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Abstract 

Background Differentiation between head-and-neck malignant lymphoma and squamous cell carcinoma is crucial 
as their management is radically different, and this retrospective study aims at demonstrating the value of DWI-MRI 
for their discrimination. Forty-four patients with pathologically proved untreated head-and-neck ML and SCC (22 ML 
and 22 SCC) were included in the study, and they underwent conventional MRI imaging (T1WI and T2WI) with DW-
MRIs at standard and high b-values with corresponding ADC maps which were generated along with a reference 
of the ADC values taken at the spinal cord and cerebrospinal fluid as an internal control. The sensitivity and specificity 
at the optimum cutoff point as well as the area under the receiver operating characteristic (ROC) curve were used 
for evaluation of diagnostic performance of DW-MRI at b 1000, b 1500, b 2000 s/mm2.

Results The mean SCC ADC values were much higher than ML at standard (b 1000) and high b-values (b 1500 
and b 2000). ROC curve analysis for the ADC values of SCC and ML at b 1000, b 1500 and b 2000 s/mm2 showed 
that the ADC cutoff values are > 0.83, > 0.75 and > 0.67 ×  10−3  mm2/s, respectively, with diagnostic accuracy 95.5%.

Conclusions As to sum up, we can safely say that we can fully rely on DWI MRI in differentiation between HNSCC 
and ML whether using standard or high b-values, as well as in discrimination of different histological grades of HNSCC 
as it revealed impressive results, which confer us to do without contrast in such cases.
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Background
Head-and-neck region comprises variable tumors. Squa-
mous cell carcinoma (SCC) is the most frequent malig-
nant mucosal neoplasm that affects the head-and-neck. It 
accounts for over 90% of all malignant neoplasms [1], fol-
lowed by malignant lymphomas (ML) which are second 

most common malignant tumor of the head-and-neck 
following SCC [2].

The management is radically different for these two dif-
ferent groups of malignancies. ML is treated by adjuvant 
therapy (chemotherapy, radiotherapy or a combination of 
both). However, SCC is best treated by complete surgical 
removal. So, it is important to differentiate ML from SCC 
as soon as possible in the early stages of the disease [2, 3].

Magnetic resonance imaging (MRI) is effective for 
diagnosing tumors. In addition to defining tumor’s site, it 
also can provide additional information about tumor size, 
extension, lymph nodes involvement and intracranial 
invasion. However, conventional MRI examination can-
not be used alone for differentiation between SCC and 
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lymphoma, as conventional MR imaging (both T1WI and 
T2WI) may show similar signal characteristics for both 
[4, 5].

Something that is remarkable for the functional imag-
ing techniques such as DWI-MRI—which is noninva-
sive—is that it offers information regarding biological 
and functional aspects of the tumor in addition to its size 
and location [6, 7].

Assessment of DWI can be carried out in two ways, 
qualitatively, by visual assessment of signal intensity, and 
quantitatively, by measurement of the apparent diffusion 
coefficient (ADC) which quantifies water proton motion, 
in biological tissues [8].

In recent years, with improvements in MR Imaging 
gradient technology, high b-value (b > 1000 s/mm2) DWI 
was introduced compared with standard b-value (b 1000 
s/mm2) DWI [9].

Aim of the work
The aim of this study was to determine the reliability of 
standard and high b-value DW-MRI in differentiation of 
head-and-neck malignant lymphoma and squamous cell 
carcinoma as well as in discrimination of different histo-
logical types of squamous cell carcinoma.

Methods
Cohort selection
In this retrospective study, 44 patients were selected 
from the outpatient oncology clinics in El Minya Uni-
versity Hospital and El Minya Oncology Center, during 
the period from July 2018 to September 2022. Selected 
patients were chosen regarding the inclusion criteria 
of being recently diagnosed, yet untreated pathologi-
cally proved ML or SCC in the head-and-neck region 
(Table 1). And the ones excluded from the study are those 
with other malignancies type rather than SCC and ML, 
treated patients by adjuvant therapy (radiotherapy, chem-
otherapy or both) or recurrent cases (Fig. 1).

