and larger nuclei,
resulting in less extracellular or intracellular space. The
ADC values of lymphomas were lower than those of
squamous cell carcinomas (p, 0.001) and adenoid
cystic carcinomas (p, 0.001), and this finding is similar to
prior studies.18,19 In addition, the present study found that
there was no significant difference in ADC values between

squamous cell carcinomas and adenoid cystic carcinomas
(p5 1.00). Although inflammatory lesions showed lower
ADC values in benign lesions of the tongue, they were still
higher than those of malignant tumours (p5 0.001). This
result may be associated with hypercellularity and en-
larged nuclei in malignant tumours and varying properties
of secretions in inflammatory lesions. The prior studies
on the difference between inflammation and malignant
tumours on DWI had reached no agreement. Wang et al20

found there was no significant difference in the ADC
values between inflammatory and malignant masticator

Figure 1 Box and whisker plot of apparent diffusion coefficient (ADC) values of lingual lesions at 3.0-T strength. Malignant tumours (Malignan)
showed lower ADC values than benign solid masses and cystic lesions (Cyst).

Figure 2 A 55-year-old male with squamous cell carcinoma. (a) Axial T2 weighted image with fat suppression shows a homogeneously
hyperintense mass (arrow) at the right lateral aspect of the tongue, which extends across the midline. (b) Axial contrast-enhanced T1 weighted MR
image with fat suppression demonstrates heterogeneous enhancement (arrow). (c) Apparent diffusion coefficient (ADC) map reveals a hypointense
mass (arrow). The ADC value is 1.173 1023 mm2 s21.
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space lesions. However, Abdel Razek and Nada21

reported that the ADC value of masticator space ma-
lignancy was significantly lower than that of masticator
space infection. Sasaki et al18 also demonstrated that
DWI could differentiate inflammatory from malignant
tumours in the sinonasal area. The different results may
be owing to different pathologies of patients as well as
different data acquisitions. However, it is obvious that
the ADC values of benign cystic lesions in this study was
higher than those of the other two categories of lesions
owing to the relatively freer mobility of water protons in
the fluid than in other tissues.

In the present study, the ADC threshold value was
1.313 1023 mm2 s21, resulting in the highest sensitivity
of 97.3%, a specificity of 92.6% and an accuracy of
95.3%. One patient with squamous cell carcinoma
(1.323 1023 mm2 s21) was misdiagnosed with a benign
lesion. The small foci of liquefactive necrosis in the tumour
may explain the slightly high ADC value of squamous
cell carcinoma. Two inflammatory lesions exhibited
low ADC values (1.243 1023 and 0.983 1023 mm2 s21)
and were falsely diagnosed as malignant lesions. A large

amount of inflammatory cells with abundant exudation
of protein would limit the motion of the water protons in
the extracellular compartment and may be the reason for
the low ADC value of the inflammatory lesion. Another
inflammatory lesion showed low ADC value because of
squamous cell hyperplasia in the pathological analyses.
One dermoid cyst revealed a lower ADC value (1.163
1023 mm2 s21) among cystic lesions owing to higher
protein component in the fluid that increased the viscosity
and decreased the water proton mobility.11

The ADC value is not only dependent on the extent
of molecular diffusion but also varies with the underlying
chosen b-values. At lower b-values, an additional effect of
microperfusion is introduced, leading to stronger signal
decay and higher ADC values. At The First Affiliated
Hospital of Zhengzhou University, we opted to use
a maximum b-value of 1000 smm22, which was consistent
with most clinical studies.9 The use of higher b-values
results in ADC values that are much lower and better
approximate the true diffusion of the tissue. To the best of
our knowledge, it is still controversial how ADC values
vary between different field strengths. While significant

Figure 4 A 17-year-old male with cyst. (a) Axial T2 weighted image with fat suppression shows a homogeneously hyperintense lesion (arrow) in
the tongue root. (b) Axial contrast-enhanced T1 weighted MR image demonstrates heterogeneously peripheral enhancement (arrow). (c) Apparent
diffusion coefficient (ADC) map reveals a hyperintense lesion (arrow). The ADC value is 2.173 1023 mm2 s21.

Figure 3 A 43-year-old female with vascular malformation. (a) Axial T2 weighted image with fat suppression shows multiple heterogeneously
hyperintense lesions (arrow) in the tongue dorsum. (b) Axial contrast-enhanced T1 weighted MR image with fat suppression demonstrates
heterogeneous enhancement (arrow). (c) Apparent diffusion coefficient (ADC) map reveals heterogeneously hyperintense lesions (arrow). The
ADC value is 1.513 1023 mm2 s21.
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differences in ADC values measured in the brain’s gray
and white matter regions have been reported between
1.5- and 3.0-T field strengths,17 no such studies have
been performed in head and neck tumours. Therefore,
the present study attempted to investigate whether the
differences in ADC values between benign and malignant
lesions of the tongue are reproducible towards 3.0 T.
The present study is a retrospective study, which

includes patients suspected or at risk of a specific di-
agnosis. The design of this study is appropriate to evaluate
diagnostic accuracy and is comparable to daily practice,
compared with a case–control design, which introduces
a bias in patient selection and risks the chance of over-
estimation of the diagnostic accuracy.22 In addition, the
quantitative analysis of the ADC map and region-of-
interest delineation of this study were made by one radi-
ologist who may have a bias in ADC values measurement.
In the study by Ai et al,16 two radiologists in consensus
obtained the ADC values measurement, and the ADC
threshold (1.433 1023mm2 s21) was greater than that of
ours (1.313 1023 mm2 s21). Except for the use of different

b-values, field strength and the variation in pathological
types, delineation methods can be other possible factors
that affect ADC values.

In this study, the group of patients was heterogeneous
with different pathological entities and different age
groups of adults and children. Further investigations are
recommended in a larger number of cases on certain
pathological lesions in adults or children. One limitation
of the echo-planar sequence of the tongue is image deg-
radation caused by motion and susceptibility artefacts.
We noted that five patients were excluded because of bad
image quality in this work. It is reported that artefact
volumes were lower with a 3.0-T MRI scanner than with
a 1.5-T machine.23 We expect a thinner section, and
parallel imaging can be performed for better image con-
trast in the future studies.8 Another shortcoming of this
study is that ADC values between some benign lesions
and malignant tumours overlap, and this could result in
misdiagnosis. Thus, future studies of multiparametric
MRI may be helpful to improve the diagnostic accuracy
of differentiating malignant from benign lesions.24

Figure 5 Receiver operating characteristic (ROC) curve of apparent diffusion coefficient value used for differentiating malignant tumours from benign
solid lesions of the tongue. The optimal threshold was 1.313 1023mm2 s21 with a sensitivity of 92.6%, a specificity of 97.3% and an accuracy of 95.3%.
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In conclusion, DWI is useful in differentiating be-
nign lesions from malignant tumours of the tongue at
3.0 T. The ADC values are lower in malignant tumours

than in benign lesions of the tongue. An ADC value
,1.313 1023 mm2 s21 can be used for predicting ma-
lignant tumours of the tongue.
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