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Diffusion-weighted imaging in the head and neck region: 
usefulness of apparent diffusion coefficient values for 
characterization of lesions

HEAD AND NECK IMAGING
ORIGINAL ARTICLE

PURPOSE
We aimed to evaluate the role of apparent diffusion coeffi-
cient (ADC) values calculated from diffusion-weighted imag-
ing for head and neck lesion characterization in daily routine, 
in comparison with histopathological results. 

METHODS
Ninety consecutive patients who underwent magnetic res-
onance imaging (MRI) at a university hospital for diagnosis 
of neck lesions were included in this prospective study. Dif-
fusion-weighted echo-planar MRI was performed on a 1.5 T 
unit with b factor of 0 and 1000 s/mm2 and ADC maps were 
generated. ADC values were measured for benign and malig-
nant whole lesions seen in daily practice. 

RESULTS
The median ADC value of the malignant tumors and benign 
lesions were 0.72×10-3 mm2/s, (range, 0.39–1.51×10-3 mm2/s) 
and 1.17×10-3 mm2/s, (range, 0.52–2.38×10-3 mm2/s), respec-
tively, with a significant difference between them (P < 0.001). 
A cutoff ADC value of 0.98×10-3 mm2/s was used to distin-
guish between benign and malignant lesions, yielding 85.3% 
sensitivity and 78.6% specificity. The median ADC value of 
lymphomas (0.44×10-3 mm2/s; range, 0.39–0.58×10-3 mm2/s) 
was significantly smaller (P < 0.001) than that of squamous 
cell carcinomas (median ADC value 0.72×10-3 mm2/s; range, 
0.65–1.06×10-3 mm2/s). There was no significant difference 
between median ADC values of inflammatory (1.13×10-3 
mm2/s; range, 0.85–2.38×10-3 mm2/s) and noninflammato-
ry benign lesions (1.26×10-3 mm2/s; range, 0.52–2.33×10-3 
mm2/s). 

CONCLUSION
Diffusion-weighted imaging and the ADC values can be used 
to differentiate and characterize benign and malignant head 
and neck lesions. 

D iagnosis of head and neck lesions is difficult due to the compli-
cated anatomic structure and different histological components 
of the many tissues that the neck contains. Imaging of head and 

neck lesions is not only important for diagnosis of lesions, but also for 
differentiation of benign lesions from malignant lesions and staging of 
tumors. While conventional imaging methods mainly evaluate mor-
phological properties, their value is limited in recognizing prognostic 
characteristics such as benign-malignant differentiation of lesions (1). 
Routine magnetic resonance imaging (MRI) is a time-consuming meth-
od, which is sensitive to differences between examiners and may require 
the use of contrast material. With development of rapid MRI sequences 
(such as echo-planar [EPI], fast advanced spin echo [FASE], split echo 
acquisition of fast spin echo [SPLICE]), the sensitivity to susceptibility 
artifacts limiting the use of MRI for the head and neck region and limita-
tions linked to duration have been significantly reduced (2, 3).

Diffusion-weighted magnetic resonance imaging (DW-MRI) is a short 
sequence produced from EPI, FASE, SPLICE sequences. DW-MRI is sen-
sitive to the randomized (Brownian) motion of water molecules at a 
microscopic level, which provides functional information about tissues. 
DW-MRI was initially used to diagnose early stroke in the brain and 
to evaluate brain masses (4–6). Previous studies have shown that rapid 
growth of high-grade tumors like astrocytoma and lymphoma causes 
hypercellularity, which leads to limitation of the diffusion of water mol-
ecules. Nowadays, apparent diffusion coefficient (ADC) maps calculated 
from DW-MRI sequences are being increasingly used to provide quan-
titative data for head and neck lesion diagnosis. In malignant lesions, 
the DW-MRI signal increases and signal loss is observed on ADC maps 
(5, 7, 8). Many researchers benefited from this feature of DW-MRI and 
evaluated the effectiveness of DW-MRI for head and neck lesion identi-
fication, benign-malignant differentiation, and characterization of ma-
lignant lesions (9–11).

