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Abstract
Aim and objectives: Evaluation of cervical lymph nodes with MRI, utility of DWI in differentiation of
benign and malignant cervical lymph nodes.
Methods: Prospective study was carried out on 71 patients of cervical lymphadenopathy in Dr. D.Y.
Patil Medical College, Hospital and Research Centre, Pimpri, Pune over a period of two years. Patients
were evaluated with Siemens MAGNETOM Avanto 1.5 T MRI machine. Characteristics of cervical
lymph nodes on T1WI, T2WI, STIR and Diffusion weighted images with ADC values were studied.
Comparison was made with histopathological reports to study accuracy of MRI DWI in differentiating
benign and malignant lymph nodes.
Results: Out of the total 71 cases, 41 cases were of benign lymph nodes and 30 cases were of
malignant lymph nodes. Characteristics of lymph nodes were studied on MRI. Malignant lymph nodes
showed diffusion restriction with corresponding low ADC values. Mean ADC value of benign lymph
nodes was 1.1×10-3mm2/s (±0.9 SD) and for malignant lymph nodes was 0.7×10-3mm2/s (±0.2 SD).The
suggested ADC cut off value in our study for differentiating benign from malignant lymph nodes was
to be 0.93×10-3 mm2/s.
Conclusion: Diffusion weighted imaging (DWI) is an important non-invasive diagnostic method for
differentiation of benign and malignant cervical lymph nodes in case of head, neck cancers.
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Introduction
Location of cervical lymph nodes and their imaging characteristics are extremely important
in differentiating between benign and malignant cervical lymph nodes [1].
Cervical lymph node enlargement can occur due to benign etiology like infections (Bacterial,
Viral, granulomatous), malignant (Primary-lymphoma or metastatic) and miscellaneous
(Eoisonophilic granulomas, Histiocytosis, Kikuchi’s disease, Kimura’s disease, Castlemen’s
disease) [2].
It also plays an important role in surgical treatment plan and determining the prognosis [3].
Morphological features like size of lymph nodes, shape, vascularity, extra capsular spread,
calcifications, presence of necrosis are used for the diagnosis of malignancy. These
parameters are not enough for differentiating the benign and malignant lymph nodes [4].
Diffusion weighted MRI (DW-MRI) is superior in detecting nodal metastasis [5]. Diffusion
weighted image (DWI) is a non-invasive functional technique to study the molecular
function and micro-structure of the tissue and lesion. Apparent diffusion coefficient and
signal intensity in DWI and ADC maps are based on the analysis of water molecule motion.
As the architectural structure of the tissue changes it will alter the ADC coefficient and
signal intensity in DWI and ADC maps [6].
USG guided FNAC though fairly accurate is an invasive procedure and completely operator
dependent with high incidence of false negative results [7].
Magnetic resonance with diffusion weighted imaging (DWI) is a non-invasive technique
which could improve the diagnostic accuracy in differentiating between benign and
malignant lymph nodes by measuring their ADC values; hence we have conducted this
study. Comparison of MRI results with histopathology was done.
Materials and Methods
Prospective study was carried out on 71 patients of cervical lymphadenopathy in Dr. D.Y.
Patil Medical College, Hospital and Research Centre, Pimpri,
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Pune over a period of two years after clearance from
Institutional Ethical Committee (IEC). Patients were
evaluated with Siemens MAGNETOM Avanto 1.5 T MRI
machine.
MR protocol
 T1W-FSE-axial and sagittal: TR: 400ms, TE: 20ms,
slice thickness: 3 mm, Matrix: 320×320, NXA:2
 T2W-FSE-axial and coronal: TR: 4000ms, TE: 110ms,
slice thickness: 5 mm, Matrix: 320×320, NXA:2
 STIR-axial and coronal: TR: 4500ms, TE: 40ms, TI:
160ms, slice thickness: 4.5mm, matrix: 256×256,
NXA:2
 T1W-axial-fat sat: TR: 400ms, TE: 20ms, slice
thickness: 3 mm, Matrix: 320×332, NXA:2
Acquisition of diffusion-weighted images using single shot
echo planar imaging (EPI) sequence was achieved in the
axial plane. Diffusion gradient encoding was done in the
three planes (X, Y, Z) with three b values, b=0, b=500 and
b=1,000 s/mm2.
Imaging parameters for DWI were as follows: TR= 400600ms, TE= 80ms, Matrix size=136×160, slice thickness =
3mm, NXA=2. The ADC map was calculated automatically
using a standard software imager in the MR system.
In addition, contrast-enhanced MRI scan is provided in
sagittal, coronal and axial planes for each patient in order to
confirm the localization of malignant tissue as well as any
cysts or necrosis. Informed consent and written consent was
obtained from all the patients.
Patients of all age groups and both sexes detected to have
cervical lymphadenopathy clinically and sono-graphically,
whose size was more than 5mm were included. Completely
necrotic lymph nodes, post radiation and post-operative
lymph nodes, patient having history of cardiac pacemakers,
metallic foreign body and cochlear implants in situ,
orthopedic hardware and those with movements artifacts
were excluded.
Data and statistical analysis
The distribution of categorical variables like age categories,
gender, levels, margins, shape, hilum, pericapsular spread,
appearance on T1W, T2W, STIR image, necrosis, contrast
enhancement, FNAC, diagnosis made on MRI,
histopathology distribution, type of lymph nodes and
diffusion restriction were studied. The association of ADC
with type of lymph nodes were assessed using a chi-squared
test. The mean difference in ADC between benign and
malignant were compared using a student t-test. Receiver
operating characteristic (ROC) curve of the ADC value used
for differentiating benign from malignant lymph nodes.
Accuracy of ADC Cut off value to differentiate benign from
malignant lymph nodes were assessed a Kappa statistic. A p
value of less than 0.05 was considered as statistically
significant.
Results and Discussion
Patients were evaluated with Siemens MAGNETOM
Avanto 1.5 T MRI machine. T1W, T2W, STIR and
Diffusion weighted images were obtained. Enlarged cervical
lymph nodes were studied and their levels were
documented. Largest lymph nodes were identified in the
individual and ROI was drawn over the solid component of
the lymph node and ADC values were generated. Three

