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Original Article

Does multiparametric US improve diagnostic accuracy in the 
characterization of small testicular masses?
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Background: Recent advances in ultrasonography (US) have produced new innovative techniques for 
the non-invasive assessment of testicular masses. The aim of this study was to investigate the diagnostic 
performance of multiparametric US, including gray-scale, Color-power Doppler and real-time elastography 
(RTE) analysis, in the characterization of testicular lesions. 
Methods: Fifty-four patients (median 42.2 years; range, 10–64 years) with testicular lesions detected with 
gray-scale US and power Doppler US were evaluated with RTE. The tissue elasticity was assessed in all 
lesions. Hard lesions were suspected of being malignant while testicular lesions with normal or decreased 
tissue stiffness (soft lesions) were considered benign. Intraoperative findings were the standard of reference. 
Sensitivity, specificity, negative predictive value, positive predictive value, and diagnostic accuracy were 
calculated for each US method and in combination.
Results: Forty-six of the 54 lesions (85.2%) were testicular malignant tumors. Thirty-five out of 46 (76%) 
were ≥2 cm [seminomas (n=18), mixed seminomatous and/or nonseminomatous tumors (n=9), embryonal 
carcinomas (n=2), immature teratomas (n=3) and Leydig cell tumors (n=3)] while the remaining 11 tumors 
were <2 cm [seminomas (n=5), mixed germinal cells tumors (n=2), immature teratomas (n=2) and Leydig cell 
tumors (n=2)]. Eight out of 54 lesions (14.8%) were benign lesions (orchitis n=2, dermoid cyst n=1, adrenal 
rest n=1, papillary cystadenoma n=1, sclero-hyaline nodule n=1, focal fibrosis n=1 and post-traumatic focal 
fibrosis n=1). RTE showed the presence of hard pattern in 40 out of 46 (87%) malignant tumors and in  
2 out of 8 (25%) of benign lesions. The combination of gray-scale US, Color-power Doppler and RTE aided 
a sensitivity of 100%, a specificity of 83%, a negative predictive value of 100%, a positive predictive value of 
91% and accuracy of 90%.
Conclusions: RTE demonstrated to increase the diagnostic accuracy of conventional US in the 
characterization of testicular lesions providing additional information on tissue stiffness. The multiparametric 
US evaluation has proven to increase the diagnostic performance in the characterization of testicular lesions.
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Introduction

Testicular cancers represent 1% of all male cancers (1). Most 
of testicular tumors occur in young men between 18–35 years 
and seminomatous forms represent the most common among 
all histological subtypes (2). Radiologist plays a pivotal role in 
identifying tumor, staging disease, and managing the follow-
up imaging surveillance (3). Moreover, a non-invasive lesion 
characterization is mandatory for an appropriate treatment 
(radical orchiectomy or testis-sparing) or, conversely, could 
potentially help avoiding unnecessary testicular surgery (4-6).  
Among all imaging modalities, the scrotal ultrasonography 
(US) is the first level imaging technique in the evaluation 
of testicular masses (5). The combination of gray-scale and 
Color-power Doppler US has demonstrated a high sensitivity 
(100%) in the detection of testicular lesions (4,7). Nevertheless, 
these techniques do not consent a definitive differentiation 
of malignancies from testicular benign conditions, such as 
orchitis, dermoid cyst, granuloma, focal fibrosis, adrenal rest 
and papillary cystadenoma (8-10). In fact, those lesions can 
mimic cancer and as consequence the specificity of gray-scale 
and Color-power Doppler US is lower than sensitivity (11-19).  
Therefore, an imaging technique able to increase the specificity 
of gray-scale and Color-power Doppler US in the assessment 
of testicular lesions, could improve the diagnostic performance 
of this imaging modality (20-26). Real-time elastography (RTE) 
is a modern US method able to assess the tissue elasticity 
with many proven benefits in the evaluation of malignant 
tumors (20). In particular, most of cancers show an increased 
tissue stiffness in relation with their higher cell density 
compared with the surrounding normal tissues (20,27-31).  
This would be an additional information that can increase 
the specificity and diagnostic accuracy of US technique in the 
assessment of testicular lesions.

The aim of this study was to investigate the diagnostic 
performance of multiparametric US, including gray-
scale US, Color-power Doppler and RTE analysis, in the 
characterization of testicular lesions.

