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Abstract

Background: Pre-operative differentiation of benign from malignant cervical adenopathies remains a challenge. Several studies
indicate parameters to discriminate between benign and malignant lymph nodes, which has not yet been enough.
Objectives: The aim of the current study was to assess the diagnostic efficacy of diffusion-weighted MR imaging (DWI) to differen-
tiate benign from malignant cervical lymph nodes.
Patients and Methods: In all patients, we assessed axial and coronal fast spin echo T2 and T1-weighted images and T1-weighted after
contrast injection. DWI sequences were implemented before contrast injection, in axial and coronal planes (b factor of 50, 500 and
1000 s/mm2) and the apparent diffusion coefficient (ADC) maps were reconstructed. Data were assessed in mixed model analysis
and results were compared with postoperative histopathologic findings.
Results: Thirty seven subjects were enrolled, 10 with benign lymphadenopathy and 27 patients with malignant lymphadenopathies
before treatment. The mean ADC of the benign neck lymph nodes was (1.00 ± 0.34) × 10-3 mm2/s, while it was (0.76 ± 0.16) × 10-3

mm2/s in malignant ones (P = 0.058). The mean ADC of the metastatic nodes was (0.81 ± 0.14) × 10-3 mm2/s, while it was (0.56 ±
0.04) × 10-3 mm2/s in lymphoma (P < 0.001). The mean ADC of poorly differentiated metastatic nodes was significantly lower than
that of good and moderately differentiated ones [(0.86 ± 0.13) × 10-3 mm2/s vs. (0.66 ± 0.02) × 10-3 mm2/s respectively; P = 0.001].
The area under the ROC curve of ADC was 0.69 [95%CI = 0.52 - 0.83]. Considering cut off points of 0.6 × 10-3, 0.95 × 10-3, and 1.2 ×
10-3 yielded sensitivities were 15%, 92.5%, and 100%, respectively; while, in these cutoff points, specificities were 80%, 50%, and 40%,
respectively.
Conclusion: DWI could be considered as an important diagnostic tool to differentiate enlarged cervical lymphadenopathies.
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1. Background

The diagnosis of malignant cervical lymph nodes has
an important role in the treatment of patients suffering
from head and neck cancers and tumoral response. Differ-
ent parameters utilized by conventional imaging methods
include size, morphology, capsular breakthrough and ab-
normal internal structure.

Although the lymph node size is the most common
criteria diagnosis, central necrosis in the lymph nodes is
the most reliable sign of tumoral involvement (1). Sev-
eral studies indicate that to discriminate between benign

and malignant lymph nodes, the above parameters are not
enough (2, 3). Intercellular water motion is analyzed with
diffusion-weighted MR imaging (DWI). Every alteration in
the water proton behavior results in a change in diffusion-
weighted sequence signal intensity consequently on ap-
parent diffusion coefficient (ADC) maps (4). Our study was
aimed to evaluate the potential diagnostic role of DWI in
the discrimination between benign and malignant lymph
nodes.

To evaluate the difference in molecular diffusion ac-
cording to the structure and properties of the tissues,
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diffusion-weighted magnetic resonance imaging (DWI) is
an effective well-established magnetic resonance imaging
method.

The presence of any alternation in the water proton
movement leads to a change in signal intensity in DWI re-
sults consequently on ADC maps (4).

This sequence is a helpful diagnostic tool for recogni-
tion between tumoral and non-tumoral tissues, especially
in head and neck lymphadenopathies (5).

2. Objectives

The aim of this prospective study was to evaluate the
diagnostic accurateness of DWI in differentiating benign
from malignant cervical adenopathies.

3. Patients and Methods

3.1. Patients

In our prospective study, 37 subjects were included, of
which 10 with benign lymphadenopathy and 27 patients
with malignant lymphadenopathies underwent DWI
imaging before the surgical procedure and histopatholog-
ical examination.

The institutional Review Board and the local Ethics
Committee at the university approved this study. After de-
scribing the study process in detail to the patients, written
informed consent was obtained from all participants.

