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B-mode ultrasound, color Doppler, and
sonoelastography in differentiation
between benign and malignant cervical
lymph nodes with special emphasis on
sonoelastography
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Abstract

Background: Enlarged cervical lymph nodes are the most commonly encountered neck lumps. Ultrasonography is
the most extensively used tool for classification of superficial lymph nodes due to its availability and low cost.
Ultrasound (US) elastography refers to a non-invasive imaging technique that can describe tissue displacement (i.e.,
strain) or stiffness in response to a given force.
The aim of this study is to compare between B-mode sonography, color Doppler, and sonoelastography in
assessment of enlarged deep cervical lymph nodes.

Results: The prevalence of benign lymph nodes was 26 out of 84 (31%). Lymphomatous lymph nodes were 22/84
(26.2%), while metastatic lymph nodes were 36/84 (42.8%). Color Doppler evaluation of nodal vascular pattern was
of high sensitivity (91.7%), specificity (80.8%), and accuracy (88.6%) for differentiating metastatic and benign nodes
(P value was < 0.001). There was a significant difference between elasticity scores of benign and malignant lymph
nodes (P < 0.001). The most frequent score in the malignant group was 3 (21/27) (77.8%) while the most frequent
score in the benign group was 2 (5/11) (45.5%). The mean strain ratio (strain index) for malignant lymph nodes
(mean 3.2 ± 0.8) was significantly greater than that for benign lymph nodes (mean 1.1 ± 0.8).

Conclusion: Ultrasound elastography with its high sensitivity and specificity is a helpful improvement in US for the
assessment of cervical lymph nodes, in which biopsies should be performed.
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Background
Enlarged cervical lymph nodes are the most commonly
encountered neck lumps [1]. Various imaging techniques
including ultrasonography, computed tomography (CT),
and magnetic resonance imaging (MRI) are used to
evaluate the possible characteristics of lymph nodes [2].
Ultrasonography is the most extensively used tool for

classification of superficial lymph nodes due to its avail-
ability and low cost. Ultrasound elastography (UE) is
easy, rather cheap, and quick to perform, well tolerated
by patients, and offers a strong diagnostic power [3].
Ultrasound (US) elastography refers to a non-invasive
imaging technique that can describe tissue displacement
(i.e., strain) or stiffness in response to a given force [4,
5]. Elasticity is a mechanical tissue characteristic that
prevents tissue displacement under pressure. It varies in
different types of tissue (fat, collagen, and so forth) and
in the same tissue in different pathological states
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(inflammatory, malignant) [6]. Stiff tissues tend to de-
form less and show less strain than compliant tissues in
response to the same imparted force [5].
The aim of this study was to compare between B-

mode sonography, color Doppler, and sonoelastography
in assessment of enlarged cervical lymph nodes with
pathological correlation.

Methods
Study was approved by the ethical committee. A written
consent was obtained for the current study, and the pro-
cedure was explained for each patient. In the current
study, the diagnostic accuracy of conventional US, Color
Doppler ultrasound, and US elastography, as well as the
sensitivity and specificity to diagnose malignant cervical
lymph nodes such as those caused by lymphoma and
metastasis in addition to benign conditions as TB and
non-specific lymphadenitis were analyzed.
This prospective study was conducted on 55 patients,

33 males, and 22 females (age ranged from 9 to 68 years
with mean age of about 42 years). Inclusion criteria for
the examined 55 patients included patients with clinic-
ally enlarged cervical lymph nodes including patients
with newly diagnosed head and neck cancer. None of
the examined patients had received any specific treat-
ment (chemotherapy or radiotherapy) prior to the exam-
ination. Necrotic nodes were excluded.

Imaging procedures and equipment
All patients underwent ultrasound examination, color
Doppler scanning and US Elastography using TOSHIBA
APLIO 500 ultrasound machine (Toshiba Medical Sys-
tems Corporation, Japan) with 8–12 MHz linear probe.
Patients were subjected to FNAC, core biopsy, and exci-
sional biopsy according to patient’s condition, followed
by histopathological examination.