In this prospective study, head and neck lesions that are seen in daily 
routine were evaluated using DW-MRI, and the role of ADC values in le-
sion characterization was investigated with the guidance of histopatho-
logical results.

Methods
Patients

From January 2012 to January 2014, 90 consecutive patients underwent 
MRI for diagnosis of head and neck lesions in our center. Among them, 
15 patients were excluded due to lack of histopathological results, seven 
patients were excluded because of motion artifacts, and six patients were 
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excluded due to lesions that are less 
than 1 cm in size which do not allow 
ADC measurements. Final study pop-
ulation included 62 patients (44 men 
and 18 women; median age, 55 years; 
range, 18–83 years) who had lesions 
larger than 1 cm in size and a histo-
pathological diagnosis were included in 
the study. All patients had good quality 
ADC maps enabling measurements.

The study protocol conformed to the 
ethical guidelines of the 1975 Declara-
tion of Helsinki and it was approved by 
the local ethics committee. Informed 
consent was obtained from all individ-
uals.

Magnetic resonance imaging techniques
A 1.5 Tesla system (Intera Master Gy-

roscan, Philips Medical Systems) with 
a head and neck coil was used for MRI. 
The routine MRI protocols were used 
for all patients including transverse 
T1-weighted turbo spin-echo (TSE) (TR/
TE=430/12 ms) and T2-weighted turbo 
spin-echo (TSE) (TR/TE=4525/100 ms) 
sequences with or without fat suppres-
sion with slice thickness, 6 mm; slice 
gap, 0.6 mm; field-of-view, 23×25 cm; 
and matrix size, 228×512.

Diffusion-weighted single-shot EPI 
MRI was performed before contrast in-
jection at b factor 0 and 1000 s/mm2 
with the following parameters: TR/
TE=4000–4280/94–110 ms; field-of-
view, 23×28 cm; matrix size, 94×160; 
slice thickness, 6 mm; slice gap, 1.2 
mm; and bandwidth 2.137 kHz. The 
spectral presaturation with inversion 
recovery (SPIR) was used for fat sup-
pression. We did not use any antis-
usceptibility devices on the head and 
neck to reduce the susceptibility arti-
facts; respiratory triggering and cardiac 
gating were not used.

Next, we obtained T1-weighted turbo 
spin-echo (TR/TE=430–606/12 ms) in 
transverse, sagittal, and coronal planes 
after intravenous injection of gadopen-
tetate dimeglumine (Magnevist, Bayer 
Pharma AG) in all patients with SPIR 
for fat suppression with slice thickness, 
6 mm; slice gap, 0.6 mm; field-of-view, 
23×25 cm; and matrix size, 190×512.

Magnetic resonance imaging analysis
A computer program included in 

Philips Extended MR Workspace (ver-
sion 2.6.3.2 Philips Medical Systems) 

was used for calculation of ADC values. 
The ADC measurements were calculat-
ed on ADC maps which were generated 
from DW-MRI with b=1000 s/mm2. We 
used a region of interest (ROI) with a 
median size of 30 mm2 to calculate the 
ADC values on ADC maps. In patients 
with more than one lesion with the 
same pathology, ADC measurement 
was obtained from the largest lesion. 
We measured three ROIs with simi-
lar size from the solid portion of the 
mass to obtain a mean ADC value cor-
responding to the contrast-enhanced 
T1-weighted image. We avoided necrot-

ic or cystic parts of the tumors illustrat-
ed on the corresponding T2-weighted  
image. Radiologists performing the 
measurements were blinded to the his-
topathological results.

We also measured ADC value of spi-
nal cord and cerebrospinal fluid (CSF) in 
the upper neck area to assess the validity 
and standardization of our method, due 
to the variety of localization and histo-
pathological diagnosis of lesions.

