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RESUME 

 

Objectif : Évaluer la variabilité des mesures élastographie de dureté entre différents systèmes 

d’échographies commercialisés en utilisant un fantôme au propriétés viscoélastiques simulant 

des duretés hépatiques normales et pathologiques. 

Méthode : Quatre observateurs différents ont effectué des mesures d’élastographie sur des 

fantômes dont la dureté est de 8 kPa et de 14kPa moyennant 5 systèmes échographiques 

différents disposant d’une ou deux modalités d’élastographie à savoir p-SWE et 2D-SWE. 

L’analyse statistique des données recueillies cherche à évaluer des variations significatives des 

mesures entre observateurs et entre systèmes échographiques par rapport à la dureté 

théorique en fixant un seuil de significativité (p) à 0.05. 

Résultats : La variation des mesures liée à la multiplication des observateurs et la variation 

liée à la multiplication des mesures n’étaient pas statistiquement significatives aussi bien pour 

des duretés de 8kPa ou de 14kPa. Concernant la dureté de 8kPa seuls le systèmes SAMSUNG-

p-SWE et SEQUOIA – DAX – p-SWE ne montraient pas d’erreur résiduelle significative avec 

une plus grande précision pour SAMSUNG-p-SWE. Concernant la dureté de 14 kPa, seul 

SEQUOIA - 2D-SWE ne montrait pas d’erreur résiduelle significative, sinon tous les systèmes 

échographiques ont présenté une surestimation significative de la dureté allant jusqu’à plus de 

71%.  

Conclusion : Les variations des mesures de dureté sur fantôme ne sont pas affectées de 

manière significative par la multiplication des mesures ou des observateurs mais par le 

système échographique, cette variation est d’autant plus prononcée que la dureté du fantôme 

utilisé augmente. 



3 

INTRODUCTION 

Liver stiffness is commonly used in the assessment and the follow-up of chronic liver disease 

(CLD)(1–5). Beyond the assessment of liver fibrosis, the recent Baveno VI consensus workshop 

have suggested the use of this technique for the assessment of clinically significant portal 

hypertension (CSPH). Recent issued international guidelines have integrated liver stiffness in 

the definition of compensated advanced chronic liver disease (cACLD) using a “double cut-off” 

model using transient elastography (TE) and the  Baveno VII consensus workshop extended 

the use of these cut-offs for the detection of CSPH (6,7). Hence, liver stiffness is becoming a 

factor of increasing clinical relevance. Transient elastography was the first reference technique 

to be used in routine medical practice, and further technical developments across the last 

decade made it possible for almost all ultrasound device manufacturers to integrated into their 

machines at least one elastography technique using shear wave speed (SWS) based on 

acoustic radiation force impulse (ARFI) technology. The most widespread modalities are point 

shear wave (p-SWE) or two-dimensional shear wave (2D-SWE) elastography. 

Recently, the Quantitative Imaging Biomarker Alliance (QIBA) organized by the Radiological 

Society of North America (RSNA) showed a variability in the measurements of SWS across 

vendors estimated up to 17% approximately, constituting a potential source of error (8,9). 

Therefore, the aim of our study is to compare intersystem agreement between different 

imaging devices with both p-SWE and 2D-SWE using viscoelastic phantoms with area of 

different stiffness values.  
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METHODS 

1. Overall study protocol  

The study was conducted between March 2020 and April 2020 in the department of radiology 

of the Hospital University of Angers on a phantom (Model 049, Elasticity QA Phantom; 

Computerized Imaging Reference Systems, Inc) containing 8 viscoelastic spheres (VS) (one 

set of 4 small spheres and one set of 4 large spheres), having viscoelastic properties simulating 

the behavior of normal and fibrotic liver tissue. The characteristics of the phantom are 

referenced in table 1 and figure 1 shows the arrangement of the spheres. The measurements 

were acquired with 5 different ultrasound systems, all of them available at our institution, 

using p-SWE and 2D-SWE. Since some machines and probes offered the opportunity for both 

p-SWE and 2D- SWE, the total amount of modalities was up to 8. Table 2 summarizes the main 

characteristics of the different proprietary systems and SWE modalities. Imaging was 

performed using curvilinear low frequency transducers that are routinely used in liver imaging. 

