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Abstract
Objective: The aim of this study is to explore the diagnostic value of sonoelastography for the differentiation between 

benign and malignant superficial lymph nodes of the neck. In this respect the utility of an original scoring system was explored. 
Material and method: Over a period of 30 months the patients examined routinely for the assessment of superficial lymph 
nodes of the neck were recorded in a data base containing grey-scale, Doppler and sonoelastographic information and images. 
The sonoelastographic images of 30 benign and 39 malignant lymph nodes were assessed. The images were scored accord-
ing to a new, eight pattern scoring system proposed by our group. Interobserver agreement and area under the ROC curve 
(AUROC) for the differentiation between benign vs. malignant and benign vs. metastatic nodes were analyzed. Results: The 
analysis of the interobserver agreement for the investigated score provided a weighted Kappa = 0.687, 95%CI [0.572 to 0.802] 
and standard error = 0.059.  In the differentiation benign – malignant, the AUROC was 0.846, with sensitivity of 66.67% 
and specificity of 96.67% for score >3. In the differentiation between benign and metastasis, the same criterion provided an 
AUROC of 0.855, with sensitivity of 71.43 and specificity of 96.67%. Conclusions: Our study suggests that applying the pro-
posed score provides good interobserver agreement. The score also provided very good specificity and reasonable sensitivity 
in the differentiation between malignant and benign lymph nodes in the neck.
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Introduction

Ultrasonographic evaluation of the cervical lymph 
nodes always follows the clinical exam and is very im-
portant for the diagnosis, prognosis and selection for the 
appropriate treatment [1]. The head and neck contains 60 
to 70 lymph nodes of the 400 to 450 in the human body. 
The detection and description of the characteristics of the 
lymph nodes are important due to a large number of in-

flammatory or neoplastic diseases, primary or secondary, 
that can involve cervical lymph nodes [2].

Frequently, metastatic lymph nodes are the first sign 
in patients with malignancies. The most important task 
for imaging techniques is to differentiate between malig-
nant and inflammatory lymphadenopathy. Ultrasonogra-
phy is the first imaging technique used for the differentia-
tion between benign and malignant cervical lymph nodes 
[1]. A study by Xing et al [3] proved that ultrasound is the 
most sensitive and specific examination, with the highest 
predictive value in detection and diagnosis of melanoma 
metastatic cervical lymphadenopathy. 

Routinely, grey-scale and Doppler images are used 
for the diagnosis of lymph nodes. The main grey-scale 
criteria for benign-malignant differentiation are: size, 
shape, margins, echogenicity, presence of hilum, necro-
sis, calcifications, matting, and surrounding edema. Dop-
pler criteria include presence and distribution of the flow, 
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One member of the team randomly chose the images, 
by numbers, the only available information being about 
the final outcome (benign or malignant).

The sonoelastographic images of 30 benign and 39 
malignant lymph nodes were chosen. The inclusion cri-
teria were:

– good quality representative elastographic images.
– follow-up of the least 6 months with no change or 

regression of the lymph node for benign lymph nodes.
– availability of pathology for the malignant nodes.
– for the malignant nodes, matching between the im-

aged lymph node and the node reported at pathology.
Patients without follow-up, no pathological report, 

non-matching criteria between the image and pathology 
and technically inadequate sonoelastographic images 
such as inappropriate compression quality factor, incom-
plete encompassing of the node or insufficient perinodal 
tissue for comparison were excluded. 

The images were obtained on a Hitachi EUB 8500 
scanner with 6.5-13 MHz linear transducers and with 
real time sonoelastography. The nodes were scanned on 
longitudinal and transverse planes with wide color win-
dow, trying to encompass as much soft tissue around the 
lymph node as possible. Probe stabilizer was not used. 
Compression was applied perpendicular to the skin. Only 
the images with an acquisition quality factor of 3 or 4, 
as displayed by the specific scale of the scanner, were 
stored. 