Histopathologic classification
The diagnosis and location of le-

sions are given in Table 1. Definitive 

Table 1. Diagnosis of lesions and locations in the head and neck region 

 Diagnosis Location

Malignant lesions (n=34) Squamous cell carcinoma (17) Larynx (11), oral cavity (3),  
  oropharynx (2), nasopharynx (1)

 Lymphoma (4) Oropharynx (2), cervical lymph  
  node (2)

 Nasopharyngeal carcinoma (2) Nasopharynx (2)

 Laryngeal carcinoma (2) Larynx (2)

 Carcinoma metastasis (2) Deep cervical spaces (2)

 Malignant mesenchymal tumor (2) Larynx (2)

 Neuroendocrine tumor (1) Parotid gland (1)

 Follicular carcinoma (1) Thyroid gland (1)

 Oncocytic mucoepidermoid  Parotid gland (1) 
 carcinoma (1) 

 Malignant melanoma (1) Oral cavity (1)

 Papillary thyroid carcinoma (1) Thyroid gland (1)

Benign lesions (n=28)

      Inflammatory (n=14) Chronic inflammation (7) Parapharyngeal spaces (3),  
  submandibular lymph node (2),  
  nasopharynx (1), oral cavity (1)

 Granulomatous inflammation (4) Cervical lymph node (2), parotid  
  gland (1), submandibular lymph  
  node (1)

 Sialadenitis (2) Parotid gland (2)

 Lymphocytic thyroiditis (1) Thyroid gland (1)

      Noninflammatory (n=14) Pleomorphic adenoma (3) Parotid gland (3)

 Lymphoid hyperplasia (2) Palate (2)

 Warthin tumor (2) Parotid gland (2)

 Benign mixed tumor (2) Parotid gland (2)

 Hemangioma (2) Oral cavity (2)

 Peripheral giant cell granuloma (1) Maxillary space (1)

 Keratinous cyst (1) Subcutaneous space (1)

 Benign peripheral nerve sheath  Parotid gland (1) 
 tumor (1) 

Number of lesions are given within parentheses.



histopathological diagnosis was made 
following surgical operation in 35 pa-
tients, by tru-cut biopsy in 16 patients, 
and by thin-needle biopsy in 11 pa-
tients. Lesions were classified into two 
main groups: benign (n=28) and ma-
lignant (n=34). Malignant lesions were 

classified as lymphoma (n=4) and car-
cinoma (n=30). Squamous cell carci-
noma (SCC) patients was classified ac-
cording to the level of differentiation 
as well-differentiated (n=4), moderate-
ly differentiated (n=9) and poorly dif-
ferentiated (n=4). Benign lesions were 

classified as inflammatory (n=14) and 
noninflammatory (n=14).
Statistical analysis

SPSS 19.0 (IBM Corp.) was used for 
statistical analysis. Descriptive statis-
tics of continuous variables are given 
as mean, standard deviation, median, 
minimum, and maximum values. Cat-
egorical variables are presented as fre-
quency and percent. Shapiro Wilk test 
was used for test of normality. Mann 
Whitney U test was used for nonpara-
metric two group comparisons. Receiv-
er operating characteristic (ROC) anal-
ysis was used with Youden Index to 
find a cutoff value for benign and ma-
lignant discrimination. For all statisti-
cal comparisons P < 0.05 was assumed 
to be statistically significant.

Results
The median ADC value of the malig-

nant tumors and benign lesions were 
0.72×10-3 mm2/s, (range, 0.39–1.51×10-3 

mm2/s) and 1.17×10-3 mm2/s (range, 0.52–
2.38×10-3 mm2/s), respectively. There was 
a significant difference between ADC val-
ue of benign and malignant lesions (P < 
0.001) (Table 2).

ROC analysis was used to detect the 
cutoff point differentiating malignant 
lesions from benign pathologies (Fig. 1). 
The area under the curve was larger than 
0.83 (P < 0.001). When 0.98×10-3 mm2/s 
was used as the cutoff ADC to distinguish 
between benign and malignant lesions, 
sensitivity was calculated as 85.3% and 
specificity as 78.6%.

Among malignant lesions, the lowest 
median ADC value was calculated in 
lymphoma patients (n=4) as 0.44×10-3 
mm2/s (range, 0.39–0.58×10-3 mm2/s) 
(Fig. 2). SCC, the most common ma-
lignant head and neck tumor (n=17), 
had a median ADC value of 0.72×10-3 
mm2/s (range, 0.65–1.06×10-3 mm2/s) 
(Fig. 3). ADC values of lymphoma and 
SCC patients were significantly differ-
ent (P < 0.001).