The small spheres were excluded from the study in accordance with international guidelines 

(10-15). These spheres did not fill the required dimensions needed to assess their stiffness 

using the curvilinear probe, the region of interest (ROI) being of at least 1 cm in diameter. 

Also, these spheres were buried less than 3 cm below the surface. The large spheres were 

buried 3 cm below the surface to be in perfect accordance with the European Federation of 

Societies for Ultrasound in Medicine and Biology (EFSUMB)(10,11) and the World Federation 

for Ultrasound in Medicine and Biology (WFUMB) (12,13) guidelines and the recent update to 

the Society of Radiologists in Ultrasound liver Elastography Consensus Statement(14,15). 

Spheres n°3 and n°4 were excluded from the study since their viscoelastic properties were 

deemed irrelevant for our purposes since their stiffness values are not seen in common forms 

CLD and hence have no clinical relevance. Spheres n° 1 and n° 2 were included in the study 
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and their stiffness assessed. Four different observers acquired in one setting series of 10 SWS 

measures of each sphere amounting to 20 measures per observer and 80 measures in total. 

The different observers were acquainted with the technique and had at least a 24-month 

experience in practicing daily routine ultra-sound liver examination in the radiology 

department. All the measurements were done in accordance with published guidelines 

(13,16,17) with crucial care taken to minimize the pressure applied to the transducer to avoid 

any overestimation of stiffness values. Probes with p-SWE offered standard region of interest 

(ROI) size across all vendors and probes with 2D-SWE offered a circular ROI with a diameter 

of 1 cm across all vendors. No observer proceeded to any modification of the ROI size even if 

the system offered the possibility to do so. The observers were not blinded to the stiffness 

values of the spheres. Any measure was considered a failure when no numerical value or an 

error message was given by the system. The observers were advised not to repeat any 

measure in case of failure. The stiffness of each sphere was reported in kPa (Young modulus) 

as given by all the machines. All values were saved on the Picture Archiving and 

Communication System (PACS) of the radiology department and could be easily retrieved. 
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 Background Sphere 1 Sphere 2 Sphere 3 Sphere 4 

Batch ID 

 
CGB3072 CGB3009 CGB3013 CGB3015 CGB3014 

Speed of sound 

(m/s) 

1540±6 1530±6 1533±6 1552±6 1573±6 

Attenuation 

(dB/cm/MHz) 

0.50±0.05 0.50±0.05 0.50±0.05 0.50±0.05 0.50±0.05 

Elasticity 

(kPa) 

25±4 8±3 14±4 45±5 80±8 

Small sphere volume 

(cc) 

NA 0.6 0.5 0.5 0.5 

Large sphere volume 

(cc) 

NA 4.3 4.2 4.2 4.2 

Table 1 : CIRS Elasticity QA Phatom Model 049 - Serial number: D-5143-1, total weight: 3237 g
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Figure 1 : Photograph showcasing the arrangement of the spheres in the phantom 
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Figure 2 : Stiffness measurement using 2D-SWE technology 
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Figure 3 : Stiffness measurement using p-SWE technology 
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Vendor and system model Ultrasound elastography modality 

Samsung HS70A (Samsung Medison Co. Ltd., Seoul, Korea) 

- p-SWE 

- 2D-SWE 

SEQUOIA (Siemens Healthcare, Mountain View, CA) 

- p-SWE 

- 2D-SWE 

- p-SWE DAX 

S3000 (Siemens Healthcare, Mountain View, CA) - p-SWE 

Aixplorer (SuperSonic Imagine, Aix-en-Provence, France) - 2D-SWE 

MACH30 (SuperSonic Imagine (Aix-en-Provence, France) - 2D-SWE 

Table 2 : Vendor systems and different shear wave elastography techniques
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2. Statistical analysis  

Continuous data were described using mean and standard deviations, and compared using 

Mann & Whitney tests, whereas categorical data were described using percentages, and 

compared using Fisher exact tests. 