ADC values were taken and average of these three values is
considered for the study. Provisional diagnosis was given
after studying the MRI features and correlated with
histopathology findings in all cases. Total 71 cases included
in our study in which 41 cases were of benign etiology and
30 were of malignant. (Table 1)
Out 41 benign cases of lymph nodes, 36 cases of reactive
lymph nodes were correctly diagnosed, 4 cases of
tuberculosis were correctly diagnosed and one case of
necrotizing lymphadenitis was diagnosed as metastatic
lymph node. Out of 30 malignant cases of lymph nodes, 27
cases were diagnosed correctly as metastatic lymph nodes, 2
lymphoma cases were diagnosed correctly as lymphoma and
one lymphoma case was diagnosed as metastatic lymph
node. (Table 2)
Metastatic cervical adenopathy [Figure 9 to 11]
Cervical nodal metastases have a major influence on the
prognosis of patients with head and neck tumours. Imaging
is used in the detection of nodal metastases at presentation
and in the early detection of nodal tumour recurrence [8].
In a patient having a head and neck carcinoma, metastasis is
suspected when a lymph node is greater than 1.5 cm in
maximum diameter either in the jugulo-digastric region
(level II) or in the submandibular triangles (level I) or when
a node is greater than 1 cm in maximum diameter elsewhere
in neck. These size criteria have been shown to be
inaccurate in 20 to 28% of cases, either underestimating or
overestimating the tumour [9].
Minimum axial diameter of a normal lymph node should not
exceed 11 mm in the jugulo-digastric region and 10 mm
elsewhere in the neck. Retropharyngeal nodes should not
exceed 8 mm in maximum diameter or, 5 mm in minimum
transverse diameter [10].
The ratio of the maximum longitudinal nodal length to the
maximum axial nodal length (L/T) should be greater than 2
for normal hyperplastic nodes, while a value of less than 2
strongly suggests that the node contains metastatic
carcinoma [10].
It has also been observed that a group of 3 or more lymph
nodes with maximal diameter of 8 to 15 mm or minimum
axial diameter of 9 to 10 mm in the jugulo-digastric region
and 8 to 9 mm in the remaining neck are suggestive of
metastatic lymphadenopathy, provided they are in the
drainage area of the primary tumour [11].
Malignant and tuberculous nodes are usually round in shape.
The short axis to long axis (S/L) ratio greater than or equal
to 0.5 more favors for the malignant lymph node. The
reactive and normal nodes are usually long or oval in shape.
Nevertheless, it has been reported that normal
submandibular and parotid nodes tend to be round in shape.
Moreover, malignant nodes may be oval in shape when they
are in early stage of involvement. Therefore, nodal shape
should not be considered as the sole criterion in the
diagnosis. However, eccentric cortical hypertrophy, which
indicates focal intranodal tumour infiltration, is a useful sign
to identify malignant nodes [12].
Central nodal necrosis is the most reliable radiological
criterion for diagnosing nodal metastases. It typically
manifests as an intra-nodal focal area of low attenuation
with or without a surrounding rim of contrast enhancement
on CT. Such an area may represent true necrosis, residual
lymphoid elements, or tumour deposits. On T2-weighted
MR images, a focal area of both high and intermediate