Imaging analysis and interpretation
Real-time ultrasound

Conventional B-mode Examination included the entire
neck, looking for abnormal cervical lymph nodes and
any abnormal masses. The following US features of cer-
vical lymph nodes were analyzed: shape, short-axis diam-
eter, margin, echogenicity echogenic hilum (present or
absent), necrosis, calcifications, and matting.
B-mode US criteria for diagnosis included short-axis

diameter, shape, border, long-to-short-axis diameter ra-
tio in the longitudinal plane (L/S), hilum, and echogeni-
city. Short-axis diameter < 8 mm was the criterion as
benign and ≥ 8 mm as malignant; regular shape was the
criterion as benign and irregular sharp as malignant;
regular border was considered as benign and irregular or
blurred border as malignant; oval shape (L/S ≥ 2) was

considered as benign and round (< 2) as malignant; pres-
ence of hilum was considered as benign and absent as
malignant; homogeneous echogenicity was considered as
benign and heterogeneous echogenicity as malignant.

Color Doppler imaging Vascularity of each node was
seen in color Doppler ultrasound and ranked from I–IV:
type I was defined as a hilar or central flow, type II had
peripheral flow only, type III had mixed peripheral flow
with central flow, and type IV was defined as no visible
flow.

US elastography
US elastography was performed using the strain method.
The target lesion was manually compressed by the trans-
ducer under light repetitive pressure followed by decom-
pression and repeated until a stable image was obtained.
Real-time elastographic and B-mode images simultan-

eously appeared as a two-panel image, in which the elas-
togram appears in a region-of interest (ROI) box. The
elastography images were obtained with the elasticity
color map, superimposed on the B-mode images, and
displayed on the left side of a dual-display image while
the corresponding B-mode image was on the right in
order to maintain continuous real-time visualization.
The elastography strain images were displayed on color
mapping. The red area was the area with the greatest
strain (softest component); green area, average strain
(intermediate component); and blue area, no strain (stiff-
est component).
Image interpretation was done using a well expert

head and neck radiologist with a 15-year experience and
was blinded to clinical and laboratory data. Strains of
lymph node and surrounding muscles were measured on
elastogram, and the muscle-to-lymph node ratio (strain
ratio/index) was calculated. Strain ratio curves and value
were calculated automatically by the machine. After-
wards, elastographic images were given 1–4 elasticity
scores based on a study by Ying et al. [7]. Offline post-
processing of the acquired elastograms was done using
computer software for analysis of pictures called “Ima-
geJ.” It calculated the percentage of blue areas of the
elastograms (representing the percentage of stiff tissue).
The US elastography assessment was categorized as

probably benign (elasticity scores of 1 with total blue
area < 10%, moderately soft (total blue area between
10% and 45%), suspicious for malignancy (elasticity score
3 interpreted as moderately stiff with a total blue area
between 46% and 80% and score 4 which were inter-
preted as stiff nodes with a total blue area > 80%.

Pathologic diagnosis
Fine needle aspiration cytology (FNAC) was used in 12
nodes (3 patients), core needle biopsy (CNB) in 52 nodes
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(46 patients), and surgical excisional biopsy in 12 nodes
(3 patients). In 3 patients (8 lymph nodes), the follow-up
after empirical treatment revealed improvement of the
enlarged lymph nodes both clinically and radiologically
with no recurrence on follow-up and were considered
non-specific lymphadenitis.