The images were scored according to a scoring sys-
tem proposed by our group, as follows:

• pattern 1: the whole nodule is soft (similar to the 
surrounding tissues);

• pattern 2: <50% of the nodule surface is blue and 
no individualized hypoechoic nodules are seen in 
the lymph node structure;

• pattern 3: <50% of the nodule surface is blue and 
individualized soft hypoechoic nodules are seen in 
the lymph node structure;

• pattern 4: <50% of the nodule surface is blue and 
individualized hard hypoechoic nodules are seen 
in the lymph node structure;

• pattern 5: 50% - 100% of the nodule surface is blue 
and no individualized hypoechoic nodules are seen 
in the lymph node structure;

• pattern 6: 50% - 100% of the nodule surface is blue 
and individualized hard hypoechoic nodules are 
seen in the lymph node structure;

• pattern 7: the blue area covers the whole nodules 
and extends in the soft tissues

• pattern 8: blue (hard) nodule containing fluid areas 
(necrosis).

The scoring system is illustrated in figure 1. 

vascular pattern, number of vascular pedicles and imped-
ance values (resistence index - RI, pulsatility index - PI). 
However, as far as diagnostic accuracy is concerned, ei-
ther sensitivity or specificity was not satisfactory for any 
of the above mentioned signs [4-12]. 

Recently, sonoelastography was introduced in the 
clinical practice as a diagnostic tool used for the assess-
ment of the diseases of the organs amenable to a small 
distance from the transducer.  

The purpose of our study was to explore the diagnos-
tic value of sonoelastography for the differentiation be-
tween benign and malignant superficial lymph nodes of 
the neck. In this respect the utility of an original scoring 
system was explored. To achieve the purpose we targeted 
the following goals:

– to assess the interobserver variability of the score;
– to determine the sensitivity and specificity of dif-

ferentiating between benign and malignant nodes based 
on the consensus scoring attributed to the nodes aiming 
to determine which cutoff level provides the highest sen-
sitivity and/or specificity. For this purpose the area under 
the receiver-operator curve (AUROC) for different cutoff 
levels for our scoring systems was analyzed; 

– to assess the diagnostic value of the score only for 
the differential diagnosis between benign and metastatic 
nodes, eliminating lymphomas.

Material and methods

Over a period of 30 months (October 2009 – April 
2012) the patients examined routinely for the assessment 
of superficial lymph nodes in the Division of Ultrasound 
of the Department of Radiology were recorded in a da-
tabase containing grey-scale, Doppler and sonoelasto-
graphic information (such as demographics, size, echo-
genicity, margins, structure, homogeneity and internal 
structure changes, Doppler signal presence and distribu-
tion, RI, PI and node stiffness) and images.

Follow-up information or pathology reports were also 
recorded, whenever available. Care was taken to match 
the pathology reports of individual nodes with the ultra-
sonographic images. All the images were acquired by 
one examiner (ML). 

The study was retrospective and randomized. The 
randomization consisted of the anonymization and num-
bering of images, by a researcher unaware of the clinical 
outcome. The number code was used to split the images 
with known outcome into two categories: benign and 
malignant, by personnel aware of the coding but not in-
volved in the study. The study was approved by the ethi-
cal committee of the institution. Due to the retrospective 
design of the study written consensus was waived.     
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Fig 1. Illustration of the scoring system: a) pattern 1 – the whole nodule is soft, similar to the surrounding 
tissues; b) pattern 2 – <50% of the nodule surface is blue and no individualized hypoechoic nodules are seen 
in the lymph node structure; c) pattern 3 – <50% of the nodule surface is blue and individualized soft hyp-
oechoic nodules are seen in the lymph node structure (arrow); d) pattern 4 – <50% of the nodule surface is 
blue and individualized hard hypoechoic nodules are seen in the lymph node structure (arrow); e) pattern 5 
– 50% – 100% of the nodule surface is blue and no individualized hypoechoic nodules are seen in the lymph 
node structure; f) pattern 6 – 50% – 100% of the nodule surface is blue and individualized hypoechoic hard 
nodules are seen in the lymph node structure (arrow); g) pattern 7 – the blue area covers the whole nodule 
and extends in the soft tissues; h) pattern 8 – blue (hard) nodule containing fluid areas (necrosis) (arrow).
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The time interval between the acquisition of the last 
image and image analysis was at least 3 months. Two ex-
aminers (ML and SD) with similar experience in sonoe-
lastography (4 respectively 6 years of practice) assessed 
independently the images applying the scoring system 
for each image under investigation. A consensus session 
of the two examiners led to the final score attributed to 
each image. 