Methods

This retrospective study obtained the ethical approval by 
the institutional review board and the requirement written 
informed consent was obtained from all patients. 

Patient population

Fifty-four consecutive patients (median 42.2 years; range, 

10–64 years) with clinical suspicion of testicular mass, 
underwent US examinations including gray-scale US, 
Color-power Doppler and RTE analysis from February 
2012 to April 2014. All testicular lesions with pathological 
confirmation were included in this study. Patient data, 
clinical markers (α-fetoprotein and β-human-chorionic 
gonadotropin), histopathology and US reports were 
retrospectively analyzed.

Imaging analysis

All gray-scale US, Color-power Doppler US and RTE 
were performed by 15 years experienced uroradiologist 
using a Hi-Vision Preirus unit (Hitachi Medical Systems, 
Tokyo, Japan) with a 5.0–13.0 MHz linear probe. Color-
power Doppler US scans were set at 10 MHz frequency 
with pulse repetition frequency of 16 cm/sec, frame rate of 
12 pictures per second. RTE evaluations were performed 
through the multi-compression of the scrotum in order to 
improve the signal-to-noise ratio. The compression was 
adjusted according to the visual indicator for compression 
on the US system monitor. Calculation of tissue elasticity 
was in real time (up to 30 frames per second), and stiffness 
of testicular tissue was displayed with a color overlay on 
the B-mode images. For each lesion, axial and transverse 
scans were performed according to Dogra et al. (4). At 
gray-scale US, lesion size (expressed in mm in 3 planes), 
homogeneity, echogenicity (hypo-, iso- and hyper-echoic 
to the surrounding parenchyma) and pseudo-capsule 
appearance were analyzed. At Color-power Doppler US, the 
vascular signals (hypo-, iso- or hyper- compared with normal 
testicular tissue) were documented. The RTE tissue stiffness 
was encoded from red (soft) to blue (hard) according to the 
standard settings of the US system. The evaluations on tissue 
elasticity were reported in a chromatic value and categorized 
in three patterns: (I) soft (red); (II) medium (green): and (III) 
hard (blue). For each patient, representative images were 
recorded on external storage system.

Reference standard

All lesions ≥2 cm underwent surgical exploration and 
histopathologic results were correlated with imaging findings. 
All nodules <2 cm with malignant US pattern underwent 
inguinoscrotal exploration followed by nodulectomy. The 
nodules <2 cm without malignant US appearances, such as 
homogeneous pattern at gray scale US, absence of intrinsic 
vascularization at Color-power Doppler US and soft-
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medium pattern at RTE analysis, were followed over time.

Statistical analysis

Sensitivity, specificity, positive and negative predictive 
values and diagnostic accuracy were calculated for gray-
scale, Color-power Doppler US and RTE alone and in 
combination. The Chi-squared test was used to compare 
the diagnostic accuracy of different US techniques in 
the diagnosis of malignant from benign lesions. A two-
tailed P value of less than 0.05 was considered to indicate 
a statistically significant difference. All statistical analyses 
were performed using commercially available software 
(SPSS, version 11, SPSS, Chicago, IL, USA).

Results

All lesions (n=54) were categorized according to their size: 
lesions ≥2 cm (n=35) and <2 cm (n=19). All lesions ≥2 cm 
underwent radical orchifunicolectomy and histopathologic 
examination confirmed their malignancy: seminomas 
(n=18), mixed seminomatous and/or non-seminomatous 
tumors (n=9), embryonal carcinomas (n=2), immature 
teratomas (n=3) and Leydig cell tumors (n=3). Alterations 
of serum markers (α-FP, β-HCG) were found in all patients 
with malignancy. The results of gray-scale, Color-power 
Doppler and RTE analysis of the 35 lesions ≥2 cm, are 
reported in Table S1. A significant statistical correlation 
between the gray-scale US findings and the tumor type 
(seminoma vs. non-seminoma) were found (P<0.001). No 
statistical differences between Color-power Doppler US 
and RTE findings was observed for seminomatous from 
non-seminomatous tumors.