This study was approved by the Research Ethics Com-
mittee (REC) under number 305 in 2018, Faculty of Den-
tistry, Minia University. Written, informed consent was 
obtained for all participants.

The 44 selected cases included twenty two patients 
with SCC (12 males, 10 females and mean age 58.4 years) 
and twenty two others with ML (14 males, 8 females and 
mean age 52.5 years).

Patient history and clinical examination
Each patient has undergone clinical examination through 
extra- and intra-oral routes with detailed history tak-
ing (Table  2). Then, patients have undergone either 
tru-cut image guided biopsy (n = 24, 54.5%), excisional 
(n = 12, 27.3%) or endoscopic biopsy (n = 8, 18.2%) with 

histopathological analysis and further classification of the 
pathologically proved SCC into well-differentiated, mod-
erately differentiated and poorly differentiated carcino-
mas (Fig. 2).

MRI sessions
All MR examinations were performed with a 1.5-T 
whole-body MR unit (Ingenia 1.5 Tesla, Philips, Neth-
erland), using head-and-neck circular polarization array 
surface coils.

Before diffusion-weighted image, T1-weighted images 
(1800/15)—repetition time msec/echo time (TE) msec, 
with two signals acquired, and T2-weighted images fast 
spin-echo images (360/75)—repetition time msec/echo 
time (TE) msec, with two signals acquired, were obtained 
in the transverse and coronal planes, with acquisition 
matrix of 224 × 256, slice thickness 4.0 mm, gap 1 mm, 
field of view 27 × 27 cm, number of acquisitions NEX 2, 
pixel resolution 0.7 × 1.1 × 4.0 mm; T2WI: TR = 4000–
6800 ms, while TE = 80–100 ms, matrix size 512 × 256, 
section thickness 4.0 mm, intersection gap 1 mm, field of 
view (FOV) 27 × 27 cm, number of acquisitions NEX 2, 
pixel resolution 0.7 × 1.1 × 4.0 mm)  (Fig. 3).

Transverse and coronal images covering the lesions 
and areas of drainage from regional lymph nodes were 
obtained. Sagittal planes were acquired only when nec-
essary as one or more pulses of T1- or T2-weighted 
sequences (Table 3).

Diffusion-weighted MR imaging was performed by 
using the multiple-section spin-echo single-shot echo-
planar sequence in the transverse plane. In application of 
DWI, any cystic or calcified portions were avoided.

In this sequence, diffusion weighting was achieved by 
applying a pair of motion-probing gradients, one before 
and the other after the 180° radio-frequency pulse of the 
spin-echo T2-weighted sequence (Fig. 4).

Table 1 Variable sites of SCC and malignant lymphoma

Tumor site Carcinoma
(n = 22)

Lymphoma
(n = 22)

N % N %

Larynx 10 45.5 4 18.2

Thyroid gland 0 0 2 9.1

Hypopharynx 2 9.1 0 0

Lymph nodes 0 0 6 27.3

Nasopharynx 2 9.1 0 0

Oral cavity 6 27.3 0 0

Oropharynx 0 0 8 36.4

Parotid gland 2 9.1 0 0

Submandibular space 0 0 2 9.1
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The single-shot echo-planar DW-MRI in the axial 
plane was obtained at different b-values—standard and 
high—(The standard b-value (b 0 and 1000 s/mm2), 
where TR/TE were (2169  ms/73  ms), respectively, 

matrix size 192 × 182, section thickness 5. 0 mm, inter-
section gap 1 mm, field of view (FOV) 27 × 27 cm, pixel 
resolution (1.5 × 1.5 × 4.0) and the high b-values (b 0 and 
1500 s/mm2 and b 0 and 2000 s/mm2), with TR/ TE (2464 