Statistical analysis of the data
Data were referred to the computer and analyzed using
IBM SPSS software package version 20.0. Qualitative
data were described using number and percent. Quanti-
tative data were described using range (minimum and
maximum), mean, standard deviation, and median. Sig-
nificance of the obtained results was judged at the 5%
level. Chi-square test for categorical variables was used
to compare between different groups.
Fisher’s exact or Monte Carlo correction for chi-

square when more than 20% of the cells have expected
count less than 5, Student’s t test for normally quantita-
tive variables, to compare between two studied groups,
and Mann–Whitney test for abnormally quantitative
variables, to compare between two studied groups.
Agreement of the different predictives with the outcome
was used and was expressed in sensitivity, specificity,
positive predictive value, negative predictive value, and
accuracy. Odd ratio (OR) was used to calculate the ratio
of the odds and 95% confidence interval of an event oc-
curring in one risk group to the odds of it occurring in
the non-risk group. ROC curve of ES and SR in isolation
and combined for prediction of malignancy (Fig. 1).

Results
Age range for both benign and malignant patients was
9–68 years; the mean age was higher for malignant cases
(58 ± 14.4 years) than for benign cases (15.7 ± 10 years).
According to pathological results, the prevalence of

benign lymph nodes was 26 out of 84 (31%), of which 20
LN were non-specific lymphadenitis and TB lymphaden-
itis was detected in 6 LNs (Figs. 2 and 3). Lymphoma-
tous lymph nodes were detected in 22 nodes (26.2%)
(Fig. 4), while metastatic lymph nodes were 36/84
(42.8%) (Fig. 5).
Among the 36 metastatic lymph nodes, 11 lymph

nodes were secondary to thyroid cancer, followed by
nasopharyngeal and laryngeal cancer, each accounting
for 9 and 10 lymph nodes, respectively. Also, five lymph
nodes were histopathologically diagnosed to be second-
ary to breast cancer and one lymph node was metastatic
from tongue cancer.
According to the B-mode sonographic criteria, the

short-axis diameter and ratio between the long-axis/
short-axis diameter, both were found to be of no statis-
tical significance (P > 0.05). Echogenic hilum was ob-
served in 72.7% of the benign lymph nodesand in none
of the malignant lymph nodes (P < 0.001). Out of the ex-
amined benign lymph nodes, 90.9% showed regular mar-
gin, while 51.9% of the examined malignant lymph
nodes had irregular outlines (Table 1).
According to the Doppler findings, benign lymph

nodes showed hilar vascularity in 19/26 lymph nodes
and peripheral vascularity in 7/26 lymph nodes. On the
other hand, malignant lymph nodes exhibited peripheral

Fig. 1 ROC curve of ES and SR in isolation and combined for prediction of malignancy
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vascularity in 33/58 lymph nodes, mixed vascularity in 5
lymph nodes, and avascular pattern in 20/58 lymph
nodes.
Color Doppler ultrasonography evaluation of nodal

vascular pattern was of high sensitivity (93.4%), specifi-
city (84.7%), and accuracy (89%) for differentiating meta-
static and benign nodes. Its P value was < 0.001*.

Qualitative elastographic findings (elasticity score)
There was a significant difference between elasticity
scores of benign and malignant lymph nodes (P < 0.001).
The most frequent score in the malignant group was 3
(46/58) (79.3%). On the other hand, the most frequent
score in the benign group was 2. Patients with scores of
1 and 2 were classified as elastographic-negative, and
those with scores 3 and 4 were classified as positive.
Fifty-five malignant lymph nodes were elastographic-
positive, and 3 were negative (Table 2).

Quantitative elastographic findings (strain ratio)
The mean strain ratio (strain index) for malignant lymph
nodes (mean 3.3 ± 0.65) was significantly greater than that
for benign lymph nodes (mean 1.3 ± 0.75) as shown in
Table 3. Out of the 84 examined lymph nodes, 26 nodes
(31%) assumed to be benign according strain ratio, 23 of
them (88.4%) were benign (true negative) by histopath-
ology, and 3 of them (11.6%) were malignant by histopath-
ology (false negative). Meanwhile, 58 lymph nodes seemed
to be malignant according to strain ratio, out of which 55
lymph nodes (49.8%) were confirmed to be malignant by
histopathology (true positive) and 3 lymph node were
proved to be benign (false positive) (Table 3).
Using a cut-off point of more than 47% for ES and 1.9

for SR, both ES and SR showed excellent discrimination
between malignant and benign nodes, area under curve
(AUC) showed an excellent test ranged from 0.91, .95,
and 0.89 for ES, SR, and both combined, respectively
(Tables 4 and 5).