Statistical methods. The interobserver agreement was 
assessed using k weighted statistics [13]. The interpreta-
tion of the strength of agreement is: poor if k < 0.20; fair 
if 0.21 < k < 0.40, moderate if 0.41 < k < 0.60, good if 
0.61 < k < 0.80, and very good if 0.81 < k < 1 [14]

The diagnostic value (sensitivity and specificity) 
for each score were assessed by exploring the AUROC 
[15].

The diagnostic value was assessed first for the benign 
– malignant differential diagnosis. A second analysis for 
the differential between benign and metastasis was per-
formed after removing the lymphoma nodes.  

Results

The 69 lymph nodes were recorded in 42 patients. In 
the malignant category, there were 11 lymphomatous and 
28 metastatic lymph nodes.

The demographic characteristics of the studied lot are 
presented in table I.

The analysis of the interobserver agreement for the 
investigated score provided a weighted Kappa = 0.687, 
95%CI [0.572 to 0.802] and standard error = 0.059. 

The pattern distribution of the 69 lymph nodes, after 
the consensus evaluation, is presented in table II. 

The AUROC analysis in the differentiation between 
benign and malignant nodes is presented in table III and 
illustrated in figure 2. The nodes with lymphoma and me-
tastases (n=39) were considered positive.  The nodes with 
inflammatory changes (n=30) were considered negative. 
The AUROC was 0.846, standard error (SE) =0.0437 
with a 95% confidence interval (CI) 0.739 – 0.921 and a 
significance level P (area =0.5) <0.0001.

Table I. Demographics of the studiedgroup.

Diagnosis N
patients

N
lymph 
nodes

Male Age - years
(mean, 

extremes) 

Female Age - years
(mean, 

extremes)N patients N nodes N patients N nodes

Benign 22 30 9 12 26.77 (22-77) 13 18 31 (20-70)
Lymphoma 6 11 3 7 34 (22-54) 3 4 26 (21-33)
Malignant 14 28 10 12 26.15 (48-70) 4 16 27.37 (32-70)

N- number

Table II. Pattern distribution of the nodes

Pattern 1 2 3 4 5 6 7 8
N nodes 13 21 8 3 11 5 6 2

N- number

Table III. AUROC analysis of the investigated score for the diagnosis benign - malignant
Criterion Sensitivity 95% CI Specificity 95% CI +LR -LR

>=1 100.00 91.0 - 100.0 0.00 0.0 - 11.6 1.00  
>1 97.44 86.5 - 99.9 40.00 22.7 - 59.4 1.62 0.064
>2 69.23 52.4 - 83.0 73.33 54.1 - 87.7 2.60 0.42
>3 * 66.67 49.8 - 80.9 96.67 82.8 - 99.9 20.00 0.34
>5 56.41 39.6 - 72.2 96.67 82.8 - 99.9 16.92 0.45
>6 30.77 17.0 - 47.6 100.00 88.4 - 100.0  0.69
>8 0.00 0.0 - 9.0 100.00 88.4 - 100.0  1.00
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The AUROC analysis in the differentiation between 
benign and metastatic nodes is presented in table IV and 
illustrated in figure 3.  The nodes with metastases (n=28) 
were considered positive and the nodes with inflamma-
tory changes (n=30) were considered negative. The AU-
ROC was 0.855, SE = 0.0486 with a 95% CI = 0.738 
– 0.934 and a significance level P (area =0.5) <0.0001.