Fig. 1 Male patient, 65 years old, with pathologically proved oropharyngeal ML. A Coronal T1WI, B sagittal T2WI and C axial STIR, showing lobulated 
mass lesion (47 × 26 mm in dimensions) involving the right-sided supraglottic region, with inward bulging, significantly encroaching upon the air 
pathway rendering it narrowed. The lesion attains hypointense signal in T1WI with slightly hyperintense signal in T2WI and hyperintense 
fat suppression sequence. D, E DWI at b = 1000 s/mm2 with corresponding ADC value of 0.63 ×  10–3  mm2/s. F, G DWI at b = 1500 s/mm2 
with corresponding ADC value of 0.53 ×  10–3  mm2/s. H, I DWI at b = 2000s/mm with corresponding ADC values of 0.42 ×  10–3  mm2/s. On DWIs, 
the lesion is seen truly restricted with increased brightness on elevation of the b-value from 1000 to 2000 s/mm2
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ms/81  ms) and (2698  ms/87  ms) respectively, matrix 
size 192 × 182, section thickness 4.0 mm, intersection 
gap 1 mm, field of view (FOV) 27 × 27 cm, pixel resolu-
tion (2 × 2 mm). The average scan time was 2 min 20 s 
for b = 1000, 2 min 37 s for b = 1500 and 2 min 52 s for 
b = 2000 (Table 4).

All ADC maps were generated on the GE Medical Sys-
tems workstation. In order to generate the ADC maps, 
the signal intensity was calculated on DWI at the three 
different b-values (0 s/mm2 and 1000 s/mm2 for ADC 
map b 1000, 0 s/mm2 and 1500  s/mm2 for ADC map b 
1500 and 0 s/mm2 and 2000 s/mm2 for ADC map b 2000) 
on a pixel-by-pixel basis.

Image analysis
Two reviewers (with 10 and 12 years of experience in 
interpreting head-and-neck MR images) were blinded to 
the histopathological results.

• The signal intensity (SI) of the lesions was evaluated 
in the conventional MR imaging (T1WI and T2WI) 
and was compared to the SI of surrounding muscles.

• The regions of interest (ROIs) were drawn manually 
by consensus on the ADC maps at b 1000 s/mm2, 
with references of T1WI and T2WI, also as far as 
possible on the same region of approximately similar 
size (about 25–30  mm2) on ADC maps of b 1500 s/
mm2 and b 2000 s/mm2. The ROIs were drawn on a 
single slice in which the size of tumor was the larg-
est. Three ROIs were measured of similar size from 
the solid portion of the mass to obtain a mean ADC 
value. Meticulous care was taken to avoid cystic, 
necrotic, hemorrhagic portion that might influence 
the ADC values and to avoid normal bony structures.

• The ADC values were compared in the HNSCC and 
the ML with further discrimination of the ADC val-
ues of SCC different histological grades as well.

• In order to evaluate the standardization and validity 
of our method, given the variety of localization and 

histopathological diagnosis of lesions (SCC and lym-
phoma), spinal cord and cerebrospinal fluid (CSF) 
ADC values were measured in the upper neck area 
and used as control values (Table 5).

Statistical analysis
Numerical data were explored for normality by check-
ing the distribution of data and using tests of normality 
(Kolmogorov–Smirnov and Shapiro–Wilk tests). All data 
showed parametric (normal distribution). Parametric 
data were presented as mean and standard deviation (SD) 
values. For parametric data, Student’s t test was used to 
compare between mean age values in the two groups. 
Comparison between ADC values of both groups as well 
as between variable b-value findings within each group 
was accomplished using repeated measures ANOVA test. 
Bonferroni’s post hoc test was used for pair-wise compar-
isons. Frequencies and percentages were used to present 
qualitative data. Fisher’s exact test was used to compare 
between the two groups. Construction of ROC (receiver 
operating characteristic) curve to determine the cutoff 
values for discrimination between SCC and ML, cor-
relating them with the CSF and spinal cord ADC values 
as internal control. Areas under the ROC curve (AUCs) 
were compared using z-statistic. Statistical software ver-
sion 19.5.1 was utilized for ROC curve analysis. The sig-
nificance level was set at P ≤ 0.05.

