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Abstract 

Background Imaging with conventional MRI plays a pivotal role in differentiation between benign and malignant 
nodes, which is crucial for choice of therapeutic plan. The purpose of this study was to evaluate the role of diffusion-
weighted imaging DWI MRI and chemical shift imaging (CSI) (in and out of phase) in differentiation between malig-
nant and benign cervical lymph nodes.

Patients and methods We prospectively reviewed MR images of 31 patients presented to ENT department by cervi-
cal adenopathy. Imaging parameters documented included: morphology, ADC values and in-phase to out-of-phase 
(Ip/Op) ratios and signal drop in out-of-phase images.

Results ADC values of the benign and malignant nodes were 1.06 ± 0.25 and 0.85 ± 0.24, respectively. A statistically 
significant difference was found between the two groups (p = 0.041). An ADC value of 0.9 ×  10−3  mm2/s was con-
cluded to be the best cutoff value for differentiating benign from malignant LNs. The mean values of in/out-of-phase 
ratios of benign and malignant lymph nodes were 0.75 ± 0.16 and 0.96 ± 0.06, respectively. A statistically significant dif-
ference was found between the two groups (p = 0.001). The mean in/out-of-phase ratio of the benign nodes was sig-
nificantly lower than that of the malignant nodes.

Conclusions CSI can differentiate between malignant and benign lymph nodes with a cutoff value of in/out-phase 
ratio of 0.9. Also, adding the diffusion-ADC map can prefer the same value with a cutoff value of 0.9 ×  10−3  cm2/s. 
Adding CSI sequence to conventional MRI in examining the nodal status in patients with head and neck primary can 
enhance diagnostic accuracy of the examination.
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Background
Cervical lymphadenopathy is classified into: malignant 
and benign. Malignancy includes primary lesions as 
lymphoma, multiple myeloma and acute lymphoblas-
tic leukemia [1–3]. Metastatic cervical nodes are more 
common, and distinction from benign ones is crucial 
for selection of proper treatment plan [4–6]. Benign eti-
ologies include infectious, autoimmune, lipid storage 
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diseases and even medications [6, 7]. Also, recent studies 
showed that cervical lymphadenopathy could be associ-
ated with vaccines, like COVID-19, and they can even 
mimic malignant nodes in their morphological features 
[7].

US is the most financially reasonable and accessible in 
most healthcare providers [8–10] However, it cannot be 
used accurately in assessing deeper lymph nodes. Color 
Doppler can increase the diagnostic power by examining 
nodal vascularity. CT is pioneer in staging and finding 
primary as well as anatomical localization of nodal level 
[1, 11–16]. PET/CT adds functional data to already supe-
rior anatomical CT details [17–21].

Conventional MRI is highly reliable in evaluation of 
the cervical nodes. It provides additional information 
on intra-nodal texture including GAD enhancement and 
the presence of necrosis or hila [22–24]. Molecular diffu-
sion is visualized via diffusion-weighted imaging (DWI). 
The signal intensity visible on diffusion is influenced by 
cell size, density and integrity. This approach is a useful 
as a supplemental tool for distinguishing malignant from 
benign nodal tissues as both groups have different intra-
cellular densities, which should reflect as variant ADC 
values [25–32].

The chemical shift imaging is defined as the variance in 
the signal intensities produced from inherent variances 
in the resonant frequencies of precessing fat and water 
protons [33–35]. Fat molecules have greater shielding 
of protons if compared to water molecules. Therefore, 
the protons present in fat molecules precess at a lower 
frequency than the protons present in water. The varia-
tion in frequency between fat and water is known as the 
“chemical shift effect.” This effect is utilized during in-
phase (IP) and out-of-phase (OP) imaging in CSI. Chemi-
cal shift imaging is basically able to identify microscopic 
or intracellular fat, and it does not suppress the macro-
scopic fat [36–39]. In addition, the usage CSI would ver-
ify benignity of LNs by confirming the presence of fat in 
their hila. The problem of both CSI and diffusion is that 
both benign and malignant categories can reflect over-
lapping results and both techniques can be affected by 
artifacts from nearby tissues. The aim of our study was to 
investigate the role of chemical shift imaging in differen-
tiation between benign and malignant lymph nodes [39].

