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Lymph nodes in the head and neck cancer:
would diffusion-weighted magnetic
resonance imaging solve the diagnostic
dilemma?
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Abstract

Background: Head and neck cancer has been labeled as the fifth most common cancer. Lymph node (LN)
metastases were reported as the most important predatory factor for diagnosis and selection of suitable treatment.
Diffusion-weighted (DW) magnetic resonance (MR) imaging is a very important tool that gives quantitative data in
several compartments. This work aims to evaluate the diagnostic value of diffusion-weighted as a part of the
magnetic resonance imaging in patients with head and neck cancer to allow differentiation of lymph nodes, cancer
staging, assessment of recurrence, and evaluation of the effects of oncologic therapy.

Results: The size of pathologically proven benign LNs ranged from 1 to 3 cm (1.71 ± 0.724) and malignant LNs
ranged from 1.1 to 5.6 cm (2.54 ± 0.92) (P = 0.0103). The ADC value for benign LNs ranged from 1.26 × 10−3 to 2.49
× 10−3 (mean 1.98 × 10−3 ± 0.32 × 10−3), and malignant LNs from 0.608 × 10−3 to 2.1 × 10−3 (mean 0.971 × 10−3 ±
0.305 × 10−3) (P < 0.001) with sensitivity and a specificity of 94% and 100% respectively. The ADC value for
metastatic LNs ranged from 0.70 × 10−3 to 2.10 × 10−3 (1.08 × 10−3 ± 0.31 × 10−3) while lymphomatous nodes
ranged 0.608 × 10−3 to 1.16 × 10−3 (0.78 × 10−3 ± 0.17 × 10−3). In this study, a significant statistical difference was
also observed between the ADC value of the SCC and lymphomatous LN (P = 0.0034) with sensitivity and a
specificity of 90% and 75% respectively.

Conclusion: Diffusion-weighted MR imaging is an effective assist in differentiating benign and malignant lymph
nodes. It acts as an indicator for recovery or recurrence after chemotherapy and radiotherapy.
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Background
Lymph nodes are widely distributed, and our body
has about 800 lymph nodes, about 300 are found in
the neck [1]. Enlarged abnormal cervical lymph nodes
are indicator for several pathological conditions
including tumors, infection, and inflammation [2].
Cervical lymphadenopathy is a term to describe the
conditions in which lymph nodes become abnormal

in size (measuring more than 1 cm in diameter),
consistency, and number [3, 4]. DWI is recognized as
a sensitive marker in distinguishing between benign
and malignant head and neck cancer, treatment
protocol, and follow-up [5, 6].
Tumors in the head and neck are including cancers in

various anatomical sites including tumors of the oral
cavity, nasopharynx, paranasal sinuses, and larynx [7].
Globally, tumors in the head and neck are recognized as
one of the top five tumor types. They are accounting for
about 3 to 4% of the overall malignancies. So far, tumors
in the head and neck are responsible for more than 700,

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: daliakhaled80@yahoo.com
Department of Diagnostic Radiology, Cairo University, Giza, Egypt

Egyptian Journal of Radiology
and Nuclear Medicine

Serour et al. Egyptian Journal of Radiology and Nuclear Medicine          (2020) 51:190 
https://doi.org/10.1186/s43055-020-00311-1

http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-020-00311-1&domain=pdf
http://orcid.org/0000-0001-7361-4546
http://creativecommons.org/licenses/by/4.0/
mailto:daliakhaled80@yahoo.com


000 cases and more than 350,000 deaths annually [8, 9].
About 95% of head and neck cancer begins in squamous
cells and known as head and neck squamous cell carcin-
oma (HNSCC). Alcohol and tobacco are the major risk
factors for causing and developing this type of tumor; re-
cently, the Epstein-Barr virus (EBV) and the human pap-
illomavirus (HPV) are also considered other risk factors
for the nasopharyngeal and oropharyngeal cancers
respectively [7, 10]. Computed tomography (CT), routine
magnetic resonance imaging, and laryngoscopy are the
most commonly used diagnostic techniques for that type
of cancer [11]. MRI sequences provided precise data
regarding tumor size, site, and the head and cancer
morphology. The diffusion-weighted imaging as a part of
the MRI technique being a non-invasive tool without the
definite need for administration of intravenous contrast
agent had provided a reliable ability in the differentiation
between the benign and malignant tissues [12].
The main objective of this study was to evaluate the

role of diffusion-weighted magnetic resonance imaging
in differentiating between the benign and the malignant
lymph nodes in patients with head and neck malignancy
as well as to evaluate its role as regards the cancer sta-
ging, recurrence, as well as evaluation of the effects of
oncologic therapy.