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signal intensities is characteristically shown. Apart from
being used as a radiological criterion for metastasis, central
nodal necrosis may also be an important prognostic feature
if the patient is treated with chemotherapy or radiotherapy.
In cases of extensive necrosis, poor tumour oxygenation is
probably the cause of resistance to chemotherapy and
radiotherapy [13].
Majority of the tumour load enters a lymph node via the
afferent lymphatics the tumour cells first start to proliferate
within the node in the subcapsular region. So, occasionally
on CT scans, low attenuation focal areas can be seen in
these subcapsular nodal regions.
Histological presence of extra-nodal spread in 40% of
lymph nodes less than 2 cm in diameter and 23% of lymph
nodes 1 cm in greatest length has been reported. It is also
known that when macroscopic transcapsular tumour spread
is present, the patient has a nearly 10 times greater risk of
recurrence [14].
The presence of extra-nodal tumour extension is identified
on contrast enhanced CT and MRI as an enhancing, often
thickened nodal rim usually with infiltration of adjacent fat
planes. Kimura Y, Sumi M et al. suggested the possible
criteria for extranodal spread on MR - nodal size (short-axis
diameter), obliterated fat spaces between the metastatic
node and adjacent tissues, such as the muscles and skin on
T1-weighted images (“vanishing border” sign), the presence
of high-intensity signals in the interstitial tissues around and
extending from a metastatic node on fat-suppressed T2weighted images (“flare” sign) and an irregular nodal
margin on gadolinium-enhanced T1-weighted images
(“shaggy margin”) [13].
The extension of nodal tumour to adjacent internal carotid
artery is a grave prognostic finding. This is identified by the
degree of obliteration of the normal fat plane that surrounds
the artery and the degree of the arterial circumference that is
potentially involved by tumour. When more than 270 degree
of the arterial circumference is surrounded by tumour, it is
likely that the arterial wall has been invaded [15].
Of the primary head and neck tumours, the most common
ones associated with nodal calcifications are metastatic
papillary thyroid carcinomas. Nodal calcifications also
occur with both Non-Hodgkin’s and Hodgkin’s lymphomas,
particularly after irradiation and chemotherapy. Nodal
calcification may also be seen in metastatic adenocarcinoma
nodes, primary from breast, lung and colon tumours [16].
The degree of homogeneity of the signal intensity on
contrast-enhanced T1-weighted images is an important
criteria for differentiation between benign and malignant
lymph nodes. A homogeneous enhancement was considered
as normal. A heterogeneous enhancement was considered as
indicative of metastatic lymph nodes. The third criterion
was degree of homogeneity of the signal intensity on T2weighted images. Homogeneous signal intensity was
considered as normal. Heterogeneous signal intensity was
considered as indicative of metastatic lymph nodes [14].
Reactive lymph nodes [figure 5]
Reactive lymph nodes are usually oval shaped, discrete,
show homogeneous signal intensity with preserved fatty
hilum without necrosis and without restricted diffusion on
DWI [16].
Tuberculous adenitis [Figure 6]
Cervical tuberculous adenitis is a manifestation of a