Patients and methods
(I) Patients: This research aimed at patients from the 
“Oncology,” “otorhinolaryngology” and “head and neck 
surgical wards” with cervical lymphadenopathies, 
referred to the Radiology department of our Main Uni-
versity Hospitals for MR imaging. The protocol of this 
prospective study was approved by the “Ethics Commit-
tee” of our medical institution, and an informed consent 

was taken from the patients prior to examinations. We 
aimed to collect patient’s in duration from Decem-
ber 2021 to December 2022. Inclusion criteria included 
patients with cervical lymphadenopathy (> 5  mm long 
axis, clinically palpable or routine follow-up of cancer 
patients), while exclusion criteria included (a) claus-
trophobic patients, (b) patients with metallic foreign 
bodies, (c) patients with history of radiotherapy and 
chemotherapy.

All included patients underwent the following: (a) 
history taking and thorough clinical examination, (b) 
detailed examination and palpation of the lymph nodes 
by a well-trained surgeon, (c) ultrasound-guided core or 
needle biopsy and/or excision biopsy was done for all the 
patients (according to the patients’ provisional diagno-
sis), and histopathological data were correlated. In some 
cases, clinical follow-up was satisfactory.

MR images were performed on a 1.5 T system (Achieva 
1.5 Tesla, Philips Medical Systems) by using a 16-chan-
nel sense neurovascular head and neck coil. All patients 
underwent DWI MRI and chemical shift imaging exami-
nation in addition to conventional MRI. (I) conventional 
MRI protocol: MRI protocol was tailored to cover the 
entire neck. The standard MR neck acquisition param-
eters were as follows: (a) rapid scout images, (b) multi-
planar (axial, coronal and sagittal) T2-weighted, (c) fast 
spin-echo images (TR, 5000  ms; TE, 102  ms; averages, 
2; matrix, 256 × 256; section thickness, 5.0 mm; and gap, 
2.5 mm), (d) axial T1-weighted images (TR, 675 ms; TE, 
8 ms; averages, 2; section thickness, 5.0 mm; gap, 2.5 mm; 
matrix, 256 × 256), (e) standard T1- and T2-weighted 
imaging was followed by DWI and in and out phases, 
and (f ) characterization of the LNs by conventional MRI 
depends on the nodal morphology. According to Fla-
vio Barchetti et al. [40], the lymph node was considered 
pathological if it fulfilled one or more of the following cri-
teria (on T2 images) [41]: (a) oval shape with short axis 
more than 10 mm, (b) round shape with diameter more 
than 8 mm, (c) internal necrosis regardless the shape and 
size, (d) heterogeneous intensity or indistinct borders. 
Additional signs of malignancy include: T2 heterogene-
ous signal, heterogeneous GAD enhancement (if GAD 
was given) and irregular margins (Figs. 1, 2, 3, 4, 5, 6, 7 
and 8).

(II) DWI MRI: DWI was performed by using a sin-
gle-shot spin-echo EPI sequence with the following 
parameters (single-shot turbo spin-echo (SS-TSE)-DWI 
sequence was used): axial plane 4-mm section thickness, 
FOV of 240 mm and b-values of 0 and 1000 s/mm2. ADC 
maps were generated from the DWIs where ROIs were 
placed on the DWIs and were copied to the correspond-
ing ADC map, and then, ADC values were calculated 
using the workstation software. ROIs were placed upon 
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solid portions of the lesion avoiding necrotic areas. Three 
ADC values were calculated, and the mean ADC was the 
value used in statistical analysis. The mean ADC values in 
the benign and malignant groups were compared using 
Mann–Whitney test and others (detailed below in statis-
tical analysis). We used qualitative evaluation of the sig-
nal intensity in b-1000 images and described the lesion as 
hypointense (not restricted) or hyperintense (restricted) 
subjectively.