Methods
This study was conducted on 40 patients referred to the
radiodiagnosis and imaging department of our institu-
tion, between March and September 2018. The patients
included in this study were from the outpatient clinics
suffering from palpable cervical lymph nodes with un-
known primary malignancy or having a known head and
neck cancer. This study is IRB approved with a provided
written consent given by all patients before proceeding
with examination. The exclusion criteria were non-
confirmed histopathological results and absolute contra-
indications to MRI such as cardiac pacemakers.
The full socio-demographic and clinical data including

age, sex, and general examination including local head
and neck examination as well as the laboratory biochem-
ical parameters such as kidney function parameters were
all recorded.
All MR examinations were acquired by a 1.5-T whole-

body system Philips machine. All the patients were
scanned in the supine position utilizing a head and neck
surface coil for both the conventional imaging and
diffusion-weighted MR imaging. The conducted se-
quences included the axial and coronal T2-weighted fast
spin-echo sequences, followed by axial T1-weighted pre
and post-fat-suppression fast spin-echo sequences with
given parameters summarized in Table 1.
The diffusion acquisition was obtained using b values

0, 500, and 1000 s/mm2. We used a high b value of 1000

s/mm2 to give an accurate assessment at sufficiently high
signal-to-noise ratios. The diffusion-weighted images
were generated by single-shot echo-planar imaging spin-
echo technique with the given parameters: TR/TE, 2000/
50–60; slice thickness, 5 mm; matrix, 256 × 256; FOV,
220 mm; and flip angle, 90°. The ADC map was gener-
ated by using the acquired images, and the apparent
diffusion coefficient (ADC) was calculated monoexpo-
nentially via the scanner software.
The post-contrast sequence images were obtained

after Gadoteric acid IV injection given at a rate of 2 ml/
s. Post-contrast T1-weighted imaging with fat suppres-
sion was performed in the axial and coronal planes.
The lymph nodes were assessed based on the inter-

nationally accredited standards for the assessment of the
anatomical imaging data. Firstly, we detected the ana-
tomical location of enlarged lymph nodes and character-
ized them by the numerical grouping system. Then, the
size and morphological characteristics of lymph nodes as
regard to their parenchymal homogeneity and contrast
enhancement were reported. The DW images with their
corresponding ADC maps were carefully evaluated in
concurrence. Through the obtained b value of 0 s/mm2

images, the lymph nodes were adequately localized. Mul-
tiple (2–3) regions of interests (ROIs) were put over the
lymph nodes that were depicted on the b value 0 images
based on visual assessment in order to obtain quantita-
tive assessment; those regions were automatically trans-
ferred to the other b value images. For all solid lymph
nodes, the regions of interest were put anywhere along
the center and/or periphery of the examined lymph
node. For other nodes showing mixed solid and necrotic
components, the regions of interest was put on the solid
portion. The mean ADC value of all the examined ROIs
was used for the analysis and was known to be the mean
ADC for the lesion.
Finally, the radiologic findings were correlated with

the histopathologic results as a reference standard.
Histopathologic analysis was done in all patients (3
patients underwent excisional biopsy while 37 patients
underwent fine-needle aspiration cytology (FNAC)).
The optimal ADC threshold with b values 0 and 1000

for discriminating the benign from the malignant lymph
nodes was established via using receiver operating char-
acteristic analysis. The sensitivity and specificity of the
ADC with b values 0 and 1000 were subsequently
calculated.
The provided data was further analyzed via the Statis-

tical Package for Social Sciences (SPSS) software. P < 0.05
was regarded as indicating a significant difference.