All patients (n=19) with testicular lesion <2 cm showed 
undefined alterations of serum markers. The results of 
gray-scale, Color-power Doppler and RTE analysis of the 
19 lesions <2 cm, are reported in Table S2. Eleven out of  
19 patients (58%) showed US malignant features such 
as non-homogeneous pattern at gray-scale, intrinsic 
vascularization at Color-power Doppler or hard pattern 
at RTE (Figures 1,2) and underwent inguinoscrotal 
exploration followed by surgical nodulectomy. After the 
extemporaneous examination, all malignancies underwent 
radical orchifunicolectomy. Histopathologic examination 
revealed: seminomas (n=5), mixed germinal cells tumors 
(n=2), immature teratomas (n=2) and Leydig cell tumors 
(n=2). The remaining 8 out of 19 patients (42%) with 
lesions <2 cm showed US benign features such as solid 

homogeneous pattern at gray-scale, absence of intrinsic 
vascularization at Color-power Doppler and soft-medium 
pattern at RTE. Two of them underwent extemporaneous 
biopsy (sclero-ialine nodule n=1 and post-traumatic 
focal fibrosis n=1) while the remaining 6 of them were 
re-evaluated by US examination over the time showing 
stability in size, echogenicity, vascularization and elasticity. 
The extemporaneous biopsy performed in the latter group 
of patients revealed: focal fibrosis n=1, orchitis n=2, dermoid 
cyst n=1, adrenal rest n=1 and papillary cystadenoma n=1.

The conventional US including gray-scale and Color-
power Doppler evaluation aided a sensitivity of 86%, a 
specificity of 64%, a negative predictive value of 48%, a 
positive predictive value of 84%, and accuracy of 81% for 
testicular tumor diagnosis. Statistical analysis showed a 
sensitivity of 85%, a specificity of 78%, a negative predictive 
value of 71%, a positive predictive value of 93% and an 
accuracy of 87% for RTE in testicular tumor diagnosis. 
The combination of gray-scale US, Color-power Doppler 
and RTE aided a sensitivity of 100%, a specificity of 83%, 
a negative predictive value of 100%, a positive predictive 
value of 91% and accuracy of 90%.

Discussion

The differentiation between benign and malignant 
testicular masses is essential in order to establish an 
appropriate treatment or a surveillance protocol. Gray-
scale US is the first line diagnostic examination able to 
depict testicular tumors in most cases. However, the 
differential diagnosis between benign and malignant tumors 
remains difficult basing only on gray-scale and Color-
power Doppler US, especially for small lesions <2 cm (4,5). 
In many cases, the conventional US examination is able 
to determine the nature of the lesion with high accuracy. 
For example, testicular cystic masses are very easy to 
characterize due to their fluid content without any further 
diagnostic integration. Otherwise, many focal lesions could 
present indeterminate US features which does not allow 
an unequivocal diagnosis. Magnetic resonance imaging 
has been proposed as an additional imaging technique to 
conventional US in cases of uncertainty, but it remains 
an expensive method with limited availability (32-35). In 
order to increase the diagnostic value of conventional US 
in differentiating malignant from benign lesions, some 
Authors has recently reported many advantages derived 
from the tissue elasticity analysis performed by RTE 
(20,36). In general, the most of malignant lesions show an 
increased stiffness because they have higher cell density, if 
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compared with the surrounding normal tissues. Our results 
showed a notable prevalence of the hard “blue” pattern in 
testicular malignancies (40 out of 46; 87%). These results 
are in line with some previous experiences, in which the 
Authors documented an increase of elasticity in the most 
of testicular cancers (4,20). However, according to Aigner 
et al. (20), some benign testicular lesions are commonly 
associated with an increased stiffness at RTE evaluation, 
referable to fibrosis, central scar, orchitis or adrenal rest. In 
our study, RTE evaluation showed a hard pattern in 2 out 

of 8 (25%) benign lesions (all <2 cm) and in only 5 out of 
46 cases (11%) with mixed pattern was found malignant. 
Excepting the 5 malignant lesions (5 teratomas) with a 
soft-medium pattern, all malignant lesions showed a tissue 
“hard” pattern, underlining the extremely high sensitivity 
of RTE. The low stiffness of teratomas was likely a result 
of the high tissues inhomogeneity and due to the high 
presence adipocytes, as also previously reported by some 
Authors (20,30). Furthermore, we found two benign lesions 
with a hard pattern on RTE evaluation (1 focal orchitis 

Figure 1 A 32-year-old man with a seminoma. Image from RTE shows a hard lesion (blue) while gray-scale US scan shows a hypoechoic 
mass. RTE, real-time elastography; US, ultrasonography.