Results

• Regarding conventional MRI, there was no statisti-
cally significant difference in the findings and the 
signal intensity of HNSCC and malignant lymphoma 
between T1WI and T2WI with non-significant P 
value.

• Comparison between ADC values of carcinoma and 
lymphoma in all b-values

Table 2 Comparison between ADC values  (mm2/s) in the two lesions, using repeated measures ANOVA test

*Significant at P ≤ 0.05; different superscripts in the same column are statistically significantly different

b-value Carcinoma
(n = 22)

Lymphoma
(n = 22)

P value (Between 
groups)

Effect size 
(Partial Eta 
Squared)

Mean×  10–3 SD
×  10–3

Mean
×  10–3

SD
×  10–3

b 1000 1.03A 0.2 0.67A 0.09  < 0.001* 0.591

b 1500 0.95B 0.17 0.61B 0.09  < 0.001* 0.609

b 2000 0.86C 0.16 0.56C 0.08  < 0.001* 0.616

P value (Within group)  < 0.001*  < 0.001*

Effect size (Partial Eta Squared) 0.796 0.649
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• Carcinoma group showed statistically significantly 
higher mean ADC values than lymphoma group in 
all the used b-values (whether using b 1000, b 1500 
or b 2000s/mm2).

o Pair-wise comparisons for the ADC values in the 
different b-values within each group revealed 
that the mean ADC value was disproportionate 
to the b-value, i.e., b 1000 s/mm2 showed the sta-

Fig. 2 Female patient, 45 years old, with pathologically proved tongue squamous cell carcinoma. A, B Axial T1WI and T2WI showing large ill-defined 
mass lesion (measuring 47 × 23 mm in dimensions) seen involving the left lateral aspect of the tongue, with no infiltration of the surrounding fat 
planes, respecting the tongue’s borders. The lesion attains hypointense signal in T1WI with heterogeneous high signal in T2WI. C, D DWI at b = 1000 
s/mm2 with corresponding ADC value of 1.10 ×  10–3  mm2/s. F, G DWI at b = 1500 s/mm2 with corresponding ADC value of 0.95 ×  10–3  mm2/s. H, I 
DWI at b = 2000s/mm with corresponding ADC values of 0.86 ×  10–3  mm2/s. On DWIs, the lesion is seen truly restricted with increased brightness 
on elevation of the b-value from 1000 to 2000 s/mm2
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tistically significantly highest mean ADC, while 
the b 1500  s/mm2 showed statistically signifi-
cantly lower mean ADC value and b 2000 s/mm2 
showed the statistically significantly lowest mean 
ADC value.

o ROC curve analysis for ADC values of b 1000, 
b 1500 and b 2000s/mm2 for discrimination 
between carcinoma and lymphoma showed 
that the cutoff ADC values are > 0.83, > 0.75 
and > 0.67 ×  10−3mm2/s, respectively (with the 
higher ADC values happened to be with carci-
noma), with 95.5% diagnostic accuracy, a sen-
sitivity of 90.9%, specificity of 100%, positive 
predictive value of 100% and negative predictive 
value of 91.7%.

o No statistically significant difference was noted 
between the measures areas under the ROC 
curve (AUC) of the different b-values using the 
pair-wise comparison, as follows: B 1000 and 
b 1500 (z = 0.606, P value = 0.545), b 1000 and 
b 2000 (z = 0, P value = 1), b 1500 and b 2000 
(z = 0.439, P value = 0.661).