Results
Among the study population, 22 (55%) were males
and 18 (45%) were females, their ages ranged between
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11 and 67 years (mean age 39.75 ± 17.6), and a total
pathological lymph nodal mean size of 2.21 ± 0.95 cm
(range 1–5.6 cm). The clinical presentation of the
study patients revealed that 17 (43%) patients who
came with appreciable cervical lymph nodes had no
identified primary and had US neck or CT prior to
their MRI study; 19 (47%) patients who reported to
have head and neck cancer had come for staging and
treatment preparation while 4 (10%) patients who
came for their post-operative follow-up (thyroidec-
tomy and radioactive iodine or hemiglossectomy) had
undergone neck US prior to MRI neck examination.

Histopathological analysis
Figure 1 shows the subgroups of lymph nodes accord-
ing to the histopathology. The image evaluation
showed that 10 cases were pathologically proven to
be benign lymphadenopathy with the size ranged be-
tween 1 and 3 cm (1.71 ± 0.724), including acute

reactive lymphadenitis, chronic granulomatous,
chronic non-specific inflammation, and hyperplasia of
the reactive lymphoid tissue, and 30 malignant lymph
nodes; the malignant nodes measured between 1.1
and 5.6 cm (2.54 ± 0.92) include 20 metastatic LNs
from head and neck malignancy and 10 primary
lymphomas; the difference between the benign and
malignant nodes as regard their size was statistically
significant (P value = 0.0103) (Fig. 2).

Parenchymal architecture
Table 2 showed the parenchymal architecture of malig-
nant and benign lymphadenopathy. The ADC value for
benign LNs ranged between 1.26 × 10−3 and 2.49 × 10−3

(1.98 × 10−3 ± 0.32 × 10−3). The ADC value for malig-
nant LNs ranged between 0.608 × 10−3 and 2.1 × 10−3

(0.971 × 10−3 ± 0.305 × 10−3). There was a statistically
significant difference between the benign and malignant
nodes as regards their ADC with P < 0.001 (Fig. 3).

Fig. 1 Pie chart showing the subgroups of lymph nodes according to the histopathology

Table 1 MR imaging parameters

Parameter Axial T2-weighted
imaging

Coronal T2-weighted
imaging

Axial T1-weighted
imaging

DW
imaging

Contrast-enhanced axial and
coronal T1-WI with fat suppression

TR (ms) 2500–4500 3850 400–650 2000 740–775

TE (ms) 80 80 14 50–60 8–12

Flip angle (°) 90 90 90 90 15

Section thickness (mm) 5 5 5 5 5

Intersection gap (mm) No No No No No

Matrix 320 × 224 288 × 192 256 × 192 256 × 256 288 × 224

Field of view (mm) 220 220 220 220 220

Voxel size RL 0.9, AP 1.1 RL 0.9, AP 1.1 RL 0.9, AP 1.1 RL 0.9, AP 1.1 RL 0.9, AP 1.1

No. of signals acquired 4 4 4 4 4
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Further analysis of the ADC values in patients with
metastatic LNs and lymphoma revealed that the ADC
value for metastatic LNs ranged between 0.70 × 10−3

and 2.10 × 10−3 (1.08 × 10−3 ± 0.31 × 10−3). The ADC
value for lymphomatous LNs ranged between 0.608 ×
10−3 and 1.16 × 10−3 (0.78 × 10−3 ± 0.17 × 10−3). The
discrepancy was statistically significant with P = 0.0034
(Fig. 4).

Receiver operating characteristic analysis
Figure 5 shows the analysis of the ROC curve for ADC
values in benign vs. malignant LNs revealed a sensitivity
of 90.00% with 100% specificity for discrimination
between the benign and malignant nodes for ADC value
≤ 1.3 × 10−3. ROC curve analysis of ADC values in
metastasis vs. lymphoma revealed a sensitivity of 90.00%
with 75% specificity for differentiation between the
metastatic and lymphomatous nodes for ADC value ≤
0.9 × 10−3. Figures 6, 7, 8, and 9 showed 4 different cases
with its final diagnosis and ADC values.