Discussion

Elastography is a new dynamic, ultrasonographic 
technique, recently developed, that has the possibility of 
providing an estimation of tissue stiffness and, therefore, 
has great potential to become the necessary tool for dif-
ferentiating benign from malignant lymph nodes.

The results of our study showed good agreement be-
tween the two observers regarding the lymph nodes be-
longing to a specific pattern. From this point of view the 

Table IV. AUROC analysis of the investigated score for the diagnosis benign - metastasis
Criterion Sensitivity 95% CI Specificity 95% CI +LR -LR

>=1 100.00 87.7 - 100.0 0.00 0.0 - 11.6 1.00  
>1 96.43 81.7 - 99.9 40.00 22.7 - 59.4 1.61 0.089
>2 71.43 51.3 - 86.8 73.33 54.1 - 87.7 2.68 0.39
>3 * 71.43 51.3 - 86.8 96.67 82.8 - 99.9 21.43 0.30
>5 57.14 37.2 - 75.5 96.67 82.8 - 99.9 17.14 0.44
>6 39.29 21.5 - 59.4 100.00 88.4 - 100.0  0.61
>8 0.00 0.0 - 12.3 100.00 88.4 - 100.0  1.00

Fig 2. The AUROC analysis in the differentiation 
between benign and malignant nodes

Fig 3. The AUROC analysis in the differentiation 
between benign and metastatic nodes

result is encouraging as the application of this score did 
not show a high observer dependency.

The cutoff line between benign and malignant lymph 
nodes in the score developed by our group is situated be-
tween pattern 3 and pattern 4, meaning that a hypoechoic 
hard nodule into a lymph node is more likely to indicate 
tumor infiltration, even if the rest of the nodule has an 
inflammatory aspect. This score reached high specificity, 
but the sensitivity is lower than the one reported for other 
scores. This could  be due to the inclusion of a less sug-
gestive aspect for malignancy, but it can also be a conse-
quence of the quantitative and/or qualitative criteria used 
for the assessment of the images. Specificity remains high 
and sensitivity slightly increases when lymphomas were 
removed from the studied group. Because of the large size 
of the lymph nodes, their homogeneous structure and low 
stiffness, from the elastographic point of view, lympho-
matous nodes are more likely to show a benign aspect.
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Lyshchik et al [16] studied the stiffness of cervical 
lymph nodes using sonographic grey-scale elastography. 
Strain index >1.5 proved to be the most useful sign for 
detecting metastatic lymph nodes (98% specificity, 85% 
sensitivity and 92% accuracy).

A paper published in 2007 by Furukawa et al [17] 
proposed an elasticity score of four patterns  applied to 
metastatic lymph nodes from head and neck squamous 
cell carcinoma. The score contains the following pat-
terns: pattern 1- 80% or more of the cross-sectional are 
of the lymph node is red or green, i.e. soft; pattern 2- 50% 
or more an less than 80% is red or green; pattern 3- 50% 
or more an less than 80% is blue; pattern 4- 80% or more 
of the cross-sectional are of the lymph node is blue, i.e. 
hard. However sensitivity and specificity as well as a cut-
off pattern between benign and malignant lymph nodes 
were not defined.

In 2008, Alam et al [18] evaluated the accuracy of 
B-mode sonography and sonographic elastography indi-
vidually and then combined, for the differentiation be-
tween benign and malignant lymph nodes. The elasticity 
score developed by Alam et al consists of five patterns: 
pattern 1 - absent or very small blue area(s); pattern 2 - 
small scattered blue areas, total blue area < 45%; pattern 
3 - large blue area(s), total blue area >/= 45%; pattern 4 
- peripheral blue area and central green area, suggesting 
central necrosis; pattern 5- blue area with or without a 
green rim. The cutoff line benign-malignant was set be-
tween score 2 and 3. Elastography showed a sensitivity 
of  83%, a specificity of 100% and an accuracy of 89% 
(using combined quantitative and qualitative criteria).