3.2. MR Imaging Protocol

All of the exams were done using a 3T GE 750w super-
conductive magnet scanner (GE Healthcare, Waukesha, WI,
USA) by means of a head-neck standardized coil. The se-
lected protocols were used in all cases as followed:

- Fast spin echo T2-weighted images (TR 5400 ms, TE 100
ms, slice-thickness: 3 mm) in the axial and coronal planes

- Fast spin echo T1-weighted images, with and without
fat suppression (TR 700 ms, TE 25 ms, slice-thickness: 3
mm) in the axial plane

- Fast spin echo fat saturation T1-weighted images, after
administration of 25 mL of gadopentetate dimeglumine,
in axial and coronal planes

- Single-shot echo planar diffusion sensitized se-
quences (DWI) (TR 3000 - 3500 ms/90 ms, slice thickness:
4 mm) in the axial plane.

All of the mentioned protocols were found with a slice
thickness of 3 - 4 mm, a field of view (FOV) of 250 mm, an
intersection gap of 1 mm, and a flip angle of 90°.

Before contrast administration, diffusion-weighted
images were obtained in the axial plane. Utilizing the dif-
ferent b values (50, 500 and 1000 s/mm2), the diffusion-
sensitizing gradient was applied in all three orthogonal

planes (X, Y, Z). Using MRI machine software, apparent dif-
fusion coefficient (ADC) maps were also calculated auto-
matically and added to the sequences.

3.3. Image Interpretation and Analysis

Blind interpretation of the images was done with no
access to the histopathological report of the nodes. To as-
sess the nodes, the conventional T1 and T2-weighted se-
quences were performed. To calculate the ADC values, ADC
maps derived from DWI images were utilized and ADC val-
ues were determined automatically by the software as well.
The largest abnormal node containing areas of homoge-
neous enhancement was chosen in every patient case for
the investigation. Drawing a region of interest (ROI) cover-
ing as much as possible of the involved lymph nodes, the
ADC values were measured (Figure 1). The average size of
the region of interest measured in the pathological lymph
nodes was 589 mm2 (minimum, 196 mm2: maximum, 982
mm2).

To prevent a false high ADC caused by the low count of
tumoral cells, we also excluded the necrotic areas of the
lymph nodes (1).

In each case, the findings obtained from the measure-
ments on MRI were compared with the histopathological
results. After surgery, the topographic correlation of the in-
volved lymph nodes was performed to assure that the dis-
sected nodes are compatible with the same demarcated at

Figure 1. Region of interest (ROI) utilization at apparent diffusion coefficient (ADC)
map to estimate ADC values
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the MRI system. Short axis diameter, exact location, and as-
sociation to the adjacent anatomical structures are consid-
ered as topographic findings.

3.4. Statistical Data Analysis

The patients were classified into benign, metastasis
and lymphoma, considering the histopathological results
of the existing lymph nodes. Using SPSS (IBM SPSS Statis-
tics, Version 21.0. Armonk, NY: IBM Corp.) V. 21, statistical
analysis was calculated.

In the three groups (benign, metastatic and lym-
phoma), the mean ADC values with standard deviations
were measured and compared statistically using Post Hoc
test with ANOVA (one-way analysis of variance) to com-
pare the ADC mean values among three different histo-
logical types. In addition, metastasis was subdivided into
good- moderate and poorly differentiated categories. To as-
sess the difference in ADC values between these three men-
tioned groups, t-test was used.

To compare the diagnostic certainty of the value of
diffusion-weighted MR imaging between benign versus
malignant (metastasis and lymphoma) adenopathy, we
utilized the receiver operating characteristic (ROC) curve
as a graphical plot with estimation of the area under the
curve (AUC). We also used several cut off points of ADC val-
ues to reach the best threshold by means of Kappa test for
the differentiation of benign versus malignant nodes. A
value of P < 0.05 was accepted significant as well.

4. Results

The recent prospective study included thirty-seven pa-
tients with suspicious malignant cervical nodes who un-
derwent MRI including DWI sequences and followed by
histopathological examination after either surgery or neck
dissection. Regarding histopathological findings, lym-
phadenopathy was divided into benign cervical nodes
(lymphadenitis) in 10 cases, metastasis from the head and
neck cancer in 22 cases (sixteen cases reclassified as good
and moderately differentiated and six cases with poorly
differentiated cancers) and lymphoma (non-Hodgkin lym-
phoma) in five cases (Tables 1 and 2). The mean short-axis
diameter of selected lymph nodes was 22.3 mm (range = 11
- 42 mm).