Discussion
DW-MRI (diffusion-weighted magnetic resonance im-
aging) is an effective non-invasive imaging technique
for tissue characterization. DWI has been considered
as a cancer biomarker and could distinguish benign
from malignant tumors [13]. Our research aimed to
establish the diagnostic validity of the diffusion-
weighted magnetic resonance imaging for the distinc-
tion between benign and malignant lymph nodes via
comparing the ADC values, as solving out this diag-
nostic problem is mandatory for the management of
the patients.
Our study revealed that the prevalence of tumors in

the head and neck was higher in males (55%) than
females (45%) without significant differences, in agree-
ment with Lambert et al. [14] who reported that males
are highly affected than females, but with a significant
difference, with a ratio ranging from 2 to 4 folds. Our
study results showed that Hodgkin disease incidence is
higher in young age groups, although the prevalence of
non-Hodgkin disease among the elderly population was

Fig. 2 Boxplot of LN size in benign versus malignant lymph nodes

Table 2 The parenchymal architecture of malignant and benign lymphadenopathy

Parenchymal architecture Malignant Benign

Nodes exhibited Homogenous 25 (83.33%) 10 (100%)

Heterogeneous 5 (16.67%) 0 (0%)

Lymph node groups affection Multiple 23 (76.67%) 7 (70%)

Single 7 (23.33%) 3 (30%)

Nodes degeneration Exhibited internal degeneration with breaking down 12 (40%) 2 (20%)

No degeneration or breaking down 18 (60%) 8 (8%)
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higher, with no significant difference. Our study findings
are in line with previous studies which reported that
Hodgkin lymphoma is higher in younger age groups
[15–17].
Our analysis included 9 nodes less than 1 cm in their

shortest axis diameter; 3/9 were metastatic and showed

a pattern of restriction on DWIs and opposing low ADC
value. On the other hand, these 9 nodes displayed no
definite morphological characteristics of malignancy,
such as necrosis and ill-defined margins in the conven-
tional MRI sequences, and classification of metastatic
nodes would have been very unlikely, in agreement with

Fig. 3 Boxplot of ADC values in benign versus malignant lymph nodes

Fig. 4 Interval plot of ADC values of benign LN, metastatic LN, and lymphomatous LN
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Fig. 5 a ROC curve analysis for ADC values in benign versus malignant LN. b ROC curve analysis for ADC values in metastatic versus
lymphomatous LN

Fig. 6 Fifty-five-year-old male with a known history of laryngeal carcinoma a axial T2, b coronal T2 WIs showing multiple enlarged left deep
cervical and supraclavicular lymph nodes exhibiting intermediate to high T2 signal. c Post-contrast coronal T1 WIs showing heterogeneous
contrast uptake and breaking down. d DWIs b 1000 and e ADC map showing hyperintense LNs in diffusion images corresponding to low signal
in ADC map with an ADC value varying from 0.893 × 10−3 to 0.927 × 10−3 mm2/s; the possibility of metastatic nodal deposits is considered which
was proven by biopsy
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ElSaid et al. [18] who reported that all metastatic lymph
nodes less than 1 cm were missed due to anatomical MR
imaging criteria based on size.
In the present study, on the contralateral side of the

primary tumor, 1/3 metastatic differentiated squamous
cell carcinoma lymph nodes (< 1 cm) were found, in
agreement with Vandecaveye et al. [19] and ElSaid et al.
[18] who reported the degree to which DWI changes
nodal differentiation efficacy via depicting subcenti-
metric nodal metastases may affect the clinical manage-
ment. Our study showed that the pathologically proven
malignant lymph nodes (29 out of 30 cases) showed
increased signal in b 1000, and low signal in the corre-
sponding ADC maps, the inflammatory diseases (5 out
of 6 cases), and reactive lymphoid hyperplasia (4 out of
4 cases) showed signal intensity reduction for increased
b values (b = 1000) and intermediate signal intensity on
ADC maps representing facilitated diffusion. Our study
findings agreeing with Youssef et al. [20] and Abou
khadrah and Imam [12] that the DWI with ADC
mapping were useful as non-invasive tools for distin-
guishing between the benign and malignant solid head
and neck lesions by using b values 800 and 1000. The