• Comparison between ADC values of carcinoma 
grades and lymphoma

o With different b-values used in our study, well-
differentiated SCC showed the highest mean 
ADC, and both moderately and poorly differ-
entiated SCC showed lower ADC values, while 
lymphoma showed the lowest ADC value as 
shown in table [5].

• Comparison between ADC values of carcinoma, 
lymphoma and surrounding tissue as internal control

o In carcinoma group, there was a statistically sig-
nificant difference between the measured ADC 
values in carcinoma and in CSF of upper neck at 
all b-values in our study. Pair-wise comparisons 
revealed that the CSF showed the statistically sig-
nificantly highest mean ADC values. There was 
no statistically significant difference between the 
measured ADC values in carcinoma and spinal 
cord values; both showed statistically significantly 
lower ADC values than that of the CSF.

o As for lymphoma group, there was a statisti-
cally significant difference between the measured 
ADC values in lymphoma and in CSF of upper 
neck at all b-values in our study. Pair-wise com-
parisons revealed that the mean ADC value was 
significantly highest in the CSF, while it was sta-
tistically of lower value in the spinal cord and it 
was statistically significantly lowest in lymphoma.

Discussion
Squamous cell carcinoma (SCC) is the most frequent 
malignant mucosal neoplasm that affects the head-and-
neck [1] followed by the malignant lymphomas (ML) [2]. 
The management is radically different for these two dif-
ferent groups of malignancies. So, differentiation of these 
two entities is crucial in the early stages of the disease [2, 
3].

In the current study, we figured out that there was no 
statistically significant difference between SCC and ML 
groups in T1WI and T2WI (in conventional imaging) 
which is equivalent to the study conducted by Tomoko 
et al. [10] who showed that on both T1WI and T2WI, the 
signal intensities were not specific for ML or SCC.

Advanced MR imaging techniques as diffusion-
weighted imaging (DWI) provide information regarding 
the molecular and pathophysiological aspects of a tumor. 
So, it can determine any microscopic pathologic altera-
tions before they became visible on conventional MRI 
sequences [11].

High b-values (1000, 1500 and 2000 s/mm2) were uti-
lized in this study; therefore, the influence of perfusion 
was generally excluded, allowing the ADC values to 
approximate the true diffusion, thereby reflecting the 
cellularity, which is in rapprochement to the study con-
ducted by Lu et al. [12] who inferred that the motion in 
biological tissues includes the molecular diffusion of 
water (true diffusion) and the microcirculation of blood 
(perfusion). At low b-values lower than 300 s/mm2, the 
ADC would be limited because they were influenced by 
tissue perfusion.

ADC values were generated from DWI of standard 
b-value (b 1000) in this study. Of interest, we came out 
with the result that HNSCC showed statistically signifi-
cant higher mean ADC value (1.03 ± 0.20 ×  10−3   mm2/s) 
than lymphoma (0.67 ± 0.09 ×  10−3   mm2/s). That was 

Fig. 3 A male patient, 73 years old, suffering from change in quality of voice and dysphagia (proved pathologically as laryngeal SCC). A, B Axial 
T1- and T2-weighted image showing an abnormal signal intensity mass lesion (18 × 11 mm in size) involving the right glottis and supraglottic 
regions. The lesion displays iso- to hypo-signal in T1WI and hyperintense signal in T2WI. C, D DW-MRI at b = 1000 s/mm2, the ADC map (mean 
ADC = 1.3 ×  10–3  mm2/s). E, F DW-MRI at b = 1500 s/mm2, the ADC map (mean ADC = 1.2 ×  10–3  mm2/s). G, H DW-MRI at b = 2000 s/mm2, 
the ADC map (mean ADC = 1.1 ×  10–3  mm2/s). The lesion is seen truly restricted on DWIs with low ADC values on the corresponding ADC maps 
with the lowest ADC value at b = 2000 s/mm2