When carcinomas of head and neck 
were divided into SCC and non-SCC 
groups, the median ADC value of non-
SCC group tumors (n=13) was 0.74×10-3 
mm2/s (range, 0.63–1.51×10-3 mm2/s). 
There was no significant difference be-
tween ADC value of these tumors (P = 
0.799) (Table 2).

When SCC patients were divid-
ed in three groups according to their 
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Table 2. Median ADC value of the head and neck lesions

  Median ADC (min–max)
Head and neck lesions (×10-3 mm2/s) P*

 Benign 1.17 (0.52–2.38) <0.001

 Malignant  0.72 (0.39–1.51) 

Malignant  

 SCC 0.73 (0.65–1.06) 0.799

 Non-SCC 0.74 (0.63–1.51) 

Benign  

 Inflammatory 1.14 (0.85–2.38) 0.910

 Noninflammatory 1.27 (0.52–2.33) 

ADC, apparent diffusion coefficient; SCC, squamous cell carcinoma. 
*Mann Whitney U test.

Figure 1. Receiver operating characteristic (ROC) curve of the ADC value used for 
differentiating malignant tumors from benign lesions. The area under the curve (AUC) is 0.83.
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histopathological differentiation, the 
median ADC value for well-, moder-
ately, and poorly differentiated SCC  
were 0.94×10-3 mm2/s (range, 0.7–
1.06×10-3 mm2/s), 0.72×10-3 mm2/s 
(range, 0.68–1.07×10-3 mm2/s), and 
0.8×10-3 mm2/s (range, 0.64–0.96×10-3 

mm2/s), respectively. To compare our 
findings with results of a previous 
study we divided SCC in two groups 
according to histopathological differ-
entiation: well- or moderately differ-
entiated SCC (n=13) and poorly differ-
entiated SCC (n=4). Median ADC was 

0.83×10-3 mm2/s (range, 0.65–1.06×10-3 
mm2/s) for well- or moderately differ-
entiated SCCs. ADC values were not 
significantly different between the two 
groups (P = 0.350).

In benign lesions, the median ADC 
value of inflammatory and noninflam-
matory lesions were 1.13×10-3 mm2/s 
(range, 0.85–2.38×10-3 mm2/s) and 
1.27×10-3 mm2/s, (range, 0.52–2.33×10-3 
mm2/s), respectively. The ADC value of 
inflammatory lesions did not significant-
ly differ from those of noninflammatory 
benign lesions (P = 0.910) (Table 2).

No significant differences in the 
mean and median ADCs of the spinal 
cord and CSF were seen among four 
categories (Table 3). The mean and me-
dian ADCs of the spinal cord and CSF 
in all 62 patients were (0.77±0.10)×10-3 
mm2/s and 3.24 (2.25–4.84)×10-3 mm2/s, 
respectively.

Discussion
There are very few studies in the lit-

erature on the use of DW-MRI for be-
nign neck pathologies and inflamma-
tory diseases (12, 13). Kito et al. (13) 
studied neck abscess and found that 
the ADC values in those with abscess 
and inflammation were statistically 
and significantly lower than the ADC 
values of those with normal tissue in 
the oral and maxillofacial region. They 
showed that the protein complexes 
in the necrotic parts of the inflamma-
tory lesions and possible presence of 
microorganisms with inflammatory 
cells limit the diffusion of water mol-
ecules, and as a result, lower ADC val-
ues were obtained. According to the 
study of Kito et al. (13), it is possible 
to distinguish inflammatory and non-
inflammatory tissues using DW-MRI, 
without contrast material. In the cur-
rent literature, there has been no study 
comparing the differences between 
ADC values of inflammatory and non-
inflammatory head and neck lesions. 
In our study, we separated benign le-
sions as inflammatory and noninflam-
matory benign lesions. The median 
ADC value of inflammatory lesions 
(1.13×10-3 mm2/s) was lower than the 
median ADC value of noninflamma-
tory benign lesions (1.26×10-3 mm2/s), 
but there was no statistically signifi-
cant difference between the ADC val-
ues of the two groups. This may be be-