Fig. 2 B-mode US (a) revealed a well-defined, hypoechoic, oval right upper deep cervical lymph node with preserved hilum, L/S ratio was 2.54.
Color Doppler (b) revealed central hilar internal vascularity. The split-screen US elastogram (c) of the same lymph node revealed type 1 color
pattern, strain ratio value was 1.17. Histopathological evaluation revealed non-specific lymphadenitis
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Discussion
Lymphadenopathy is one of the common daily clinical
encounters, and it holds high clinical significance as it
could be a manifestation of a number of pathological en-
tities [1]. A detailed knowledge of the differential diag-
nosis of localized or generalized lymphadenopathy is
important as lymphadenopathy can be caused by serious
conditions such as malignancy.
B-mode sonography, color Doppler sonography, and

ultrasound elastography were used in our study to differ-
entiate between benign and malignant cervical lymph
nodes in the light of clinical data, follow-up, and histo-
pathological results.
Owing to the multiplicity of lymph nodes, the most

suspicious nodes were chosen as the clinical concern
was whether the nodal masses are benign or malignant.

Choosing the most suspicious nodes resulted in 84
lymph node groups in 55 patients. Statistical data
showed male predominance as 60% of patients were
males and 40% were females.
Histopathological results showed that 69% of the

lymph nodes (58 lymph nodes) were malignant. This
high percentage of malignant lymph nodes in the
current study can be attributed to the selection of the
most suspicious lymph nodes because physician were
worried about metastatic disease in patients with pri-
mary malignancy and about being malignant lymph-
adenopathy such as lymphoma in patients without
known primary. This was also observed by Alam
et al. [6] and Shi et al. [8], the studies of whom were
conducted on 85 lymph nodes, 62% of which were
malignant. However, in some other studies such as

Fig. 3 B-mode US (a) revealed a well-defined hypoechoic left lower deep cervical lymph node with thinned hilum. L/S ratio was 2.5. Color
Doppler (b) revealed central hilar vascularity. The split-screen US elastogram (c) revealed type 2 color pattern. Strain ratio value was 3.6. Despite
high SR, the final histopathological diagnosis was TB lymphadenitis
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that performed by Lyshchik et al. [9], only 43% of the
total of 114 examined lymph nodes were found to be
malignant.
The B-mode ultrasonographic diagnosis of lymph

nodes has been the topic of many studies in the lit-
erature [10, 11].
Unlike Teng et al. [12] found that the best B-mode cri-

terion was short-axis diameter with sensitivity of 94%
and accuracy of 71.9%, the current study results showed
that the best conventional ultrasound criterion was the
presence or absence of a hyperechoic hilum. In the
current study, we observed a lost hilum in 100% of ma-
lignant lymph nodes and 27% of benign nodes. On the
other hand, some authors have reported that a hypere-
choic hilum can be visualized in up to 51.5% of meta-
static nodes [13], regarding short-axis diameter, results
showed that it was statistically insignificant in differenti-
ation between benign and malignant cervical lymph
nodes, with a P value of 0.315.