(III) Chemical shift imaging: Dual chemical shift 
sequences for OP and IP images with breath-holding 
were obtained at TR/TE_110/2.3  ms (OP images) and 
TR/TE_110/4.7  ms (IP images). The flip angle was 90°. 
The duration of these sequences was 32 s, yielding seven 
slices. All images were then sent to a PACS workstation, 

and the lymph nodes noted on the T1 and T2 sequences 
were identified on the in-phase/opposed-phase (IP/OP) 
sequences. Three measurements of the signal intensity 
were made, and the average recorded and IP/OP ratios 
were calculated by measuring signal intensities in every 
image (via adequate ROI like ADC) and dividing the val-
ues in in phase by that in out-of-phase images.

(IV) Statistical analysis of the data: Data were fed to 
the computer and analyzed using IBM SPSS software 
package version 20.0. (Armonk, NY: IBM Corp). Qual-
itative data were described using number and percent. 
The Shapiro–Wilk test was used to verify the normal-
ity of distribution. Quantitative data were described 
using range (minimum and maximum), mean, stand-
ard deviation, median and interquartile range (IQR). 

Fig. 1 ROC curve for ADC value to discriminate malignant (n = 22) from benign (n = 9)
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Significance of the obtained results was judged at the 
5% level. The used tests were: (1) chi-square test for 
categorical variables, to compare between different 
groups, (2) Fisher’s exact or Monte Carlo correction 
for chi-square when more than 20% of the cells have 
expected count less than 5, (3) Student’s t test for nor-
mally distributed quantitative variables, to compare 
between two studied groups, (4) Mann–Whitney test 
for abnormally distributed quantitative variables, to 
compare between two studied groups.

Results
This study was conducted on 31 patients presenting 
with cervical lymphadenopathy. Patients included 17 
males and 15 females with ages averaging between 28 
and 70  years. A single inflammatory node was patho-
logically proven of tuberculous origin and was studied 
by imaging; yet not included in the statistics. We stud-
ied metastatic cervical lymph nodes of different prima-
ries including papillary thyroid cancer, lymphoma, and 
squamous cell carcinomas of different origins as well 

Fig. 2 Female patient 32 years old presenting with papillary thyroid cancer and left level V cervical lymphadenopathy. Axial T2 image A shows 
homogenous signal of the node seen rounded measuring 13 mm in short axis. The LN shows restricted diffusion B with low ADC value (0.72) 
in ADC map reflecting malignant nature of the lesion. The LN showed loss of signal drop on CSI C, D with in/out-of-phase ratio of 0.997. By 
histopathology, the lesion proved to be metastatic
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as mucoepidermoid carcinoma. Table  1 provides dis-
tribution of different pathologies. Twenty-one patients 
received GAD injection; remaining 10 patients did not 
because of bad renal functions.

Pathological diagnosis of the LNs was obtained via 
ultrasound-guided biopsy or following excisional biopsy 
after neck dissection. According to the histopathology; 

twenty-two LNs were found to be malignant and nine 
LNs were benign. (All of our cases underwent cytology 
by excision except a case with known cancer and small 
nodes suggested by conventional MRI and more sug-
gested by CSI and DWI as being only reactive by US-
FNA). Follow-up was done to patients who presented 
with reactive nodes and no primary.

Fig. 3 Male patient 35 years old presenting with squamous cell carcinoma of the tongue and left level IA lymphadenopathy. Axial T2 image A 
shows homogenous signal of the node seen rounded measuring 8 mm in short axis. The ADC map B shows restricted diffusion of the submental 
LN (white arrow) with ADC value (0.7) in ADC map. The LN showed loss of signal drop on CSI C, D with in/out-of-phase ratio of 0.974. Core biopsy 
from the LN proved to be metastatic
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Conventional MRI was made, and T2 morphology 
was studied according to Flavio Barchetti et al. [40] cri-
teria. The sensitivity of conventional MRI according to 
the previously mentioned criteria is 90.91%, while it has 
a relatively low specificity for metastatic lymph node 
reaching 66.67%, and the PPV was 86.96%, and the 
NPV was 75%, while the accuracy was 83.87%. These 
are summarized in Tables 2 and 3.