Another elasticity score used for the assessment of 
lymph nodes is the score proposed by Rago et al [19]. 
Initially, this score was proposed for thyroid nodules, but 
it was applied also in enlarged cervical lymph nodes [20]. 
The elasticity score proposed is: score 1 - elasticity in the 
whole nodule; score 2 - elasticity in a large part of the 
nodule; score 3 - elasticity only at the peripheral part of 
the nodule; score 4 - no elasticity in the nodule; score 5 - 
no elasticity in the nodule and in the posterior shadowing. 
The elasticity scores 4 and 5 were highly predictive for 
malignancy (97% sensitivity, 100% specificity, predictive 
positive value 100%, negative predictive value 98%).

The scores mentioned above imply some issues about 
their clinical applicability. The score proposed by Furu-
kawa et al [17] does not estimate a diagnostic value for 
sensitivity and specificity. The scores developed by Alam 
et al [18] and Rago et al [19] assess only the sonoelas-
tographic aspect of the nodule, without a direct correla-
tion with the grey-scale appearance. The combination 
between the sonoelastographic image and the presence 
of a hypoechoic nodule is described and used in prostate 

elastography [21]. None of the scores mentioned above 
includes a structural change - focal cortical hypertro-
phy. This particular finding can indicate tumor infiltra-
tion in an initially benign lymph node, but it can be also 
observed in acute reactive lymphadenopathy. The score 
proposed by our group tried to include these findings, 
by elastographic characterization of the focal cortical 
nodules and comparing the hypoechoic nodules seen in 
grey-scale with the elastographic findings to determine 
the nature of the nodules.

The lymph node surface percentage affected by stiff-
ness (45% or 80%) is difficult to assess by simple inspec-
tion of the image. The reason why our group proposed 
50% of the surface is that it is much easier for the ob-
server to inspect the image and include the lymph node 
appearance in the correct pattern.  Apart from the score 
proposed by Alam et al [18], which includes the sugges-
tion of necrosis, none of the other elastographic scores 
mention the intranodal structural changes. The new score 
proposed by our group includes the intranodal liquefac-
tion changes seen on 2D images observed in metastatic 
nodules, highly suggestive for malignancy.

Considering the results, it would be interesting to 
compare the diagnostic performance of the score pro-
posed by our group with the scores mentioned in the lit-
erature, on the same group of patients.

The limitations of the new score proposed by our 
group arise from the small number of studied cases (the 
lowest number required for statistical significance) and, 
also, from the fact that the lymph node, not the patient, 
is used as the study unit. To the best of our knowledge, 
there are no studies that investigate the dependence of 
the elastographic appearance to the size of the nodule. 
Another possible limitation could be represented by the 
bias induced by the fact that the images were obtained by 
the same researcher. To reduce the effects of this bias, the 
images were anonymized and the time interval between 
the acquisition of the last image and image analysis was 
at least 3 months. The study did not try to differentiate 
directly between benign and malignant lymph nodes, an 
aspect that could have been biased by the acquisition of 
the images;  it aimed at the assignment of a score to each 
individual image, irrespective of the final – and unknown 
– outcome. Therefore, the possible preexisting informa-
tion had no relevance. Because of the reduced number 
of cases there were a small number of lymph nodes in-
cluded in certain scores.

Conclusion

Our study suggests that applying the proposed score 
provides a good interobserver agreement. The score also 



277Med Ultrason 2012; 14(4): 271-277

provided very good specificity and reasonable sensitiv-
ity in the differentiation between malignant and benign 
lymph nodes in the neck while taking into account not 
only the pure elastographic images but also the grey-
scale appearance.

Further studies are required in order to compare the 
diagnostic value of the existing elastographic scores and 
to improve the differential diagnosis of abnormal lymph 
nodes. 

Conflict of interest: none
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