In the current study, the shape of lymph nodes was
not a sufficient reliable indicator for identifying malig-
nant lymph nodes (P 0.121). In contrast, the observa-
tions of Toriyabe et al. [14] and Lyshchik et al. [9]
showed that 68% and 82% of benign nodes respectively
were oval and 81% and 75% of malignant nodes respect-
ively were round in shape
Normal and reactive nodes were predominantly

hypoechoic when compared to the adjacent muscles,
however, metastatic nodes from papillary carcinoma of
the thyroid are usually hyperechoic. The hyperechogeni-
city of the lymph nodes is believed to be due to the
intra-nodal deposition of thyro-globulin originating from
the thyroid primary tumor [15, 16].
Regarding color Doppler US, it has been shown that

benign lymph nodes tend to show hilar vascularity (73%
of benign lymph nodes). In contrast, malignant lymph
nodes had peripheral (56.8%) or mixed (both peripheral
and hilar) vascularity (8.6%). In their study, Teng et al.

Fig. 4 B-mode US (a) revealed a hypoechoic right lower deep cervical lymph node with irregular outline and lost hilum. L/S ratio was 1.9. Color
Doppler (b) revealed a central pattern of internal vascularity. The split-screen US elastogram (c) revealed type 3 color pattern. Strain ratio value
was 3.32. The final histopathological diagnosis was nasopharyngeal cancer
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Fig. 5 B-mode US (a) revealed a well-defined hyporechoic left lower deep cervical lymph node with bulky cortex and thinned-out hilum. L/S
ratio was 2.2. Color Doppler (b) revealed profuse mixed central and peripheral internal vascularity. The split-screen US elastogram (c) revealed
type 3 color pattern. Strain ratio value was 4.7. The final histopathological diagnosis was non-Hodgkin lymphoma

Table 1 Relation between the five used B-mode ultrasound criteria and final histopathological diagnosis

Histopathology P value

Benign Malignant

N = 26 N = 58

(1) Short-axis diameter Range
Mean ± SD

4.5–17.6 mm
9.2 ± 3.3

6.7–27.4 mm
11 ± 3.8

0.218

(2) L/S ratio (long- to short-axis diameter ratio) Range
Mean ± SD
Median/(IQR)

1.6–3
2.3 ± 0.5
2.4/(1.6–2.3)

1.3–4.2
1.7 ± 0.4
1.7 (1.5-1.9)

0.201

(3) Hilum Absent: n (%)
Present: n (%)

7 (27%)
19 (73%)

58 (100%)
0 (0%)

<0.001*

(4) Margin Sharp: n (%)
Irregular: n (%)

22 (90.9%)
4 (9.1%)

28 (49.3%)
30 (51.7%)

0.028*

(5) Echogenicity Hypo: n (%)
Hyper: n (%)

17 (65.3%)
9 (34.6%)

40 (68.9%)
18 (31.3%)

0.134

1 Independent samples t test for parametric quantitative data between the two groups, 2 Mann–Whitney test for non-parametric quantitative data between the
two groups, 3 Fisher exact test for qualitative data between the two groups
*Significant level at P value < 0.05
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[12] reported sensitivity 67%, specificity 76%, and accur-
acy 71% for Doppler in differentiating benign and malig-
nant LNs. Also, in Lyshchik et al. [10] had found that
specificity of Doppler was higher than its sensitivity re-
cording 99% and 47%, respectively.
Ultrasound elastography corresponds to clinical palpa-

tion as a method to assess how stiff lymph nodes are. In
general, metastatic lymph nodes are hard and lymph
nodes of TB are of tough texture.
Elastography is a technique that uses ultrasound to

analyze the stiffness of lymph nodes by measuring the
amount of distortion that occurs when the lymph node
is subjected to external pressure. The stiffness of the
lymph node is closely related to biological characteris-
tics. Malignant lymph nodes often are infiltrated by
tumor cells, necrosis, and calcification. Benign lymph
nodes, not containing metastatic deposits, have a similar
stiffness to normal tissue. According to this theory, ma-
lignant lymph nodes are mostly stiffer than benign ones
(Bhatia et al. [17]).
Elasticity score is used for the interpretation of elasto-

graphic findings [17]. The elasticity scoring system ini-
tially proposed by Itoh et al. [18] was useful for
comparing breast ultrasound elastographic results, by
using five pattern elasticity scores. The four patterns
scoring system is the most frequently ES used in