Table  3 shows the mean ADC values of the malig-
nant and benign lymph nodes. The mean ADC values 
of the benign and malignant LNs were 1.06 ± 0.25 and 
0.85 ± 0.24, respectively. A statistically significant differ-
ence was found between the two groups (p = 0.041). The 
mean ADC values of the malignant LNs were signifi-
cantly lower (p = 0.001) than those of the benign LNs. An 
ADC value of 0.9 ×  10−3  mm2/s was concluded to be the 

Fig. 4 Male patient 65 years old presenting with lymphoma and multiple cervical lymphadenopathy. The LN studied was left level IB. Axial T2 
image A shows homogenous signal of the node (white arrow) seen rounded measuring 13 mm in short axis. The ADC map B shows restricted 
diffusion (white arrow) of the node with ADC value (0.6) in ADC map. The LN showed loss of signal drop on CSI C, D with in/out-of-phase ratio 
of 0.9. Core biopsy from the LN proved to be non-Hodgkin lymphoma
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best cutoff value for differentiating benign from malig-
nant LNs. It showed a diagnostic accuracy of 72.77% sen-
sitivity and 88.7% specificity shown in Table 4.

Table  5 shows the mean values (in/out-of-phase ratio) 
of the benign and malignant lymph nodes. The mean val-
ues of the benign and malignant LNs were 0.75 ± 0.16 and 
0.96 ± 0.06, respectively. A statistically significant difference 
was found between the two groups (p, 0.001). The mean 
in/out-of-phase ratio of the benign LNs was significantly 
lower than that of the malignant LNs. A cutoff value of 
approximately 0.9 was concluded to be the best cutoff value 
for differentiating benign from malignant LNs. It showed a 

diagnostic ability of 95.45% sensitivity and 88.89% specific-
ity, shown in Table 5.

Discussion
Head and neck malignancies represent about 4% of the 
malignancies of the body [41]. This study aims to differ-
entiate between nodes without the need of unnecessary 
biopsies and without the need of intravenous contrast, 
thus avoiding their complications. Gor et  al. [42] stated 
that the size of the lymph node is not a reliable sole indi-
cator with false-positive value 15% and false-negative 
value 20%. Many malignant nodes showed normal size, 

Fig. 5 Female patient 32 years old presenting with papillary thyroid cancer and right Level II cervical lymphadenopathy. Axial T2 image A shows 
homogenous signal of the node seen oval measuring 18 mm in short axis. The LN shows restricted diffusion B with low ADC value (0.6) in ADC map 
reflecting malignant nature of the lesion. The LN showed signal drop on CSI C, D with in/out-of-phase ratio of 0.88. By excisional biopsy, the LN 
was proved to be reactive
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while on the contrary enlarged lymph nodes may be of 
benign cause. Gor et al. [42] also stated that it is not spe-
cific to depend on the lymph node’s shape; benign nodes 
are usually kidney shaped, while malignant nodes are 
usually rounded (Tables 6 and 7).

Barchetti et  al. [40], in their study of patients with 
squamous cell carcinomas in the head neck, stated that a 
combination of morphological criteria may suggest diag-
nosis. He included the size of the node and concluded 
that central and eccentric necrosis is a strong indicator of 
malignancy disregarding the size of the node. According 
to these criteria, we found three false-positive results and 

two false-negative results. The reason of these falsies was 
due to depending on the size of the node as an indicator 
for malignancy. Necrosis within the node as well as het-
erogeneous T2 signal was always coupled with malignant 
nodes; all the benign nodes showed homogenous signal 
intensity, except the excluded one of tuberculous origin 
where diagnosis is readily made.

In this study, there was a significant difference in the 
ADC values between benign and malignant lymph nodes 
matching the findings with prior studies; malignant 
lymph nodes had a relatively lower ADC values than that 
of malignant nodes yet there was an overlap between 