The mean ADC values of the benign, metastasis (good-
moderately differentiated and poorly differentiated
metastasis) and lymphoma groups were 1.00±0.34× 10-3,
0.81 ± 0.14 × 10-3 (0.86 ± 0.13 × 10-3 for good-moderately
differentiated and they were 0.66 ± 0.02 × 10-3 for poorly
differentiated metastasis) and 0.56 ± 0.02 × 10-3, sequen-
tially (Table 2 and Figure 2).

Using post hoc analysis and one-way analysis of vari-
ance (ANOVA) it was indicated that the ADC values of the
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Figure 2. Box schemes of the apparent diffusion coefficient (ADC) values of benign
lymphadenopathy, nodal lymphoma, and metastatic nodes

benign cervical nodes were markedly higher compared to
the poorly differentiated metastatic nodes (Figure 3) and
the nodes involved by lymphoma (Figure 4) (P < 0.001).
The ADC values of the good and moderately differentiated
metastatic lymph nodes were notably higher compared to
the nodal lymphoma (P = 0.02).

The mean ADC values of benign lymph nodes 1.00 ±
0.34 × 10-3 mm2/s were higher compared to the mean ADC
values of malignant lymph nodes (metastatic and lym-
phoma) 0.76 ± 0.16 × 10-3 mm2/s (t = 2.12, P = 0.058).

Compared to the mean ADC value of metastatic nodes
0.81 ± 0.14 × 10-3 mm2/s, the mean ADC of non-Hodgkin
lymphoma 0.56 ± 0.04 × 10-3 mm2/s was lower and there
was a meaningful difference between the ADC values be-
tween these two categories(t = 3.76, P < 0.001) (Table 3).

To investigate the ADC value capability in the differ-
entiation between benign and malignant (metastasis and
lymphoma) lymph nodes (Figure 5), the receiver operat-
ing characteristic (ROC) curve is utilized as a diagnostic
method. The estimated area under the ROC curve was 0.69
with a confidence interval of 0.52 - 0.83, standard error =
0.12 and P > 0.05.

The ADC value cut off for distinction between benign
and malignant lymph nodes was 0.95 × 10-3 mm2/s with
a sensitivity of 92.5%, specificity of 50%, positive predictive
value of 83.3%, negative predictive value of 71.3%, kappa test
of 20.6%, and P value of 0.1.

In addition, with the considering cut off points of 0.6×
10-3 and 1.2 × 10-3 mm2/s, moreover, the 0.95 × 10-3 mm2/s
yielded sensitivities of 15% and 100%, respectively while, in
these cutoff points, specificities were 80% and 40%, respec-
tively.

Iran J Radiol. 2020; 17(2):e91445. 3
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Table 1. Clinical Characteristics and Pathologic Diagnosis of the Patients

Group/patient No. Age (y) Sex Histopathologic diagnosis ADC value (x 10-3

mm2 /s)