detecting lymph nodes abnormalities due to its simpli-
city [17]. So, we used it in the present study.
Furukawa et al. [19], Iagnocco et al. [20], and Choi

et al. [21] carried out studies on lymph nodes and classified
the elastographic findings into four patterns. Their results
revealed that malignant lymph nodes were found to exhibit
patterns 3 and 4 and benign lymph nodes patterns 1 and 2.
Findings observed in the current study were similar to

those of Furukawa et al. [19]. Eighty-two percent of be-
nign lymph nodes that we examined were classified as
patterns 1 and 2, while 94% of malignant ones were clas-
sified as patterns 3 and 4.
Scores 3 and 4 were present in 72.4% and 22.4% of the

malignant lymph nodes, respectively, 7.72% and 0% of
the benign lymph nodes, respectively. On the other
hand, 5.1% (3/58) of the malignant nodes had score 2
(false negative).
Ying et al. [7] concluded that even though elasticity

score measurement had a good diagnostic accuracy, it
had significant inter-observer variability. Thus, a quanti-
tative method such as strain ratio measurement was
needed for analysis of elasticity of the lymph node.
Different cut-off values of strain index were suggested

to differentiate between benign and malignant nodes
(1.5 and 1.78) [6, 9], while the cut-off value used in Arda
et al. [22] was 2.5. In the present study, the cut-off value
was 1.9 and after revising the histopathological results,
the calculated sensitivity for strain ratio greater than 1.9
was 94.8%, specificity was 88.5%, PPV was 94.8%, NPV
was 88.5%, and accuracy was 92.8%. High specificity is
the greatest advantage of elastography, which has been
found not only in the current study but also in other
studies [7, 9, 22, 23]. So, ultrasound elastography can re-
duce the number of unnecessary biopsy in the diagnosis
of metastatic cervical lymph nodes. In a study carried
out on 32 enlarged lymph nodes, the authors stated that
ultrasound elastography showed sensitivity, specificity,
and accuracy of 83.3%, 90%, and 87.5%, respectively [24].

Table 2 Relation between elasticity score and final histopathological diagnosis

Histopathology P value

Benign Malignant

N = 26 N = 58

Percentage of the blue (stiff) area Range
Mean ± SD
Median/(IQR)

8–79%
22 ± 18 %
26/(12–47)

10–91%
57.6 ± 14.3 %
68/(49–80)

< 0.001*

Elasticity score (ES)

ES 1 < 10%: n (%) 9 (34.6%) 0 (0%)

ES 2 10–45%: n (%) 15 (57.7% 3 (5.1%)

ES 3 46–80: n (%) 2 (7.7%) 42 (72.4%)

ES 4 > 80: n (%) 0 (0%) 13 (22.4%)

Mann–Whitney test for non-parametric quantitative data between the two groups
Fisher exact test for qualitative data between the two groups
*Significant level at P value < 0.05

Table 3 Relation between elastographic strain ratio and final
histopathological diagnosis

Histopathology P value

Benign Malignant

N = 26 N = 58

Strain
ratio
(SR)

Range
Mean ± SD
Median/(IQR)

0.3–2.9
1.2 ± 0.7
1/(0.5–1.2)

1.6–4.2
3.3 ± 0.8
3.3/(2.5–3.8)

< 0.001*

Mann–Whitney test for non-parametric quantitative data between the
two groups
Fisher exact test for qualitative data between the two groups
*Significant level at P value < 0.05

Abdelgawad et al. Egyptian Journal of Radiology and Nuclear Medicine          (2020) 51:157 Page 8 of 10



The specificity of ultrasound elastography has varied
widely among different reports. Some studies showed
high specificity of elastography as in the studies per-
formed by Alam et al. [6] and Hefeda et al. [25] (100%
and 95.6%, respectively), who studied the difference be-
tween reactive and metastatic lymph nodes. In the
current study, sensitivity of elasticity score was 96.4%
and sensitivity of strain ratio was 94.8%. Alam et al. [6]
reported the highest accuracy for sonoelastography
(89%) in agreement with our results that showed 94.4%
accuracy for elasticity score and 92.8% accuracy for
strain ratio
On the other hand, Lo et al. [23] in a study included