Figure 2 A 42-year-old man with a small hypoechoic oval mass in the right testicle with hard pattern from the RTE analysis and showing 
intralesional vascularization at Color-power-Doppler image. Histology confirmed a sub-centimetric seminoma in cryptorchid testis. RTE, 
real-time elastography.
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and 1 hyaline nodule) that were distinguished, thanks to 
the absence of signal-color on Color-power Doppler US. 
As reported in literature (4,20,30), Leydig cell tumors can 
demonstrate a variable pattern on RTE, depending on 
the number and size of Leydig cells, lymphatic or vascular 
invasion. In our experience, the 5 Leydig cell tumors 
showed a hard-stiff pattern reflecting their high cell and 
vessel density confirmed after surgery.

Our experience demonstrated a clear potentiality of 
RTE in improving the sensitivity and diagnostic accuracy of 
the US examination (gray-scale and Color-power Doppler 
US) respectively up to 100% and 90%. These results are 
in line with the few previous published series, reporting 
a comparable sensitivity and diagnostic accuracy, 100% 
and 92% respectively (4,20). Moreover, in our study the 
multiparametric US analysis has demonstrated a greater 
specificity (83%) when compared to single US analysis. 
However, our study has a number of limitations. First, the 
retrospective study population was relatively small (n=54), 
although we have considered various types of malignant 
and benign lesions. Finally, RTE was performed with only 
one US system and our results may be different from results 
obtained by another US system such as the different operator.

In conclusion, RTE has the potential to increase 
the diagnostic accuracy of gray-scale and Color-power 
Doppler US in the testicular lesions’ evaluation. The 
multiparametric US evaluation has proven to increase the 
diagnostic performance in the characterization of testicular 
lesions, especially for those <2 cm, avoiding unnecessary 
surgery especially in young patients.
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Table S1 Gray scale, power Doppler US and RTE findings of 35 lesions ≥2 cm

Lesion type  
(maximum diameter ≥2 cm)

N

US pattern Color Doppler pattern RTE pattern

Homogeneous Inhomogeneous Hypo-echoic
Mixed echogenicity 

/isoechoic
Hyper-echoic Peripheral Intralesional

Mixed  
vascularization

Hard blue Green
Red-green-blue 

(mixed)

Seminomas 18 18 – 10 8 – – 5 13 18 – –

Mixed seminomatous and/or 
nonseminomatous tumors

9 5 4 8 1 – 5 2 2 9 – –

Embryonal carcinoma 2 – 2 1 1 – – 2 – 2 – –

Immature teratoma 3 – 3 1 1 1 – 3 – – 1 2

Leydig cell tumors 3 2 1 – – 3 2 – 1 3 – –

Total 35 25 10 20 11 4 7 12 16 32 1 2

RTE, real-time elastosonography; US, ultrasonography.

Table S2 Gray scale, Color-power Doppler US and RTE findings of 19 lesions <2 cm

Lesion type  
(maximum diameter <2 cm)

N

US pattern Color Doppler pattern RTE pattern

Homogeneous Inhomogeneous Hypo-echoic
Mixed echogenicity 

/isoechoic
Hyper-echoic Peripheral Intralesional

Mixed 
vascularization

Hard blue Green
Red-green-blue 

(mixed)

Seminomas 5 5 – 4 1 – – – 5 5 – –

Mixed seminomatous and/or 
nonseminomatous tumors

2 2 – 2 – – – 1 1 2 – –

Immature Teratoma 2 1 1 1 1 – – – 2 – – 2

Leydig cell tumors 2 1 1 – 1 1 2 – – 2 – –

Orchitis 2 – 2 1 – 1 1 – 1 1 – 1

Dermoid cyst 1 – 1 – – 1 1 – – – 1 –

Adnexal residual 1 – 1 – – 1 – – 1 – 1 –

Papillary cystadenoma 1 – 1 – 1 – 1 – – – – 1

Sclero-hyaline nodule 1 1 – 1 – – 1 – – 1 – –

Focal fibrosis 1 1 – 1 – – 1 – – – 1 –

Post-traumatic focal fibrosis 1 1 – 1 – – 1 – – – 1 –

Total 19 12 7 11 4 4 8 1 10 11 4 4

RTE, real-time elastosonography; US, ultrasonography.
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