Fig. 6 Male patient 35 years old presenting with squamous cell carcinoma of the tongue and right level Ia lymphadenopathy. Axial T2 image A 
shows homogenous signal of the node seen rounded measuring 3 mm in short axis. The ADC map B shows restricted diffusion of the submental 
LN (yellow arrow) with ADC value (0.7) in ADC map. The LN showed signal drop on CSI C, D with in/out-of-phase ratio of 0.71. Biopsy from the LN 
proved to be metastatic
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them. We concluded that the best cutoff ADC value 
is 0.9 ×  10−3   mm2/s. The mean ADC of metastatic was 
much lower than the mean of benign LNs with specificity 
87.5% and sensitivity 72.7%. We studied 7 patients with 
lymphoma as primary; they all showed restricted diffu-
sion with lower ADC values than most of the metastatic 
nodes; they ranged from 0.6 ×  10−3 to 0.9 ×  10−3   mm2/s. 
Survov et  al. [43] also agreed with this finding; he pro-
posed that lymphomatous nodes have lower ADC values 
reaching 0.7 ×  10−3   mm2/s. There was one false-positive 
result in a case of lymphoid hyperplasia. This may be 

due to the proliferation of lymphocytes compacting the 
lymph node thus slightly hindering the motion of mol-
ecules to some extent, thus resulting in restricted move-
ment and low ADC value.

There were six false-negative results in our study: Three 
of them were papillary thyroid carcinoma, two were met-
astatic squamous cell carcinoma and one case of meta-
static nasopharyngeal carcinoma. The high ADC values 
of those nodes may be due to the necrotic nature of the 
nodes. Singh et al. [43] concluded that a cutoff ADC value 
of 1.01 ×  10−3  mm2/s is optimum to differentiate between 

Fig. 7 Male patient 56 years old presenting with nasopharyngeal carcinoma and right level Ib LN. Axial T2 image A shows homogenous oval 
shaped LN measuring 7 m in short axis. The LN is hypointense on B1000; B shows no restricted diffusion with ADC value (1.12) in ADC map. The LN 
showed signal drop on CSI C, D with in/out-of-phase ratio of 0.617. Cytological assessment and follow-up revealed its benignity
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benign and malignant cervical lymph nodes with sensi-
tivity 97% and specificity 91.1%. Chong et  al. [44] pro-
posed an ADC cutoff value of 0.965 ×  10−3  mm2/s, yet his 
study was concerned only with the study of squamous 
cell carcinomas of the head and neck.

In our study, sinus fat within the node was considered 
present if there was a drop of signal between the in and 
out of phases, while the absence of signal drop denotes 
malignant nodes. Zhang et al. [45] studied the role of CSI 
in characterizing the nodal status of the lymph nodes 
in rectal nodes. The study was based on the concept of 
the signal drop of the fatty hilum of benign nodes, while 

metastatic nodes are invaded by metastatic tissue oblit-
erating the sinus fat leading to the loss of signal drop [45].

The principle of CSI is based on the fact that preces-
sion frequencies of hydrogen protons in water and fat 
molecules are variable. This means that on excitation 
they will be in phase and out of phase repeatedly. When 
they are out of phase, the fat and water will cancel each 
other. Therefore, there will be loss of signal in out-phase 
sequences [33, 34, 46]. As established in vertebral body 
malignancy, Mittal et  al. [46] used CSI to differentiate 
between benign and malignant vertebral collapse with 

Fig. 8 Male patient 48 years old presenting with cervical lymphadenopathy. The LN studied was at right level V. Sagittal T2 image A shows 
heterogeneous signal of the node with internal necrosis and amalgamated borders; it is seen rounded measuring 27 mm in short axis. The ADC 
map B shows restricted diffusion of the LN with ADC value (0.9) in ADC map. The LN showed loss of signal drop on CSI C, D with in/out-of-phase 
ratio of 0.92. Core biopsy proved the LN to be tuberculous lymphadenopathy
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cutoff value 0.95. We adapted the same approach, a ratio 
between the “in-phase” and “out-of-phase” images.

The in/out ratio cutoff value suggested by our study 
was 0.9; below it was considered benign while above this 
value was considered malignant. The sensitivity of the 
CSI study was 95.45%, while the specificity was 88.8%. 
The false positive was a case of lymphoid hyperplasia 
with in/out-phase ratio 0.96. This may be due to the pres-
ence of nodal reactive change, which compresses the fatty 
hilum making it imperceptible by the ROI, thus making 
our readings inaccurate. The false negative was a case 
of squamous cell carcinoma of the tongue with meta-
static submental nodes. The short axis of the node was 
less than 3 mm, and thus, inaccurate measurement of the 

Table 1 Distribution of the studied cases according to the 
presenting primary (n = 31)