systemic disease process [17].
It is most prevalent in the 20 to 30 years of age group, but
can occur at any age. The most common site of involvement
is the posterior triangle of neck followed by the
supraclavicular fossa. The most common causative agents
are
Mycobacterium
tuberculosis
and
atypical
mycobacterium. The species of atypical mycobacterium that
can cause lymphadenitis are-M. Kansasii, M. avium
intracellulare and M. scrofulaceum. M scrofulaceum is the
most common cause of cervical adenitis secondary to
atypical mycobacterium. Three patterns have been described
on MRI. These include discrete nodes, matted nodes, and
confluent masses. Necrotic foci, when present, were more
frequently peripheral rather than central, and this together
with the soft tissue edema may be of value in differentiating
tubercular nodes from metastatic nodes [18].
Lympho-proliferative disorders affecting neck [figure
12]
Lymphomas are subdivided into Hodgkin’s Lymphoma and
Non-Hodgkin’s Lymphoma and are more specifically
classified into subtypes of HL or NHL according to the
WHO classification. CT is useful for staging and assessing
bony involvement, whereas MR imaging is performed for
soft tissue detail in extra-nodal disease, especially when
there is intracranial or intra-spinal extension. Positron
emission tomography has become an important part of
staging and surveillance imaging and is particularly useful
to distinguish post-treatment fibrosis from residual tumour.
Lymphomas appear low in signal intensity on T1-weighted
images and low to high in signal intensity on T2-weighted
images, with variable, but usually low, enhancement
following introduction of Gadolinium- DTPA contrast
material [19].
Squamous cell carcinoma
Squamous cell carcinoma (SCC) accounts for the majority
of the metastatic lymph nodes and is the most frequent
malignancy of the head and neck region. It accounts for 5%
of all malignant tumours worldwide [20]. It is most
commonly seen in men older than 45years of age and is
associated with tobacco and alcohol consumption. Patients
with early-stage disease present with vague symptoms and
minimal physical findings; the clinical presentation varies
with the primary site involved. Head and neck SCCs are
commonly located in the oral cavity, oropharynx,
nasopharynx, hypopharynx and larynx [21]. Exact tumour
staging is necessary for treatment planning, leading to
reduced postoperative morbidity and tumour recurrenceassociated mortality [22].
Submucosal extension cannot be sufficiently assessed by
endoscopy and physical examination but can be evaluated
with MRI or CT. CT and MRI are both useful for assessing
deep tissue extensions of squamous cell carcinomas of the
extra-cranial head and neck region that are stage T2 or
greater. Once treatment is completed, a baseline scan 3 to 6
months following treatment is recommended in patients who
are at risk for a later recurrence. For most primary tumour
sites, MRI will give the most information concerning
recurrent disease [23].
Sex
Out of the total 41 cases of benign lymph nodes 14(34.2%)
were males and 27(65.9%) were females. (Table In all
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benign cases we had 36 (50.7%) cases of reactive lymph
nodes, 4 (5.6%) cases of tuberculosis and one(1.4%) case of
necrotizing lymphadenitis.
Out of the total 30 cases of malignant lymph nodes
17(56.7%) were males and 13(43.3%) were female. In all
malignant cases we had 13(18.3%) cases of carcinoma of
tongue, 9 (12.7%) cases of carcinoma of buccal mucosa, 3
(4.2%) cases of lymphoma and one (1.4%) case of each
adenocarcinoma of salivary gland, carcinoma of breast,
carcinoma of esophagus, carcinoma of larynx and
carcinoma of nasopharynx.
These findings correlate with the study conducted by Shah
J. P et al, where they have observed that squamous cell
carcinoma oral cavity is more common in males than
females. It also states that chewing betel nut, with or
without tobacco, a habit particularly prevalent in India,
which is a strong risk factor for oral cancer [24].
Age
The age of the patients included in our study varied from 3
to 70 years, with mean age of 42.8 years. Maximum
numbers of patients were in the above 50 years age group
(Table 3).
In our study maximum numbers of patients in the benign
lymph nodes were in the age group of 21-30 years and
patients with malignant lymph nodes were in the age group
of above 50 years. The mean age for benign cases in our
study was 35.2 years and for malignant cases was 50.9
years. (Table 4). This correlates with the study done
Candela FC, Kothari et al. in 30 patients and they found that
there is significant difference in the mean age group of
benign and malignant patients which is due to the high
incidence of malignancy in older age groups [25].
Region
In the study group the maximum number of lymph nodes
were found at level II (95.8%) followed by level III (71.8%)
then level IV (35.2%), level I (21.4%), level V (16.9%),
supraclavicular level (5.6%) and least number of lymph
nodes were seen at level VI (2.86). No lymph nodes seen at
level VII in study group (Table 5). However only largest
lymph node in each patient was studied for MRI and
histopathology correlation. Out of 41 benign lymph nodes
assessed 22 (53.7%) were present at the level II, 10 were
seen in the level III, 2 (4.9%) were seen each at level Ib, IV,
Va, and Vb and least 1 (2.4%) lymph node was at the level
Ia. No benign lymph node was seen at level VI and VII in
the study group. Out of 30 malignant lymph nodes assessed
17 (56.7%) were present at the level II, 8 (26.7%) were seen
at the level III, 2 were seen each at the level Ib and V and
least 1 (3.3%) lymph node was at the level IV. No malignant
lymph node was seen at level VI, VII and supraclavicular in
the study group. These findings correlate with study of
Essing H et al. where they have seen in the most common
metastatic lymph nodes in oral cavity cancers are seen at the
level Ib and II [26].
Margins
Out of 41 cases of benign lymph nodes 37 (90.2%) lymph
nodes showed regular margins and 4 (9.8%) showed
irregular margins. (Table 6).
Out of these 4 benign lymph nodes of irregular margins 3
were of tuberculosis and one was the case of necrotizing
lymphadenitis.