Lymphadenitis

1 36 M Chronic inflammation and fibrosis 1.235

2 42 M Chronic inflammation and fibrosis 0.863

3 56 M Active chronic inflammation and fibrosis 1.118

4 48 M Active chronic inflammation and fibrosis 0.954

5 41 M Chronic inflammation and fibrosis 1.366

6 37 F Chronic inflammation, giant cell reaction and fibrosis 0.863

7 23 F Active chronic inflammation and fibrosis 0.852

8 32 F Chronic inflammation and fibrosis 0.601

9 36 F Active chronic inflammation and fibrosis 0.531

10 47 M Chronic inflammation and fibrosis 1.310

Metastasis

1 61 M Adenocarcinoma, good and moderately differentiated 0.702

2 64 M Adenocarcinoma, good and moderately differentiated 0.720

3 51 M Adenocarcinoma, good and moderately differentiated 0.864

4 58 M Adenocarcinoma, good and moderately differentiated 0.822

5 42 F Adenocarcinoma, good and moderately differentiated 1.231

6 43 F Adenocarcinoma, good and moderately differentiated 0.871

7 29 M Laryngeal SCC, poorly differentiated 0.631

8 28 F PTC, good and moderately differentiated 0.897

9 43 M Adenocarcinoma, poorly differentiated 0.613

10 42 M Laryngeal SCC, poorly differentiated 0.688

11 51 M Laryngeal SCC, poorly differentiated 0.695

12 46 M Mucoepidermoid carcinoma, good and moderately differentiated 0.673

13 58 F PTC, good and moderately differentiated 0.773

14 57 M Carcinoma ex pleomorphic adenoma, good and moderately
differentiated

0.858

15 57 M SCC, NPC undifferentiated type 0.690

16 64 M SCC, NPC moderately differentiated type 0.913

17 64 M SCC, NPC moderately differentiated type 0.820

18 65 M Laryngeal SCC, moderately differentiated type 0.919

19 56 M SCC, NPC moderately differentiated type 0.969

20 71 M Laryngeal SCC, moderately differentiated type 0.961

21 68 M SCC, NPC undifferentiated type 0.662

22 73 M Prostate carcinoma, good and moderately differentiated type 0.930

Lymphoma

1 64 F B cell lymphoma 0.575

2 46 F B cell lymphoma 0.573

3 37 F Diffuse large B-cell lymphoma 0.650

4 51 F T-cell lymphoblastic type lymphoma 0.496

5 44 M B cell lymphoma 0.549

Abbreviations: ADC, apparent diffusion coefficient; F, female; M, male; NPC, nasopharyngeal carcinoma; PTC, papillary thyroid carcinoma; SCC, squamous cell carcinoma

5. Discussion

Existing lymph node metastases is a key prognostic fac-
tor not only for the staging of malignant disease but it

also has a significant impact on the treatment result in
patients suffering from head and neck cancer (6, 7). Ul-
trasound, MRI and contrast-enhanced computed tomogra-
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Table 2. Mean ADC Values in the Various Kinds of Cervical Adenopathy

Number of cases ADC values (mean ± SD) (mm2 /s)

Benign 10 1.00 ± 0.34 × 10-3

Metastasis 22 0.81 ± 0.14 × 10-3

Good and moderately-differentiated 16 0.86 ± 0.13 × 10-3

Poorly-differentiated 6 0.66 ± 0.02 × 10-3

Non-Hodgkin lymphoma 5 0.56 ± 0.04 × 10-3

Abbreviations: ADC, apparent diffusion coefficient; SD, standard deviation

Figure 3. Patient with resection of left submandibular gland infiltrated by adenocarcinoma and poorly-differentiated metastatic nodes: axial T2 (A) and post-contrast T1 (B)
sequences with fat suppression show enlarged cervical lymph nodes with enhancement at the bed of the resected left submandibular gland. At diffusion-weighted imaging
(DWI) (C) with a high b value of 1000, the nodes show water restriction with low signal intensity on the corresponding apparent diffusion coefficient (ADC) map (D) (ADC value
of 0.61 × 10-3 mm2/s). Next to the bed of right submandibular gland, there is a reactive lymph node with a DWI slightly hyperintensity as well as high signal intensity on the
corresponding ADC map (D) (ADC value of 0.98 × 10-3 mm2/s).

phy are helpful modalities to detect the enlarged cervical lymph nodes; however, these methods do not provide the
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Figure 4. Patient with non-Hodgkin lymphoma: axial T2 (A) and post-contrast T1 (B) sequences with fat suppression show enlarged cervical lymph nodes at the left cervical
chain. The nodes are hyperintense at diffusion-weighted imaging (DWI) b 1000 (C) and low signal intensity on the corresponding apparent diffusion coefficient (ADC) map
(D) (ADC value of 0.54 × 10-3 mm2/s).

Table 3. Comparison of t-test and P Value Between ADC Values in Various Kinds of Neck Adenopathy

Benign versus malignant Metastasis versus non-Hodgkin lymphoma Good and moderately-differentiated versus poorly-differentiated
metastasis

t-test 2.12 3.76 3.76

P value 0.058 < 0.001 0.001

ideal diagnostic accuracy (4, 8). Single photon emission CT
(SPECT) and positron emission tomography (PET) provide
us the functional information. However, they are expen-
sive, invasive, have less availability and relatively low spa-
tial resolution (9-11).