Type of malignancy No %

No tumor 2 6.5

Submandibular squamous cell carcinoma 1 3.2

Submandibular mucoepidermoid 1 3.2

Skin squamous cell carcinoma 2 6.5

Papillary thyroid carcinoma 9 29.0

Papillary squamous cell carcinoma 1 3.2

Nasopharyngeal carcinoma 3 9.7

Mucoepidermoid carcinoma 1 3.2

Lymphoma 7 22.6

Lymphoid hyperplasia 1 3.2

Cancer tongue 3 9.7

Table 2 Comparison between benign and malignant according to different parameters on conventional T2

IQR: Inter-quartile range; SD: Standard deviation; t: Student’s t test; and p: p value for comparing between benign and malignant

*Statistically significant at p ≤ 0.05

ADC value Total (n = 31) ACC to pathology t p

Benign (n = 9) Malignant (n = 22)

Min–Max 0.40–1.40 0.50–1.40 0.40–1.40 2.144* 0.041*

Mean ± SD 0.91 ± 0.26 1.06 ± 0.25 0.85 ± 0.24

Median (IQR) 0.90 (0.70–1.08) 1.07 (1.03–1.20) 0.85 (0.70–1.04)

Table 3 Agreement (sensitivity, specificity and accuracy) for T2 sequence

AUC: Area under a curve; p value: probability value; CI: confidence intervals; NPV: negative predictive value; and PPV: positive predictive value
* Statistically significant at p ≤ 0.05
# Cutoff was choose according to Youden index

AUC p 95% CI Cutoff# Sensitivity Specificity PPV NPV

ADC value 0.775* 0.028* 0.549–0.961 ≤ 0.9# 72.7 88.7 93.7 53.3

Table 4 Comparison between benign and malignant according to ADC value

IQR: Inter-quartile range; SD: standard deviation; t: Student’s t test; U: Mann–Whitney test; and p: p value for comparing between benign and malignant

*Statistically significant at p ≤ 0.05

Total (n = 31) ACC to pathology Test of Sig p

Benign (n = 9) Malignant (n = 22)

In phase

Min–Max 249.0–2054.0 683.0–1729.0 249.0–2054.0 t = 1.483 0.149

Mean ± SD 1222.9 ± 412.2 1054.6 ± 307.2 1291.7 ± 435.5

Median (IQR) 1196.0 (915.5–1473.0) 965.0 (868.0–1196.0) 1280.5 (996.0–1590.0)

Out of phase

Min–Max 236.0–2017.0 303.0–1183.0 236.0–2017.0 t = 2.944* 0.006*

Mean ± SD 1116.8 ± 447.6 786.7 ± 247.5 1251.9 ± 443.9

Median (IQR) 1125.0 (799.0–1350.5) 780.0 (697.0–822.0) 1267.5 (867.0–1587.0)

Ratio in/out

Min–Max 0.44–1.0 0.44–0.97 0.71–1.0 U = 12.0* < 0.001*

Mean ± SD 0.90 ± 0.14 0.75 ± 0.16 0.96 ± 0.06

Median (IQR) 0.96 (0.86–0.99) 0.80 (0.68–0.83) 0.98 (0.96–0.99)
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ROI due to the spatial resolution led to the false-negative 
measurement.

Our study included one inflammatory case (which was 
not included in the statistical analysis); it was a case of 
cervical tuberculous lymphadenitis, which was already 
easily diagnosed by clinical and conventional criteria. 
Both diffusion and CSI failed to differentiate between 
inflammatory and malignant changes in this case. Both 
showed findings supporting the findings of malignancy: 
a low ADC value of O.9 ×  10−3   mm2/s and loss of signal 
drop on CSI with in/out ratio more than 0.9. The mor-
phological features on conventional imaging showed 
internal necrosis and amalgamated irregular margins.

The CSI was found to be more sensitive and specific 
in tissue characterization of the cervical lymph node 
than diffusion-weighted images and conventional MRI. 

The false-positive and false-negative results of the ADC 
value with cutoff value 0.9 ×  10−3   mm2/s were corrected 
by the in/out-phase ratio with cutoff value 0.9. Only one 
patient—a case of lymphoid hyperplasia—where both 
CSI and diffusion failed to characterize it and suggested 
it to be malignant although histopathological assessment 
revealed the absence of malignancy. However, diffusion 
was able to characterize smaller LN which measured 
3 mm in short axis yet CSI failed to identify it accurately.