The relationship between the considered ultrasound systems and the viscoelastic evaluation 

was evaluated independently for each set of spheres using linear mixed models. 

For these models, the ultrasound system was considered as a fixed effect categorical covariate, 

and the operator as a random effect covariate. The variance covariance structure of the 

residuals was defined as independents, depending on the ultrasound system, meaning that the 

covariance between measurements were assumed equal to zero, and the variances between 

measures performed by a given operator were assumed equal for a given ultrasound system, 

but could differ between different ultrasound systems. Such a variance-covariance structure 

allowed to evaluate the differences in measurement variability depending on the considered 

ultrasound system, independently from the operator. All the tests were performed considering 

a type I error set to 0.05. The statistical analyses were performed using Stata 14.1 software. 
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RESULTS 

The failure rate of the different SWS evaluated systems was 0%, no observer failed to correctly 

acquire the stiffness of the viscoelastic sphere and the accuracy of the measurements was 

confirmed by an IQR/ median ratio < 30% across all observers.   

1. Sphere n°1 

Concerning the residual error in stiffness measurement between systems for sphere n°1; 

SAMSUNG-p-SWE and SEQUOIA – DAX – p-SWE showed no significant error in measures as 

shown in table 3. All other modalities showed significant errors (p-value <0,05). MACH 30 - 

2D-SWE showed the most substantial error with an overestimation of 1,5 kPa (95% CI [1,14; 

1,89]) that represent an overestimation of 18.75%. SAMSUNG - 2D-SWE showed the most 

substantial underestimation among all systems with a residual error of - 1,2 kPa (95% CI [-

1,5; -0,98]) that represent an underestimation of 15%. There was no significant overall 

operator-dependent or measure-dependent residual variance (table 4). Between SAMSUNG-p-

SWE and SEQUOIA – DAX – p-SWE, the latter system exhibited a lower residual device-

dependent variance (0,57 versus 0,06 Kpa2) signifying a lower dispersion of measured values 

around the theoretical value (table 5). S3000 – p-SWE showed the lowest measurement 

dispersion despite a signification overestimation of stiffness values (tables 3 and 5).
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Sphere n°1 Mean error (kPa) p-value  [95% Conf.Interval]  

AIXPLORER - 2D-SWE 0,6 0,002 [0,36; 0,91] 

MACH 30 - 2D-SWE 1,5 0 [1,14; 1,89] 

S3000 – p-SWE 0,5 0,006 [0,25; 0,79] 

SAMSUNG - 2D-SWE -1,2 0 [-1,5; -0,98] 

SAMSUNG – p-SWE -0,3 0,39 [-0,90; 0,35] 

SEQUOIA - 2D-SWE -1,1 0 [-1,46; -0,85] 

SEQUOIA – DAX - p-SWE 0,2 0,103 [-0,05; 0,51] 

SEQUOIA – p-SWE -0,5 0,002 [-0,79; -0,20] 

Table 3 : Mean residual error in stiffness measurement for sphere n°1 (8kPa) 

Sphere n°1 Estimate (kPa2) [95% Conf.Interval ] 

Operator dependent residual variance  0,01 [0,0003; 0,421] 

Measure dependent residual variance  0,01 [0,001; 0,17] 

Table 4 : Operator-dependent and measure-dependent variance of measurements for sphere n°1 (8kPa) 
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Sphere n°1  Estimate (kPa2) [95% Conf.Interval] 

AIXPLORER - 2D-SWE 0,02 [0,005; 0,12] 

MACH 30 - 2D-SWE 0,17 [0,05; 0,61] 