131 patients, found that the elasticity pattern system had
sensitivity of 67%, specificity of 57%, positive predictive
value of 52%, and negative predictive value of 71%. They
concluded that elastography offers no additional value
over conventional ultrasound in predicting malignancy
in cervical lymph nodes.
The sonoelastography technique is helpful in differen-

tiating reactive from metastatic lymph nodes, but it did
not show the ability to distinguish other situations such

as TB. Two patients in our study were diagnosed with
TB lymphadenitis. The first one took score 3 (false posi-
tive), and the second one score 2. So, ultrasound elasto-
graphy was equivocal in our results in such situations.
The characteristics of TB on ultrasonography are vari-

able according to clinical stage. The appearance of TB
on ultrasonography was classified into four types: acute
inflammation type, cheesy necrosis type, cold abscess
type, and calcification type according to some authors
such as Zhao et al. [26]. The differential diagnosis be-
tween TB and malignant disease of lymph node is always
the diagnostic dilemma of ultrasound and sonoelastogra-
phy. In a study done by Teng et al. [12], only 5 out of 16
lymph nodes of TB were diagnosed correctly by ultra-
sound elastography, whereas the whole diagnostic accur-
acy of elastography was 66% in 89 lymph nodes which
were suspected to be malignant.
The current study has some limitations such as the

small number of studied nodes. Sonoelastography is a
user-dependent technique related to experience of the
radiologists. A low-quality elastogram can result in prob-
lems in interpretation. A poor-quality elastogram may

Table 4 Diagnostic performance of elasticity score and strain ratio in isolation and combined

Elasticity score (ES) Strain ratio (SR) Combined ES and SR

Cut-off point > 47% > 1.9

AUC 0.912 0.956 0.891

95% CI 0.78–0.98 0.84–0.996 0.75–0.97

P value < 0.001* < 0.001* < 0.001*

TP 55 55 58

TN 24 23 25

FP 3 3 1

FN 2 3 1

Sensitivity 96.4% 94.8% 98.3%

Specificity 88.8% 88.5% 96.1%

PPV 95.8% 94.8% 92.9%

NPV 92.3% 88.5% 96.1%

Accuracy 94.4% 92.8% 98.11%

AUC area under curve, CI confidence interval, PPV positive predictive value, NPV negative predictive value

Table 5 Sensitivity, specificity, and accuracy of US, Doppler ES, and SR

Sensitivity Specificity Accuracy P value

US Short-axis
diameter

Long- to
short-axis
diameter
ratio

Hilum Short-axis
diameter

Long- to
short-axis
diameter
ratio

Hilum Short-axis
diameter

Long- to
short-axis
diameter
ratio

Hilum Short axis
diameter

Long- to
short-axis
diameter
ratio

Hilum

85% 73% 100% 29% 33% 72% 68% 72% 92% 0.315 0.121 0.001

Doppler 93.4% 84.7% 89% < 0.001*

ES 96.4% 98.8% 94.4% > 0.001*

SR 93.4% 95.6% 94.1% < 0.001*

Combined ES and SR 98.3% 96.1% 92.9% < 0.001*

*Significant level at P value < 0.05
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result from pulsation of neighboring vessels. The shape of
the neck may result in sliding motion during compression.
A lot of research is still needed to fully understand the

varied appearance of diseases and to standardize its ap-
plication. It is possible that it will become a part of the
routine diagnostic sonographic procedure in the near
future.

Conclusion
Ultrasound elastography with its high sensitivity and
specificity is a helpful improvement in US for the assess-
ment of cervical lymph nodes, in which biopsies should
be performed.
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