Figure 2. a–d. Transverse MR images of a 67-year-old male patient with B cell lymphoma. 
T2-weighted image (a) shows multiple enlarged cervical lymph nodes. In T1-weighted fat-
suppressed postcontrast image (b), cervical lymph nodes were slightly enhanced. DW-MRI 
(c) shows increased signal intensity of the cervical lymph nodes. The ADC map (d) shows low 
signal intensity in the lymph nodes (median ADC, 0.35×10-3 mm2/s).
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Table 3. Median and mean ADCs of the lesions, spinal cord, and CSF

  ADC of lesion ADC of the spinal cord ADC of CSF
  Median (min–max) Mean±SD Median (min–max)
Diagnosis (×10-3mm2/s) (×10-3mm2/s) (×10-3mm2/s)

Inflammatory 0.14 (0.85–2.38) 0.79±0.10 3.30 (2.73-4.84)

Noninflammatory 1.27 (0.52–2.33) 0.77±0.11 3.23 (2.25-3.71)

SCC 0.73 (0.65–1.06) 0.79±0.10  3.08 (2.37-3.65)

Non-SCC 0.72 (0.39–1.51) 0.77±0.10 3.23 (3.03-3.62)

P  <0.001a 0.841b 0.498a

Normally distributed variables are given as mean and standard deviation; non-normally distributed 
variables are given as median, minimum, and maximum.
ADC, apparent diffusion coefficient; CSF, cerebrospinal fluid; SCC, squamous cell carcinoma.
aOne-way ANOVA.
bKruskal Wallis test.
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cause benign mass lesions are regarded 
as noninflammatory in our study un-
like previous studies in which normal 
tissues are regarded as noninflammato-
ry. As a result, the wide histopatholog-
ical variety among noninflammatory 
benign lesions affected our results. We 
believe that more studies are required 
to evaluate the ADC values of inflam-
matory lesions.

The ADC values of malignant neck 
lesions have been found to be lower 
than benign lesions by a significant 
rate in many studies (9, 11, 14). This 
situation is linked to the histopatho-
logical differences between benign and 
malignant lesions.

Wang et al. (9) reported that the 
threshold ADC value of 1.22×10-3 mm2/s 
had 84% sensitivity and 91% specificity 
for differentiation of benign-malignant 
masses. Sasaki et al. (14) compared ADC 
values in a study of sinonasal mass-
es and found that ADC values above 
0.84×10-3 mm2/s had 61% sensitivity 

and 94% specificity for benign lesions. 
Similarly, Abdel Razek et al. (11) found 
1.25×10-3 mm2/s ADC value had a sen-
sitivity of 94% and a specificity of 91% 
for benign-malignant mass differentia-
tion in a study of head and neck mass-
es in pediatric patients. Sakamoto et 
al. (15) used a threshold ADC value of 
1.61×10-3 mm2/s and contrary to the 
previous literature they found that 
there was no statistical difference be-
tween the ADC values of benign and 
malignant masses. This was linked to 
the wide range of variations in ADC 
values due to tumor cellularity, cystic 
or necrotic component and presence 
of fibrosis. Our study agrees with most 
studies in the literature with a statis-
tically significant difference between 
the ADC values of benign and malig-
nant tumors. The 0.961×10-3 mm2/s 
cutoff value determined in our study 
had 81.25% sensitivity and 78.57% 
specificity to distinguish benign ver-
sus malignant head and neck masses. 

The reason for our lower specificity 
was due to the wide histopathological 
variety in the benign mass group. Es-
pecially, the low ADC values of War-
thin tumor (n=2, mean ADC, 1.05×10-3 
mm2/s) played a role in reducing spec-
ificity (Fig. 4). In the studies of Abdel 
Razek et al. and Sasaki et al. (11, 14) 
there was no Warthin tumor and ADC 
values of benign lesions were relative-
ly homogeneous. The ADC values of 
Warthin tumors were shown to be low 
in studies comparing benign salivary 
gland lesions such as pleomorphic ad-
enoma and Warthin tumor (16, 17).  