S3000 – p-SWE 0,01 [0,002; 0,087] 

SAMSUNG - 2D-SWE 0,01 [0,002; 0,079] 

SAMSUNG – p-SWE 0,57 [0,16; 1,99] 

SEQUOIA - 2D-SWE 0,09 [0,025; 0,34] 

SEQUOIA - DAX - p-SWE 0,06 [0,016; 0,26] 

SEQUOIA – p-SWE 0,08 [0,02; 0,30] 

Table 5 : System-dependent residual variance of stiffness measures for sphere n°1(8kPa)
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2. Sphere n°2 

Concerning the measures done on sphere n°2, all system showed significant residual error of 

stiffness measurement (p-value < 0,05) except for SEQUOIA - 2D-SWE (tables 6 and 8). All 

systems overestimated the stiffness of the viscoelastic sphere n°2 and S3000 – p-SWE had 

the highest overestimation, nearly 10 kPa (95% CI [9,27; 10,53]), an overestimation of 

71.5%. Despite the absence of signification residual error for SEQUOIA - 2D-SWE lacked 

precision more than any other system with the highest rate of system-dependent residual 

variance (table 8). There was no overall operator-dependent or measure-dependent significant 

residual variance (table 7). 
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Table 6 : Mean residual error in stiffness measurement for sphere n°2 (14kPa) 

Sphere n°2 Estimate (kPa2) [ 95% Conf.Interval] 

Observer-dependent residual variance 0,03 [ 0,003; 0,25] 

Measure-dependent residual variance 0 N.A. 

Table 7 : Operator-dependent and measure-dependent variance of measurements for sphere n°2 (14kPa)

Sphere n°2 Residual error (kPa) p-value [95% Conf.Interval]  

AIXPLORER - 2D-SWE 5,3 0 [4,93; 5,64] 

MACH 30 - 2D-SWE 5,5 0 [5,22; 5,76] 

S3000 – p-SWE 9,9 0 [9,27; 10,53] 

SAMSUNG - 2D-SWE 3,0 0 [2,75: 3,31] 

SAMSUNG – p-SWE 4,6 0 [3,77; 5,49] 

SEQUOIA - 2D-SWE 1,8 0,177 [-0,84; 4,53] 

SEQUOIA – DAX - p-SWE 5,8 0 [5,23; 6,46] 

SEQUOIA – p-SWE 5,2 0 [4,30; 6,09] 
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Sphere n°2 - Device-dependent residual variance Estimate (kPa2) [ 95% Conf.Interval] 

AIXPLORER - 2D-SWE 0,09 [0,02; 0,37] 

MACH 30 - 2D-SWE 0,03 [0,008; 0,14] 

S3000 – p-SWE 0,58 [0,16; 2,08] 

SAMSUNG - 2D-SWE 0,01 [0,002; 0,09] 

SAMSUNG – p-SWE 1,12 [0,32; 3,95] 

SEQUOIA - 2D-SWE 11,20 [3,23; 38,75] 

SEQUOIA - DAX- p-SWE 0,55 [0,16; 1,90] 

SEQUOIA – p-SWE 1,20 [0,34; 4,19] 

Table 8 : System-dependent residual variance of stiffness measures for sphere n°2 (14kPa)
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DISCUSSION 

Several studies have evaluated the diagnostic performance of both p-SWE and 2D-SWE 

compared to TE and showed them to be reliable techniques for the assessment of liver fibrosis 

with some authors suggesting increased accuracy of 2D-SWE over p-SWE and TE (2,3,18–20). 

Since some  discrepancies have been seen in measurements across different vendor systems 

ranging up to 17% (8,9), our endeavor in this study was to assess intersystem agreement 

between proprietary vendor systems while also considering variance du to repeated 

measurements across four different observers using 5 different systems and 8 different 

modalities of SWE with both p-SWE and 2D-SWE techniques. 