Recently, magnetic resonance with diffusion-weighted
imaging is used which could improve the diagnostic accu-
racy in the differentiation of benign and malignant lymph
nodes (12, 13).

Diffusion-weighted imaging is a noninvasive tech-
nique by which the diffusion of water protons is measured
in the extracellular and intracellular spaces through cell
membranes. Therefore, the presence of any changes in tis-
sue cell architecture, including the number of extracellu-
lar versus intracellular water protons, will change the dif-
fusion coefficient of the tissue cells (13).

Thus, DWI could show details of biological behavior of
tissue cells and had a diagnostic role in the differentiation

6 Iran J Radiol. 2020; 17(2):e91445.
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Figure 5. Differentiation between benign and malignant (metastatic and lym-
phoma) lymph nodes by the ROC curve of apparent diffusion coefficient (ADC) value.
The calculated area under the curve (AUC) is 0.69.

between benign and malignant tumors with the gradual
reduction in ADC values from the benign lesions toward
the malignant tumors. Moreover, a significant relation-
ship exists between the ADC values and tumor cellularity
(14).

Several studies show that metastatic lymph nodes
present a diffusivity reduction, which could be caused by
tumoral tissue hypercellularity leading to a raised nucleus-
cytoplasm ratio and perfusion (13). However, in cases
of lymphoma regarding high compact cellularity and de-
creased extracellular space, diffusion-weighted imaging
has a key role.

Only a few studies have examined diffusion-weighted
MR imaging on the characterization of head and neck le-
sions (5, 13, 15-17).

In the recent study, 37 subjects with distended neck
lymph nodes, ten patients suffering from benign lym-
phadenopathy, 22 patients suffering from head and neck
cancer metastasis and five patients with nodal lymphoma
were included.

The mean ADC values of benign, metastasis (good-
moderately differentiated and poorly differentiated
metastasis) and lymphoma groups were 1.00 ± 0.34 × 10-3

mm2/s, 0.81 ± 0.14 × 10-3 mm2/s (0.86 ± 0.13 × 10-3 mm2/s
for good-moderately differentiated and 0.66 ± 0.02 × 10-3

mm2/s for poorly differentiated metastasis) and 0.56 ±
0.04 × 10-3 mm2/s, respectively.

The mean ADC values of malignant neck lymph nodes
(metastatic nodes and nodal lymphoma) were signifi-
cantly lower compared to benign lymph nodes (P = 0.058).
Additionally, ADC values of nodal lymphoma were signifi-
cantly lower in comparison with the metastatic nodes (P <
0.001). This is similar to several earlier studies (5, 12, 17-19).

Abdel Razek et al. (5) showed that the mean ADC value
of benign cervical lymph nodes (1.64 ± 0.16 × 10-3 mm2/s)
was considerably higher compared to the metastasis (1.09
± 0.11 × 10-3 mm2/s) and lymphomatous (0.97 ± 0.27 ×
10-3 mm2/s) groups (P < 0.04). Perrone et al. (18) indi-
cated that compared to the mean ADC values of metastasis
and lymphomatous groups (0.85 × 10-3 mm2/s), the mean
ADC value of benign lymph nodes (1.448× 10-3 mm2/s) was
significantly higher (P < 0.01). de Bondt et al. (19) re-
ported that ADC values of benign lymph nodes were no-
tably higher than that of malignant groups with mean val-
ues of 1.2±0.24× 10-3 mm2/s and 0.85±0.19× 10-3 mm2/s,
respectively.

King et al. (17) studied the malignant neck lym-
phadenopathy and revealed that the ADC value of
metastatic lymph nodes in squamous cell carcinoma
was markedly higher in comparison with the ADC value of
nodal lymphoma.

Furthermore, Sumi et al. (12) reported the lowest
ADC values for lymphoma and the highest values for
metastatic nodes. Moreover, they also showed that be-
nign lymphadenopathy had high levels of ADC values in
relation to nodal lymphomas (P < 0.05). On the other
hand, compared to metastatic nodes (0.410 ± 0.105 × 10-3

mm2/s), ADC values of inflammatory nodes (0.302±0.062
× 10-3 mm2/s) were significantly lower (P < 0.01). They
understood that the main reason for higher ADC values
in metastatic nodes compared to benign nodes could be
due to the presence of central necrosis in 48% of their
metastatic lymph nodes leading to the large variability in
the metastatic nodes ADC value.