Out of 30 cases of malignant lymph nodes 25 (83%) lymph
nodes showed irregular margins and 5 (16.7%) showed
regular margins. These findings correlate with the study of
R. B. J. de Bondt et al. in which he found that metastatic
lymph nodes tend to have irregular, lobulated margins with
perinodal fat stranding and benign lymph nodes tend to
show regular smooth margins [27].
Shape
Out of 41 cases of benign lymph nodes 38 (92.7%) (%)
lymph nodes were oval in shape and 3 (7.3%) were round in
shape. (Table 6).
Out of 30 cases of malignant lymph nodes, 25(83.3%) cases
of malignant lymph nodes were round in shape and 5
(16.7%) were oval in shape.
These findings correlate with the study of Ahuja AT et al. in
which they found that metastatic and tuberculous lymph
nodes tend to be round in shape with short axis to long axis
(S/L) ratio greater than or equal to 0.5. The reactive benign
lymph nodes which appears predominantly oval in shape.
However malignant nodes may be oval in shape when they
are in early stage of involvement [28].
Hilum
In our study group of 71 cases 36 (50.7%) lymph nodes
showed preserved hilum and 35 (49.3%) lymph nodes
showed altered hilum. (Table 6)
Out of 41 cases of benign lymph nodes 36 (87.8%) lymph
nodes had preserved hilum and 5 (12.2%) had altered hilum.
Out of these 5 benign lymph nodes, 4 were of tuberculosis
and one was case of necrotizing lymphadenitis.
Out of 30 cases of malignant lymph nodes 28 (93.3%)
lymph nodes had altered hilum and 2 (6.7%) had well
preserved hilum.
These findings correlate with the study conducted by
Kimura Y et al. where they found that loss of normal fatty
hilum is one of the important features of the metastatic
lymph nodes; however it is not always present in all
malignant cases [13].
Peri-capsular Spread
In our study group of 71 cases 19 (26.8%) lymph nodes
showed pericapsular spread and 52 (73.2%) lymph nodes
did not show altered hilum. (Table 6)
Out of 41 cases of benign lymph nodes 38 (92.7%) lymph
nodes did not show peri-capsular spread and 3 (7.3%)
showed peri-capsular spread. These 3 benign lymph nodes
were of tuberculosis.
Out of 30 cases of malignant lymph nodes 16 (53.32%)
lymph nodes showed pericapsular spread and 14 (46.7%)
lymph nodes did not show peri-capsular spread.
These findings correlate with the study conducted by
Kimura Y et al. where they found that peri-capsular
invasion is the one of determining factor of the malignant
metastatic lymph nodes. In presence of pericapsular spread
on contrast enhanced T1 weighted images lymph nodes
show shaggy margins [13].
Intranodal necrosis
In our study group of 71 cases 31 (43.7%) lymph nodes
showed presence of necrosis and 40 (56.3%) lymph nodes
did not show necrosis. (Table 6)
Out of 41 cases of benign lymph nodes 37 (90.2%) lymph
nodes did not show necrosis and 4 (9.8%) lymph nodes
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showed presence of necrosis. Out of these 4 benign lymph
nodes 3 were of tuberculosis and one was of necrotizing
lymphadenitis.
Out of 30 cases of malignant lymph nodes 27 (90%) lymph
nodes showed presence of necrosis and 3 (10%) lymph
nodes did not show presence of necrosis.
These findings correlate with the study conducted by King
AD et al, where they have found that necrosis is more
common seen in the large metastatic lymph nodes and MRI
is better than US for detection of necrosis. However several
reports showed that these parameters are not enough to
discriminate benign from malignant lesions [8].
Contrast enhancement
Out of 71 cases contrast study was performed in 45 cases,
out of which 30 cases were of malignant lymph nodes and
15 cases were of benign lymph nodes. (Table 6)
Out of 30 cases of malignant lymph nodes 28 (93.3%)
lymph nodes showed heterogeneous contrast enhancement
and 2 (6.7%) lymph nodes showed homogeneous
enhancement. These 2 cases of malignant lymph nodes
showing homogeneous enhancement were of lymphomas.
Out of 15 cases of benign lymph nodes 10 (66.7%) lymph
nodes showed homogeneous contrast enhancement, 3 (20%)
lymph nodes showed heterogeneous enhancement and 2
(13.3%) lymph nodes showed peripheral contrast
enhancement. These 10 cases of benign lymph nodes
showing homogeneous contrast enhancement were of
reactive lymph nodes, out of 3 cases showing heterogeneous
enhancement one was case of necrotizing lymphadenitis and
2 cases were of tuberculosis and 2 cases showing peripheral
contrast enhancement were of tuberculosis with large lymph
nodal mass formation. These findings correlate with the
study conducted by Cintra MB et al. where they found the
heterogeneous contrast enhancement of lymph nodes is seen
due to the presence of areas of necrosis and are more often
seen in cases of malignant lesions [29].
Diffusion weighted imaging and ADC maps
Diffusion weighted image (DWI) is a non-invasive
functional technique to study the molecular function and
micro-structure of the tissue and lesion. It is use to study
water motion in tissue and lesion. Every change in the water
protons movements produces a variation in the signal of
diffusion weighted images and as a result on ADC maps.
Diffusion weighted sequence was performed in all patients.
ADC value was calculated in largest lymph nodes. Diffusion
restriction was present in the 31 cases and was absent in the
41cases.
Out of 30 cases of malignant lymph nodes all 30 (100%)
showed diffusion restriction and out of 41 cases of benign
lymph node only one (2.4%) showed diffusion restriction
(Table 7). The benign case which showed diffusion
restriction was of necrotising lymphadenitis.
ADC values ranged from 0.4 to 1.3 ×10-3mm2/s in our study
group. The values of malignant lymph nodes ranged from
0.4 to 0.8 ×10-3mm/s and value of benign lymph nodes
ranged from 0.8 to 1.3×10-3 mm/s. (Table 8)
The mean ADC value calculated for benign lymph nodes
was 1.1×10-3mm2/s (±0.9 SD) and the mean ADC value
calculated for malignant lymph nodes was 0.7×10-3
mm2/s(±0.2 SD). (Table 9)