We agreed with Survov et al. [43] that ADC values play 
a limited role in distinguishing between malignant and 
benign lesions. Primary assessment of cervical lymphad-
enopathy by either diffusion or chemical shift imaging 
alone is not advised to avoid fallacies caused by reactive 
inflammatory nodes and lymphoid hyperplasia. Thus, 
combining both CSI and diffusion provides diagnostic 

Table 5 Validity (AUC, sensitivity, specificity) for ADC value to discriminate malignant (n = 22) from benign (n = 9)

AUC: Area under a curve; p value: probability value; CI: confidence intervals; NPV: negative predictive value; and PPV: positive predictive value

*Statistically significant at p ≤ 0.05
# Cutoff was choose according to Youden index

AUC p 95% CI Cutoff# Sensitivity Specificity PPV NPV

Ratio in/out 0.939* < 0.001* 0.849–1.030 > 0.9# 95.45 88.89 95.5 88.9

Table 6 Comparison between benign and malignant according to chemical shift ratio (in/out of phase) value

IQR: Inter-quartile range; SD: standard deviation; t: Student’s t test; U: Mann–Whitney test; and p: p value for comparing between benign and malignant

*Statistically significant at p ≤ 0.05

Total (n = 31) ACC to pathology Test of sig p

Benign (n = 9) Malignant (n = 22)

In phase

Min–Max 249.0–2054.0 683.0–1729.0 249.0–2054.0 t = 1.483 0.149

Mean ± SD 1222.9 ± 412.2 1054.6 ± 307.2 1291.7 ± 435.5

Median (IQR) 1196.0 (915.5–1473.0) 965.0 (868.0–196.0) 1280.5 (996.0–1590.0)

Out of phase

Min–Max 236.0–2017.0 303.0–1183.0 236.0–2017.0 t = 2.944* 0.006*

Mean ± SD 1116.8 ± 447.6 786.7 ± 247.5 1251.9 ± 443.9

Median (IQR) 1125.0 (799.0–1350.5) 780.0 (697.0–822.0) 1267.5 (867.0–1587.0)

Ratio in/out

Min–Max 0.44–1.0 0.44–0.97 0.71–1.0 U = 12.0*  < 0.001*

Mean ± SD 0.90 ± 0.14 0.75 ± 0.16 0.96 ± 0.06

Median (IQR) 0.96 (0.86–0.99) 0.80 (0.68–0.83) 0.98 (0.96–0.99)

Table 7 Validity (AUC, sensitivity, specificity) for ratio in/out to discriminate malignant (n = 22) from benign (n = 9)

AUC: Area under a curve; p value: probability value; CI: confidence intervals; NPV: negative predictive value; and PPV: positive predictive value

*Statistically significant at p ≤ 0.05
# Cutoff was choose according to Youden index

AUC p 95% CI Cutoff# Sensitivity Specificity PPV NPV

Ratio in/out 0.939* < 0.001* 0.849–1.030 > 0.9# 95.45 88.89 95.5 88.9
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accuracy or even the usage of CSI as a sole indicator for 
characterization of metastatic LNs yields good results 
thus reducing unnecessary biopsies and intravenous con-
trast. Nevertheless, our study had a few limitations. First, 
the number of the lymph nodes studied was relatively 
small and this is limited because of workflow potentially 
hindered by cumulative small time on machine added by 
the sequence with its economic burden. Second, selec-
tion of optimal sites for localization of ROIs would affect 
the consistent acquisition of reliable ADC and CSI values.

Conclusions
We made some conclusions from our study: CSI can 
differentiate between malignant and benign lymph 
nodes with a cutoff value of in/out-phase ratio of 0.9. 
Also, adding the diffusion-ADC map can prefer the 
same value with a cutoff value of 0.9 ×  10−3   cm2/s. Add-
ing CSI sequence to conventional MRI in examining the 
nodal status in patients with head and neck primary can 
enhance diagnostic accuracy of the examination.
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