malignant lymph nodes in our sample had significantly
lower ADCs than benign lymph nodes. The ADC
measurements of benign and malignant lymph nodes
varied considerably with a P < 0.001, these results agree
with Youssef et al. [20]. In our research, the mean ADC
value of the 30 malignant lymph nodes was 0.971 ±
0.305 × 10−3 mm2/s, while on the other hand, the mean
ADC value of the 10 benign lymph nodes was 1.98 ±
0.33 ± 3 mm2/s with the threshold ADC value for
separating malignant from benign nodes obtained from
the receiver characteristic analysis being 1.30 × 10−3

mm2/s with 94% sensitivity and 100% specificity. In
agreement with Abou khadrah and Imam [12] who
recorded 94% accuracy in characterizing the metastatic
lymph nodes using a threshold of 1.0210−3 mm2/s. The
mean ADC values recorded for benign and metastatic
lymph nodes were 1. 24 ± 0.1610−3 mm2/s and 0.78 ±
0.0910−3 mm2/s respectively.
In our research, malignant lymph nodes had been sub-

divided into subgroups of metastatic carcinoma and
lymphoma based upon the histopathology. An attempt
was made to distinguish between them according to
their ADC values. The mean ADC value for metastatic

Fig. 7 Forty-five-year-old male, known case of non-Hodgkin lymphoma with enlarged right deep cervical lymph nodes. a Axial STIR WIs and b
coronal T2 WIs showing high signal of the enlarged nodes. c Post-contrast sagittal T1 WIs showing heterogeneous contrast uptake. d DWIs b
1000 and e ADC map showing hyperintense LNs in diffusion WIs corresponding to low signal in ADC map, with an ADC value of 0.723 × 10−3

mm2/s; the possibility of lymphomatous nodal infiltrate was considered and proven by biopsy
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carcinoma (1.079 × 10−3 mm2/s) was a little higher than
that of the lymphoma (0.781 × 10−3 mm2/s). The ADC
threshold value for metastatic differentiation from
lymphomatous lymph nodes obtained from receiver
operating characteristic (ROC) analysis was 0.9 × 10−3

mm2/s with 90% sensitivity and 75% specificity,
Thirty-four true-positives and 6 false-positives were

shown via statistical data, providing a sensitivity of
100%, and specificity of 85%; these results agree with
Usama and Ahmed [21] who reported the same results
of the present study.

Limitations of this study
First, our analysis has some drawbacks, such as being a
small cohort study. Also, our statistical tests were carried
out on the number of nodes involved, not the number of
patients. Second, for several reasons, we did not provide
standardized ADCs: (1) As far as we know, the value of
using standardized, rather than absolute, ADCs in head
and neck imaging at DW was never reported. Unlike the
brain, the region of the head and neck is distinguished

by an extremely heterogeneous diffusivity of the tissues
due to the presence of tissues of distinctly different
histological origins. The spine is also the most appropri-
ate reference tissue for normalization. However, echo-
planar imaging of the spinal cord is hampered by strong
susceptibility influences caused mainly by the osseous
elements of the spinal column, which induce additional
variability in ADC calculations. (2) The promising
results of the current study, obtained using absolute
ADCs, may suggest that normalization is not necessary,
thus facilitating the implementation of DW imaging into
routine clinical practice.

Conclusion
Our study concluded that diffusion MR imaging may be
considered a fundamental supporting method in the
diagnosis and classification of benign and malignant
lymph nodes, can vary to a lesser extent between the
forms of malignant lymphadenopathy, and may be rec-
ognized as a predictor of post-chemo and radiotherapy
improvement and recurrence.

Fig. 8 Sixty-year-old female known case of squamous cell carcinoma of the tongue a axial STIR WIs and b coronal T2 WIs showing few enlarged
right cervical lymph nodes with high T2 and STIR signal. c Post-contrast sagittal T1 WIs showing heterogeneous contrast uptake and a large area
of breaking down. d DWIs b 1000 and e ADC map showing hyperintense LNs in diffusion WIs and corresponding intermediate to low signal in
ADC map; with an ADC value of 1.127 × 10−3 mm2/s; the possibility of metastatic nodal deposits is considered which was proven by biopsy
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