Receiver operating characteristic (ROC) curve of the ADC
value was plot and ADC cut off value was suggested for
differentiating benign from malignant lymph nodes. (Figure
4). The suggested ADC cut off value was 0.93×10-3mm2/s
with the sensitivity of 97.6% and specificity of 100%.
(Table 10)
These findings corroborate with the study conducted by
Tamer Fali, where mean ADC value of benign lymph nodes
was 1.56 ± 0.23×10-3mm2/s, for metastatic lymph node was
1.01 ± 0.23 ×10-3mm/s and for lymphoma was 0.71 ± 0.02
×10-3mm2/s. The cut off value of 1.15 ×10-3mm2/s of ADC
could differentiate benign from malignant lymph nodes. [30]
Our findings also correlate with study conducted by
JichenWange et al., Maysayuki Maeda et al., Ann D King,
R.J.de Bondt et al., Holzopfel et al., Vincent Vanecaveye,
Anna Perrone et al., Yaser G Abish et al., Hazem M et al.,
M.C lee et al., J Si et al., Ahmad Sabry Ragheb et al, Noha
Abd ELShafy Saidetal, Jin Zhong et al., Haitham A, Yeliz
Pekcevik, Pratap Singh H Parihar et al., C.H. Suh et al. All
these studies demonstrate that diffusion weighted imaging
with ADC threshold value can differentiate the benign and
malignant lymph nodes [3, 4, 31-45].
However our findings did not correlate with study
conducted by Hun Kung Lim et al. in which they concluded
that mean ADC does not allow differentiating benign from
metastatic cervical lymph nodes in patients with head and
neck cancer and non-necrotic, small lymph nodes [46].
Limitations
Pericapsular spread, loss of fatty hilum, intranodal necrosis
and heterogeneous contrast enhancement though commonly
observed in malignant lymph nodes can be seen in benign
etiology like tuberculosis, necrotizing lymphadenitis. As
ADC value is influenced by factors like cellularity,
vascularity and matrix of lymph node, there may be some
overlap between benign and malignant cervical lymph
nodes. Necrotic areas in metastatic lymph nodes show
restricted diffusion with false high ADC values, hence ROI
for calculating ADC values should be accurately placed in
non-necrotic portion of metastatic lymph nodes.
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Table 1: Histopathology Distribution
Histopathology
Number Percentage
Benign Lymph nodes (n=41)
Reactive lymph node
36
50.7
Tubercular lymph node
4
5.6
Necrotizing lymphadenitis
1
1.4
Malignant lymph node (n=30)
Metastatic Lymph nodes
Squamous cell carcinoma of tongue
13
18.3
Squamous cell carcinoma of buccal
9
12.7
mucosa
Adeno carcinoma of salivary glands
1
1.4
Metastatic cervical lymph node from
1
1.4
breast carcinoma
Squamous cell carcinoma of esophagus
1
1.4
Squamous cell carcinoma of larynx
1
1.4
Squamous cell carcinoma from
1
1.4
nasopharynx
Lymphoma
Non-Hodgkin’s Lymphoma
3
4.2
Total
71
100
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Table 2: Diagnosis made on MRI
MRI
Benign reactive
Metastatic
Tuberculosis
Lymphoma
Total