In our study, when malignant le-
sions were compared, the average ADC 
value of lymphoma patients (0.44×10-3 
mm2/s) was found to be significant-
ly lower than that of SCC and other 
malignant group patients, in line with 
other studies in the literature (9, 10, 
14, 18). In a study by Wang et al. (9), 
the average ADC values of carcinoma 
group patients (SCC and adenocarci-
noma) were significantly higher than 
the average ADC values of the lympho-
ma patients. High ADC values in the 
carcinoma group were linked to the 
presence of necrotic foci which are too 
small to be identified on MRI. On the 
other hand, Maeda et al. (10) stated 
that many small necrosis foci would be 
smaller than the voxel size of the MRI 
and as a result they would not change 
the ADC values, contradicting the con-
clusion of Wang et al. (9). Instead, they 
linked this difference to the high cel-
lularity of lymphoma. Ichikawa et al. 
(19) stated that ADC-based differentia-
tion between lymphomas and oropha-
ryngeal carcinomas was possible. How-
ever, they reported that discrimination 
of nasopharyngeal carcinomas from 
lymphoma based on ADC values was 
not effective due to histological simi-
larity of nasopharyngeal carcinomas 
and lymphomas.

When the SCC patient group was 
compared based on the degree of dif-
ferentiation, different results were ob-
tained in many earlier studies (9, 10, 
20). Wang et al. (9) reported that the 
ADC values of poorly differentiated 
SCC patients were significantly lower 
compared to the ADC values of mod-
erately and well-differentiated SCC 
patients. Sumi et al. (20) found that 

Figure 3. a–d. Squamous cell carcinoma in the base of the tongue in a 19-year-old woman. 
T2-weighted transverse image (a) shows a hyperintense mass on the right-side of the tongue 
(white arrow). T1-weighted fat-suppressed postcontrast transverse image (b) shows marked 
enhancement (black arrow). DW-MRI (c) shows the mass as having a high signal intensity. The 
ADC map (d) shows low signal intensity in the mass (ADC value, 0.79×10-3 mm2/s).

c

a

d

b



Diffusion-weighted imaging in the head and neck region • 213

the ADC values of well- and mod-
erately differentiated SCC patients 
were significantly higher compared to 
those of poorly differentiated patients. 
Maeda et al. (10) reported that the 
average ADC values of the well- and 
moderately differentiated group were 
not significantly different from those 
of the poorly differentiated SCC pa-
tients. Similar to the study of Maeda et 
al. (10), we did not find a significant 
difference between the ADC values of 
well- or moderately differentiated SCC 
patients and poorly differentiated SCC 
patients. SCC differentiation is linked 
to the degree of keratinization, cell 
atypia, and stratification, which are 
compared qualitatively to distinguish 
the subtypes. Poorly differentiated 
SCC has more cell atypia compared to 
the other groups. As cell atypia increas-
es, water molecule diffusion is limited 
and thus ADC values decrease. The 
effects of histological features such as 

the keratinization and cellular atypia 
to ADC values cannot be estimated. 
SCCs show heterogeneous histological 
differentiation and therefore histolog-
ical section does not always correlate 
with DW-MRI maps.

There were several limitations in our 
study. First, to avoid selection bias and 
reflect the efficacy of DW-MRI on daily 
routine, we included patients of vari-
ous ages, with involvement of different 
neck regions and different pathologi-
cal diagnoses. Some pathology groups 
included a small number of patients. 
Additionally, sensitivity to susceptibil-
ity artifacts is relatively higher in our 
study because we used EPI DW-MRI. 
Use of more rapid sequences (SENSE, 
HASTE, etc.) instead of EPI DW-MRI 
would have reduced the sensitivity to 
these artifacts. Lastly, lesions under 1 
cm diameter were excluded from our 
study to avoid susceptibility artifacts. 
Future studies using rapid DW-MRI 

techniques are required to evaluate 
smaller head and neck lesions.

In conclusion, DW-MRI with quan-
titative ADC values may help to dif-
ferentiate and characterize benign and 
malignant head and neck lesions. 
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