(See figure on next page.)
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Fig. 3 (See legend on previous page.)
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close to what Tomoko et  al. [10] reported in his study, 
where he stated that mean ADCs were smaller in lym-
phoma that SCC, using the high b factor of 1000  s/
mm2. In addition, Ichikawa et  al. [13] mentioned 
that ADC-based differentiation between lymphomas 
(0.503 ± 0.099 ×  10−3   mm2/s) and oropharyngeal carcino-
mas (0.842 ± 0.164 ×  10−3   mm2/s) was possible. However, 
they reported that discrimination of nasopharyngeal car-
cinomas from lymphoma based on ADC values was not 
effective due to histological similarity of nasopharyngeal 
carcinomas and lymphomas.

We yielded significantly lower ADC values in malig-
nant lymphoma than in HNSCC whether using b 1000, 
b 1500 or b 2000  s/mm2, owing to the high cellularity 
in ML which acted as a diffusion barrier. So, the results 
of our study are consistent with the observation that 
the ADC is inversely associated with tumor cellularity, 
which is to a great extent similar to the study conducted 
by Pablo et al. [14] and Songtao et al. [15] who explained 
that the ADC values are substantially dependent on the 
changes in the diffusion of water protons from water to 
different tissue microstructures which depends on cell 
size, density, integrity of cellular membrane and tissue 
vascularity, so any changes in the tissue alter the ADC. 
Malignant lymphomas may have characteristically more 
cellularity, larger nuclei with more macromolecular pro-
teins and less extracellular space than SCC.

It is worth mentioning that according to this study, 
ADC values have a substantial decrease by increasing 
the b-value over 1000  s/mm2; as for the SCC and ML, 
the mean ADC values at b 1500  s/mm2 decreased than 
at b 1000 s/mm2, and the mean ADC values at b 2000 s/
mm2 decreased significantly than at b 1500 and b 1000 s/

mm2 that results are affirmed by the study conducted by 
DeLano et al. [16] who reported that the explanation of 
the negative correlation between the ADC values and 
the b-value could be that the apparent diffusion is more 
accurately represented by a biexponential relation. There 
would not be correlation if the relationship was mono-
exponential, where the ADC value should remain con-
stant as the b-value increases.

Something to be considered in our study that the ROC 
curve analysis of ADC values in different b-values used 
in the study showed cutoff values of 0.83 ×  10−3   mm2/s, 
0.75 ×  10−3   mm2/s and 0.67 ×  10−3   mm2/s, respectively, 
that in turn distinguish SCC from ML with sensitivity, 
specificity, PPV (positive predictive value), NPV (nega-
tive predictive value) and diagnostic accuracy of 90.9%, 
100%, 100%, 91.7% and 95.5%, respectively. Likewise, the 
studies conducted by Tomoko et al. [10] and Vidiri et al. 
[17] where ADC thresholds in different b values were 
set of value 0.84 ×  10−3   mm2/s, 0.89 ×  10–3   mm2/s and 
0.83 ×  10–3   mm2/s respectively to differentiate between 
these two lesions. That is quite different from the study 
conducted by Ichikawa et al. [13] where the ADC cutoff 
value at b factor = 1000 was 0.66 ×  10−3  mm2/s to discrim-
inate oropharyngeal lymphomas from SCCs with higher 
sensitivity 100% and lower specificity 88%, 93% accuracy.

The current results inferred the ADC value of poorly 
differentiated (PD) SCC at different b-values, whether 
standard (b 1000) or high b-values (b 1500, b 2000) were 
lower than well-differentiated (WD) and moderately dif-
ferentiated (MD) SCC. This agrees with Tomoko et  al. 
[10] and Yun et al. [18] studies who stated that WD SCC 
had higher ADCs than poorly differentiated SCC at b 
1000 and b 2000  s/mm2. This can be explained by the 

Table 3 Comparison between ADC values  (mm2/s) in carcinoma group and in normal values, using repeated measures ANOVA test