Number
36
29
4
2
71

Table 4: Comparison of Mean age in years
Percentage
50.7
40.8
5.6
2.8
100

Mean (SD)
Benign (n=41) Malignant (n=30)
Age in years 35.2 (2.7)
50.9 (2.2)
Gender

Table 5: Location of lymph nodes detected in study group
Level
I
II
III
IV
V
VI
VII
Supraclavicular

Table 3: Age Distribution
Age category in years
Less than 20
21-30
31-40
41-50
Above 50
Total

Number
9
11
13
15
23
71

Percentage
12.7
15.5
18.3
21.1
32.4
100

Number
15
68
51
25
12
2
0
4

Table 6: Characteristics of benign and malignant cervical lymph nodes on various MRI sequences
Parameters
Margin
Regular (n=42)
Irregular (n=29)
Shape of lymph node
Round (n=28)
Oval (n=43)
Hilum
Altered (n=33)
Preserved (n=38)
Pericapsular spread
Present (n=19)
Absent (n=52)
T1WImages
Homogeneous isointense (n= 40)
Heterogeneous (n=31)
T2W Images
Homogeneous hyperintense (n=40)
Heterogeneous hyperintense (n=31)
STIR Image
Homogeneous Hyperintense (n=40)
Heterogeneous hyperintense(n=31)
Intranodal necrosis
Present (n=31)
Absent (n=40)
Contrast Enhancement
Heterogeneous (n=31)
Homogeneous (n=12)
Peripheral (n=2)

Benign

Malignant

P value

37 (90.2)
4 (9.8)

5 (16.7)
25 (83.3)

<0.001

3 (7.3)
38 (92.7)

25 (83.3)
5 (16.7)

<0.001

5 (12.2)
36 (87.8)

28 (93.3)
2 (6.7)

<0.001

3 (7.3)
38 (92.7)

16 (53.3)
14 (46.7)

<0.001

37 (90.2)
4 (9.8)

3 (10)
27 (90)

<0.001

37 (90.2)
4 (9.8)

3 (10)
27 (90)

<0.001

37 (90.2)
4 (9.8)

3 (10)
27 (90)

<0.001

4 (9.8)
37 (90.2)

27 (90)
3 (10)

<0.001

3 (20)
10 (66.7)
2 (13.3)

28 (93.3)
2 (6.7)
0

<0.001

Table 7: Association of diffusion restriction with type of tumour
Diffusion restriction
Present (n=31)
Absent (n=40)
Total (n=71)

T
P
value value
4.5 <0.001

Benign
1 (2.4)
40 (97.6)
41 (100)

Malignant
30 (100)
0
30 (100)

Fig 1: Association of Diffusion restriction according to type of tumour
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P value
<0.001

Percentage
21.4
95.8
71.8
35.2
16.9
2.8
0
5.6
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Table 8: Association of ADC with type of lymph nodes

Table 10: Suggested ADC Cut off value differentiating benign
from malignant lymph nodes

ADC values (×10-3) Malignant n (%) Benign n (%) P value
0.4-0.7
17 (56.7)
0
0.7-1.0
13 (43.3)
1 (2.4)
<0.001
1.0-1.3
0
40 (97.6)

ADC Cut off Sensitivity Specificity PPV NPV AUC (95%C CI)
97.6%
100% 100% 96.7 0.993 (0.98-1)
0.93 ×10-3
Table 11: Comparison of ADC cut off and MRI findings
ADC cut off
×10-3

≥0.93
<0.93 ×10-3

MRI Findings
Benign Malignant
40
1
0
30

Kappa

P-Value

0.97

<0.001

Fig 2: Association of ADC with type of lymph nodes
Table 9: Association of ADC with type of lymph nodes
Type of lymph nodes N Mean (SD) ×10-3 ADC t p-value
Benign
41
1.1(0.9)
18.9 <0.001
Malignant
30
0.7 (0.2)

Fig 5: Benign reactive lymph nodes

MRI neck in 28 year female, with history of fever and
swelling in the left side of neck 3 days, shows multiple well
defined oval shaped lymph nodes at level II, III and IV
bilaterally appearing homogenous iso-intense on T1WI (A),
homogenous hyperintense on T2WI (B) and STIR (C,D).
These lymph nodes on Diffusion weighted images do not
show true restriction (E). The corresponding ADC value
was found to be 1.329 × 10-3mm2/s (F).

Fig 3: Association of ADC with type of lymph nodes

Fig 6: Tubercular lymph nodes

MRI neck in 21 year female, with history of fever, weight
loss and swelling in neck on left side show multiple matted
lymph nodes at level II, II, IV, V and in supraclavicular
region bilaterally, appearing heterogeneously hypointense
on T1WI (A), heterogeneously hyperintense on T2WI (B)
and STIR (C, D).These lymph nodes do not show true
diffusion restriction (E) with corresponding ADC values of
1.062 ×10-3mm2/s(F).