Concerning low stiffness values (8 kPa), the study shows significant discrepancies across 

vendors with a maximal overestimation up to 18,75% of the theoretical value and an 

underestimation of 15% of the theoretical value. Only two modalities showed no significant 

residual error SAMSUNG-p-SWE and SEQUOIA – DAX – p-SWE, with the Siemens device 

exhibiting a higher precision rate.  

Concerning higher stiffness values (14kPa), the study shows a significant overestimation of 

the theoretical stiffness across all vendors with a maximal overestimation up to 71,5% except 

for SEQUOIA – 2D - SWE.  

While errors concerning low stiffness values still accord with the conclusion of QUIBA, the 

errors concerning high stiffness values do not. This finding seems to be consistent with the 

phenomenon of increased variability of measurements between systems in stiffer material as 

previously demonstrated by some authors using human models (2), but may not fully account 

for such a discrepancy as found in our study. This increase is unlikely to be due to specific 

features of each probe or the proprietary algorithms used by the machines since all modalities 

seem to be affected by the phenomena of increased variability. Also, variance in probe 
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frequency is unlikely to account for such a phenomenon since only curvilinear probes with low 

frequency where used.  

It is noteworthy that in both sphere n°1 and sphere n°2, observer-dependent residual variance 

and measurement-dependent residual variance were statistically non-significant. This outcome 

is consistent with several studies showing an excellent intra-observer and inter-observer 

agreement across different modalities (TE, p-SWE, 2D-SWE) and different vendors 

(19,20,24,25). This outcome may suggest the use of elastography techniques in a longitudinal 

follow-up for patient with risk factors of liver disease or patent chronic liver disease to assess 

the progress of disease.    

Our study found no failure in measurements with a failure rate at 0% in coherence with former 

studies that have shown very low failure rates estimated at less that 2% in human models; 

since this study was conducted on a viscoelastic immobile foreign body, we were not surprised 

by this outcome. Furthermore, the quality of the acquired data was confirmed with an 

IQR/median ration below 30% for all of observers without exception.  

Our study has several limitations, it included only low frequency curvilinear probes, we 

purposefully omitted the small spheres since they did not fulfil specific criterions previously 

mentioned, being buried less that 3 cm below the surface and having a size unfit for the placing 

of a ROI of at least 1cm in diameter. Spheres n°3 and n°4 of the larges viscoelastic bodies 

were excluded since they had stiffness values beyond the common spectrum of pathological 

stiffness values of fibrotic livers. The choice of sphere n°1 and n°2 was adequate since their 

stiffness values were in tune with to the two-cut-off model of 10/15 kPa proposed by several 

authors. We arbitrarily chose 8kPa for sphere n°1 and 14kPa for sphere n°2 without considering 

the margin of error of  3 (for sphere n°1) and  4 (for sphere n°2). Hence, the two double 

cut-off model retained in our study was set 8/14 kPa. Since much debate remains concerning 
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the choice of the numerical values of the cut-offs (10/15kPA or 7-8/12kPa)(21–23), we 

consider that the values we chose are not out of tune with the recommended cut-offs.  

Since our study was done on a phantom, the assessment of interfering factors in the variability 

of stiffness values across different modalities on human subjects - whether healthy or with 

chronic liver disease - could not be evaluated, especially motion du to patient breathing and 

heart beating or abdominal wall thickness in overweight patients, thus implementing our 

results in routine clinical practice must be given due caution. 