*Significant at P ≤ 0.05; different superscripts in the same row are statistically significantly different

b-value Carcinoma
(n = 22)

Normal CSF
(n = 22)

Normal spinal cord
(n = 22)

P value Effect size 
(Partial Eta 
Squared)

Mean
×  10–3

SD
×  10–3

Mean
×  10–3

SD
×  10–3

Mean
×  10–3

SD
×  10–3

b 1000 1.03B 0.2 3.02A 0.53 1.15B 0.19 0.018* 0.444

b 1500 0.95B 0.17 2.8A 0.23 1.05B 0.16  < 0.001* 0.985

b 2000 0.86B 0.16 1.86A 0.1 0.86B 0.08  < 0.001* 0.978

(See figure on next page.)
Fig. 4 A male patient, 52 years old, complaining of left sided neck swelling (proved pathologically as cervical lymphoma). A, B Axial 
T1- and T2-weighted image revealed multiple well-defined variable sized enlarged cervical lymph nodes (LNs) at the left side of the neck. The 
lesions appear isointense in T1WI and hyperintense signal in T2WI. C, D DW-MRI at b = 1000 s/mm2, the ADC map (mean ADC value = 0.63 ×  10–

3  mm2/s). E, F DW-MRI at b = 1500 s/mm2, the ADC map (mean ADC value = 0.60 ×  10–3  mm2/s). G, H DW-MRI at b = 2000 s/mm2, the ADC map 
(mean ADC value = 0.55 ×  10–3  mm2/s). The lesion is seen truly restricted on DWIs with notably low ADC values on the corresponding ADC maps 
with the lowest ADC value at b = 2000 s/mm2
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Fig. 4 (See legend on previous page.)
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study of Bhatt et al. [19] who suggested that well-differ-
entiated tumors are characterized by less mitotic activity 
resulting in low nucleus–cytoplasmic ratio, bigger size of 
cells and relatively low cellularity as compared to poorly 
differentiated high-grade malignancies. The degree 
of restricted diffusion would be higher for high-grade 
poorly differentiated tumors than low-grade well-differ-
entiated malignant lesions.

Significant differences between the measured ADC val-
ues in HNSCC and normal CSF were observed in the cur-
rent study, but not between HNSCC and spinal cord at 
both standard (b 1000 s/mm2) and high b-values (b 1500 
and b 2000 s/mm2). That is in agreement with YUN et al. 
[18] who showed that there were significant differences 
between measured ADC values of HNSCC and CSF 
at both b 1000 and b 2000  s/mm2. Also, the study con-
ducted by Serifoglu et al. [20] greatly matches the current 
study in that at standard b-value there was no significant 
difference between HNSCC and spinal cord ADC values.

We also figured out that the ADC values measured 
in lymphoma, CSF and spinal cord showed statistically 
significant difference in different b-values. The highest 
mean ADC value was in CSF, followed by the spinal cord 
which was lower than that of lymphoma which was with 
the lowest mean ADC values. This coincides with the 
study conducted by Şerifoglu et al. [20] who applied ADC 
values in lesions’ characterization at b-value 0 and 1000 
s/mm2. He found out that the mean ADC values of spinal 
cord and CSF were higher than that of ML.

The limitation of this study is that the HNSCC and 
ML population were quite heterogeneous as we included 
patients of various ages, with involvement of different 
neck regions and different pathological conditions which 
made the homogenization of our results difficult. Further 
studies with larger sample size might be needed to con-
firm findings of this study.

Conclusions
As to sum up, we can safely say that we can fully rely on 
DWI MRI in differentiation between HNSCC and ML 
whether using standard or high b-values, as well as in dis-
crimination of different histological grades of HNSCC as 
it revealed impressive results, which confer us to do with-
out contrast in such cases.

Abbreviations
HNSCC  head-and-neck squamous cell carcinoma
H&N  head-and-neck
ML  Malignant lymphoma
DWI  Diffusion-weighted imaging
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