The mean ADC values of the good and moderately dif-
ferentiated metastasis in our study (0.86 ± 0.13 × 10-3

mm2/s) was considerably higher than the mean ADC value
of poorly differentiated metastasis (0.66 ± 0.23 × 10-3

mm2/s ) (P = 0.001). This is inconsistent with the similar
previous study (15) which indicated that the mean ADC val-
ues of the good and moderately differentiated metastatic
lymph nodes (1.13 ± 0.11 × 10-3 mm2/s) were considerably
higher in comparison to the mean ADC values of poorly if-
ferentiated metastatic groups (0.89±0.12× 10-3 mm2/s) (P
< 0.02).

This is also similar to the study conducted by Sumi
et al. (15) which explained that hypercellularity and
high nucleus-cytoplasm ratio in poorly differentiated car-
cinoma resulted in decreased extracellular matrix and de-
creased diffusion space of water protons in the intracellu-
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lar and extracellular dimensions.
Considering nodal lymphoma, the mean ADC of non-

Hodgkin lymphoma (0.56 ± 0.04 × 10-3 mm2/s) was con-
siderably lower than the mean ADC of metastatic lymph
nodes (0.81 ± 0.14 × 10-3 mm2/s) (t = 3.76, P < 0.001).

This is compatible with the results of Perrone et al. (18)
who verified the reduced ADC value in nodal lymphoma re-
lated to the increased cellularity and the decreased extra-
cellular space.

For differentiation between benign and malignant
nodes, the best ADC threshold value was 0.95× 10-3 mm2/s
with a sensitivity, specificity and P value of 92.5%, 50%
and 0.1, respectively. The receiver operating characteristic
(ROC) curve was utilized for discriminating benign from
malignant lymph nodes based on the calculated area un-
der the curve of 0.69 in the study (P > 0.05).

In a study conducted by Perrone et al. (18), the opti-
mal threshold value for the diagnosis of malignant cervical
lymph nodes was 1.03× 10-3 mm2/s, with a 100% sensitivity,
92.9% specificity, and ROC curve of 0.983.

Abdel Razek et al. (5) indicated the mean ADC value of
1.38 × 10-3 mm2/s as a threshold value for differentiating
benign from malignant lymph nodes, with an accuracy of
96%, specificity of 88%, sensitivity of 98%, and ROC curve of
0.955.

In addition, de Bondt et al. (19) indicated the optimum
ADC threshold value of 1.0 × 10-3 mm2/s for differentiating
benign from malignant nodes with a sensitivity and speci-
ficity of 92.3% and 83.9%, respectively.

In the recent study, considering the fact that strong sus-
ceptibility artifacts created by adjacent bony structures of
the backbone led to the increased variability in ADC value
estimations, no spine was used as proper reference tissue
for ADC normalization purposes (20).

We utilized the sternocleidomastoid muscle with the
mean ADC value of 1.410 ± 0.105 × 10-3 mm2/s as reference
tissue for ADC normalization.

One of the restrictions of the current study was the use
of high b value in the smallest lymph causing the reduced
signal to noise ratio that hampered ADC measurements.
Another constraint was the small cohort study because the
statistical tests were conducted on the number of patients
regardless of the number of lymphadenopathies, to pre-
vent the confounding influence of multiple nodes per pa-
tient on the outcome.

In conclusion, the mean ADC value of metastasis (good-
moderately differentiated and poorly differentiated) is less
compared to the mean ADC values of benign swollen neck
lymph nodes. The mean ADC value of poorly differenti-
ated metastasis is lower in comparison with the mean ADC
value of good and moderately differentiated groups. The
mean ADC value of non- Hodgkin lymphoma is lower than
the benign and metastatic lymph nodes.

For distinguishing malignant from benign lymph
nodes, the optimal threshold is 0.95 × 10-3 mm2/s.
Notwithstanding future advances and improvements are
still to be anticipated, nevertheless, DWI as a non-invasive
practical imaging modality could play an important role
in the differentiation of benign from malignant lymph
nodes.
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