CONCLUSION 

To sum all things up, our study showed that operator-dependent and measurement-dependent 

variance are not of any substantial significance in the assessment of the SWS in a phantom, 

adding more weight to the robustness of the technique. The small margin of residual error in 

the assessment of low stiffness values may suggest that the technique is better suited to rule 

out clinically significant fibrosis. The over-estimation of higher stiffness values may reduce the 

number of patients in the “grey zone” according to the double cut-off model (21) with the risk 

of over-diagnosis and over-treatment. Further studies in vivo are needed to confirm the clinical 

relevance of our results and a constant standardization of SWE techniques between vendors 

may contribute to improve intersystem agreement and reduce error.  
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EL CHAMMAS Daniel  

ELASTOGRAPHIE PAR ULTRASONS : COMPARAISON SUR FANTOME DES 

DIFFERENTS SYSTEMES COMMERCIALISES 

 

 Mots-clés : élastographie, fantôme, dureté, erreur résiduelle, reproductibilité  
 

 

ULTRASOUND SHEAR WAVE ELASTOGRAPHY: A COMPARISON BETWEEN 

COMMERCIALLY-AVAILABLE SYSTEMS USING A VISCOELASTIC PHANTOM 

 

 Keywords : elastography, phantom, stiffness, residual error, reproducibility  
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Objectif : Évaluer la variabilité des mesures d’élastographie de dureté entre différents systèmes d’échographies 
commercialisés à disposition au CHU d’Angers en utilisant un fantôme au propriétés viscoélastiques simulant des 
duretés hépatiques normales et pathologiques. 
 
Méthode : Quatre observateurs différents ont effectué des mesures d’élastographie sur des fantômes dont la dureté 
est de 8 kPa et de 14kPa moyennant 5 systèmes échographiques différents disposant des deux modalités 
d’élastographie à savoir p-SWE et 2D-SWE. L’analyse statistique des données recueillies cherche à évaluer des 
variations significatives des mesures entre observateurs et entre systèmes échographiques par rapport à la dureté 
théorique en fixant un seuil de significativité (p) à 0.05. 
 
Résultats : La variation des mesures liée à la multiplication des observateurs et la variation liée à la multiplication 
des mesures n’étaient pas statistiquement significatives aussi bien pour des duretés de 8kPa ou de 14kPa. 
Concernant la dureté de 8kPa seuls le systèmes SAMSUNG-p-SWE et SEQUOIA – DAX – p-SWE ne montraient pas 
d’erreur résiduelle significative pour avec une plus grande précision pour SAMSUNG-p-SWE. Concernant la dureté 
de 14 kPa, seul SEQUOIA - 2D-SWE ne montrait pas d’erreur résiduelle significative, sinon tous les systèmes 
échographiques ont présenté une surestimation significative de la dureté allant jusqu’à plus de 71%.  
 
Conclusion : Les variations des mesures de dureté sur fantôme ne semblent pas affectées de manière significative 
par la multiplication des mesures ou des observateurs mais plutôt par le choix du système échographique 
commercialisé, cette variation est d’autant plus prononcée que la dureté du fantôme utilisé augmente. 
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Purpose : To evaluate the variability of elastography measurements between different ultrasound systems available 
at the University Hospital of Angers using a phantom with viscoelastic properties simulating normal and pathological 
liver stiffness. 
 
Method: Four different observers performed elastography measurements on phantoms with stiffness values of 8 
kPa and 14 kPa using 5 different ultrasound systems with the two elastography modalities: p-SWE and 2D-SWE. 
The statistical analysis of the collected data evaluated measurements variations between observers and between 
ultrasound systems in relation to the theoretical stiffness value with a p value of 0.05. 
 
Results: The variation of measurements related to the multiplication of observers and the variation related to the 
multiplication of measurements were not statistically significant for either stiffness values (8kPa and 14kPa). Only 
the SAMSUNG-p-SWE and SEQUOIA - DAX - p-SWE systems did not show a significant residual error when 
measuring a stiffness of 8kPa with a higher precision for SAMSUNG-p-SWE. Regarding the 14 kPa stiffness, only 
SEQUOIA - 2D-SWE did not show significant any residual error, otherwise all ultrasound systems showed a 
significant overestimation of stiffness values up to more than 71%.  
 
Conclusion: Variations in stiffness measurements on a phantom do not seem to be significantly affected by the 
multiplication of measurements or observers but rather by the choice of the ultrasound system, this variation is 
more pronounced as the stiffness of the phantom increases. 
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