Fig 4: Receiver operating characteristic (ROC) curve of the ADC
value used for differentiating benign from malignant lymph nodes.
~ 102 ~

Fig 7: Necrotizing lymphadenitis
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MRI neck in 17 years female with history of swelling in the
left submandibular region and fever on and off show few
enlarged necrotic lymph nodes at level IB on left side,
appearing heterogeneously hypointense on T1WI (A) and
T2WI (B). On diffusion weighted images (C) they show
diffusion restriction with corresponding ADC values of
0.8134 ×10-3mm2/s(D). MRI diagnosis was metastatic
lymphadenopathy which turned out to be necrotizing
lymphadenopathy on histopathology.

Fig 10: Carcinoma of right pyriform sinus

MRI neck in 47 -year male with history of pain in neck
region shows well defined soft tissue intensity lesion
involving the right aryepiglottic fold and right pyriform
sinus appearing heterogeneously hyperintense on T2WI (A)
and STIR (B). Well defined ovoid lymph node seen at the
level II on right side appearing heterogeneously hypointense
on T1WI (C) and heterogeneously hyperintense on T2WI
(D). The lymph node appears heterogeneously hyperintense
on STIR (E, F). It shows diffusion restriction (G) with
corresponding low ADC value of 0.619 X 10-3mm2/sec (H).

Fig 8: Carcinoma of tongue

MRI neck in 58- years male with history of ulcerative
growth on tongue show ill -defined soft tissue intensity mass
lesion in the anterior third of left half of tongue appearing
heterogeneously hyperintense on T2WI (A) and STIR (B).
Well defined enlarged lymph node with necrotic areas seen
at level Ia and Ib appearing heterogeneous on T1WI (C) and
heterogeneously hyperintense on T2WI (D). The lymph
node appears heterogeneously hyperintense on STIR (E, F)
and show diffusion restriction (G) with corresponding low
ADC values of 0.7057 ×10-3mm2/s (H).

Fig 11: Case of carcinoma buccal mucosa

MRI neck in 50 -years old female with history of swelling in
left submandibular region shows an ill-defined areas of
altered singal intensity in left gingivobuccal sulcus
extending to retro-molar trigone appearing heterogeneously
hyperintense on STIR (A, B). Well defined enlarged lymph
node seen at level Ib, appearing iso-intense on T1WI(C) and
heterogeneously hyperintense on T2WI (D). This lymph
node appears heterogeneously hyperintense on STIR (E, F)
and show diffusion restriction (G) with low ADC value of
0.8552 ×10-3mm2/s(H).
Fig 9: Carcinoma of the left submandibular salivary gland

MRI neck in 50- year female with history of swelling and
pain over left mandibular region show an ill -defined soft
tissue intensity lesion in the left submandibular salivary
gland appearing heterogeneous on T1WI (A) and
heterogeneously hyperintense on T2WI (B). A well-defined
round shaped lymph node with areas of necrosis within seen
at level III on left side appearing heterogeneously
hypointense on T1WI (C) and heterogeneously hyperintense
on T2WI (D). The lymph node appears heterogeneously
hyperintense on STIR (E, F) and shows diffusion restriction
(G) with corresponding low ADC value of 0.714 x 10-3
mm2/sec (H).
~ 103 ~

Fig 12: Lymphoma involving the bilateral Parotid glands
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MRI neck in a 31- year old male with history of swelling in
both parotid regions, shows bulky bilateral parotids
appearing heterogeneously hyperintense on T2WI (A) and
STIR (B). Well defined enlarged lymph node seen at level
Ib appearing heterogeneously hypointense on T1WI (C) and
heterogeneously hyperintense on T2WI (D). This lymph
node appears hyperintense on STIR (E) and shows
heterogeneous post-contrast enhancement (F). It shows
diffusion restriction (G) with corresponding low ADC value
of 0.7108 ×10-3mm2/s (H).
Conclusion
Magnetic resonance imaging (MRI) is an excellent modality
for diagnosis of cervical lymph nodes and their exact
location at various levels. MRI also helps to characterize the
lymph nodes by their size, shape, margin, pericapsular
spread, architecture, presence of necrosis and contrast
enhancement pattern. Malignant lymph nodes tend to show
diffusion restriction with corresponding low ADC values.
The threshold ADC value of 0.93×10-3 mm2/s could be used
to differentiate between benign and malignant lymph nodes
with 97.6% sensitivity and 100% specificity. Diffusion
weighted imaging (DWI) is an important non-invasive
diagnostic method for differentiation of benign and
malignant cervical lymph nodes in case of head, neck
cancers.
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